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Abstract
Purpose—The Southwest Oncology Group conducted a randomized trial of induction BCG with
or without maintenance BCG. In these additional retrospective analyses, our goal was to evaluate
the association of a complete response (CR) or remaining with no evidence of disease (NED) versus
no CR during induction therapy with subsequent survival after adjusting for other potential
confounders. Among all patients randomized to maintenance treatment, we also wanted to identify
combinations of baseline covariates in order to define prognostic groups for subsequent worsening-
free survival.

Methods—Outcome measures of worsening-free and overall survival were assessed using Kaplan
Meier estimates and proportional hazards regression models. For the Classification and Regression
Tree (CART) analysis, 434 patients randomized to maintenance vs. no therapy with complete
covariate information were included.

Results—Of the 593 evaluable patients, 341 were not randomized to maintenance BCG. Patients
who achieved a prior complete response during induction BCG had a 5-year survival probability of
77% compared to 62% for patients who did not [Hazard ratio (HR) 0.60; 95% confidence interval
(CI) 0.44, 0.81; p= 0.0008]. Prior CR retained significance when adjusted for age, gender, prior
intravesical chemotherapy, and papillary disease versus CIS (HR=0.63; 95% CI: .46, .86; p=0.003).
CART analysis identified 4 prognostic groups. Older patients (≥ 62 years old) previously treated
with intravesical chemotherapy who failed to achieve a CR had a 5-fold higher risk of a worsening
event relative to those who are younger (< 67 years old) and achieve a CR (HR=5.09; 95% CI: 3.37,
7.68; p<0.0001).
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Conclusion—Failure to achieve a complete response after induction BCG is associated with a
significant risk of a worsening event and death for patients with CIS or Ta or T1 bladder cancer at
increased risk of recurrence.
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Introduction
Complete response (CR) rates to an induction course of BCG for Ta, T1 and Tis bladder cancer
are high and range from 50–70%. Factors affecting response include the presence of high grade
papillary disease or CIS, primary vs. recurrent disease, solitary vs. multifocal tumor,
granulomatous inflammatory response in the bladder and delayed hypersensitivity skin test
response to purified protein derivative [1]. Ten to 22% of patients who fail an initial induction
course of BCG may be salvaged with a second induction course [2,3]. Recently, the addition
of a single 3 week maintenance course of BCG increased the complete response rate at 6 months
from 68% to 84% compared to patients who receive only a 6-week induction course [4]. The
addition of interferon alpha may augment the response to BCG and Phase II studies suggest
that salvage of high risk patients who have failed BCG is possible in over one half of patients
treated with this combination [5,6].

Though initial CR rates are similar, the long-term progression and survival rates are
significantly lower for patients with CIS associated with T1 disease compared to patients with
CIS alone or associated with Ta disease [7]. Patients with high-grade Ta, T1 or CIS are
considered at high risk for progression to invasive cancer. In risk stratification models this risk
is as high as 40% [8]. As innovative therapies are applied in order to augment the immune
response to BCG and to explore salvage therapy options, the risk of progression in high risk
patients must be carefully monitored. There is a risk in patients not responding to the initial
induction course of BCG that further efforts at salvage therapy may result in a delay in definitive
treatment that may have an adverse effect on survival probability. Long-term survival rates for
patients treated with radical cystectomy for progression to muscle invasive cancer are
significantly lower than for patients with ≤ pT1 at cystectomy [9,10].

In the present study we asked the question whether failure to achieve a CR after induction BCG
is associated with a worse prognosis. SWOG 8507 is one of the largest prospective trials of
intravesical BCG with a median follow-up of 7.5 years[4]. This randomized trial tested the
hypothesis that the addition of maintenance BCG would be associated with lower recurrence
and progression rates compared to an induction course alone. Reporting only on those patients
that had an initial CR to induction therapy this study demonstrated a benefit to long-term
maintenance therapy. We have queried this data set in a series of secondary analyses in order
to determine the long-term outcome regarding worsening-free and overall survival according
to the initial response to induction BCG.

Methods
The clinical trial design and analysis of outcomes for complete responders has been reported
[4]. Eligible patients were BCG naïve, had completely resected Ta or T1 tumors with or without
CIS and were considered to be at increased risk of recurrence. Descriptive factors (prior
intravesical chemotherapy yes/no) and disease type (papillary only, carcinoma in situ only or
both papillary disease and carcinoma in situ) were recorded. All patients received an induction
course of BCG and randomization was to observation or maintenance BCG given weekly for
three weeks at 3 and 6 months following induction and at 6-month intervals up to three years.
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A total of 660 patients were registered to undergo induction BCG and 550 were subsequently
randomized. A total of 593 were evaluable for assessment of response to induction therapy and
form the basis for the present analysis. The initial cystoscopic evaluation of response to
induction BCG was to occur 6 weeks following induction BCG. Follow-up for disease status
was discontinued after June 1996 because the clinical trial primary analysis was completed,
but overall survival is current. In order for disease and survival status information to match,
the survival status was truncated as of June 1996 (i.e., patients alive after June 1996 were
censored at that time). Complete response for patients with CIS was defined as no evidence of
cancer on biopsy and negative cytology at the first follow-up cystoscopy. Biopsy was not
required for patients with papillary disease only (Ta, T1). Treatment for patients who did not
achieve an initial CR was up to the discretion of the treating physician.

