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RESUMO

O cancer € uma doenga cronica de incidéncia crescente em todo o mundo, particularmente em
paises de baixa e média renda, com mais de 20 milhdes de novos casos de cancer esperados
para 2025. O quimioterapico irinotecano (IRI) é amplamente utilizado, sendo um importante
componente dos regimes combinados de quimioterapia FOLFIRI e FOLFIRINOX, que s@o
utilizados como tratamento de primeira linha contra o cancer colorretal e cancer de pancreas
avancado. Apesar da sua utilidade clinica, o uso do IRI estd associado a toxicidades
hematopoiéticas e gastrointestinais potencialmente graves, que podem ocasionar a interrup¢ao
do tratamento e comprometer sua eficacia além de uma significativa variabilidade na resposta
terapéutica e na ocorréncia de toxicidade. Estas diferencas interindividuais estdo associadas a
sua farmacocinética varidvel. Uma parte significativa da atividade do IRI € devida ao seu
metabodlito ativo SN-38, que € 100 a 1000 vezes mais citotoxico do que IRI, sendo
metabolizado ao seu glicuronideo inativo SN-38G. A disponibilidade de metodologias
sensiveis para quantificar IRI e metabolitos, aliadas a técnicas de amostragem de fécil
execu¢do e minimamente invasivas, pode permitir o estabelecimento de relagdes entre
exposicdo ao IRI e metabolitos e respostas clinicas, resultando no uso de doses
individualizadas de IRI. O presente trabalho disponibiliza metodologias bioanaliticas que
podem ser utilizadas no monitoramento terapéutico do IRI. Foi desenvolvido e validado um
método para determinagdo de IRI, SN-38 e SN-38G em amostras de plasma e um método para
IRI e SN-38 em amostras de manchas de sangue seco em papel (dried blood spots, DBS).
Ambos métodos empregaram cromatografia liquida de alta eficiéncia associada ao detector de
fluorescéncia (CLAE-FL) e apresentaram desempenhos aceitdveis para a implementagdo em
laboratdrios clinicos. Os métodos foram aplicados as amostras de plasma e DBS obtidas de 19
voluntarios que receberam IRI em regimes de quimioterapia combinados ou como unico
agente, coletados 1 e 24 horas apds o inicio da infusdo. Com a quantificacdo dessas duas
coletas foi possivel calcular a area sob a curva (ASC) do IRI, de acordo com uma estratégia
de amostragem limitada e modelo farmacocinético populacional. Os ensaios desenvolvidos e
validados neste estudo podem ser utilizados para a avaliacao da exposicado individual ao IRI e
seus metabolitos em condicdes clinicas, a fim de avaliar a exposi¢dao individual a este
farmaco.

Palavras-chave: Irinotecano; SN-38; DBS; CLAE-FL; monitoramento terapéutico de

farmacos.



ABSTRACT

Cancer is a chronic disease of increasing worldwide incidence, particularly in low- and
middle-income countries, with more than 20 million new cases of cancer expected by 2025.
The chemotherapeutic drug irinotecan (IRI) is widely used as an important component of the
combined chemotherapy regimens FOLFIRI and FOLFIRINOX, which are used as first-line
treatment against colorectal cancer and advanced pancreatic cancer. Despite its clinical utility,
the use of IRI is associated with potentially serious hematopoietic and gastrointestinal
toxicities, which can lead to discontinuation of treatment and compromise its efficacy.
Moreover, there is a significant variability in therapeutic responses and the occurrence of
toxicity among patients. These interindividual differences are associated to the variable
pharmacokinetics. A significant part of IRI activity is due to its active metabolite SN-38,
which is 100 to 1000 times more cytotoxic than IRI. The metabolite SN-38 is metabolized to
its inactive glucuronide SN-38G. The availability of sensitive methodologies to quantify IRI
and metabolites, coupled with easy to perform and minimally invasive sampling techniques,
may allow the establishment of relationships between exposure to IRI and metabolites and
clinical responses, resulting in the use of individualized doses of IRI. The present work
presents bioanalytical methodologies that may allow the therapeutic monitoring of IRI. A
method for determining IRI, SN-38 and SN-38G in plasma samples and a method for
measuring IRI and SN-38 concentrations in dried blood spots (DBS) samples were developed
and validated. Both methods employed high performance liquid chromatography associated
with the fluorescence detector (HPLC-FL) and presented acceptable performances for the
implementation in clinical laboratories. The methods were applied to plasma and DBS
samples obtained from 19 volunteers who received IRI in combined chemotherapy regimens
or as single agent, collected 1 and 24 hours after start of infusion. With the quantification of
these two collections it was possible to calculate the area under the curve (AUC) of IRI,
according to a limited sampling strategy and population pharmacokinetic model. The assays
developed and validated in this study can be used to assess the individual exposure to IRI and

its metabolites under clinical conditions in order to assess individual exposure to this drug.

Keywords: Irinotecan; SN-38; DBS; HPLC-FL; therapeutic drug monitoring.
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1. INTRODUCAO GERAL

O cancer € uma doenca de incidéncia crescente em todo o mundo. Segundo
estimativas da Organizacdo Mundial da Saide (OMS) de 2012, o cancer ja provoca mais
mortes do que todas as doengas cardiovasculares (FERLAY et al., 2015).

A quimioterapia € um dos fundamentos do tratamento do cancer. Dentre os diversos
farmacos disponiveis, o irinotecano (IRI) € um importante componente dos regimes
combinados de quimioterapia FOLFIRI (4cido folinico, 5-fluorouracil e irinotecano) e
FOLFIRINOX (4cido folinico, 5-fluorouracil, irinotecano e oxaliplatina), que sdo utilizados
como tratamento de primeira linha contra o cancer colorretal (TOURNIGAND et al., 2004) e
cancer de pancreas avangado (CONROY et al., 2013).

A pratica atual € selecionar as doses de IRI com base na area de superficie corporal do
paciente (DE JONG et al., 2004). Entretanto, esta estratégia ndo reduz a conhecida
variabilidade interindividual na exposi¢do ao IRI, o que torna essa estratégia de dosagem de
pouca utilidade para este quimioterdapico, tal como para muitos outros medicamentos contra o
cancer (INNOCENTTI et al., 2014). Esta pratica pode resultar em subdosagem em alguns
pacientes, assim como exposi¢oes excessivas e toxicidade severa em outros (VAN DE BOL et
al., 2010).

IRI € um pré-farmaco convertido no seu metabélito ativo SN-38 através da acdo das
carboxilesterases hepaticas, principalmente. O SN-38 € 100 a 1.000 vezes mais potente que o
IRI (Figura 1). A atividade antineoplésica do IRI € atribuida ao efeito inibitdrio do SN-38
sobre a DNA topoisomerase I, que desempenha um papel importante na replicacdo e
transcricdio do DNA (MATHIJSSEN et al., 2001; BASU et al, 2016). O SN-38 ¢
metabolizado pela uridina difosfato glicuroniltransferase (UGT), especialmente UGT1Al,
para formar o glicuronideo inativo SN-38G (POUJOL et al., 2006). O IRI também ¢&
metabolizado pela CYP3A4 em vdrios metabdlitos inativos, incluindo a APC (VAN
SCHAIK, 2004), sendo também biotransformado em menor extensdao pela CYP3AS
(SANTOS et al., 2000). Variagdes na atividade destas enzimas estdo relacionadas a diferencas
na exposi¢do sistémica ao metabdlito ativo SN-38 (KEHRER et al., 2002; MATHIJSSEN et
al., 2002). O SN-38 é o principal responsdvel pela resposta antitumoral, e também pelas
toxicidades dose-limitantes, neutropenia e diarreia (CANAL et al., 1996; INNOCENTTI et al.,
2014).
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Como a maioria dos farmacos oncoldgicos, IRI tem uma janela terapéutica estreita
(VAN DER BOL et al., 2010). Portanto, uma limitacdo importante associada ao seu uso € a
ampla variabilidade interindividual na tolerabilidade com ocorréncia de toxicidade grave,
especialmente neutropenia, e na eficicia, em parte devido ao metabolismo complexo deste
farmaco (MEYERHARDT & MAYER, 2005). Esta variabilidade estd relacionada
parcialmente a diferencas farmacocinéticas e farmacogenéticas interindividuais,
especialmente na glicuronidacdo do metabdlito ativo através da acdo da UGT. Como
consequéncia, sdo observadas grandes diferencas na exposi¢dao ao farmaco e metabdlito ativo
quando avaliadas através da area sob a curva (ASC) (DI PAOLO et al., 2011; INNOCENTI et
al., 2014).



Recentemente foram propostos marcadores enddgenos para caracterizar a atividade
das enzimas CYP3A4/5. A proporcdo entre as concentragdes séricas de colesterol e seu
metabolito 4B-hidroxicolesterol (4B-HC), formado pela CYP3A4/5, foi sugerida como um
marcador para a atividade da enzima (BJORKHEM-BERGMAN et al., 2013).

O risco de neutropenia grave associada ao tratamento com IRI estd relacionado,
também, com a presenca do alelo UGTIAI*28, uma variante que reduz a eliminagdo de SN-
38, o metabolito ativo do IRI (TOFFOLI et al., 2010; INNOCENTT et al., 2014). A presenca
do alelo UGTIAI*28 € um biomarcador da neutropenia mencionado na bula do IRI. As
concentracdes séricas de bilirrubina tém sido utilizadas como indicativo da atividade de
glicuronidac¢do no figado (DI PAOLO et al., 2011) uma vez que seus niveis estdo mais
elevados nos pacientes homozigotos para o alelo UGTIAI*28 em comparagdo com
homozigotos e heterozigotos para o alelo selvagem (ROUITS et al., 2008). O uso da razdo de
concentracdo [SN-38G]/[SN-38], denominada razdo de glicuronidacdao (RG) do SN-38, foi
descrita como um indice farmacocinético ttil para identificar pacientes com risco de efeitos
adversos graves (HIROSE et al., 2012; HIROSE et al., 2014).

A determinacdo das concentragdes plasmadticas do farmaco e sua utilizagdo para a
individualizagdo da farmacoterapia € o fundamento do monitoramento terapéutico de
farmacos (MTF) (SALEEM et al., 2012). A estimativa de pardmetros farmacocinéticos do IRI
e de seus metabodlitos com modelos de farmacocinética populacionais previamente descritos
exigem esquemas de amostragem de sangue complexos, limitando sua aplicagdo clinica
(KLEIN et al., 2002; POUJOL et al., 2007). Neste contexto, o uso de manchas de sangue
secas (dried blood spots, DBS), geralmente obtidas a partir de perfuracdo digital, pode
permitir estratégias de amostragem mais complexas através de realizacdo de multiplas coletas
de forma pouco invasiva e sem a necessidade de um flebotomista (ANTUNES, CHARAO &
LINDEN, 2016). Assim, a quantificacao de IRI e seu metabdlito ativo SN-38 em DBS pode
ser uma alternativa para individualizar a dose do farmaco através de um método de coleta
minimamente invasivo e de facil execug¢do, inclusive pelo proprio paciente.

Nesta perspectiva, o presente estudo buscou contribuir para a individualizagao do
tratamento oncolégico do IRI ao disponibilizar métodos totalmente validados e com
desempenhos aceitdveis para andlise de IRI e metabdlitos tanto em plasma como em DBS.
Com essas metodologias foi possivel determinar os niveis plasméticos de IRI e metabdlitos e
estabelecer a exposi¢do sistémica ao IRI através da ASC.

Essa dissertacdo € apresentada na forma de trés capitulos, cada um consistindo de um

artigo cientifico. O capitulo 1 descreve a revisdo da literatura cientifica com respeito a
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farmacologia do IRI e dos possiveis marcadores farmacogenéticos e farmacocinéticos que
permitam prever a ocorréncia de toxicidade no tratamento do cancer com IRI (artigo de
revisdo submetido a revista Current Medicinal Chemistry). O capitulo 2 descreve um ensaio
para a determinacdo simultanea de IRI, SN-38 e SN-38G em amostras de plasma empregando
cromatografia liquida de alta eficiéncia com deteccdo por fluorescéncia (CLAE-FL) (artigo
publicado na revista Latin American Journal of Pharmacy). O capitulo 3 descreve, pela
primeira vez, um método para a determinacdo de IRI e SN-38 em DBS e sua aplicagdo em um
grupo de pacientes em tratamento quimioterdpico com IRI (artigo publicado na revista

Journal of Pharmaceutical and Biomedical Analysis).



