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BACKGROUND
Non-muscle invasive bladder cancer remains among the most 
common malignancies of the urinary tract. Intravesical bacillus 
Calmette-Guérin administration is the gold standard immu-
notherapy treatment for eradication of carcinoma in situ and 
for adjuvant therapy following surgical removal of papillary 
non-muscle invasive bladder cancer.  In head-to-head clinical 
trials BCG outperforms intravesical chemotherapy in treating 
non-muscle invasive bladder cancer. Periodic episodes of BCG 
production shortages occur as a consequence of mass produc-
tion challenges and these shortages result in substandard care 
for patients. Strategies to mitigate consequences of BCG short-
ages include prioritization of BCG for highest risk patients, split 
dosing BCG vials and use of BCG for induction only. Urologists 
should be familiar with practical application of BCG, includ-
ing management of side effects.  Future aims include testing 
alternative agents, other BCG strains and recombinant formu-
lations of BCG. 

INCIDENCE, TRENDS AND RISK FACTORS
Bladder cancer is the fourth most common cancer in men.1, 2 
In the United States approximately 80,000 new cases of blad-
der cancer and 17,000 deaths from bladder cancer occur each 
year.2 Around 70% of people with bladder cancer are diag-
nosed with non-muscle invasive bladder cancer, defined as 
disease confined to the submucosa or lamina propria, with a 
median age of diagnosis of 73 years.3, 4 Additionally, up to 70% 
of NMIBC recurs after initial treatment, with 10% to 20% of 
the recurrences being muscle invasive bladder cancer (much 
poorer prognosis).5 The 5-year survival rate for patients with 
NMIBC is approximately 88%, which compares favorably to 
the less than 60% 5-year survival rate for patients with muscle 
invasive bladder cancer.3, 5 Disease metastasis is uncommon for 
patients with NMIBC and usually indicates understaging of the 
primary tumor (ie muscle invasive bladder cancer that was not 
adequately staged).4  Patients with bladder cancer most often 
present with painless gross hematuria.  Less common signs/
symptoms of presentation include dysuria, change in urinary 
frequency, urinary urgency, flank pain, pelvic pain, and palpable 
mass.4, 5  Occasionally bladder cancer is detected incidentally 
through imaging performed for an unrelated cause; imaging 
findings in bladder cancer include bladder mass, clot in the blad-
der, hydronephrosis and pelvic lymphadenopathy. Risk factors 
for the development of bladder cancer include: advanced age, 
male gender and environment exposure to carcinogens, espe-
cially tobacco smoke.6 Smoking at the time of bladder cancer 
diagnosis is associated with higher recurrence rates of NMIBC. 
Furthermore, smokers with muscle invasive bladder cancer are 
more likely to die of bladder cancer.7 Lastly, frequent occupa-
tional exposure to aromatic amines, polycyclic aromatic hydro-

carbons and chlorinated hydrocarbons has also been shown to 
increase risk of bladder cancer.8 

BCG THERAPY EFFICACY
BCG is approved as adjuvant treatment of papillary Ta–T1 
bladder cancer following endoscopic tumor resection and for 
eradication of CIS. The treatment pattern for BCG admin-
istered includes an induction course of 6 weekly instillations 
followed by 7 maintenance courses of 3 weekly instillations at 3, 
6, 12, 18, 24, 30 and 36 months from initial tumor resection.  The 
maintenance courses are generally given 1 to 2 weeks follow-
ing a normal cystoscopy.9 AUA recommended basic treatment 
guidelines following transurethral resection of bladder tumor 
based on risk stratification are shown in the figure.10 Intra-
vesical BCG administration reduces disease recurrence and 
progression.9, 11

Urologists should be familiar with 2 landmark BCG stud-
ies conducted by SWOG (Southwest Oncology Group).  The 
first s t udy, p u blished i n  1 9 91, c o mpared i n travesical d o xoru-
bicin against intravesical BCG for patients with NMIBC.12 
In this study patients with Ta–T1 tumors without concurrent 
CIS had an estimated probability of being recurrence free at 5 
years of 17% for patients receiving doxorubicin and 37% 
for patients receiving BCG (p=0.015).  For patients with CIS 
the complete response estimates were 37% for patients 
receiving doxoru-bicin and 70% for patients receiving BCG 
(p <0.001).  The second study, SWOG-8507, compared BCG 
maintenance vs no maintenance.13 This study reported a 
recurrence-free survival estimate of 36 months for patients 
receiving no maintenance compared to 77 months for 
patients receiving maintenance  (p <0.001).  Furthermore, 
due to a policy at that time of with-holding maintenance 
BCG for patients with increased side effects, most patients 
did not complete the maintenance regi-men (only 16% 
completed full maintenance regimen). It is possible that 
more rigorous adherence to maintenance could have 
resulted in an even higher improvement in recurrence-free 
survival.  

Intravesical chemotherapy, such as mitomycin C, 
epirubicin and gemcitabine, have also demonstrated efficacy 
at prevent-ing disease relapse in NMIBC. Yet in head-to-head 
comparison trials BCG consistently outperforms intravesical 
chemother-apy for treating NMIBC.11,12,14-17 Collectively these 
reports led to the current practice paradigm in which BCG 
induction and maintenance is the standard of care treatment 
for high grade and high risk NMIBC.

