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ABSTRACT

Irinotecan, a topoisomerase I inhibitor, has been widely used in the treatment of various solid tumors, including colorectal, lung,
and pancreatic cancers. However, its efficacy is often limited by the development of resistance mechanisms within cancer cells.
Understanding these resistance mechanisms is crucial for improving treatment outcomes and developing effective therapeutic
strategies. This review article provides a comprehensive overview of the mechanisms underlying irinotecan resistance in cancer.
Key resistance mechanisms discussed include the overexpression of drug efflux pumps, activation of DNA repair pathways,
altered drug metabolism, and microenvironmental factors. Clinical implications, challenges, and emerging opportunities in
overcoming irinotecan resistance are also explored, including the identification of biomarkers predictive of response/resistance,
combination therapies targeting multiple resistance pathways, and advancements in drug delivery systems. By elucidating the
complexities of irinotecan resistance, this review aims to inform future research directions and facilitate the development of
personalized treatment approaches for patients with resistant cancers.
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INTRODUCTION

Cancer treatment has witnessed remarkable strides with the
emergence of irinotecan, a formidable player in the fight against
solid tumors, notably colorectal and lung cancers. Irinotecan’s
journey from discovery to clinical application epitomizes
the relentless pursuit of more effective therapies against this
formidable disease.!

Irinotecan, also known by its brand name Camptosar,
belongs to the class of topoisomerase I inhibitors. It was first
synthesized in the 1960s, but its therapeutic potential in cancer
treatment was realized much later. Irinotecan gained approval
from regulatory authorities, such as the U.S. Food and Drug
Administration (FDA), in the late 1990s, marking a significant
milestone in oncology.?

Solid tumors, including colorectal and lung cancers, pose
significant challenges due to their aggressive nature and
limited treatment options. Irinotecan, however, has emerged
as a cornerstone in the management of these malignancies. Its
efficacy extends to various stages of cancer, offering hope to
patients facing daunting prognoses.>

Central to irinotecan’s therapeutic prowess is its unique
mechanism of action, which disrupts vital cellular processes
within cancer cells. At the heart of the irinotecan mechanism
lays its ability to inhibit DNA topoisomerase I, an enzyme
pivotal for maintaining DNA integrity during replication
and transcription. By binding to the enzyme-DNA complex,
irinotecan prevents the resealing of DNA strands, leading to
the accumulation of DNA breaks. The accumulation of DNA
breaks inflicted by irinotecan sets in motion a cascade of
events culminating in cell death. As cancer cells attempt to
repair the DNA damage, they become vulnerable to additional
insults, ultimately succumbing to apoptosis or programmed cell
death. The inhibition of DNA topoisomerase I by irinotecan
not only halts cancer cell proliferation but also impedes tumor
progression. Its cytotoxic effects target actively dividing cancer
cells, thereby curbing tumor growth and metastasis.*

Figures 1 and 2 illustrates the metabolic pathway of
irinotecan, including its conversion to the active metabolite
SN-38 and subsequent inhibition of topoisomerase I leading
to DNA damage and cell death triggered by irinotecan,
respectively.

*Author for Correspondence: pikbinbg@gmail.com
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Figure 1: Schematic diagram of irinotecan metabolism and mechanism
of action

In essence, irinotecan’s multifaceted mechanism underscores
its efficacy in combating solid tumors, offering patients a ray
of hope in their battle against cancer. As research continues
to unravel its intricacies, irinotecan remains a cornerstone in
the evolving landscape of cancer therapeutics.

Cancer treatment, despite significant advancements, often
encounters a formidable adversary: Drug resistance. In the
case of irinotecan, elucidating the mechanisms through which
cancer cells evade its effects is paramount for improving patient
outcomes and refining treatment strategies.

Cancer cells possess an innate ability to adapt and
evolve, rendering them resistant to the cytotoxic effects of
irinotecan. This resistance can manifest through various
mechanisms, including enhanced drug efflux, alterations in
drug targets, activation of survival pathways, and impaired
apoptotic machinery. As cancer cells acquire these resistance
mechanisms, they evade the lethal effects of irinotecan, leading
to treatment failure and disease progression.