Statistical methods
Time to a disease-worsening event and survival probabilities were estimated using Kaplan-
Meier methods and differences in the distributions were tested using the log rank statistic.
Proportional hazards regression models were developed for evaluating event time data. Patients
randomized to maintenance BCG were excluded from the analysis of impact of initial complete
resonse since subsequent treatment may confound survival results. A total of 434 patients
randomized to maintenance vs. no maintenance therapy had complete covariate information
and could be used for identifying prognostic groups by implementing Classification and
Regression Tree (CART) method in order to determine groups with similar disease worsening-
free survival [11]. This tree method allows one to see subsets of covariates working together,
which isn’t necessarily seen in proportional hazards models. The tree diagram offers a visual
representation of these subsets. Worsening-free survival was measured from randomization to
maintenance BCG to first worsening event. Worsening events were defined as any one of the
following: cystectomy, systemic chemotherapy, radiation therapy, stage ≥ T2 and/or death.
The candidate covariates that the groups could be determined by were selected from the SWOG
database and were limited to variables with few missing values. The candidate covariates used
in this analysis were complete response to induction BCG (yes/no), age at induction
registration, body mass index (bmi) at study entry, prior intravesical chemotherapy (yes/no)
and gender. We used SPLUS 2000 (release 3, Insightful Corporation, Seattle, WA) and SAS
(version 8, SAS Institute Incorporated, Cary, NC) for these analyses.

Results
Of the 660 patients registered, 593 were evaluable for response to induction BCG. A total of
341 patients had a compete response to induction BCG and were randomized to receive no
maintenance BCG. The median survival was not assessable for patients who achieved a CR
compared to 82 months for patients who did not achieve a CR and the five-year survival
probabilities were 77% and 62%, respectively (Figure 1). The hazard ratio was 0.60 (95% CI:
0.44, 0.81) indicating that failure to achieve a CR after induction BCG was associated with a
67% higher risk of death. (p = 0.0008). A proportional hazards model was constructed which
adjusted for age, gender, whether or not the patient had prior intravesical chemotherapy, and
disease type at study entry (papillary disease vs. CIS). Patients who achieved a CR with
induction BCG still had a significantly lower risk of death when adjusting for these variables
[HR 0.63 (95% CI: 0.46, 0.86; p=0.003)] (Table 1). Papillary disease (Ta or T1 without CIS)
had a similar favorable impact on overall survival.

CART analysis
For this analysis, we included 434 patients with no missing data. Patients were placed into risk
groups based on response to BCG induction therapy (complete response versus no complete
response), whether or not they had received prior intravesical chemotherapy, and age (Table
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2). Figure 2 describes the stratification of subsets based on whether or not patients had a
complete response to induction BCG. Complete responders were then stratified by age (< 67
years or ≥ 67 years). The no CR group was also stratified by age (< 62 years or ≥ 62 years).
The no CR and age ≥ 62 years was then stratified by whether they received prior intravesical
chemotherapy or not. The risk of a worsening event for those subjects that had a CR of age ≥
67 relative to those subjects that did not have a CR of age<62 is 1.06. Thus, subjects in these
two nodes have approximately the same risk of a worsening event; therefore, these two nodes
were combined to form one prognostic group. The tree diagram indicates that for worsening-
free survival, complete response is the most important factor. For those patients who did not
achieve a CR with induction BCG, age and prior intravesical therapy are important predictive
variables. For those patients who achieved a CR with induction BCG, age is an important
predictive variable. A proportional hazards model of time to first worsening event was fit with
prognostic group (node) indicators as covariates (Table 3). The no CR groups have 3 to 5 times
the risk of an event compared to younger, complete responders. In this CART analysis, prior
intravesical therapy did not stratify further the group of patients that did not have an initial CR.
The estimated probability of a patient in the best prognosis group I (CR and age <67) having
a disease-worsening event was 17% compared to 67% for a patient in the worst prognosis group
4 (No CR, age ≥ 62 and prior chemotherapy) (Figure 3).

Discussion
SWOG 8507 demonstrated the superiority of induction plus maintenance BCG over induction
BCG alone for patients at increased risk of recurrence and progression to invasive cancer [4].
The final report focused only on those patients who achieved a complete response after
induction BCG. In the present study we examined long-term outcome for all evaluable patients
and endeavored to identify prognostic groups using a classification and regression tree (CART)
analysis tool.

Using conventional Kaplan Meier and Cox proportional hazards analysis, whether or not the
patient achieved a complete response to induction BCG was the most important stratification
variable associated with long-term survival. Failure to achieve a CR was associated with a 67%
higher risk of death and a 5-year survival probability of 62% compared to 77% for patients
with a complete response to induction BCG. We also confirmed the important favorable
prognostic impact of papillary only disease without CIS. Solsona recently reported that failure
to achieve a complete response at 3 months following induction intravesical therapy was the
only independent factor associated with progression to invasive cancer in patients with stage
T1 grade 3 tumors or CIS of the bladder, prostatic urethra or prostatic ducts [12].