2. CAPITULO 1 - PHARMACOKINETIC AND PHARMACOGENETIC MARKERS
OF IRINOTECAN TOXICITY
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ABSTRACT

Background: Irinotecan (IRI) is a widely used chemotherapeutic drug, used for first-line
treatment of colorectal and pancreatic cancer, with doses usually established based on
patient’s body surface area. Toxic and therapeutic effects of IRI are also due to its active
metabolite SN-38, reported to be up to 100 times more cytotoxic than IRI. SN-38 is detoxified
by the formation of SN-38 glucuronide, through UGT1Al. Genetic polymorphisms in
the UGTIAI gene are associated to higher exposures to SN-38 and severe toxicity.
Pharmacokinetic models to describe IRI and SN-38 kinetic profiles are available, with few
studies exploring pharmacokinetic and pharmacogenetic-based dose individualization. The
aim of this manuscript is to review the available evidence supporting pharmacogenetic and
pharmacokinetic dose individualization of IRI. Methods: The PubMed database was
searched, considering papers published in the period from 1995-2017, using the keywords
irinotecan, pharmacogenetics, metabolic genotyping, dose individualization, therapeutic drug
monitoring, pharmacokinetics and pharmacodynamics, either alone or in combination, with
original papers being selected based on the presence of relevant data. Conclusions: The
findings of this review confirm the importance of considering individual patient
characteristics to select IRI doses. Currently, the most straightforward approach for IRI dose
individualization is UGTIAI genotyping. However, this strategy is sub-optimal due to several
other genetic and environmental contributions to the variable pharmacokinetics of IRI and its
active metabolite. The use of dried blood spot sampling could allow the clinical application of
complex sampling for the clinical use of limited sampling and population pharmacokinetic

models for IRI doses individualization.

Keywords: irinotecan, SN-38, pharmacokinetics, pharmacogenetics, dose individualization.

Artigo submetido a Current Medicinal Chemistry
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INTRODUCTION

Irinotecan (IRI, 7-ethyl-10-[4-(1-piperidino)-1-piperidino]carbonyloxycamptothecin)
is a pentacyclic semisynthetic derivative of the alkaloid camptothecin, which is isolated from
the barks of the Chinese tree Camptotheca acuminate [1-3]. IRI is a topoisomerase I inhibitor
used either alone or in combination with other chemotherapeutic agents as the first line in the
treatment against colorectal [3,4] and pancreatic cancer [3,5]. IRI also has antitumor activity
in other solid tumors, such gastro-esophageal [6] and ovarian [7].

The recommended doses of IRI are selected on body surface area (BSA). When
monotherapy is adopted, IRI doses range from 50 to 350 mg/m?, depending on regimen or
dosing schedule. In combined chemotherapy with other agents, IRI doses usually are
comprised between 180 and 240 mg/m®. Other associated therapies were approved for
concomitant treatment with IRI, such as monoclonal antibodies and angiogenesis inhibitors
[8,9].

IRI is a prodrug converted in the liver by carboxylesterases (CES) to 7-ethyl-10-
hydroxycamptothecin (SN-38) which is more active and cytotoxic than its parent drug [10].
Treatment with IRI is usually associated with dose-limiting toxicities, mainly diarrhea and
neutropenia/leukopenia [11-13]. The occurrence of severe toxicity due to IRI is dependent of
the specific regimen and dosage schedule, also being affected by clinical variables such as
age, body weight, gender, and co-medication, as well as pharmacogenetic variations [8,12].

Besides being an approved drug by the Food and Drug Administration (FDA) for more
than twenty years, IRI has recently gained renewed interest due to results showing an
extended survival of pancreatic cancer patients treated with a new nanolipossomal
formulation when compared to standard chemotherapy [14]. The observed relation between
exposure to IRI and its principal active metabolite SN-38 to its clinical effects, both for the
classical [15] and the new nanolipossomal formulation [16], suggest this drug can be a
candidate for therapeutic drug monitoring (TDM), based on either pharmacogenetic or
pharmacokinetic approach.

Considering the clinical relevance of IRI and the potentialities of dose
individualization, this manuscript aims to review relevant information on the pharmacology of
IRI, with a particular focus on data pertinent to dose individualization. For this purpose, the
PubMed database, considering papers published in the period from 1995-2017, was searched

using the keywords irinotecan, pharmacogenetics, metabolic genotyping, dose

Artigo submetido a Current Medicinal Chemistry
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individualization, therapeutic drug monitoring, pharmacokinetics and pharmacodynamics,

either alone or in combination.

PHARMACODYNAMICS

IRI anticancer activity is based on the inhibition of topoisomerase I [17], which is an
enzyme involved in all transactions of DNA (replication, transcription, recombination, and
DNA chain repair) [18]. During the cell division process, the DNA double helix is opened
into two singles strands to serve as templates [18]. Topoisomerase I is responsible by
catalyzing the relax supercoiled DNA and alleviate the DNA helical constraints to restore the
integrity to the DNA double helix [18,19]. During the action of topoisomerase I, DNA
damages, mutations and cell death may occur. In fact, levels of the topoisomerase I are found
to be elevated in several types of lymphoma, leukemia, and colon carcinoma cells [19].

IRI and its active metabolite SN-38 induce cytotoxicity and cause apoptosis [20]. Both
inhibit topoisomerase I by binding to the DNA-topoisomerase I complex and blocking the re-
ligation of the DNA double helix [17]. This process involves the non-covalent bound between
IRI and SN-38 with the DNA-topoisomerase I complex [18]. Indeed, this complex formed by
IRI and SN-38 with DNA-topoisomerase I inhibit tumor growth [21]. The IRI rings
intercalate DNA, simulating a DNA base pair at the site of cleavage. The E ring is the most
activated moiety of the IRI; its lactone carbonyl interacts with 2 hydrogen bonds with arginine
site (Arg364) of the topoisomerase I and the hydroxyl group of C-20 position increase
hydrogen bond at aspartic acid (Asp533) of the polypeptide chain. The ethyl substitution at C-
7 facilitates reaction with DNA due to increased lipophilicity, leading to more significant
cytotoxicity and higher chemical stability in human plasma [22].

Associated with its anticancer activity, toxicities of IRI can be severe and may cause
morbidity, treatment delay and rare cases of death. The principals side effects observed in use
of IRI are massive diarrhea (by intestinal toxicity) and neutropenia (by myelosuppression)
[23,24]. Other observed adverse effects are fatigue and vomiting [23]. On the other hand, IRI
generates high oxidative stress levels [25], that may contribute to the drug toxicity and lead to

normal cellular functions failure [24,26].

Artigo submetido a Current Medicinal Chemistry
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PHARMACOKINETICS

The pharmacokinetics of IRI and its main metabolites was extensively investigated,
with mean population pharmacokinetic parameters being presented in table 1. Mean peak IRI
maximum concentrations (Cmax) is generally observed at the end of the 90 min infusion. SN-
38 Cnmax 1s reached within one hour after the end of the IRI infusion and is about 25% of the
corresponding IRI Cmax [27]. IRI plasma concentrations can be described using a three-
compartment model and that of SN-38 with a two-compartment model, with first-order
formation of SN-38 from IRI [28,29]. Disposition of SN-38G can be described with an one-
compartment open model with first-order formation from SN-38 [29]. The mean terminal
half-life (ty;) varies from 6.2 to 14.6 h for IRI, from 10.6 to 28.5 h for SN-38 and from 10.9 to
35.5 h for SN-38G. IRI volume of distribution at steady-state (VDss) ranges from 84 to 297
L/m?, and the total body clearance is 12.4 to 17.5 L/h/m? (Table 1) [27-38].

The lactone ring of IRI and SN-38 is chemically unstable and can be hydrolyzed to the
inactive carboxylate form. Only the closed lactone forms of the drug inhibit topoisomerase .
The rate of hydrolysis is dependent on pH, ionic strength and protein concentration [39]. In
solutions at pH 3-5, the lactone form is stable, whereas at basic pH it rapidly converts into the
carboxylate form [40]. Quantification of total forms of IRI and SN-38 has substantially the
same clinical relevance as monitoring the lactone forms of the two analytes, because the
pharmacokinetics of total IRI and total SN-38 are significantly correlated with those of

lactone forms [39].

Artigo submetido a Current Medicinal Chemistry



Table 1. Mean pharmacokinetics parameters of IRI, SN-38 and SN-38G.
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IRI time IRI SN-38 SN-38G
No. of Dose of t,. (h) AUC VDs;s CL ty. (h) AUC ty, (h) AUC
Regimen Ref.
patients (mg/m?)  infusion (mg x h/L) (L/m?) (L/h/m?) (mg x h/L) (mg x h/L)
(min)

107 IRI 33-750 30 10.8 - 150 14.3 10.6 - - - [30]
47 IRI 350 30 - 24.8 - 15.2 - 0.50 - - [31]
26 FOLFIRI 100 90 6.0 - 153 16.6 12.7 - - - [32]
10 IRI/cisplatin 200 90 13.5 - 138 14.0 23.8 - - - [33]
34 FOLFIRI 240-340 90 124 21.5 123 13.0 21.1 0.72 18.3 2.28 [34]
45 IRI/cisplatin ~ 175-300 90 12.1 - 151 17.5 22.5 - - - [35]

8 FOLFIRI 125° 90 14.6 8.8 297 12.4 28.5 0.40 35.5 1.74 [36]
56 IRI 125-325 90 7.2° 15.1 146 14.0 13.4° 0.43 12.7° 1.77 [27]
78 IRI 100-340 90 14 - 152 14.6 24.3 - - - [29]

3 IRI 180 90 10.1 11.9 - 15.6 25.3 0.30 22.2 1.49 [37]
74 FOLFIRI 180-225 90 11.5 14.9¢ 230 14.5 32.2 0.42°¢ - - [28]

6 IRIS 125 120 6.6 9.8 86 12.5 13.7 0.15 13.2 1.03 [38]
12 FOLFIRI 150 90 6.2 11.0 84 13.3 11.0 0.27 10.9 0.98 [38]

2 Dose (14C), mg/m?. ® Harmonic mean half-life.c Normalized to a 330 mg administered dose.
AUC: Area under the curve; CL: clearance; FOLFIRI: irinotecan plus 5-fluoururacil (continuous infusion) and leucovorin; IRI: Irinotecan; IRIS: irinotecan plus S-1; t,: mean

terminal half-life; VDs: volume of distribution at steady-state.

Artigo submetido a Current Medicinal Chemistry
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IRI is converted into its active metabolite SN-38 by the action of CES of the liver
(Figure 1). SN-38 is 100 to 1,000 times more cytotoxic than IRI. SN-38 is metabolized by
uridine diphosphate glucuronyltransferase (UGT) to form SN-38G, an inactive glucuronide,
especially by UGTI1A1 [41,42]. IRI is also metabolized by CYP3A4 in several inactive
metabolites, including 7-ethyl-10-[4-N-(5-aminopentanoic acid)-1-piperidino]-
carbonyloxycamptothecin (APC) and 7-ethyl-10-(4-amino-1-piperidino)-carbonyloxy-
camptothecin (NPC) [43]. IRI is also biotransformed to a lesser extent by CYP3AS5 in APC
and NPC metabolites [44]. The variable activity of these metabolizing enzymes is associated

to differences in systemic exposure to the active metabolite SN-38 [45,46].

Figure 1. Metabolic pathways of IRIL.
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In humans, human hepatic CES (hCE1l) and human intestinal CES (hiCE) present
significant ability to hydrolyze IRI into SN-38. Despite the higher affinity of hiCE to IRI
[47,48], hCEl is responsible for up to 50% of the total formation of SN-38 due to its higher
concentration in the liver [49]. On the other hand, in the human duodenum, jejunum, ileum
and kidney, where the expression of hCE1 is very low, more than 99% of the conversion of
IRI to SN-38 is mediated by hiCE [49]. In addition, analysis of lung microsomal extracts
indicated that IRI activation was more efficient in samples obtained from smokers, suggesting
that exposure to tobacco increases the activity of CES. Overall, the study by Hatfield et al.
[49], showed that hCEI plays a significant role in IRI hydrolysis, even though it is up to 100-
fold less efficient in converting IRI to its active metabolite than hiCE. Moreover, membrane
transporters are responsible for the uptake of SN-38 from plasma into hepatocytes like organic
anion-transporting polypeptides (OATP), which mediate the hepatic uptake of several drugs,
thus defining their clearance. Impaired hepatic clearance due to low activity polymorphisms
in human OATPIBI gene may increase systemic exposure to SN-38 [50]. ABC transporters
including ABCB1, ABCCI1, ABCC2, and ABCG2 regulate the hepatic and biliary efflux of
SN-38 and SN-38G [51]. Polymorphisms of SLCOIBI, ABCBI, and ABCC2 genes have
recently been associated with significant impact on the pharmacokinetics and
pharmacodynamics of IRI and SN-38 [52,53].

SN-38 is the main responsible for the antitumor response of IRI, and also for the dose-
limiting toxicities, namely neutropenia and diarrhea [31,54]. Diarrhea is related to
concentrations of SN-38 at the intestinal lumen resulting from the biliary excretion of SN-38,
and potentially enhanced by the intraluminal conversion of SN-38G to SN-38 by bacterial
glucuronidases [55]. The wide interindividual variability in tolerability with occurrence of
severe toxicity is partially related to interindividual pharmacokinetic and pharmacogenetic
differences, especially in glucuronidation of the active metabolite through the action of UGT.
Consequently, large differences in exposure to the drug and its active metabolite, evaluated
trough area under the curve (AUC), are observed [54,56].

