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Abstract

Objective: The purpose of this systematic review is to analyze the publis-
hed data on the efficacy and safety of doses higher than 180 mg/m? of
irinofecan recommended in the drug's summary of product characteristics
in metasfafic colorectal cancer patients with genotypes UGTIAT*1/*1 or
*1/*28 who are treated with the FOLFIRI regimen.

Method: A systematic review of the literature was carried ouf in Medline
and Embase searching for articles published up to December 2021. The
methods used were based on the recommendations of the Preferred Repor-
ting Ifems for Systematic Reviews and Meta-Analyses (PRISMA] statement.
The criteria for the inclusion of studies were previously defined based on the
two secondary goals addressed in this review: 1) To analyze the magnitude
of the differences in clinical responses and 2) To study the magnitude of the
differences in adverse effects of irinotecan at high doses, as compared fo
the doses described in the summary of product characteristics correspon-
ding to the FOLFIRI regimen in patients with metasfatic colorectal cancer
with genotypes UGTIAT*1/* 1 or *1/*28.

Results: The search yielded a total of 985 references, of which 13 were
selected for analysis. Seven evaluated both efficacy and safety and six
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Resumen

Obijetivo: El objefivo de la presente revision sistematica es analizar los
datos publicados sobre la eficacia y seguridad de las dosis superiores
a los 180 mg/m? de irinotecén recomendadas en la ficha técnica en
pacientes con céncer colorrectal metastdsico tratados con el esquema
FOLFIRI y con genotipo UGTIAT*1/*1y *1/*28.

Método: Se realizd una revision sistemdtica mediante una bisqueda
bibliografica en Medline y Embase de los articulos publicados hasta
diciembre de 2021. los métodos utilizados se basaron en los recomen-
dados segun Preferred Reporting ltems for Systematic Reviews and Meta-
Analyses [PRISMA). Los criterios para la inclusion de los estudios se defi-
nieron previamente en base a los dos objefivos secundarios que aborda
esta revision: 1) Analizar la magnitud de la diferencia de la respuesta
clinica y 2) estudiar la magnitud de la diferencia de los efectos adversos
a irinotecén a dosis altas, en comparacion con las dosis descritas en la
ficha técnica para el esquema FOLFIRI en pacientes con cancer colorrec-
tal mefastasico con el genotipo UGTIAT*1/*1 o *1/*28.

Resultados: la esfrategia de busqueda reporté un total de 98 refe-
rencias, de las que 13 fueron seleccionadas para el andlisis, 7 (53,8%)
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only safety. With regard to the studies that evaluated both efficacy and
safety, six out of seven (85.7%) were in favor of increasing irinotecan dose
according to the objective response rate and progression-free survival.
Two of them even recommended dose increases based on overall survival.
Irinotecan safety studies suggest that doses higher than 180 mg/m? are
tolerated by most UGTIAT*1/*1 and *1/*28 patients.

Conclusions: The present systematic review shows the advisability of
considering adjusting the dose of irinotecan when used as part of the
FOLFIRI regimen based on the polymorphisms of the UGTIAI gene as this
may increase the likelihood of an adequate clinical response.

Introduction

Irinotecan (CPT-11) is an antineoplastic agent used fo freat several
types of neoplasms such as gastric, pancreatic or colorectal cancer. It
is a semi-synthefic derivative of camptothecin, which exerts its anfi-tumor
effect through the inhibition of topoisomerase |, an indispensable enzyme to
cleave the double DNA sirand during the cell replication process'. Specifi-
cally, irinotecan is a prodrug capable of converting fo ifs active metabolite,
7-ethyl-10-hydroxy-camptothecin (SN-38), through the activity of liver car
boxylesterases. This metabolite, SN-38, is responsible for the antineoplastic
effect and toxicity of irinotecan. The latter has been reported to occur in a
dose-limiting form in up to one-third of patients, with life-threatening diarrthea
and neutropenia.

Elimination of SN-38 requires ifs conjugation through the activity of uri-
dine diphosphate glucuronyl transferase (UGT1A1), giving rise fo a new
inactive glucuronide metfabolite, SN-38G, excrefed through the kidneys or
the biliary tract. Thus, several studies have shown that a decrease in this
glucuronidation ability is correlated with increased foxicity of irinotecan??.
It has been shown that a decrease in irinotecan’s glucuronidation could
be due to the presence of a polymorphism in the promoter region of the
UGTIAT gene (TA indel, rs8175347), which consists in a variation in
the number of repeats of the TA dinucleotide and implies a decreased
activity of the UGT1AT enzyme.

In Caucasians, the most common form (wildtype allele] of this pro-
moter region is made up of six A(TAJ,TAA repeats, which corresponds to
normal activity levels of the enzyme. Nevertheless, the prevalence of the
mutated allele (UGTIAI*28), which consists in seven repeats [A(TA), TAA)
and confers a decreased enzyme activity, is estimated fo be from 30 to
40%*. Specifically, the incidence of the mutated homozygous genotype
(UGTIAT*28/*28) (Gilbert's syndrome] in the Spanish population is appro-
ximately 9%, whereas the heferozygous genotype (UGTIAI*1/* 28] is
approximately 51% and the wildtype genotype (UGTIAT*1/*1) 40%°.

Several pharmacogenetic studies have shown a correlation between the
presence of the UGTIA1*28 allele and the appearance of severe irinofe-
can-induced adverse events®'?. Drawing on this evidence, in 2005 the FDA
reported the clinical usefulness of genotyping the UGTIAT gene in patients
who are candidates fo receive irinotecan. However, the drug's summary of
product characteristics (SmPC) does not recommend specific doses of irino-
tecan for different anfineoplastic regimens according to the patients’ genetic
profiles®. Moreover, no mention is made of the possibility of using higher
than normal doses of irinotecan (180 mg/m?) as part of the FOLFIRI regimen
[5fluerouracil, folinic acid and irinotecan) in patients with the UGTIAT*1/*1
and *1/*28 genotypes'“!.

