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KEY POINTS
 Bacillus Calmette-Guérin (BCG) is arguably the most effective intravesical treatment option for
patients with intermediate-to-high risk superficial bladder cancer.
 A poor understanding of how and when BCG should be used can lead to suboptimal outcomes.
 Careful attention to patient and tumor characteristics can help identify candidates most likely to
respond to BCG.
 Specific technical strategies can be employed to optimize BCG outcomes.

As discussed throughout this issue, bladder
cancer represents a significant physical and
emotional burden to patients as well as a substantial financial burden to society (see the article by
James and colleagues elsewhere in this issue).
For patients at the extremes of risk, treatment
algorithms are relatively straightforward; yet the
outcomes are variable. Within the spectrum of
non-muscle invasive bladder cancer (NMIBC), for
patients with the lowest-risk tumors, the mainstay
of treatment is complete transurethral resection
(TUR) followed by surveillance (see the article by
O’Neil and colleagues elsewhere in this issue);
for patients with the most advanced risk tumors,
radical cystectomy may be the only viable option
(see the article by Daneshmand elsewhere in this
issue). Among the areas of greatest uncertainty
within the discipline of bladder cancer is the
management of patients with NMIBC thought to
have a high risk of recurrence and/or intermediate-to-high risk of progression. In this setting, intravesical immunotherapy with bacillus CalmetteGuérin (BCG) is the current gold standard therapy
with the highest response rates; however, despite

its frequent use, it remains poorly understood, resulting in usage that is far from optimal.
In this article, the authors review the role that
BCG has played in the management of bladder
cancer over the last several decades and discuss
specific approaches to optimize BCG. They focus
on selection strategies to help practitioners identify candidates most likely to respond to BCG as
well as on technical strategies to enhance the
administration of the drug in such a way as to optimize the response rates, adverse effects, and
outcomes (Box 1).

HISTORY OF BCG
The history of BCG dates back to the mid-1800s
when scientists identified Mycobacterium bovis
as the causative agent for bovine tuberculosis.
Extrapolating from the successful use of the
cowpox agent to develop a highly effective vaccine
against smallpox in humans, clinical trials were
performed in the late 19th century using M bovis
to prevent tuberculosis in humans. Unfortunately,
M bovis was proven to be highly virulent in people,
and the approach was quickly abandoned.
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Box 1
Strategies for practitioners
Tumor Characteristics
High-grade tumors with risk of recurrence/
progression
No invasive component
No aberrant histology (micropapillary, small cell)
No T1 on prompt repeated TUR
Patient Characteristics
No active immunosuppression (eg, transplant)
Elderly okay
HIV (1) status okay
Personal history of tuberculosis okay
Technical Aspects
Give induction 1 maintenance (SWOG8507
protocol)
Minimize fluid intake in the hours before
instillation
Start with empty bladder
Inspect voided urine for visible hematuria
(routine urinalysis/dipstick not necessary)
Catheterize urethra atraumatically
Minimize lubricant (to avoid BCG clumping)
Avoid lidocaine (acidity degrades BCG)
No need for rotisserie-style turning
Statins/aspirin therapy okay to continue
Use antispasmodics for local symptoms
Use antipyretics for influenza-like symptoms
Give 1 dose of quinolone 6 hours after BCG
Admit suspected BCGosis/BCG sepsis for prompt
workup and aggressive therapy

Several decades later, in 1908, a French bacteriologist, Albert Calmette and a veterinarian, Camille Guérin observed that incubation of M bovis
in a glycerin-bile-potato medium rendered the
bacteria slightly less virulent. Over the next
13 years, they serially passaged the bacteria
231 times, and in 1920 ultimately obtained a strain
of M bovis that was avirulent in both animals and
people.1 This unique strain came to be known as
bacillus of Calmette and Guérin (BCG).
Clinical trials using BCG as a vaccine against
tuberculosis were initiated in 1921 but were not
met with enthusiasm. Several early catastrophic
events caused by cross-contamination with pathogenic strains led to public distrust of the agent.
In one particularly disastrous situation in 1930 in
Lübeck, Germany, 240 infants vaccinated shortly

