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Introduction:  This study sought to evaluate cancer-
specifi c outcomes among patients who received perioperative 
mitomycin C (MMC) prior to induction BCG versus those 
who received induction BCG alone.
Materials and methods:  Between January 2000 and 
August 2010, 260 patients were identifi ed who underwent 
a course of induction BCG with or without concomitant 
perioperative MMC.  Specifi cally, patients who received 
40 mg MMC following transurethral resection of all 
visible tumor followed by an induction course of BCG 
were compared to a similar cohort of patients who received 
induction BCG alone.  The primary endpoints were overall 
and recurrence-free survival (RFS).
Results:  A total of 212 patients were identifi ed who received 
induction BCG alone, and 48 who received perioperative 
MMC with induction BCG.  The aggregate patient cohort 

was comprised of those with non-muscle invasive disease 
(NMI), and there was no difference between groupings 
with respect to common demographic and pathologic 
variables.  Over a median follow up of 34.5 months, there 
was no difference in overall survival between cohorts.  
RFS was superior among patients who received combined 
therapy (5 year survival: 37.5% versus 56.3%, p = 0.023).  
Nevertheless, the regimen of intravesical therapy did not 
reach signifi cance as an independent predictor (HR 0.61, 
p = 0.055, CI 0.36-1.01).
Conclusion:  Although the combination therapy group 
demonstrated a signifi cant RFS advantage, the intravesical 
therapy regimen did not independently modulate this 
benefi t.  Further investigation is warranted to determine if 
immediate MMC prior to a course of induction BCG confers 
a benefi t to RFS.  Nevertheless, this pilot investigation sets 
an important precedent on the management of NMI bladder 
cancer, nonwithstanding the absence of contemporary large 
scale, randomized trials.
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Introduction 

The practice of using multiple antineoplastic drugs in 
combined regimens has not been applied consistently 
in the use of intravesical agents for the treatment of 
transitional cell cancer (TCC) of the bladder.  The 
immunotherapeutic BCG and the chemotherapeutic 
mitomycin C (MMC) are hypothesized to have a 

potentially synergistic effect in combination.  In fact, in 
vitro models using combination therapy with bladder 
cancer cells demonstrated enhanced antineoplastic 
activity compared to treatment with chemotherapy or 
BCG alone.1  Furthermore, clinical data, mostly from 
northern Europe, has addressed concurrent therapy 
with mitomycin and BCG, attributing two roles to 
mitomycin: that of an anitprolifi erative action and of 
a tissue-scarring or surface-modifying attribute that 
enables BCG to attach more effi ciently to urothelium.2-8  
Three small studies have since focused on the import 
of these fi ndings as it pertains to non-muscle invasive 
(NMI) bladder cancer, demonstrating low recurrence 
rates utilizing varying protocols for the administration 
of epirubicin and BCG chemoimmunoprophylaxis.9-11
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Based on these precedents, this investigation 
sought to determine whether a clinical benefi t might 
be rendered among patients with TCC of the bladder 
who received a single dose of MMC prior to the 
initiation of a BCG regimen.  Specifi cally, this study 
sought to evaluate cancer-specifi c outcomes among 
patients who received perioperative MMC prior to 
induction BCG versus those who received induction 
BCG alone.

Materials and methods

Patients were retrospectively identified from the 
Institutional Review Board-approved Urologic 
Oncology Database.  Tumors were staged according 
to the 6th edition of the TNM system of the American 
Joint Cancer Committee/Union Internationale Contre 
le Cancer Staging Manual.12  Between January 2000 
and August 2010, 267 patients were identifi ed who 
underwent a course of induction BCG with or without 
concomitant perioperative MMC.  In particular, 
patients who received 40 mg MMC following 

transurethral resection of all visible tumor followed 
by an induction course of BCG were compared to a 
similar cohort of patients who received induction BCG 
alone.  The induction course of BCG was administered 
according to SWOG protocol, and this therapy did 
not necessarily include subsequent maintenance 
treatments.  Patients with tumors in the upper urinary 
tract were excluded.  

Patients were then stratified by the intravesical 
treatment regimen received, namely combination or 
monotherapy, and both univariate and multivariate 
analytic models were created.  Kaplan-Meier curves 
were extrapolated to evaluate primary endpoints of 
overall and recurrence-free survival for each cohort, and 
the groups were in turn compared using the log-rank 
test.  Statistical analysis was done using SAS version 
9.1, with p < 0.05 considered signifi cant.