The purpose of the present systematic review is fo analyze the data
published on the effectiveness and safety of irinotecan at doses above the
180 mg/m? recommended in the drug’s SmPC in patients with metasfatic
colorectal cancer [mCRC] treated with the FOLFIRI regimen according o the
UGTIAI genotype.

Methods

Literature search

A systematic literature search was conducted for articles published until
December 2020 discussing the efficacy and safety of high irinotecan doses
in wild-type patients or heterozygous for the UGTIAT*28 allele. The data-
bases reviewed were Medline and Embase.

evaluando tanfo eficacia como seguridad y 6 (46,2%) Gnicamente segu-
ridad. En relacién con los esfudios que evaluaron eficacia y seguridad,
6 (85,7%) se mostraron favorables al aumento de dosis en términos de
tasa de respuesta obijetiva y supervivencia libre de progresion e, incluso,
en 2 de ellos en supervivencia global. Los estudios que evaluaron segu-
ridad apuntan a que dosis de irinotecén superiores a 180 mg/m? son
foleradas por la mayor parte de los pacientes UGTIAT*1/*1y *1/*28.

Conclusiones: La presente revision sistemdatica muestra la conveniencia
de valorar el ajuste de dosis de irinotecan dentro del esquema FOLFIRI en
funcién de los polimorfismos del gen UGTIAI, con un potencial aumento
de las probabilidades de una adecuada respuesta clinica.

The MeSH and Emiree terms used are summarized in table 1. The methods
used for the study were based on the recommendations of the PRISMA State-
ment (Preferred Reporting llems for Systematic Reviews and Meta-Analyses|'®,
applying both the checklist and the flow diagram.

Inclusion criteria

The inclusion criteria were defined in advance with consideration of the
two secondary goals of this review, specifically:

1. To analyze the magnitude of the differences between the clinical res-
ponse fo high doses of irinotecan and the response to the doses recom-
mended in the product’s SmPC for the FOLFIRI regimen in patients with
mCRC with the UGTIAT*1/*1 or *1/*28 genotype.

2. To study the magnitude of the differences between the adverse events
resulting from high doses of irinotecan and those arising from the doses
recommended in the product's SmPC in patients with mCRC with the
UGTIAT*1/*1 or *1/*28 genotype.

Studies inclusion was decided based on whether: (a) they were observa-
tional cohort studies or clinical trials; (b) patients with mCRC received higher
doses of irinotecan than those currently recommended in the drug’s SmPC;
(c] patients were genotyped to identify the presence of the UGTIAT*28
allele and patients with the UGTIAT *1/*1 genotype (wild-ype) were inclu-
ded; and (d.1) the association between the UGTIAT *1/*1 genotype, high
doses of irinotecan and the objective response rate (ORR) was mentioned
(patients were deemed fo be responsive when a full or partial response was
obfained), or [d.2) the association between the UGTIA] *1/*1 genotype,
high doses of irinotecan and safety was assessed. Studies not published in
English or Spanish were excluded. The inclusion and exclusion criteria are

detailed in table 2.

Article selection

The four authors evaluated independently the article absfracts to deter-
mine their eligibility in accordance with the inclusion/exclusion criteria out-
lined in table 2. All original peerreviewed articles published in English
that evaluated the efficacy and/or toxicity of high doses of irinofecan
(> 180 mg/m? according fo the UGTIAT genotype in adult patfients with
mCRC were considered for inclusion. Once the eligible abstracts were
selected, the full-text versions of all potentially eligible texts were retrieved,
and each of the four authors once again independently applied the inclu-
sion/exclusion criferia. Finally, the references included in the study were
accurately analyzed fo find potentially relevant articles not identified in the
initial systematic search. Articles were deemed to be worthy of inclusion
when at least three of the four authors agreed with the pre-established
criteria. The inter-class correlation (ICC) coefficient was calculated to deter-
mine the degree of concordance between the authors regarding article
selection.

