Review Article

Different stages in drug development for muscle-invasive bladder

cancer

Gallus Beatus Ineichen, Raphael Réthlisberger, Kevin Fabian Johner, Roland Seiler

Department of Urology, University of Bern, Bern, Switzerland

Contributions: (I) Conception and design: All authors; (II) Administrative support: All authors; (III) Provision of study materials or patients: All

authors; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII)

Final approval of manuscript: All authors.

Correspondence to: Roland Seiler, MD. Department of Urology, University of Bern, Freiburgstrasse, CH-3010 Bern, Switzerland. Email: r_seiler@gmx.ch.

Abstract: Muscle-invasive bladder cancer (MIBC) is a highly aggressive disease. Despite optimal therapy,
half of the patients will succumb to disease. This prognosis could not be improved over the last three
decades. Therefore, MIBC is left behind from other cancers such as prostate, where novel treatment options
were discovered and improve patient outcomes. While being aware of the recent emerging evidence of
checkpoint inhibition in MIBC, we aim to describe different stages of drug development in MIBC by
using three specific targets. On the example of Her2 targeting, we aimed to indicate, that either a target is
ineffective in MIBC or that the patient selection is insufficient. The first clinical trials using a pan fibroblast
growth factor receptor (panFGFR) inhibitor to target the FGFR pathway showed promising results. Data of
further trials are to be awaited before implementing these drugs into daily clinical practice. A large variety of
novel agents are investigated iz vitro and in vivo. On the example of a malaria protein, we aimed to discuss a
treatment paradigm that is not dependent on pathway signaling and the genomic landscape of MIBC. The

ultimate question still remains to be answered: How do we select the optimal treatment for the right patient?
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Introduction

Despite intensive research, investigation of novel agents
in clinical trials and optimization of surgical strategies,
the prognosis of patients with muscle-invasive bladder
cancer (MIBC) have remained virtually the same during
the last three decades. This is in stark contrast to other
cancers, where novel agents could be discovered and
implemented into daily clinical practice to improve patient
outcomes. Therefore, in MIBC there is a high unmet need
to identify novel treatments, strategies for co-targeting or
improvement of patient selection for systemic treatments.
One of the most important recent discoveries for the
treatment of MIBC is the introduction of checkpoint
inhibition. Being aware of this major breakthrough, we
aimed to discuss different stages of drug discovery in MIBC,
beside checkpoint inhibition, on the examples of three
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selected targets.

Insufficient patient selection as a reason for
unsuccessful clinical trials?

Several novel targeted therapies have been investigated
in patients with MIBC without promising anti-tumor
activities in clinical trials. On the example of Her2 we aim
to elucidate reasons for these frustrating results.

Description of target

Human EGFR2 (Her-2/neu, c-erbB2 or ERBB2) is a
transmembrane receptor important in angiogenesis, cell
growth, and survival signaling in several malign entities, e.g.,
gastric, breast, bladder cancer (1). Her2 expression as well
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as prognostic implications may vary widely, importantly;
MIBC has the third highest rate of Her2 expression and
amplification after cancers of the breast and stomach (1-3).
Not surprisingly, investigators caught this target for
therapeutic access also in MIBC. However, Her2 up to
date has not proven to be an efficient target for treatment
of MIBC (4-7). Even though reasons for the unsuccessful
treatment of MIBC have not been unveiled and remain to
be elucidated. Recent studies have been able to demonstrate
that patient selection for Her2-based therapies in urothelial
carcinoma may be insufficient if done by fluorescence in situ
hybridization (FISH) and/or immuno-histochemistry IHC)
alone: the presence neither of ERBB2 amplification nor of
Her2 overexpression in urothelial carcinoma seems not to
be a mere warrantor of treatment success.

State of current misapprebension

In advanced bladder cancer, there is a tendency (if not
conviction) to newly subclassify urothelial carcinoma
according to molecular subtypes. Several groups discovered
molecular subtypes of MIBC that divide MIBC on a
higher level into basal- and luminal-like subtypes (1,8-10).
Importantly, all levels of Her2 are enriched in luminal-
like tumors, such as amplification rate, mRNA and protein
overexpression (11,12).

A most recent debate in the EAU’s journal European
Urology concerning the “phase 111, double-blind, randomized
trial that compared maintenance Lapatinib versus placebo after
first-line chemotherapy in patients with human Epidermal
Growth Factor Receptor 1/2-positive metastatic bladder cancer” (7)
gives an insight into the state of current studies in bladder
cancer. The study included patients with metastatic
urothelial carcinoma whose tumors overexpressed Herl and
Her2 in FISH and IHC and who did not have progressive
disease during chemotherapy (four to eight cycles). They
were randomly assigned to lapatinib or placebo after
completion of first-line/initial chemotherapy for metastatic
disease. The study did not find significant improvements
in outcome by the addition of maintenance lapatinib to
standard of care.

