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Bladder cancer (BC) is one of the most important tumors of the genitourinary system,
associated with high morbidity and mortality rates. Over the years, various antitumor
treatments have been developed, and immunotherapy is one of the most effective
methods. Immunotherapy aims to activate the body’s immune system to kill cancer
cells. It has been established that immunotherapy drugs can be classified into “non-
targeted” and “targeted” drugs depending on their site of action. Immunotherapy is
reportedly effective for BC. Even though it can attack cancer cells, it can also cause the
immune system to attack healthy cells, which can occur at any time during treatment and
sometimes even after immunotherapy is stopped. Importantly, different types of
immunotherapies can cause different side effects. Side effects may manifest themselves
as signs or as symptoms. The prevention and treatment of side effects caused by
immunotherapy is an important part of cancer patient management.

Keywords: bladder cancer, immunotherapy, immune checkpoints, immune-related adverse events,
targeted immunotherapy
INTRODUCTION

BC is among the top ten most common cancer types in the world, according to an observatory in 2018,
with approximately 55000 new cases and 200000 deaths annually (1). It ranks tenth in worldwide
absolute incidence: sixth in men and seventeenth in women (2). The worldwide Age Standardized
Incidence Rate per year (ASR) is 9.6 per 100000 for males and 2.4 per 100000 for females (3).

Smoking is the most significant risk factor of BC, associated with 50-65% of male cases and 20-
30% of female cases. The incidence of BC is reportedly directly associated with the duration of
smoking, and the number of cigarettes smoked per day (4). Occupational factors are the second
most important risk factor for BC (5).

Uroepithelial carcinoma originating from the bladder is the most common histologic type of
cancer. Over 70% of cases are diagnosed at the non-muscle invasive stage and managed by
minimally invasive local treatment. Unfortunately, this disease has a high recurrence rate and may
require further treatment with more than one modality. In contrast, the muscle-invasive and
metastatic stage of the disease requires multimodal treatment strategies, including surgical
treatment and chemotherapy in addition to neoadjuvant, adjuvant or palliative care (6).
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Cancer therapies that alter the immune status have gained
prominence in oncology in recent years (7). Immunotherapy is
often used to complement traditional cancer treatments such as
surgery, chemotherapy, and radiation therapy. During clinical
practice, it is used as a first-line treatment for some cancers (8)
and involves the patient’s immune system to modify or increase the
defense mechanisms against the developing cancer cells (8). The
first clinical application of immunotherapy was documented in the
1890s whenWilliam Coley first used a bacterial agent called Coley’s
toxin. Clinical trials showed minimal results. Importantly, this toxin
provided the first compelling evidence of the potential to produce
an antitumor response using the patient’s immune system (8).
Immunotherapy became part of standard cancer treatment in the
mid-20th century, although it exhibited significant toxicity.
Treatment with cell therapy and the development of bone
marrow transplantation was initiated by Fritz Bach et al. in the
1960s, as well as the production, testing and approval of high doses
of IL-2 (interleukin 2) for the treatment of metastatic kidney cancer
and melanoma in clinical trials in the 1990s (9, 10). Several types of
immunotherapies are currently used to treat cancer, including
immune checkpoint inhibitors, T-cell transfer therapy,
monoclonal antibodies, therapeutic vaccines, and immune
system modulators.

Immunotherapy has an anti-cancer effect because it activates
the immune response against cancer cells more specifically and
strongly, thus killing them. In tumors, mutated or dysregulated
proteins are processed into peptides, then loaded onto major
histocompatibility complex I (MHCI) molecules to form
immune complexes recognized by CD8+ T cells (11). Then
cytotoxic T lymphocytes are activated (12), which not only kill
cancer cells and inevitably cause some damage to normal cells,
but may eventually attack any of the body’s healthy or normal
tissues or organs, leading to unpredictable side effects, also
known as “immune-related adverse events (irAE)”. Organ
specificity, incidence, and severity of irAEs vary according to
each agent and its dose, but also differ across tumor types (13).
Immune-related adverse events include non-specific symptoms
and damage to the skin and mucous membrane system, head and
five sense organs, digestive system, cardiovascular system,
respiratory system, endocrine system, blood system,
neuropsychiatric system, bone and joint system, and immune
system (14). Immunotherapy has benefited a significant
proportion of BC patients and has even been able to cure
cancer in some patients in combination with other drugs. This
new treatment modality offers hope to cancer patients but
emphasizes that the associated toxic side-effects are currently a
challenge for effective clinical treatment (Table 1).
IMMUNOTHERAPY DRUGS AND
SIDE EFFECTS

