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Abstract
Mycobacterium bovis bacille Calmette–Guerin (BCG) is one of the great success stories of
immunotherapy as a treatment for superficial urothelial carcinoma of the bladder. Despite clinical
effectiveness in over 50% of patients, the high incidence of local side effects and presence of
nonresponders has led to efforts to improve the therapy. Recent advances have suggested a role for
neutrophils and TNF-related apoptosis-inducing ligand (TRAIL) in the antitumor inflammatory
response. Cell wall components of mycobacteria alone, lowered doses of BCG, and combination
with cytokines have been studied as ways to improve the immune response associated with BCG
and/or reduce toxicity. This review will discuss the clinical use of BCG, its proposed mechanism of
action, and directions of future research to improve efficacy and decrease side effects.
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Urothelial carcinoma of the bladder is the sixth most common cancer cause of death, and was
estimated to be diagnosed in 68,810 people and cause 14,100 deaths in the USA in 2008 [1].
In the USA, bladder cancer is the most expensive malignancy to treat in terms of cost per case
from diagnosis to death, and the direct costs of treatment are estimated at US$3.7 billion per
year [2]. The cost is disproportionate to its incidence due to the frequent need for follow-up
procedures [3]. At initial diagnosis, 20–25% of urothelial carcinoma cases are muscle invasive
(stage T2 or higher). The remaining patients have stage Ta (low-grade noninvasive), T1
(invasive into lamina propria), or carcinoma in situ (CIS). These patients are generally treated
by resection for diagnosis and local control with subsequent intravesical therapy for elimination
of residual tumor and prevention of recurrence.

Bacille Calmette–Guerin (BCG) is the most common intravesical therapy for treating non-
muscle-invasive urothelial carcinoma. BCG is a live-attenuated strain of Mycobacterium
bovis developed in 1921 as a vaccine for tuberculosis, but the first published reports of its use
in the bladder were in 1976 [4]. Advances since that time have lead to improved clinical efficacy
and a greater understanding of the immunologic basis for this therapy.
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Clinical use of BCG
Intravesical BCG therapy has been demonstrated to reduce the recurrence rate and the risk of
progression to muscle-invasive disease in patients with CIS, as well as superficial bladder
tumors [5–7]. High-risk patients treated with BCG following transuretheral resection of a
bladder tumor (TURBT) have lower cystectomy rates. In addition, some studies have shown
a survival advantage for adjuvant BCG when compared with TURBT alone [8]. Comparisons
with intravesical chemotherapy used for the same indications have shown BCG to be more
effective, but associated with more side effects than mitomycin C, the most commonly used
intravesical chemotherapy [9].

Bacille Calmette–Guerin therapy is the gold standard for treatment of urothelial CIS. CIS is
more difficult to identify cystoscopically and to resect compared with papillary tumors, and
poses a management challenge. Unlike CIS in other organs, urothelial CIS is a high-grade
neoplasm that carries a greater than 50% chance of progression to muscle-invasive or metastatic
disease at 5 years if untreated [10]. CIS can be present alone or in conjunction with papillary
tumors. Current American Urological Association (AUA) guidelines recommend BCG
induction as primary therapy for CIS [11]. Response rates vary from 50 to 70% of patients
[12], with some late relapses usually within the first 5 years after treatment. Maintenance
therapy should also be used to prevent recurrence in patients who respond to induction.

Papillary urothelial tumors are also effectively treated with BCG. TURBT with resection of
all visible primary tumor is recommended before beginning BCG therapy. Patients with high-
grade T1 papillary tumors, multiple tumors, or with associated CIS are at high risk for
recurrence and/or progression to muscle invasion [13]. Despite this risk, BCG is still the
preferred initial therapeutic option for high-risk nonmuscle-invasive papillary tumors.
Stratification of patients with bladder cancer into low-, intermediate- and high-risk groups for
recurrence and progression can be done with tables such as those published by the European
Organisation for Research and Treatment of Cancer (EORTC) [14]. Low-risk patients may be
successfully managed with intravesical chemotherapy such as mitomycin C only, while
patients with high-risk features are best served by a treatment with BCG. Successful initial
induction is associated with a recurrence rate of 16–50% [15]. In initial BCG failures, 25–45%
can be salvaged with a second induction course [16]. BCG treatment with an induction course
only can be used for solitary tumors, but in high-risk patients with multiple papillary tumors
or associated CIS, a maintenance course is also recommended.