after birth all developed tuberculosis, and 72 of
these newborns died.2 After several decades of
disuse, widespread BCG vaccination was once
again implemented outside of North America to
minimize the postwar increase in tuberculosis expected after World War II. In the United States,
BCG vaccination has never been widely adopted.
In the last half century, there has been renewed
interest in the application of BCG to the management of patients with various medical disorders.
As a potent stimulus of the immune system, BCG
has been studied as a treatment option for diabetes mellitus, multiple sclerosis, and Parkinson
disease.3–7
In the field of oncology, the first hint that BCG
may have a therapeutic role was present in 1929
when Pearl, a pathologist, observed that tuberculosis patients had fewer malignancies than
patients who died of other diseases.8 In the recent
era, BCG has been studied to varying degrees in
colorectal cancer, lung cancer, and melanoma.9–11
Far and away, the most successful reapplication of
BCG in the developed world has been in the field
of bladder cancer.
The initial work suggesting a role for BCG within
the bladder was performed in 1966 by Coe and
Feldman, who demonstrated a consistent and
potent T-helper type 1 immune response in pig bladders exposed to intravesical BCG.12 10 years later,
Morales reported that 9 patients with superficial
bladder cancer experienced a decrease in rate of
tumor recurrence after intradermal and intravesical
treatment with the Armand-Frappier strain of
BCG.13 This led to a prospective, randomized clinical trial in 1980 that confirmed the beneficial findings of the smaller initial report.14 In this clinical
trial, Lamm and colleagues demonstrated that treatment with a single percutaneous injection followed
by 6 weekly intravesical administrations of BCG
led to a decreased tumor recurrence rate at 1 year.
Since this initial trial, multiple investigators have
undertaken larger trials aimed at more clearly identifying the optimal route, dosing, and scheduling
parameters of BCG for patients with superficial
bladder cancer.15–18 These refinements form the
basis of current guidelines concerning the optimal
use of BCG in the management of bladder cancer
and are discussed further in the following sections.
In fact, when BCG is used optimally, it has a definite role in reducing progression and deaths from
bladder cancer.19,20

OPTIMIZING PATIENT SELECTION FOR BCG
THERAPY
As with all cancer therapies, successful use of BCG
is critically dependent on careful patient selection.

Strategies for Optimizing BCG
For patients with NMIBC, the 2 main indications for
the use of BCG are: adjunctive therapy to reduce
the recurrence (and progression) of tumors after
complete surgical resection of high-grade Ta or T1
papillary tumors, and ii) primary treatment of carcinoma in situ (CIS).

Tumor Characteristics
For patients with low-grade papillary tumors, BCG
therapy is typically not recommended, because,
the most patients can be managed with surgical
resection (plus or minus single-shot postoperative
intravesical chemotherapy) alone. BCG has been
used to treat residual tumor in patients with
a high volume of disease within the bladder where
surgical resection was deemed unachievable and/
or for patients medically unfit for any operative
procedures with complete response rates up to
66% and partial response rates up to 21%. In
general, however, complete endoscopic control
is recommended before BCG instillation.15,21,22
For patients with muscle-invasive disease, there
is currently no standard role for BCG; the use of
BCG or any other intravesical therapy limited to
the mucosal surface should be considered insufficient. In 1 report of 13 patients with muscle invasive bladder cancer treated with BCG, only 1 of
13 patients had neither local nor systemic disease
recurrence; 10 of 13 patients developed systemic
disease, and 7 patients died from metastases.23
The delay to removal of the bladder that these intravesical therapies impose can have disastrous
consequences for patients.
Similarly, for patients with high-risk histologic
variants of bladder cancer, BCG therapy may not
be sufficient even if the tumors are superficial at
diagnosis. For example, in patients found to have
micropapillary architecture, the risk of early spread
to regional lymph nodes or distant sites is sufficiently high to make conservative local therapy
unsafe.24,25 For patients with small cell histology
or features of neuroendocrine differentiation, the
propensity for early microscopic metastases also
argues against the use of BCG and other conservative intravesical therapies.26
Given the efficacy of BCG in superficial urothelial
tumors and the danger of BCG in muscle-invasive
tumors and high-risk histologic variants, it is critical
to accurately establish the true stage of any bladder
tumor before deciding on therapy. Current guidelines recommend a repeat TUR for all patients
with T1 bladder cancer.27,28 This is discussed in
more detail by Ritch and colleagues elsewhere
in this issue, but the guiding principle before intravesical therapy with BCG should be removal of all
cancerous tissue, where feasible.

