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Abstract
Purpose: National guidelines recommend adjuvant intravesi-
cal Bacillus Calmette-Guérin (BCG) therapy for higher-risk non–
muscle-invasive bladder cancer (NMIBC). Although a survival
benefit has not been demonstrated, randomized trials have
shown reduced recurrence and delayed progression after its
use. We investigated predictors of BCG receipt and its associa-
tion with survival for older patients with NMIBC.

Patients and Methods: We identified individuals with
NMIBC registered in the Surveillance, Epidemiology, and End
Results–Medicare database from 1991 to 2003. We used logistic
regression to compare those treated with BCG within 6 months
of initial diagnosis with those not treated, adjusting for demo-
graphic and clinical factors. Cox proportional hazards modeling
was used to analyze the association between BCG and overall
survival (OS) and bladder cancer–specific survival (BCSS) for the
entire cohort and within tumor grades.

Results: Of 23,932 patients with NMIBC identified, 22% re-
ceived adjuvant intravesical BCG. Predictors of receipt were
stages Tis and T1, higher grade, and urban residence. Age � 80
years, fewer than two comorbidities, and not being married were
associated with decreased use. In the survival analysis, BCG use
was associated with better OS (hazard ratio [HR], 0.87; 95% CI,
0.83 to 0.92) in the entire cohort and BCSS among higher-grade
cancers (poorly differentiated: HR, 0.78; 95% CI, 0.72 to 0.85;
undifferentiated: HR, 0.66; 95% CI, 0.56 to 0.77).

Conclusion: Despite guidelines recommending its use, BCG
is administered to less than one quarter of eligible patients. This
large population-based study found improved OS and BCSS
were associated with use of adjuvant intravesical BCG among
older patients with NMIBC. Better-designed clinical trials fo-
cusing on higher-grade cancers are needed to confirm these
findings.

Introduction
The management of non–muscle-invasive bladder cancer
(NMIBC) remains a common and complex clinical challenge.
Approximately 70,000 new cases of bladder cancer are diag-
nosed annually in the United States, with two thirds of cases
occurring in persons older than age 65 years.1,2 Three quarters
of incident cases are considered superficial or non–muscle in-
vasive: stages Ta, T1, and Tis.3 The risk of recurrence and pro-
gression of NMIBC is influenced by tumor stage, grade, size,
number of tumors, and previous history of and length of time to
recurrence. Overall, 65% of non–muscle-invasive tumors will
recur, and 25% of these will progress to a higher stage or grade.3

Ta lesions are usually low grade and rarely progress to a higher
stage or grade. The clinical behavior of T1 cancers is heteroge-
neous, with some being indolent and others more aggressive,
with a tendency to recur and progress to muscle-invasive disease
(T2). Tis (carcinoma in situ [CIS]) lesions carry a much higher
risk of recurrence and progression to muscle-invasive disease.

Various options are available for management of NMIBC,
including transurethral resection (TUR), adjuvant intravesical
therapy, and radical cystectomy. TUR is the initial step for the
diagnosis and management of NMIBC. After TUR, 10-year
disease-specific survival for persons with Ta and T1 tumors is

85% and 70%, respectively.4 NMIBC has a high likelihood of
recurrence after treatment with TUR alone. For example, in
one large cohort of T1 bladder tumors treated only with TUR,
75% and 90% recurred by 5 and 10 years of follow-up, respec-
tively.5 One third progressed to muscle invasion within 5
years.6

Intravesical therapy has been investigated in the adjuvant
setting after TUR in an attempt to improve the outcomes of
patients with NMIBC. Bacillus Calmette-Guérin (BCG) is an
immunotherapeutic agent that is effective in the treatment of
NMIBC. Several clinical trials have demonstrated statistically
significant reductions in short- and long-term recurrence rates
with adjuvant BCG treatment after complete TUR of Ta and
T1 lesions when compared with TUR alone or with intravesical
chemotherapy.7-10 Adjuvant BCG is effective treatment for Tis,
eradicating 80% of cases and improving disease-specific sur-
vival.11 A single randomized trial of 86 patients with high-risk
disease and 15-year follow-up demonstrated a survival advan-
tage for BCG in conjunction with TUR.4,12 Three meta-anal-
yses concluded that BCG in conjunction with TUR reduced
recurrence13-15 and progression16 of NMIBC but had no effect
on overall (OS) or disease-specific survival.16 The inability to
demonstrate a survival advantage likely results from the major-
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ity of studies having relatively short follow-up, given the pro-
longed natural history of NMIBC and the low risk of
progression from non–muscle-invasive to invasive disease.
BCG is considered safe as an intravesical agent, with fewer than
5% of patients experiencing a major adverse event.17