The most commonly used dosing schedule for BCG consists of six weekly administrations of
BCG 2–6weeks following TURBT (induction). Maintenance BCG treatment is superior to an
induction course alone for patients with CIS and high-risk superficial tumors [17,18]. Various
permutations of maintenance courses have been used, most consisting of three weekly
instillations at 3–6 month intervals. Currently at our institution, patients receive three cycles
of BCG maintenance (three weekly doses) at 6-month intervals with cystoscopy and cytology
at 3-month intervals.

Contraindications to BCG instillation include immunosuppression, history of BCG sepsis,
gross hematuria or traumatic catheterization, and active urinary tract infection. Side effects of
intravesical BCG are common. Mild (urgency, frequency, low-grade fever and malaise) cystitis
occurs in up to 90% of patients [9,19]. More severe reactions are uncommon (<5%), but can
include BCG sepsis requiring treatment with long-term antituberculosis medications and even
death [20]. Many patients are unable to tolerate BCG; in a large study, 30% of patients
discontinued therapy because of side effects [21]. Several reports have suggested that
symptoms from BCG are associated with therapeutic effectiveness. Severe symptoms,
leukocytosis [22], granulomas [23] and urinary cytokines such as IL-2, -6, -8 and -10, IFN-γ
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and TNF [24–26], have all shown some correlation with response to BCG in studies – although
the cause and effect relationship is disputed [21]. It is clear that induction of an immune
response, usually associated with cytokine release and cystitis symptoms, is necessary for the
therapeutic effect of BCG.

Mechanism of action of BCG
Bacille Calmette–Guerin induces a massive influx of inflammatory cells and production of
cytokines in the bladder mucosa and lumen that leads to an immune response against tumor
cells. An intact immune system is a necessary prerequisite to successful BCG therapy. Studies
in human patients receiving BCG, as well as in animal models, have provided further
elucidation of the mechanism of BCG therapy. When BCG is instilled in the bladder it binds
to urothelial cells via fibronectin attachment to fibronectin attachment protein (FAP) on BCG
[27,28]. BCG is internalized by both urothelial cells and inflammatory cells, such as
neutrophils, and triggers an inflammatory cascade of cytokine release and immune cell
recruitment. Early responding cells include primarily neutrophils (75%) as well as
macrophages [29]. Later in the immune response, CD4+ T cells are prevalent [30]. Debate
exists over the role of various inflammatory cell subsets and most subsets have been implicated
in the cascade of events that lead to a response.

Many studies have examined the cytokines present in the urine of patients treated with BCG
and found elevated amounts of IL-1, -2, -6, -8 and -12, TNF, INF-γ and GM-CSF, among others
[26,31]. This proinflammatory cytokine profile, especially IL-2, TNF and INF-γ, is a Th1
response. A Th1 cytokine profile, rather than a Th2 profile, is needed for tumor destruction.
Studies have been performed looking at specific cytokines found in BCG-induced murine
bladder inflammation compared with lipopolysaccharide (LPS)- and TNF-induced
inflammation. While levels of many cytokines are altered with BCG, the massive neutrophil
infiltration and granuloma formation are two events unique to BCG instillation when compared
with the other inflammatory stimuli [32]. Figure 1 is a visual representation of a proposed
mechanism for the BCG mechanism of action.