CYP3A enzyme activity (mainly 3A4) also significantly influences plasma
concentrations and the occurrence of toxicity in IRI treatment [43]. IRI is detoxified by
CYP3A4 to APC, which has no known pharmacological activity [55]. CYP3A4 also produces
NPC, being further transformed into SN-38 by liver CES. Other 4 minor metabolites, called
M1 up to M4, were identified in urine samples of patients receiving IRI and in vitro studies
demonstrated that, with some differences of the metabolic profile, CYP3A4 and CYP3AS

isoforms contributes to their formation from IRI [44]. Moreover, authors have found that
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AUC of SN-38 or the ratio between AUC of SN-38G to AUC of SN-38 is associated with
neutropenia after IRI administration [31,57]. These findings support that IRI and SN-38
pharmacokinetics is as important as UGTIAI gene polymorphism assay in predicting IRI
related toxic effects.

The plasma protein binding of IRI and SN-38 was reported as 65 and 95%,
respectively. The AUC of both increase proportionally to the administered dose, although
interpatient variability is important. SN-38 plasmatic levels are about 100 fold lower than
corresponding IRI concentrations [58].

After 1.v. infusion of 125 mg/rn2 of IRI, fecal excretion represents 63.7%, whereas
urinary excretion accounted for 32.1% of the administered dose. IRI is the major elimination
product in urine, feces, and bile. APC and SN-38G were the most significant metabolites in
urine and bile, whereas SN-38 and APC were the most significant metabolites in feces. The
relatively higher amount of SN-38 in feces compared with bile is probably due to hydrolysis
of SN-38G to SN-38 by bacterial B-glucuronidases [36].

Nanoliposomal irinotecan (nal-IRI) is a liposomal formulation with a longer half-life
(t12), higher total plasma IRI concentration, and lower SN-38 maximum concentration (Cmax)
compared with nonliposomal IRI. Nal-IRI formulation (MM-398, PEP02, BAX2398) is used
as intravenous injection, being designed to combine the properties of long plasma circulation
and increased delivery of IRI to tumor lesions via the enhanced permeability and retention
effect, creating a local depot for drug release [16]. The clinical pharmacokinetics of nal-IRI
was previously compared with those of nonliposomal IRI in a phase II study in patients with
gastric cancer [59]. Results showed that compared with IRI 300 mg/m2 every 3 weeks, nal-IRI
100 mg/m? every 3 weeks had a total IRI Cmax 13.4-times higher, ti 2.0 times longer, and
AUCo.» 46.2-times higher. The ti» and AUCo.» of SN-38 were also increased relative to
nonliposomal IRI (3.0- and 1.4-times, respectively), while maintaining a 5.3-times lower SN-
38 Cmax [599]. In a phase 3 trial, Wang Gillam et al. [14] showed an extended survival of
pancreatic cancer patients treated with a nal-IRI formulation in combination with fluorouracil
and folinic acid when compared to standard chemotherapy. Adiwijaya et al. [16] results
support the benefit of nal-IRI dose of 70 mg/m?. These results indicate the potential benefit in

extending duration of plasma and tumor exposure via liposomal encapsulation.
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PHARMACOGENETICS

Several studies focused on IRI pharmacogenetic have identified specific inherited
differences in glucuronidation capacity that influence drug exposure and outcomes, as this
reaction is critical to SN-38 detoxification [52,60-76]. The interindividual variability on IRI
pharmacokinetics has been attributed mostly to genetic variations in the UGTIAI gene, which
encodes for UGT1ALl, a strategic enzyme in IRI metabolism [72]. To date, approximately 100
polymorphisms of the UGTIAI gene have been identified [77]. Allelic variations in the gene
promoter and its 5 exons are known to decrease the enzyme activity, leading to constitutional
unconjugated Gilbert’s syndrome [60,78].

The wild type (wt) allele UGTIAI*I contain six thymine—adenine (TA) repeats in the
promoter region (TATA box), while a higher number of repeats is associated to reduced
transcription rate and lower enzyme level. The UGTIAI*28 variant allele has seven TA
repeats (A(TA)7TAA), resulting in about 30% of the activity from the functional enzyme. As
a consequence, patients with the UGTIAI*28/*28 genotype might glucuronidate SN-38 less
efficiently than the carriers of at least one wt allele (UGT1A1*1/*28 or *1/*1) [9].

The allele frequency of UGT1A1%*28 is higher in Caucasians (30 to 39%) and African-
American (35 to 45%) than in Asians (6.8 to 13% in Japanese and Koreans). In contrast, the
UGTIAI%*6 allele is relatively common in Asians (1.3 to 24% in Japanese and Korean), while
in Caucasians its occurrence is unusually low (<1.0%) [79].

As displayed in table 2, carriers of the UGTIAI*28 allele have consistently shown
lower glucuronidation ratio, with decreased SN-38G to SN-38 ratio [52,62,68,69,74] and
higher biliary index, expressed as [(IRT AUC) x (SN-38 AUC/SN-38G AUC)] [68]. Because
of the higher systemic exposure to the SN-38 metabolite, patients with impaired UGT
metabolism are at higher risk of developing drug-induced toxicity. Although a few studies
have been partly conflicting [63,65,71] most of them have found a significant association
between the UGTIAI*28 polymorphism and severe neutropenia [62,64—70] and/or diarrhea
[60,67]. Similar results were found for the UGTIA %6 polymorphism in Asians, indicating a
central role of the variant allele in this ethnic population. A Japanese study showed a
significant association of the allele *6 with reduced glucuronidation ratio and severe
neutropenia [69]. In Koreans, the homozygous variant genotype was an independent predictor
of SN-38 plasma exposure and grade IV leukopenia [75]. In another hand, the UGTIAI*6

was associated with grade III/IV diarrhea, but not with severe neutropenia in Chinese [65].
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Table 2. Summary of IRI pharmacogenetic studies.
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Main Findings
Gene Population  Chemotherapy Type of Cancer Allele Association with irinotecan Association with outcomes Ref
ef.
exposure (Toxicity and/or response)
Small cell lung UGTIAI%*28 was a significant
IRI (n=35) (n=21) predictor of severe toxicity (OR:
] UGTIAI *6, *7, *¥27, 723, P<0OL)
apanese IRI/ platinum Non-small cell a3, P
UGTIAI *28, %29 - [60]
N=118 (n=58) lung (n=65) No significant association of
IRI/other (n=25) Colorectal UGTIAI%*6 with the occurrence of
(n=21) severe toxicity (OR: 0.55; P>.2)
Lung (n=7)
Colonrectal
— More severe grades of diarrhea and
North (n=4) SN-38G/SN-38 AUC ratios were
. neutropenia were observed only in
UGTIAI American IRI Esophageal UGTIAI *28 inversely correlated with the [61]
patients with *28 allele, however not
N=20 (n=2) number of *28 alleles (P=.001)
statistically significant
Liver (n=2)
Other (n=5)
UGTIAL North IRI Lung (0=19)  yGTIAI *6, %27, *28, SN-38 AUC was directly UGTIAI%*28/%28 higher frequency
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(P=.001) and risk of grade 4

[62]

American

N=65

Gastroesophage
al (n=14)

Colorectal

(n=10)

Other (n=23)

correlated with number of *28

alleles (P=.03)

*60, *93

SN-38G/SN-38 AUC ratios were
inversely correlated with the

number of *28 alleles (P=.03)

*28 allele showed no impact on

SN-38G AUC

neutropenia (RR: 9.3, 95% CI: 2.4-
36.4)

*93 allele and the SN-38 AUC were
significant predictors of ANC nadir;
(’=0.51, p<.0.01)

No relationship was found between

European

UGTIAI
N=95

IRI (n=12)
FOLFIRI (n=56)
Colorectal

IRI/ tomudex (n=9)

IRI/5-FU (n=18)

UGTIAI *28 -

the UGTIAI%*28 genotypes and

infection, nausea or mucositis

In a multivariate analysis, the
genotype was not related
to clinical response or to OS.

*28/*28 genotype was associated

[63]

North

UGTIAI American

N=520

IFL (n=114)
IROX (n=107) Colorectal

FOLFOX (n=299)

UGTIAI *28 -

with grade 4 neutropenia (IROX,
P=.004; and all patients, P=.007) and
grade 3 febrile neutropenia (IROX,
P=.006)

No association was seen between

UGTIAI and diarrhea, tumor

[64]
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response, TTP, or OS

FOLFIRI (n=101)

IRI /monoclonal

antibody (n=30)

UGTIAI*28 and *6 were associated
with severe diarrhea (OR: 3.56,
P=.01, and OR: 4.19, P=.003,

respectively)

Chinese No significant association of
UGTIAI IRY/ raltitrexed Colorectal UGTIAI *6, *28 - [65]
N=167 UGTIAI* 28 or *6 with the
(n=18) .
occurrence of severe neutropenia
XELIRI (n=18)
No significant differences of either
response rate or PFS were found
among different genotypes
Grade 3-4 hematological toxicity was
higher in *28/*28 carriers (48%)
FOLIFIRT (n=125) compared with *1/%28 (10.2%) and
Israeli IFL (n=135) #1/%1 (7.7%) (P < .001)
UGTIAI Colorectal UGTIAI *28 - [66]
N=329 XELIRI or
TEGAFIRI (n=69) Median OS was worse in the *28/*28
(1.6 vs 2.0, and 2.4 years,
respectively; P < .01)
Higher incidence of severe
UGTIAI Chinese IRI/ platinum Small-cell lung UGTIAI *6, *28 - [67]

thrombocytopenia in *28 carriers
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(P=.017)

Patients UGTIA1%6/*28 were prone
to suffering severe delayed diarrhea

and neutropenia (P<.05)

None of the genotypes associated

significantly with OS

UGTIA1%28/*28 showed higher

biliary index [irinotecan AUC) x

UGTIAI*28/%28 was associated with

Italian (SN38 AUC/SN38G AUC)] higher risk of severe hematologic
UGTIAI FOLFIRI Colorectal UGTIAI#28 [68]
N=250 (P=.007) and lower toxicity (OR: 8.63, P=.02) and higher
glucuronidation ratio (SN38G response rate (OR:0.32, P<.05)
AUC/SN38 AUC) (P=.01)
UGTIAI™6, %27, %28, yGT1A1%6 and *28 carriers had
UGTIAL IRT (n=56) Lung (n=81) 700 reduced SN-38G/SN-38 AUC
IRI/ platinum UGTIA7*2, *3, *4 ratios (P<.001), with a gene dose
UGTIA7  Japanese (n=72) Colon (n=63) UGTIA9*22, +ryy  cifect (median 5.5, 3.62, and 2.07 U(.;TIAI *6 and *28 e assoclated [69]
UGTIA9 N=177 RUS-FU (1n236) Stomach (n=19) 41C 5 for 0, 1, and 2 haplotypes, with severe neutropenia (P<.0001)
UGTIAIO Other (n=14) respectively, P <.0001)
IRI /other (n=13) UGTIA10*2T, *2,
*67G, *3
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UGTIA1%*28/*%28 was predictive for
haematologic toxicity (OR=6.27,
P=0.04), specifically for neutropenia
alone (OR=6.40, P=.038) or together

with diarrhea (OR=18.87, P=.008)
UGTIAI UGTIAI#28,
Spanish FUIRI
UGTIA7 Colorectal UGTIA9%*22 UGTI1A9%*1/*] was associated with [70]
UGTIA9 N=149 FOLFIRI UGTIA7%3 non-haematologic toxicity (OR=2.70,
P=.035)
None of the genotypes were
significantly associated with
treatment response
UGTIA7%2/*%2 and UGTIA7*3/%3
genotypes were associated with
UGTIAI *28, *36* *37 . .
’ improved efficacy (P=.013) and
UGTIAI North P y
. UGTIA7 *2, *3, *4 reduced toxicity (P=.003)
UGT1A7 American XELIRI Colorectal [71]
UGTIAG6 *2,%*3, *4
UGTIA6 N=67

UGTIA9 *IB

UGTIA9*IB genotype was
associated with increased response
(P=.047) and reduced toxicity
(P=.002)
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UGTIA]I genotypes was not

associated with efficacy and toxicity

UGTIAI*28 was associated with a

UGTIAI *28, higher risk of severe neutropenia (OR:
UGTIAL FOLFIRI (n=98) 2.43, P=.004)
. UGTIA7 *3
UGTIA7 Canadian FOLFIRY/ Other variations associated with
Colorectal UGTIAG *2 - [72]
UGTIA6 N=167 monoclonal increased risk of severe neutropenia
: - UGTIA9 -1212, -688, - ) . —
UGTIA9 antibody (n=69) UGTIA9 -688 (OR: 5.65, P=.028),
440 UGTIA7%3 (OR: 2.00, P=.025) and
UGTIA6 *2 (OR: 3.55, P=.017)
There was no significant relationship
between haematologic toxicities and
UGTIAI *6, *28, *60
genotypes
k
UGTIAT UGTIAG =2 UGTIAI#60 and CYP2A6 variant
Korean Colorectal
UGTIA6 IRI/oxaliplatin UGTIA7 *3 - alleles had significantly poorer [82]
N=43
CYP2A6 CYP2AG *4, #7, %9 response rates (OR:0.16, P=.043, and
OR: 0.2, P=.049, respectively)
None of the genotypes associated
significantly with PFS.
UGTIAI North IRI NI UGTIAL #6, %27, %28, UGTIA1%28, *60, 93 and [52]

UGTIAI*28, *60 and *93 were
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UGT1A7

