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Abstract
Purpose of Review This review will address the current literature available regarding complications after intravesical Bacillus
Calmette-Guerin (BCG) therapy for bladder cancer. Topics include intravesical BCG therapy–related complications, role of BCG
therapy in immunosuppression, and future directions in the context of BCG-related complications.
Recent Findings There are several new reviews and case reports discussing unique complications following intravesical BCG
therapy that should raise awareness of possible short-term and long-term effects after using this common treatment modality in
bladder cancer patients.
Summary Since intravesical BCG is a common treatment option for non-muscle invasive bladder cancer and can cause a variety
of complications, it is important to recognize this aspect of the patient’s history when evaluating patients who present with
symptoms similar to the ones discussed in this review. This will allow for prompt delivery of treatment as well as preventing
unnecessary morbidity and mortality.

Keywords Intravesical Bacillus Calmette-Guerin therapy . BCG . Non-muscle invasive bladder cancer . Immunosuppression .

BCG complications

Abbreviations
AFB Acid-fast bacilli
AKI Acute kidney injury
Anti-TB Anti-tuberculosis
BCG Bacillus Calmette-Guerin
CIS Carcinoma in situ
CKD Chronic kidney disease
INH Isoniazid
LFTs Liver function tests
LUTs Lower urinary tract symptoms
MSK Musculoskeletal
NMIBC Non-muscle invasive bladder cancer
NSAIDs Non-steroidal anti-inflammatory drugs
RIF Rifampin
TUR Transurethral resection

Introduction

Intravesical instillation of Bacillus Calmette-Guerin (BCG)
has been a mainstay of adjunctive therapy for non-muscle
invasive bladder cancer (NMIBC): stages Ta, T1, or carcino-
ma in situ (CIS) since the 1970s [1]. Intravesical BCG is
recommended for intermediate and high-risk urothelial cancer
but not for low-risk disease (low-grade Ta) [2, 3]. Meta-
analyses have shown that intravesical BCG following trans-
urethral resection (TUR) of a bladder tumor reduces the recur-
rence and progression of the disease when compared with
TUR alone [4–6]. Although intravesical instillation exhibits
a favorable safety profile, both local and systemic BCG-
related complication may occur since it contains viable atten-
uated mycobacteria. Hence, it might necessitate anti-
tuberculosis (anti-TB) medications should systemic effects
occur. Complications of therapy have been reported on a wide
spectrum of severity and timing, ranging from irritative lower
urinary tract symptoms (LUTs) and generalized infection soon
after instillation to localized organ involvement outside the
bladder months to years after therapy. Since the majority of
patients requiring BCG therapy for bladder cancer are gener-
ally older with multiple comorbidities, clinicians must
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understand the potential risks, complications, and their possi-
ble management.

The BCG vaccine was first administered successfully in
humans in 1921 after Albert Calmette and Camille Guerin
began their quest of developing a vaccine against tuberculosis.
The first trial of intravesical BCG instillation for bladder can-
cer was orchestrated by Morales in 1976 [7]. He based a plan
of six weekly instillations to allow enough time to establish a
delayed hypersensitivity reaction. Morales’s trial demonstrat-
ed a decrease in the recurrence rate of bladder tumors along
with inhibition of progression and tumor spread [1]. Several
studies continued to demonstrate similar findings, leading to
the approval by the Federal Drug Administration of the use of
intravesical BCG in patients with non-invasive urothelial car-
cinoma in 1990 [8, 9].

The mechanism of tumor destruction by which BCG exerts
its effects in bladder cancer is not fully understood. According
to Fuge et al., the effect of BCG could be noted in this series of
steps: internalization of BCG by urothelial cells, induction of
an immune response, and subsequently elicitation of anti-
neoplastic effect [10, 11]. The resultant immune response in-
cludes T helper-1 (Th-1) chemotaxis, leading to the produc-
tion and release of IL-2, IL-12, IFN-γ, and TNF-β. Recently,
these cytokines have been postulated for use as urinary in-
flammatory markers to predict individual patient response to
maintenance BCG treatment [12]. Similarly, the mechanism
of developing BCG-related complications is still debatable.
Some authors believe there is a form of hypersensitivity reac-
tion based on the absence of microorganisms in histologically
examined granuloma, while others assume an active myco-
bacterial infection is responsible after demonstration of viable
bacilli in a variety of tissues [13]. Factors associated with a
greater risk of developing complications are BCG instillation
following recent TUR or during active urinary tract infection,
traumatic catheterization, hematuria, urethral stenosis, active
tuberculosis, and prior BCG sepsis. We reviewed the literature
on intravesical BCG therapy with particular emphasis on side
effects, complications, and their management.

