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Urinary bladder cancer is one of the most important cancers of the urinary-sex system, causing high morbidity and
mortality in many patients. Various methods of treating this type of cancer have been developed over the years.
The most popular is the highly effective method using Bacillus Calmette-Guerin, which has an effective effect on a
large percentage of patients. However, due to the genetic instability of bladder cancer and the individual needs of
patients, different methods of treatment are being sought. Immunological control points are molecules on the
surface of the cell that affect the immune response and reduce the strength of the immune response. Among these
checkpoints, PD-1 inhibitors (the protein that is programmed to kill cell-1) /PD-L1 (the ligand of the protein that is
programmed to kill cell 1) are intended to block these molecules, resulting in activation of T cells, and bladder
cancer have been described as the use of atezolizumab, awelumab, durwalumab, niwolumab and pembrolizumab.
The inhibition of another key immunological control point, CTLA-4 (cytotoxic T-lymphocyte antigen), may result in
mobilisation of the immune system against bladder cancer, and anti-CTLA-4 antibodies discussed the use of
Ipilimumab and Tremelimumab. In addition, there are several different approaches to the effective treatment of
bladder cancer, such as the use of ganciclovir kinase inhibitors and mTOR (mammalian rapamycin target), I1L-12
(interleukin-12) and COX-2 (cyclooxygenase-2). Genetic therapy and disruption of different signal paths are
currently being studied. Studies suggest that combining several methods increases the efficacy of treatment and

positive results in the patient.

bladder cancer immunotherapy checkpoint inhibitor

| 1. Entry

Urinary bladder cancer (BC) is the sixth most widely recognised cancer in men around the world and the tenth
when considered together between men and women [, The age-standardised global maturity index (per 100 000
persons / years) is 9,6 for men and 2,4 for women . In Europe, the general age standard is 20,2 for men and 4,3
for women. Greece has the highest standard of age for all European countries (40,4 for men and 4,5 for women)
and Austria has the lowest (9,9 for men and 3,0 for women) [l In 2018 year around the world, around 550 000 new
BC cases were diagnosed, with 200 000 deaths [, The incidence of BC has increased in many European
countries, although mortality rates have fallen in more developed regions. As the population ages and grows, the
absolute incidence of BC can continue to grow in European countries 2.

Smoking is the most important risk factor for BC. This is related to 50-65% male and 20-30% female cases. The
incidence of BC is directly related to the length of smoking and the number of cigarettes smoked per day 23],

Professional factors are considered to be the second most important risk factor for BC [8l. Workers exposed to
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aromatic amines, polycyclic aromatic hydrocarbons, tobacco and tobacco smoke, combustion products and heavy

metals are at increased risk 4,

Urinary bladder urotelial cancer is the most common histological type of cancer. In more than 70% cases, it is
recognised at a non-invasive stage requiring only minimal invasive local treatment. Unfortunately, the disease has
a high rate of relapse and repeated treatment may be necessary. Conversely, the stages of invasive and metastatic
disease require multi-modal treatment strategies, including surgical treatment and chemotherapy under non-

adjuvant, complementary or palliative conditions 2.

Cancer treatment methods that modify the immune status have a prominent place in oncology in recent years.
Immunotherapy is usually used to complement conventional cancer treatments such as surgery, chemotherapy,
and radiotherapy. For some cancers, immunotherapies are used as first-line treatment (€. Immunotherapy in
cancer treatment is a method that involves the patient's immune system to modify or increase defense
mechanisms against a developing cancer B, The first clinical application of immunotherapy was recorded in the
1890s, when William Coley first used a bacterial preparation called Coley toxin. The effect of clinical trials was
small. The toxin provided an early demonstration of the potential to produce an antitumor response by using the
patient's immune system [&. It was not until the mid-20th century that immunotherapies gained importance as part
of standard cancer treatment, although they showed significant toxicity. Therapies were associated with the
beginning of cell therapy with the development of bone marrow transplantation by Fritz Bach et al. in the 1960s and
the production, testing, and approval in clinical trials of a high dose of IL-2 (interleukin 2) for metastatic renal and
melanoma in the 1990s BIE], Currently, several types of immunotherapy are used to treat cancer, including immune
checkpoint inhibitors, T-cell transfer therapy, monoclonal antibodies, treatment vaccines, and immune system

modulators .