In a letter to the editor, Eriksson er 4/. (13) point out,
that according to recent findings (11,12,14,15), in advanced
bladder cancer Her2-positive tumors come in different
flavors, suggesting that knowing Her2 status alone is
not enough. Contrary, a more comprehensive molecular
profiling may be required to obtain the complete picture.
In particular, our group has contributed new understanding
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of Her2 status at the DNA, RNA, and protein levels (11).
We showed discrepancies when investigating Her2 on
DNA, RNA and protein level. Hence, patient selection for
the above mentioned study has most likely confounded its
outcome.

Future prospects

Responding to the letter to editor, the authors of the
initially mentioned study agree that knowing Her2 status
alone is not enough (16). They put in discussion that
although the identification of novel treatments with anti-
tumor activity is the ultimate goal, exploring its efficacy
without taking the biological knowledge into account may
be insufficient. They suggest approaching future treatments
through a combination of existing and novel diagnostic
tools. Molecular profiling of MIBC and identification of
a new generation of biomarkers may likely be the best
way to achieve this goal. While this, however, seems two
steps ahead of current abilities and possibilities, nowadays
knowledge calls for consistently designed clinical studies
with a closer look not only at amplification rate and
expression, but mainly at DNA alterations, gene and protein
expression. The suggested blueprint by Kiss ez #/. may be
a step towards the right direction (11), although its clinical
significance needs to be proven in clinical trials.

Promising in clinical trials

Fibroblast growth factor receptor (FGFR) signaling in
bladder cancer has been investigated for two decades (17-19).
However, more than 10 years later, antibodies and strategies
to target the FGFR pathway were subsequently developed
(20,21). Almost 10 years later, clinical trials on targeting
this pathway in solid tumors are initiated and performed. In
this section, we aim to discuss the current status of FGFR
targeting in bladder cancer.

Description of target

Fibroblast growth factors is a family of 18 growth and 4
homologous factors, that play a role in several processes
including angiogenesis, proliferation and wound-healing
(22,23). Four transmembrane glycoprotein receptors
are known (FGFR1-4). They mediate the signal from
these growth factors that mediate an activation of several
pathways e.g., Erk, Mek, MAPK, NF-kB, Ras, Raf, Stat3,
PI3K (23). Urothelial carcinoma shows a high frequency
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Table 1 The planned or ongoing clinical trials that aim to target FGFR in bladder cancer (www.clinical.trials.gov, 09 Nov 2017)

No. NCT number Recruitment  Conditions Interventions Phases Completion

1 NCT03123055  Recruiting Locally advanced or metastatic Drug: B-701, pembrolizumab Phase 1 Mar, 2019
urothelial carcinoma

2 NCT02401542  Recruiting Locally advanced or metastatic Drug: B-701, docetaxel, Phase 1;  Dec, 2018
urothelial carcinoma placebo Phase 2

3 NCT02529553  Recruiting Advanced or metastatic cancers Drug: LY3076226 Phase 1 Sep, 2018
(including bladder cancer)

4 NCT01976741 Recruiting Different tumors (including bladder ~ Drug: BAY1163877 Phase 1 Jul, 2019
cancer)

5 NCT02365597  Recruiting Metastatic or surgically Drug: JNJ-42756493 Phase 2 Nov 2018
unresectable urothelial cancer

6 NCT01004224  Active, not Advanced solid tumors (including Drug: BGJ398 Phase 1 Feb, 2018

recruiting bladder cancer), with alterations of

FGFR1, 2 and/or 3

7 NCT02318329  Recruiting Advanced solid tumors (including Drug: FPA144 Phase 1 May, 2019
bladder cancer)

8 NCT02465060  Recruiting Advanced solid tumors (including Molecular Analysis for Therapy Phase 2 Jun, 2022

bladder cancer), lymphomas, or

myeloma

Choice (MATCH), 18 treatment
arms, FGFR drug: AZD4547

FGFR-targeting agents: B-701 —human immunoglobulin G1 (IgG1) monoclonal antibody directed against FGFR3; AZD4547 —selective
FGFR1-3 tyrosine kinase inhibitor; FPA144 —anti-FGFR2b humanized monoclonal antibody; BAY1163877 —rogaratinib, selective FGFR1-
3 tyrosine kinase inhibitor; BGJ398 —selective FGFR1-3 tyrosine kinase inhibitor; JNJ-42756493 —erdafitinib, selective pan-FGFR tyrosine
kinase inhibitor; LY3076226 —Antibody-Drug Conjugate (FGFR3-selective monoclonal antibody, combined with microtubule inhibitor DM4).