Thus, no consensus exists regarding the impact of adjuvant
intravesical BCG on OS or disease-specific survival. Specifi-
cally, early treatment at first diagnosis of bladder cancer has not
been consistently studied. Nevertheless, the National Compre-
hensive Cancer Network guideline currently recommends ad-
juvant BCG after TUR for all non–muscle-invasive tumors that
are high grade and/or stage Tis or T1.18 Using a large popula-
tion-based database, we sought to determine the predictors of
receipt of intravesical therapy and investigate the influence of
intravesical BCG on survival in a large cohort of elderly patients
with NMIBC.

Patients and Methods

Data Source
We analyzed data from the Surveillance, Epidemiology, and
End Results (SEER) database linked with diagnostic and pro-
cedural billing claims from Medicare.19 SEER, under the aus-
pices of the National Cancer Institute, has collected tumor
registry data on selected populations across the United States,
representing approximately 26% of the population, since 2000.
SEER provides information on tumor histology, location, dis-
ease stage, treatment, and survival along with selected census
tract–level sociodemographic information. The Medicare data-
base includes Medicare A and B eligibility status, dates of en-
rollment in health maintenance organizations (HMOs), and
billed claims, including inpatient and outpatient services, pro-
cedures, and diagnoses.

Sample Selection
We identified all individuals within the SEER-Medicare data-
base age � 65 years who received a pathologically confirmed
primary diagnosis of bladder cancer (SEER site of cancer, 58)
from January 1, 1991, to December 31, 2002. We excluded
patients who were enrolled in an HMO from 12 months before
to 12 months after diagnosis and who were not covered by
Medicare Parts A or B over the same period, because those in
HMOs are not billed within Medicare only. We limited our
sample to those with stage I (according to the American Joint
Committee on Cancer) NMIBC (N � 24,982). We excluded
patients who died during the first 3 months after a diagnosis of
NMIBC (n � 535), who had a claim for intravesical BCG or
bladder cancer surgery more than 14 days before the date of
bladder cancer diagnosis (n � 353), who died on the date of
diagnosis (n � 1), and who had fewer than 30 days of follow-up
(n � 161). This resulted in a cohort of 23,932 patients.

Tumor and Patient Characteristics
Data on clinical stage, histologic grade, age, race/ethnicity, sex,
marital status, type of hospital, and area of residence were taken
from the SEER database. We recoded extension codes for clin-

ical stage into equivalent TNM stages: extension codes 00 and
06 were considered CIS; 01, 03, 06, and 10 were considered Ta;
and 15 was considered T1. Patients without an extension code
were considered AJCC stage I, not otherwise specified. Age at
diagnosis was categorized in pentads starting at 65 years. We
recoded the SEER marital status variable into married, not mar-
ried, and unknown. Area-based socioeconomic (SES) status was
estimated using a composite of three different variables from
the 2000 census, using a method described previously by
Chamie et al.20 Individuals were ranked into quintiles on the
basis of their census tract median household income, percent-
age of persons age � 25 years with at least a high school educa-
tion, and percentage of people below the poverty level. Each
patient was assigned a composite SES score based on the average
of these three rankings.

Comorbid Disease
We computed a comorbidity score for each patient using the
Klabunde adaptation of the Charlson comorbidity index.21,22

Medicare inpatient and outpatient claims were searched from
365 days before to 120 days after the diagnosis of cancer for all
International Classification of Diseases, Ninth Revision, Clin-
ical Modification (ICD-9-CM) diagnostic codes corresponding
to each of the following comorbid conditions: myocardial in-
farction, congestive heart failure, peripheral vascular disease,
cerebrovascular disease, dementia, chronic pulmonary disease,
connective tissue disease, peptic ulcer disease, mild to severe
liver disease, diabetes with or without end-organ damage, hemi-
plegia, moderate or severe renal disease, and AIDS. Each disease
category was weighted based on the Charlson index, and pa-
tients were assigned a score of 0, 1, or � 1.