Intravesical chemotherapy such as mitomycin C and 
gemcitabine work through direct cellular cytotoxicity.  
Although there is some suggestion that BCG can also directly 
kill tumors, BCG is widely thought to mediate tumor killing 
through stimu-lating the body’s immune system.  Our 
understanding of BCG’s mechanism of action comes from 
experimental rodent models.  In such models, immune cells 
shown to contribute to BCG response include NK cells,18 

macrophages,19 ab T cells20 and gd T cells.21  Furthermore, 
in experimental models BCG binds to the urothelial surface 
by binding fibronectin, which allows 

ABBREVIATIONS: AUA (American Urological Association), BCG (bacillus Calmette-Guérin), CIS (carcinoma in situ), 
EAU (European Association of Urology), FDA (U.S. Food and Drug Administration), NMIBC (non-muscle invasive bladder 
cancer), PPD (purified protein derivative), TURBT (transurethral resection of bladder tumor)
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for its immune response against tumors.22 Some studies also 
found that administration of anticoagulants that inhibit fibrin 
clot formation decreased BCG antitumor activity. However, 
a systematic review of publications addressing correlations 
between oral anticoagulant medications and BCG outcomes 
concluded that there is insufficient evidence to recommend for 
or against discontinuation of anticoagulant medications during 
BCG therapy.23 Bladder cancer generally affects the elderly 
population who frequently suffer from comorbid conditions 
such as coronary artery disease and atrial fibrillation. Thus, it 
is common practice to continue anticoagulation for these high 
risk patients during BCG therapy.     

TREATMENT GUIDELINES
The American Urological Association and the European Asso-
ciation of Urology provide guidelines for the treatment and 
management of bladder cancer based on peer-reviewed litera-
ture and expert opinion.6, 10, 24 Both guidelines recommend strat-
ification of disease risk based on probability of disease relapse 

and progression.  Key elements to risk stratification include 
tumor stage, grade, size and focality. Additional considerations 
include other high risk features, including variant histology, 
presence of lymphovascular invasion, presence of prostatic 
urethral involvement and poor response to BCG.24, 25

AUA Guidelines. AUA guidelines discuss the importance of 
initial diagnosis of NMIBC.10, 24 Determination of the need for 
BCG is based on the patient’s risk of disease recurrence and 
progression.  Thus, “at the time of each occurrence or recur-
rence of tumor, the clinician should assign a clinical stage and 
classify a patient accordingly as low, intermediate or high risk.” 
Appendix 1 shows AUA recommended risk stratification cate-
gories for post-TURBT to help guide postoperative therapy.10,24 
BCG is not recommended for patients with low risk disease.  
BCG can be considered for patients with intermediate risk 
disease, and patients with high risk disease should be treated 
with induction and maintenance BCG (at 3 and 6 months, then 
every 6 months for 3 years).10 Intravesical chemotherapy is 
another option for intermediate risk disease. 

 

Figure. Summarized/condensed AUA NMIBC post-TURBT treatment guidelines.10
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EAU guidelines. EAU guidelines also stratify patients into 
3 risk groups (low, intermediate or high risk), which helps to 
guide treatment.6, 26 Appendix 2 shows the EAU recommended 
risk stratification categories for tumor staging to help guide 
treatment. BCG is not recommended for low risk patients.  
BCG is recommended for intermediate risk patients, includ-
ing induction plus maintenance for 1 year.6, 26 Alternatively, 
according to EAU guidelines, intermediate risk patients could 
be treated with intravesical chemotherapy. High risk patients 
should undergo full-dose intravesical BCG therapy for 1 to 3 
years and radical cystectomy can also be considered for high 
stage tumors. 

BCG STRAINS
BCG was developed as a vaccine to prevent tuberculosis. 
The initial strain of Mycobacterium bovis was obtained from 
a cow infected with bovine tuberculosis. In the laboratory of 
Calmette and Guérin in France, this strain was propagated 
repeatedly in order to develop an attenuated strain that could 
protect against subsequent tuberculosis infection.  Once the 
vaccine was developed in the 1920s, this initial BCG strain (ie 
Pasteur strain) was dispersed to different countries worldwide 
for increased vaccine development.27, 28 Evolution of this strain 
then took place across different laboratories throughout the 
world as BCG was grown under various and unique condi-
tions.  This evolution continued until the 1960s when a freeze 
lot system was put into place.28-30 As a result of the worldwide 
disbursement and growth of BCG in various locations, many 
biologically distinct BCG strains emerged with unique genetic 
and immunological properties.  Examples of different BCG 
strains are Pasteur, Connaught, Tokyo, TICE, Armond-Frap-
pier, Danish and Glaxo.28, 31 Because of their genetic modifi-
cations, the different BCG strains differ biologically in terms 
of reactogenicity (ie production of side effects of symptoms) 
and immunogenicity (ie induction of humoral or cell medi-
ated measurable immune responses).16, 31 The original Pasteur 
strain has been so heavily altered over the years that it is least 
used due to its high reactogenicity.31 Some strains are found to 
stimulate immune responses better than others. For example, 
in murine models TICE and Pasteur strains secrete more heat 
shock proteins than the Tokyo strain.32 

It is unclear if the biological differences of BCG strains trans-
late into differences in efficacy (either for tuberculosis preven-
tion or for bladder cancer treatment).  Experimental murine 
models have shown that BCG strains vary in their virulence 
and efficacy for tuberculosis protection.33 Analysis of strain 
efficacy has gained increased importance recently due to global 
BCG shortages (see below). A randomized trial of Connaught 
vs TICE BCG among 142 patients demonstrated a significant 
difference in recurrence-free survival.33 Five-year recurrence-
free survival was 74% for patients treated with Connaught 
strain compared to 48% for patients treated with TICE BCG 
(p=0.01). However, this study was criticized because of the lack 
of maintenance BCG.  Another trial compared Connaught 
strain vs Tokyo strain but was closed prematurely due to 
lack of BCG.  This trial found comparable outcomes between 
Connaught vs Tokyo strain among 38 patients.34 A network 
meta-analysis evaluated all published reports of BCG efficacy 
across various strains and found that all BCG strains had signif-
icant superiority over intravesical chemotherapy in preventing 
disease relapse, but no definitive conclusions could be reached 

regarding strain superiority due to lack of sufficient compara-
tive trial data.35 S1602 is a 3-arm randomized trial currently 
enrolling patients and will seek to compare the efficacy of 
TICE vs Tokyo-172 BCG strains.36, 37 This study will provide the 
first appropriately powered study to address BCG strain effi-
cacy and side effect differences.