Non-Targeted Immunotherapy Drugs
Bacillus Calmette–Guerin
It is widely acknowledged that Everolimus (Afinitor) is an
attenuated strain of Mycobacterium Bovis. Although it has been
Frontiers in Oncology | www.frontiersin.org 2
discovered for decades, its exact mechanism of action remains
unknown (32). BCG is used as a vaccine and is now used stably
in patients with carcinoma in situ or moderate or high non-muscle
invasive BC (33). It has been shown that BCG can cause a massive
release of cytokines and chemokines after attachment to tumor cells
by fibronectin and then internalization into tumor cells (34). BCG
also promotes tumor antigen presentation to cells of the immune
system (35, 36), and induction of long-term adaptive immunity (32,
37). It has been shown that BCG treatment elicits an inflammatory
response involving different immune cell subsets, including CD4+
and CD8+ lymphocytes (38, 39), natural killer (NK) cells (40),
granulocytes (40, 41) and macrophages (42, 43), among other cell
subsets. In vitro experiments have shown that integrin cross-linking
of BCG leads to cell cycle arrest at the G1/S interface in proliferating
cells of human urothelial carcinoma cells, resulting in a direct
cytostatic effect on the cancer cell line (44).

BCG is currently the most common and important tool in
treating and preventing different forms of superficial BC. In this
regard, treatment with BCG after transurethral resection of
bladder tumor (TUPRBT) reduces the risk of tumor recurrence
or high-grade tumor development, and this is now standard
practice in the treatment of non-muscle invasive bladder cancer
(NMIBC, including carcinoma in situ, high-grade papillary
tumors, and invasive plaque intrinsic tumors) (45). Indeed,
BCG treatment is also associated with concomitant side effects.
Currently, side effects such as fatigue, fever, mild lower urinary
tract symptoms and frank hematuria have been reported in the
literature after BCG intravesical infusion therapy for BC (46).
Additional side-effects include infections such as granulomatous
inflammation of the genitourinary tract (bladder, testes, or
prostate), pneumonia, arthritis, and hepatitis. Indeed,
tuberculosis may take years to be expressed clinically and often
presents as local discomfort, recurrent fever, and night sweats. If
the infection worsens, severe systemic manifestations such as
high fever, hypotension, organ failure, or septic shock may be
observed. Therefore, the BCG vaccine should be used in the
prescribed concentration range as much as possible, which will
not only increase its effectiveness but also reduce the side effects
to some extent (47).

The mTOR Kinase Inhibitors
Studies on the use of the mTOR Kinase Inhibitors for BC are
ongoing. An increasing body of evidence shows that these drugs
act by binding to the tacrolimus binding protein 12 (FKBP-12)
protein, forming a complex that inhibits mTOR activity. This
phenomenon leads to cell cycle arrest and inhibition of
angiogenesis, proliferation, and glucose delivery to cells (48).
Angiogenesis is inhibited by downregulated expression of
hypoxia-inducible factor 1, which reduces the levels of vascular
endothelial growth factor (49). In 2016, the Food and Drug
Administration (FDA) approved everolimus for adult patients
with unresectable, locally advanced or metastatic disease with
progressive neuroendocrine tumors of gastrointestinal or
pulmonary origin (50). The most common side effects of this
class of drugs include stomatitis, rash, fatigue, hyperglycemia,
hyperlipidemia, and myelosuppression; most of these are mild
and disappear with drug interruption or dose reduction.
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COX-2 Inhibitors
Cyclooxygenase inhibitors are compounds that have inhibitory
effects on cyclooxygenase. Cyclooxygenase inhibitors include two
major groups: nonspecific cyclooxygenase inhibitors, which can
inhibit both COX-1 and COX-2, such as aspirin and specific
COX-2 inhibitors, such as celecoxib. Interestingly, the
Cyclooxygenase-2 (COX-2) inhibitor has been shown to
exhibit chemopreventive activity against various cancers,
including BC, by inhibiting the proliferation, migration,
invasion, and epithelial-to-mesenchymal transition of BC cells.
However, its mechanism of action is not fully understood (51).
Common adverse reactions mainly involve the digestive,
cardiovascular, and urinary systems. Other adverse reactions
include systemic reactions, which are generally mild.

