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Introduction

With an anticipated 573 278 new cases and 212 536 fatalities in
2020[1], bladder cancer ranked as the 10th most frequent cancer
globally. Additionally, it is the sixthmost prevalent cancer among
men and the 17th among women[2]. Despite recent major
improvements in the treatment of bladder cancer, the prognosis
for individuals with advanced illness is still dismal[3].

Bladder cancer is classified as either nonmuscle-invasive
(NMIBC) or muscle-invasive bladder cancer (MIBC)[4].
Noninvasive cancer reflects the inner lining of the bladder being
affected excluding the deep muscle layer. NMIBC involves sub-
groups that are linked to an increased risk of cancer development.
It includes the following, (I) 70% of patients have Ta disease, with
polyps extending into the lining of the bladder; (II) 20% of patients
have T1 disease, with tumors below the superficial lining but not
involving the muscular layer of the bladder wall; and (III) 10% of
patients have carcinoma in situ (CIS) with flat, superficial
growth[5]. Bladder cancer presents itself as malignant with few
treatment choices that back in date mainly revolved around che-
motherapy, surgery, and radiation tailored to the cancer’s com-
plexity. Transurethral resection and intravesical therapy are now
the recommended courses of treatment for NMIBC. The most
effective intravesical medication now available is Bacillus
Calmette-Guérin (BCG), which is recommended for high-risk
individuals[4]. Unfortunately, most patients eventually develop
BCG-unresponsive illness, a condition with few treatment options
that save severe cystectomy due to its intrinsic resistance.
Nevertheless, incorporating Nadofaragene firadenovec accounts
for the first gene therapy in combating genitourinary malignancies.
The component of Nadofaragene Firadenovec (rAd-IFN/Syn3)
that delivers a copy of the human interferon alfa-2b gene to

urothelial cells is rAd-IFN, a nonreplicating recombinant adeno-
virus vector-based gene therapy[6]. Transfected urothelial cells
produce IFN-2b, which has anticancer properties including
immunostimulatory, antiangiogenic, and apoptotic actions[7]. This
gene therapy is the first one to be approved for the treatment of
unresponsive BCGNMIBCby the FDA inDecember 2022[4]. High
response rates and controllable adverse effects in clinical studies
have produced encouraging findings. Improvements in patient
selection, the discovery of biomarkers for response prediction, the
investigation of alternative vectors for improved transfection effi-
ciency, and the creation of combination tactics aimed against
resistance mechanisms are the main areas of the current studies.
Future advances have the potential to significantly improve the
efficacy and impact of gene therapy for bladder cancer, and the
approval of Nadofaragene firadenovec is an important milestone
in that regard. Precision medicine is a method of treating patients
that considers the genetic, environmental, and behavioral varia-
bility of each patient. Instead of using a one-size-fits-all strategy,
precisionmedicine aims to provide therapies that are customized to
each patient. For bladder cancer, Nadofaragene is a good illus-
tration of precision therapy[8]. The development of nadofaragene
and other targeted therapies is a significant step forward in the
treatment of bladder cancer. These therapies offer patients with
advanced bladder cancer new hope for a better future.

Understanding Bladder Cancer

Globally, the highest incidence of bladder cancer is presently
observed in the majority of developed communities. Bladder
cancer mostly affects the elderly population, with around one in
every five individuals worldwide developing the illness before
reaching 75 years of age, the average age at which individuals get
a diagnosis of bladder cancer is 73 years[9,10]. However, the
susceptibility to bladder cancer in an individual is based on sev-
eral factors. Depending upon the invasion of the bladder wall,
urinary bladder cancer can be divided into invasive and non-
invasive types. Most cases, accounting for 70–80% are of non-
muscle invasive tumors[11]. Bladder cancer treatment options
vary by patient’s age, general health, and the extent of their
cancer. Transurethral resection of bladder tumor (TURBT) fol-
lowed by intravesical chemotherapy is the standard treatment for
patients with nonmuscle-invasive bladder cancer. Radical
cystectomy is the gold standard therapy for cancer that has spread
to the muscle layer. Chemotherapy followed by radical cystect-
omy is the conventional treatment for locally advanced bladder
cancer (T3) that has not migrated to other parts of the body.
Advanced patients with distant metastases are often treated first
with chemotherapy. Bladder cancers have a high recurrence rate,
and if this recurrence persists, cystectomy may be required[10].
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However, there are significant limitations in the therapy of
bladder cancer attributed to the aberrant growth and invasive
nature of tumor cells. Over the course of treatment, many cancer
cells may become resistant to chemotherapy and targeted treat-
ments, which can ultimately result in the ineffectiveness of
chemotherapy[12]. In the contemporary period, several types of
cancer continue to exhibit limited efficacy in terms of accessible
treatment choices, hence posing challenges in their management.
Moreover, available cancer treatments often include notable
adverse effects that may significantly impact the overall health
and well-being of patients. Other factors that limit treatment
include a late cancer diagnosis and the significant costs associated
with treatment.

