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Abstract.
Background: Bacillus Calmette-Guerin (BCG) toxicities have been reported but with relative agranularity regarding severity
and temporal changes during therapy. In its most severe form, BCG intolerance remains poorly understood and exploring
ways to optimize toleration of the most effective treatment (BCG) is prudent.
Objective: To report the results of both patient- and physician-centered metrics of BCG toxicity as part of the National Phase
II BCG/Interferon (IFN) study, as well as the efficacy of low-dose BCG/IFN for previously deemed BCG intolerant patients.
Methods: Patients were treated with 6 weekly treatments of BCG (various dosing based on prior BCG exposure) with
50 million units of IFN. BCG intolerance was strictly defined. Maintenance BCG was instituted if disease free. Treatment
tolerance during induction was measured using physician- and patient-completed evaluations. Linear mixed effects regression
was used to evaluate differences.
Results: 533 BCG naı̈ve, 415 BCG failure, and 37 BCG intolerant patients were enrolled. There was no significant difference
in quality of life scores between groups (p = 0.70). A predictable temporal toxicity pattern was identified in all groups with
symptom resolution by day 2-3. Despite BCG intolerant patients having significantly worse bladder pain/spasms and cystitis,
treatment discontinuation was under 4%. Recurrence-free survival was similar between naı̈ve and intolerant patients.
Conclusions: BCG toxicity is common and follows a predictable pattern. While at slightly increased risk of toxicity, BCG
intolerant patients may be managed successfully with 1/10th dose BCG with IFN.
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INTRODUCTION

Intravesical Bacillus Calmette-Guerin (BCG)
remains the standard of care [1, 2] for patients
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with high-risk, and an option for patients with
intermediate-risk, non-muscle invasive bladder can-
cer (NMIBC) after complete transurethral resection.
BCG has shown clear superiority over single agent
intravesical chemotherapy in patients without prior
BCG treatment [3–8].

Side effects of therapy are typically mild and self-
limited, but it has been estimated that 5–10% of
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patients are unable to complete induction therapy as
a result of toxicity [9, 10]. Prior studies evaluating
treatment toxicity have reported findings in a binary
fashion (presence vs. absence) which occur at any
time during therapy [10, 11]. Further, symptom sever-
ity, outside of the need for treatment delay/cessation,
is not reported. To our knowledge, no BCG toxicity
assessments have been sufficiently granular to allow
analysis of temporal changes in the severity of symp-
toms during therapy. In addition, most evaluations
have been completed from a physician-perspective.
Minimal patient-centered evaluations of BCG ther-
apy have been reported [12].

In the National Phase 2 BCG-Interferon-� 2B
(IFN) study [13], BCG toxicities were evaluated
using both physician- and patient-derived metrics.
We now report the results of treatment toxicity in
patients treated with combination BCG/IFN, as well
as the outcomes of patients previously deemed BCG
intolerant.

MATERIALS AND METHODS

Study population

Institutional Review Board approval was obtained.
The large, over 1,100 patient database created as part
of the National Phase 2 BCG/IFN study was queried.
Enrollment for this study was extremely liberal and
included patients with primary or recurrent NMIBC,
with or without carcinoma in situ (CIS), of which
some had received prior chemotherapy and/or BCG
treatment.

Study treatment

As previously reported [13], treatment commenced
3–8 weeks after either transurethral resection of blad-
der tumor (TURBT) or confirmatory cystoscopy,
biopsy, or positive cytology. Patients were treated
with 6 weekly treatments of BCG (full dose for
BCG naı̈ve patients, 1/3 dose for patients with prior
BCG failure but not intolerance, and 1/10 dose
for those meeting criteria for BCG intolerance) of
either TICE (Organon Teknika, Roseland, NJ) or
Connaught (Aventis-Pasteur, Swiftwater, PA) strain
BCG mixed directly with 50 million units (MU) IFN
(Intron A, Schering-Plough, Kenilworth, NJ). Dwell
time for each instillation was recorded. BCG intoler-
ance was strictly defined as a history of debilitating
cystitis for >2 weeks, ≥2 episodes of gross hematuria
requiring intervention, inability to hold BCG for >30

minutes, repeated severe but limited reactions to BCG
or other serious BCG related symptoms excluding
actual BCG infection.