BCG-Related Complications

BCG-related complications have been reported with an
estimated incidence of less than 5%. Since there is a lack
of consensus for disease classification and diagnostic
criteria for various side effects, there have been several
different reports discussing ways to group the possible
symptoms in a fashion that allows for improving diagno-
sis and prompt treatment [14]. We preferred to present the
side effects according to the severity along with the time
from the last instilled dose, which to some extent resem-
bles the Cleveland Clinic grading [15].

Minor and Moderate Symptoms < 48 h (Grade
1)

Common side effects after BCG therapy typically develop
after the third instillation [16•]. This includes irritative voiding
symptoms, low-grade fever, and gross hematuria within the
first 48 h after instillation. It is important to distinguish BCG
cystitis from a concurrent urinary tract infection, as the latter
would require antibiotics for treatment. A urine culture may be
necessary to detect these two common diagnoses [15].Most of
these early mild symptoms are self-limiting and do not require
additional treatment; however, patients should be observed.
Some patients may need symptomatic management such as
anti-cholinergics, analgesics, and non-steroidal anti-inflam-
matory drugs (NSAIDs) [15, 17]. Gross hematuria generally
arises following the second or third instillation in 1–34% of
patients [18, 19]. It usually does not necessitate treatment
unless persistent for 2–3 weeks of observation, at which time
cystoscopy is warranted to exclude persistent tumor.
Intravesical instillation should be withheld until improvement
of hematuria. Patients may experience significant side effects
soon after BCG instillation, occasionally prompting the need
for systemic antibiotics and vasopressor support [20].
Therefore, it is important for clinicians to counsel patients
about these common reactions, placing greater emphasis on
the serious conditions.

Severe Symptoms > 48 h (Grade 2)

One review series consisting of 2600 patients with BCG-
related side effects showed the most common being irritative
LUTs, high-grade fever (≥ 39.5 °C), and macroscopic hema-
turia [21]. These adverse effects usually occur within the first
48 h of BCG instillation; however, they can occur anytime
thereafter as well. These patients require a more in-depth
workup as opposed to the patients mentioned previously be-
cause of the higher likelihood of possible sepsis development.
Reaching a diagnosis with prompt treatment is important in
such cases. Possible tests to order include urine culture, chest
CT scan, and liver function tests (LFTs) [14, 15]. Chest CT
scan is more sensitive than chest radiograph in detecting mil-
iary tuberculosis related to BCG instillation, so this should be
pursued in order to prevent delay of treatment. Pneumonitis
secondary to BCG instillation usually differs in appearance
compared with primary tuberculosis, taking on a bilateral dif-
fuse reticulonodular appearance [20].

Since hepatitis is also a common complication in conjunc-
tion with pneumonitis, LFTs should be ordered as well. This
pneumonitis/hepatitis presentation can be seen as early as
1 day after BCG instillation, reinforcing the importance of
early use of this workup in patients presenting with fever,
cough, dyspnea, and hepatomegaly [21]. In regard to more
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severe BCG-related systemic symptoms, administration of
isoniazid (INH) and rifampin (RIF) orally until symptom res-
olution is reasonable according to the Cleveland Clinic ap-
proach [15]. If patients experience systemic symptoms of fe-
ver and malaise after multiple cycles of BCG instillation, dis-
continuation of BCG therapy and pursuit of a different treat-
ment option should be considered [22].

Serious Complications (Grade 3)

Grade 3 complications encompass a broad spectrum in regard
to solid organ systems within the body. These can also involve
hemodynamic instability due to sepsis and severe allergic re-
actions, which both require prompt treatment in order to pre-
vent morbidity and mortality among this patient subset.

In general, the majority of patients with focal disease pre-
sented later after their last BCG instillation compared with
patients experiencing systemic complications [14, 22, 23].
Gonzalez et al. distinguished early presentation from late pre-
sentation by making a cut-off time of 6 months after the most
recent BCG instillation [23]. Ninety percent of patients who
presented early had suspected BCG infection such as fever,
malaise, and evidence of systemic infection outside the blad-
der, most commonly hepatitis and pneumonitis [23]. Sixty
percent of patients in the late-presentation group had areas
of localized infection compared with none of the early-
presentation group [23].

Genitourinary Involvement

The genitourinary tract is a harbinger for localized disease
after BCG therapy (Fig. 1), with complications including cys-
titis, bladder contracture, granulomatous prostatitis, balanitis,
granulomatous balanitis, epididymo-orchitis, seminal
vesiculitis, and kidney manifestations [17, 20–22].