UGTIA9

CYP3A4

CYP3AS5

HNFIA

CES2

SLCOIBI

ABCBI

ABCG2

ABCCI

ABCC2

American

N=85

*60, *93 UGTIA7%*4 were associated with

decreased SN-38G/SN-38 AUC

ratios (P<.0001, P=.004, P=.001,
and P=.011, respectively)

UGTIA7*4, 387T>G,
391C>A, 392G>A

UGTIA9 *IB,
_275T>A, _2152C>T
UGTIAI%28, *93, ABCBI IVS9 -

CYP3A4*IB
44A>G, and ABCC1 1684T>C
CYP3A5%*3 ) .
were associated with increased
HNFIA 79A>C SN-38 AUC (P=.002, P=0.002,

CES?2 -363C>G, P=.03, P=.032, respectively)

IVS1+1361%G,
108C>G ABCC2 3972C>T was associated
SLCOIBI *1b,*5 with increased SN-38G AUC

ABCBI 3435C>T, (P<.001)

2677G>A/T, IVS14
+38A>G,
IVS13+24C>T,
1236C>T, 1VS9-
44A>G

ABCG2 34G>A,
421C>A,

associated with decreased in ANC
nadir (P<.001, P=.016 and P<.001,

respectively)

ABCC1 IVS11 -48C>T and
SLCO1BI1*1b were associated with
decreased in ANC nadir (P=.002 and
P=.034, respectively)
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ABCCI 1684T>C,
1VS11 -48C>T

ABCC2 3972C>T
ABCC2-24CT was associated with
UGTIAI*28
reduced risk of neutropenia
UGTIAI CESI 14506G>A, (OR:0.22, P<.05) and CES! 27467A
CESI 27467A>C with reduced risk of diarrhea
SLCOIBI 521C was associated OR:0.29. P<.05
IRI (n=8) CYP3A4%22 o SN (OR:0.29, P<.05)
CYP3A4 N with increase -38 exposure CYP3AS expressers had higher-
CYP3AS FOLFIRI/ Colorectal (P<.001), which was additive with grade oral mucositis (OR:8.10,
. (n=107) ABCBI 3435C>T UGTIAI*28 (P<.001).
ABCBI Canada bevacizumab P<.05)
(n=85) Pancreatic ABCG2 421C>A, ABCCS5 C carriers and CYP3AS [74]
ABCG2 N=127 )
FOLFIRI (n=19) (n=13) 34G>A expressers had reduced SN-38G PF'S was longer in SLCOIBI
ABCC2 lasma concentrations (P<.001 *]1b/*1b patients (HR: 1.6, P<.05
FOLFIRINOX Other (n=7) ABCC2 24C>T, P ( ) dred I; ) ABE'CZ AT Hi{
ABCC5 (a=14) 1249G>A ABCBI 3435TT had lower and reduced in - (HR:
B irinotecan levels (P<.05) 0.62, P<.05) and UGTIA1*28 (HR:
SLCOIBI1 ABCCS5 T>C ’ )
0.60, P<.05) carriers
SLCO1B3 SLCOIBI*1b, *5
SLCOIB3 699G>A Higher OATP1B3 tumour expression
was associated with reduced PFS.
UGTIAI Swedish and FOLFIRI (n=75) Colorectal UGTIAI*28 ) Increased risk of early toxicity: [76]
ABCBI Norwegian ~ Lv5FU2-IRI (n=65) ABCBI 3435C>T,

ABCBI 3435 T/T (OR: 3.79, P<.05)
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N=182

1236C>T, 2677G>T/A

and UGTIAI1%28/%28 (OR: 4.43,
P<.05)

UGTIAI%*28/%28 high risk of
neutropenia (OR: 6.87, P<.05)

ABCBI 1236T-2677T-3435T
haplotype responded to treatment less
frequently (43 vs 67%, P=0.027), and

survived shorter time, OR: 1.56,

P<.05).

UGTIAI

UGTIA9

ABCBI

ABCC2

ABCG2

SLCO1B1

CYP3AS5

Korean

N=107

IRI

Non-Small Cell

Lung Cancer

UGTIAI *6, *28
UGTIA9%22

ABCBI 3435C>T,

1236C>T, 2677G>T/A  Independent predictors of SN-38

ABCC2 24C>T, plasma exposure: UGTIAI%6/%6
1249G > A, 3972C> (P<.0001), UGT1A9*1/*1 or
T *1/%22 (P =.011), and SLCOIBI

521TC or CC (P =.017) variants
ABCG2 34G > A, 421C

>A

SLCOIBI*Ib
11187G>A,,521T>C

Independent predictors of grade 4
neutropenia SLCOIBI 521TC or TT
(OR: 3.8, P=.007) and UGTIAI*6/*6

(OR: 7.4, P=. 028)

Independent predictors of grade 3
diarrhea UGT1A9*1/*1 (OR: 6.3,
P=.024), ABCC2 3972CC (OR: 5.6,
P=.0041) and ABCG2 34GA or AA
(OR 5.1, P=.038)

[75]
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CYP3AS5 *3
The median [(SN-38 + SN-
38G)/IR1] AUC ratio of patients Incidence of severe neutropenia was
having three or four functional not significantly influenced by the
Japanese CES IAl, IA2, 1A3, :
CESIA IRI CES1 genes was 1.24-fold of that ~ number of functional CES1 genes [84]
N=58 varlAl

in patients with two functional

CESI1 genes (0.31 vs. 0.25, P

(50% for four genes and 16% for two
or three genes, P =.09).

=.0134)
ABCBI -1789G>A,
2677G>T/A, 1IVS27-
ABCBI1 182G>T Associations of grade 3/4
ABCC2 Japanese IRI (n=55) Lung (n=79) ABCC2 3972Cs . Higher SN-38 AUC values were neutropenia were observed with
IRI/cisplantin Colon (n=28) 1774delG observed in ABCB1 2677G>T ABCC2 -1774delG (P=.014) and [53]
ABCG2 N=117 ¢
(n=62) Other (n=10) (P=.008) ABCG2 421C>A, IVSI2 + 49G>T
SLCO1B1 ABCG2 34G > 4, £21C (P=.042) in the IRI monotherapy
> A IVS12 +49G>T
SLCOIBI*1b, 521T>C
ABCBI 2677GG was associated with
ABCBI1 ABCBI 3435C>T ABCBI 3435TT and 2677TT were ded . (P 03) J
rade 4 neutropenia (P=.03) an
Korean Non-Small Cell associated with SN-38G AUC and s P
ABCC2 IRI/cisplatin ABCBI 1236C>T 3435TT with grade 3 diarrhea (P [83]
N=107 Lung Cancer CL
ABCG2 ABCBI 2677G>T/A =047).

ABCBI 2677TT/3435TT
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ABCC2 24C>T
ABCC2 1249G > A
ABCC2 3972C>T
ABCG2 34G > A

ABCG2421C>A

haplotypes showed significantly
lower SN-38G AUC (P=.006),
whereas 2677GG/3435CC carriers

In tumor response, ABCC2 _24TT
and 3972TT genotypes were
associated with higher
showed significantly higher SN-38
AUC (P =.039).

response rates (P =.031 and, P=.046,
respectively) and longer progression-
free survival (P =.035 and .038,

respectively)

ABCBI1

ABCCI1

ABCC2

ABCG2

SLCO1B1

Italian

N=250

FOLFIRI

Several single

nucleotide
Colorectal polymorphisms and
haplotypes for each

evaluated gene

ABCG2 -15622C>T was associated
with lower tumor response rate (OR:

0.48, P=.0087)

ABCBI 2677T polymorphism
improved patient OS (P=.007) but not

response rate.

None of the variants were seen to

be associated with IRI PK ABCG?2 rs7699188 was associated

with severe non-hematological

toxicity (OR: 15.15, P=.001) and

(evaluation of 71 patients)

higher tumor response rate (OR:

2.23,P=.0071)

None of the tested ABC/SLC genetic
markers were associated with TTP

(P<.01)

[85]
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ABCBI 2677 G> T was the only
polymorphism significantly
associated with the OS
(P=.0074)
SLCOIBI*1b and SLCI9A1 GG

genotypes were associated with a
higher rapid response rate (OR
=3.58, P=.011 and 3.521, P=.013,

SLCOIBI*Ib
SLCOIBI Chinese FOLFIRI (n=104)
Colorectal SLCOIBI*5 - respectively) [102]
SLCI9A1 N=137 XELIRI (n=33)
SLCI9A1 80G>A
SLCOIBI*1b was an independent
prognostic factor of longer PFS
(HR=0.40, P=.037)
IRI CL was 3-fold lower in *15
Nasopharyngeal carriers than in patients with the
* &
(n=28) reference genotype */a/*la
Asian SLCOIBI*1a, *1b, *5, (9.57+ vs. 28.86 1/h/m?; P=.001)
SLCOIBI IRI Gastrointestinal - [103]
N=71 (n=33) 15 IRI AUC normalized by dose and
BSA were higher in */5 carriers

Other (n=10)

compared to *1a/*1a patients

(39.27 vs 17.32, P=.003)
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ANC: absolute neutrophil count; AUC: area under the curve; BSA: body surface area; CL: clearance; FOLFIRI: irinotecan plus 5-fluoururacil (continuous infusion) and leucovorin; FOLFIRINOX: irinotecan
plus 5-fluoururacil; leucovorin and oxaliplatina; FUIRI: irinotecan plus high-dose 5SFU; HR: hazard ratio; IFL: irinotecan plus fluorouracil and leucovorin; IRI: Irinotecan; LvSFU2-IRI: irinotecan plus
leucovorin and fluorouracil (bolus + continuous infusion) and irinotecan; NI: not informed; OR: odds ratio; OS: overall survival; PK: pharmacokinetic; PFS: progression-free survival; RR: relative risk; SN-
38: 7-ethyl-10-hydroxycamptothecin; SN-38G: SN-38 glucuronide (10-O-glucuronyl-SN-38); TEGAFIRI: irinitecan plus tegafur/uracil oral leucovorin; TTP: time to tumor progression; XELIRI: irinotecan
plus capecitabine.
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Moreover, the association of the UGTIAI*28 and *6 polymorphisms with an
increased chance of developing diarrhea and neutropenia was validated by meta-analysis. This
relationship persists for neutropenia regardless of IRI dose; however, it is not significant for
diarrhea in patients receiving low-doses [80]. In contrast, most of the studies on patients’
clinical responses to IRI chemotherapy found no significant association of the UGTIAI*28
and *6 polymorphisms with any change in response rate [64,65,70,71,81], time to progression
[64], progression-free or overall survival [63-65,68,81,82].

Since the UGT1A7 and UGT1A9 enzymes mediate to some extent the inactivation of
SN-38, it has been suggested that the UGTIA7 and UGT1A9 genes polymorphisms might be
associated with IRI toxicities as well [70,71,75]. Although UGT1A9 is highly expressed in
human liver, UGT1A7 is present in extrahepatic tissues and is most likely to be relevant to the
SN-38 enterohepatic circulation. Additionally, recent studies suggest that a combined
signature of the haplotypes of UGTIAI, UGTIA7, and UGTIA9 could provide more precise
information on IRI pharmacogenetic, rather than individual SNPs [69,83].

As the UGTIA genotypes explain only part of the IRI treatment variability, interest has
turned to other polymorphisms. Genes encoding transporters and other enzymes involved in
IRI pharmacokinetic have, somewhat, been considered for association with drug exposure and
outcomes (Table 2). The CYP3A4 and CYP3AS enzymes mediate the formation of APC and
NPC, other quantitatively abundant inactive metabolites of IRI, whereas the hCE1 (CES1
gene family) and hiCE (CES2 gene family) are responsible for the conversion of IRI to its
active metabolite SN-38. There is only a limited number of pharmacogenetic studies
concerning the impact of these genes polymorphisms on IRI therapy, with inconsistent results
[52,74,75,84]. In a Japanese study [84] the incidence of severe neutropenia was not
significantly influenced by the number of functional CES1 genes. Likewise, the CES2 and
CYP3A4/5 variant genotypes showed no association with drug-induced toxicity in North
Americans [52] and CYP3A5 in Koreans [75]. In contrast, a Canadian study showed a
significantly reduced risk of diarrhea in patients with the CESI 27467A variant, and more
severe mucositis in CYP3AS5 expressers [74].

Studies on the transporter P-glycoprotein, encoded by the ABCBI gene, revealed
conflicting results. There is some evidence that variant genotypes of ABCBI increase the
bioavailability of IRI and SN-38 [53], while other studies showed opposite relation [74,83].
Data on toxicity and clinical outcomes are inconsistent as well. The wild-type ABCBI
12677GG was associated with severe neutropenia [83], whereas the variant 343577 was

associated with diarrhea in Koreans [83], nausea/vomiting in Canadians [74] and increased
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risk of early toxicity in Scandinavians [76]. The ABCBI 1236T-2677T-3435T variant
haplotype responded to treatment less frequently and had shorter survived time in the
Gimelius et al. [76] study. However, no difference in IRI pharmacokinetic, toxicity or clinical
response was observed in an Italian study of ABCBI and IRI [85]. Polymorphisms in other
transporters genes as ABCCI, ABCC2, ABCG2 and the influx SLCOIBI have, to some
degree, been associated with SN-38 exposure, toxicity and/or clinical outcomes
[52,53,74,75,85] but the impact on IRI therapy remains unclear.