Data extraction

The reviewers created, fested and improved a data extraction template.
The data extracted included: first author and year of publication; type of
study and level of evidence; participants and type of cancer; irinotecan
regimen and dosage; genotype and prevalence; clinical variables assessed
[ORR, overall survival (OS) and progressionfree survival (PFS]); results and
discussion (Tables 3 and 4).
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Database Search terms Limits Results
(Dose-Response Relationship, Drug[MeSH Terms]) OR (response-dos*[Title/Abstract]))
OR (dose-response([Title/Abstract])) OR (treatment-dos*[Title/Abstract])) OR
(Maximum Tolerated Dose[MeSH Terms])) OR (tolerated-dos* [Title/Abstract]))
OR (Antineoplastic Combined Chemotherapy Protocols[MeSH Terms]) AND Adult: 19+ years,
((Irinotecan[MeSH Terms]) OR (irinotecan(Title/Abstract])) OR (Topoisomerase | Adult: 19-44 years,
Inhibitors [Pharmacological Action]) AND Middle Aged +
(Genetic Variation[MeSH Terms]) OR (genotype-driven[Title/Abstract])) OR Aged: 45+ years,
Mesh Pubmed (Genotype[MeSH Terms])) OR (genotype*[Title/Abstract])) OR (Phenotype[MeSH Middle Aged: 82
terms Terms])) OR (Phenotype*[Title/Abstract])) OR (Polymorphism, Genetic[MeSH Terms])) 45-64 years,
OR (genetic-polymorphism(Title/Abstract])) OR (Pharmacogenetics[MeSH Terms])) OR  Aged: 65+ years,
(pharmacogenomics(Title/Abstract])) OR (pharmacogenetics(Title/Abstract]) AND 80 and over:
((Colorectal Neoplasms[MeSH Terms]) OR (colorectal-neoplasm*[Title/Abstract])) OR 80+ years, Young
(colorectal-cancer*[Title/Abstract]) AND Adult: 19-24 years.
(UGT1A1 enzyme [Supplementary Concept]) OR (ugt1al[Title/Abstract])) OR
(“glucuronosyltransferase 1A1”[Title/Abstract])) OR (Glucuronosyltransferase[MeSH
Terms])) OR (bilirubin glucuronoside glucuronosyltransferase [Supplementary Concept])
(‘dose response’/exp OR ‘maximum tolerated dose’/exp OR ‘antineoplastic agent’/m|
OR ‘treatment dos*":ab,kw,ti OR ‘dose response’:ab,kw,ti OR ‘tolerated dos*":ab, kw, i)
AND [embase]/lim AND ([adult]/lim OR
(‘irinotecan’/exp OR ‘dna topoisomerase inhibitor’/mj OR irinotecan:ab, kw,ti) AND [aged]/lim OR
Emtree Embase [embase]/lim AND [middle aged]/lim 16
terms (‘colorectal tumor’/exp OR ‘colorectal neoplasm’:ab,kw,ti OR ‘colorectal OR [very
cancer’:ab,kw,ti) AND [embase]/lim AND elderly]/lim OR
(‘ugtlal enzyme’/exp OR ‘glucuronosyliransferase’/exp OR ‘bilirubin glucuronoside  [young adulf]/lim)
glucuronosyliransferase’/exp OR ugtlal:ab,kw,ti OR ‘glucuronosyltransferase
Tal’:ab,kw,ti) AND [embase]/lim

The severity of adverse events was esfablished in accordance with the
Common Toxicity Criteria of the National Cancer Institute {now called
the Common Terminology Criteria for Adverse Events; CTCAE|, when they
were present {Table 4)%.

Level of evidence

The methodological quality of eligible studies was evaluated based on
discussions and consensus-building among all the authors of the study, with
special focus on the use of objective evaluation criteria and a representative
sample. The quality of the observational studies included was evaluated in
accordance with the recommendations of the Newcastle-Ottawa (NOS)
scale®®?. Eight items were selected for inclusion in the study, including
patient selection, comparability between groups, and exposure factors. Stu-
dies with NOS scores from 0 to 3, 4 to 6 and 6 to 9 were considered of
low, medium and high quality, respectively.

The methodological clinical trials quality was evaluated with Jadad,'s
scale, also known as Jadad's score or Oxford quality scoring system, a

Table 2. Inclusion and exclusion criteria

Observational cohort studies or clinical trials

Articles in English or Spanish

Adults 2 18 years
Patients with metastatic colorectal cancer
Patients treated with the FOLFIRI regimen

Patients where the allele *28 has been genotyped

Association between allele UGTTAT *1/*1, high doses of irinotecan
and obijective response rate or safety

procedure used to independently evaluate the methodological quality of a
clinical trial. The scale assigns a score which rates study as low quality if the
score < 3 points, and as rigorous in the case of randomized clinical trials
(RCTs), if the score is > 5 points?®.

Results

Study selection

The search strategy yielded a total of 595 references, of which 13 were
selected for the analysis of the effectiveness and safety of high doses of
irinofecan (>180 mg/m?) when used as part of the FOLFIRI regimen. Speci-
fically, 11 clinical trials and two observational studies were included. ICC
was 090 (95% ClI 0.84-0.94), for the total number of studies included;
1(95% CI 1) for studies dealing with effectiveness; and 0.83 (95% Cl
0.71-092] for studies dealing with safety.

Figure 1 shows the flow diagram (adapted from PRISMA) showing the
process followed to include the 13 studies, 6 of them evaluating toxicity and

Review studies, presentations at congresses, case reports,
letters to the editor

Articles in other languages
Patients < 18 years
Patients with other tumors

Patients treated with other regimes

Patients with other genotypes

Studies where this association is not reported
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First author

Type
and year of
publication of study
Efficacy and tolerance
;%e]zﬂ . iPnht:rs\?euﬁoncl
clinical trial
v efal Observational
201 419' refrospective
cohort study
) Phase Il
;S&Sﬁg ! interventional
clinical trial
;%e]ling fal rn}}Z:\?elr:tiono|
clinical trial
Boisdron- Phase Il
Celle etal. | interventional
20172 clinical trial