Targeted Immunotherapy Drugs
Immune checkpoints are molecules involved in maintaining
immune homeostasis and therefore contribute to maintaining
Frontiers in Oncology | www.frontiersin.org 3
peripheral tolerance to their own molecules. The main immune
checkpoint inhibitors include blockade of programmed cell
death protein-1/programmed cell death protein ligand 1 (PD-
1/PD-L1) and cytotoxic T cell antigen (CTLA4). The use of
monoclonal antibodies that block co-inhibitory immune
checkpoint molecules helps to increase T cell-specific immune
responses and thus harness the immune system against tumors
(52). Responsiveness to checkpoint inhibitors is key to treatment,
but this does not necessarily mean that all patients have good
outcomes since some can also experience drug side effects. Other
immune cells can also play an important role in developing
irAEs, including B cells, which can secrete antibodies to conduct
toxicity (53, 54), and granulocytes, which secrete inflammatory
mediators and cytokines (53, 55). Indeed, it should be borne in
mind that the side effects of a drug may not significantly alter its
effectiveness; however, the patient’s quality of life may be affected
during treatment. Overall, side effects associated with anti-PD-1/
PD-L1 are less common and severe than with anti-CTLA-4
TABLE 1 | List of side effects, indications and serious complications for immunotherapy for bladder cancer.

Compound Target Side effects Serious Complica-
tions

Clinical Indications Reference

BCG Non-Target Digestive, urinary,
skeletal joint problems,
and general symptoms.

Sepsis and pneumonia. Carcinoma in situ, high-grade papillary tumors, and invasive
plaque-proprious tumors.

(15)

The mTOR
Kinase
Inhibitors

Non-Target Digestives, hematologic,
dermatomycoses,
endocrine problems, and
general symptoms.

Cardiac insufficiency,
respiratory failure and
sepsis.

For adult patients with unresectable, locally advanced, or
metastatic disease with progressive neuroendocrine tumors of
gastrointestinal or pulmonary origin.

(16)

COX-2
Inhibitors

Non-Target Digestive, cardiovascular
system, urinary
problems, and general
symptoms.

Peptic ulcer. Mainly used for the prevention of bladder cancer. (17, 18)

Nivolumab PD-1 Digestive, urinary,
respiratory,
dermatomycoses,
endocrine problems, and
general symptoms.

Infusion reaction,
intestinal obstruction,
urinary tract and
infection, sepsis.

Locally advanced or metastatic uroepithelial carcinoma. (19, 20)

Pembrolizumab PD-1 Digestive, urinary,
respiratory,
dermatomycoses,
endocrine, skeletal joint
problems, and general
symptoms.

Pneumonia and cardiac
insufficiency.

BCG-non-responsive, high-risk, non-muscle-invasive bladder
cancer patients (NMIBC) with carcinoma in situ (CIS) with or
without papillary tumors who are not candidates for or have
chosen not to undergo cystectomy.

(21–23)

Durvalimab PD-L1 Digestive, urinary,
skeletal joint problems,
and general symptoms.

Peptic ulcer. Patients with locally advanced or metastatic uroepithelial
carcinoma.

(24, 25)

Atezolizumab PD-L1 Digestive problems,
urinary problems,
immune problems, and
general symptoms.

Pneumonia, drug
hepatitis, colitis,
intestinal obstruction,
endocrine diseases,
and pancreatitis.