Patients who experienced grade 3 toxicity by Tox-
icity Tolerance Evaluation (TTE) were eligible for a
∼1/3 dose reduction (e.g. 1/3rd, 1/10th, 1/30th) from
the prior dose after a 2-week rest period. Additional
2-week treatment delays were allowed for repeat
episodes of intolerance, as long as the entire induction
cycle was completed within 10 weeks of initiation.
The decision to perform dose reduction or simple
treatment delay was at the discretion of the treating
physician.

Patients began surveillance 4–6 weeks after induc-
tion and quarterly for the first 2 years, biannually
for years 3–4, then annually thereafter. All patients
without recurrence received reduced dose mainte-
nance therapy consisting of 3-week mini cycles at
3, 9, and 15 months after the end of the induction
cycle. Recurrence-free survival was defined as no
evidence of visible tumor (unless histologically con-
firmed to be benign), no positive bladder biopsies
or definitively positive urine cytologies, or diagnosis
of urothelial carcinoma in other locations (i.e. upper
tract, prostate, urethra, or metastatic).

Measures of toxicity

Quality of Life (QOL) Index
The QOL Index is a validated questionnaire first

published by Bohle [12] evaluating various aspects
of how a patient views his/her life. The questionnaire
was completed prior to and after completing induc-
tion therapy. The questionnaire consists of 4 parts: 1)
a satisfaction survey assessing level of happiness in
various physical, social, and psychosocial aspects of
life rated from ‘very satisfied’ (1) to ‘very dissatis-
fied’ (5), 2) a health survey assessing how patients
perception of health affected his/her mood and life
rated from ‘not at all’ (1) to ‘a great deal’ (5), 3) a
patient rating of his/her general physician condition
rated from ‘very poor’ (1) to ‘excellent’ (7), and 4)
patient rating of his/her general quality of life rated
from ‘very poor’ (1) to ‘excellent’ (7).

Quantitative Symptom Score (QSS)
The QSS was a patient-completed evaluation used

to evaluate the severity of BCG/IFN toxicity during
the week following instillation. A QSS survey was
completed immediately prior to a patient’s weekly
BCG instillation (pre-day 0), the evening after his/her
instillation (post-day 0), and daily thereafter for
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6 days. The survey specifically asked patients to
rate the severity of common BCG toxicities (cys-
titis, hematuria, fevers & chills, flu-like symptoms,
other adverse events). Severity was rated as none,
mild, moderate, or severe, which correlated with a
numerical scale of 0–3.

Tolerance Toxicity Evaluation
The TTE was a physician-completed evaluation

of patient-reported toxicity experienced after each
instillation. This was completed by the treating physi-
cian 1 week after each instillation (at the time of
the next instillation). The survey asked physicians
to rate the severity of common BCG toxicities (cys-
titis, hematuria, fevers & chills, flu-like symptoms,
arthritis & arthralgias, and other adverse events) in
the context of need for treatment. Severity was rated
as none, mild, moderate, moderate-severe, severe,
or very severe which correlated with a numerical
scale of 0–5. Patients with none or mild symp-
toms (score 0-1) required no intervention. Moderate
symptoms (score 2) required treatment with phar-
maceuticals (i.e. non-steroidal anti-inflammatories,
anti-spasmodics). Moderate-severe symptoms (score
3) required a treatment delay or dose reduction.
Severe symptoms (score 4) lead to BCG cycle ces-
sation while very severe symptoms (score 5) was
applied whenever the physician felt any further BCG
was strictly contraindicated.

Analysis

Group differences in quality of life, quantitative
symptom scores, and tolerance toxicity evaluation
scores over time were assessed using linear mixed
effects regression models assuming a compound sym-
metry covariance structure. In each model, group,
time point (pre/post-treatment or cycle number) and
an interaction term were included. P-values for the
interaction term, indicative of whether the rate of
change over time differs between patient groups, are
reported. For the analysis of symptoms, only mea-
surements collected on day 1 of each cycle were
used to determine whether group differences in initial
peaking of symptoms after treatment was evidenced.
Estimated means and 95% confidence intervals (CIs)
were plotted. Survival probabilities were estimated
and plotted using the Kaplan-Meier method. All sta-
tistical testing was two-sided using SAS v9.4 (SAS
Institute, Cary, NC). Significance was assessed at the
1% level due to the larger sample size and number of
repeated measurements per patient.