Participants

and fype
of cancer

First line
Colon
82 patients

First line
Colon
107 patients

First line
Colon
259 patients

First line
Colon
23 patients

Second line
85 patients
with
advanced
colorectal
cancer

Regimen, dose

and frequency Genotypes  Clinical variables
of irinotecan  and prevalence analyzed
administration
*1/*1:
37 (46.8%)
FOLFRI (13, 32.5%
Control group: experimental Primary endpoints:
standard dose group, 24, 61.5% - ORR
Experimental group: control group) -AE
*1/*1: *1/*28: Secondary
300 mg/m? 42 (53.2%) endpoints:
and *1/*28: (27,67.5% -PFSand OS
260 mg/m? experimental
group, 15, 38.5%
control group)
FOLFIRI +
bevacizumab
Two groups of
patients: Primary endpoints:
Genotyping and ~ Clinical
dose escalationvs 1/ response rafes
no genotyping or (77'20/) -PFSand OS
dose escalation %] /*28, K Secondary
Initial dose 13716 50/) endpoints:
*1/*1 and *28/*28'0 ~PFS and OS
*1/%28: o according
5(6.3%)
180 mg/m? to complete
*28/*28: response
120 mg/m? - AEs
Dose escalation
every three cycles
30 mg/m?
FOLFIRI + Primary endpoints:
bevacizumab - PFS
Control group: *1/%1:1 Secondary
standard dose 97 (76.6%) endpoints:
Experimental group: *1/*28: -ORR
increasing dose 57 (21.5%) -DCR
based on genotype: *28/*28: -0S
*1/*1:260mg/ 5 (1.9%) - AE
mZand *1/*28: - Metastasectomy
240 mg/m? ratio
High dose (HD)- *1/*1: Primary endpoints:
FOLFIRI + cetuximab 8 (34.6%) ~ Resectability
*1/*1and *1/%28: *1/*28: rate
260 mg/m? 13 (53.9%) Secondary
*28/*28: *28/*28: endpoinfs:
220 mg/m? 2(11.5%) - AEs
FOLFIRI + cetuximab
*1/*1:
210 mg/m?,
increasing 20%
at every cycle up fo
293 mg/m?
*1/%28: *1/41: Primary endpoints:
180 mg/m?, 44(51.8%) ~ORR
increasing *1/*28: Secondary
20% at every cycle 34 (40.0%) endpoints:
up fo *28/*28: - PFS
274 mg/m? 7 (8.2% ~ AEs
*28/*28:
126 mg/m?,
increasing
10% at every cycle
up to
153 mg/m?

ORR: 67.5% vs 43.6% (p = 0.001)
Severe foxicity: 22.5% vs 20.5%
PFS: 8.6 vs 8.2 p = 0.4¢)
08:26.0vs17.6 [0 =0.74)

Primary endpoints: Clinical response 69.4%
vs 46.4% p = 0.028

Secondary endpoints: PFS: 12.1 vs

9.4 months (p = 0.025), OS p < 0.001

PFS: 14 vs 10 (HR 0.539) (0.39-0.73),

p < 0.001

ORR: p < 0.001

DCR: p = 0.007

OS: 30 vs 22 (HR 0.693) (0.503-0.955),
p<0.025

AEs (grade 3/4): p = 0.520

21 out of 26 patients

The results obtained showed high fumor
response rates (82.6%) in patients receiving
the six cycles of treatment, as well as a high
rate of liver mefastasis resection (80.7%)

Mean tolerated dose:

*1/*1:224 SD 37 mg/m?

(range, 150-299 mg/m?)

*1/*28: 196 SD 36 mg/m?

(range, 137-274 mg/m?

The observed ORR was 25.8%. Thirty-seven
patients (43.5%) were able to undergo
secondary resection of their metastasis. ORR
in patients with the *28/*28 (*28/*28)
genotype was the same as that in the other two
groups of patients who received considerably
higher doses (p = 0.739)

Median PFS in the general population was
181 days [94;201]. No statistically significant
mean PFS differences were observed between
the three subgroups (200, 132 and 121 days
for patients with genotypes *1/*1, *1/*28
and *28/*28, respecfively) (p = 0.500)

No stafistically significant differences were
observed in terms of neutropenia and diarrhea
when comparing the results of the subgroups
according fo the presence of the UGTTAT
polymorphism

Patients with *1/*1 and
*1/*28 genotypes may
receive irinotecan doses
of > 180 mg/m? as part
of a FOLFIRI regimen and
obtain better ORRs without
significantly increases

of foxicity. No significant
differences were observed
in PFS or OS, probably
due fo the small size

of the sample.

Escalating the irinotecan
dose allows better response
rates and an increase

in PFS.

Patients with better response
rates showed an increase

in both PFS and OS.

Regardless of the status of
the KRAS gene, UGT1AT
gene genolyping allows
patients fo folerate higher
doses of irinotecan and
potentially achieve a more
favorable clinical results
without significantly higher
foxicity levels.

Genolype-guided dose
escalation resulted in befter
response rates, with ensuing
higher resectability rates

in the HD patients group,
without @ noticeable effect
on toxicity.

No stafistically significant
differences were observed
regarding efficacy and
tolerance in any of the

three patient groups. The
incidence of AE was 33.3%,
which is in line with that
reported by other authors.
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Tabla 3 (cont). Characteristics of the studies included with respect to the efficacy of high doses irinotecan

First author Participants Regimen, dose

Type and frequency Genotypes  Clinical variables N
uﬁgﬁfﬁ o‘:‘f of study gfnngg; of irinotecan  and prevalence analyzed sl Discussion
T QUMSTGHON | e