Granulomatous Prostatitis

Symptomatic granulomatous prostatitis was seen in 1.3% of
patients in one case series. Usually, the majority of patients are
asymptomatic; however, acute prostatitis or acute urinary re-
tention may occur. In one study, granulomatous prostatitis was
found in 40% of patients undergoing prostate biopsy after
BCG therapy [24]. Biopsy might be necessary when
nodularity is present in order to rule out prostate cancer [20].
These patients require dual therapy with INH and RIF for
3 months, but asymptomatic patients do not need treatment.

Granulomatous Epididymo-orchitis

Granulomatous epididymo-orchitis is an uncommon compli-
cation and patients typically present with local pain and indu-
ration [18]. It can be misinterpreted as testicular cancer if
appropriate history is not taken, oftentimes resulting in unnec-
essary orchiectomy with significant patient morbidity [21].
Treatment is with INH and RIF for 3–6 months according to
case severity. Abscess formation requiring incision and drain-
age or even orchiectomy might occur [25].

Granulomatous Balanitis

Granulomatous balanitis is another rare complication that can
cause painless penile nodules, plaques, ulcers, abscesses, or
inguinal lymphadenopathy, requiring triple anti-TB treatment
with INH, RIF, and ethambutol [20, 21]. It typically presents
after multiple cycles of BCG.

Contracted Bladder

This condition has a low incidence of < 1% in a study by
Lamm and colleagues [18]. Maintenance BCG may be a risk
factor for developing such condition. In severe cases,
cystectomy may be required; however, conservative measures
of withholding BCG and offering hydrodistention should be
considered first [26].

Ureteral Obstruction

Ureteral obstruction is a rare condition reported in 0.3% of
patients [26]. Risk factors include CIS of the bladder and
vesicoureteral reflux. It is thought to be a result of bladder
mucosal inflammation; hence, it is deemed temporary and
self-limiting. Treatment involves long-term antibiotics after
withholding BCG therapy. Ureteral stenting can be done to
drain the kidney, but more definitive endoscopic and surgical
interventions should be deferred till after medical therapy is
complete.

Fig. 1 This figure shows a large granuloma and giant cells seen in
localized genitourinary disease after BCG therapy
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Renal Complications

BCG-related complications in the kidney can be difficult to
detect because of the variable presentation and lack of consti-
tutional symptoms. The most common renal complication af-
ter intravesical BCG therapy is acute kidney injury (AKI) due
to interstitial nephritis with potential presence of granuloma-
tous lesions. Case reports of other renal complications include
AKI with glomerulonephritis, nephrotic syndrome, and AKI
with concurrent hemolytic uremic syndrome, rhabdomyoly-
sis, and multiorgan failure. Even though an acute presentation
is more common, a single case report by Mohammed and
Arastu demonstrated a chronic kidney disease (CKD) type
of picture [27]. There was a direct correlation between the
decline in the creatinine level and BCG therapy over a period
of 1 year, with a plateau phase during the cessation of BCG
therapy between cycles. This raises the concern that renal
injury can be dose-related causing CKD as opposed to the
AKI picture seen for many years before this report. The most
common treatment regimen used inmost reports involves INH
plus RIF for 6–9 months, plus a course of corticosteroids
initially [20].

Musculoskeletal Involvement

Arthritis/Arthralgia

It is not uncommon for patients to present with arthritis and
arthralgias following BCG instillation. Complications involv-
ing the musculoskeletal (MSK) system include arthritis ± uve-
itis and dysuria, polyarthritis commonly affecting the knees
and ankles, osteomyelitis, septic arthritis, and psoas and epi-
dural abscesses [20, 21]. Presentation with arthritis generally
occurs early after a course of BCG therapy, while the rest of
these complications present months to years after the last in-
stillation. Given the broad differential, it is important to take a
meticulous history with a high index of suspicion to diagnose
BCG-related osteoarthritis, especially since arthrocentesis
with acid-fast bacilli (AFB) culture takes several weeks to
get results.

Reactive Arthritis

Reactive arthritis is less common than other MSK complica-
tions, with an estimated incidence of 0.5–1% [28]. It is treated
with NSAIDs, occasionally requiring addition of corticoste-
roids and anti-TB drugs; however, tocilizumab was used suc-
cessfully in a single case report [20, 21, 28]. Of those diag-
nosed with reactive arthritis secondary to BCG therapy, the
human leukocyte antigen (HLA) B27 has been shown to be
positive between 42 and 64% of the time [14, 20, 21].