Role of TNF-related apoptosis-inducing ligand in the BCG-induced antitumor
response

TNF-related apoptosis-inducing ligand (TRAIL) is a member of the TNF family that induces
apoptosis in neoplastic cells, but not in normal cells and tissues [33]. TRAIL expression can
be induced in many inflammatory cell populations following activation or stimulation with
cytokines, especially type I and II interferons [34]. Previous research in our laboratory
examined the urinary levels of TRAIL in patients following BCG instillation. BCG responders
(>12 months tumor free) had a significantly higher amount of urinary TRAIL than BCG
nonresponders [35]. In addition, responders to therapy had increasing amounts of TRAIL in
the urine with each subsequent BCG treatment, whereas nonresponders had lower amounts of
TRAIL for all treatments. Neutrophils are the primary cells responsible for TRAIL secretion
with BCG stimulation. Supernatants of BCG-stimulated neutrophils were able to kill bladder
cancer cell lines in vitro in a TRAIL-dependent process [35]. Analysis of urine from patients
with urinary tract infections found lower TRAIL levels compared with BCG stimulation,
suggesting that the TRAIL response is specific to BCG rather than nonspecific immune
activation. Stimulation of peripheral blood neutrophils with various bacterial pathogens
showed that BCG was the only bacterial species of those tested able to stimulate TRAIL release
[36]. Thus, TRAIL appears to be a contributor to the antineoplastic effect seen with BCG.
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Role of neutrophils
Neutrophils are central mediators of innate immunity and recognize bacterial antigens by
several mechanisms, including Toll-like receptors (TLRs). Neutrophils are the primary cells
present in the urine following BCG instillation and were originally viewed as nonspecific
activators of the inflammatory cascade. However, recent demonstration that neutrophils are
the primary producers of TRAIL after BCG stimulation suggests a role for neutrophils in the
therapeutic effectiveness of BCG in urothelial carcinoma. Indeed, in a murine model of
urothelial carcinoma, neutrophils are essential for antitumor responses as their depletion leads
to a reduced BCG response [37]. IL-8, an important chemotactic signal for neutrophils, is
significantly higher in the urine of patients who respond to BCG compared with nonresponders
within 6 h of BCG administration [38,39].

Additional studies from our laboratory revealed that neutrophils possess intracellular stores of
TRAIL that are released by stimulation with BCG. The intracellular source of TRAIL appears
to be preformed, because neutrophils treated with compounds that inhibit transcription or
translation release equal amounts of TRAIL compared with untreated neutrophils when
stimulated with BCG [40]. The role of neutrophils in the mechanism of response to BCG
therapy appears to be multifaceted. They contribute to the eradication of malignant cells by
direct mechanisms, such as secretion of TRAIL. Neutrophils also contribute indirectly to tumor
eradication by cytokine production, which amplifies the immune response and leads to the
recruitment of effector cells. Further research aimed at identifying the relative contribution of
these various mechanisms to the overall success of therapy is warranted.

Improving BCG therapy for urothelial carcinoma
The success of BCG as an immunotherapeutic agent for treating urothelial carcinoma has
inspired ways to maintain or improve its therapeutic efficacy, as well as ways to reduce the
side-effect profile. Strategies have included administering various inflammatory cytokines in
addition to BCG, using lower doses of BCG, and by identifying the mycobacterial components
that may be sufficient to induce a therapeutic immune response without leading to severe
reactions or infection.

Lower doses of BCG have been studied to reduce side effects while maintaining a therapeutic
effect. Initial reports suggested that lower doses may not be as effective, especially in patients
with both papillary tumors and CIS [41]. Subsequent studies suggest that low-dose BCG is
reasonable in patients with lower-risk tumors [42]. An ongoing clinical trial comparing a third
of a dose to a full dose in two different treatment regimens may provide some guidance. A
third of the standard dose in patients with intermediate-risk tumors has shown reasonable
results that were superior to patients given a sixth of a dose with no difference in toxicity,
suggesting a third of a dose is the lowest that should be used [43,44].