Treatment Characteristics
We searched the Medicare physician claims files (National
Claims History database), hospital outpatient claims files (Out-
pat), and Medicare provider review files (Medicare Provider
Analysis and Review database) for procedural and treatment
codes related to adjuvant cancer therapy within the first 6
months from diagnosis. Instances of intravesical chemotherapy
were identified on the basis of having claims for the following
codes: instillation of intravesical BCG, Level II Health Care
Procedure Coding System J9031, and instillation of intravesical
anticarcinogenic agent, Current Procedural Terminology
51720. Although the ability of SEER-Medicare claims data to
reliably identify a wide-ranging set of cancer treatments has
been described previously, the validity of intravesical chemo-
therapy has not been evaluated.23,24

Mortality and Survival
Survival was calculated in months from the date of bladder
cancer diagnosis to the date of death according to SEER. Sur-
vival was censored as of the last Medicare coverage month when
patients were known to be alive or as of December 31, 2002.
Bladder cancer–specific mortality was assessed with ICD-9
codes 188.0 to 188.9 for patients dying as a result of bladder
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cancer from 1991 to 1998 and ICD-10 codes C67.0 to C67.9
from 1999 to 2002.

Statistical Analyses
We used the �2 test to compare the distributions of clinical and
demographic characteristics (age at diagnosis, sex, year of diag-
nosis, race, stage, grade, marital status, comorbidity score, and
area SES quintile), comparing those who received adjuvant in-
travesical BCG within 6 months with those who did not. We
used univariate and multivariate logistic regression models to
identify predictors of receipt of BCG from among the measured
clinical and demographic characteristics. We adjusted these
models for age, sex, year of diagnosis, race, marital status, co-
morbidity score, urban/rural location, and area SES quintile.
Among patients who survived at least 12 weeks, we developed
Cox proportional hazards models to analyze the association of
BCG treatment with OS and bladder cancer–specific survival
(BCSS). Finally, we generated adjusted Kaplan-Meier curves
for each of the survival end points as well as curves stratified by
tumor grade. All statistical analyses were performed using SAS
Version 9.2 (SAS Institute, Cary, NC). The study protocol was
approved by the Columbia University Medical Center Institu-
tional Review Board.

Results
The sample was predominantly male (74%), white (93%), mar-
ried (63%), and without comorbidities (57%); most resided in
urban locales (91%); and the mean age was 77 years (Table 1).
Sixty-two percent of patients had stage Ta disease, and 64% had
well- or moderately differentiated tumors. Differences between
the treated and untreated groups included younger age, more
men, fewer blacks and other races, higher-grade tumors, stage
CIS, married status, urban residence, and higher socioeco-
nomic status in the treated group.

Overall, 22% of patients received BCG within 6 months of
being diagnosed with NMIBC. In multivariate analysis, the
strongest predictors of receipt of BCG were grade: undifferen-
tiated (odds ratio [OR], 4.60; 95% CI, 3.97 to 5.32), poorly
differentiated (OR, 4.07; 95% CI, 3.63 to 4.56), and moder-
ately differentiated (OR, 1.85; 95% CI, 1.66 to 2.05) versus
well differentiated; stage: Tis (OR, 2.67; 95% CI, 2.37 to 3.02)
and T1 (OR, 1.91; 95% CI, 1.77 to 2.05) versus Ta; age: 80 to
84 years (OR, 0.88; 95% CI, 0.79 to 0.98) and � 85 years (OR,
0.51; 95% CI, 0.45 to 0.58) versus 65 to 69 years; marital
status: single or divorced (OR, 0.86; 95% CI, 0.80 to 0.92)
versus married; and urban (OR, 1.16; 95% CI, 1.03 to 1.30)
versus rural residence.

Table 2 summarizes the results of Cox proportional hazards
models for OS and BCSS. A total of 10,598 patients (44% of
the sample) died during the study period, including 2,303 who
were treated with BCG and 8,295 who were not; 1,623 patients
(7%) died as a result of bladder cancer, of whom 443 received
BCG and 1,180 did not. After adjusting for demographic, SES,
and clinical characteristics, we found that OS in the entire
cohort (hazard ratio [HR], 0.87; 95% CI, 0.83 to 0.92) was
improved among patients who received adjuvant intravesical

therapy within 6 months of diagnosis of NMIBC. In a sub-
group analysis stratified by stage (data not shown), we found
that OS was improved in higher grades (poorly differentiated:
OR, 0.78; 95% CI, 0.72 to 0.85 and undifferentiated: OR,
0.66; 95% CI, 0.56 to 0.77) but not in well- or moderately
differentiated grades. Although there was only a trend toward a
survival advantage for BCSS in the entire cohort (OR, 0.90;
95% CI, 0.80 to 1.01), adjuvant BCG conferred a significant
survival advantage among subsets of higher-grade cancers
(poorly differentiated: OR, 0.70; 95% CI, 0.59 to 0.84 and
undifferentiated: OR, 0.56; 95% CI, 0.41 to 0.77). OS was
worse among patients with well- and moderately differentiated
tumors who received BCG. Older age, higher grade, stages T1

and Tis, more comorbidities, and not being married were risk
factors for both all-cause and bladder cancer–specific mortality.
Male sex was associated with a greater likelihood of all-cause
mortality, and black and Hispanic races were risk factors for
bladder cancer–specific mortality.