At present, the role of pharmacogenetic testing for CYP3A4/5, CES, and ABC and
SLCOIBI transporters seems limited in elucidating the interindividual variability of IRI
pharmacokinetic and treatment outcomes. Otherwise, due to the accumulated evidence on the
increased risk for neutropenia, the UGTIAI*28 polymorphism is a promising candidate for
routine pretreatment genetic screening. Therefore, in 2005 the US FDA revised the package
insert of Camptosar®, recommending a reduction in the starting dose by at least one level in
*28/*28 carriers, but not for heterozygous patients. However, the precise dose reduction is
unknown, and subsequent dose modifications should be considered based on individual
patient tolerance to treatment [86]. Following the FDA recommendations, the Royal Dutch
Association for the Advancement of Pharmacy [87] indicated a decrease of the theoretical
dose by 30% in patients homozygous for *28 allele if dose >250 mg/m?, then dose increase
according to neutrophil count. The Association does not recommend changing the IRI dose
for *1/%28 patients, because a reduction might result in under treatment.

Additionally, a recent review produced by a French joint workgroup comprising the
Group of Clinical Onco-pharmacology (GPCO-Unicancer) and the National
Pharmacogenetics Network (RNPGx), proposed a decision for UGTIAI genotyping
depending on initially intended IRI dose. The French group recommended pretreatment
UGTIAI genotyping (*28,*36,*37) for all patients scheduled to receive an IRI dose >180
mg/m?. For *28/%28 patients with scheduled doses between 180 and 230 mg/m? a 25 to 30%
dose reduction at the first cycle is recommended, whereas a dose >240 mg/m2 is contra-
indicating in this genotyping group. In fact, the authors suggest that the administration of
such intensified dose is only possible in *//*] and *1/*28 patients in the absence of additional
risk factors and under strict medical observation [88].

In addition to the above recommendations, it is important to consider patient’s
ethnicity while performing a pharmacogenetic investigation. Given the high frequency and
proven relation to IRI-induced toxicity, the evaluation of the variant *6 together with the *28

would be beneficial to Asians patients under IRI chemotherapy [69].
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IRI DOSE INDIVIDUALIZATION STUDIES

Personalized dosing of drugs is a long-standing goal of clinical pharmacologists. IR is
an interesting drug for TDM due to its complex metabolism and increasing knowledge of its
pharmacokinetic predictors, including genetic variations of drug metabolizing enzymes, drug
transporters and tumor targets [55,56]. These new approaches should improve patient
outcomes and prevent severe side effects by considering the pharmacologic profile of IRI in
the individual patient into account, and could potentially replace dosing based only on body-
surface area (BSA).

To date, only one study individualized IRI doses to reach a pharmacokinetic exposure
target. Van der Bol et al. [15] evaluated the usefulness of an algorithm to calculate a priori an
individual dose for IRI based on CYP3A4 phenotyping, through the determination of
midazolam clearance. For the construction of the mathematical model, factors that could
affect IRI clearance, such as demographic characteristics of the patients, pathophysiological
factors and genetic variations involved in the metabolism of the drug were considered. There
was a significant correlation between predicted and observed IRI clearance. The final IRI
clearance equation took into account the patients’ height, gamma-glutamyl transferase (GGT)
activity and midazolam clearance [89]. The dose for patients was calculated by multiplying
the predicted IRI clearance by 22.157 (ug x h/mL), which was the mean AUC of IRI observed
in the study by Mathijssen et al. [89] which was arbitrarily assigned as the exposure target to
IRI. The use of individual doses with the algorithm resulted in improved predictability in the
pharmacokinetics and IRI toxicity profile compared to the dose calculated by BSA, reducing
the incidence of severe neutropenia by more than four times (P = 0.013) [15].

UGT1A1 genotyping can identify patients at increased risk for myelosuppression
owing to increased SN-38 exposure. In several studies, the variability of systemic exposure to
SN-38 has been associated with the risk of neutropenia [54,90,91]. Thus, the presence of
UGTIAI%28 could be an indicator of myelosuppression risk and the genotype can be used to
individualize dosing of IRI [54]. In an attempt to define precise genotype-based dose schedule
a few number of clinical dose-escalation studies have suggested the IRI Maximum Tolerated
Dose (MTD) based on patients” UGT1A1 genotype (Table 3). Satoh et al. [92] proposed a
starting dose for IRI monotherapy of 150 mg/m? for patients who have two of *6 and/or *28
alleles, but many required dose reductions or delayed treatment in subsequent cycles. In this
study, the clinical outcomes were not evaluated. The Innocenti et al. [54] study indicated the

MTD for IRI monotherapy of 220 mg/m? for *28/%28 patients, 390 mg/m? for *1/%28 patients
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and 470 mg/m? for wt genotype. No statistically significant difference on antitumor response
was found within the genotypes groups using the proposed regimen. Additionally, the AUC of
IRI increased according to the increase in the MTD in each genotype group, but the mean of
the SN-38 AUC was similar among the different MTDs in each genotype group. This
normalization of SN-38 AUC by genotype-directed dosing may be the key to preserving
antitumor efficacy, even in patients with the *28/*28 genotype, which would be treated at
lower doses [54]. In the trial of Fukuda et al. [93] the two *1/%28 patients were treated with
an initial IRI dose of 60 mg/m?, but did not completed the planned treatment because of dose-
limiting toxicities. Thus, 60 mg/m? was considered to be the MTD of IRI for these patients.
The MTD for FOLFIRI regimen (associated or not with bevacizumab) proposed by
six studies ranged from 130 to 210 mg/m? for patients with two *6 and/or *28 alleles, 240 to
350 mg/m? for heterozygous patients with one wt allele and 260 to 390 mg/m? for *1/*]
patients [73,91,94-97]. In the Lu et al. [95] study, colorectal cancer patients with IRI dose
escalation based on UGTI1A1 genotyping presented better clinical response rate than those
without dose escalation. Marcuello et al. [96] found an overall response rate (ORR) lower in
patients carrying the defective allele, while a dose > 260 mg/m?, in carriers of at least one wt
allele, was an independent predictor of better clinical outcome, indicating a possible benefit of

increasing IRI dosage in UGT1A1*1/*1 subjects.
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Maximum
Starting
Tolerated
Type of cancer = Chemotherapy UGTI1AI genotype/n dose D Genotype related outcomes Ref.
ose
(mg/m?)
(mg/m?)
*1/*1 (n=41) 150
Gastrointestinal IRI *1/*28, *1/%6 (n=20) 150 >150 - [92]
*28/%28, *6/*6, *6/*28 (n=21) 150 150
_ . *1/*1 (n=31) 390 470 No statistically significant difference

Gastrointestinal

IRI *[/%28 (n=28) 390 390 on antitumor response within [54]
Lung and Other

*28/*28 (n=9) 280 220 genotypes groups
Lung IRI *1/%28 (n=2) 60 60 Dose limiting toxicities [93]
The overall median PFS was 9.0
FOLFIRY/ *1/*1 (n=25) 260 310 months (95% CI=6.6 - 13.1). PES
Colorectal . [94]
bevacizumab *1/%28 (n=23) 260 260 curves do not clearly separate by
UGTIAI genotype
FOLFIRI/ ®7] /% ini ;
Colorectal ‘ 1/*1 180 260 Clinical response rate of patients [95]
bevacizumab #]/%28 180 240 treated under UGTIAI genotyping
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Colorectal

Colorectal

Colorectal

Colorectal

*28/%28

*1/%] (n=35)

FOLFIRI
1/%28 (n=24)
*1/%] (n=23)
FOLFIRI *1/%28, *1/%6 (n=20)
*28/%28, *6/%6, *6/%28 (n=T7)
*1/%] (n=42)
FOLFIRI #1/%28 (n=38)
28/%28 (n=14)
FOLFIRI

*1/*1 (n=10)

120

215
215

280
240
240

180
110
90

150

210

370
310

350
350
200

390
340
130

RD: 180

Artigo submetido a Current Medicinal Chemistry

39

based dose escalation (n=79) was
better than that of those without dose
escalation (n=28) (P = 0.028)

The response rate was higher in *28
carriers (OR: 4.35, P=.03) or patients
treated at doses >MTD (OR: 5.57,
P=.014)

[91]

Homozygous carriers for defective
allele had lower ORR (28.6%, vs [73]
61.5% and 80%)

The ORR was lower in carriers of the
*28 allele (13% in *28/%28, 60% in
*1/*%] and 39% in *1/%28 and

P<.049)
[96]
A dose >260 mgm? was an
independent predictor of better
response and higher TTP in patients
(*1/*%1 and *1/%28)
- [97]
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*1/%28, *1/%6 (n=2) 150
*28/%28, *6/*6, *6/*28 (n=3) 150
*1/*1 (n=21) 150 150
Solid tumors CAPIRINOX *1/%28 (n=18) 150 150 - [104]
*28/*%28 (n=11) 150 75

CAPIRINOX: Irinotecan/Oxaliplatin/Capecitabine; FOLFIRI: irinotecan plus 5-fluoururacil (continuous infusion) and leucovorin; IRI: Irinotecan; MTD: maximum tolerated
dose; OR: odds ratio; ORR: overall response rate; PFS: progression-free survival RD: recommended dose; TTP: time to tumor progression.
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The economic impact of a pretreatment screening for the UGTIAI*28 polymorphism
was estimated by Roncato er al. [98]. In the retrospective study with colorectal patients
treated with FOLFIRI, the cost of toxicity management was calculated according to the
UGTIAI genotype. The predicted cost per patient increased according to the number of
variant allele, with a mean of € 812 for *1/*] (n=109), € 1,119 for *1/%*28 (n=112), and €
4,886 for *28/*28 patients (n=22). The authors attributed this finding to the different toxicity
profile among the genotypes, and the higher frequency of costly interventions like
hospitalization among patients with the mutant allele. The results of this study point-out the
cost-effectiveness of the test, supporting its implementation in routine practice [98].

Since SN-38 is much more cytotoxic than IRI, plasma levels of SN-38, clearance of
SN-38, and/or polymorphism of UGTIAI have clinical relevance. The clearance ability of
SN-38 can be predicted by determining the SN-38G/SN-38 plasma concentration ratio.
Seventeen colorectal cancer patients with wild-type UGTIAI gene were treated with
FOLFIRI regimen, with 2 h infusion of IRI 150 mg/m? and the blood collection time was at
15 min after the end of infusion. The values of plasma SN-38G/SN-38 ratios were between
1.03 and 7.09, a variation greater than 6x, indicating that UGT activity is highly variable
among patients with the wt UGTIAI gene [57]. After this, Hirose ef al. [42] suggest a one-
point plasma SN-38G/SN-38 concentration ratio to define IRI induced neutropenia and to
guide IRI dose adjustments. The blood collection time was as mentioned above, because they
have stated that the plasma SN-38G/SN-38 concentration ratio at this time was associated to
IRI induced neutropenia [57]. Seventy Japanese outpatients with colorectal cancer were
treated with the above FOLFIRI regimen. There were 38 wt patients, 26 patients were 6* or
*28 heterozygote and 6 patients were *6 homozygote or *6/*28 compound homozygote. They
suggest that the dose of IRI in patients with a plasma SN-38G/SN-38 concentration ratio of
<3 should be reduced to approximately 100-110 mg/m?. Because the total continuous dose
was different among patients with a plasma SN-38G/SN-38 concentration ratio of < 3
compared with those with a ratio of > 3 [42]. Hirose et al. [42] propose a scheme to
individualize IRI dose, at the first cycle the dose should be given on the basis of genetic
testing. Than the plasma SN-38G/SN-38 concentration ratio should be determined for
subsequent dose adjustments if necessary.

Nal-IRI in combination with 5-fluorouracil and folinic acid represents an relevant step
forward in improving second line treatment options in patients with progression of metastatic
pancreatic cancer [99]. Although this new formulation in combination with these agents

presents a manageable safety profile in patients, it is necessary to check UGTIAI gene status
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in all patients. In the phase III NAPOLI-1, patients with homozygous UGTIAI*28, the
starting dose of Nal-IRI was lower, initial dose of 50 mg/m? and subsequently increased after
first cycle without severe toxicity. But if toxicity grade 3/4 occurs for these patients, the dose
reduction should be from 50 mg/m? to 43 mg/m? after the first occurrence and from 43 to 35

mg/m?>

after a second adverse event. The dose reductions for nal-IRI for patients without
UGTIAI1#*28 homozygosity who have present a grade 3/4 adverse event should be
subsequently from 70 to 50 mg/m? and to 43 mg/m? for the first and second adverse events,
respectively [99].

There is data supporting the effectiveness of UGTIAI genotype-based dose adjustment
to potentially reduce the incidence of severe toxicity and improve survival. However, further
randomized trials of IRI decreasing dose in patients with at-risk genotypes and increasing it in

wt patients is warranted.