Research for best-tailored treatment for BC is ongoing, and immunotherapy seems to be the most promising
prospect.

| 2. Bacillus Calmette-Guerin (BCG)

Bacillus Calmette—Guerin (BCG) is a weakened strain of Mycobacterium bovis. However, according to the
European Association of Urology, there are currently 10 strains used for BCG therapy, but none of them has shown

superiority over the others 19,

BCG use as cancer treatment was investigated in an animal model in 1974 (11 and in 1976 the first report on the
successful use of BCG in BC was published 22l In 1980 Lamm et al. reported that the use of BCG therapy
following transurethral resection of bladder tumors (TURBT) reduces the chance of relapse compared to patients
receiving only TURBT [13]114]

Currently, intravesical therapy with BCG is standard practice in the treatment of nonmuscle invasive BC (NMIBC),

including in situ cancer, high-grade papillary tumors, and invasive plaque-proprious tumors 12, Noninvasive tumors
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account for 70-80% of BC cases 187l The standard treatment for this type of cancer is TURBT, followed by
intravesical treatment with BCG or chemotherapy, as described by Lamm et al. years ago 4. Whether BCG or

chemotherapy is used depends on the progression and recurrence of the disease [18I19](20]

Although the BCG vaccine has been used to treat BC for decades, its mechanism of action is not yet fully
understood (2. BC cells themselves may play a role involving the attachment and internalization of BCG, the
presentation of BCG and cancer antigens to cells of the immune system, and the mass release of cytokines and
chemokines that occurs during BCG therapy 221231 What is certain is that BCG causes a strong innate immune
response that leads to long-term adaptive immunity 24, BCG therapy elicits an inflammatory reaction involving
different immune cell subsets that kill cancer cells by direct cytotoxicity or by the secretion of toxic compounds, like
the tumor necrosis factor-inducing ligand. The immune cell subsets that may be involved include CD4+ and CD8+
lymphocytes, NK (natural killer) cells, granulocytes, macrophages, and dendritic cells. Some cancer cells are also
killed directly by the BCG.

T lymphocytes are present in the inflammatory infiltrate in the bladder of BCG-treated patients 22, and there is
evidence that natural killer cells are cytotoxic against BCG-infected BC cells 28], Granulocytes are also present in
the inflammatory infiltrate in the bladder. In the mouse model, they were necessary for a proper immune response
[27](28] ' glong with CD4+ and CD8+ T cells 22, Furthermore, BCG-exposed dendritic cells may stimulate the
cytotoxicity of T lymphocytes against BCG-infected cancer cells B9, Finally, macrophages are another component
of the inflammatory infiltrate in the bladder of BCG-treated patients, and they are cytotoxic against cancer cells
when stimulated by BCG [21132],

BCG immunotherapy gives a high percentage of positive response, which is 55-65% for high-risk papillary tumors
and 70-75% for carcinoma in situ (CIS) 21341351361 ynfortunately, as many as 25-45% of patients will not benefit
from BCG therapy. In addition, about 40% of patients have relapse despite initial successes with BCG [21]. Despite
the constant development of medicine and technology, the percentage of patients in whom BCG therapy does not
have a positive effect remains similar to that reported in the early 1990s (30-35% of patients remain resistant to
this method of treatment) B132, Currently, patients can be divided into three groups: BCG resistant, BCG relapse,
or BCG intolerance BZ. The differences between these groups remain extremely important because they can
provide information on the response of individual patients to BCG therapy. Many studies are underway, including
those showing promising early results in selected patients who do not respond to BCG but long-term results are

still distant.

For this reason, understanding the immunobiology of BCG-induced tumor immunity is necessary to tailor BCG

treatment to specific patients and to improve efficacy as well as to reduce intolerance to this therapy.

While some researchers are still trying to refine the BCG treatment method, some teams have focused on other,

equally promising, immunotherapies against bladder cancer.

| 3. Checkpoints’ Inhibitors Pathway
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Responsiveness to checkpoint inhibitors (mainly PD-1/PD-L1 (programmed cell death protein-1/ programmed cell
death protein ligand 1) and CTLA4 (cytotoxic T cell antigen)) is the key to successful cancer therapy, but still not
every patient achieves clinical benefit 281, Immune checkpoint efficacy is affected by various factors, among which
tumor genomics, host germline genetics, PD-L1 levels, and gut microbiome may be enumerated B8, Generally, in
tumors, mutated or incorrectly expressed proteins are processed via the immunoproteasome into peptides that are
usually loaded onto MHC (major histocompatibility complex) class | molecules, which further not always are able to
elicit CD8" T cell response [28l. This may lead to generating MHC-presented immunogenic neoepitopes [38]. It was
shown, that once the intratumor heterogeneity rises, neoantigen-expressing clones became more homogenous
with the differential expression of PD-L1 2],

Also, mutations on several signaling pathways may influence the effectiveness of immune checkpoints inhibitors
391 This was confirmed in bladder cancer for Janus kinase (JAK) signaling pathway, where negative regulator of
JAK-SOCS3 (suppressor of cytokine signaling 3) was reduced, with simultaneous upregulation of miR-221 (micro
RNA), leading to enhanced cell apoptosis, and attenuated cell proliferation 2%, Such dysregulation of JAK (Janus
activated kinase)-STAT (signal transducer and activator of transcription) signaling pathway was also confirmed in

patients with bladder cancer with high STAT3 expression 41,

Influence of the BC on cell cycle was also noticed, while some proteins like DEPDC1 (DEP domain containing 1)

and MPHOSPH1 (M-phase phosphoprotein 1) are usually overexpressed in bladder cancer cells [42],