Results

A total of 212 patients were identifi ed who received 
induction BCG alone, and 48 who received perioperative 

TABLE 1.  A comparison of demographic and pathologic variables amongst combination and monotherapy groups  

 Induction BCG Perioperative MMC p value
 alone + induction BCG  

Total cohort  212 48 

Clinical data    
Age, yr, mean (SD) 69.6 + 11.5 69.64 +11.3 0.931

Gender (%)    0.684
     Male  152/212 (71.7) 33/48 (68.7) 
     Female  60/212 (28.3) 15/48 (31.2) 

Race (%)    0.464
     Caucasian  165 (77.8) 42 (87.5) 
     African American  14 (6.6) 2 (4.2) 
     Hispanic  19 (9.0) 3 (6.2) 
     Other  14 (6.6) 1 (2.1) 

Pathological data 
Stage at initial biopsy (%)    0.043
     Ta  80 (37.7) 24 (50.0) 
     Tisa  38 (17.9) 2 (4.2) 
     T1  94 (44.3) 22 (45.8) 

CIS (%)b  61/212 (28.8) 12/48 (25.0) 0.599

LVI (%)  4/212 (1.9) 2/48 (4.2) 0.342

High grade (%)  148/212 (69.8) 38/48 (79.1) 0.195
adenotes patients with stage Tis only.
bdenotes patients with concurrent CIS, exclusive of those with Tis as a stage.
BCG = Bacillus Calmette-Guerin; MMC = mitomycin C; SD = standard deviation
CIS = carcinoma in situ; LVI = lymphovascular invasion
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MMC in conjunction with induction BCG.  The mean 
follow up was 43.6 ± 38.1 months (median 35) in the 
BCG group and 33.0 ± 21.3 months (median 32.5) 
(p = 0.0583) in the MMC/BCG cohort.  Approximately 
78/212 (36.8%) and 23/48 (47.9%) patients in the BCG 
alone and BCG/MMC groups, respectively, went 
on to receive maintenance BCG (p = 0.214).  A large 
proportion of patients in both cohorts had T1 disease 
in a similar distribution (BCG: 94 (44.3%) versus 
BCG/MMC: 22 (45.8%)); however, the groupings were 
disparate (p = 0.043) with respect to the frequency of 
Ta (BCG: 80 (37.7%) versus BCG/MMC 24 (50.0%)) 
and Tis disease (BCG: 38 (17.9%) versus BCG/MMC: 
2 (4.2%)), Table 1.  There was no statistical difference 
between groups with respect to demographic 
variables of age (p = 0.931), gender (p = 0.684), or 
race (= 0.464); similarly, no difference in pathological 
variables of concomitant CIS (p = 0.599), the presence 
of lymphovascular invasion (LVI) (p = 0.342), and the 
detection of high grade disease (p = 0.195) was noted 
between cohorts, Table 1.  

Although log-rank analysis did not substantiate 
a difference between cohorts with respect to overall 
survival, recurrence-free survival was superior in 
patients who received combined intravesical therapy, 
Figure 1.  In fact, the 5 year recurrence free survival 
among the BCG alone group was 37.5% as compared to 
56.3% in the combination therapy grouping (p = 0.023).  

TABLE 2. Univariate and multivariate cox regression analyses predicting recurrence-free survival in patients 
treated with induction BCG alone versus those treated with induction BCG and MMC  

         Univariate analysis         Multivariate analysis
Variable  HR  p value 95% CI  HR  p value  95% CI 

Age  1.01 0.144 1.00-1.03   

Race       
     African American  1.10 0.788 0.54-2.27   
     Hispanic  0.89 0.724 0.46-1.70   
     Other  1.05 0.894 0.49-2.27   

Male sex  1.19 0.373 0.81-1.73

Initial stage       
     Ta  1.00 referent  referent  
     Tis  1.22 0.425 0.74-2.01 1.52 0.214 0.79-2.93
     T1  0.91 0.624 0.62-1.33 0.94 0.749 0.63-1.39

CIS  0.88 0.521 0.59-1.30 0.71 0.205 0.42-1.21

LVI  0.72 0.578 0.23-2.27 0.88 0.836 0.28-2.83

High grade  0.84 0.344 0.58-1.21 0.89 0.586 0.60-1.33

Receipt of MMC  0.58 0.030 0.35-0.95 0.61 0.055 0.36-1.01

HR = hazard ratio; MMC = mitomycin C; CIS = carcinoma in situ; LVI = lymphovascular invasion

Figure 1. Recurrence-free survival among both cohorts; 
there is a signifi cant survival advantage favoring those 
patients who received combination therapy (p = 0.0233).