Adjusted Kaplan-Meier survival curves comparing treat-
ment groups are shown for the entire cohort in Figure 1 and
stratified by tumor grade in Appendix Figures A1A to A1D
(online only). Those receiving adjuvant intravesical BCG expe-
rienced a statistically significant survival advantage over the
10-year follow-up period compared with those not receiving
therapy (HR, 0.87; 95% CI, 0.83 to 0.92). The absolute sur-
vival advantage at 5 years was approximately 4%. Median sur-
vival was approximately 2 years greater in the BCG group. In
Figures A1A to A1D, OS stratified by histologic grade is plotted
for the treatment groups. Statistically significant differences in
OS and disease-specific survival were seen among the poorly
and undifferentiated groups but not in the well- or moderately
differentiated groups.

Discussion
Adjuvant intravesical BCG therapy has long been known to
decrease the likelihood of bladder cancer recurrence and pro-
gression rates, but it has never been convincingly shown in a
large randomized clinical trial to prolong OS or BCSS. Given
the prolonged natural history of NMIBC and the attendant
costs of a multiyear randomized clinical trial, the feasibility of a
prospective study investigating a survival benefit in this disease
may be limited. Thus, this observational study may represent
the best we can do in a disease with late death. We found an
association with improved survival among elderly patients with
high-grade bladder cancer. The overall effect was moderate,
increased substantially with increasing grade, and persisted for
10 years of follow-up. Furthermore, we demonstrated that
BCG use among patients with low-grade tumors was not asso-
ciated with survival.

In their recent guidelines, the National Comprehensive
Cancer Network and American Urological Association both
recommend the use of BCG and/or mitomycin C for adjuvant
treatment after TUR for decreasing the risk of recurrence and
progression, but not for a survival advantage.18,25 Indications
include high grade and stage Tis or T1 disease. Although we
found grade and stage to be the strongest predictors for receiv-
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Table 1. Characteristics and Multivariate* Predictors of Receipt of Adjuvant Intravesical BCG Among Patients Diagnosed With NMIBC
Registered in the SEER-Medicare Database, 1991-2002 (N � 23,932)