Other Rare Conditions

BCG osteomyelitis can occur late after BCG therapy. Risk
factors include recent placement of joint prosthesis, recent
fracture, and impaired wound healing [21]. Other complica-
tions include thoracolumbar spondylodiscitis and paraspinal
or psoas abscesses [14]. One extremely rare rheumatologic
finding in regard to BCG complications is a polyarthritis with
accompanying edema of the hands and feet, lack of bony
erosions, and lack of rheumatoid factor, known as remitting
seronegative symmetrical synovitis pitting edema (RS3PE)
[21]. It is typically treated with high-dose NSAIDs along with
cessation of BCG.

MSK problems are very common among elderly patients in
general, so it is important to be able to pinpoint BCG therapy
in a patient’s history so that they may be treated appropriately.

Vascular Involvement

Although vascular involvement in BCG complications is quite
rare, it is considered one of the factors associated with higher
mortality, in addition to age ≥ 65 years and disseminated in-
fection [14]. Patients affected by BCG vasculitis generally
present late because of non-specific findings. The one unique
finding with BCG vasculitis is that the tissue specimens are
often positive for AFB, unlike most other complications seen
in relation to intravesical BCG therapy [21]. Mycotic aneu-
rysms have been known to occur in the aorta, carotid arteries,
and femoral arteries, with the most common location being the
infrarenal aorta [14, 20]. Fistulas and adjacent abscesses can
complicate aneurysms as well, creating a challenging treat-
ment course that involves surgery and an anti-TB regimen,
usually lasting at least 1 year.

Disseminated BCG Infection

Disseminated BCG infection causing constitutional symp-
toms occurred in 34.4% of patients in one large case series.
However, development of sepsis and multiorgan failure is rare
(0.4–2.5%) [14, 20]. Patients with sepsis secondary to BCG
therapy present with hemodynamic compromise, fever, mal-
aise, and occasional hematuria. Diagnosis of disseminated
BCG infection immediately following instillation is more
straightforward than most other complications because of the
acute presentation after treatment. One unique finding in these
patients with concurrent tuberculous peritonitis is elevated
serum cancer antigen (CA-125) levels, occasionally reaching
levels as high as those in ovarian cancer [29]. This lab finding
could be of value for physicians to use when suspected BCG
complication arises.

Treatment of disseminated BCG infection can be com-
plex, with most patients receiving anti-TB drugs and ad-
juvant systemic corticosteroids at a higher rate than other
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complications [14]. However, immunocompetent patients
have been seen to clear the infection on their own, as
reported by Vasudeva and colleagues [20]. In general,
physicians should initiate early high-dose corticosteroids
in addition to four tuberculostatic agents for rapid re-
sponse in patients suspected to have septicemia and
multiorgan failure [17, 21]. Tuberculostatic drugs that
are effective against BCG include INH, RIF, ethambutol,
fluoroquinolones, clarithromycin, aminoglycosides, and
doxycycline [17]. Pyrazinamide is globally avoided in
suspected BCG-related complications because of the
well-known resistance that Mycobacterium bovis has to-
wards it.

Prophylaxis for BCG-Related Complications

In an effort to decrease the rates of treatment cessation
and limit the number of side effects seen with BCG ther-
apy, several studies have looked at a number of different
prophylactic agents that might be reasonable options. One
randomized trial performed in the late 1990s showed no
significant difference in the percent of local and systemic
BCG-related complications among the group using INH
prophylaxis vs. the group without prophylaxis .
Additionally, patients in the INH group experienced liver
toxicity based on elevated LFTs [30].

In a study done by Colombel and colleagues discussing
the effects of ofloxacin, a fluoroquinolone with
tuberculostatic properties, authors found that the use of
ofloxacin significantly reduced the percent of patients
experiencing moderate or severe adverse effects after in-
stillation while retaining the recurrence-free survival rate
[30]. The issues related to this study include inadequate
power based on a limited number of study subjects and
possibility of patients experiencing tendinopathy associat-
ed with ofloxacin use.

Selected Case Reports

In addition to the many different BCG-related complications
that can affect nearly all the organs of the body, these case
reports present important signs and symptoms that physicians
may encounter in the context of BCG-related complications
that can guide them away from less likely differential diagno-
ses (Table 1).

AAA, abdominal aortic aneurysm; BCG, Bacillus Calmette-
Guerin; DIC, disseminated intravascular coagulation; EMB,
ethambutol; HD, hemodialysis; HSP, Henoch-Schonlein pur-
pura; INH, isoniazid; M. bovis, Mycobacterium bovis;
NMIBC, non-muscle invasive bladder cancer; RIF, rifampin;
TB, tuberculosis

BCG Role in the Immunosuppression State

BCG expresses its anti-tumor effect by stimulating a marked
inflammatory response, eventually ridding the bladder of tu-
mor cells. The problem with this enhanced inflammatory re-
sponse is the potential for graft rejection in renal transplant
patients. In addition, administering intravesical BCG to pa-
tients with suppressed immune systems for NMIBC allows
for an increased risk of potential toxicity compared with the
immunocompetent population. Intravesical BCG therapy for
NMIBC hence has been deemed in some reports to be contra-
indicated in those who are immunosuppressed [39, 40].