Efficacy and tolerance
FOLFIRI +
bevacizumab
Two groups of
patients: *1/*1;
*1/*28 and
*28/*28 a0 e Irinotecan dose escalation in
Genotyping and Primary endpoints: *;g/lzagd rol/ gL gavs unmutated genotypes makes
dose escalation vs.  *1/*1 and — Response rates gowp - . o it possible fo administer
Observational  First line no genofypingor  *1/*28: e SRS AR AN e e
L etal. ‘ genolyping o DCR: 93.8% vs 40.0% p < 0.00] g
7 refrospective  Colon escalation 64 (92.86%) Secondary o . better response rafes and
2015 bort studd 70 pafient Inifial d *08/%28: dooirs, Escalated doses of irinotecan were: frecti irol of
cohort study potients  Inifial dose 28: endpoints: *1/*1: 260 mg/m? more effective control o
1/*1and 6 (7.14%) -PFS *1/+28: 240 mg/m? the disease. It also leads to
*1/%28: - AEs *28/%28: 180 g e a significantly higher PFS,
180 mg/m? ‘ 9 without increasing AE.
28/*28:
120 mg/m?
Dose escalation
every three cycles
30 mg/m?
Primary endpoints:
- Complete The HDFOLFRI regimen
First e mefastasis Complete metastasis removal was achieved g
irst line 1/*1: ) " ° was well tolerated, with
U bl 2(11.1% removal in 33.3% of the patients. only 5 pafients developin
Hebbar Phase |l mn;es::cﬁo °  FOLFRI “ /*28? Secondary ORR was 44%. ?aﬁe :,F: tolfirlis T}/:; OF;' 9
etal. interventional TGSO' (I: Irinofecan dose: 16 (88 97) endpoints: PFS: 15.3 months ?h hiah rdf)’- I
(20132 clinical trial colorecia 260 mg/m? 08 /*.28-0 -~ Radiofrequency ~ OS: 33.7 months ese |gﬁe ; 0ses a OWIS i
caneer. o rate, surgical ~ Safety: no instances of grade 4 foxicity or d more ETIective removal o
18 patients 0.0% ! mefastases and an increase
resection rate,  death were recorded in OS
ORR, PFS, OS e
and safety
The ORR of the patients
(around 53-59%) did
not appear fo be higher
than that observed for the
FOLFIRI regimen by other
authors (47-49%).
As regards foxicity,
the study had to be
7 /7. L k] . 9 discontinued as one of the
Manfredi Phase Il First line FOLF'R' * 1/1: o Primary endpoints: ORR in the *]/*’ group: ,]8 (45.04)0 discontinuation criteria
etal inferventional  Colon bevocizumab 40 (46.5%) -ORR ORR in the *1,/*28 group: 126 (56.5%| (> 3 severe foxicity events)
2015% linical frial 54 pafient Irinotecan dose: *1/*28: AF AEsinthe *1/*1 group: 11 (27.5%) vas fulfilled. D 'Yt
clinicatira patien’s 260 mg/m? 46(53.4) —AR AEs in the *1,/*28 group: 8 (17.4%) was uitiled. Jespiie
these events, which
occurred at the outset,
foxicity was successfully
address by reducing the
dose administered. After
this, most patients kept
receiving their freatment
with acceptable tolerability
levels.
L
*1/%]: Irinotecan dose escalation
Phase | First line FOLFIRL with 31 (73.07%) For unmutated *28 and *6 alleles: ?S Fi)r:”nOF iz Fol:-f"?r ted
Kim et al. 'nt::eent'onql Patients with 'ncreas'lnw doses *1/*28: Primary endpoints: 330 mg/m? beg q?erma\fvm ew;: :OT
2 Ic|inig/0| trlial e Iof irinotlecgan Vi Lol For heterozygofes: up fo 300 mg/m? m{nzteld homozygotes or
43 patients *28/*28: For mutated homozygotes: 150 mg/m? double h 9 ;
1(3.84%) ouble heterozygotes for
*28 and *6.
*1/%1: The results of the study
Phase | First line Finotecan with 37 (74.19%) For unmutated *28 and *6 alleles: indicate that dose escalation
Kim et al. 'nt::eenfonol Patients with . oe:igb'\lze *1/*28: Primary endpoints: 380 mg/m? is safe is patients who are
2013 Iclini!ol trlicl CRC DoFs)e elscallati;)n 12 (22.58%) - MTD For heterozygotes: up fo 380 mg/m? not mutated homozygotes
50 patients *28/*28: For mutated homozygotes: 240 mg/m? or double heterozygotes for
1'(3.22% *28 and *6.




Farmacia Hospitalaria 2022

| Vol. 46 I N° 41224 - 233 | 229

Efficacy and safety of high doses of irinotecan in patients with metastatic colorectal cancer treated
with the FOLFIRI regimen based on the UGTTAT genotype: A systematic review

Parficipants Regimen, dose

First author

Type and frequency Genotypes  Clinical variables . .
uﬁgﬁfﬁ O%f of study gfnngg; of irinotecan  and prevalence analyzed Results e
P administration

Tolerance
The MTD of irinotecan,
Toffoli G Phase | First line EOLHRI * b 2 5’/( 5;:00/) Threshold for dose  The escalated irinotecan doses were: Esed as pctrfbof FOLZIRl:;] 0
etal. inferventional ~ Colon Oer:ll(;cggfll:g:ts %] /*28' K escalation with *1/*1: 310 mg/m? mzvﬁrzng;:TJé%?zl e*] /41
14 el i ; : *1 /%0g. 2
2017 clinical frial 48 patients /4T or 17428 23 (47.9% grade 3/4 AEs 1/*28: 260 mg/m o< et i) 260
for *1/*28 patients.
The recommended
irinotecan dose of
180 mg/m? as part of
the FOLFIRI regimen is
FOLFIRI *1/*1: substantially lower than
Toffoli G Phase | First line E)?I/YJ]"’"GT; /428 :’3*21/(?’285 7 Threshold for dose  The escalated irinotecan doses were: :hf d?sz 'h(: can ?e "
etal. intervenfional ~ Colon Inifi] dgsre of 2238 00/) escalation with *1/*1: 370 mg/m? viiﬁ:c;hz lYG;?Ap?*ISE;*QS
n .. . . B 0 * * . 2
2010 clinical frial 59 patients irinofecan +28/%08: grade 3/4 AEs 1/*28: 310 mg/m genolype are excluded.
215 mg/m? 51(6.5%) Prospective genotype-based
studies should fest the
efficacy of higher irinotecan
doses as part of a FOLFIRI
regimen.
The recommended
2]/ irinotecan dose of 180
A 42 (45%) Maximum tolerated dose: mg/m? in the FOLFIRI
Marcuello !’hase il Firs e O *1/*28: Primary endpoints: ~ *1/*1: 390 mg/m? regimen is considerably
etal. inferventional ~ Colon Dose escalation 5 =N 2
201110 clinical trial 94 patients  of irinotecan 38 [d0%) ~MID 1,/28: 340 mg/m lower than the folerable
p *28/*28: *28/*28: 130 mg/m? doses when pafients with
£(15% the UGTTAT*28/*28
genotype are excluded.