Patients with locally advanced or metastatic urothelial carcinoma
that experience exacerbations during or following platinum-
containing chemotherapy, or within 12 months of receiving
platinum-containing chemotherapy, either before (neoadjuvant) or
after (adjuvant) surgical treatment.

(26–28)

Avelumab PD-L1 Skeletal joint, endocrine,
dermatomycoses,
digestive, urinary,
respiratory problems,
and general symptoms.

Infusion reaction,
pneumonia, colitis, drug
hepatitis, nephritis, renal
insufficiency, and
respiratory failure.

Patients with locally advanced or metastatic uroepithelial
carcinoma.

(29–31)

Ipilimumab CTLA-4 Dermatomycoses,
neurological, psychiatric
and digestive problems.

Peptic ulcer. –

Tremelimumab CTLA-4 – – –

CAR-T – Hematologic problems
and Immune problems.

– –
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antibodies (56). The most typical manifestations involve the skin,
gastrointestinal tract, liver, and endocrine system (57).
Cutaneous toxicity is the most common irAE, although GI
involvement is usually more clinically relevant because of its
potential morbidity and management, requiring steroids and
hospitalization (58). Other rarely reported irAEs include uveitis,
conjunctivitis, neuropathy, myopathy, pancreatitis, pneumonia,
hemocytopenia, and nephritis (57). Immune-related adverse
events associated with a certain immune checkpoint inhibitor
is usually consistent across tumor types (Figure 1).

PD-1/PD-L1
PD-1 and PD-L1 are important immune checkpoints that
negatively modulate the immune system, impairing its
response to antigens. PD-1 is expressed on the surface of
activated T and B lymphocytes and macrophages, and PD-L1
on antigen-presenting cells (59). The binding of PD-1 and PD-L1
blocks the activation of T lymphocytes, thereby reducing the
production of IL-2 (interleukin 2) and interferon-gamma (59).
Anti-PD-1 and PD-L1 drugs can block either of these two
molecules, preventing both from binding, thereby increasing
the production of both cytokines (60).

Nivolumab
Nivolumab, a human monoclonal antibody of IgG4 type, was
approved by the FDA in 2017 for use in advanced BC (61). The
common complications are elevated lipase and amylase, fatigue,
skin rash, dyspnea, neutropenia, and lymphopenia (62–64).
Frontiers in Oncology | www.frontiersin.org 4
Pembrolizumab
Pembrolizumab is a humanized IgG4/kappa monoclonal
antibody that can be used to treat various types of cancer.
Approved by the FDA in 2019 for the treatment of BC,
especially for advanced BC cases (21, 65), pembrolizumab may
be used as a first-line treatment for uroepithelial cancer (66).
Moreover, it can be used to treat patients with DNA repair defects
(67), and the reported overall survival with pembrolizumab is
significantly higher than with chemotherapy drugs (68).
Importantly, Pembrolizumab has a better safety profile than other
drugs, although itmaycause immune-related adverse effects suchas
myocarditis and myasthenia gravis.

Durvalumab
Durvalumab is an IgG1k monoclonal antibody approved by the
FDA to treat BC in 2017. Studies have shown that although
Durvalumab has high activity in PD-L1-positive and negative
patients, it exhibits relatively higher efficacy in patients with high
PD-L1 expression (69).

Atezolizumab
Atezolizumab, a humanized IgG1 isotype monoclonal antibody
(70), was the first PD-1/PD-L1 checkpoint inhibitor approved by
the FDA and is often used in the second-line treatment of
patients with advanced BC (71). Most treatment-related
adverse events are mild to moderate, including fatigue, nausea,
decreased appetite, pruritus, fever, diarrhea, rash, and arthralgia
(26, 72).
FIGURE 1 | Immune checkpoint inhibitors in BC treatment. PD-1/PD-L1 and CTLA-4 blockers interfere with suppression of checkpoint molecules of the immune
system, leading to T-cell activation and tumor cell killing. CTLA-4, cytotoxic T-lymphocyte antigen 4; MHC, major histocompatibility complex; PD-1, programmed cell
death-1; PD-L1, programmed cell death-1 ligand; TCR, T cell receptor; APC: Antigen-presenting cell.
May 2022 | Volume 12 | Article 879391
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Avelumab
Avelumab is also an IgG1 antibody that primarily targets PD-L1
and was approved by the FDA in 2017 for uroepithelial cancer
(73). When combined with platinum-based drugs, Avelumab
produces a sustained antitumor response in patients with
advanced or present metastatic uroepithelial carcinoma (26).
Patients may experience side effects such as fatigue, weakness,
nausea, and infusion-related reactions (29).