From the specific perspective of optimization of
BCG, data from repeat TUR can help stratify
patients into those at higher and lower risk of
response to BCG. For example, data from Memorial Sloan Kettering Cancer Center (MSKCC)
suggest that patients with initial T1 disease found
to have no tumor or stage less than or equal to
Ta on repeat resection have a 19% chance of
progression to muscle-invasive disease within
5 years, whereas those patients with evidence of
continued T1 disease at repeat TUR have an
80% chance of progression to muscle-invasive
disease within 5 years.29,30 While these data are
colored with the particular referral biases (and no
use of maintenance), it nonetheless provides an
impetus to use the repeat TUR data as 1 variable
in discussions with patients.
Given the important prognostic information that
can be gained from a second TUR, the authors’
practice is to perform repeat TUR at 4 to 6 weeks
on all patients with T1 bladder cancer being
considered for intravesical therapy. In those
patients who have had a complete TUR at the first
setting and yet have T1 disease at repeat TUR
(ie, early recurrence of aggressive disease), the
authors counsel the patients on the potential high
failure rate of BCG and the benefit of early radical
cystectomy. However, this does not apply to
delayed repeat TUR or repeat TUR where the
quality of initial TUR is suspect.
Location of tumor within the bladder may also
help predict response to BCG. Tumors located in
the prostatic urethra may not have adequate exposure to BCG during instillation and may thus have
worse outcomes.31 In these patients, it is the
authors’ practice to perform a limited TUR of prostate several weeks before initiation of BCG to facilitate surface contact of the medication with the
urothelium of the prostatic urethra.

Patient Characteristics
Aside from staging and histologic concerns, patient
selection must also be optimized. Because BCG is
a live attenuated bacterium that exerts its effects
primarily via a TH1-driven response, the patient’s
immune status is highly relevant. Patients on active
immunosuppressive medications following organ
transplantation should be considered for BCG
therapy only in select cases. Besides the risk from
an infective viewpoint, the intense immunostimulatory cytotoxic response evoked by BCG may place
the transplanted organ at risk of rejection.
Patients who are very elderly or have poor
performance status may have weakened immune
systems, but they are still eligible to receive
BCG.32,33 Although this immunosenescence is
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not a contraindication to BCG therapy, it may blunt
the ability of BCG to evoke a sufficient immunostimulatory response. Patients with a history of
human immunodeficiency virus (HIV) infection
can usually also be safely treated with BCG. Given
that most patients with HIV in the current era have
intact immune systems, their bladder cancer can
be managed the same as other patients, and
similar outcomes can be expected.34
Lastly, some practioners mistakenly exclude
patients with a personal history of tuberculosis
from consideration for BCG therapy. Although
there are no data specifically examining this, the
authors and others have successfully treated
these patients with BCG therapy. In fact, recent
data suggest that pre-BCG priming enhances the
response of patients.35 However, given the prior
exposure of these patients’ immune systems to
mycobacterial antigens, clinicians should be
particularly vigilant about optimizing delivery with
respect to the reduction of adverse effects.

OPTIMIZING ADMINISTRATION OF BCG
Although proper patient selection and use of maintenance therapy can improve overall outcomes
with BCG therapy, there are also specific strategies in the administration of the drug that can
increase the likelihood of successful intravesical
treatment. The following paragraphs discuss
aspects that can contribute to enhanced outcomes for patients treated with BCG therapy.

Strains
From the initial avirulent strain of M bovis cultured
by Calmette and Guérin in 1920, multiple substrains of BCG have been isolated, and they
have been used clinically to varying degrees.
These BCG substrains are generally classified as
either evolutionarily early (eg, Japan, Moreau,
and Russian) or evolutionarily late (eg, Connaught,
Danish, Glaxo, Phipps, and Tice). While the early
and late substrains are known to be genetically
distinct, the exact differences in antitumor activity,
if any, remain unknown.
The wide geographic variation in success rates
seen with large-scale clinical trials of BCG vaccination for tuberculosis has been postulated to be
due at least in part to the variable clinical efficacy
of different BCG substrains available locally
around the world.36–40 In bladder cancer, recent
preclinical investigations suggest that immunomodulatory potential differs between the various
BCG substrains, but the clinical impact of these
differences remains undefined.41,42 This should
be kept in mind when comparing the results of

clinical trials of BCG in bladder cancer that have
used different substrains of BCG.