This association was confi rmed in a univariable cox 
regression model predicting recurrence-free survival 
(HR 0.58, p = 0.030, CI 0.35-0.95), Table 2.  However, 
in a multivariable model, controlling for initial biopsy 
stage and the presence of CIS, LVI, and high grade 
disease, receipt of MMC was no longer predictive of 
recurrence-free survival by a narrow margin (HR 0.61, 
p = 0.055, CI 0.36-1.01), Table 2.  
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Discussion

The present study demonstrates that patients receiving 
immediate MMC prior to an induction course of BCG 
sustain a favorable recurrence-free survival, albeit 
further work is required to determine if the course 
of intravesical therapy independently modulates this 
outcome.  Although the effi cacy of combining these 
two agents has been examined in prior work, to our 
knowledge, this is the largest contemporary report to 
evaluate outcomes associated with a single perioperative 
dose of mitomycin prior to BCG induction, a scheme of 
administration which is common in clinical practice.  

Historically, three prospective randomized trials 
have been borne out in recent years that compare 
BCG monotherapy to combination with intravesical 
chemotherapy; these trials have generally included 
high risk NMI bladder cancer patients with no specifi c 
attention to the role of carcinoma-in-situ (CIS).  Cai et 
al, much in the vein of the current study, evaluated 
the impact of one immediate epirubicin instillation 
preceding the administration of BCG.13  The comparative 
regimes resulted in a 57.5% recurrence-free rate in the 
combined group, as opposed to 50.6% in the BCG-
alone group, a differential that was not statistically 
signifi cant (p = 0.82).  In another study, the regular 
administration of electromotive MMC in combination 
with BCG resulted in not only a lower recurrence rate 
(41.9% versus 57.9%, p = 0.0012), but also a signifi cantly 
lower disease-specifi c mortality within the combination 
group (5.6% versus 16.2%, p = 0.01).14  The degree to 
which the electromotive delivery of MMC contributed 
to this remarkable differential among cohorts cannot be 
extrapolated from the data.  The fi nal study included 
a total of 56 Ta-T1 tumors of unknown grade, whereby 
patients received immediate MMC at the time of TUR 
in addition to four weekly courses of this agent.15  
Patients relegated to the BCG alone arm were exempt 
from immediate instillation, and received only BCG 
weekly for 6 weeks.  Subjects in both cohorts went on to 
receive BCG monthly for 1 year.  The combination group 
sustained a signifi cantly longer time to fi rst recurrence, 
substantiating multiple prior reports on the effi cacy of 
alternating therapy by the Finnbladder Group.5

As a recent complement to the aforementioned 
collection of prospective trials, EORTC 30993 features 
the results of a randomized phase II trial involving 
combined therapy in patients with NMI disease along 
with CIS, be it primary, secondary, or concurrent.  These 
patients received six weekly instillations of MMC 
followed by six weekly instillations of BCG or a total 
of 9 weekly instillations of BCG with an intervening 
rest period.  Complete response and disease-free rates 

were similar to those receiving BCG alone, however, 
establishing that sequential intravesical chemotherapy 
and BCG had no role for the treatment of CIS.  Of 
note the timing and protocol of administration in the 
EORTC trial was different than the regimen detailed 
in this investigation, so the cancer-specifi c results 
cannot be directly extrapolated to the cohort of patients 
described herein.  Nevertheless, the role of CIS was 
accounted for in the current study, and, as evidenced 
by the fi ndings of EORTC 30993, this feature should 
be an important consideration not only in clinical 
management, but also in the critique and formulation 
of related investigations moving forward.16  

In addition to its relevancy to multiple antecedent 
studies, the results of the current investigation were 
substantiated by fi ndings reported in abstract form 
by Kader in a prospective protocol with a similar 
program of intravesical treatment; although, the latter 
study involved a smaller cohort of patients with NMI 
disease.17  In this study of 128 patients followed over a 
mean of 26 months, 63% of the patients receiving MMC 
were recurrence-free at last follow up, as compared to 
45% in the BCG monotherapy group.  Furthermore, 
an analysis of the side effect profi le revealed an even 
distribution amongst groups, with 30% of patients in 
each group reporting an adverse event, the majority of 
which constituted lower urinary tract symptoms.  This 
report thus corroborates the fi ndings discussed herein 
with respect to the sequence and timing of medication 
administration.  Furthermore, given the prospective 
design of the Kader study, insight into the side effect 
profi le was afforded, which was equivalent among both 
cohorts, for each program of therapy.   