PROSPECTS

The estimation of pharmacokinetic parameters of IRI and its metabolites in previously
published population pharmacokinetic models required complicated blood sampling
schedules, limiting their clinical application [28,29], which can justify the lack of clinical
studies of pharmacokinetic dose individualization. In this context, the use of dried blood spots
(DBS), usually obtained from finger pricks, can potentially allow multiple sampling from the
same patient, even at remote sites [100]. Thus, the quantification of IRI and its active
metabolite SN-38 in DBS may be an alternative to individualize the drug dose through a
minimally invasive collection method [101]. Hahn et al. [101] collected DBS from patients on
IRI therapy as single agent or combined regimen. The samples were collected 1 hour and 24
hours after the beginning of IRI infusion. With these two collections it was possible to
determine the AUC of IRI. They suggested that estimation of IRI AUC using DBS is a
promising alternative, particularly considering the complex sampling usually required for
limited sampling strategies. The use of such alternative sampling strategy eventually could
allow larger studies to evaluate the relation between exposure to IRI and its metabolites to

toxicity and clinical responses, also supporting the establishment of exposure targets.
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CONCLUSIONS

Studies with pharmacokinetic and pharmacogenetic assays demonstrate that the
identification of patients at risk of severe toxicities from IRI is feasible and allows the
individualization of doses. Currently, the most straightforward approach for IRI dose
individualization is UGTIAI genotyping. However, this strategy is sub-optimal due to several
other genetic and environmental contributions to the variable pharmacokinetics of IRI and its
active metabolites. Pharmacokinetically-based IRI dose individualization studies are needed
to improve safety and effectiveness of this important chemotherapeutic drug. The use of DBS
sampling could allow the clinical application of complex sampling for the clinical use of

limited sampling and population pharmacokinetic models for IRI doses individualization.
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SUMMARY. The objective of this study was to develop an easily implementable liquid-
chromatographic assay for clinical application in therapeutic drug monitoring of irinotecan
(IRI), including the metabolite SN-38 and its glucuronide SN-38G. IRI and the metabolites
SN-38 and SN-38G were extracted from plasma, after protein precipitation, with methyl-tert-
butyl ether. SN-38G levels were estimated by treating plasma with B-glucuronidase and
evaluating the difference of SN-38 levels. Separation was performed in a reversed phase
column with isocratic elution and fluorescence detection. Total chromatographic run time was
19 min. The assay was linear in the range of 10 to 3,000 ng/mL for IRI and 1 to 300 ng/mL
for SN-38. Accuracy was 97.8-105.2%, intra-assay precision was 2.1-4.72% and inter-assay
precision was of 1.66-4.37%. The assay was applied in samples from 10 patients under IRI
chemotherapy. The assay was validated and due to its simple setup can be implemented in
clinical laboratories aiming to pharmacokinetically individualize IRI doses. Particularly, the
simple estimation of the glucuronidation ratio of the active metabolite SN-38 can be used to

identify patients on risk for severe toxicity.
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RESUMEN. EIl objetivo de este estudio fue desarrollar un ensayo cromatogrifico liquido
facilmente implementable para la aplicacion clinica en la monitorizacion terapéutica del
farmaco del irinotecan (IRI), que incluye el metabolito SN-38 y su glucurénido SN-38G. IRI
y los metabolitos SN-38 y SN-38G se extrajeron del plasma, después de la precipitacion de
proteinas, con metil-terc-butil éter. Los niveles de SN-38G se estimaron tratando el plasma
con B-glucuronidasa y evaluando la diferencia de los niveles de SN-38. La separacion se
realizé en uma columna de fase invertida con elucién isocrética y deteccion de fluorescencia.
El tiempo total de ejecucién cromatografica fue de 19 min. El ensayo fue lineal en el intervalo
de 10 a 3.000 ng/mL para IRI y de 1 a 300 ng/mL para SN-38. La precisién fue de 97.8-
105.2%, la precision intra-ensayo fue de 2.1-4.72% y la precision entre ensayos fue de 1.66-
4.37%. El ensayo se aplicé en muestras de 10 pacientes con quimioterapia IRI. El ensayo fue
validado y debido a su configuracién simple puede implementarse en laboratorios clinicos con
el objetivo de individualizar farmacocinéticamente las dosis de IRI. Particularmente, la simple
estimacion de la relacién de glucuronidacion del metabolito activo SN-38 puede usarse para

identificar pacientes con riesgo de toxicidad grave.

KEYWORDS: HPLC-FL; irinotecan; SN-38; therapeutic drug monitoring.

INTRODUCTION

Irinotecan is a chemotherapeutic drug used as a first-line treatment for colorectal
cancer (1) and advanced pancreatic cancer (2). The primary active metabolite of IRI is SN-38
(7-ethyl-10-hydroxycamptothecin), formed by liver carboxylesterases. SN-38 is 100 to 1,000
times more cytotoxic than the parent drug and is detoxified through the formation of its
glucuronide, SN-38G, mainly by UGTI1Al. Antineoplastic activity is attributed to the
inhibitory effect on DNA topoisomerase I, which plays an important role in DNA replication
and transcription and leading to cell death (3). Like most oncological drugs, IRI has a narrow
therapeutic window (4). Therefore, an important limitation associated with its use is the wide
interindividual variability in tolerability with occurrence of severe toxicity, especially
neutropenia and severe diarrhea, and efficacy, partly due to the complex metabolism of this
drug (5). This variability is partially related to interindividual pharmacokinetic and
pharmacogenetic differences, especially in the glucuronidation of the active metabolite
through the action of UGT. The risk of severe neutropenia associated with IRI administration

is related to a variant allele of the UGT gene, which reduces the elimination rate of SN-38
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(6,7). Therefore, the concentration ratio [SN-38G]/[SN-38] was described as a useful
pharmacokinetic index to identify patients at risk for severe adverse effects (8,9).

Besides being an approved drug by the Food and Drug Administration (FDA) for more
than twenty years, IRI has recently gained renewed interest due to results showing an
extended survival of pancreatic cancer patients treated with a new nanolipossomal
formulation when compared to standard chemotherapy (10). The observed relation between
exposure to IRI and its main active metabolite SN-38 and its clinical effects, both for the
classical (4) and the new nanolipossomal formulation (11), suggest this drug can be a
candidate for therapeutic drug monitoring (TDM).

TDM of IRI requires the availability of reliable and cost-effective analytical methods.
Determination of plasma levels of IRI and SN-38 has been accomplished by the use of liquid
chromatography, coupled to either tandem mass spectrometric (LC-MS/MS) or fluorescence
detection (HPLC-FL), usually based on only precipitation technique, some by solid phase
extraction and by liquid-liquid extraction (12). HPLC-FL is a particularly interesting
analytical method due to its selectivity and robustness, with reduced implementation costs
when compared to LC-MS/MS.

In this paper, we describe a simple, selective, highly sensitive and cost-effective
HPLC-FL method, requiring small volumes of human plasma, for the quantification of IRI
and SN-38, along with the estimation of SN-38G, suitable for clinical use on TDM of IRI and

could be used for future dose adjustments.

MATERIALS AND METHODS

Reagents and reference standard samples

IRI hydrochloride, camptothecin (CPT, internal standard-IS), SN-38, B-glucuronidase
(B-GLU, 100,000 UI mL") and metil-tert-butyl-ether (MTBE) were purchased from Sigma-
Aldrich. Acetonitrile, methanol, acetone, hydrochloric acid, orthophosphoric acid and
monopotassium phosphate were purchased from Merck. Ultrapure water was obtained
through an Elga Purelab Ultra® apparatus from Elga Labwater. For method validation, human

plasma was obtained from pooled samples collected from healthy volunteers.

Sample preparation
Plasma sample preparation was based on protein precipitation followed by liquid-

liquid extraction. Aliquots of 200 pL of plasma were transferred to micro tubes containing 30
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ng of IS (CPT, dried acetone extract) and vortex mixed. Proteins were precipitated with the
addition of 400 uL of a mixture of acetonitrile and methanol (50:50, v/v), followed by vortex
mixing and centrifugation at 15.000 g for 10 min. An aliquot of 400 uL of the resulting
supernatant was transferred to another tube and added with 1 mL of MTBE, followed, again,
by vortex mixing and 10 min centrifugation at 15.000 g. The organic layer was dried at 60
°C. After recovery with 200 pL of a mixture of mobile phase and hydrochloric acid 1M (3:1,
v/v), to avoid conversion of IRI to its carboxylate form, 50 uL. were injected into the HPLC-
FL. For estimation of SN-38G concentrations, enzymatic hydrolysis with -glucuronidase was
carried out just in a separate plasma sample with the addition of 15 pL. of B-GLU and
incubation for 120 min at 37 °C, followed by the extraction procedure described above. SN-
38G concentrations in ng mL™! were estimated by multiplying the difference in SN-38 levels
between plasma samples treated and untreated with B-GLU by 1.448, as a molar equivalency

factor.

Instrumental analysis

Chromatographic analyses were performed with a Shimadzu Class VP HPLC system,
with an RF-10AXL fluorescence detector, controlled by Class VP 6.13 SP2 software.
Separation was performed in an Eclipse Plus C8 column (150 x 4.6 mm, 5 pm, Agilent),
protected by a C8 guard cartridge (4 x 3.0 mm, Phenomenex). The column temperature was
set at 25 °C. Mobile phase was composed of a mixture of phosphate buffer 0.1 M pH 4.0 with
acetonitrile (80:20, v/v), with a flow rate of 1 mL min™”. Total run time was 19 min.
Chromatograms were acquired at an excitation wavelength of 370 nm and an emission
wavelength of 470 nm for IRI. Emission was set at 534 nm for SN-38 and IS. Detector

sensitivity was set at an initial gain of 32x and increased to 128x at 10 min.

Linearity

Calibration models were evaluated at 8 levels, with sextuplicate analysis at the levels
of 10, 25, 50, 100, 250, 500, 1,500 and 3,000 ng mL" for IRI and 1, 2.5, 5, 10, 25, 50, 150
and 300 ng mL"! for SN-38. Calibration curves were constructed by calculating the ratios of
the peak area of the analytes to the peak area of the IS and with the nominal concentrations of
the calibration samples. Homoscedasticity of calibration data was evaluated with F-test at the
confidence level of 95%, and calibration curves were fitted using least-squares linear
regression using several weighting factors (1/x, 1/x%, 1/x%° 11y, 1/y?, 1/y*?). The calibration

models were evaluated by their correlation coefficients (r) and cumulative percentage relative
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error (3 %RE) (13). Daily calibration curves using the same concentrations (single
measurement per concentration) were prepared with each batch of validation and patients

samples.

Precision and accuracy

Plasma samples containing IRI and SN-38 at the concentrations levels low (QCL),
medium (QCM) and high concentrations (QCH), were analyzed in triplicate on each of 5
days. The nominal concentrations of QCL, QCM and QCH for IRI and SN-38 were 70, 700
and 2,000 ng mL" and 7, 70 and 200 ng mL!, respectively. Within-assay precision and
between-day precision were calculated by ANOVA and expressed as CV%. Accuracy was
calculated as the percentage of nominal concentration measured in the analytical procedure.
The acceptance criteria for accuracy were mean values within £15% of the theoretical value

and for precision a maximum CV of 15% (14).

Lower limit of quantification

An independent plasma quality control sample at the lowest point of the calibration curve,
10 and 1 ng ml"! for IRI and SN-38 respectively, was included in the accuracy and precision
experiments (quality control at the limit of quantitation, QCLOQ) and was also tested in
triplicate on five different days. The acceptance criteria established for the limit of
quantification was accuracy within 100 £ 20% of the nominal value and a maximum CV of

20%.

Extraction efficiency

Extraction efficiency was calculated by the ratio of peak areas of IRI and SN-38
obtained at the QC samples to those obtained with the respective standard solutions
corresponding to complete recovery, measured in triplicate. The extraction yield was
calculated as percentage comparing the area of IRI and SN-38 in spiked samples and the

reference solutions.

Selectivity
Selectivity was evaluated by testing 6 blank plasma samples obtained from 6 different
human sources. They were prepared as described above to check for the presence of

chromatographic peaks that might interfere with the detection of IRI, SN-38 or the IS.
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Stability

For evaluation of stability at the HPLC autosampler, control samples of plasma
containing IRI and SN-38 at the concentration levels of QCL and QCH were extracted, pooled
and injected at time intervals of 1 h, during 12 h. Stability of analytes was tested by regression
analysis plotting absolute peak areas corresponding to each compound at each concentration
vs. injection time. Using the obtained linear regression, the concentration after 12 h was
calculated. A decrease or increase of up to 10% in the measured peak areas was considered as
acceptable. For estimation of freeze—thaw stability, plasma samples of patients were pooled to
obtain two levels of controls, at low and high concentrations. They were analysed in triplicate
before and after 3 freeze—thaw cycles. Differences in the measured concentrations from the

end to the beginning of the series of up to 15% were accepted as indication of stability.

Method application

The method was applied to the measurement of IRI, SN-38, and SN-38G in plasma
samples of patients receiving IRI in single or combined chemotherapy regimens. The study
was cleared by the Ethics Review Board and informed consent was provided by all
participants. Samples were collected 1 and 24 h after the beginning of the infusion, according
to a population pharmacokinetics and limited sampling strategy previously described (15,16).
The area under the curve (AUC) of IRI was calculated by minimizing an objective Bayesian

function using the solver add-in from Microsoft Excel.