Understanding the intricacies of irinotecan resistance
holds profound implications for patient care. By unraveling the
molecular pathways involved, clinicians can tailor treatment
regimens to target specific resistance mechanisms, thereby
circumventing treatment resistance and improving patient
outcomes.’

This review aims to provide a comprehensive examination
of the diverse mechanisms underlying irinotecan resistance in
cancer, shedding light on its clinical implications, challenges,
and emerging opportunities. Through a systematic analysis
of preclinical and clinical studies, this review will delve into
the molecular mechanisms through which cancer cells evade
the cytotoxic effects of irinotecan. From alterations in drug
metabolism to activation of pro-survival signaling pathways,
each resistance mechanism will be dissected to elucidate its
role in treatment failure.

By synthesizing existing evidence, this review will
delineate the clinical implications of irinotecan resistance,
including its impact on treatment outcomes, patient prognosis,

e I-DNA covalens
x formation

Tope 1

l

Termary comples. formation and col
replication fork results in DNA double st

Y

with advancing
cak (DSH) Formation

APOPTOSIS

prional induction
X, NOXA, PUMA

Figure 2: Cell death mechanisms triggered by irinotecan

and therapeutic decision-making. Moreover, the review will
highlight the challenges encountered in overcoming irinotecan
resistance, ranging from tumor heterogeneity to off-target
toxicities, and discuss strategies to address these challenges.

Finally, the review will explore emerging opportunities
in the field of irinotecan resistance research, including
the identification of novel biomarkers, the development of
targeted therapies, and the integration of immunotherapy
approaches. By delineating future directions for research and
clinical practice, this review aims to catalyze efforts towards
overcoming irinotecan resistance and improving patient care.

Mechanisms of Irinotecan Resistance

Figure 3 depicts the various mechanisms underlying irinotecan
resistance, such as drug efflux pumps, altered drug metabolism,
and microenvironmental factors.

Drug efflux pumps

* ATP-binding cassette transporters

These transporters play a pivotal role in pumping out
chemotherapeutic agents, including irinotecan, thereby
reducing their intracellular concentration and efficacy. Among
these transporters, P-glycoprotein (P-gp) stands out as a
prominent player in irinotecan resistance.®

*  Efflux pump inhibitors

Efforts to overcome P-gp-mediated resistance have led to the
investigation of efflux pump inhibitors such as tariquidar and
elacridar. These agents work by blocking the activity of P-gp,
thereby restoring intracellular concentrations of irinotecan and
enhancing its cytotoxic effects.’

Activation of DNA repair mechanisms
* DNA repair pathways

In response to irinotecan-induced DNA damage, cancer
cells activate various DNA repair mechanisms as a survival
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strategy, diminishing the efficacy of the drug. Key players in
this process include poly(ADP-ribose) polymerase (PARP)
and ATM kinase, which orchestrate DNA damage repair and
promote cell survival.®

o Therapeutic targets

Targeting proteins involved in DNA repair pathways, such as
PARP and ATM kinase, holds promise as a therapeutic strategy
to overcome irinotecan resistance. By disrupting these repair
mechanisms, it is possible to potentiate the cytotoxic effects
of irinotecan and improve treatment outcomes.’

Altered drug metabolism

e Variations in UGTIAI activity

Variations in the activity of UDP-glucuronosyltransferase
1A1 (UGTI1ALl), primarily due to genetic polymorphisms, can
impact the metabolism of irinotecan into its active form, SN-38.
Reduced UGT1A1 activity leads to decreased conversion of
irinotecan, resulting in lower levels of the active drug within
cancer cells.!

* Clinical implications

The impact of UGT1A1 polymorphisms extends to irinotecan
toxicity and efficacy, particularly in patients with Gilbert’s
syndrome, who exhibit impaired UGT1Al function.
Understanding the role of UGT1A1 polymorphisms in
irinotecan metabolism is essential for optimizing dosing
regimens and minimizing treatment-related adverse effects.