RESULTS

Patient characteristics

Patient characteristics are listed in Table 1. Five
hundred thirty-three BCG naı̈ve (BCG-N) patients
(411/533,77.4% male) with median age of 69 years,
415 BCG failure (BCG-F) patients without prior
intolerance (298/415, 72.0% male) with median age
of 72, and 37 BCG intolerant (BCG-I) patients (33/37,
89.2% male) with median age of 72 years were iden-
tified. Median follow-up for all BCG-N, BCG-F, and
BCG-I patients was 15.2 months (range 1.1–52.7
months), 9.8 months (range 0.1–49.4 months), and
18.9 months (range 2.3–46.7 months), respectively.
Median follow-up among responders for BCG-N,
BCG-F, and BCG-I was 26.7 months (range 1.4–52.7
months), 23.1 months (range 0.7–49.4 months), and
22.2 months (range 2.6–46.7 months), respectively.
Supplementary Table 1 details the number of each
survey returned.

Intolerance measures

QOL
Table 2 details the mean pre- and post-treatment

QOL scores. Patients in all groups tended to rate
general physical condition and general quality of
life as poor at baseline with minimal improvement
after therapy. There was no significant difference in
the change from pre- to post-treatment overall QOL
scores between groups (p = 0.70). Similarly, there
were no significant differences in the subsections of
the survey.

QSS
Figure 1 demonstrates the weekly and week-

to-week variation in QSS scores during induction
therapy. Symptoms followed a predictable pattern
surrounding each instillation. The worst symptoms
were noted on day 0 post-instillation with improve-
ment in symptoms to near baseline levels by day 2–3
(Fig. 2). Frequency, urgency, and dysuria were the
worst symptoms reported and moderate in severity.
BCG-I patients tended to have more severe symp-
toms than BCG-N and BCG-F patients but only
bladder pain/spasms showed a significant difference,
demonstrating a possible cumulative effect over time.
Urinary urgency showed a trend toward significance.
The remainder of the symptoms were not different
between groups.
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Table 1
Baseline characteristics of patients treated with BCG plus Interferon induction therapy

Variable Naı̈ve N = 533 (%) Failure N = 415 (%) Intolerant N = 37 (%)

Median Age (years) 69 72 72
Sex

Female 120 (22.6) 116 (28.1) 4 (10.8)
Male 411 (77.4) 298 (72.0) 33 (89.2)

Age
<65 181 (34.0) 109 (26.3) 9 (24.3)
65+ 351 (66.0) 306 (73.7) 28 (75.7)

Race
White 497 (96.1) 393 (96.8) 33 (89.2)
Non–White 20 (3.9) 13 (3.2) 4 (10.8)

TURBTs
<3 407 (77.4) 118 (28.9) 10 (27.0)
3+ 119 (22.6) 290 (71.1) 27 (73.0)

Duration
0–2 Years 430 (86.3) 226 (59.8) 18 (51.4)
2+ Years 68 (13.7) 152 (40.2) 17 (48.6)

Prior BCG
Naive 533 (100) 0 (0) 0 (0)
≤1 0 (0) 255 (61.9) 21 (56.8)
2+ 0 (0) 157 (38.1) 16 (43.2)

Past BCG
No 533 (100) 0 (0) 0 (0)
Yes 0 (0) 415 (100) 37 (100)

Prior Maintenance
No 533 (100) 265 (63.9) 25 (67.6)
Yes 0 (0) 150 (36.1) 12 (32.4)

Stage
CIS 103 (20.4) 116 (29.7) 8 (21.6)
T1 156 (31.0) 74 (19.0) 5 (13.5)
Ta 245 (48.6) 200 (51.3) 24 (64.9)

Grade
Low 78 (16.7) 83 (22.6) 8 (22.2)
Intermediate 154 (33.0) 104 (28.3) 16 (44.4)
High 234 (50.2) 180 (49.0) 12 (33.3)