RESULTS AND DISCUSSION

Chromatography and sample preparation

Retention times were 8.2, 14.0 and 16.2 min for IRI, SN-38 and IS, respectively, with
no interfering peaks present in blank samples (Figure 1). The sample preparation technique
based on protein precipitation followed by liquid-liquid extraction provided extracts with a
high degree of purity, potentially increasing the column working life. Differently from this
study, most of the previously described HPLC-FL assays for IRI used ion pair reagents in the
mobile phase, which requires longer equilibration times and extensive cleaning after use.
Quantitation of SN-38G is essential to evaluate the metabolic detoxification of SN-38.
However, SN-38G reference standards are hardly accessible, requiring sophisticated
approaches such as biosynthesis by human expressed UGTs (17). Alternatively, estimation of

SN-38G concentrations by enzymatic hydrolysis is an easy and straightforward approach to
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evaluate the levels of this important IRI metabolite. The hydrolysis conditions applied in this
study, including incubation time and B-GLU concentration, were optimized to render the
highest hydrolysis efficiency. IRI and SN-38 present native fluorescence, allowing its
sensitive and selective determination by FL detectors, dispensing the need for LC-MS/MS for
measuring clinically relevant concentrations.

Considering the potential clinical applications of this method for dose
individualization, in this study we present an optimized HPLC method with FL detection,

with adequate sensibility for TDM of this important chemotherapeutic drug.

Figure 1. Chromatograms obtained with the assay.
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A: QCLOQ with IRI at 10 ng mL™! and SN-38 at 1 ng mL"!. B: QCH with IRI at 2,000 ng mL™' and SN-38 at 200
ng mL"!. C: Patient sample with IRI at 972.1 ng mL"! and SN-38 at 21.9 ng mL"!. D: Same patient sample as in
C, but after B-GLU hydrolysis, with SN-38 at 67.5 ng mL"' (SN-38G estimated as 65.9 ng mL™").

Method validation

Linearity was demonstrated in the range of 10 to 3,000 ng mL! IRI and from 1 to 300
ng mL! for SN-38, covering the wide range of concentrations expected in the employed
limited sampling. With this wide calibration range, it was possible to quantify with a single
calibration curve, samples from patients with high and low concentrations, corresponding to

the collections of 1 and 24 hours after the start of the infusion, allowing calculating the AUC
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with only two concentrations. Calibration data had significant heteroscedasticity (Fir1 =
81.190 and Fsn-33 = 16.387; Fcrit (5,5; 0,95) = 5.05) and the best weighting factor for IRI and
SN-38 was 1/x%, with Z%RE of 9.9 x 10 and of 3.6 x 107" (Z%RE of unweighted
regression was -140.06 and -76.64, respectively) and was used for the further validation
studies and for the routine application of the method. Coefficients of correlation were above
0.9999, exhibiting acceptable linearity.

The method's accuracy was within the range of 97.8-105.2%, intra-assay precision was
2.1-4.72%, and inter-assay precision was of 1.66-4.37% (Table 1). The QCLOQ sample
presented accuracy of 99.4 and 100.3%, intra-assay precision of 5.7 and 10.3%, and inter-
assay precision of 1.5 and 5.1% for IRI and SN-38, respectively. Extraction efficiency was
greater than 40%. The limits of quantification for analytes were satisfactory for application of

the method to clinical samples, at 10 ng mL~" IRI and 1 ng mL~' SN-38.

Table 1. Method validation parameters: precision, accuracy and extraction yield.

QC Nominal Precision Accuracy Extraction
Analyte sample concentration (CV %) (%) yield
(ng mL1) Intra- Inter- (%)
assay assay

QCLOQ 10 5.70 1.54 99.4 -
IRI QCL 70 2.47 1.66 103.0 41.3
QCM 700 4.22 2.57 98.2 40.3
QCH 2000 4.24 2.94 97.8 41.0

QCLOQ 1 10.30 5.12 100.3 -
SN-38 QCL 7 2.10 3.52 105.2 41.8
QCM 70 4.02 3.04 98.5 421
QCH 200 4.72 4.37 98.6 42.6

QCLOQ: quality control at the limit of quantification, QCL: quality control low, QCM: quality control medium,
QCH: quality control high. (precision and accuracy n=45, extraction yield n=9).

The chromatographic conditions employing a reversed phase column and isocratic
elution with fluorescence detection proved capable of selectively separating analytes and
endogenous compounds. No interfering peaks were detected in the tested blank samples.
There was no indication of instability of the analytes in any of the tested conditions,
demonstrating the feasibility of its processing in usual laboratory conditions. The extracts
maintained in the autosampler were stable with a maximum variation in peak area ratios after
12 h of 98.6%, from the values in the beginning of the series (Table 2). It is therefore possible

to conduct simultaneous extraction from a number of samples, storing them at room
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temperature before proceeding to injection. And there was no indication of instability after

three freeze—thaw cycles (Table 2).

Table 2. Processed sample stability at autosampler and freeze-thaw cycles.

Analyte QC Nominal Processed QC Nominal Freeze-thaw
sample concentration sample sample  concentration stability
(ng mL1) Concentration (ng mL1) Concentration
change after change after
12 hin AS third cycle

(%) (%)
IRI QCL 70 +0.7 PLL 53.9 -0.6
QCH 2000 -0.8 PHL 1764.0 +0.9
QCL 7 0.7 PLL 2.1 4.3
SN-38 QCH 200 -1.4 PHL 12.5 4.0

QCL: quality control low, QCH: quality control high, AS: autosampler, PLL: patient low level, PHL: patient
high level. (processed sample stability n=10, freeze—thaw cycles of pooled patient samples n=24).

Method application

IRI, SN-38 and SN-38G concentrations, measured in samples obtained from 10
patients, were in the range of 26.1 to 2802.1 ng mL™!, of 1.23 to 18.08 ng mL™! and of 8.93 to
210.5 ng mL!, respectively, with patients receiving IRI doses of 180 or 350 mg/m?. IRI AUC
was in the range of 4,843 to 17,502 ng h mL™'. The glucuronidation ratio was in the range
2.92 to 12.5 and 5.9 to 26.8 in samples collected 1 and 24 h after the beginning of the

infusion, respectively.

CONCLUSIONS

This work provides a fully validated and easily implementable method for the
determination of IRI, SN-38, and SN-38G in human plasma samples using HPLC-FL
equipment, fitted to the application of therapeutic drug monitoring of IRI in patients receiving

common infusional chemotherapeutic regimens.
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HIGHLIGHTS

Irinotecan and SN-38 can be measured in clinical relevant concentrations in DBS by HPLC-
FL.

Irinotecan and SN-38 are stable in DBS for 14 days at 42 °C.
Validation data support the clinical use of the assay.
Irinotecan and SN-38 have higher concentrations in whole blood than in plasma.

Irinotecan and SN-38 concentrations in DBS have higher correlation with plasma levels at
high concentrations.
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ABSTRACT

Irinotecan (IRI) is an antineoplastic drug widely used for the treatment of colorectal and
advanced pancreatic cancer. Despite its clinical utility, the clinical use of IRI is associated
with potentially severe hematopoietic and gastrointestinal toxicities. The quantification of IRI
and its active metabolite SN-38 in dried blood spots (DBS) may be an alternative to
individualize the drug dose through a minimally invasive and easy collection method. The
aim of this study was to develop and validate a simple and fast HPLC-FL assay for
simultaneous IRI and SN-38 measurement in DBS, with adequate analytical performance for
clinical use. The method employs liquid extraction of one 8 mm disk of whole blood,
followed by separation in a reversed phase Eclipse Plus C8 column (150 x 4.6 mm, 5 pum).
Detection was performed with a fluorescence detector, with excitation wavelength of 370 and
emission of 420 for IRI and 534 nm for SN-38 and internal standard (camptothecin). Total
analytical run time was 17 min. Mobile phase was a mixture of 0.1 M phosphate buffer pH
4.0 and acetonitrile (80:20, v/v), at 1 mL min'. The assay was linear in the range 10 to 3,000
ng mL"! and from 0.5 to 300 ng mL"! for IRI and SN-38, respectively. Precision assays
presented CV% of 2.71-5.65 and 2.15-10.07 for IRI and SN-38, respectively, and accuracy in
the range of 94.26-100.93 and 94.24-99.33 %. IRI and SN-38 were stable at 25 and 42 °C for
14 days in DBS samples. The method was applied to DBS samples obtained from fingerpicks
from 19 volunteers receiving IRI in single or combined chemotherapy regimens, collected 1
and 24 hours after beginning of the infusion. The estimated plasma concentration of IRI and
SN-38 in sample collected 1 h after star of infusion presents 16 of 19 values within the +20%
range of the measured plasma concentrations. On the other hand, predictions of IRI and SN-
38 plasma concentrations from DBS measurements obtained 24 h after the beginning of the
infusion were poor. AUC of IRI that was calculated using plasma and DBS-estimated
concentrations, with a high correlation (r = 0.918). The method presented suitable
characteristics for the clinical use. However, translation of IRl and SN-38 DBS to plasma

concentrations is challenging due to the compound’s variable plasma/blood partition.

Keywords: Irinotecan; SN-38; dried blood spots; high-performance liquid chromatography;

fluorescence detection; therapeutic drug monitoring.

Artigo publicado no Journal of Pharmaceutical and Biomedical Analysis



68

GRAPHICAL ABSTRACT

> SN-38
[H]

1. INTRODUCTION

Irinotecan (IRI) is a chemotherapeutic drug used in the treatment of colorectal [1] and
advanced pancreatic cancer [2]. The primary active metabolite of IRI is SN-38 (7-ethyl-10-
hydroxycamptothecin), formed by liver carboxylesterases. SN-38 is at least 100 times more
cytotoxic than the parent drug and is detoxified through the formation of its glucuronide, SN-
38G, mainly by UGT1A1. The antineoplastic activity of IRI and SN-38 is attributed to their
inhibitory effect on DNA topoisomerase I, required for cellular DNA replication and
transcription [3]. IRI, as most anticancer drugs, is a toxic compound at clinically used doses
[4], and its use is associated to a wide interindividual variability in tolerability, with frequent
occurrence of severe toxicity, primarily neutropenia and severe diarrhea [5]. This variability is
partially related to interindividual pharmacokinetic differences, with a previous study being
successful in adjusting IRI doses targeting a selected area under the curve (AUC) in order to
minimize the occurrence of toxicity [4]. Alternative dose adjustment studies selected IRI
doses based on genotyping or phenotyping approaches [6,7]. The observed relation between
exposure to IRI and its principal active metabolite SN-38 with clinical effects, both for the
classical [4] and the new, recently FDA approved, nanolipossomal formulation [8], suggest
this drug may be a candidate for therapeutic drug monitoring (TDM). The estimation of
pharmacokinetic parameters of IRI and its metabolites in previously published population
pharmacokinetic models required complicated blood sampling schedules, limiting their
clinical application [9,10]. In this context, the use of dried blood spots (DBS), usually

obtained from fingerpricks, can potentially allow multiple sampling with minimal patient

Artigo publicado no Journal of Pharmaceutical and Biomedical Analysis



69

burden [11]. Alongside with the minimally invasive sampling, potential advantages of DBS
for TDM analyses includes reduced logistic costs for storage and transportation of specimens,
analyte stabilization due to drying, increased biosafety, and the possibility of self-sampling
[11-13]. However, as most reference drug concentration levels were established for plasma
samples, translating DBS to plasma concentrations is the major limitation for the
disseminated use of DBS in the TDM field. The major hurdle in this context is the effect of
the hematocrit of the blood sample, which impacts the blood-to-plasma partition ratio, as well
as the volume on the spot and, eventually, the drug extraction yield [14]. Particularly in the
case of IRI and SN-38, the low concentration levels observed after usual doses and the small
available blood volume in the DBS require highly sensitive analytical methods. There is no
previous report of a DBS assay for IRI. The measurement of plasma levels of IRI and SN-38
has been accomplished by the use of liquid chromatography, coupled to either tandem mass-
spectrometric (LC-MS/MS) or fluorescence detection (HPLC-FL), as reviewed by others [15].
HPLC-FL is a particularly interesting analytical method due to its selectivity and robustness,
with reduced implementation costs when compared to LC-MS/MS. Considering the lack of
assays for the determination of IRI and SN-38 in DBS and its potential applications for the
individualization of chemotherapy, the aim of this study was to develop and validate a simple,
selective, highly sensitive and cost-effective HPLC—FL method for the quantification of IRI
and SN-38 in DBS.