Tumor microenvironment factors

* Hypoxia

Hypoxia within the tumor microenvironment can induce
resistance to irinotecan through multiple mechanisms,
including the upregulation of drug efflux pumps and activation
of pro-survival signaling pathways. These adaptive responses
enable cancer cells to survive and proliferate despite irinotecan
treatment.

Physical barriers

Additionally, stromal cells and extracellular matrix components
create physical barriers within the tumor microenvironment,

hindering the penetration of irinotecan into tumor tissues. As
a result, the efficacy of irinotecan is compromised.!

The illustration given in Figure 4 depicts how hypoxia,
stromal interactions, and angiogenesis within the tumor
microenvironment influence irinotecan efficacy and resistance
through various mechanisms, such as upregulation of drug
efflux pumps and promotion of pro-survival signaling
pathways.

Table 1 provides a concise summary of the main
mechanisms underlying irinotecan resistance in cancer,
including brief descriptions of each mechanism, key proteins
involved, and potential strategies to overcome resistance.

Clinical Implications and Challenges
Impact on treatment outcomes

* Association with poor treatment outcomes

Clinical evidence unequivocally establishes a correlation
between irinotecan resistance and unfavorable treatment
outcomes in cancer patients. Studies have consistently
demonstrated lower response rates, decreased progression-
free survival, and shorter overall survival in patients with
irinotecan-resistant tumors compared to those with irinotecan-
sensitive disease.!

* Challenges in management

Irinotecan resistance poses significant challenges in the
management of various cancer types, including colorectal
cancer, lung cancer, and pancreatic cancer. Despite its initial
efficacy, the emergence of resistance limits the long-term
benefits of irinotecan-based therapies, necessitating the
exploration of alternative treatment strategies to improve
patient outcomes.'>-#

Table 2 summarizes selected clinical studies investigating
irinotecan resistance in different cancer types, including
details on study design, treatment regimens, response
rates, progression-free survival, overall survival, and key
findings.!>-1°

Identification of Biomarkers

Biomarkers associated with irinotecan response/resistance

Biomarkers associated with irinotecan response/resistance
offer valuable insights into patient stratification and treatment
selection. Key biomarkers include the UGTIA1 genotype,
expression levels of drug efflux pumps (e.g., P-glycoprotein),
and mutations in DNA repair genes (e.g., BRCA1/2). These
biomarkers provide predictive and prognostic information,
aiding in personalized treatment approaches.!”!®

Table 3 provides a summary of biomarkers associated with
irinotecan response or resistance, including their descriptions
and clinical relevance in predicting treatment outcomes and
guiding personalized medicine approaches.!>?°

Limitations and challenges

Despite their potential utility, the discovery and validation
of biomarkers for irinotecan response/resistance face several
limitations and challenges. Tumor heterogeneity, inter-patient
variability, and technical constraints hinder the accurate
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Table 1: Summary of irinotecan resistance mechanisms

Irinotecan resistance

mechanisms Description Examples Strategies Clinical relevance

Mechanism: The excessive

production of ATP-binding cassette Efflux pum Associated with multidrug resistance

(ABC) transporters, specifically ABCCI (MRP1), .. " pump phenotype; correlates with poor
Drug efflux pumps . : inhibitors (e.g., .

P-glycoprotein (P-gp), results in ABCG2 (BCRP) - . response to chemotherapy; potential

. tariquidar, elacridar) .

the enhanced removal of irinotecan target for combination therapy.

from cancer cells..

repit patays i resporse 10 Tageing DNA 4 therapy: ssocited
Activation of DNA pairp Y P DNA repair pathways (e.g., py>

repair mechanisms

irinotecan-induced DNA damage,
leading to enhanced repair and
reduced cytotoxicity.

Mechanism: Variations in UDP-
glucuronosyltransferase 1A 1

polymerases, etc.