Identification of the cytokines that can induce immune responses without the risk of
disseminated BCG infection has focused on a number of cytokines – most prominently IFN-
α, IL-2, TNF and GM-CSF. Cytokines such as IL-2, IL-12 and IFN-α lead to increased release
of IFN-γ from human peripheral blood mononuclear cells alone or in combination with BCG
[45]. Experiments showing responses with cytokines provided the rationale for clinical
examination of cytokines alone or in combination with BCG for treatment of urothelial
carcinoma. However, most clinical trials of single cytokine therapy have not shown improved
efficacy [46,47]. The complicated immunologic cascade of BCG may be difficult to replicate
even with combination cytokine therapy. Combinations of BCG and cytokines have shown
more efficacy; BCG and IFN-α has shown promise for patients who relapse after BCG therapy,
as well as BCG-naive patients [48]. Addition of cytokines to BCG may provide benefit for
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BCG nonresponders or relapsers and studies are ongoing examining combination with other
cytokines such as IL-2 and GM-CSF.

The rationale behind cellular component therapy is that live BCG may not be needed to induce
the bladder inflammatory cascade and, presumably, the antitumoral effects. Live BCG is
responsible for the majority of the serious side effects seen with BCG, such as sepsis. Cellular
component therapy could theoretically reduce these complications. Several mycobacterial
components have been shown to play specific roles in the immune reaction to BCG. The
mycobacterial cell wall has been the best characterized activator of immune response in
multiple studies. Fractionation of BCG showed that the cell wall component was responsible
for the majority of TRAIL released [40].

Clinical trials of mycobacterial cell wall extract administered intravesically with a similar
treatment schedule to BCG showed that the extract had a favorable safety profile with mild
side effects comparable with BCG, but no serious side effects such as BCG sepsis. In contrast
to whole, viable BCG, the cell wall extract can be given to patients with a disrupted urothelium.
Furthermore, administration of the mycobacterial cell wall complex was able to rescue several
BCG nonresponders [49]. However, these clinical studies have not been controlled with a BCG
arm, preventing a direct comparison of effectiveness. Ongoing clinical trials should provide
insight into the value of this therapy. Analysis of the cell wall extract found it contained
mycobacterial DNA, and has shown efficacy at inducing apoptosis, as well as leading to clinical
responses in in vitro and in vivo models [50]. Further studies (Table 1) are underway to examine
this complex in BCG nonresponders, as well as head-to-head comparisons as primary therapy
with BCG.

Despite some success with mycobacterial cell wall, other clinical studies have shown decreased
efficacy for nonviable BCG [51]. Killed BCG, as well as Toll-like receptor (TLR)2 and TLR4
agonists, stimulate the release of soluble TRAIL from neutrophils at the same level as live
BCG in vitro [40]. In addition, murine research has shown that while nonviable BCG does not
induce a Th1 response, administration of nonviable BCG following induction with live BCG
is sufficient to generate a similar cytokine response to live BCG alone [52]. Further
investigation into the clinical effects of various cell components and the use of killed BCG as
therapy following initial sensitization with live BCG is needed.

Toll-like receptors are found on innate immune cells and recognize pathogen-associated
molecular patterns (PAMPs), such as CpG DNA, dsRNA, and LPS. These PAMPs can be seen
in bacteria, viruses and other microbes [53]. TLR ligation induces an inflammatory cascade
and influx of effector cells to sites of infection. Mycobacteria activate neutrophils through
TLR-dependent and -independent mechanisms [54]. Activation of neutrophils by TLR-
dependent mechanisms may be sufficient to generate a robust immune response and antitumor
activity. However, various stimuli, such as LPS alone, have failed to induce significant
responses. By contrast, CpG DNA, which binds to TLR9, was superior to BCG in an orthotopic
murine model of bladder cancer [55]. Thus, TLR may play a role in the antitumor response of
BCG, and specific targeting of these receptors has therapeutic potential.