Anti-CTLA-4 Antibodies
CTLA-4 is a surface molecule expressed by activated T cells that
binds to B7.1 and B7.2 ligands expressed on B lymphocytes,
dendritic cells, and macrophages (68). CTLA-4 is a co-
stimulatory molecule necessary for the activation of T
lymphocytes (68, 74, 75). It has been established to negatively
regulate the immune system; nonetheless, the mechanism of its
action is not fully understood. Given that CTLA-4 is structurally
related to CD28, it has been suggested that CTLA-4 can compete
with CD28 in terms of ligand binding. and another also
suggested that it can directly signal all the way to the CTLA-4
cytoplasmic tail (76–78), and inhibition of CTLA-4 enhances the
immune response.

Ipilimumab
Ipilimumab, originally developed by Bristol-Meyers Squibb as an
anti-CTLA-4 monoclonal antibody for the treatment of
melanoma, is also used in combination with nivolumab for the
treatment of advanced kidney cancer and different types of
metastatic colorectal cancer (79), with common side effects
including toxicity in the dermal system, gastrointestinal tract,
liver, and neurological and endocrine systems (80, 81). However,
the efficacy of this drug in BC is largely unknown, warranting
further studies.

Tremelimumab
Tremelimumab is a well-recognized humanized monoclonal
antibody against CTLA-4, however, it has not been approved
by the FDA for cancer treatment.

Chimeric Antigen Receptor Weight-Targeted T Cells
CAR-T is a novel precision-targeted therapy for the treatment of
tumors. The Chimeric antigen receptor (CAR) is the core
component of CAR-T, which gives T cells the ability to
recognize tumor antigens in an HLA-independent manner,
enabling them to recognize a broader range of target antigens
than natural T-cell surface receptors (TCRs) (82). It is a highly
promising immunotherapy approach that has yielded good
results in clinical tumor treatment in recent years through
optimization and improvement.

There are currently two FDA-approved CAR-T therapies:
Kymriah (Tisagenlecleucel) and Yescarta (Axicabtagene
ciloleucel). CAR-T is now predominantly used for the
treatment of B-cell acute lymphoblastic leukemia (B-ALL) and
diffuse large B-cell lymphoma (DLBCL) (83). Due to the
complexity of BC and its location in the body, the treatment of
solid tumors with CAR-T cells faces multiple obstacles, such as a
harsh tumor microenvironment, on-tumor or off-tumor toxicity,
Frontiers in Oncology | www.frontiersin.org 5
and unpredictable antigen specificity (84). Notwithstanding that
CAR-T is already approved to treat solid tumors such as BC,
clinical trials on CAR-T cells for solid tumors are still being
conducted on multiple fronts. CAR-T is also associated with
serious adverse effects (85), mainly cytokine release syndrome
(CRS) (86), immune effector cell-associated neurotoxic
syndrome (ICANS) (87), infection, bone marrow suppression,
phagocytic lymphohistiocytosis (HLH) (88), B-cell dysplasia,
neurotoxicity (89), and disseminated intravascular coagulation
(DIC) (90), and toxicity to other organs.
PREVENTION AND TREATMENT OF
SIDE EFFECTS