Dosing
As with other avirulent bacteria prepared for therapeutic use, the dosing measure of BCG is the
colony-forming unit (CFU). CFU varies from strain
to strain, and a vial of BCG may contain variable
amounts of BCG CFU based on lot date, manufacturer, and other factors. Current data suggest that
an intravesical dose between 108 and 109 CFU
is effective, but response has been reported
with doses as low as 106 CFU. These variations
explain the differences in recommended milligram
dose between different preparations of BCG
(eg, Sanofi-Pasteur 81 mg; Tice, 50 mg; Tokyo,
40 mg; Dutch [RIVM], 120 mg).

Duration
The first randomized trial of BCG therapy for
bladder cancer examined the efficacy of a treatment regimen that consisted of 6 weekly intravesical instillations of BCG.14 Subsequent trials have
investigated the effect of additional instillations
given to boost the immune response. The initial
6-week treatment regimen is known as induction,
and the subsequent instillations are referred to as
maintenance therapy. In a large-scale cooperative
group trial performed in the United States, Lamm
and colleagues18 demonstrated that routine use
of BCG maintenance therapy given as 3 weekly
instillations at the 3-, 6-, 12-, 18-, 24-, 30- and
36-month time points decreased both recurrence
and progression rates for patients with NMIBC
when compared with patients who received induction BCG therapy alone. A European intergroup trial
published in 2010 found that routine use of this
same 3-week BCG maintenance regimen resulted
in improved time to recurrence, disease-specific
survival, and overall survival when compared with
patients receiving intravesical chemotherapy.19
While future studies will likely continue to elucidate
the specific details of the ideal maintenance
regimen, the data currently available all suggest
routine incorporation of maintenance therapy
(using the SWOG 613 regimen) if BCG is to be
used optimally.

Technique
It is important to optimize the administration of
BCG in such a way that the bacterium has optimal
propensity to adhere to the urothelium while at the
same time causing the patients the least inconvenience/discomfort. In the authors’ practice,
patients presenting for treatment are instructed
to minimize fluid intake in the hours before their
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scheduled BCG instillation and to empty their
bladders immediately before BCG instillation.
The voided urine specimen is visually inspected
to confirm absence of gross hematuria (microscopic hematuria or positive dipstick is not
a contraindication to BCG). BCG mixed in 50 mL
normal saline is then instilled intravesically via
a urethral catheter. Minimizing fluid intake and
starting with an empty bladder increase the likelihood of successful retention of the medication
for the recommended duration of 2 hours. Other
technical tips include minimal use of lubricating
jelly (to avoid clumping of bacteria), avoidance of
lidocaine (the acidic composition can be deleterious), and, of course, to perform the instillation
only in the setting of atraumatic catheterization.
An interesting practice among some urologists
is to have patients lie recumbent during the instillation period and to have them rotate every
15 minutes in an attempt to evenly expose the
entire bladder surface to BCG. Although wellintentioned, this rotisserie method does not seem
to have any basis in the scientific literature. The
elastic nature of the compliant bladder suggests
that it changes size to accommodate the volume
of fluid inside. Therefore, unless the instillation
was incorrectly done and a large air pocket was
introduced in the bladder, serial turning of the
patient is not necessary. It is the authors’ practice
to have patients lie recumbent for several minutes
after instillation of the BCG and then to allow them
to ambulate normally during the 2-hour retention
period.
Usage of certain medications has been suggested to be a relative contraindication for BCG
therapy. Because of the increased propensity for
hematuria while on antiplatelet agents such as
aspirin or clopidogrel, patients taking these medications are sometimes not considered candidates
for BCG therapy or are instructed to discontinue
the medications during BCG therapy. Similarly,
given the documented ability of statin medications
to induce a TH2 immune response (and therefore
limit the ability of BCG to induce a TH1 response),
it has been suggested that patients discontinue
statins during BCG therapy.43
The authors believe the risk of treatment-altering
hematuria due to antiplatelet agents and the risk of
immune steal due to statin therapy are both
extremely low. There is even evidence to suggest
that aspirin therapy may have a beneficial effect
on the efficacy of BCG.44 Similarly, since the initial
report suggesting the negative effect of statin
therapy on BCG efficacy, multiple authors have reported no impact of statin therapy on post-BCG
outcomes.45,46 It is the authors’ practice to have
patients continue their usual medications during

BCG therapy. The authors generally do not initiate
new medications or discontinue ongoing medications in most patients.