Tumor
CIS 49 (9.9) 86 (22.6) 7 (19.4)
Solitary 218 (44.0) 99 (26.1) 13 (36.1)
>1 Tumor 228 (46.1) 195 (51.3) 16 (44.4)

Tumor Size
<0.5 cm 56 (12.6) 58 (17.5) 5 (14.7)
0.5–5 cm 335 (75.3) 257 (77.6) 27 (79.4)
>5 cm 54 (12.1) 16 (4.8) 2 (5.9)

TTE
Figure 3 shows the week-to-week variation in

TTE scores during induction therapy. Symptoms
scores tended to be stable across all induction treat-
ments and severity was mild, at worst, in nearly
all measures. Two exceptions to this were identi-
fied. First, cystitis, while not statistically different,
did gradually increase during induction and peaked
at mild-moderate in BCG-I patients. Second, BCG-I
patients demonstrated a statistically significant differ-
ence in fever/chills severity (p = 0.01). Table 3 details
the specific scores for each measure.

BCG Dwell Time
The duration that BCG/IFN was able to be held

by the patients was similar at the time of first instil-
lation. Though, BCG-I patients were unable to hold
the medication as long for the remaining instillations
(p = 0.02, Fig. 4).

Intolerance management and discontinuation

Pharmaceutical interventions for moderate toxic-
ities captured on TTE (score 2) was performed in
139/437 (31.8%) BCG-N, 123/341 (36.2%) BCG-F,
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Table 2
Quality of life scores before and after BCG plus Interferon induction therapy

Scale Group Estimated Mean Interaction
Pre-Treatment Post-Treatment p-value

General Physical Condition Item Failure 2.76 2.87 0.10
Intolerant 2.80 3.37
Naı̈ve 2.75 2.89

General QOL Item Failure 2.23 2.40 0.28
Intolerant 2.25 2.71
Naı̈ve 2.33 2.47

Health Subscale Failure 8.23 8.45 0.03
Intolerant 9.13 9.09
Naı̈ve 8.52 8.10

Satisfaction Subscalc Failure 37.70 39.03 0.49
Intolerant 40.56 39.57
Naı̈ve 36.79 38.27

Overall QOL Failure 50.89 52.77 0.70
Intolerant 54.79 54.64
Naı̈ve 50.37 51.75

Table 3
Toxicity tolerance evaluation scores in patients treated with BCG plus Interferon induction therapy

EstimatedScoreMean Interaction
Symptom Tl T2 T3 T4 TS T6 P-value

Arthritis/ Arthalgia
Failure 0.33 0.38 0.34 0.31 0.34 0.32 0.93
Intolerant 0.45 0.63 0.54 0.63 0.52 0.54
Naive 0.26 0.31 0.30 0.28 0.26 0.24

Cystitis
Failure 0.54 0.66 0.70 0.67 0.67 0.66 0.88
Intolerant 0.79 0.88 0.96 0.90 0.93 1.18
Naive 0.38 0.51 0.49 0.51 0.46 0.50

Fever/Chills
Failure 0.19 0.25 0.21 0.14 0.15 0.12 0.01
Intolerant 0.87 0.51 0.58 0.45 0.25 0.55
Naive 0.05 0.16 0.12 0.11 0.12 0.08

Flu-like Symptoms
Failure 0.29 0.28 0.27 0.32 0.26 0.18 0.26
Intolerant 0.67 0.64 0.74 0.72 0.57 0.73
Naive 0.13 0.25 0.24 0.24 0.18 0.18

Hematuria
Failure 0.18 0.33 0.33 0.30 0.25 0.21 0.07
Intolerant 0.17 0.38 0.31 0.24 0.23 0.39
Naive 0.10 0.16 0.16 0.20 0.18 0.19

Other
Failure 0.35 0.39 0.32 0.38 0.34 0.29 0.59
Intolerant 0.26 0.40 0.30 0.31 0.15 0.24
Naive 0.25 0.23 0.26 0.33 0.30 0.25

T = Treatment. Severity Score: 0 = None. 1 = Mild. 2 - Moderate. 3 - Moderate-Severe. 4 - Severe. 5 - Very
Severe.

and 14/28 (50%) BCG-I patients. Treatment delay
or dose reduction (score 3) was performed in 46/437
(10.5%) BCG-N, 58/341 (17.1%) BCG-F, and 5/28
(17.9%) BCG-I patients. Discontinuation of induc-
tion therapy (score 4 or 5) was required in 15/437
(3.4%) BCG-N, 18/341 (5.3%) BCG-F, and 1/28
(3.6%) BCG-I patients.