Herr et al. looked at a group of 45 immunosuppressed
patients with high-grade NMIBC who received BCG therapy
to determine its efficacy and evaluate the rate of complications
comparedwith the immunocompetent population. The studied
population included patients receiving anti-rejection drugs to
support a solid organ transplant, high-dose steroids for auto-
immune inflammatory disease, or concomitant systemic che-
motherapy for unrelated malignant neoplasms. They all re-
ceived 6-week induction intravesical BCG and were allowed
to receive a second course of therapy if necessary. However,
maintenance therapy was avoided because of potential cumu-
lative toxicity and failure to show great benefit at their insti-
tution. In terms of effectiveness, 91% of patients had a com-
plete response to BCG, defined as negative biopsy and urine
cytology by 6 months. This compares well with the reported
complete response rate of 79% in immunocompetent patients
in a previous study consisting of 1021 patients [41]. These
results clearly differ from what is expected based on the pro-
posed mechanism of BCG and necessity of an intact immune
system. The smaller patient population may have skewed
these numbers a bit, but the study still demonstrates the high
probability that intravesical BCG therapy can be effective in
the immunosuppressed population. Authors found that none
of the patients developed bacterial or BCG sepsis, concluding
that administration of intravesical BCG therapy in this cohort
of patients is safe [39].

Roumeguere et al. looked at a unique subset of patients
who had undergone renal transplantation for end-stage
aristolochic acid nephropathy and developed NMIBC or
CIS. Mitomycin C was given in the early 2000s because of
the contraindication to BCG in immunosuppressed patients at
that time. After many failures and recurrences with mitomycin
C, they looked into the use of BCG in transplant patients to see
if there was any evidence to back up the contraindication.
There were eight patients in the trial who had undergone bi-
lateral nephroureterectomy for prior aristolochic acid expo-
sure. Precautionary measures with the immunosuppressant
regimens and anti-tuberculous prophylaxis were taken to op-
timize the BCG treatment and minimize BCG-induced toxic-
ity. After a mean follow-up period of 50 months, only one
patient had a recurrence of CIS requiring cystectomy.
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Kidney function of all patients remained stable throughout the
treatment process, with evidence from stable serum creatinine
levels. Overall, the BCG therapy was well tolerated with few
side effects, along with being very effective at treating the
cancer [40].

In general, intravesical BCG use after TUR in patients with
bladder cancer looks to be effective and safe among those with
suppressed immune systems. As more data become available
and BCG therapy increases in this population, it will be im-
portant to remain cognizant of possible new developments in
the realm of related complications.

Personal Perspectives

Overall, the prognosis of most BCG-related complications is
good, despite the non-negligible rates of morbidity and mor-
tality in this review. This mandates proper diagnosis with
timely management to hasten improvement and to achieve
total cure. Assessment of factors predicting the development
of complications in the overall population receiving
intravesical BCG is not fully understood. Similarly, factors
associated with poor outcomes if complications occurred are
still difficult to expect. Studies discussing these issues are
lacking and most of them showed only borderline
significance.

In terms of the treatment modalities, more research efforts
should be focused to find new anti-TBmedications, to be used
in most systemic BCG-related complications, because old
medications possess a high profile of liver toxicity. Some
studies demonstrated successful treatment of the Connaught
BCG strain infection with fluoroquinolones like ciprofloxa-
cin, moxifloxacin, and levofloxacin [23, 42–44]. Despite the
potential safety profile of fluoroquinolones on liver functions,
this has to be counterbalanced with established risk of
tendinopathy associated with the long-term usage of these
medications.

Conclusions

Intravesical BCG therapy will likely remain a primary treat-
ment option of NMIBC and CIS for many years to come. Like
many modalities used in the treatment of cancer, side effects
and complications may arise. Proper knowledge of possible
complications and their management is substantial for the
urologist when using BCG. For this reason, it is important to
recognize the patient’s history of intravesical BCG therapy,
onset, and duration of symptoms to quickly establish a diag-
nosis and initiate appropriate treatment. Delay in treatment
could lead to dire consequences in those with more serious
complications, especially in the elderly population who are
more susceptible due to weakened immune systems.
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