AE: adverse event; CRC: colorectal cancer; DCR: disease control rafio; HD: high dose; HR: hazard rafio; MTD: maximum tolerated dose; ORR: objective response rate;
OS: overall survival; PFS: progression-ree survival.

quality level (Table 5). The evaluation of the quality of clinical trials, con-
ducted using Jadad's scale, revealed that the phase HI and IV clinical frials
included in the present review, which analyzed the effectiveness and/or
safety of high doses of irinotecan, were of low quality as all 11 (100%) clini-
cal trials obtained a score < 3 points, which means that none was assigned
a score > 5 points (Table 6).

7 evaluating both effectiveness and toxicity, in patients treated for mCRC
with high doses of irinofecan.

Table 3 shows the descriptive characteristics of the reviewed studies,
including the type of study, participants, regimen, dose and rate of irinote-
can administration, genotypes and prevalence, clinical variables evaluated,
results and discussion.

Participants

A total of 992 patients treated with irinotecan with a FOLFIRI regimen for
mCRC were included. In all cases, irinotecan was administered as first-line
treatment (12, 92.3%) except for one study where it was administered as

Results of the studies evaluating the efficacy
and safety of irinotecan at doses above
180 mg/m?

second-line treatment (1, 7.7%).

Level of evidence of the studies

The assessment of the quality of the observational studies was carried
out using the NOS scale, with all observational studies exhibiting a high-

As for the studies evaluating the effectiveness and safety outcomes
resulting from the use of high doses of irinotecan in patients not carrying
the UGTIA1*28 dllele, six out of the seven studies were in favor of a
dose increase (Table 3). Péez D ef al'®, who were among those in favor,
randomized patients into a group receiving a high dose FOLFIRI regimen

Tabla 4. National Cancer Institute Common Terminology Criteria for adverse events?

Toxicity grade Criteria

1 Grade 1. Mild; asymptomatic or mild symptoms; clinical or diagnostic observations only; intervention not indicated.

9 Grade 2. Moderate; minimal, local or noninvasive intervention indicated; limiting age appropriate instrumental activities of daily
living.

3 Grade 3. Severe or medically significant but not immediately life-threatening; hospitalization or prolongation of hospitalization
indicated; disabling; limiting selfcare activities of daily living.

4 Grade 4. Lifethreatening consequences; urgent intervention indicated.

5 Grade 5. Death related to AE.

AE: adverse event.
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Figure 1. Flow diagram of the articles included and excluded at each stage.

ug Number of abstracts identified Number of abstracts identified
& on Pubmed on Embase
£ (n = 82) (n=16)
c
.% v
3 Number of abstracts included
(n=37)
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v * Not related with high doses
Selected articles of irinofecan (n = 13)
(n=13) * Use of a regimen different
47 from FOLFRI (n = 6)
2
= e Reviews (n = 4)
v ® Include dose adjustments
Full-length articles selected for eligibility taking into consideration
(n=13) thymidylate synthase (n = 1)
-§ Final article selection
2
e (n=13)

[HD-FOLFIRI) [experimental arm) and a group receiving FOLFIRI at the stan-
dard dose (control group). The patients in the experimental arm received
300 mg/m? if they were wild-type and 260 mg/m? if they harbored the
UGTIAT *1/*28 genotype, as compared with 180 mg/m? in the control
group. The patients’ response was measured in terms of ORR according fo
RECIST 1.1, PFS and OS criteria. Higher ORRs were obtained in patients
on higher doses of irinotecan (67.5% vs 43.6%; p = 0.001), without a sig-
nificant increase in associated toxicity (severe toxicity: 22.5% vs 20.5%),
and without higher levels of PFS or OS.

A study by Lu et al. %, was mainly aimed at evaluating clinical res-
ponse rate (CRR), PFS and OS, with statistically significant differences
being found across all variables (Table 3). Patients were classified into
two groups: one with and the other without dose escalation. In the first
group, patients with UGTIAT*1/*1 or *1/*28 genotypes received an
initial dose of 180 mg/m? of irinotecan and patients with an homozygous
genotype for the allele *28 received an initial dose of 120 mg/m?. In the
dose escalation group, the irinotecan dose was increased by 30 mg/m?

every three cycles. The authors found that the clinical response was higher
is patients with dose escalation (69.4 vs 46.4%; p = 0.028], without any
statistically significant difference with respect to grade 3/4 adverse events
between the two groups (p = 0.189).

These results are in line with those reported by Tsai ef al.”, who studied
foxicity as well as effectiveness (in terms of ORR) of different irinotecan doses
in patients treated with a FOLFIRI-bevacizumab regimen as firstline therapy.
An experimental and a control group were established. The experimental
group was freated with increasing doses of irinotecan depending on the
nature of their genotype (wild types received 260 mg,/m? while heterozygo-
tes received 240 mg/m?). The primary endpoint was evaluation of the PFS,
while the secondary endpoints were measurement of the ORR, the disease
control ratio (DCR) and OS. The results obtained were as follows: PFS:
14 vs 10 months [HR 0.539 [0.39-0.730], p < 0.001); ORR p < 0.001,
DCR: p = 0.007, and OS: 30 vs 22 months (HR 0.693 [0.503-0.955],
p < 0.025). The authors concluded that, in patients with mCRC, regardless
of their KRAS status, UGTIAI genotyping may increase the tolerability of

Table 5. Evaluation of the methodological quality of observational studies using the Newcastle-Ottawa (NOS) scale??