The side effects of immune checkpoint inhibitors therapies are
usually caused by the immune system attacking normal body
parts in the same way it attacks cancer cells. Different types of
immunotherapies can cause various side effects, many of which
depend on the type of treatment, the tumor type and location,
and the patient’s general health condition. Immunotherapy side
effects can be mild, moderate, or even life-threatening. Some side
effects can resolve on their own within a certain time frame while
others persist and worsen. In such cases, it should be considered
to taper the dosage, discontinue, or change the medication.
Indeed, prevention of the occurrence or worsening of side
effects is essential for effective treatment of these patients
population. At the end of immunotherapy, it is important to
observe side effects, some of which may occur months or years
later (91, 92). Side effects of immune checkpoint inhibitors
therapies may affect the following parts of the body. (Table 2)

When an immunotherapy drug is given to the patients
through a vein, it is called an infusion. Patients receiving
infusions may experience different reactions, mainly including
fever, chills, accompanied by nausea, vomiting, headache and
peripheral discomfort. When a mild reaction is observed, the
infusion rate can be slowed down, and attention can be paid to
keeping the patients warm. In case of a severe reaction, the
infusion should be immediately stopped, external cooling should
be provided to pyrexial patients, and anti-allergy drugs should be
prescribed if necessary (93–95).

Skin problems, like rash, itching and skin photosensitivity
(72), are most common in people with BC. Skin problem caused
by immunotherapy are usually not serious but can be
significantly uncomfortable for the patients. For rashes,
corticosteroid ointments or antibiotic ointments remain the
mainstay of treatment, and oral medications may be required
for severe cases. For dry skin, it is recommended to use a
hypoallergenic, cream-based moisturizer to prevent skin
dryness, try bath products that are gentle on the skin and
shower with warm water. It is essential for patients
complaining of itchy skin to avoid scented skin products and
use topical steroids and oral antihistamines (96). Indeed, such
patients should pay attention to hydration daily, avoiding
contact with allergens and exposure to sunlight (97).
May 2022 | Volume 12 | Article 879391
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Problems with the gastrointestinal tract are also some of the
most common side effects related to immune checkpoint
inhibitors therapies. These include colitis, diarrhea, swallowing
problems, nausea and vomiting, and pain in the upper abdomen.
Regular examination of abdominal signs, abdominal X-rays,
abdominal ultrasound, CT, gastroscopy and enteroscopy can
be used for diagnosis (98). The treatment regimen usually
includes medications to inhibit hydrochloric acid and protect
the digestive tract, such as proton pump inhibitors, and
medications such as gastric mucosal protectors and
hepatoprotective drugs can also be considered. Daily diet is
carefully chosen by avoiding caffeine, alcohol, and spicy foods,
eating less and more often, and regular monitoring of electrolyte
levels, coupled with proper hydration and electrolyte
supplementation to prevent further aggravation of the
condition (99, 100).

Muscle, joint and bone problems can also occur in people
who receive immune checkpoint inhibitors therapies. These can
result in arthritis-type pain, swelling in joints, and muscle
cramping, and even myasthenia gravis, manifest with limited
range of motion and stiffness after inactivity or activity, swelling
or pressure pain and redness or warmth at the joint. The
diagnosis is usually made with X-rays, bone scans, CT, MRI
and bone densitometry (101). Pain can be relieved with
medications such as painkillers, corticosteroids, calcium tablets,
vitamin D and antibiotics (102, 103). In addition, some physical
therapies such as acupuncture, hot or cold compresses and
massage can also be used to relieve pain (104, 105). It is worth
mentioning that myasthenia gravis is a chronic autoimmune
disease, the diagnosis is usually made by conducting the Tensilon
test or a nerve conduction test. Acetylcholinesterase inhibitors
such as neostigmine or pyridostigmine remain the mainstay of
treatment of myasthenia gravis; immunosuppressive drugs such
as prednisone or azathioprine also can be considered (106).
Treatment with plasmapheresis and high doses of intravenous
immunoglobulin may be required for cases presenting with
sudden onset of symptoms (107). Adjunctive use of a
ventilator may be required in cases of respiratory muscle
weakness. For these problems, proper exercise, weight
maintenance, and taking precautions to avoid falls are essential
(102, 103).
Frontiers in Oncology | www.frontiersin.org 6
In the urinary tract, renal inflammation and hematuria is
more likely to occur in patients who with immune checkpoint
inhibitors therapies compared to kidney damage and kidney
failure. These can be diagnosed through complete blood count
(CBC), creatinine, blood urea nitrogen, abdominal ultrasound,
abdominal CT and ureteroscopy. The treatment mainly focuses
on protecting kidney function, ensuring adequate rest, proper
nutrition and strict control of blood pressure, blood lipids and
blood sugar, coupled with management of major and minor
symptoms (108–111).