Treatment efficacy

Recurrence-free survival (RFS) in the intolerant
patients was 97% (CI 82–100%) at 3 months, 70%
(CI 52–83%) at 1 year, and 54% (CI 35–70%) at 2
years after initiating induction (Fig. 5). This is similar
to naı̈ve patient rates of 81% (CI 78–85%), 67% (CI
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Fig. 1. Quantitative symptom score variation during induction in patients treated with BCG plus Interferon.

62–71%), and 59% (CI 64–63%), respectively, and
better than BCG failure but not intolerant patient rates
of 80% (CI 75–83%), 55% (CI 49–59%), and 45%
(CI 40–50%), respectively.

DISCUSSION

Side effects at any point during intravesical BCG
therapy are common with most being mild, self-
limited10,11. Though, there has been little dedicated

study to the temporal relationship between treatment
and toxicities, as well as patient-centered metrics to
better understand the side effects of treatment.

Bohle et al. previously described the changes in
common treatment toxicities during BCG induction
therapy in a limited group of 30 patients by means
of a daily questionnaire12. Using a different patient-
centered evaluation, we identified a similar pattern of
treatment toxicities with the worst symptoms being
experienced immediately after therapy and abating
to near baseline levels after 2–3 days. Frequency,
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Fig. 2. Quantitative symptom score variation during one week of
induction in patients treated with BCG plus Interferon.

urgency, and dysuria were the worst symptoms and
noted to be moderate in severity. Patients were also
observed to have no significant change in the per-
ceived QOL after BCG induction. Though, it was
noted that patients categorized their general physical
condition and quality of life as poor at baseline. The
etiology of this perception remains unclear. These
findings may provide physicians with improved data
to counsel patients regarding side effect duration,
severity, and the need for medical therapy for toxicity.

The physician-centered evaluation found stable
mild toxicity in all domains across all treatments. This
appeared to corroborate the patient-centered findings
within the fever/chills, flu-like symptoms, arthritis,
and hematuria domains. The one domain that was
more difficult to compare was cystitis. In order to
avoid medical terminology and better evaluate the
particular elements of cystitis, patients were specif-
ically asked about bladder pain/spasms, dysuria,
frequency and urgency. While the physician-centered
metric demonstrated a mild increase in scores during
induction, particularly in the BCG intolerant group,
the rate of change between groups was not statis-
tically significant and overall remained mild. In the
patient-centered evaluation, bladder pain/spasms and
dysuria remained mild but frequency and urgency of
urination both demonstrated worsening severity as
induction proceeded. The exact reason for the dispar-
ity is unclear but could be accounted for by a number
of factors, including recall bias or lack of granularity
in the physician-centered evaluation. Given our find-
ings, cystitis symptoms may be under appreciated by
physician evaluation alone. Patients may benefit from
keeping a symptom dairy and reviewing these find-
ings with the treating urologist to identify ways to

reduce treatment toxicity. Further study of these dis-
parities may aid in better understanding intolerance
and the development of future metrics to improve the
tolerance of therapy.

With respect to recurrence, the superiority of treat-
ment in BCG naı̈ve patients as compared to BCG
failure patient has previously been reported [13]. In
our study, BCG intolerant patients demonstrated sim-
ilar RFS as compared to BCG naı̈ve patients. Though,
given the small group size, conclusions regarding
intolerant patients must be tempered. Prior reports
have identified that dilution to 1/6 dose BCG results
in a trend toward statistical RFS inferiority [14], as
compared to 1/3 dose which has shown sustained effi-
cacy [15]. To our knowledge, this is the first report to
demonstrate sustained efficacy of BCG beyond 1/6
the standard dose. Though, it should be noted that
the prior studies used BCG as monotherapy while
our study utilizes BCG in combination with IFN. The
exact mechanism of this improvement is unclear but
may be related to the concomitant instillation of IFN.