BCG SHORTAGE
History and inception. Periodic production problems are the 
most common reason why BCG shortages occur. BCG is an 
attenuated but live organism. Growth and maintenance of 
BCG seed lots is susceptible to handling, equipment malfunc-
tion and environmental conditions.38 In addition, BCG is 
currently marketed at a relatively inexpensive cost compared 
to other chemotherapies, which decreases the incentive for 
companies to manufacture the agent.  In 2011 Sanofi Pasteur 
(the vaccines division of the French mutational pharmaceuti-
cal company Sanofi) suffered a setback that interrupted their 
BCG supply chain. This company, which manufactured the 
Connaught BCG strain, suffered a flood of its manufactur-
ing facility, leading to development of unsanitary conditions 
such as mold, nesting birds and rusted machinery. Thereafter, 
Sanofi Pasteur announced a suspension of the production of 
their BCG Connaught strain in June 2012 and then completely 
ceased production in 2017.31, 38 The 2003 Medicare Modern-
ization Act limited generic drug costs to 6% above the Medi-
care average sale price. This led to lower reimbursement for 
pharmacies for the cost of dispersing drugs and inadequate 
reimbursement for pharmaceutical companies to profit from 
production of BCG.39-41

Implications for practice (workflow and coordination of 
patients). Periodic BCG shortages force physicians to lower 
the administered BCG dose, shift to less efficacious treatment 
options or stop BCG altogether.41 BCG shortages result in a 
reduction in maintenance courses, yielding suboptimal treat-
ment. In addition, under times of BCG shortage patients may 
be offered radical cystectomy more frequently as a means 
of controlling disease progression or metastasis, resulting in 
unnecessary morbidity and impact on quality of life.  Estimates 
of the effect of BCG shortage suggest that BCG interruption is 
associated with a significant reduction in recurrence-free and 
progression-free survival. During BCG shortages, it has been 
reported that 40% of patients did not complete induction BCG 
and maintenance therapy was not given in 60% of patients.42 
Furthermore, the increased price of the only other available 
therapeutic options, such as intravesical chemotherapy, increas-
es the financial burden on patients and health care systems.41, 42 

AUA recommendations. In response to the BCG shortages 
the AUA made the following recommendations:10, 24, 43  

1.	 BCG should not be used for patients with low risk 
disease.

2.	 Intravesical chemotherapy should be used as the first 
line option for patients with intermediate risk NMIBC. 
Patients with recurrent/multifocal low grade Ta lesions 
who require intravesical therapy should receive intra-
vesical chemotherapy such as mitomycin, gemcitabine, 
epirubicin or docetaxel instead of BCG.

3.	 If BCG would be administered as second line therapy 
for patients with intermediate risk NMIBC, an alterna-
tive intravesical chemotherapy should be used rather 
than BCG in the setting of this BCG shortage.
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4.	 Patients with high risk NMIBC, high grade T1 and CIS 
patients receiving induction therapy should be priori-
tized for use of full strength BCG. If not available, these 
patients and other high risk patients should be given a 
reduced one-half to one-third dose, if feasible.

5.	 If supply exists for maintenance therapy for patients 
with NMIBC, every attempt should be made to use one-
third dose BCG and limit dose to 1 year.

6.	 In the event of BCG supply shortage, maintenance 
therapy should not be given, and BCG naïve patients 
with high risk disease should be prioritized for induction 
BCG.

7.	 If BCG is not available, a preferable alternative to BCG 
is mitomycin (induction and monthly maintenance up to 
1 year). Other options such as gemcitabine, epirubicin, 
docetaxel, valrubicin or sequential gemcitabine/docetax-
el or gemcitabine/mitomycin may also be considered 
with an induction and possible maintenance regimen.

8.	 Patients with high risk features (ie high grade T1 with 
additional risk factors such as concomitant carcinoma in 
situ, lymphovascular invasion, prostatic urethral involve-
ment or variant histology) who are not willing to take 
any potential oncologic risks with alternative intravesi-
cal agents should be offered initial radical cystectomy if 
they are surgical candidates.

BCG organisms are very stable at room temperature, and 
split doses can be used for other patients receiving BCG on 
the same day. The AUA and Society of Urologic Oncology 
recommend that the BCG vial should be split when multiple 
patients can be treated so as to prevent drug wasting. This 
has generated billing issues as the Centers for Medicare and 
Medicaid Services did not have a policy regarding split dosage 
billing. A new Healthcare Common Procedure Coding System 
(J9030) has been approved for split dosing BCG live intra-
vesical instillation, 1 mg. However, the AUA still recommends 
contacting insurance companies prior to dose splitting.43, 44 The 
AUA also posted a Policy and Advocacy Brief in September 
2019 to further discuss split BCG billing questions and topics.44 
Although BCG is attenuated, in most U.S. institutions it is still 
considered an infectious organism posing a moderate health 
hazard (biosafety level 2).  Therefore, splitting of BCG should 
be done in a hood with appropriate biosafety level 2 precau-
tions.45, 46 Personnel delivering BCG should take appropriate 
biosafety level 2 precautions:     

1.	 Appropriate personal protective equipment must be 
worn, including lab coats and gloves. Eye protection and 
face shields can also be worn, as needed.