PARP inhibitors,
ATM inhibitors)

Dose adjustment

with poorer prognosis; potential
for combination with DNA repair
inhibitors.

Genetic determinant of irinotecan
toxicity (e.g., neutropenia, diarrhea);

Altered dr .. . UGT1A1*28 . P
me tabolisrl:lg (UGT1A1) activity due to genetic olvmorphism based on UGT1A1 influences pharmacokinetics
polymorphisms affecting the polymorp genotype and efficacy; considerations for
metabolism of irinotecan. personalized dosing.
Mechanism: Influence of Hypoxia Targeting hypoxia Impedes drug delivery to tumor cells;
. ) . . S e.g., hypoxia- romotes survival and proliferation;
Tumor hypoxia, stromal interactions, and cancer-associated Elc t%v’att}:,(]; )r(o drugs) Essociate q ;ithv oor trsatment ’
microenvironment angiogenesis on irinotecan efficacy  fibroblasts, Procrugs), . P L
factors and resistance within the tumor angiogenic stromal targeting response; rationale for combination
microenvironment factors agents, anti- with microenvironment-modulating
’ angiogenic therapy agents.
Table 2: Clinical studies demonstrating irinotecan resistance in various cancer types
Cancer type Study design Treatment regimen Key findings

Colorectal cancer ~ Prospective cohort Irinotecan monotherapy

Lung cancer Retrospective cohort  Irinotecan plus cisplatin

Pancreatic cancer ~ Phase Il clinical trial ~ Irinotecan plus gemcitabine

Identified high expression of drug efflux pumps as predictors of
irinotecan resistance; poor prognosis in resistant patients.

Higher incidence of DNA repair gene mutations in non-responders;
association with shorter survival outcomes.

Demonstrated limited efficacy of irinotecan-based regimen; frequent
development of resistance; need for alternative strategies.

Table 3: Biomarkers associated with irinotecan response/resistance

Biomarker Description

Clinical relevance

UGTIAI genotype Polymorph{sr.rls in thfe UGTIAI gene ai?fectmg
enzyme activity and irinotecan metabolism.

Expression of drug

efflux pumps

Overexpression of ATP-binding cassette (ABC)
transporters such as P-glycoprotein (P-gp).

DNA repair gene

. Mutations in BRCA1
mutations

- Homozygous 28 allele associated with reduced enzyme activity and
increased risk of toxicity. - Homozygous 28/28 genotype linked to
higher incidence of neutropenia and diarrhea.

- High expression levels of P-gp correlated with reduced intracellular
accumulation of irinotecan and poorer response to therapy.

- Mutations impairing DNA repair mechanisms associated with
increased genomic instability and resistance to DNA-damaging agents
like irinotecan.

assessment of biomarker status, complicating their translation
into clinical practice. Moreover, the dynamic nature of tumor
biology necessitates ongoing validation and refinement of
biomarker assays.

Combination Strategies to Overcome Resistance

Use of combination therapies

Preclinical and clinical studies support the rationale for
employing combination therapies to overcome irinotecan
resistance. Co-administration of irinotecan with other

chemotherapy agents or targeted therapies has shown promise
in circumventing resistance mechanisms and enhancing
treatment efficacy. These combination strategies leverage
complementary mechanisms of action to synergistically target
cancer cells and overcome resistance pathways.”!

Exploration of synergistic effects

Combining irinotecan with other drugs, such as
fluoropyrimidines, oxaliplatin, and anti-angiogenic agents,
holds the potential for achieving synergistic effects and
overcoming resistance. By exploiting distinct pathways
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Figure 4: Tumor microenvironment factors contributing to irinotecan resistance

involved in tumor growth and survival, combination therapies
offer a comprehensive approach to combatting irinotecan
resistance and improving patient outcomes. Efforts to address
irinotecan resistance encompass a multifaceted approach,
spanning from biomarker identification to the development
of innovative combination strategies. Overcoming the clinical
implications and challenges associated with irinotecan
resistance is imperative for optimizing treatment outcomes
and advancing the field of cancer therapeutics.??