Many studies have addressed the treatment options for patients with BCG refractory bladder
cancer and the standard of care remains definitive local therapy with cystectomy, particularly
for patients with high risk features including CIS and T1G3 tumors. Five year survival
probabilities for patients with Ta, Tis or T1 cancer in contemporary cystectomy series range
from 80–88% when there is no evidence of muscle invasion [13]. Recent studies have also
clearly demonstrated the important of re-staging TUR for patients with clinical T1G3 cancers
as the understaging rate in cystectomy series is as high as 40% and muscle invasion is associated
with a significant worse prognosis[10,14,15]. For patients who refuse cystectomy or who are
not medically fit options may include intravesical Valrubicin, dose reducing BCG and
combining this with interferon, or investigational drugs such as gemcitabine and keyhole limpet
hemocyanin [16–19].

What to do when for patients when BCG fails is a vexing problem. The ability to prospectively
identify those patients at highest risk for subsequent progression would be valuable. Using
CART analysis we identified four prognostic groups for risk of a disease-worsening event
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following induction BCG. Again, whether or not a complete response was achieved to
induction BCG was the most important stratification variable further supporting the importance
of this event. Patients with the worst prognosis did not achieve a CR, were older, and had
received prior intravesical chemotherapy. The risk of a worsening event was 5-fold higher for
these patients compared to patients who achieved a CR and were younger than 67 years of age.
Age has been identified as a significant variable that affects survival probability in other studies
[20]. The presumption is that older patients have a shorter life expectancy and may not respond
as well to immunotherapy.

The strengths of these data reported in this paper are that the patients came from 81 different
institutions around the U.S. and many of the top accruers were local CCOPs and not major
research institutions. As such this is a fairly representative sample of the patient population at
risk that most urologists deal with. The potential limitations include the lack of follow-up
treatment information, no accurate cause of death information, and the retrospective nature of
the analysis.

Conclusion
Failure to achieve a complete response following induction BCG for patients with CIS or Ta
or T1 tumors at increased risk of recurrence is associated with a significant risk of death or a
disease-worsening event. Older patients who did not achieve a CR and received prior
intravesical therapy had the worst prognosis.
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Figure 1.
Kaplan Meier plot of survival following induction BCG stratified by whether the patient had
a complete response or not at the initial cystoscopic evaluation following induction therapy.
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Figure 2.
CART analysis of worsening-free survival from randomization date for 434 subjects with no
missing data based on complete response to induction therapy (yes/no), age, body mass index
(BMI), prior chemo (yes/no), and gender. At each splitting point in the tree diagram there are
three numbers listed. The first number indicates the unadjusted log rank statistic, the second
number is the bootstrap log rank and the third number is the p-value corresponding to the
bootstrap log rank which takes into account that the same individuals are used to make multiple
splits (i.e., tests are not independent). The two numbers listed at each node correspond to the
log hazard ratio for worsening-free survival relative to the reference node (whose log hazard
ratio = 0), and the sample size for the node, respectively.
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Figure 3.
Kaplan Meier plot of worsening-free survival following randomization. Groups were defined
as in Table 3 and stratified by the CART tree diagram (Figure 2)
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Table 1
Proportional hazards model of variables related to complete response following
induction BCG and overall survival

Variable Hazard ratio (95% CI) P-value

Unadjusted Model

 Complete Response 0.60 (0.44, 0.81) 0.0008

Adjusted Model

 Complete Response 0.63 (0.46, 0.86) 0.003

 Age5 1.27 (1.16, 1.40) <0.0001

 Male 1.32 (0.84, 2.08) 0.23

 Papillary 0.65 (0.45, 0.93) 0.02

 Prior chemotherapy 0.95 (0.70, 1.30) 0.76

At risk = 341 and deaths = 167

Age5 = age divided by 5. Example: The hazard ratio refers to the risk of death for a 65-year old relative to a 60-year old, thus there is a 32% increased
risk of death as age increases 5 years.
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Table 3
Proportional hazards model for risk of disease worsening event following treatment with BCG: (At risk=434 with no
missing data; events=232)
Group 1 – Complete responders (CR) and age < 67 (n = 137)
Group 2 – Complete responders and age ≥ 67, or No CR and age < 62 (n = 198)
Group 3 – No CR, age ≥ 62 and no prior chemotherapy (n = 44)
Group 4 – No CR, age ≥ 62 and prior chemotherapy (n = 55)

Variable Hazard ratio (95% CI) P-value

Group 1 1.00 (reference group) ---

Group 2 1.96 (1.39, 2.77) 0.0001

Group 3 3.08 (1.95, 4.86) <0.0001

Group 4 5.09 (3.37, 7.68) <0.0001

At risk = 434 and events = 232
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