Category

BCG (n � 5,885) No BCG (n � 18,047)
Multivariate Predictors of

Receipt of BCG

No. % No. % OR 95% CI

Age, years†

Mean 75.9 76.9

65-69 Referent

70-74 1.05 0.95 to 1.16

75-79 0.95 0.86 to 1.05

80-84 0.88 0.79 to 0.98

� 85 0.51 0.45 to 0.58

Sex†

Male 4,477 76 13,177 73 Referent

Female 1,408 24 4,870 27 0.99 0.92 to 1.07

Race/ethnicity†

White 5,434 92 16,904 94 Referent

Black 170 3 517 3 0.94 0.78 to 1.14

Hispanic 45 1 137 1 0.86 0.60 to 1.23

Other 223 4 438 22 1.42 1.20 to 1.68

Grade†

Well differentiated 505 9 4,111 23 Referent

Moderately differentiated 2,018 34 8,606 48 1.85 1.66 to 2.05

Poorly differentiated 1,993 34 3,363 19 4.07 3.63 to 4.56

Undifferentiated 659 11 847 5 4.60 3.97 to 5.32

Unknown 710 12 1,120 6 3.88 3.37 to 4.47

Stage†

Tis 679 12 862 5 Referent

Ta 2,706 46 12,178 67 2.67 2.37 to 3.02

T1 2,257 38 3,750 21 1.91 1.77 to 2.05

Other 243 4 1,257 7 0.76 0.66 to 0.89

No. of comorbidities

0 3,342 57 10,262 57 Referent

1 1,480 25 4,432 25 1.01 0.94 to 1.09

� 2 1,063 18 3,353 19 0.94 0.86 to 1.02

Marital status†

Single/divorced 1,708 29 6,048 34 Referent

Married 3,941 67 11,242 62 0.86 0.80 to 0.92

Unknown 236 4 757 4 0.87 0.75 to 1.03

Residence†

Urban 5,390 92 16,331 90 1.16 1.03 to 1.30

Rural 495 8 1,716 10 Referent

SES quintile

1st 1,129 19 3,340 19 1.08 0.97 to 1.19

2nd 1,103 19 3,521 20 0.99 0.90 to 1.10

3rd 1,133 19 3,687 20 0.92 0.84 to 1.02

4th 1,213 21 3,694 20 0.98 0.89 to 1.08

5th 1,307 22 3,805 21 Referent

Abbreviations: BCG, Bacillus Calmette-Guérin; NMIBC, non–muscle-invasive bladder cancer; OR, odds ratio; SEER, Surveillance, Epidemiology, and End Results;
SES, socioeconomic.
* Adjusted for all other variables in the table and year of diagnosis.
† Statistically significant differences exist between BCG and no BCG groups for these variables (�2 significance test).
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Table 2. Estimates of Overall and Disease-Specific Survival Using Cox Proportional Hazards Models Among Patients Diagnosed With
NMIBC in the SEER-Medicare Database, 1991-2002 (N � 23,932)

Category

Overall Survival Disease-Specific Survival

HR 95% CI HR 95% CI

BCG 0.87 0.83 to 0.92 0.90 0.80 to 1.01

Age, years

65-69 Referent Referent

70-74 1.41 1.31 to 1.52 1.16 0.97 to 1.39

75-79 1.89 1.76 to 2.03 1.47 1.23 to 1.76

80-84 2.77 2.57 to 2.98 1.82 1.51 to 2.19

� 85 4.53 4.21 to 4.89 3.10 2.58 to 3.73

Sex

Male Referent Referent

Female 0.74 0.71 to 0.78 1.07 0.95 to 1.20

Race

White Referent Referent

Black 1.08 0.97 to 1.21 1.57 1.26 to 1.96

Hispanic 1.14 0.92 to 1.43 1.94 1.26 to 2.99

Other 0.75 0.66 to 0.84 0.86 0.64 to 1.15

Grade

Well differentiated Referent Referent

Moderately differentiated 1.11 1.05 to 1.17 1.91 1.55 to 2.36

Poorly differentiated 1.41 1.32 to 1.50 4.21 3.40 to 5.23

Undifferentiated 1.72 1.57 to 1.89 5.91 4.62 to 7.56

Unknown 1.41 1.29 to 1.54 3.67 2.84 to 4.75

Stage

Ta Referent Referent

Tis 1.09 1.00 to 1.22 1.50 1.20 to 1.87

T1 1.25 1.19 to 1.31 2.18 1.94 to 2.46

Other 1.34 1.25 to 1.44 2.73 2.32 to 3.20

Year of diagnosis 0.97 0.96 to 0.98 0.93 0.92 to 0.95

No. of comorbidities

0 Referent Referent

1 1.39 1.33 to 1.46 1.02 0.90 to 1.15

� 2 2.13 2.03 to 2.24 1.28 1.12 to 1.46

Marital status

Married Referent Referent

Single/divorced 1.26 1.20 to 1.31 1.21 1.08 to 1.35

Unknown 0.87 0.78 to 0.98 0.67 0.48 to 0.93

Residence

Urban 1.01 0.94 to 1.08 1.07 0.89 to 1.30

Rural Referent Referent

SES quintile

1st 1.23 1.15 to 1.31 1.20 1.02 to 1.41

2nd 1.17 1.10 to 1.24 1.13 0.96 to 1.33

3rd 1.05 0.99 to 1.12 1.01 0.86 to 1.18

4th 1.09 1.03 to 1.16 1.06 0.90 to 1.24

5th Referent Referent

Abbreviations: BCG, Bacillus Calmette-Guérin; HR, hazard ratio; NMIBC, non–muscle-invasive bladder cancer; SEER, Surveillance, Epidemiology, and End Results;
SES, socioeconomic.
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ing BCG, only 39% of those with stage Tis or T1 and 27% of
those with grades higher than well differentiated received BCG
within 6 months of diagnosis. Although the majority of Ta

tumors are low grade, we chose not to eliminate this stage from
the analysis to avoid biasing our results. In fact, when limiting
the analysis to stages Tis and T1, we found that the protective
effect of BCG was strengthened, with an HR for OS of 0.79
(95% CI, 0.74 to 0.84).