2.	 All procedures that can cause infection from aerosols or 
splashes are performed within a biological safety cabi-
net.

3.	 An autoclave or an alternative method of decontamina-
tion is available for proper disposals.

4.	 A sink and eyewash station should be readily available.
5.	 Biohazard warning signs should be posted.

PRACTICAL CONSIDERATIONS IN BCG 
DELIVERY
Administration safety. While intravesical chemotherapy may 
be used within 24 hours after TURBT (assuming no bladder 
perforation), intravesical BCG should not be given immedi-
ately after TURBT. Generally, BCG is given at least 1 week or 

more after TURBT. In the past patients stayed in clinic during 
BCG instillation, laid supine and rotated (supine to prone) at 
specified intervals for the 2-hour duration. This practice is no 
longer common as rolling maneuvers are not necessary for 
ensuring complete contact between BCG and the uroepithe-
lium.47 The use of antibiotics prior to catheterization or postop-
eratively has not proven entirely beneficial. Although studies 
have shown that antibiotic use occasionally shows a modest 
decrease in the risk of sepsis, iatrogenic urinary tract infections 
and lower urinary tract symptoms, it has not been advocated 
widely. Carey et al48 and Herr49 found that BCG can even be 
administered with asymptomatic bacteriuria. On another note, 
evidence shows that minimizing fluid intake prior to BCG instil-
lation helps to ensure maximum treatment effect by preventing 
dilution.47, 48 Most practices allow patients to void at home, and 
patients are instructed to sanitize the toilet with bleach after 
voiding the BCG. Data regarding the effects of BCG on preg-
nancy and reproduction are lacking. BCG should not be given 
to pregnant women unless there are no better alternatives and 
requires careful consideration. Some major health systems have 
policies regarding sexual health. Altru Health System advises 
men to avoid intercourse for 48 hours after BCG treatment; 
men should use a condom for sex during the treatment course 
and for 6 weeks after final instillation.50 Furthermore, women 
undergoing BCG treatment should avoid vaginal contact for 1 
week after each instillation and until 6 weeks after final instilla-
tion. These practices are also mentioned by Saluja and Gilling.51

Purified protein derivative conversion. Intravesical BCG ther-
apy will cause PPD conversion (from negative to positive) in up 
to 50% to 60% of patients.52 BCG manufacturers recommend 
testing PPD tuberculin reactivity in patients needing BCG 
treatment prior to BCG administration. However, this is not 
standard practice due to low prevalence of tuberculosis in the 
United States. Furthermore, Kamat et al explain that a positive 
PPD should not exclude patients from BCG treatment.47 Rath-
er, in otherwise healthy patients who are PPD positive (indura-
tion >10 mm), active tuberculosis should be ruled out because 
intravesical BCG is contraindicated in active tuberculosis 
infection.  Evaluation for active tuberculosis requires a careful 
history and physical examination, chest x-ray, sputum culture (if 
indicated by symptoms) and IFN-g release assay.  Unlike a PPD 
test, IFN-g release assays examine reactivity to proteins specific 
for Mycobacterium tuberculosis and are not affected by prior 
BCG vaccination or prior intravesical BCG therapy.53 Avail-
able IFN-g release assays include QuantiFERON®-TB Gold 
In-Tube test and T-SPOT®. These tests measure a patient’s T 
cell release of IFN-g in response to M. tuberculosis immuno-
dominant antigens (eg ESAT-6, CFP-10 and TB7.7).  

Contraindications. Absolute contraindications for intravesi-
cal BCG administration include an active urinary tract infec-
tion, gross hematuria and recent urothelial trauma (eg trau-
matic catheterization). Patients undergoing antibiotic therapy 
may consider postponing BCG instillations due to the risk of 
decreasing the BCG effectiveness. Relative contraindications 
include patient immunosuppression. Because BCG’s mecha-
nism of action is multifactorial (see mechanism above) and 
involves components of both the innate and adaptive immune 
system, one should not assume that BCG would be ineffective 
in patients with immunosuppression. It is documented that 
BCG can be given to immunologically compromised patients, 
including patients with organ transplants, receiving systemic 
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chemotherapy and taking steroids.54 However, because such 
patients are at higher risk for complications from sepsis, 
caution is advised for such patients, and a urine culture should 
be performed prior to each BCG instillation to rule out bacte-
riuria.     

