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ABSTRACT

Despite advancements in colorectal cancer screening and
treatment, the occurrence, severity, and mortality rates have
consistently risen among younger patients. Precision medicine
aims to personalize cytotoxic drug dosages, such asirinotecan,
by considering the pharmacogenetic specificity of glucuronidation
backgrounds. Our search, focused on recent developments
(2020-2024) in Uridine
glucuronosyltransferase (UGT)1A1 variants related to irinotecan's

categorizing 5'-diphosphate-
safety, effectiveness, and cost-benefit in metastatic colorectal
cancer patients identified 32 relevant clinical studies and recent
reviews from 296 abstracts in PubMed and PubMed Central
databases. This updated review emphasizes racial disparities
in the incidence and essential variants influencing irinotecan's
activated metabolite (SN-38). While UGT1A1*28 homozygosity
is the primary cause of toxicity in North America, Europe, and
a Middle Asian country, UGTTA1*6 is the prominent variant
responsible in East Asian countries. Despite various methods
employed for dose adjustment based on pharmacogenomic
findings, individualization of the dose has been associated with
reduced toxicity, improved response, and enhanced patient
survival. The recommended irinotecan dose in the FOLFIRI
regimen can be variable between 120mg/m2 to 350 mg/m2
based on the UGT1AT genotype variant. Moreover, this approach
appears to be cost-effective, as suggested by European and

Chinese studies.
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Introduction

According to the 2023 Global Cancer
Observatory (GLOBOCAN)' report, colorectal
cancer (CRC) stands as the second leading
cause of cancer-related fatalities in Western
countries and the percentage of cases occurring
in individuals under 55 years old has risen from
11% in 1995 to 20% in 2019. Colorectal cancer
poses the greatest risk among gastrointestinal
cancers worldwide, constituting 38.5% and
28.2% of the overall lifetime risks for developing
and dying of gastrointestinal cancers globally?.
The regions with the highest lifetime risk of
developing colon cancer include Australia and
New Zealand, as well as Southern Europe?. There
has been an annual increase ranging from 0.5%
to 3% in those under 50 years old and in Native
Americans under 65 years old, highlighting
significant age and racial disparities in incidence
and mortality . Disparities are also observed
in examining people's susceptibility to the
toxicity of anti-cancer drugs, particularly notable
for medications like irinotecan with a narrow
therapeutic ~ range®.  Previous  clinical
investigations focusing on the application of
irinotecan have predominantly centered on
European and North American patients.
However, in recent years, there has been a
significant increase in clinical studies involving
East Asian patients*®. Itisimportant to highlight
a notable difference in the exploration of
pharmacogenetic  studies on irinotecan
metabolism between high-income and middle-

low-income countries’.

The management of Irinotecan-induced
toxicities poses a persistent obstacle to achieving
optimal treatment outcomes and determining
appropriate dosing schedules for cancer

patients®. Despite the common practice of

dosing chemotherapy regimens based on
patient-specific factors such as body surface
area or weight, these protocols are frequently
complicated by the development of severe or
life-threatening conditions in 35% to 40% of

Irinotecan recipients’.

Precision medicine involves customizing
treatment based on an individual's genetic
background. In the field of oncology,
pharmacogenomic studies have advanced
rapidly including incorporating drug metabolism
to optimize drug dosages. To improve safety
in chemotherapy regimens that include
UGT1A1-irinotecan, pharmacogenetic dosing
recommendations have been provided”™.
Concerning UGT1A1, while the FDA and EMA
do not mandate pre-treatment genotyping,
they recommend initiating dose reductions
for patients homozygous for UGT1A1*28'""2,
Despite the existence of guidelines and scientific
support for the advantages of pharmacogenetic
testing, the routine integration of pretreatment
testing for these enzyme genes in clinical

settings is not widely practiced.

The objective of this research is to provide up-
to-date information on genomic testing for
UGT1A1 before initiating irinotecan treatment.
The aim is to tailor the dosage based on peer-
reviewed literature, ensuring a safe and effective
treatment strategy. Additionally, the study aims
to investigate the cost-effectiveness of UGT1A1
genomic testing as a promising approach to
precision medicine in adapting cancer treatment.

