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Summary To date, intravesical instillation of Bacil-
lus Calmette-Guérin (BCG) is the standard adjuvant
treatment for most intermediate- and all high-risk
bladder nonmuscle invasive urothelial carcinomas
(NMIBC) after complete transurethral resection. Al-
though BCG immunotherapy successfully reduces
both recurrence and progression rates in affected pa-
tients, there are certain limitations associated with its
application. Major issues are the relatively high failure
rate in up to 40% of patients, the adverse effects of
the instillations, and the shortage in BCG supply, re-
quiring concerted alternative strategies. Furthermore,
radical cystectomy, the currently suggested salvage
treatment for patients failing BCG therapy, is often
an overtreatment for a significant proportion of pa-
tients. Checkpoint inhibitor (CKI) immunotherapy
has proven to be highly effective in a subset of ad-
vanced bladder cancer patients and is currently tested
in various clinical scenarios alone and in combination
with BCG in the adjuvant setting. CKIs’ mechanism is
to a large part similar to that reported for BCG—that
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is, activation of the immune system and elimina-
tion of cancer cells in the bladder. Furthermore,
CKIs could synergistically enhance the effect of the
immune system attracted by BCG and are generally
associated with acceptable rates of adverse reactions.
Thus, they may represent an ideal alternative to or
partner for BCG immunotherapy in NMIBC. In case
the recent encouraging results of currently ongoing
trials translate into tangible improved outcomes, the
combination of CKI and BCG immunotherapy can
be expected to represent a valid treatment strategy
for well-selected nonmuscle invasive bladder cancer
patients in the future.
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Take home message

e Bacillus Calmette-Guérin (BCG) instillation immuno-
therapy is the standard adjuvant treatment for most
intermediate and all high-risk nonmuscle invasive
urothelial carcinomas (NMIBC) after transurethral
resection of the bladder (TUR/B)

e Intravesical BCG with maintenance therapy has
proven effective in reducing recurrence as well as
progression rates, but up to 40% of patients eventu-
ally become BCG unresponsive

e Radical cystectomy is the standard treatment for
BCG unresponsive and intolerant patients, but is
associated with significant morbidity rates often rep-
resenting overtreatment in a subset of patients

e Checkpoint inhibition (CKI) immunotherapy has be-
come an effective standard therapy for metastatic
bladder cancer and could represent a promising al-
ternative therapy in high-risk and BCG unresponsive
bladder cancer alone or in combination with BCG

@ Springer

Nonmuscle invasive urothelial cancer— Bacillus Calmette-Guérin instillation or checkpoint inhibitor... 319


https://doi.org/10.1007/s12254-019-00527-6
http://crossmark.crossref.org/dialog/?doi=10.1007/s12254-019-00527-6&domain=pdf

e Interim results of the KEYNOTE-057 phase Il trial
evaluating pembrolizumab in high-risk bladder can-
cer patients unresponsive to BCG reported complete
response rates of 40% at 3 months

e Further immunotherapy phase Il and phase Il trials
testing CKI alone or in combination with BCG in the
BCG unresponsive or naive setting are currently on-
going and will determine which patients benefit most
from CKI therapy in the adjuvant setting

BCG therapy and definition of BCG unresponsive-
ness

Adjuvant BCG therapy with maintenance for nonmus-
cle invasive high-grade bladder cancer (NIMBC) by
BCG instillation therapy has been shown to reduce re-
currence and progression to muscle-invasive disease
[1]. Intravesical instillation of BCG is performed after
complete transurethral resection of the tumor using
a 6-weekly induction schedule and followed by main-
tenance therapy with the SWOG schedule being the
most recognized [2]. Patients failing BCG can be cat-
egorized into three groups: BCG refractory, early and
late BCG relapsing and BCG intolerant patients. BCG
refractory patients present with persistent high-grade
disease at 6 months after the start of induction ther-
apy or show progression by grade or stage 3 months
after the start of induction therapy. Early relapse is
defined by tumor recurrence within 6 months of last
BCG therapy. Both BCG refractory and early relapsing
patients are termed “BCG unresponsive”. Late BCG re-
lapse is seen as recurrence after a disease-free state of
at least 6 months or later after last BCG exposure and
these patients have a better prognosis than BCG unre-
sponsive patients [3, 4]. Currently ongoing CKI trials
mainly focus on BCG naive or unresponsive patients
aiming at providing an alternative or enhancement
through synergy to BCG therapy or an alternative to
salvage radical cystectomy in the case of BCG unre-
sponsiveness.

In this review, we want to discuss the effects of BCG
and CKI therapy on the immune system for NMIBC
therapy and highlight the most important clinical tri-
als involving CKIs in the setting of NMIBC.