Managing adverse effects. Common low grade side effects 
from BCG instillation include cystitis, dysuria, malaise, low 
grade fever, urinary frequency and urgency. These symptoms 
usually resolve within 24 hours. Appendix 3 reveals genitouri-
nary adverse effects.55, 56 Patients should be evaluated for other 
signs/symptoms not typical of anticipated BCG related treat-
ment effects. Management for these anticipated BCG induced 
side effects includes reassurance, nonsteroidal anti-inflammato-
ries, Pyridium® (phenazopyridine), anticholinergics and beta-3 
agonist (Myrbetriq®), among others.  If these symptoms do not 
resolve after 24 to 48 hours, obtain a urine culture to evalu-
ate for other bacterial infection and consider a short course of 
oral steroids. A short course of steroids has been shown to be 
effective in patients refractory to conservative methods.55 If the 
patient does not respond to steroids, consider starting isoniazid 
treatment. Restarting BCG is possible after symptoms resolve, 
but patients may require a reduction of BCG dose (eg one-third 
or one-quarter dose). Less common and more systemic adverse 
effects include reactive arthritis, BCG sepsis, granulomatous 
hepatitis and miliary pulmonary tuberculosis. Appendix 3 lists 
some of these adverse effects and treatment guidelines.56 If a 
patient has a fever >101.5F for more than 24 to 48 hours, first 
rule out other infectious causes. If no other identifiable cause, 
start isoniazid at 300 mg by mouth daily for 3 months. Anecdot-
ally it is possible that intravesical BCG can be given while the 
patient is receiving isoniazid. Two studies showed that patients 
treated with BCG and isoniazid still had a longer time to first 
recurrence than epirubicin treated patients.15, 57 Nevertheless, 
consultation with infectious disease is necessary before making 
this decision. Disseminated BCG infection is an uncommon but 
dangerous adverse effect of intravesical BCG therapy. BCG-
osis (ie disseminated BCG) requires hospital admission, blood 
cultures for mycobacteria (ie acid-fast bacilli) and lung imag-
ing. Broad-spectrum antibiotics and antituberculosis drugs (ie 
isoniazid, rifampin, ethambutol) should be started immediately 
in consultation with infectious disease physician.55, 56 The BCG 
that was administered should be tested for drug susceptibleness 
since some mycobacteria may be resistant to certain antituber-
culosis medications. BCG is naturally resistant to pyrazinamide. 
Consider using cycloserine and intravenous steroids (eg 40 mg 
prednisolone intravenously daily) in severe cases.

 
FUTURE PERSPECTIVES
As pointed out by Bandari et al, existing economic and regula-
tory factors continuously affect the production and availability 
of biologic therapeutics.58 They propose 5 recommendations 
to mitigate those factors and ensure best possible treatment 
availability, including 1) introducing other available substrains 
of BCG into clinical practice, 2) determining the optimal BCG 
maintenance doses and schedules, 3) introducing alternative 
intravesical and systemic treatment strategies for adjuvant 
intravesical therapy, 4) consideration of early radical cystec-
tomy and 5) insight to policy makers. In addition, strategies 
to boost relevant immune responses in ways that allow much 
lower doses of BCG to be used should be explored.

DID YOU KNOW?
NMIBC risk factors and incidence: 
•	 Bladder cancer is the fourth most common cancer in 

U.S. men, and 70% of bladder cancers are classified 
as NMIBC.

•	 Bladder cancer risk factors are age, male gender, 
smoking and polyaromatic compounds.

BCG efficacy:
•	 Eradicates CIS.
•	 Prevents disease relapse and progression in patients 

with Ta–T1.
Risk stratification: 
•	 Primary risk stratification factors:  pathological 

stage, grade, tumor size and focality. 
•	 Secondary risk stratification factors: lymphovascular 

invasion, variant histology, prostatic involvement 
and poor response to BCG.

Indications for BCG therapy: 
•	 Carcinoma in situ (also known as high grade 

dysplasia).
•	 High grade Ta–T1. 
BCG strains:
•	 FDA approved: Connaught, TICE, Armond- 

Frappier.
•	 FDA approved and available in U.S.: TICE.
BCG properties: 
•	 Genomics, immunogenicity and reactogenicity vary 

across BCG strains. 
•	 Efficacy of BCG strains has not been tested in well 

controlled prospective trials.
Solutions to managing BCG shortages:
•	 Prioritization of existing BCG for highest risk 

patients.
•	 Split dosing and decreasing number of maintenance 

instillations.
•	 Considering alternative treatment options (eg intra-

vesical chemotherapy or cystectomy).
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Appendix 1. AUA NMIBC risk stratification10, 24

Low risk Low grade solitary Ta tumor, < 3 cm
Papillary urothelial neoplasm of low 
malignant potential

Intermediate 
risk

Recurrence within 1 year, low grade Ta 
tumor
Solitary low grade Ta tumor, > 3 cm
Low grade Ta, multifocal tumors
High grade Ta, < 3 cm
Low grade T1

High risk High grade T1
Any recurrent high grade Ta or any high 
grade Ta
High grade Ta, > 3 cm (or multifocal)
Any carcinoma in situ
Any BCG failure in high grade patient
Any variant histology
Any lymphovascular invasion
Any high grade prostatic urethral 
involvement

Appendix 2. EAU NMIBC risk stratification6, 26

Low risk Primary, solitary, TaG1 (PUNLMP, LG), <3 
cm
No CIS

Intermediate 
risk

Any tumors not identified as either low or 
high risk
Essentially, any tumor between high and 
low risk

High risk T1 tumors
Grade 3 (high grade) tumors
CIS
Note: Highest risk tumors are a separate 
subgroup and are as follows: T1 grade 3/
high grade with concurrent bladder CIS, 
recurrent or large grade 3/high grade, grade 
3/high grade in prostatic urethra, urothelial 
carcinoma with certain variant histology, 
lymphovascular invasion

Appendix 3. List of adverse effects associated with intravesical BCG administration6,10,24,55,56

Treatment BCG Modification

Genitourinary complications

Cystitis Nonsteroidal anti-inflammatories, anticho-
linergic drugs, antibiotics if necessary

Hold BCG until symptoms cease and 
antibiotics are stopped

Kidney infection 300 mg isoniazid and 600 mg rifampin daily 
for 3–6 months

Stop BCG

Tuberculous epididymo-orchitis 300 mg isoniazid and 600 mg rifampin daily 
for 3–6 months

Stop BCG

Ureteral obstruction/ 
hydronephrosis

300 mg isoniazid and 600 mg rifampin daily 
for 3–6 months
Drainage for hydronephrosis