Study Selection (S) 1 s2 s3 s4 c°’“§’8‘1“°""y M"i“(g{i“"'e 02
Lu et al. _ . . B ,x B
2015 -
Lu et al. " & * * _ * _
2014
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Table 6. Evaluation of the methodological quality of clinical trials using Jadad’s scale?®

Study Question (P)1 P2 P3 P4 P5 P6 P7 Total
25812 gr al. 1 1 0 0 0 NA 1 3
;%e]zqef al. 1 1 0 0 0 NA 1 3
I;A(?]ngredi etal. 0 0 NA 0 0 NA 1 1
g.on} 5er al. 0 0 NA 0 0 NA 0 Y
glorr; gr al. 0 0 NA 0 0 NA 0 0
12'%{'Flo5|i Getal. 0 0 NA 0 0 NA 0 0
'I;(;g)(l)i G etal. 0 0 NA 0 0 NA 0 0
I%Ag]rc]uello etal. 0 0 NA 0 0 NA 0 0
ggk])gqr etal. 0 0 NA 0 0 NA 1 1
;}(1)elli§ etal. 0 0 NA 0 0 NA 1 1
ggii«;ron-Celle etal. 0 0 NA 0 0 NA 0 0

NA: does nof apply.

higher doses of irinotecan, allowing favorable clinical results without signifi-
cant increases in toxicity.

Another study to conduct a joint evaluation of increasing the irinofecan
dose according to the patients” UGTIAT genotype and the safety profile
was conducted by Phelip ef al?°. This study included patients without pre-
vious freatment who presented with potentially resectable liver metastases,
treated with six cycles of HD-FOLFIRI+cetuximab. Heterozygous patients
(*1/*28) and those with a wild-type genotype (*1/*1) received a dose
of irinotecan of 260 mg/m?, while patients with a mutated homozygous
genotype (*28/*28) received 220 mg/m?. The primary endpoints were
the resectability rate and the safety of the regimen administered. The results
showed that high rates of tumor response (82.6% in patients receiving the six
cycles) and of liver metastasis resection (80./%) could be achieved, without
infolerable levels of toxicity.

Boisdron-Celle ef al?' performed an evaluation of the efficacy and
safety of the FOLFIRI-cetuximab regimen with high doses of irinotecan
[*1/*1: 210 mg/m?, with a 20% increase at each cycle up to a maximum
of 293 mg/m?; *1/*28: 180 mg/m?, with a 20%/increase at each cycle
up fo 274 mg/m? and *28/*28: 126 mg/m?, with a 10% increase at
each cycle up to a maximum of 153 mg/m?, without a control group. The
primary endpoint of this study was ORR, with 25.8% of patients exhibiting a
response, which allowed 43.5% of them to undergo a secondary resection
of the metastasis. This dose escalation pattern did not result in significant
ORR or PFS differences in the three groups analyzed, despite using a widely
different irinotecan dose. Nor were there any differences observed with
respect fo safety.

The study carried out by Lu et al?2, which included patients with mCRC
on firstline treatment with the FOLFIRI-bevacizumab regimen, stratified
patients into two groups [group 1: *1/*1, *1/*28; and group 2: *28/*28).
In the first group, patients with a wild-type or heterozygous genotype were
started on a 180 mg/m? dose of irinotecan, with dose escalation imple-
mented every three cycles (with increases of 30 mg/m? up to a maximum
of 260 mg/m? for wild-type genotypes and 240 mg/m? for heterozygous
genotypes). In group 2, patients were sfarted on 120 mg,/m? of irinotecan
[maximum dose following a 210 mg/m? escalation). The primary endpoint
was ORR and the DCR, as well as PFS, with a comparison being made
between the wild-type/heterozygous genotype group (group 1) and the
mutated homozygous genotype group [group 2). The following results were
observed: ORR: 769% vs 20.0%, p < 0.001; DCR: 93.8% vs 40.0%,
p < 0.001. No increase in adverse events was observed.

Hebbar ef al?* analyzed whether a combining chemotherapy strategy
with FOLFIRI af high doses in UGTIAT *1/*1 or *1/*28 genotype patients,
together with radiofrequency ablation and surgery, could increase the clea-
rance of liver metastases and survival rates in patients with mCRC. Based on
their observation of complete clearance of mefastasis in 33.3% of patients
without any cases of grade 4 toxicity or death, as well as of an increase
in OS, the authors concluded that FOLFIRI at high doses may represent an
alternative for pafients not amenable to targeted therapy, although the study
had fo be discontinued because of the small size of the sample.

Finally, and in contrast with other reports, Manfredi et al?* used high
doses of irinofecan {260 mg/m?) in heterozygous patients with a wild-type
genotype (*1/*1 and *1/%28), and observed an ORR of 45.0% in the
*1/*1 group and of 56.5% in the *1/*28 group, which was similar to
the ORR observed in other studies without dose escalation. With regard
fo toxicity, the authors established the following criteria fo discontinue the
study: 1) > 7 patients with an objective response (OR); and 2) > 3 patients
with severe foxicity. As during the preliminary studies, 26 patients in group 1
(UGTIAT*1) developed grade 4 neufropenia, 6 patients (4 in the *1/*1
group and 2 in the *1/*28 group) presented with grade 4 diarrhea, and
2 patients in the *1/*1 group exhibited febrile neutropenia, a decision was
made to discontinue the study, even that a reduction of the dose resulted in
an accepiable safety profile.

Results of studies evaluating the safety
of irinotecan at doses above 180 mg/m?