Although the results described in this report and in the 
aforementioned abstract are promising, many questions 
involving the molecular mechanisms behind these 
clinical observations remain poorly defi ned.  A basis for 
these explanations involves the premise that MMC must 
be administered immediately following tumor resection 
in order to reduce the risk of tumor reimplantation 
following transurethral resection.  In accordance with 
this recommendation, data from a randomized trial has 
cited that one instillation of MMC alone immediately 
following resection reduced the risk of tumor recurrence 
by approximately 34%.18-21  Moreover, as it pertains to 
the literature on combination therapy, several of the 
studies involving combination therapy feature the 
administration of BCG prior to MMC, thus allowing for 
the hypothesis that BCG-induced infl ammation might 
“prime” bladder urothelium for the delivery and action 
of MMC.  Whether the effect of MMC is additive or 
synergistic with BCG in this scenario remains unknown.  
However, BCG is postulated to initially provoke a 
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cytokine and T-cell mediated response against tumor;22 
with the administration of MMC, the active metabolites 
of this agent then add to the antineoplastic effects by 
cross-linking DNA to all tissue layers of the bladder 
affected by superfi cial bladder cancer.23,24  While these 
explanations make mechanistic sense, they seemingly 
do not apply to the sequence of administration 
described in this study, whereby MMC is given prior 
to BCG.  Also, these postulates seem to hinge on the 
concept of multiple administrations of BCG and MMC, 
and may not fully account for the presumed durable 
impact of immediate, one-time administration of MMC 
following transurethral resection.  Thus, whether the 
benefi t from immediate MMC and induction BCG is 
derived from the sequential, independent action of 
these agents or through a complementary mechanism, 
perhaps involving urothelial surface modification, 
remains indeterminate.2-8

Furthermore, in addition to speculating on the 
molecular mechanisms underpinning these clinical 
observations, consideration might also be given to the 
limitations of this study.  First, the retrospective nature of 
this analysis restricts the ability to standardize cohorts as 
might have been afforded via prospective randomization.  
For instance, although the groups were matched with 
respect to many important demographic and pathologic 
characteristics, a disproportionate number of patients 
with Tis were included in the monotherapy cohort 
(17.9% versus 4.2%); and, this disparity might have 
contributed to the fact receipt of MMC did not reach 
signifi cance on multivariable analysis.  A randomized 
controlled-trial would thus afford the ideal medium to 
ensure that clinically more aggressive appearing tumors 
were not discriminately being assigned to one therapy 
in particular.  In conjunction with this, a larger cohort 
would ensure that the study was powered suffi ciently 
to substantiate the differences in outcome between 
combined versus monotherapy, as alluded to herein.  In 
this way, this investigation might serve as a precursor or 
pilot study for larger-scale investigations on this clinically 
relevant issue.  Furthermore, quality of life and side effect 
information was not available for consideration at the 
time this retrospective review was performed, and, in 
addition to therapeutic effi cacy, these considerations 
remain important considerations before combination 
therapy can be implemented.  Side effect profi ling for 
combination therapy is particularly important in order 
to determine how this program modulates the frequency 
of known adverse effects associated with BCG and 
mitomycin C individually;21,25-27 furthermore, it must be 
established if these adverse events occur in a summative 
fashion in the setting of combined therapy and whether 
tolerability will be affected as a consequence. 

Despite these limitations, however, this study adds a 
valuable contribution to the growing body of literature on 
combination intravesical algorithms in the management 
of TCC of the bladder.  Future investigations stand to 
determine if perioperative MMC prior to induction BCG 
may increase recurrence-free survival.

Conclusion

The administration of perioperative MMC prior to 
an induction course of BCG did not confer an overall 
survival advantage.  Although the combination therapy 
group demonstrated a significant recurrence-free 
survival advantage, the intravesical therapy regimen 
did not independently modulate this benefi t.  Further 
investigation is warranted to determine if immediate 
MMC prior to a course of induction BCG confers a 
benefi t to recurrence-free survival.  Given the clinical 
relevance of these conclusions, the fi ndings discussed 
herein may serve as pilot data to guide such a larger-
scale, randomized-controlled trial.
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