Combination regimens of irinotecan

Despite the utilization of various chemotherapy
protocols involving irinotecan in the treatment
of different solid tumors, a primary chemotherapy

combination for metastatic colorectal cancer
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(MCRC) is FOLFIRI. FOLFIRI regimen comprising
of 400 mg/m? bolus IV on day one and 2400
mg/m? IV on day two of 5-fluorouracil, 200
mg/m? leucovorin, and 180 mg/m? irinotecan
currently serves as first-line treatment for
mCRC for patients who have undergone
adjuvant oxaliplatin-based chemotherapy within
the past 12 months or have experienced
oxaliplatin-related neuropathy. It demonstrated
an objective response rate of 40% and median
progression-free survival (PFS) of 7 months™.
Moreover, FOLFIRI is employed in combination
with Vascular Endothelial Growth Factor
(VEGF) inhibitors™ ' such as bevacizumab and
regorafenib and Epidermal Growth Factor
Receptor (EGFR) inhibitors like cetuximab and
panitumumab. A recent advancement in
cancer chemotherapy is the development of
Antibody Drug Conjugates (ADCs). While
topoisomerase 1 inhibitors have gained
approval for various carcinomas through clinical
exploration, ongoing clinical development is
focusing on targeting approaches to deliver
drugs (chemotherapy payload) specifically to
tumors by using a monoclonal antibody as
Antibody Drug Conjugates (ADCs)". Currently,
under investigation or approved for the
treatment of colorectal cancer, three ADCs
incorporate the active metabolite of irinotecan
(SN-38) or its derivative as the chemotherapy
payload. These ADCs, namely labetuzumab
govitecan, sacituzumab govitecan, and
trastuzumab deruxtican'®?, have also been
subject to reports of dose adjustment for their

chemotherapy payload.

Pharmacogenetics, irinotecan dose, and

toxicity

Adverse events related to CPT11 not only
negatively impact patient safety and quality of

life but may also compromise the effectiveness
of the treatment due to dose reduction or
interruption. The elevated risk of toxicity is
attributed, in part, to genetic variations in the
uridine diphosphate-glucuronosyltransferase
isoform 1A1 (UGT1A1) gene, which encodes the
enzymes responsible for metabolizing irinotecan.
Therefore, integrating pharmacogenetics in
oncology is crucial for effectively managing

the treatment of patients receiving this drug?'.

Dose-limiting toxicities (DLT) with irinotecan
are neutropenia and delayed diarrhea.
Historically, cases of fatal toxicity have been
documented with Irinotecan at doses
250mg/m23°.

researchers revealed significant toxicity even

exceeding Nevertheless,
in mCRC patients treated with moderate
doses (180mg/m2)®. Additional investigations
highlight the unpredictable and severe nature
of Irinotecan toxicity, indicating an elevated
risk of adverse effects in patients receiving
medium doses, especially those with UGT1A1*28
homozygosity???. It is essential to emphasize
that this
significant and potentially life-threatening

concern becomes particularly
when employing medium to high doses of
Irinotecan (180-350mg/m2) in homozygote
patients*. According to Tsai and colleagues,
homozygous patients (*28/*28) could receive
areduced dose (i.e., 120 mg/m2) with favorable
clinical outcomes and toxicity profiles. The
results of the Hulshof 2° multicenter study on
dose reduction for homozygotes (Table 1)
were compared with a historical cohort of
UGT1A1 homozygotes treated with the full
dose and with UGT1A1 wild or heterozygote
types who received the full dose in the study.
Out of the 350 patients evaluated, 31 (8.9%)
were recognized as UGT1A1 homozygotes
and received a median 30% dose reduction.
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In this subgroup, the incidence of febrile
neutropenia was 6.5%, in contrast to the 24%

observed in the historical group (P <0.04) and

Table 1-Characteristics of recent studies

consistent with the

incidence

in UGT1A1

heterozygotes treated with the full dose.

First Author | Country Year | Study Design Number of | Treatment Outcome
patients
Ginzac France 2023 | prospective 34 FOLFIRI severe toxicities (defned as
phase-II, grade 4 neutropenia, grades
multicentre, 3 and 4 febrile neutropenia
non- or grade 4 diarrhoea
randomized
trial
Tsai Taiwan 2023 | retrospective 25 FOLFIRI + bevacizumab | progression-free  survival,
observational Or FOLFOXIRI + | Overal Survival, adverse
study bevacizumab events
Hulshof the 2022 | prospective, Total =350 | FOLFIRINOX,FOLFIRI, Febrile neutropenia,
Netherlands multicentre, (UGT1A1 FOLFIRI, diarrhea
non-randomised | PM = 31, I[rinotecan,
UGT1A1
IM =158
UGT1A1
EM = 161)
Li China 2022 | Prospective 107 FOLFIR I/xeliri/ CPT-11 | Adverse reaction spectrum
cohort for colorectal cancer; | to CPT-11 in panneoplastic
IP/CPT-11 forlung cancer; | and colorectal cancer
CPT-11 single dr ug# | patients
Apatinib  for gastr ic
cancer; CPT-11 for
cholangiopancreatic
cancer
Tsai Taiwan 2020 | multicenter, 221 FOLFIRI plus | progressionfree survival
randomised, bevacizumab (PFS), overall response rate
controlled, (ORR), disease control rate
open-label trial (DCR), overall survival (OS),
AEs and metastasectomy rate
Paez Spain 2019 | RCT phase Il 79 (HD- | HD-FOLFIRI Neutropenia, diarrhea,
trial FOLFIRI asthenia
group = 40,
control
group = 39)
To assess the influence of UGT1A1 wild type (Table 1). There were no significant