Our results also demonstrated that BCG intolerant
patients follow a similar temporal side effect pat-
tern but tend to have more severe symptoms than
BCG naı̈ve and BCG failure patients, even with a
reduced dose; though, only the severity of bladder
pain/spasms was significantly different. Dose reduc-
tion has been explored as a means to improving
treatment tolerance. Low dose (1/3 standard dose)
BCG monotherapy has demonstrated an improved
side effect profile with similar RFS in a mixed cohort
of BCG naı̈ve and BCG failure patients [15]. Further
dilution to 1/6 dose did show similar toxicity but, as
noted above, proved less effective [14]. The addition
of IFN-� to BCG has shown to lead to immunos-
timulation by means of IFN-� production [16] and
maintains elevated IFN- � levels even with reduced
dose BCG [17]. Side effects related to variable dos-
ing of BCG/IFN have been reported but only in small
numbers [18]. Most investigation has utilized 50 MU,
a low dose relative to other studies [19, 20], based on
pre-clinical findings [17]. The only other large study
involving BCG with IFN demonstrated a higher rate
of fever and constitutional symptoms with IFN and no
improvement in RFS as compared to BCG monother-
apy in a BCG naı̈ve population. Though, in that study,
IFN was used with full dose BCG and further granu-
larity of treatment tolerance/toxicity was not reported
[21].

BCG intolerance remains an understudied sub-
population of NMIBC patients. The European
Association of Urology (EAU) defines BCG
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Fig. 3. Toxicity tolerance evaluation score variation during induction in patients treated with BCG plus Interferon induction therapy.

intolerance as “severe side effects that prevent fur-
ther BCG instillation before completing induction”
and goes on to note that “little is known about the
optimal treatment in patients with high-risk tumours
who could not complete BCG instillations because of

intolerance” [1]. The American Urological Associa-
tion (AUA) has no formal definition for intolerance
[2]. Neither organization has recommendations for
therapy in those deemed intolerant. An improved
understanding of BCG toxicity is needed to (1)
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consider interventions (i.e. medication) which may
lessen treatment toxicity and (2) better define what
truly constitutes BCG intolerance.

There are a number of limitations to our study.
First, the study was not powered to directly answer
our question, but this is offset by the large overall
study size. Second, the small size of the intolerant
arm limits our ability to more thoroughly analyze
this cohort. Third, the variable dosing regimen used
makes direct comparative efforts difficult. Further,
there was no BCG monotherapy arm in this study
and thus direct comparison of BCG+IFN tolerance
to BCG cannot be made. Though, the rates of local
and systemic side effects, as well as treatment dis-
continuation, are similar to those previously reported
[11]. It is the authors opinion that these findings are
analogous to the expected results of patients treated
with BCG monotherapy, particularly in the BCG fail-
ure and BCG intolerant groups. Further investigation
is needed to validate this theory. The strict definition
of what constituted BCG intolerance was arbitrar-
ily determined by the primary investigator. This
may have limited the number of appropriate patients
enrolled in the BCG intolerance arm. Though, as there
are no agreed upon definitions by the governing uro-
logic organizations, this was felt to be acceptable.
Only one of the surveys utilized in this study was
validated in a NMIBC patient cohort, thus leading
to possible measurement error. Though, our study

Fig. 4. BCG dwell time during induction in patients treated with
BCG plus Interferon.

does include multiple surveys and considers multiple
perspectives of BCG toxicity. Not all surveys were
returned/completed (Supplementary Table 1) which
also limits the ability to generalize our results. Finally,
the study did not collect data on the rate of progres-
sion in patients who failed. Thus, we cannot report
on this important variable.

CONCLUSIONS

Patient-centered evaluation of BCG/IFN treatment
identified that side effects are common, tend to follow

Fig. 5. Recurrence-free survival in patients treated with BCG plus Interferon therapy.
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a predictable pattern, and do not significantly change
a patient’s quality of life. Physician-centered met-
rics corroborate most of the patient-reported findings
with the exception of cystitis. Finally, 1/10th dose
BCG with IFN appears to be effective in patients
previously deemed BCG intolerant. Further under-
standing of the patient experience during intravesical
therapy and dedicated study of intolerance to BCG-
based therapies is warranted to better address ways
to overcome toxicities.
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