Other components of BCG have been implicated in the elicitation of the antitumor response in
the bladder. The FAP on BCG is immunogenic [56] and may serve as a determinant of the
immune response in urothelial carcinoma. Immunotherapeutic strategies currently being
studied for use in superficial urothelial carcinoma include combination of BCG with gefitinib,
an oral EGF receptor (EGFR) kinase blocker with in vitro and in vivo activity in selected cell
lines [57]. A selectively replicating adenovirus expressing GM-CSF has also shown in vitro
and in vivo activity and a clinical trial is planned [58].
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Identification of the patient population most likely to respond to BCG is another frontier for
improving BCG therapy. This would allow administration of BCG to those most likely to
benefit from the therapy while identifying more appropriate alternatives for those with a high
risk of BCG failure. Extensive investigation into immunologic and other parameters has shown
several markers with utility in limited studies. A review of the literature in this area from 2003
showed that numerous studies that identified increased urinary cytokine levels, such as IL-2,
IL-8 and TNF, as predictors of response to BCG, but none had been translated into routine
clinical use [59].

Several recent studies have examined the idea that variations in genes coding for cytokines
could be responsible for some portion of the divergent responses seen to BCG administration.
One method of variation are single-nucleotide polymorphisms (SNPs), which can lead to
variations in cytokine production or function between individuals. Analysis of several
cytokines known to be induced by BCG, including IL-2, -6, -10 and IFN-γ, showed that SNPs
present in IL-10, TGF-β and IL-4 were associated with progression despite BCG therapy
[60]. A specific polymorphism in the gene NRAMP1, which has been implicated in human and
murine responses to mycobacteria among other immune stimuli, was found in 2–3% of normal
controls and 12% of patients at high risk of recurrence [61]. All of the patients with urothelial
carcinoma and this gene polymorphism had rapid (<6 months) recurrence of bladder cancer
despite BCG therapy. This association held up in multivariate analysis controlling for other
determinants of tumor recurrence. Other polymorphisms have been associated with low risk
of recurrence after BCG therapy [62]. Genetic analysis to stratify patients likely to have a
response from BCG is far from routine clinical use. However, continued investigation into
determinants of host response to BCG could prove fruitful in identifying patients who are likely
to benefit from BCG as well as those best served by more aggressive therapy such as early
cystectomy.

Conclusion
Bacille Calmette–Guerin for urothelial carcinoma has been the most successful use of
immunotherapy to date and represents standard of care for urothelial CIS and superficial
bladder tumors. BCG induces a massive influx of cytokines and inflammatory cells into the
bladder wall and lumen. Neutrophils are the primary cells involved in the early response and
have direct antitumoral activity through secretion of TRAIL. Future research into BCG
immunotherapy will focus on improving therapeutic effectiveness while reducing side effects
that limit its use in many patients.

Mycobacterial cell wall or other cellular component therapy represents an important avenue
for research and clinical trials are underway. In addition, research into optimal cytokine
regimens to combine with BCG is ongoing. Patients who do not respond to induction BCG or
have contraindications to surgery for recurrent CIS or high-risk superficial disease may benefit
the most from addition of cytokines. Cytokines being investigated include GM-CSF and IL-2,
in addition to IFN-α. Other research is aimed at determining the most effective dose and
maintenance regimen. While in the last 30 years improvements have been made to BCG
therapy, the basics of administration remain relatively unchanged – a tribute to the effectiveness
of the original therapy. Continuing research is needed to further elaborate the molecular and
immunologic basis of BCG therapy and to improve clinical effectiveness while reducing side
effects for patients with urothelial carcinoma.

Future perspective
Evolution of the field of BCG immunotherapy will be towards combination therapy and
changes in dose and duration based on patient tolerance and tumor characteristics. In the future,
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patients failing BCG induction will be offered combination therapy with IFN-α as well as other
cytokines. Well-defined protocols for patients with different pathology will exist (i.e., a patient
with a T1 tumor and CIS will undergo more and longer therapy than a patient with multiple
Ta tumors). The effective dose of BCG will be established.