heterozygous mutations on the adverse
reactions associated with CPT-11, Li Y et al.®
conducted a study involving 107 patients with
either UGT1A1 heterozygous mutations or the

differences in efficacy and prognosis among
patients with different genotypes and those
treated with either reduced CPT-11 dosage or
the standard dosages. Notably, results from

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/5266 4



https://esmed.org/MRA/mra

Medical
Research
Archives

Current insight on irinotecan dose adjustment in advanced colorectal cancers

based on pharmacogenetic studies: an updated review

Chen and colleagues for Irinotecan 180 mg/m2
showed that grades 3-4 neutropenia occurred
in 15% of patients with wild-type UGT1A1 (1*/1%)
and 30.8% of patients with a heterozygous
UGT1A1 genotype (1*/28%*. Li Q® et al examined
the spectrum of adverse reactions observed in
patients with heterozygous mutations in
UGT1A1*6 and UGT1A1*28. Logistic regression
analysis revealed an association between the
presence of vomiting and mucositis and the
UGT1A1*28 heterozygous mutation. Meanwhile,
the severity of vomiting, diarrhea, and
neutropenia showed a correlation with the
UGT1A1*6 heterozygous state. Despite the
dosage remaining unchanged between the
wild-type and heterozygote groups, there was
a higher incidence of toxicity in the heterozygote
variant group of patients.

In a randomized phase Il trial conducted by
Paez®* et al., the experimental group with
UGT1A1*1/*1 patients received an irinotecan
dose of 300 mg/m2, while *1/*28 patients
received 260 mg/m2; in the control group, the
dose was 180 mg/m2. Objective response rates
for the higher dose group were significantly
better. No disparities in survival outcomes
were observed. The authors concluded there
were no differences in grades 3-4 toxicities
between the control group (180 mg/m2) and
the high-dose group (300 mg/m2 for 1*/1* and
260 mg/m2 for 1*/28*). Ginzac A et al.” in a
phase Il clinical trial as first-line treatment for
mCRC, adapted Irinotecan dose on the basis
of UGT1A1 polymorphisms: *1/*1 (370 mg/m?);
*1/*28 (310 mg/m?), and *28/*28 (180 mg/m?).
The OS in the *1/*1 cohort surpassed that in
the *1/*28 cohort, with durations of 36 and 27
months, respectively. This study indicates that
mCRC patients undergoing FOLFIRI treatment
can endure a higher irinotecan dose than the

standard (>180 mg/m2) based on their UGT1A1
genotype without experiencing elevated
toxicities. Upon reviewing the results from the
mentioned studies, it appears there are
inconsistent findings regarding the differences
in response and survival of patients with
heterozygous and wild-type variants of UGT1AT1.
Additionally, the heterozygous group may
require a lower CPT11 dose, as demonstrated

in the clinical trial conducted by Paez et al.

In a real-world historical prospective cohort
study conducted by Tsai group?®, patient data
with BRAF V600E-mutant metastatic colorectal
cancer (NCRC) were examined from a single
tertiary hospital. Tsai implemented irinotecan
UGT1A1
polymorphism. The analysis focused on

dose  escalation based on
outcomes, toxicities, and oncological results
of FOLFIRI with irinotecan dose escalation plus
bevacizumab (Table1). A comparison between
triplet chemotherapy (TRIBE study') and doublet
chemotherapy with irinotecan escalation, guided
by UGT1A1 pharmacogenomics, revealed no
significant differences in outcomes. Notably,
doublet

escalation had a less pronounced impact on

chemotherapy  with irinotecan
appetite compared to triplet chemotherapy.

Otherwise, toxicity rates were the same.

It is crucial to highlight that employing triplet
therapy or escalating doses in combinations
with irinotecan results in heightened toxicity
compared to the standard doublet therapy,
especially in heterozygote and homozygote
states. Nevertheless, this approach might be
the preferred choice for patients exhibiting a
favorable performance status (PS) and the
potential for cure, as enhancing response rates
could facilitate complete metastasis resection?®’.
In a study by Barone and colleagues®, with a
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median follow-up of 56 months, the reported
median survival for completely resected liver
metastasis was 31.5 months, contrasting with
non-resected patients who had a median
survival of 24 months. The median time to
progression was 14.3 months for all patients
and 5.2 months for those who were non-
resected.