Stop BCG until hydronephrosis is 
resolved

Systemic complications

BCG sepsis 300 mg isoniazid, 600 mg rifampin and 
1,200 mg ethambutol daily for 3–6 months; 
intravenous 40 mg prednisolone initially and 
then oral steroids tapered gradually

Stop BCG

Granulomatous hepatitis 300 mg isoniazid, 600 mg rifampin and  
1,200 mg ethambutol daily for 3–6 months

Stop BCG

Miliary pulmonary tuberculosis, 
interstitial pneumonitis

Combined isoniazid, ethambutol, streptomy-
cin or rifampin for 6–12 months

Stop BCG

Reactive arthritis Nonsteroidal anti-inflammatory drugs ± 
corticosteroids; methotrexate and other 
disease modifying drugs with isoniazid if no 
improvement

BCG can be resumed once symptoms 
are reduced; dose reduction should be 
considered



18

REFERENCES
1. 	 Siegel RL, Miller KD, Jemal A et al: Cancer statistics, 2018. 

CA Cancer J Clin 2018; 68: 7.
2. 	 Siegel RL, Miller KD and Jemal A: Cancer statistics, 2019. 

CA Cancer J Clin 2019; 69: 7.
3. 	 Miller KD, Siegel RL, Lin CC et al: Cancer treatment and 

survivorship statistics, 2016. CA Cancer J Clin 2016; 66: 
271.

4. 	 Cassell A, Yunusa B, Jalloh M et al: Non-muscle invasive 
bladder cancer: a review of the current trend in Africa. 
World J Oncol 2019; 10: 123.

5. 	 Siddiqui MR, Grant C, Sanford T et al: Current clinical 
trials in non-muscle invasive bladder cancer. Urol Oncol 
2017; 35: 8.

6. 	 Babjuk M, Bohle A, Burger M et al: European Association 
of Urology Guidelines on Non-muscle Invasive Bladder 
Cancer (TaT1 and Carcinoma In Situ) 2019 Update. Eur 
Urol 2019; 76: 639.

7. 	 Osch FV, Jochems SH, Schooten FJ et al: Significant role 
of lifetime cigarette smoking in worsening bladder cancer 
and upper tract urothelial carcinoma prognosis: a meta-
analysis. J Urol 2016; 195: 872.

8. 	 Boada LD, Henriquez-Hernandez LA, Navarro P et al: 
Exposure to polycyclic aromatic hydrocarbons (PAHs) 
and bladder cancer: evaluation from a gene-environment 
perspective in a hospital-based case-control study in the 
Canary Islands (Spain). Int J Occup Environ Health 2015; 
21: 23.

9. 	 Thiel T, Ryk C, Renstrom-Koskela L et al: Intravesical 
BCG treatment causes a long-lasting reduction of recur-
rence and progression in patients with high-risk non-mus-
cle-invasive bladder cancer. World J Oncol 2018; 37: 155.

10. 	 Chang SS, Boorjian SA, Chou R et al: Diagnosis and Treat-
ment of Non-Muscle Invasive Bladder Cancer: AUA/SUO 
Guideline. J Urol 2016; 196: 1021.

11. 	 Sylvester RJ, van der Meijden AP and Lamm DL: Intra-
vesical bacillus Calmette-Guerin reduces the risk of 
progression in patients with superficial bladder cancer: a 
meta-analysis of the published results of randomized clini-
cal trials. J Urol 2002; 168: 1964.

12. 	 Lamm DL, Blumenstein BA, Crawford ED et al: A ran-
domized trial of intravesical doxorubicin and immuno-
therapy with bacille Calmette–Guérin for transitional-cell 
carcinoma of the bladder. N Engl J Med 1991; 325: 1205.

13. 	 Lamm DL, Blumenstein BA, Crissman JD et al: Main-
tenance bacillus Calmette-Guerin immunotherapy for 
recurrent TA, T1 and carcinoma in situ transitional cell 
carcinoma of the bladder: a randomized Southwest Oncol-
ogy Group Study. J Urol 2000; 163: 1124.

14. 	 Sylvester RJ, van der Meijden AP, Witjes JA et al: Bacillus 
Calmette-Guerin versus chemotherapy for the intravesical 
treatment of patients with carcinoma in situ of the bladder: 
a meta-analysis of the published results of randomized 
clinical trials. J Urol 2005; 174: 86.

15. 	 Sylvester RJ, Brausi MA, Kirkels WJ et al: Long-term 
efficacy results of EORTC genito-urinary group random-
ized phase 3 study 30911 comparing intravesical instilla-
tions of epirubicin, bacillus Calmette-Guerin, and bacillus 
Calmette-Guerin plus isoniazid in patients with intermedi-
ate- and high-risk stage Ta T1 urothelial carcinoma of the 
bladder. Eur Urol 2010; 57: 766.

16. 	 Boehm BE, Cornell JE, Wang H et al: Efficacy of bacillus 
Calmette-Guerin strains for the treatment of non-muscle 
invasive bladder cancer: a systematic review and network 
meta-analysis. J Urol 2017; 198: 503.

17. 	 Chou R, Selph S, Buckley DI et al: Intravesical therapy for 
the treatment of non-muscle invasive bladder cancer: a sys-
tematic review and meta-analysis. J Urol 2017; 197: 1189.

18. 	 Brandau S, Riemensberger J, Jacobsen M et al: NK cells are 
essential for effective BCG immunotherapy. Int J Cancer 
2001; 92: 697.

19. 	 Luo Y, Han R, Evanoff DP et al: Interleukin-10 inhibits 
Mycobacterium bovis bacillus Calmette-Guerin (BCG)-
induced macrophage cytotoxicity against bladder cancer 
cells. Clin Exp Immunol 2010; 160: 359.