Specific stimulation of an immune response using TLR agonists or mycobacterial cell wall
components may be given in patients who have difficulty with serious side effects from BCG
in order to replicate the immune response and offer bladder preservation. Compounds
administered will be specifically designed to target neutrophils for maximal TRAIL and
cytokine release. These agents may be used as maintenance therapies as well as instilled
immediately after TURBT where they may add additional benefit to the acute inflammation
induced by tumor resection. Tumor and host molecular genetic profiling will identify those
patients likely to benefit from BCG treatment and may lead to the development of specific
compounds tailored to individual genetic differences. Other unforeseen advances examining
the cascade induced by BCG may lead to even more prompt therapy for urothelial carcinoma.
The focus will be on replicating and improving the effectiveness of BCG while reducing
troubling and harmful side effects.

Executive summary

Clinical use of bacille Calmette–Guerin

• Intravesical bacille Calmette–Guerin (BCG) has been shown to reduce recurrence
and progression of urothelial carcinoma.

• Side effects are common and range from cystitis in approximately 90% of patients
to sepsis and death.

Mechanism of action of BCG

• BCG elicits a massive influx of inflammatory cells and cytokines that leads to a
response against neoplastic cells.

Role of TNF-related apoptosis-inducing ligand

• TNF-related apoptosis-inducing ligand (TRAIL) induces apoptosis in neoplastic
cells but not in normal cells; urinary TRAIL levels are increased in BCG
responders.

• TRAIL is released from neutrophils in a specific manner; TRAIL from patients
treated with BCG induces apoptosis in cancer cells.

Role of neutrophils

• Neutrophils are the primary cells in the initial response to BCG.

• Neutrophil secretion of cytokines and TRAIL is crucial to the antitumor response.

Improving therapy for urothelial carcinoma

• Reduced doses of BCG may be as effective as standard dose.

• Combination of BCG with cytokines may benefit BCG nonresponders and may
be effective as primary therapy.

• Neutrophil stimulation by mycobacterial components or Toll-like receptors is a
potential therapeutic strategy to reduce systemic effects of BCG.

• Molecular approaches have identified specific polymorphisms in cytokine genes,
which seem to play a role in the response to BCG.
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Figure 1. Postulated mechanism of action of bacillus Calmette–Guerin
(A) BCG infection of urothelial cells leads to the release of cytokines, such as IL-8. (B)
Neutrophils compose the early responding cells to BCG; BCG stimulates release of TRAIL in
addition to chemotactic factors. (C) Inflammatory effector cells, such as T cells and
macrophages, respond to the neutrophil-secreted chemotactic signals. (D) Cytotoxic cells and
TRAIL lead to tumor apoptosis.
BCG: Bacille Calmette–Guerin; TRAIL: TNF-related apoptosis-inducing ligand.
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Table 1

Current US clinical trials involving immunotherapy or BCG.

Name of trial Phase Study compounds Mechanism of action

Mycobacterial cell
wall–DNA Complex
in Treatment of
BCG-Refractory
Patients with
Nonmuscle Invasive
Bladder Cancer

II, III Mycobacterial cell wall–DNA
complex (Bioniche, Inc.)
versus BCG and alone

Mycobacterium phlei cell wall extract
with DNA; postulated to work similar to
BCG with fewer side effects

BCG with or without
Gefitinib in Treating
Patients with High-
risk Bladder Cancer

III BCG ± gefitinib EGFR/tyrosine kinase inhibitor

Comparative Study
of Intravesical BCG
in Intermediate and
High-Risk Ta, T1
Papillary Carcinoma
of the Urinary
Bladder

III Short- versus long-term
maintenance; full versus one-
third dose

Study aimed at determining ideal dose
and maintenance interval for BCG
administration

Dose-escalation
Study of CG0070 for
Bladder Cancer after
BCG Failure

I CG0070 (Cell-Genesys) Conditionally replicating oncolytic
adenovirus (in Rb-deficient cells)
expressing GM-CSF

Data obtained from [101].

BCG: Bacillus Calmette–Guerin.
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