BCG and activation of the immune system

BCG is derived from a strain of attenuated Mycobac-
terium bovis and is thought to attach to bladder
urothelium after instillation [5]. Attachment and up-
take of the bacterium are a key step in innate immune
system activation and cytokine expression, which sub-
sequently attracts more innate immune cells to the
bladder. The innate immune system then triggers
a strong T helper 1 (Tyl) immune response involving
the production of Tyl cytokines. These Tyl cytokines
activate macrophages and CD8+ killer cells, which are
able to eliminate infected cells [6-8]. A Tu2 helper
cell response, however, has been correlated with BCG

failure [9]. In order to enhance the effect of BCG,
several trials have been testing the co-administration
of the bacterium together with immunostimulating
agents, such as interferon alpha (INFa), a cytokine
that has been shown to induce bladder cancer apop-
tosis [10]. However, BCG plus INFa was not proven
to be superior to BCG therapy alone, and agents that
could boost the reaction of immune system towards
BCG are currently a major area of research in BCG
therapy optimization [11-13].

Checkpoint inhibitors and activation of the im-
mune system

Activation of cytotoxic T-cell activity is, besides cy-
tokine regulation, also modulated via specific recep-
tors on T-cells or ligands binding to these receptors
present on interacting cells [14]. PD-L1 is a ligand on
malignant cells that can down-regulate T-cell activ-
ity by binding to PD-1 on T-cells [15, 16]. CTLA4 is
a receptor on T-cells that transmits inhibitory signals
when regulatory or antigen-presenting cells bind to it
[17]. Monoclonal antibodies such as pembrolizumab,
atezolizumab, or ipililumab targeting PD-1, PD-L1, or
CTLA4 block transmission of inhibitory signals and
are thus able to enhance T-cell activation [18]. In
late-stage metastatic bladder cancer, CKIs have been
shown to result in sustainable responses in approxi-
mately 20-30% of patients [19, 20]. Regarding side ef-
fects, CKIs are generally well tolerated with immune-
related adverse events occurring in less than 17% of
patients. Side effects are usually self-limiting, and only
some patients need short-course immunosuppressive
drugs or TNFa-receptor antagonists when glucocorti-
coids fail [21]. Response to CKIs depends on multi-
ple factors involving molecular characteristics of the
tumor and interaction with the immune system, but
expression of PD-1/PD-L1, tumor mutational burden
and tumor immune infiltration seem to play a role for
adequate response [22]. In bladder cancer, NMIBC
tumors have been reported to express lower levels of
PD-1 than MIBC, but BCG infection can induce PD-
L1 expression in regulatory T-cells [23]. Furthermore,
PD-L1 is enhanced on tumor tissue after BCG treat-
ment in BCG resistant patients, making combination
or sequential CKI therapy a promising option [24].
Also, a subset of high-grade NMIBC harbor mutations
in DNA damaged genes which are known to be associ-
ated with a higher mutational load potentially result-
ing in better response rates to CKIs [25].

Current trials for adjuvant NMIBC therapy

Due to the observed success rates in metastatic blad-
der cancer, CKI trials have recently also been ini-
tiated in the adjuvant setting for NMIBC. Table 1
gives an overview of currently ongoing, selected
phase II and III trials. We especially want to high-
light recent results for the single-arm KEYNOTE-57
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phase II trial evaluating pembrolizumab for NMIBC
patients unresponsive to BCG. The latest trial up-
date reported a 3-month complete response rate
(CRR) of 40%, and a 53% maintained complete
response for more than 9 months. Importantly,
no progression to MIBC or metastatic disease was
observed [26]. A phase III trial (KEYNOTE-676,
NCT03711032) for pembrolizumab+BCG vs BCG
monotherapy in patients having received at least
one course of BCG induction therapy has recently
been started, and pembrolizumab as single adjuvant
therapy for high risk T1 NMIBC tumors is also be-
ing tested (NCT03504163). For all other CKIs, no
trial results have been reported yet, but phase II
trials for atezolizumab (NCT02844816), durvalumab
(NCT02901548, NCT03759496), nivolumab (Check-
Mate 9UT, NCT03519256) and avelumab (PREVERT,
NCT03950362) in the BCG unresponsive setting are
ongoing. Noteworthy, phase III trials evaluating ate-
zolizumab (ALBAN, NCT03799835) and durvalumab
(POTOMAC, NCT03528694) are already actively re-
cruiting.

Conclusion and further directions

A multitude of clinical trials assessing CKI ther-
apy in BCG unresponsive patients as well as first-
line combination therapy with BCG are being con-
ducted, and—depending on outcomes of these tri-
als—addition of CKI to BCG may become a standard
option in the future, thereby, reducing the need for
radical cystectomy. However, it is still unclear which
patients respond to CKIs and which do not. From
mechanistic studies in patients receiving CKIs, we
know that tumors with sufficient PD-L1 expression,
high in mutational burden/neoantigen load, and in-
flamed tumors are the most likely to respond to CKlIs
[27]. Current trials will need to evaluate whether
combination with BCG can synergistically enhance
CKI efficacy and lead to stronger immune responses
without increasing adverse events, or whether only
a subset of patients with adequate molecular profiles
will profit from CKIs as therapy for high-risk NMIBC.
In conclusion, there is no doubt that we are discover-
ing dimensions to the therapy of NMIBC never seen
before, and identifying the best therapy for each tu-
mor in each patient at the right time may finally usher
in an age of tailored immunotherapy.
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