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Intravesical chemotherapy in non-muscle-invasive
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ABSTRACT

Non-muscle-invasive bladder cancer (NMIBC) is characterized by a tendency for recurrence and capacity for progression.
Intravesical instillation therapy has been employed in various clinical settings, which are summarized within this review.
Several chemotherapeutic agents have shown clinical efficacy in reducing recurrence rates in the post-transurethral
resection of bladder tumor (TURBT) setting, including mitomycin C (MMC), doxorubicin, and epirubicin. Mounting
evidence also supports the use of intravesical MMC following nephroureterectomy to reduce later urothelial bladder
recurrence. In the adjuvant setting, bacillus Calmette-Guérin (BCG) immunotherapy is an established first-line agent in the
management of carcinoma in situ (CIS) and high-grade non muscle invasive urothelial carcinoma (UC). Among high and
intermediate-risk patients (based on tumor grade, size, and focality) improvements in disease-free intervals have been seen
with adjunctive administration of MMC prior to scheduled BCG dosing. Following failure of first-line intravesical therapy,
gemcitabine and valrubicin have demonstrated modest activity, though valrubicin remains the only agent currently Food
and Drug Administration (FDA)-approved for the treatment of BCG-refractory CIS. Techniques to optimize intravesical
chemotherapy delivery have also been explored including pharmacokinetic methods such as urinary alkalization and
voluntary dehydration. Chemohyperthermia and electromotive instillation have been associated with improved freedom
from recurrence intervals but may be associated with increased urinary toxicity. Improvements in therapeutic selection
may be heralded by novel opportunities for genomic profiling and refinements in clinical risk stratification.
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INTRODUCTION

Superficial or non-muscle-invasive bladder
cancer (NMIBC) accounts for approximately 70%
of patients presenting with the disease and includes
both low- and high-grade tumors, at stages Ta,
T1, or carcinoma in situ (CIS). NMIBC is usually
not immediately life-threatening, unlike its
muscle-invasive counterpart, but is characterized
by significant rates of recurrence and potential for
progression. Rates of recurrence range 50-80%, and
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progression 10-45%, depending on disease risk (based upon
grade, stage, multifocality, and tumor size).I"” Intravesical
therapy aims to decrease these possibilities and is instilled
directly into the bladder. Two major therapeutic classes
are used for this purpose: Immunotherapy with bacillus
Calmette-Guérin (BCG), and chemotherapy, which is the
subject of the current review. Table 1 describes common
chemotherapeutic agents, mechanisms of actions, and
possible side effects including mitomycin C (MMC, the most
widely used), anthracyclines, and gemcitabine. A literature
review was performed focusing on the past 15 years to identify
contemporary articles regarding intravesical chemotherapy.
Articles were then organized by the predefined clinical
scenario categories, and the manuscripts with the highest
level of evidence were included.
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Table 1: Intravesical chemotherapeutic agents

Agent Mechanism/Class Benefits

Risks*

Mitomycin C Alkylating agent

Anthracyclines
(doxorubicin,
epirubicine, valrubicin)

Topoisomerase inhibitor,
interference with nucleic
acid metabolism

Gemcitabine Deoxycytidine analogue

Low molecular weight (better bladder wall penetration)

High molecular weight (low systemic absorption)

Lipid solubility, activity against invasive urothelial

Allergic skin reaction,
possible systemic absorption

General risks

General risks

carcinoma, high molecular weight (low systemic absorption)

*General risks common to all agents of intravesical chemotherapy are symptoms of chemical cystitis (dysuria, hematuria, frequency)

USE OF INTRAVESICAL CHEMOTHERAPY BASED
ON CLINICAL SCENARIO

Immediate post-operative instillation

Transurethral resection of bladder tumor (TURBT) is the
mainstay of both diagnosis and treatment of NMIBC, and
provides both the stage and the basis of risk stratification.
Despite visually complete resection, there is a high rate
of recurrence in patients with NMIBC, possibly due to
implantation of tumor cells after TURBT or residual
but not visible disease.l®! Sylvester et al. performed a
comprehensive meta-analysis compiling clinical trials
examining almost 1500 patients and found a reduction in
recurrence rate from 48.4% to 36.7% (11.7%) in patients
receiving immediate (within 24 h) instillation of intravesical
chemotherapy [P < 0.001 with odds ratio (OR) 0.61].¥ MMC,
doxorubicin, and epirubicin showed benefit; however,
epirubicin is not currently available in the United States.?!
This benefit appears to be greatest in solitary, low-volume
tumors. Intravesical gemcitabine does not have a role in
this setting, as a phase 3 randomized controlled trial (RCT)
performed on over 350 patients did not show benefit as
was seen for other agents, when compared to placebo
(P=0.777).1%