Precision Medicine in Bladder Cancer

Precision medicine is an innovative approach to the manage-
ment and prevention of diseases, which takes into account the
unique variances in an individual’s genetic makeup, environ-
mental circumstances, and lifestyle choices. This approach
aims to customize treatments and interventions in a more
targeted manner[13]. Precision medicine is a novel approach to
treating cancer that is gaining traction in the area of oncology.
It takes into consideration the unique qualities of each patient
as well as the tumor’s and immune system’s contexts while
developing a therapy plan. This not only enhances patient
care but also helps patients in other ways, such as assisting
with the management of cancer-related pain, especially near
the end of life when no further antitumor therapies are
possible[14]. By customizing therapies to an individual’s
genetic makeup, precision medicine can indeed substantially
enhance treatment outcomes and decrease mortality rates for
bladder cancer. A significant achievement in the field of pre-
cision medicine for bladder cancer involves the precise tar-
geting of specific genetic alterations. For instance, drugs such
as Erdafitinib have demonstrated efficacy in selectively tar-
geting genetic mutations, such as FGFR2/3 mutations, the
administration of Erdafitinib has been observed to effectively
impede or even arrest the proliferation of cancer cells exhi-
biting FGFR2/3 alterations. Ongoing research is focused on
exploring additional indicators to enhance the precision of
treatment strategies related to modifications in DDR genes,
amplifications of FGFR genes, changes in ErbB receptor
kinase genes, and mutations in PIK3CA genes[15]. The use of
circulating tumor DNA (ctDNA) exhibits potential in
the prediction of patient response and prognosis. By mon-
itoring changes in ctDNA levels over the course of therapy,
healthcare personnel can evaluate treatment response.
Immunotherapies, such as immune checkpoint inhibitors, are
successful in treating some individuals with bladder cancer
whose tumors express PD-L1, the selection of patients for
first-line immunotherapy has been improved because of the
use of this marker. Immunomodulatory agents, such as inhi-
bitors targeting the Mammalian Target of Rapamycin
(mTOR) and Protein kinase B (AKT), exhibit potential as
therapeutic interventions due to their ability to modulate the
immune response[15]. However, the application of precision
medicine in bladder cancer is currently limited, and additional
work and research are required in this field for the advance-
ment of bladder cancer care.

Nadofaragene: Mechanism and Development

Nadofaragene firadenovec (nadofaragene) is a nonreplicating
adenoviral vector-based gene therapy developed by Ferring
Pharmaceuticals that delivers a copy of the human interferon-
α2b (IFN- α2b) gene to the bladder urothelium[16]. IFN-α 2b is a
powerful cytokine with anticancer and immunomodulatory
properties[17]. The adenoviral vector penetrates urothelial cells
when nadofaragene is injected into the bladder and releases the
IFN- α2b gene. IFN- α2b is then generated through the tran-
scription and translation of the IFN- α2b gene[6]. Depending on
the type of cells that are being treated with IFN- α2b, various
biological effects that might be either direct or indirect can be
caused. First, IFN-α2b has a direct effect on cancerous cells,
causing cell cycle arrest, apoptosis, and angiogenesis suppression,
which has a significant effect on the development and growth of
tumors. Second, immune cells like dendritic cells (DCs), macro-
phages (M), and natural killer (NK) cells proliferate, mature, and
present antigens with increased frequency in the tumor micro-
environment when IFN-α2b is stimulated. This enhances both
innate and adaptive immunity to pathogens and cancer[18,19],
Third, the lysis of cancerous cells and the release of exposed
tumor antigen might result from direct and indirect effects,
strengthening the antigen presentation and indirect effects.
Fourth, these immune cells that have been stimulated by indirect
effects may release additional IFN-α to amplify the direct effects.
Therefore, under ideal circumstances, both actions may show
synergy against malignant tumors[17]. The effectiveness of
nadofaragene in the treatment of bladder cancer is thought to be
influenced by the anticancer and immunomodulatory properties
of IFN-α2b.

The development of nadofaragene was based on the encouraging
findings of preclinical investigations, which showed that nadofar-
agene was efficient in inducing tumor shrinkage and prolonging
survival in animal models of bladder cancer. A single-arm phase 2
trial in patients with high-risk, BCG-unresponsive NMIBCwas one
of the clinical trials that Nadofaragene underwent after that.
According to the trial’s findings, 44% of patients experienced
complete responses (CRs) after using nadofaragene. The average
CR lasted 14.3 months[6]. Nadofaragene represents a substantial
development in the treatment of bladder cancer. The well-tolerated
treatment of nadofaragene has a controllable safety profile.
Nadofaragene is an exciting novel gene therapy for bladder cancer
treatment. Its unique mode of action combines immunomodulatory
and direct anticancer actions. Bothmuscle-invasive and nonmuscle-
invasive bladder cancer have shown effectiveness with nadofar-
agene. The creation of nadofaragene represents a substantial
advancement in the treatment of this illness.