Several studies evaluated the maximum tolerated dose (MTD) of irinote-
can when administered as part of the FOLFIRI regimen as a function of the
patients’ UGTTAT genotype. One of the first studies was carried out in 2010
by Toffoli et al'" who reported that *1/*1 patients were able fo tolerate a
MTD of 370 mg/m? and *1/*28 patients could tolerate 310 mg/m?. These
results were subsequently corroborated by Marcuello et al.'®, who found a
MTD of 390 mg/m? and 340 mg/m? respectively. A more recent study,
by Kim ef al’?, published in 2015, reported MTDs of 330 mg/m? and
300 mg/m?, respectively. In a study published in 2017, Toffoli et al'* esta-
blished the MTD for irinotecan in patients with mCRC treafed with firstline
FOLFIRI-bevacizumab. MTD was 310 mg/m? and 260 mg/m? for patients
with the UGTIAT*1/*1 and *1/*28 genotypes, respectively. Another study,
authored by Kim ef al'®, evaluated the MTD in patients treated with the
XELIRI (capecitabine-irinotecan) regimen and found a MTD of 380 mg,/m? in
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patients with a wild-type or heferozygous genotype, and of 240 mg,/m? for
those with mutated homozygous genotypes. Finally, Kim ef al'? observed
that the MTD of irinofecan when used as part of the FOLFIRI regimen in
patients with an unmutated genotype was 330 mg,/m?, for those with hefe-
rozygous genotypes of up fo 300 mg/m?, and for those with homozygous
genotypes of 150 mg/m?.

Discussion

The antineoplastic activity of irinotecan, as well as ifs toxicity, depend on
the activity of its metabolite SN-38 and, specifically, on its plasma concen-
fration. SN-38 concentrations depend not only on the irinotecan dose admi-
nistered, but also on its metabolism and clearance rate??. Thus, variants that
reduce the transcription of the UGTIAT gene, such as the allele *28, result
in a slower clearance of SN-38 and, therefore, in higher toxicity levels.
This means that depending on the genotype of the UGTIAI gene, patients
can be divided info two groups: those with adequate clearance of irino-
tecan (*1/*1 and *1/*28) and those with reduced irinotecan clearance
(*28/*28). Nevertheless, this differentiation was not taken into considera-
tion by the clinical trials evaluating the effectiveness of the FOLFIRI regimen
in patients with mCRC'. Selecting patients as a function of the genotype
they presented is likely to have allowed the use of higher doses in unmutated
patients, with a potentially better clinical response.

Contrary to what occurs with mutations of the DPYD gene, which sup-
press the activity of the gene’s protein and whose dllele frequency is low, the
allele frequency of *28 is approximately 30%*, which means that around
10% of the general population carries the mutation in an homozygous form
[patients with Gilbert’s syndrome). This is one of the reasons why the first cli-
nical trials (phase 1 trials) that analyzed the safety profile of irinotecan were
not able to document doses above 180 mg/m?. However, several post
authorization studies have analyzed the effectiveness and safety of high
doses of irinotecan (> 180 mg,/m?) administered as part of the FOLFIRI regi-
men in patients with mCRC as a function of the patients’ UGTIA] genotype.
Results indicate that doses above 180 mg/m? are tolerated by non-homo-
zygous patients (*28/*28) mutated for the UGTIAT gene, and that these
patients are not only able to folerate higher doses but also attain higher
efficacy levels when administered these higher doses, in ferms of ORR'®!1921,
PFSI71°23 and, in some cases, OS'°2%. Only one of the studies included in
the present review did not show differences when higher doses of irinotecan
were used in patients without a mutation in the UGTIAT gene®.

Despite their heferogeneous design, the analyzed studies make it pos-
sible to esfablish that, in general terms, increasing the irinotecan dose fo
a maximum of 260 mg/m? (in patients with a wild4ype or heterozygous
genotype of the UGTIAI gene) results in a higher ORR'®1%2' more effec-
tive control of the disease'”?, resectability of liver metastases %%, and an
increase of PFS7192% and even OS2,

In addition, this increased efficacy is not overshadowed by hig-
her toxicity levels. The MTD of irinotecan administered as part of the
FOLFIRI regimen depends on the UGTIA] genotype present. Patients

Bibliography

1. Fuchs CS, Moore MR, Harker G, Villa L, Rinaldi D, Hecht JR. Phase Il comparison
of two irinotecan dosing regimens in second-ine therapy of metastatic colorectal
cancer. | Clin Oncol. 2003;21(5):807-14.

2. Gupfa E, lestingi TM, Mick R, Ramirez J, Vokes EE, Ratain M. Metabolic fate of
irfinofecan in humans: correlation of glucuronidation with diarthea. Cancer Res.

1994;54(14):3723-5.
3. Wasserman E, Myara A, Llokiec F, Goldwasser F, Trivin F, Mahjoubi M, ef al.
Severe CPT-11 toxicity in patients with Gilbert's syndrome: two case reports. Ann

Oncol. 1997:8(10):1049-51.

4. Bosma PJ, Chowdhury JR, Bakker C, Gantla S, De Boer A, Qosfra BA, et al. The
genetic basis of the reduced expression of bilirubin UDP-glucuronosyltransferase 1
in Gilbert's syndrome. N Engl ] Med. 1995;333(18):1171-5.

5. Fernéndez Salazar JM, Remacha Sevilla A, Del Rio Conde E, Baiget Bastis M.

Distribution of the A(TA)ZTAA genotype associated with Gilbert syndrome in the
Spanish population. Med Clin. 2000;115(14):540-1.

with the *1/*1 and *1/*28 alleles are able to tolerate doses of up to
310-390 mg,/m? 10121415.2¢,

Everything seems fo indicate that patients without a homozygous muta-
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ble. In the fourth place, most clinical frials were assigned as score < 3 on
Jadad's scale, which corroborates the lack of well-designed studies to pro-
vide more conclusive results and points ouf the need of conducting further
research in this area. In the fifth place, our results must be interpreted with
caution due fo the publication bias associated with the possible underre-
porting of negative results. Finally, the fact that there was no comparator
group, in which patients did not receive high doses of irinotecan, in some
of the studies, and that one study could not be completed as it met one of
the two discontinuation criteria defined before the start of the study is also
an important limitation. However, the authors themselves declared that such
overly strict criferia were not adapted to clinical practice.

Taking into consideration the limitations above-mentioned, the conclu-
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