Current American Urologic Association (AUA) guidelines
and European Association of Urology (EAU) guidelines
both recommend the use of intravesical chemotherapy
immediately after TURBT./ Instillation should not be
done in any situation of bladder perforation or suspected
bladder perforation, as severe complications have been
described due to chemotherapy extravasation.’® Recently,
this principle has been extrapolated to patients undergoing
nephroureterectomy for upper-tract urothelial carcinoma.
Fang et al., performed a systematic review and meta-analysis
examining five clinical trials of over 600 patients who received
intravesical chemotherapy after nephroureterectomy. MMC
was utilized in three of five trials, and treatment was
given 1-2 weeks after initial surgery. A 41% decrease in
odds of recurrence was observed in those treated with
intravesical chemotherapy (P = 0.0001), with no serious
adverse events. Based on these promising results, intravesical
chemotherapy should be used not only after TURBT, but also
after nephroureterectomy. Currently, there is no substantial
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evidence to extrapolate intravesical chemotherapy after
ureteroscopy for upper-tract urothelial carcinoma to prevent
intravesical recurrence; however, studies are underway to
determine efficacy.

Adjuvant instillation of intravesical chemotherapy

In patients with a small (<3 cm), solitary, low-grade
(i.e., low-risk) tumor, single intravesical instillation of
chemotherapy alone as described above is the standard of
care.! Subsequent instillations of intravesical chemotherapy,
or adjuvant chemotherapy is considered necessary for
higher-risk disease. The European Organization for Research
and Treatment of Cancer (EORTC) incorporated readily
available clinical and pathologic criteria (in addition to
grade and stage) in a multivariable risk model to develop
a scoring system predicting recurrence and progression
in individual patients. Risk factors were identified from
over 2,500 patients with NMIBC who participated in seven
clinical trials. Six important predictors were identified:
Tumor grade, clinical T stage, presence of concomitant CIS,
number of tumors, tumor diameter, and prior recurrence
rate.??! Table 2 is adapted from these results.”) The EAU
risk category definition based on the EORTC calculator
likely provides the most precise risk classification other than
consensus definitions (i.e. AUA), is the most widely used,
and will provide the basis of defining risk in the current

review.[1%

First-line therapy

Current evidence suggests that the most appropriate
clinical situation for adjuvant intravesical chemotherapy
as first-line therapy is in the setting of intermediate-risk
disease. Based on the EAU risk stratification system, patients
with intermediate-risk disease have a recurrence rate of
38% [35-41%, 95% confidence interval (CI)] at 1 year and
62% (59-65%, 95% CI) at 5 years. The rate of progression
is clinically significant but lower at 6% (5-8%, 95% CI) at
5 years.”’ Lammers et al. examined rates of recurrence and
progression in approximately 1,000 Dutch patients with
NIMBC treated with intravesical chemotherapy stratified
by risk using various guideline definitions, and found that
those who were undertreated (regardless of definition
used) had worse outcomes.!"!! Specifically in the group
with intermediate risk of recurrence and progression, those
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Table 2: EORTC scoring system to classify disease risk in
patients with NMIBC

Predictive factor Recurrence Progression
*of tumors

1 0 0

2-7

8 or more 6 3

Tumor diameter
<8cm 0 0
3 or more cm

Recurrence rate

First tumor 0 0

1 recurrence per year

>1 recurrence per year 4 2
Stage

Ta 0

T1 1
Presence of CIS

No 0 0

Yes 1
Grade (1973 WHO)

1 0 0

2 1 0

3 2 5
Total score 0-17 0-23
Low risk 0 0
Intermediate risk 1-9 2-6
High risk 10-17 7-23

EAU risk categories combining EORTC scores, Low = Low risk recurrence
score (0) and progression score (0), Intermediate = Intermediate (1-9) or
high (10-17) risk recurrence score and intermediate risk (2-6) progression score,
High = High risk progression score (7-23). (Adapted from Sylvester et al.?!)

who were undertreated (i.e., no additional intravesical
chemotherapy aside from perioperative instillation)
had significantly more recurrences (P = 0.016) and
progression (P < 0.001).