FGFR, fibroblast growth factor receptor.

of genetic alterations particularly in FGFR3. Activating
mutations, amplification and fusions of FGFR3 often
result in an FGFR3 overexpression. However, about
50% of bladder cancers show an FGFR3 overexpression
without genomic DNA alterations (1). It is well accepted,
that FGFR signaling may have a pivotal role in urothelial
carcinogens and therefore, seems to be a promising point of
action for targeted therapies.

State of current research

There are different ways of targeting FGFR mediated
pathways such as selective and nonselective FGFR tyrosine
kinase inhibitors, monoclonal antibodies and antibody-drug-
conjugates. An overview of the current ongoing or planed
trials, investigating anti-tumor activity of FGFR targeting
in bladder cancer is given in Table 1. FGFR targeting is
performed using different strategies. B-701 is a monoclonal
antibody directed against FGFR3 and has potential
antineoplastic activity. In these trials (7able 1, No. 1 and 2),
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B-701 is either used in combination with pembrolizumab
(1able 1, No. 1) a monoclonal antibody against programmed
cell death protein 1 (PD-1) or with docetaxel (Table 1,
No. 2). LY3076226 is a FGFR3 antibody conjugated with
microtubule inhibitor, DM4 (Table 1, No. 3). In this trial,
the tumors are screened for FGFR alterations. For the three
selective FGFR tyrosine kinase inhibitors, BAY1163877,
JNJ-42756493 and BGJ398, patients are preselected for
FGFR alterations. For the first two (Table 1, No. 4 and 5),
patients are selected according to high FGFR expression
levels and FGFR mutations in archival tumors. A phase 2/3
trial investigating BAY1163877 (Rogaratinib) in progressive
cisplatin-resistant urothelial carcinoma is about to start
recruitment. For the third (7able 1, No. 6), patients with
tumors that harbor amplification in FGFR1 or FGFR2
or mutations in FGFR3 are included. FPA144 (Table 1,
No. 7) is an anti-FGF receptor 2b (FGFR2b) humanized
monoclonal antibody that has two different mechanisms.
First, it binds specifically to FGFR2b and prevents the
binding of certain fibroblast growth factors that promote
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tumor growth. Second, it is engineered to enhance the
recruitment of natural killer cells and drive immune-based
killing of tumor cells by antibody-dependent cell-mediated
cytotoxicity. Finally, AZD4547a selective FGFR1-3 tyrosine
kinase inhibitor is used as one of 18 different treatments
(Table 1, No. 8). This trial is designed for different advanced
solid tumors, such as bladder cancer, lymphoma, or
myeloma. Tumors are screened for the presence of different
genomic alterations and subsequently assigned to the most
promising target. In terms of FGFR, tumors with FGFR1-3
mutations or translocation receive FGFR Inhibitor
AZD4547. Taken together, different strategies are used to
target FGFR signaling in bladder cancer.

Future prospects

As shown in Tuble 1, several promising clinical trials
investigating FGFR targeting in bladder cancer will be
completed in the nearest future. Trials that use other
combinations or mechanisms of action will definitely be
initiated. Therefore, after more than 20 years of research in
FGFR signaling in bladder cancer, targeting this pathway
finally is investigated in clinical trials.

From petri dish to clinical trials?

Intensive research is ongoing to discover novel therapies for
patients with MIBC. In this section, we aim to introduce
a recently discovered treatment paradigm with promising
results in vitro and in vive. The human placenta and many
cancers share several features such as high proliferation rate,
invasion into adjacent tissue, immune escape as well as the
expression of specifically modified chondroitin sulfate (CS)
chains (24). Here we discuss a strategy targeting these CS
chains in cancer.

Description of target

CS are carbohydrate modifications attached to cellular
and extra-cellular proteins and play a key role in malaria
pathogenesis (25). The malaria parasite Plasmodium
falciparum has evolved a protein, called VAR2CSA that
mediates attachment of infected erythrocytes to a distinct
type of CS chains in the placental syncytium giving rise
to pregnancy-associated malaria in endemic regions of
the world (26,27). This evolution happened over millions
of years; therefore, VAR2CSA is not recognized by the
immune system of humans. For unknown reasons, many
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tumors re-express placental-type CS as a secondary
oncofetal CS (ofCS) modification. Recently, a recombinant
malarial VAR2CSA (rVAR?2) protein was discovered that
could be conveniently utilized to detect ofCS in human
cancer (28,29). rVAR2 has a broad potential for its use
in cancer diagnostics and treatment. For example, V5-
tagged rVAR2 can be used for detection of ofCS by
immunohistochemistry or flow cytometry. On the other
hand, it can be used for drug delivery and targeted cancer
therapy. Interestingly, rVAR2 in conjugation with different
toxins showed anti-tumor activity in several cancers (28).