Reduction of Adverse Effects
A common misconception around the administration of BCG is that it is too toxic, and practitioners
will often quote the data from the SWOG8507
study and cite that “less than 18% of patients
finished 3 years of BCG.”18 Although this is true
of that study, it must be recognized that these
were results from 2 decades ago. and much has
been learned since then about optimal administration of BCG. In fact, now, a diligent practitioner
should be able to reduce the BCG discontinuation
rate in their patients to less than 15%. This has
been borne out by the large-scale study47 in which
less than 10% of patients receiving a full dose
therapy for 3 years discontinued BCG because
of toxicity. This section discusses the spectrum
of adverse effects that may result from BCG and
provides strategies to minimize these effects.
Most of these side effects can be prevented or
managed with minor interventions without the
need for termination of BCG therapy. However,
the most serious adverse effects demand immediate recognition and prompt initiation of aggressive measures.
Irritative voiding symptoms (dysuria, frequency,
and urgency) and low-grade fever are the most
commonly reported complaints immediately after
BCG instillation.48 In most cases, these resolve
within 48 hours and do not need intervention.
Many practitioners anecdotally regard the transient local symptoms and influenza-like symptoms
as an encouraging sign of the intended immune
activation effects of BCG therapy. Antispasmodic
medications and over-the-counter antipyretics
can be used with good effect to control the symptoms. In the authors’ practice, patients who experience moderate or severe irritative voiding
symptoms are prescribed antispasmodic medication for the acute episode, and they are also instructed to take the antispasmodic medication
before subsequent BCG administrations.
The most serious adverse effects with BCG
therapy are seen when the medication is inadvertently absorbed into the bloodstream. This allows
the M bovis bacteria to access the systemic circulation. Depending on the amount of BCG absorbed
and the extent of previous immune priming
(eg, personal history of tuberculosis), the sequela
of systemic BCG spread can range from prolonged pyrexia (BCGosis) to a severe systemic
inflammatory response syndrome (BCG sepsis)
to death.48 Given these dangerous possibilities, it
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is imperative that practitioners employ all means to
prevent systemic BCG absorption. For this reason,
BCG administration should be postponed for any
patient with visible hematuria. For patients with
a history of tuberculosis, the authors also routinely
perform urine dipstick to assess for microscopic
hematuria, as absorption of even small amounts
of BCG can incite a cytokine storm from the hypersensitized immune systems of these patients.
In all patients, urethral catheterization should be
performed as atraumatically as possible, and BCG
administration should be postponed if bleeding is
triggered during catheterization. BCG should not
be given in the presence of a urinary tract infection.
During an episode of urinary tract infection, the risk
for BCG intravasation is greater. This is because
the urothelium is more permeable, and the surface
vasculature is predisposed to bleeding more
readily. For the treatment of urinary tract infections
in patients receiving intravesical BCG, it was previously suggested that use of quinolone antibiotics
was to be avoided because of their antimycobacterial activity.49 More recently, several investigators
have shown that short-term administration of a quinolone decreases the incidence of moderate-tosevere adverse events (especially grade 3 events)
after BCG instillation.50,51 For this reason, it is the
authors’ practice to instruct all patients to take
1 dose of a quinolone antibiotic 6 hours after
BCG instillation. In the authors’ experience, this
practice increases patient comfort and decreases
the likelihood of patient dropout from BCG therapy.

expression and methylation), urinary markers
(interleukin [IL]-2, IL-8, IL-18, tumor necrosis
factor-a) and serum markers (single nucleotide
polymorphisms in multiple DNA repair, inflammation, cell cycle, and apoptosis pathways).54–57 At
MD Anderson, the authors have recently performed a prospective clinical trial investigating
the concept of molecular recurrence using fluorescence in situ hybridization to predict response to
BCG therapy.58 The authors are hopeful that this
approach may help counsel patients undergoing
BCG therapy, and it may also provide a role in
future clinical trial design.

FUTURE DIRECTIONS
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