The neurological side effects of immune checkpoint inhibitors
therapies are mainly in the central and peripheral nervous system
(112, 113), affecting your brain, senses, mind, and even
movement. These are rare but can be serious side effects. A
cranial CT or MRI would be a good choice for the diagnostic
workup in patients with dizziness and headache combined with a
history of severe illness. The treatment of neurological problems
is based on neurotrophy and then, take appropriate treatment
measures to deal with corresponding symptoms. For example,
analgesics for headaches, anti-dizziness drugs for dizziness, etc.
Although nerve damage and neurological symptoms are not
preventable, most are manageable if detected early, and early
treatment can also prevent symptoms from exacerbating.

Immunotherapy may cause changes in the number of blood
cells and blood factors, which can lead to anemia, coagulation
disorders and sepsis. It can be diagnosed with a CBC, clotting
assays and blood protein tests. Anemia can be treated with blood
transfusions or erythropoiesis-stimulating agents (ESAs), and a
diet rich in iron, folic acid, and vitamin B12 can play a preventive
role (114). Blood coagulation is a complex process involving a
series of reactions involving platelets and clotting factors.
Hemorrhage and thrombosis occur when the balance between
clotting factors is disrupted (115). In the case of bleeding
disorder, prompt supplementation of platelets, vitamin K and
other pro-coagulant medications; A blood clot is a serious
condition that needs treatment right away, the management of
thrombosis consists of anticoagulation with warfarin or
rivaroxaban, followed by thrombolytic therapy with urokinase
or streptokinase. Besides, extra care should be taken during daily
activities to avoid circumstances that may lead to bleeding and
thrombosis (116, 117). Sepsis, on the other hand, requires the
TABLE 2 | List of serious complications and brief prevention methods for bladder cancer.

Complications Brief Prevention Methods

Infusion reaction Strictly regulate infusion operation, closely observe patient infusion.
Sepsis timely targeted treatment, avoid cross-infection.
Pneumonia Improve resistance, avoid repeated infections.
Colitis Avoid raw and cold diet, avoid repeated infections, and control with medication if necessary.
Intestinal obstruction Medication to laxative, easy to digest diet, avoid strenuous exercise after meals.
Pancreatitis and peptic ulcer Pay attention to dietary hygiene, inhibit gastric acid secretion, protect gastric mucosa.
Drug hepatitis Use hepatotoxic drugs carefully, check liver function regularly, use liver protection drugs if necessary.
Renal insufficiency Use nephrotoxic drugs carefully, check kidney function regularly.
Nephritis and urinary tract infection Avoid holding urine, drink more water, strengthen nutrition.
Cardiac insufficiency Absorb oxygen, control blood pressure, avoid emotional excitement, take oral vasoactive drugs if necessary.
Respiratory failure Absorb oxygen, prevent respiratory tract infection, use ventilator if necessary.
Endocrine diseases Pay attention to diet, strengthen exercise, use long-term maintenance medication if necessary.
General prevention: reasonable diet, pay attention to environmental hygiene, regular work and rest, avoid straining and staying up late, limit smoking and alcohol, strengthen exercise, and
enhance their resistance.
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selection of appropriate antibiotics, aggressive anti-infection
treatment, increasing resistance, avoiding late nights and
exertion, and avoiding the intake of unclean water and food.