Figure 5 illustrates various therapeutic strategies to
overcome irinotecan resistance, including combination
therapies targeting multiple resistance mechanisms, drug
delivery systems enhancing drug delivery to tumor tissues,
and personalized medicine approaches based on biomarker
profiling.

Emerging Opportunities and Future Directions
Advancements in drug delivery

* Nanotechnology-based approaches

Nanotechnology offers promising avenues for enhancing
the delivery of irinotecan to tumor tissues. Nanoparticle
formulations and liposomal carriers provide precise control
over drug release kinetics and improve drug pharmacokinetics,
thereby enhancing the therapeutic efficacy of irinotecan while
minimizing systemic toxicity.*

o Targeted drug delivery systems

It selectively delivers irinotecan to cancer cells while
sparing healthy tissues. By leveraging tumor-specific
biomarkers or exploiting the unique properties of the tumor
microenvironment, these systems enhance drug accumulation
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Figure 5: Strategies to overcome irinotecan resistance

within tumors and reduce off-target effects, thereby improving
treatment outcomes.>*

Precision Medicine Approaches

Genomic and transcriptomic profiling

Genomic and transcriptomic profiling holds immense potential
for identifying predictive biomarkers of irinotecan response/
resistance.?
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Integration of omics data

Ongoing initiatives, such as basket trials and umbrella trials,
seek to integrate omics data into clinical practice to guide
treatment decision-making. By stratifying patients based on
molecular subtypes and identifying actionable targets, these
trials pave the way for precision medicine approaches in
irinotecan-based therapies. 6%’

Immunotherapy and Irinotecan

Immunomodulatory effects of irinotecan

Irinotecan exhibits immunomodulatory effects that hold
promise for enhancing antitumor immune responses. By
promoting tumor immunogenicity and modulating the tumor
microenvironment, irinotecan can augment the efficacy of
immunotherapy approaches and potentiate antitumor immune
responses.”®

Clinical trials investigating combination therapies

Ongoing clinical trials are investigating the combination of
irinotecan with immune checkpoint inhibitors, cytokines,
and adoptive cell therapies. These combination approaches
aim to harness the synergistic effects of irinotecan-induced
cytotoxicity and immunomodulation, offering new avenues for
improving treatment outcomes in cancer patients.>%>!

CONCLUSION

In this review, we have delved into the multifaceted landscape
of irinotecan resistance in cancer treatment. We explored
the intricate mechanisms underlying resistance, including
drug efflux pumps, activation of DNA repair mechanisms,
altered drug metabolism, and tumor microenvironment
factors. Additionally, we discussed the clinical implications
of irinotecan resistance, its impact on treatment outcomes
across various cancer types, and the challenges it poses in
clinical management. Furthermore, we highlighted emerging
opportunities such as advancements in drug delivery, precision
medicine approaches, and the integration of immunotherapy
with irinotecan.

The findings underscore the critical importance of
overcoming irinotecan resistance in improving cancer
treatment outcomes and enhancing patient care. As resistance
mechanisms continue to evolve and present challenges in
clinical management, future research endeavors must focus
on unraveling the complexities of resistance and developing
innovative therapeutic strategies. Moreover, in clinical
practice, a personalized approach that incorporates biomarker-
guided treatment selection and combination therapies holds
promise for overcoming irinotecan resistance and improving
patient outcomes.

In conclusion, overcoming irinotecan resistance stands
as a pivotal challenge in the field of oncology, with profound
implications for cancer outcomes and patient survival. As
we navigate the complexities of resistance mechanisms and
explore novel therapeutic avenues, it is essential to recognize
the enduring significance of this endeavor in the quest to
conquer cancer. Through concerted research efforts and

collaborative initiatives, we can advance our understanding
of irinotecan resistance and pave the way for transformative
advancements in cancer therapy. Ultimately, the pursuit of
overcoming irinotecan resistance represents a beacon of
hope for patients and a testament to the relentless pursuit of
excellence in oncology.
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