Nadofaragene’s Impact on Precision Medicine

In treating bladder cancer, Nadofaragene is a shining example of
precision medicine. It is a targeted treatment created to selectively
target bladder tumor cells. Nadofaragene is also being studied for
its potential use in other cancers, including MIBC and urothelial
carcinoma of the upper urinary tract. A significant step towards
the development of precision medicine for bladder cancer has
been reached with the approval of nadofaragene. It has the
potential to greatly improve the outcomes for patients with high-
risk, BCG-unresponsive NMIBC because it is the first gene ther-
apy to be licensed for the treatment of this condition[7].
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Nadofaragene is a personalized treatment that is created specifi-
cally for each patient’s tumor. This is because of nadofaragene’s
focus on the precise genetic abnormalities that the patient’s tumor
has. It is a minimally invasive treatment, which means that a
catheter is used to deliver themedication straight into the bladder.
This makes it a more practical and safer alternative to conven-
tional treatments like surgery and chemotherapy[6]. More studies
are required to completely evaluate the long-term effectiveness
and safety of nadofaragene because it is a relatively new medi-
cation. Nadofaragene; however, has the potential to become a
standard of care treatment for patients with high-risk, BCG-
unresponsive NMIBC since the early clinical results are so
encouraging.

Challenges and Future Directions

Despite the advantages it offers, there are also certain challenges
related to the use of nadofaragene for the treatment of bladder
cancer. Nadofaragene firadenovec is a contemporary therapeutic
option for noninvasive bladder cancer, which is consistently
being evaluated in clinical studies to optimize patient outcomes
and ensure smooth treatment progression. The task of deter-
mining the optimal treatment for individuals diagnosed with
nonmuscle invasive bladder cancer (NMIBC) is a considerable
challenge, mostly because of the diverse mechanisms of action
and varying degrees of efficacy shown by the range of therapeutic
drugs now available[20]. The major adverse effects associated
with Nadofaragene mostly include hematuria, bladder spasms,
micturition urgency, weariness, and urinary tract infection. In a
few instances, it has also resulted in significant unfavorable
consequences such as bladder contracture, urinary fistula, and
bladder perforation. Also, the administration of nadofaragene
firadenovec to immunocompromised individuals is contra-
indicated due to its potential to cause disseminated adenovirus
infection[21]. Additionally, Nadofaragene firadenovec is less cost-
effective than other combination therapies, primarily
pembrolizumab[22]. The traditional strategy for treating NMIBC
is being changed by the incorporation of immunotherapies and
combination treatments, such as pembrolizumab and gemcita-
bine/docetaxel, these treatments utilize the immune system and
multiple medications to improve outcomes. Intravesical nado-
faragene firadenovec therapy features a convenient dosage regi-
men (one intravesical treatment every 3 months) that is simple for
both the patient and the doctor to follow. Future studies should
conduct analysis to help identify patients who react to therapy
quickly and to shed light on the probable causes of treatment
resistance. Continuous efforts and testing in healthcare provide
hope for improvement for professionals and patients[21]. INFα
gene therapy can be refined by targeting patient selection by
locating patient traits or biomarkers indicating sensitivity or
resistance timely. This results in an increase in response rate since
choosing treatment candidates who are likely to react. Finding
alternative vectors that increase transfection efficiency and deliver
more long-lasting therapeutic results is another area for
exploration. The creation of creative combination tactics that
target resistance pathways offers another chance to enhance IFN
gene therapy. Several therapeutically actionable targets, such as
PD-L1 and the EGFR, were discovered in the trials testing LV-
IFN gene therapy and demand more research when combined
with interferon gene therapy[4].

Conclusion

The first gene therapy to be authorized for the treatment of
bladder cancer is nadofaragene firadenovec. It is a targeted
treatment created to selectively target the bladder tumor cells.
Patients with high-risk, BCG-unresponsive NMIBC have proven
that Nadofaragene is very effective. Overall, nadofaragene is an
exciting novel gene therapy with the potential to completely
change the way bladder cancer is treated. In clinical studies, this
personalized, minimally invasive treatment has proven to be quite
successful. For patients with high-risk, BCG-unresponsive
NMIBC, nadofaragene has the potential to become the standard
of care treatment. However, further study is required to fully
understand its long-term effectiveness and safety. It is still too
early to determine for sure if nadofaragene is ushering in a new
era in bladder cancer precision treatment. Early clinical findings;
however, show great promise.
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