20. 	 Ratliff TL, Ritchey JK, Yuan JJ et al: T-cell subsets required 
for intravesical BCG immunotherapy for bladder cancer. J 
Urol 1993; 150: 1018.

21. 	 Takeuchi A, Dejima T, Yamada H et al: IL-17 production 
by gammadelta T cells is important for the antitumor effect 
of Mycobacterium bovis bacillus Calmette-Guerin treat-
ment against bladder cancer. Eur J Immunol 2011; 41: 246.

22. 	 Kavoussi LR, Brown EJ, Ritchey JK et al: Fibronectin-
mediated Calmette-Guerin bacillus attachment to murine 
bladder mucosa. Requirement for the expression of an 
antitumor response. J Clin Invest 1990; 85: 62.

23. 	 Fahmy N, Lazo-Langner A, Iansavichene AE et al: Effect 
of anticoagulants and antiplatelet agents on the efficacy of 
intravesical BCG treatment of bladder cancer: a systematic 
review. Can Urol Assoc J 2013; 7: E740.

24. 	 Chang SS, Bochner BH, Chou R et al: Treatment of Non-
Metastatic Muscle-Invasive Bladder Cancer: AUA/ASCO/
ASTRO/SUO Guideline. J Urol 2017; 198: 552.

25. 	 Rhijn BW and Burger M: Low adherence to guidelines in 
non-muscle-invasive disease. Nature 2016; 13: 570.

26. 	 Babjuk M, Burger M, Comperat E et al: Non-muscle-
invasive Bladder Cancer Guidelines. EAU Guidelines 
Office: Arnhem, The Netherlands 2019. Available at https://
uroweb.org/guideline/non-muscle-invasive-bladder-can-
cer/. 

27. 	 Rosenzweig SD: Old vaccines, new diseases: when BCG 
meets SPPL2a. Nat Immunol 2018; 19: 906.

28. 	 Bottai D and Brosch R: The BCG strain pool: diversity 
matters. Cell Mol Ther 2016; 24: 201.

29. 	 Luca S and Mihaescu T: History of BCG vaccine. Maedica 
(Buchar) 2013; 8: 53.

30. 	 Barberis I, Bragazzi NL, Galluzzo L et al: The history of 
tuberculosis: from the first historical records to the isola-
tion of Kock’s bacillus. J Prev Med Hyg 2017; 58: E9.

31. 	 Gan C, Mostafid H, Khan MS et al: BCG immunotherapy 
for bladder cancer—the effects of substrain differences. 
Nat Rev Urol 2015; 12: 360

32. 	 Brosch R, Gordon SV, Garnier T et al: Genome plasticity 
of BCG and impact on vaccine efficacy. Proc Natl Acad Sci 
USA 2007; 104: 5596.

33. 	 Rentsch CA, Birkhauser FD, Biot C et al: Bacillus 
Calmette-Guerin strain differences have an impact on 
clinical outcome in bladder cancer immunotherapy. Eur 
Urol 2014; 66: 677.

34. 	 Inamoto T, Ubai T, Nishida T et al: Comparable effect with 
minimal morbidity of low-dose Tokyo 172 strain compared 
with regular dose Connaught strain as an intravesical bacil-



19

lus Calmette-Guerin prophylaxis in non-muscle invasive 
bladder cancer: results of a randomized prospective com-
parison. Urol Ann 2013; 5: 7.

35. 	 Boehm B, Cornell J, Liss M et al: A network meta-analysis 
of intravesical BCG substrain efficacy in the treatment 
of non-muscle invasive bladder cancer. Presented at the 
American Urological Association Annual Meeting, San 
Diego, California, May 6-10, 2016.

36. 	 Meeks JJ, Lerner SP and Svatek RS: Bacillus Calmette-
Guerin manufacturing and SWOG S1602 Intergroup 
Clinical Trial. J Urol 2017; 197: 538.

37. 	 Svatek RS, Tangen C, Delacroix S et al: Background and 
update for S1602: A phase III randomized trial to evalu-
ate the influence of BCG strain differences and T cell 
priming with intradermal BCG before intravesical therapy 
for BCG-naïve high-grade non-muscle-invasive bladder 
cancer. Eur Urol Focus 2018; 4: 522.

38. 	 Colombel M: Socio-economic impact of BCG shortage. 
Eur Urol, suppl., 2018; 17: 60.

39. 	 Messing EM: The BCG shortage. Bladder Cancer 2017; 3: 
227.

40. 	 Olson AW, Schommer JC, Mott DA et al: Financial hard-
ship from purchasing medications for senior citizens before 
and after the Medicare Modernization Act of 2003 and the 
Patient Protection and Affordable Care Act of 2010: find-
ings from 1998, 2001, and 2015. J Manag Care Spec Pharm 
2016; 22: 1150.

41. 	 Abufaraj M, Mostafid H, Shariat SF et al: What to do 
during bacillus Calmette–Guérin shortage? Valid strate-
gies based on evidence. Curr Opin Urol 2018; 28: 570.

42. 	 Alhogbani MM, Picard JA, Fassi-Fehri MH et al: Prognos-
tic impact of Bacillus Calmette-Guerin interruption at the 
time of induction and consolidation. Urol Ann 2017; 9: 315.

43. 	 Flanigan RC, Edney MT, Maddox-Smith A et al: Important 
message about the BCG shortage. American Urological 
Association Communication to AUA Members, February 
19, 2019.

44. 	 American Urological Association: Policy and Advocacy 
Brief: Coding Q&A: how to report the new HCPCS code 
for BCG, September 25, 2019. Available at https://commu-
nity.auanet.org/blogs/policy-brief/2019/09/25/coding-qa-
how-to-report-the-new-hcpcs-code-for-bcg. 