Immune checkpoint inhibitors therapies may cause
pneumonitis, which is inflammation of the lung that can cause
a cough or trouble breathing. Pneumonitis is uncommon but
may be serious. Inflammatory serum biomarkers, chest X-rays,
contrast-enhanced CT, and pulmonary function tests are
common diagnostic methods (118). The management involves
aggressive treatment with anti-inflammatory drugs, coupled with
symptomatic management to relieve respiratory spasms and
alleviate wheezing (119, 120). In patients with pneumonia and
pleural effusion, light exercise is recommended to accelerate
resorption of inflammation. It is essential for patients with
pulmonary vascular thrombosis to lie down to prevent
dislodging of the thrombus that can block other blood vessels.
The patient should refrain from smoking and exposure to
secondhand smoke. Indeed, lots of fluids are required to keep
hydrated, and exposure to irritants should be avoided to avoid
exacerbating the cough (120–122).

The endocrine system controls the hormones that help the
body regulate many important functions, like blood pressure,
blood sugar, energy, and the ability to respond to stresses like
infections and injuries (14, 123). The thyroid, adrenal,
pancreatic, sexual gland is a vital part of the endocrine system,
and it may be triggered to become either more or less productive
by immune checkpoint inhibitor treatments. The diagnosis
focuses on the examination of the corresponding glands and
the hormones they secrete. To treat the above endocrine side
effects, the patient’s hormone levels should be assessed. If a
decline is observed, treatment with hormone replacement
therapy is indicated. Drugs that inhibit endocrine gland
hormone release are prescribed if high levels are found. Given
the insidious nature of these autoimmune events, the
consequences are often ongoing and even permanent,
requiring long-term hormone replacement therapy (107). Pay
attention to exercise and healthy diet in daily life.

Immunotherapy may affect the heart and blood vessels. These
side effects are rare but are often very serious and can be life-
threatening. Includes cardiomyopathy, congestive heart failure
(CHF), myocarditis, coronary artery disease, arrhythmias, heart
valve damage, and pericardial disease. The clinical presentation
usually consists of shortness of breath, dizziness, chest pain,
edema, fatigue, etc. (124). Regular physical examinations
heartbeat sounds, vascular murmurs, laboratory tests, cardiac
enzyme profile, BNP, echocardiograms, chest X-rays,
electrocardiograms, multi-gate acquisition scans (MUGA),
cardiac MRI and angiograms can be used to diagnose heart
problems. The treatment plan usually consists of cardio-
protective drugs such as dexrazoxane (Zinecard) which help
prevent cardiac problems induced by anthracyclines. Inotropes
(digitalis), diuretics and hypertensive drugs should also be
considered (125–128). Take care to avoid emotional
excitement in daily life and have a light diet is necessary.
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CONCLUSION

Immunotherapy is regarded as a promising and more effective
therapeutic measure in the treatment of various types of cancer.
However, the side effects of it are underestimated currently. The
unpredictable occurrence of serious side effects not only causes
serious health damage to patients, but also increases the medical
burden to some extent. The clinical management of side effects in
patients today is mainly empirical. Therefore, a uniform and
systematic guideline to control the side effects of immunotherapy
is necessary. Based on the insufficiency understanding on the side
effects of immunotherapy, more follow-up data on the side effect
is needed, as well as prospective, multicenter, large-scale trials on
the preventive measures. Above all, further research on the
molecular mechanisms and clinical efficacy of the side effects
of immunotherapy is still urgent.
PROSPECT

Although immunotherapy developed and achieved widespread
application in clinical cancer therapy, further research is
necessary in immunotherapy for bladder cancer, especially in
the systemic response, which may exert role in the development
of side effects of immunotherapy. Furthermore, the genetic
diversity of bladder cancer and epigenetic modification are also
relevant to efficacy and side effects.

During recent years, researchers proposed new methods to
improve the efficacy of immunotherapy and mitigate side effects,
such as activation of thioredoxin, bacterial colony
transplantation, and ferroptosis induction. At the same time,
alternative therapeutic measures are beneficial in alleviating the
symptoms of drug complications, such as rehabilitation therapy,
Chinese acupuncture, and physiotherapy. In addition,
combination or individualized treatments depending on the
diversity of the patient is also a good choice. Hence, develop
new methods to alleviate side effect would be an important
subject in immunotherapy.
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