Overall, bladder cancer is a genetically heterogenous disease, with a high rate of somatic mutations, including
genes involved in cell-cycle regulation, chromatin regulation, and signaling pathways 43! In bladder cancer,
according to The Cancer Genome Atlas (TCGA) Research Network, mutations of genes not significantly mutating
in any other type of cancer were noticed 3. Among most frequent mutations, one can enumerate aneuploidy,
chromosomal instability, and fractional allelic losses 44. Thus, those differences in the molecular features of BC,
together with personal characteristic of patients, may seriously influence the efficacy of the use of the immune

checkpoint inhibitors.

3.1. PD-1/PD-L1

Programmed cell death protein 1 (PD-1) and its ligands, programmed death ligand 1 (PD-L1) and 2 (PD-L2), are
part of an immune system checkpoint, which negatively regulates the immune system to weaken its response to
antigens. PD-1 is expressed on the surface of activated T and B lymphocytes and macrophages (Figure 1) and
PD-L1 is highly expressed by antigen-presenting cells 42, PD-1 binding to PD-L1 blocks the activation of T cells,
thereby reducing the production of IL-2 (interleukin-2) and interferon gamma 2!, This promotes self-tolerance by
preventing the immune system from indiscriminately attacking the cells of the body, but it can also stop the immune
system from attacking cancer cells that express PD-L1. PD-1/PD-L1 inhibitors are antibodies that block either of
these two molecules, cancelling the checkpoint activity and thus resulting in T cell activation 48, They were first

introduced as second-line therapy in BC treatment, but are slowly establishing themselves as first-line therapy 42,
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There are currently three PD-L1 inhibitors and two PD-1 inhibitors approved by the FDA (Food and Drug
Administration) for BC treatment (Table 1).
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Figure 1. Effect of checkpoint inhibitors in bladder cancer treatment. PD-1/PD-L1 and CTLA-4 blockers interfere

with the immune system’s inhibitory checkpoint molecules, leading to T cell activation and tumor cell death. APC:

antigen-presenting cells.

Table 1. List of approved checkpoint inhibitors used in bladder cancer treatment.

Trade Date of Clinical trial leading
Compound Company Target

name approval to approval
Atezolizumab Tecentriq Genentech PD-L1 2016 IMVigor210 48l
Avelumab Bavencio Merck PD-L1 2017 JAVELIN [
Durvalumab Imfinzi AstraZeneca PD-L1 2017 Study 1108 Y
Nivolumab Opdivo Bristol-Meyers Squibb PD-1 2017 CheckMate 275 51
Pembrolizumab  Keytruda Merck PD-1 2019 KEYNOTE-057 32
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Ipilimumab Yervoy Bristol-Meyers Squibb CTLA-4 2019 NCT01524991 58]

PD-L1: programmed death ligand 1; PD-1: programmed cell death protein 1; CTLA-4: Cytotoxic T lymphocyte-
associated protein 4.

3.2. Anti-CTLA-4 Antibodies

Cytotoxic T lymphocyte-associated protein 4 (CTLA-4) is a surface molecule expressed by activated T cells. CTLA-
4 binds B7.1 and B7.2 ligands, which are expressed on B lymphocytes, dendritic cells, and macrophages . CTLA-4
is a co-stimulant necessary for the activation of T lymphocytes 24531, |t negatively regulates the immune response,
but its mechanism of action is not yet fully understood. However, because it is structurally related to CD28, one
suggestion is that it competes with CD28 in terms of ligand binding. Another suggestion involves the direct
inhibition of CTLA-4 cytoplasmic tail signaling 28171581,

Zahamowanie CTLA-4 moze zwiekszy¢ regulacje odpowiedzi immunologicznej na BC. Jest to hipoteza lezaca u
podstaw trwajacych badan nad przeciwciatami anty-CTLA-4, ktére majg by¢ stosowane jako pojedyncze Srodki w
leczeniu BC (ryc. 1).

Szczepionke S-288310 mozna zastosowac alternatywnie. Dziata poprzez aktywacje cytotoksycznych limfocytow T.
Badania kliniczne pokazujg, ze metoda ta jest wysoce skuteczna, a szczepionka byta dobrze tolerowana przez
pacjentéw. Kryterium zastosowania szczepionki S-288310 byta zwiekszona ekspresja genu HLA-A 24:02 (ludzki

antygen leukocytéw) u pacjentow 591,
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