7VAR?2 in MIBC

The expression of ofCS in MIBC is independent from the
genomic landscape and molecular subtypes (30). We showed
that ofCS are overexpressed in 25% of MIBC across all
molecular subtypes. Importantly, the expression of ofCS
is even higher in cisplatin-resistant MIBC, suggesting its
use as a target for second-line treatment option for MIBC
not responding to cisplatin. In vitro several bladder cancer
cell lines showed high ofCS expression compared to cell
lines of other cancers (28). This expression data indicates
that rVAR2 might be a promising target for MIBC. rVAR2
in conjugation with the hemiasterlin toxin analog K'T886
(VDC886), a tubulus toxin, eliminated all MIBC cell lines
in the low-nanomolar IC** concentration range (30). These
IC” were among the lowest when compared to cell lines
from other cancer types. In vivo, VDC886 strongly retarded
tumor growth of orthotopic cisplatin-resistant bladder
cancer xenografts and showed dramatic anti-tumor activity.
Importantly, no side effects of VDC886 were observed
during treatment. Taken together, rVAR2 may offer
therapeutic access and new treatment paradigms for MIBC
not responding to cisplatin.

Future prospects

Several issues on rVAR? need further investigation. First, it
should be evaluated, whether treatment benefit is dependent
on the expression of ofCS, to determine the predictive
role of ofCS expression. Second, VDC886 has only been
investigated in cisplatin-resistant MIBC in vivo. However,
the overexpression of ofCS in 25% of treatment naive
MIBC suggests its use also at this stage of the disease. This
may be either in a comparative manner or in combination
with cisplatin-based regimens. Finally, manufacturing of
VDC886 for its use in patients should be pursued and this
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treatment paradigm will need to be tested in clinical trials.

Discussion

MIBC is a highly aggressive disease to which half of the patient
will succumb despite optimal staging and treatment (31).
This prognosis has remained virtually the same during
the last three decades (32). MIBC lags behind in discovery
and establishment of novel treatment, what is in contrast
to many other cancers. The emerging evidence for
treatment success with checkpoint inhibition (33-35) is a
major breakthrough for MIBC therapy. However, without
ignoring this recent evidence, we aimed to elucidate
different stages of drug development for MIBC other than
checkpoint inhibition.

MIBC is a highly heterogeneous disease which is reflected
not only by the large variety in patient outcomes but also
in the tremendous biological and genomic variations (1).
Therefore, it is unlikely that one treatment will fit for all
patients. On the other hand, patient selection for targeted
therapies using a single biomarker may also be insufficient.
Despite biological similarities between cancers of breast
and bladder cancer, e.g., in terms of molecular subtyping,
amplification status or protein expression of Her2 are
predictive for successful treatment in one but not in the
other disease. Consequently, in MIBC a more comprehensive
analysis of the biological landscape will be needed to select
likely responders for Her? targeted therapy.

FGEFR signaling in MIBC has caught the attention of
researchers for years (36-38). However, only recently drugs
have been investigated in clinical trials with promising anti-
tumor activity (39). Although DNA alterations such as
activating mutations and amplifications are most commonly
found in MIBC (1,38), patient selection for these trials are
based on gene expression analysis. This is in line with one
of the conclusions from the most recent update of The
Cancer Genome Atlas consortium of MIBC (1). Based on
gene expression, they characterized a molecular subtype, the
“Luminal-papillary” and concluded that targeted therapies,
e.g., by targeting the FGFR pathway, may be most
beneficial in these tumors. Moreover, in several datasets this
subset of tumors showed the most favorable prognosis when
compared to other subtypes (10,40). Therefore, it remains
to be proven whether targeting FGFR pathways improves
patient outcomes or these ongoing trials select a subset of
MIBC with a lower aggressiveness and therefore, more
favorable prognosis.

We are aware that many other promising targets
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are currently discovered in vitro and in vive. However,
we believe that the novelty of using a protein from the
malaria parasite, Plasmodium falciparum, to target MIBC is
particularly noteworthy (30). This treatment paradigm is
independent on the genomic landscape, molecular subtype
and different pathway activities. rVAR?2 is primarily used
for drug delivery, while the toxin conjugated to rVAR2
could be exchanged. We used the toxin K'T'886 in our study,
which is too toxic to be used in doses to reach therapeutic
levels. In conjugation with rVAR2 the doses could be
reduced, while the anti-tumor activity was maintained. This
treatment paradigm seems to be promising; however, it
warrants further pre-clinical testing before implanting and
investigating in clinical trials.

In conclusion, clinical trials investigating ineffective
drugs may not only be frustrating because of the lack of
anti-tumor activity but also due to insufficient patient
selection. Novel promising treatments, based on the
genomic landscape of MIBC are currently investigated in
clinical trials. Ironically, we may be able to use paradigms
from the malaria parasite, Plasmodium falciparum, a severe
human hostile, for successful cancer therapy in the future.
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