As discussed above, all patients should receive immediate
instillation of chemotherapy after TURBT and, likely,
further intravesical chemotherapy. However, the type,
schedule, duration, and whether intravesical BCG should be
used in lieu of adjuvant chemotherapy in intermediate-risk
patients is unknown and of much debate due to conflicting
evidence. Huncharek et al. compiled 11 RCTs, including
over 3,000 patients undergoing adjuvant chemotherapy
compared to TURBT alone, and found an absolute decrease in
recurrence of 14% in the absence of low-risk disease.” When
compared to intravesical BCG, intravesical chemotherapy
was seen to be inferior in patients with intermediate-risk
disease (using sub-analyses) in three RCT's, comparing it to
epirubicin =+ interferon-a2b and MMC.["*15 A subsequent
meta-analysis found this to be true only in the setting of
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BCG maintenance, where an additional 32% reduction in
risk of recurrence was observed compared to MMC in nine
RCTs involving almost 3,000 patients.'® Differences in
the reduction of rates of progression in this patient group
were even more heterogenous. In the same meta-analysis
of almost 3,000 patients, there was no difference between
MMC or BCG in disease progression.!" When compared
with epirubicin, BCG was found to be superior, with an
increased disease specific survival and less metastasis, albeit
low overall event rate.™ Horvath et al. reviewed therapeutic
options in patients with intermediate-risk disease and
confirmed that this group is extremely heterogeneous, with
awide window of both recurrence and progression risk.' In
fact, the “intermediate risk group” is most often comprised
of patients included from well-defined low or high-risk
categories. Most likely, conflicting evidence is due to this
fact, along with the low number of events (in the case of
progression), variation in follow up, and trial design.

In light of the diversity of this population stemming
from various causes, the International Bladder Cancer
Group (IBCG) performed a systematic review of the
literature to develop practical recommendations, including
the appropriate use of intravesical chemotherapy in
patients with intermediate-risk disease.!'¥! Kamat et al.
determined that within the category of intermediate-risk
tumors, if patients have 1-2 out of 4 risk factors (multiple
tumors, size >3 cm, early recurrence <1 year, or frequent
recurrences >1 per year) and have had no previous
intravesical therapy, intravesical chemotherapy might be
the best first-line agent. If intravesical chemotherapy has
already been used in an adjuvant fashion or there are 3+ risk
factors, then BCG with maintenance is recommended. It
should be noted that this recommendation is based on expert
opinion and in patients classified as intermediate risk by
mostly multiple or recurrent low-grade tumors. Ofude et al.
recently analyzed retrospective data from 262 patients with
NMIBC. Of'this group, 57 patients had weekly instillations of
intravesical chemotherapy and 90 patients had intravesical
BCG therapy.!"! Patients were then risk-stratified based
on the EORTC score for recurrence (0-17), focusing on
substratification of the intermediate risk group (1-9) into
two groups 1-4 and 5-9, which encompassed the majority of
this population. On multivariate analysis, with an increase
in EORTC score, the efficacy of BCG intravesical therapy
in decreasing recurrence risk heightened, favoring BCG
over intravesical chemotherapy (MMC or epirubicin). In
patients with an EORTC score of 5-9, BCG performed
better in preventing recurrence than weekly chemotherapy
(Hazard Ratio 2.43, P < 0.034). Of note, prior recurrence
rate, tumor size >3 cm, and number of tumors were also
independent predictors of recurrence in this cohort, similar
to the risk factors defined above by Kamat et al. Tumor grade
was also significant, echoing the summary recommendations
by the ICBG refining the definition of intermediate-risk
patients appropriate for first-line intravesical chemotherapy.
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The correct schedule for instillation of intravesical
chemotherapy has not been well defined; however, based
on clinical trials already described above and a compiled
meta-analysis, it generally follows similar schemas for
intravesical BCG therapy and consists of 5-6 weekly
instillations (induction), followed by monthly or quarterly
maintenance instillations.**>! Additionally, EAU guidelines
state that there is no available evidence that supports
intravesical chemotherapy instillations for longer than
1 year.™”