Cost-effectiveness studies

In a prospective study conducted in the
Netherlands, Hulshof et al.?> examined patients
eligible for irinotecan treatment, with a specific
focus on the UGT1A1*28 and UGT1A1*93
genotypes before initiating chemotherapy
(Table 1). Those identified as homozygous
variant carriers underwent an initial 30% dose
reduction. A cost analysis revealed that
genotype-guided dosing resulted in cost
savings, with a reduction of 183 Euros per
patient. The authors concluded that UGT1A1
genotype testing should be integrated into
before the
initiation of therapy and should be regarded

clinical treatment guidelines
as the standard of care to improve individual

patient safety.

Wei X et al.®" conducted a study on the cost-
effectiveness of UGT1A1*6/28 genotyping in
comparison to scenarios without genotyping
or dose adjustment prior to administering
irinotecan in China. They utilized a decision tree
model to assess costs and health outcomes,
measured in quality-adjusted life years gained.
Information  on frequencies,
FOLFIRI

chemotherapy, and associated direct costs and

genotype

neutropenia probabilities under
utilities were sourced from published literature.
One-way sensitivity analyses were carried out.
The genotyping with dose reduction strategy

outperformed all other strategies. In contrast

to the no genotyping and genotyping with
unchanged dose strategies, it yielded slight
increases in quality-adjusted life years (0.0011
and 0.0012) but led to cost reductions of
$651.12 and $805.22 per patient, respectively.
One-way sensitivity analyses indicated the
model's relative robustness. The study concluded
that UGT1A16/*28 genotyping was a cost-
saving approach for Chinese mCRC patients.

Sukri et al.*? conducted a systematic review of
the cost-effectiveness of implementing
pharmacogenomics testing in developing
Their

influencing drug responses, encompassing

nations. analysis covered variants
those linked to adverse drug reactions and
treatment efficacy. The findings indicated that
all pharmacogenomics-guided strategies were
cost-effective for managing anticancer drugs
(h = 5/5, 100%), such as irinotecan for mCRC.
Despite the growing interest in applying
pharmacogenomics in East Asian countries, a
notable gap was observed in studies evaluating
cost-effectiveness in other regions. This gap
was particularly evident in African countries and
low-income regions in South and Southeast

Asian countries.

The present review has notable shortcomings.
Firstly, there is inconsistency in the irinotecan
starting doses administered and adjustments

UGT1A1
categorized as normal, intermediate, and poor

for various genetic  variants,
metabolizers, across different studies. While
Asian researchers often opt for escalating
doses, their Western counterparts tend to
prefer fixed doses or 30% reductions for poor
metabolizers?®¥. Apart from UGT1A1*28 and
UGT1A1*93  which exhibit a

correlation with irinotecan-induced toxicity in

significant

Caucasians, polymorphisms that have been
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less  thoroughly investigated, including
UGT1A*6, as well as polymorphisms in drug
transporters such as ABCB1, ABCC5, ABCC2,
ABCG1, and SLCO1B1, may also serve valuable
in predicting toxicity®’. Our study boasts a
notable strength in its inclusion of the latest
peer-reviewed studies published between
2023 and 2024, which, to the best of our
knowledge, represent entirely new additions
to the content of a review article. Additionally,
this comprehensive review incorporated
information on the ethnicity associated with
UGT1A1 genotypes. Moreover, our approach
involved an unbiased evaluation, presenting
the included articles' positive and negative

aspects to ensure a fair and balanced review.

Conclusion

Considering the well-established understanding
of the mechanisms contributing to response
variability and the occurrence of adverse
events, particularly in the context of carefully
conducted feasibility and cost-saving studies,
it appears practical to customize the dosage
of irinotecan, from 120mg/m2 to 350mg/m2,
according to UGT1A1 polymorphisms, patient
characteristics, and the goal of treatment in
routine oncology practice for patients with

metastatic colorectal cancer.
Future perspective

Integrating quality of life (QOL) assessments
reported by patients through instruments such
as the European Organization for Research®
and Treatment or the Functional Assessment
of Cancer Therapy* could be considered a
sensible approach. This strategy is justified
through cost-effective analyses and may improve
patient satisfaction. Evaluating the impact of

CPT11 dose adjustments using a multigene
assay could be considered when economically
possible. This panel could involve chemotherapy
combinations, either with or without the inclusion
of new classes of anti-cancer medications

individualized specifically for the patient.
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