45. 	 Asfaw YG, Reynolds R, Alderman S et al: Managing 
research animal specimens and laboratory safety. ILAR J 
2018; 59: 144.

46. 	 Thacker TC, Palmer MV and Waters WR: Evaluation of 

tissue fixation methods to inactivate Mycobacterium bovis 
under routine laboratory conditions. Appl Biosaf 2017; 22: 
152.

47. 	 Kamat AM, Flaig TW, Grossman HB et al: Consensus 
statement on best practice management regarding the 
use of intravesical immunotherapy with BCG for bladder 
cancer. Nature 2015; 12: 225.

48. 	 Carey MM, Zreik A, Fenn NJ et al: Should we use anti-
biotic prophylaxis for flexible cystoscopy? A systematic 
review and meta-analysis. Urol Int 2015; 95: 249.

49. 	 Herr HW: The risk of urinary tract infection after flexible 
cystoscopy in patients with bladder tumor who did not 
receive prophylactic antibiotics. J Urol 2015; 193: 548.

50. 	 Altru Health System: BCG Patient Information and 
Instructions, October 17, 2019. Available at https://www.
altru.org/app/files/public/17048/BCG-Patient-Informa-
tion-Instructions.pdf. 

51. 	 Saluja M and Gilling P: Intravesical bacillus Calmette–
Guérin instillation in non‐muscle‐invasive bladder cancer: 
a review. Int J Urol 2017; 25: 18.

52. 	 Ji N, Mukherjee N, Morales EE et al: Percutaneous BCG 
enhances innate effector antitumor cytotoxicity during 
treatment of bladder cancer: a translational clinical trial. 
Oncoimmunology 2019; 8: 161.

53. 	 Doan TN, Eisen DP, Rose MT et al: Interferon-gamma 
release assay for the diagnosis of latent tuberculosis infec-
tion: a latent-class analysis. PLoS One 2017; 12: 1.

54. 	 Herr HW and Dalbagni G: Intravesical bacille Calmette-
Guerin (BCG) in immunologically compromised patients 
with bladder cancer. BJU Int 2013; 111: 984.

55. 	 Liu Y, Lu J, Huang Yi et al: Clinical spectrum of complica-
tions induced by intravesical immunotherapy of bacillus 
Calmette-Guérin for bladder cancer. J Oncol 2019; 2019: 1. 

56. 	 Liaw F, Tan YY and Hendry D: Systemic BCG-osis follow-
ing intravesical BCG instillation for bladder carcinoma. 
Clin Case Rep 2017; 5: 1569.

57. 	 Van Der Meijden AP, Brausi MA, Zambon V et al: Intra-
vesical instillation of epirubicin, BCG and BCG plus 
isoniazid for intermediate and high risk TA, T1 papillary 
carcinoma of the bladder: a European organization for 
research and treatment of cancer genitourinary group ran-
domized Phase III trial. J Urol 2001; 166: 476.

58. 	 Bandari J, Maganty A, MacLeod LC et al: Manufactur-
ing and the market: rationalizing the shortage of bacillus 
Calmette-Guerin. Eur Urol Focus 2018; 4: 481.



20

1.	 A recommended management strategy during a BCG 
shortage is to
a.	 use a non-FDA approved BCG strain
b.	 prioritize full strength induction BCG for patients 

with high risk bladder cancer
c.	 alternate weekly BCG and intravesical chemotherapy 
d.	 avoid induction BCG and use available BCG for 

maintenance

2.	 In a patient who has undergone TURBT of high risk 
NMIBC, provided there are no drug shortages, the best 
treatment course is a 6-week course of intravesical
a.	 mitomycin C followed by monthly mitomycin C up 

to 1 year
b.	 mitomycin C followed by monthly mitomycin C up 

to 9 months
c.	 BCG, followed by BCG administration at 6 months 

and every 3 months after, if tolerated, out to 2 years
d.	 BCG, followed by BCG administration at 3, 6 and 12 

months, and every 6 months after, if tolerated, out to 
3 years

3. 	 In a trial comparing the use of BCG Connaught strain 
to BCG Pasteur strains for NMIBC treatment, patients 
who received the Pasteur strain had a higher incidence 
of urinary urgency, fever and fatigue compared to the 
patients receiving the Connaught strain. This finding 
implies that the Pasteur strain of BCG in comparison to 
the Connaught strain has a higher 
a.	 reactogenicity
b.	 immunogenicity
c.	 volatility
d.	 instability

4. 	 A patient experiences persistent dysuria and urinary 
urgency 3 days after instillation of his 6th dose of induction 
BCG. A urine culture is obtained and shows no growth. 
Workup reveals a negligible post-void residual. The next 
best step is
a.	 treat with phenazopyridine and an antimuscarinic or 

beta-3 agonist
b.	 treat with a short course of methylprednisolone
c.	 initiate isoniazid and follow liver function tests
d.	 admit patient to the hospital and consult infectious 

disease

5. 	 During a BCG shortage a 67-year-old man with a history 
of bladder cancer who is BCG naïve is found to have a new 
tumor on surveillance cystoscopy. TURBT reveals a T1 
high grade bladder cancer.  T1 high grade bladder cancer 
is found on a re-resection, which includes muscle.  There 
are 3 vials of BCG available. The next step is
a.	 split the BCG vials in half and give over 6 weeks
b.	 give an induction course of intravesical mitomycin C
c.	 alternate intravesical BCG (full strength) and intra-

vesical mitomycin C for 6 doses
d.	 radical cystectomy
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