Adjunct therapy

Intravesical immunotherapy with BCG induction (and
maintenance) is indicated as first-line treatment for
patients with high-risk tumors (as defined above based
on the EORTC risk calculator, or considered on the more
aggressive spectrum of intermediate-risk disease).!?!??!
The addition of intravesical chemotherapy to BCG as
an adjunct was recently examined in a meta-analysis of
800 patients in four clinical trials.”® Benefit to combined
chemo-immunotherapy appeared to be restricted to patients
with Ta and T1 disease (not CIS), as reductions in rates of
recurrence and progression were not significant unless
the single trial that allowed for patients with CIS was
removed from analysis. When the remaining three trials
were compiled, the risk of recurrence (Relative Risk 0.75;
95% CI 0.61-0.92; P=0.006) and progression (RR 0.45; 95%
CI 0.25-0.81; P = 0.007) were reduced with the addition
of chemotherapy (epirubicin/MMC) without additional
toxicity. Zhu et al., performed a similar meta-analysis
including more studies and determined that there was
a small potential benefit to epirubicin + BCG; however,
epirubicin was given more than 1 week prior to BCG for
the majority of patients.* The highest-quality data in
support of combined chemo-immunotherapy is from the
recently published RCT in 407 patients demonstrating
that sequential intravesical therapy with MMC given the
day prior to BCG is more effective than BCG alone.™
Patients with intermediate- to high-risk disease had a
decrease in relapse rate from 34% to 21%, translating to an
improved disease-free interval. The authors did note higher
toxicity with the combination therapy, and concluded
that only in those with the highest-risk tumors (recurrent
high-grade T1) was the toxicity benefit ratio in favor of
combined chemo-immunotherapy. No difference was seen
in progression-free survival, which may be related to the
absence of maintenance therapy in this cohort.

Salvage therapy

The use of intravesical chemotherapy in patients with
recurrence of NMIBC after appropriate BCG is one
strategy for bladder preservation. Failure of BCG therapy
can be defined in many different ways: 1) progression to
muscle-invasive disease; 2) high-risk NIMBC at 3 months
and 6 months (both) after diagnosis; 3) worsening of disease
while on BCG (including CIS); 4) recurrence of high-risk
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disease less than 1 year after initial response. Cystectomy
should be offered to all patients with BCG failure, as survival
is excellent and delay may lead to worse outcomes.*
However, not all recurrences or BCG failures are created
equal. EAU guidelines do allow for intravesical chemotherapy
after BCG in patients with a non-high-grade recurrence for
a primary intermediate-risk tumor.” MMC, gemcitabine,
valrubicin, and docetaxel have all been evaluated in the
salvage setting as single agents or in combination therapy.

Gemcitabine has been evaluated in an RCT by Di
Lorenzo et al., who compared it to repeat BCG in patients
with refractory disease, with a significant decrease in
recurrence from 88% to 52% at just over 1 year median
follow-up (P < 0.008).*” Sternberg et al. reported a complete
response rate of approximately 30% with intravesical
gemcitabine in 69 patients with various types of BCG
failure.?® Lightfoot et al. grouped 47 patients from three
academic centers who were given sequential intravesical
combination chemotherapy using gemcitabine and MMC
after failing previous intravesical therapy.”” Recurrence
free survival at 2 years was 38% with 30% remaining free
of disease at 26 months median follow up. Although not
ideal, these rates are better than that of MMC alone, which
is ineffective after BCG failure.™ Only 19% of patients who
were treated with MMC in a salvage setting were recurrence
free at 3 years.

Valrubicin is currently the only Food and Drug
Administration (FDA)-approved agent for use in patients
with BCG-refractory CIS who are not candidates for radical
cystectomy. Dinney et al. reported on long-term outcomes
in 80 patients treated with valrubicin for refractory
disease that showed an 18% complete response rate with
a 4% recurrence-free survival at 2 years.®!] Docetaxel was
evaluated by Barlow et al. in 54 patients with recurrent
disease after BCG. Approximately two-thirds had their
bladder in situ at median 3-year follow up.*” Recurrence-free
survival was 25% at 3 years. A recent phase 2 study of
intravesical nanoparticle albumin-bound paclitaxel showed
promising results, with a 36% response rate at median
follow-up of 21 months with minimal toxicity in a small
group of 28 patients.® Combinations of chemotherapeutic
agents and the optimization of existing agents (as discussed
below) are currently under clinical investigation to improve
upon options for patients either unwilling or unfit to undergo
cystectomy in the face of BCG failure.

OPTIMIZING INTRAVESICAL CHEMOTHERAPY

As described above, intravesical chemotherapy has clinical
efficacy and overall favorable tolerability for the treatment
NMIBC. Efforts to potentiate drug action and further
improve patient outcomes have been investigated, including
pharmacokinetic techniques to maximize drug delivery and
contact time and strategies to enhance the absorption and
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action of the drug. The majority of these efforts were for
optimization of MMC intravesical chemotherapy, and that
is the focus of this section.