We also found that elderly patients and those with two or
more comorbidities were less likely to undergo BCG treatment,
which would seem to be appropriate. However, we performed a
survival analysis stratified by age and found that BCG was pro-
tective among those age � 80 years. Furthermore, a significant
interaction between age and receipt of BCG was present. Other
studies have documented the appropriateness of treating octo-
genarians with muscle-invasive bladder cancer.20 Identifying
significant underuse of a guideline-recommended treatment,
we have documented a lapse in quality of care. Although many
of the untreated patients did receive BCG later in their disease
courses, such treatment cannot be considered adjuvant therapy.
This study suggests that early treatment is important.

Although this study and others suggest that the use of intra-
vesical BCG is increasing,26 the overall rate remains low. Ways
in which BCG use could be increased might include designat-
ing adjuvant intravesical BCG as a measure of quality among
younger patients newly diagnosed with high-grade NMIBC.
The Centers for Medicare and Medicaid Services Physician
Quality Reporting Initiative ties the self-reporting of quality
indicators to evidence-based practices and may represent an
intervention that could improve compliance with adjuvant in-
travesical therapy for NMIBC. Potential quality indicators
might include not only the early use of BCG within 6 months of
diagnosis for high-grade tumors but also the absence of BCG
use for low-grade tumors, thereby cost-effectively focusing
treatment on those most likely to benefit.

There are several limitations to our study. Its retrospective
observational nature prevents us from confirming a cause-and-
effect relationship between BCG and improved survival; the
association with survival may have been related to confounders
rather than to the use of the drug itself. This Medicare claims–
based study was limited to those age � 65 years. Therefore, we
cannot generalize about the effectiveness of BCG in younger
patients. However, a recent study found that younger age was
associated with more favorable tumor characteristics,2 and the
risk of death as a result of bladder cancer increased with increas-
ing age.27 Patients with a nonspecific intravesical therapy claim
for Current Procedural Terminology code 51720 were in-
cluded with the BCG group, because more than 97% of adju-
vant intravesical therapy administered with a specified drug was
for BCG. Only 3% received other drugs, including mitomycin
C, thiotepa, or interferon. Therefore, we acknowledge that
there may have been some misclassification of patients in the
treatment groups. We did not have information regarding the
dose of intravesical therapy used, nor did we quantify the num-
ber of instillations administered. However, the most effective
dose of BCG remains unknown, with a recent randomized
clinical trial demonstrating that one-third strength BCG was as
effective as the standard strength.28 SEER does not report the
number or size of tumors nor concomitant Tis, which are im-
portant risk factors for recurrence of NMIBC.29 We were also
unable to adjust for the completeness for the TUR of the blad-
der cancer, a factor that is important for adjuvant BCG to be
effective.30 We found that the effect on OS was slightly greater
than that on disease-specific survival, suggesting that a small
part of the survival benefit may represent unmeasured selection.
Finally, a limitation of SEER is the inability to identify cancer
recurrence. For our analysis, we assumed that patients who
received BCG more than 6 months after diagnosis (n � 3,148)
had suffered a recurrence, were treated with BCG as a salvage
therapy, and were therefore included in the comparison un-
treated group. Our selection criteria attempted to avoid con-
founding by indication, which would have occurred if those
who were treated with BCG later than 6 months were included
in the treated group and if the benefit of treatment was ascribed
to this group. Such cohort selection would have likely led to
much greater bias. Because 37% of those who received BCG at
any time did so after 6 months, the potential beneficial effect of
BCG on survival was greatly attenuated and was a conservative
estimate.

To our knowledge, this is the first large population-based
study to suggest a survival advantage among patients with
NMIBC who receive adjuvant intravesical BCG. Although our
data are derived from a retrospective data set, this study may be
more indicative of the true effect of intravesical BCG because of
its large sample size, particularly of high-grade cancers, leading
to less dilution of the benefit of BCG, and longer follow-up
period than previous clinical trials and meta-analyses. It also
reflects its use and effectiveness in the community rather than in
highly selected trial patients.

Accepted for publication on April 12, 2012.
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Figure 1. Adjusted Kaplan-Meier 10-year overall survival. BCG,
Bacillus Calmette-Guérin.
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Figure A1. Adjusted Kaplan-Meier 10-year overall survival by grade: (A) well differentiated; (B) moderately differentiated; (C) poorly differentiated; (D)
undifferentiated. BCG, Bacillus Calmette-Guérin.
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