Techniques to optimize passive diffusion MMC delivery
Urinary alkalization, MMC dose escalation (40 mg versus
20 mg), and voluntary dehydration to decrease urinary
volume have been proposed as means to maximize
therapeutic benefit.?**! The effect of these pharmacologic
interventions was investigated in a randomized phase III trial
of 230 patients receiving pharmacokinetic manipulations or
urinary alkalization compared with standard treatment alone
among patients treated with a 6-week course of intravesical
MMC for NMIBC, in which optimized patients experienced
a longer median time to recurrence (29.1 months versus
11.8 months, P = 0.005).5° Patients randomized to receive
optimized therapy reported higher rates of dysuria (33.3%
versus 17.9%), however, did not experience increased rates
of discontinuation.

Active optimization strategies

Hyperthermia

Thermal manipulation of MMC has been shown to
enhance cytotoxic action against tumor cells across several
mechanisms.¥”) Chemohyperthermic delivery of MMC
has been examined in the setting of higher-risk spectrum
patients with NMIBC achieved via an indwelling bladder
radiofrequency applicator. In a prospective, multicentered
trial of 83 patients with NMIBC randomized to receive
microwave induced chemohyperthermia versus standard
MMC demonstrates a significant reduction in local
recurrence rates at 24 months follow: 17.1% versus 57.5%,
and an enduring difference in extended follow-up.B¥
Improvements in recurrence rates appear to be in exchange
for increases in treatment-related lower urinary tract
symptoms including pain, dysuria, and bladder spasms,
which may limit the widespread clinical adoption of heated
MMC in the treatment paradigm for NMIBC.

Electromotive therapy

Electromotive drug administration (EMDA) of MMC
involves the delivery of an electric current through the
bladder. In a prospective study, Di Stasi et al. compared
20 mA EMDA of MMC therapy with passive MMC, and
BCG therapy in 108 patients with high-risk superficial
bladder cancer.? Electromotive therapy was associated
with a complete response rate of 58%, compared with
31% for standard MMC therapy at 6 months (P = 0.012),
and resulted in higher peak-plasma MMC concentrations.
The role of electromotive instillation of MMC before
transurethral resection has also been explored in a RCT
comparing pre-TURBT EMDA of MMC with TURBT alone
or passive MMC post-procedure.*”) Patients receiving EMDA
MMC prior to TURBT experienced a significantly longer
disease-free interval when compared with resection alone
and with passive delivery of MMC therapy alone: 52 months

Indian Journal of Urology, Oct-Dec 2015, Vol 31, Issue 4

Porten, et al.: Intravesical chemotherapy in NMIBC

versus 16 months and versus 12 months (P < 0.001).14!
These encouraging findings remain to be replicated in a
broader clinical experience, where rates of progression and
cancer-specific survival may be further elucidated.

FUTURE DIRECTIONS

Potential avenues of future studies are with novel
therapeutics (targeted therapies, chromatin-modifying
agents) as adjuncts to intravesical chemotherapy to improve
outcomes in patients with higher risk or recurrent disease.
Additionally, as genomic profiling becomes readily
available and possible using small amounts of tissues, the
prediction of chemosensitivity may help guide patients who
are likely to respond to treatment, aside from traditional
clinicopathologic factors.

CONCLUSIONS

Intravesical chemotherapy has a critical role in the
treatment paradigm of NMIBC. Current evidence supports
the use of intravesical chemotherapy within 24 hr after
TURBT (favorable toward MMC) and shortly after
nephroureterctomy for upper-tract disease (1-2 weeks) to
prevent bladder recurrence of NIMBC. Based on available
data and expert opinion intravesical chemotherapy for
specific patients with intermediate-risk disease (consisting of
mainly multifocal or recurrent low-grade is an appropriate
first-line adjuvant therapy, otherwise BCG with maintenance
should be used. An appropriate schedule is currently
unknown but should consist of an induction course with
maintenance (similar to BCG) and should not exceed 1 year
in duration. In higher-risk disease states, adding intravesical
chemotherapy (MMC) to BCG can improve outcomes,
but in exchange for higher toxicity, and therefore should
only be considered in the highest-risk patients (recurrent
high-grade T1). In the salvage setting, gemcitabine (tMMC)
appears to have the most promising activity, as well as
methods to optimize existing regimens; further studies
with longer follow-up are needed to determine the best
combinations and the modifications with the least toxicity.
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