2. EXPERIMENTAL

2.1. Reagents, materials and reference standard samples

Irinotecan hydrochloride (96.15% of IRI base), camptothecin (CPT) and SN-38 were
acquired from Sigma-Aldrich (Saint Louis, United States). Methanol, acetonitrile, dimethyl-
sulfoxide (DMSO), hydrochloric acid, orthophosphoric acid and monopotassium phosphate
were purchased from Merck (Darmstadt, Germany). Whatman 903® paper was obtained from
GE Healthcare (Westborough, United States). Ultrapure water was produced in an Elga
Purelab Ultra® apparatus from Elga Labwater (High Wycombe, United Kingdom). For
method validation, human blood was collected from healthy volunteers, and the hematocrit
was measured by Sysmex KX-2IN (Kobe, Japan). Blank blood used for the preparation of
validation DBS samples had a Hct% of 40 unless otherwise stated.
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2.2 Preparation of solutions and standards

IRI and CPT stock solutions at the concentrations of 1 and 0.2 mg mL™!, respectively,
were prepared by powder dissolution in a mixture of acetonitrile: orthophosphoric acid 1 mM
(90:10, v/v). SN-38 stock solution was prepared in DMSO at the concentration of 0.5 mg mL"
I, IRI and SN-38 combined working solutions were prepared by dilution of the stock with
acetonitrile to render concentrations of 100, 250, 500, 1,000, 2,500, 5,000, 15,000, 30,000 and
60,000 ng mL™"! and 5, 12.5, 25, 50, 125, 250, 750, 1,500 and 3,000 ng mL’, respectively.
DBS extraction solvent was a mixture of acetonitrile and methanol (1:4, v/v), containing CPT
(internal standard, IS) at 10 ng mL™'. HPLC eluent was composed of phosphate buffer 0.1 M
pH 4.0 and acetonitrile (80:20, v/v). Dried DBS extracts were recovered with a mixture of
mobile phase and hydrochloric acid 1M (3:1, v/v). The presence of hydrochloric acid 1M is
required to avoid the in vitro formation of the carboxylate form of both IRI and SN-38 [15].

2.3. Chromatography equipment and conditions

Chromatographic analyses were performed with a Class-VP HPLC-FL system, from
Shimadzu (Kyoto, Japan). Separation was performed in an Eclipse Plus C8 column (150 x 4.6
mm, 5 um), from Agilent Technologies (Santa Clara, United States), protected by a C8 guard
cartridge (4 x 3.0 mm), from Phenomenex (Torrance, United States). The column temperature
was set to 55 °C, with eluent flow rate fixed at 1.0 mL min!. Total chromatographic run time
was 17 min. Chromatograms were acquired at the excitation wavelength of 370 nm, with
emission wavelengths of 420 nm for IRI and 534 nm for SN-38 and IS. Detector sensitivity

was set at an initial gain of 128 times, increasing to 16,384 times after 10 min.

2.4. Sample preparation

One punched DBS disk, with a fixed diameter of 8 mm, was used for extraction. The
disc was transferred to a polypropylene microtube and added with 350 pL of extraction
solution. After 30 min shaking at 500 rpm in a ThermoMixer® (Eppendorf), at 45 °C, an
aliquot of 300 pL of the supernatant was transferred to another microtube and evaporated to
dryness in a vacuum centrifuge at 45 °C (Concentrator Plus®, Eppendorf). The resulting dried
extract was recovered with 150 pLL of a mixture of mobile phase and hydrochloric acid 1M
(3:1), vortex mixed and centrifuged at 15,000 g for 10 min, and 50 pLL was injected into the
HPLC-FL.
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2.5. Selectivity
Blank DBS samples obtained from 10 different human sources were prepared as

described above to check for the presence of chromatographic peaks that might interfere with

detection of IRI, SN-38 or IS.

2.6. Linearity

Aliquots of 40 puL of the combined IRI and SN-38 working solutions were transferred
to polypropylene microtubes and evaporated to dryness with an in a vacuum centrifuge at 45
°C (Concentrator Plus, Eppendorf). Dried working solutions were recovered with 400 pL of
drug-free blood (Hct%=40) and gently homogenized for 5 min at 20 rpm. DBS calibration
samples were prepared by pipetting 50 pL. of blood in Whatman 903® paper, followed for a
minimum drying time of 3 hours before extraction. Resulting calibrator concentrations were
10, 25, 50, 100, 250, 500, 1,500, 3,000 and 6,000 ng mL™! for IRI, and 0.5, 1.25, 2.5, 5, 12.5,
25, 75, 150 and 300 ng mL™! for SN-38. Six replicates at each concentration were analyzed,
and calibration curves were calculated relating the area ratios of IRI and SN-38 peak to the IS
peak with the nominal concentrations. Homoscedasticity of calibration data was evaluated
with F-test at the confidence level of 95%. Weighted least-squares linear regression was used
to generate calibration models, which were evaluated through their coefficients of correlation
(r) and cumulative percentage relative error (X%RE) [15]. Daily calibration curves were

analyzed within each batch of validation and clinical samples.

2.7. Precision and accuracy

Aliquots of blank blood were enriched with the working solutions and applied to paper
to obtain quality control (QC) DBS samples containing IRI and SN-38 at concentrations of 70
and 7 (quality control low, QCL), 700 and 70 (quality control medium, QCM) and 2,000 and
200 ng mL"' (quality control high, QCH), respectively. QC samples were processed and
analyzed in triplicate, in each of 5 days. Within-assay precision and between-day precision
were calculated by one-way analysis of variance and expressed as CV%. Accuracy was
evaluated as the percentage of the nominal concentration represented by the concentration
calculated with the calibration curve. The acceptance criteria for accuracy were mean values
within +15% of the theoretical value, and for precision, a maximum CV of 15% was accepted

[16].
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2.8. Lower limit of quantification

Precision and accuracy were also evaluated at the concentration level of the lowest
calibrator, being tested in triplicate on five different days. These DBS QC sample (Quality
control at the limit of quantification, QCLOQ), containing IRI and SN- 38 at 10 and 0.5 ng
mL!, respectively, were prepared and processed as previously described. The acceptance
criteria were accuracy within 100£20% of the nominal concentration and a maximum CV% of

20 [16].

2.9. Extract stability at the autosampler

DBS QC samples at low (QCL) and high (QCH) concentrations (n=6 each) were
extracted as described above and the extracts obtained at each concentration level were
pooled. Aliquots of these pooled extracts at each concentration were transferred to
autosampler vials and injected under the conditions of a regular analytical run at time
intervals of 1 h, during 12 h. Peak area ratios between beginning and end of the series were
compared. A decrease or an increase of up to 15% in the measured peak areas was considered

as acceptable [17].

2.10. Stability at varying temperatures

For evaluation of thermal stability of IRI and SN-38 in DBS, QC samples at low
(QCL) and high (QCH) concentrations, were maintained at 25 and 42 °C and analyzed in
triplicate 1, 7 and 14 days after spotting on the paper. Stability was considered acceptable if
all results were within the range of 85-115% of the concentrations measured at the beginning

of the series.

2.11. Determination of IRI and SN-38 in plasma

IRI and SN-38 were measured in plasma by HPLC-FL after protein precipitation,
followed by liquid-liquid extraction. Briefly, 200 pL aliquots of plasma were transferred to
polypropylene microtubes containing 100 pl of the IS solution (CPT, 300 ng mL"! in acetone),
previously dried in a vacuum centrifugal evaporator at 30 °C. After mixing, proteins were
precipitated by the addition of 400 pL of a mixture of acetonitrile-methanol (50:50, v/v),
followed by centrifugation at 15,000 g for 10 min. An aliquot of 400 pL of the obtained
supernatant was transferred to a fresh polypropylene microtube and added with 1 mL of
MTBE. After additional homogenization and centrifugation steps, an 850 uL aliquot of the

supernatant was evaporated to dryness and recovered with 200 pL of a mixture of mobile
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phase and hydrochloric acid 1M (3:1), being 50 pL injected into the HPLC-FL. Instrumental
conditions were similar as those used for DBS samples, excluding the column temperature,
which was set at 25 °C, and the emission wavelength for IRI, which was 470 nm. Linearity
was demonstrated in the range of 10 to 3,000 ng mL™! for IRI and from 0.5 to 300 ng mL"! for
SN-38. The method accuracy was within the range of 97.8-105.2%, with an intra-assay
precision of 2.1 - 4.72% and inter-assay precision of 1.66-4.37% [18].

2.14. Influence of hematocrit on accuracy

Aliquots of blood containing differing hematocrit levels (Hct% of 25, 35 and 50) were
prepared by adding or removing plasma to blank blood collected into EDTA containing tubes
[19]. IRI and SN-38 were added to these aliquots of blood with differing hematocrit levels to
achieve the concentrations of CQL and CQH and were pipetted onto Whatman 903® paper,
followed by drying at room temperature for at least 3 h. The DBS thus created were analyzed
as described above. The influence of the Hct% on IRI and SN-38 measurements was
determined as the percentages of nominal concentrations that were measured in the DBS.

Acceptance criteria were values in the range of 85-115%.

2.15. Influence of hematocrit on extraction yield

Aliquots of 18 pL of blood (Hct% 25, 35 and 50) containing IRI and SN-38 at
concentrations of QCL and QCH, and non-spiked blood were added to Whatman 903® paper
and allowed to dry at ambient temperature for at least 3 hours. Whole spots were cut and
extracted, as described previously, in triplicate. Non-spiked extracts were added with IRI and
SN-38 solutions to obtain final concentrations equivalent to 100% extraction yield. Extraction
yield was calculated comparing the area ratios of IRI and SN-38 to the internal standard in

control and non-spiked samples.

2.16. Influence of spotted blood volume on accuracy

Blood with Hct% of 40 was prepared as described above and IRI and SN-38 were
added to achieve concentrations of CQL and CQH, and was then pipetted onto Whatman
903® paper at the volumes of 30, 40 and 55 pL, consistent with fingerprick blood drops.
After drying, the obtained DBS were analyzed as described above and IRI and SN-38 were
quantified with a calibration curve prepared after pipetting 50 uL of blood to paper. In all
extractions, 8 mm disks were used for testing. The influence of the Hct on IRI and SN-38

measurements was determined as the percentages of the nominal concentrations that were
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actually measured in the DBS. The acceptance criterion was a maximum deviation of + 15%

from nominal concentrations.

2.17. Method application

DBS, obtained after fingerpricks, and venous blood samples, from which plasma was
separated by centrifugation, were obtained simultaneously (within 3 min) from 19 volunteers
receiving IRI in single or combined chemotherapy regimens. Samples were collected 1 and 24
h after the beginning of the infusion (90 minutes), according to a population pharmacokinetics
and limited sampling strategy previously described [9,10]. Hct was measured from an aliquot
of the venous blood by standard hematology procedures. The study was approved by the
institutional review board of Hospital de Clinicas de Porto Alegre, and performed according

to the Helsinki declaration principles. Informed consent was obtained from all volunteers.

2.18. Comparison between concentrations measured in DBS and plasma samples

An estimated plasma concentration was calculated using the equation EPCHct =
(DBSconc/[1-(Hct/100)]) x fp where DBSconc is the concentration measured in DBS, Hct is
the individual hematocrit of patient and fp is the fraction of the drug in plasma, according to
Antunes et al. [11]. The fp value was adjusted to obtain a mean ratio between the measured
IRI and SN-38 plasma concentrations and EPC of 1, using the above equation. EPC was also
calculated using a correction factor based on the mean ratio of IRI and SN-38 plasma to DBS
concentrations, without considering the individual Hct nor fp (EPCfactor). A third approach
for the calculation of estimated plasma concentrations from DBS measurements
(EPCequation) was to apply the regression equation obtained after correlating plasma (y) to
DBS concentrations (x). Area under the curve (AUC) for IRI was calculated using the Solver
supplement in Microsoft Excel and applying a three-compartment pharmacokinetic model and
population data previously described [10]. Considering that AUC of IRI was successfully
used in the past as a predictor of toxicity after chemotherapy [4] we arbitrarily defined the
mean AUC of the used chemotherapy regimens, = 1 standard deviation (CV% of 30), as a
exposure target to evaluate the concordance of prediction based on plasma and DBS IRI
concentrations [7,10]. In this arbitrary classification, patients presenting AUC within + 1
standard deviation of the mean were classified as adequately exposed, and patients with AUC
values below and above this range were classified as under or overexposed to IRI,

respectively.
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3. RESULTS AND DISCUSSION

3.1. Chromatography and sample preparation

Fluorescence detection coupled to liquid-chromatographic separation has been
reported for determination of IRI and SN-38 in plasma [15], but there is no report of an assay
for these compounds in DBS. However, the high sensitivity of these assays makes HPLC-FL
a viable and cost-effective alternative for IRI determination in a typical DBS, which usually
contains 16-18 pL of blood [20]. Using the chromatographic conditions described in this
manuscript, IRI, SN-38 and IS had retention times of 8.20, 13.03 and 15.33 min, respectively
(Figure 1), with a total run time of 17 min. Whatman 903® paper was used as DBS substrate
due to its wide availability, low purchase cost and high degree of standardization [11]. Sample
preparation was based on a simple, single step, solvent extraction, followed by extract
evaporation and injection of the extract recovered with a mixture of mobile phase and

hydrochloric acid 1M (3:1).
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Figure 1. Chromatograms obtained with the assay.
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A: Blank DBS. B: Patient sample collected 1 hour after the start of the infusion, with IRI at 2068 ng mL"' and
SN-38 at 9.7 ng mL! C: Same patient sample as in B, but sample collected 24 hours after the start of the
infusion, with IRI at 118.0 ng mL"! and SN-38 at 2.9 ng mL"'. D: Quality control at the limit of quantification
(QCLOQ) containing IRT and SN-38 at 10 and 0.5 ng mL!, respectively.
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3.2. General method validation

Fluorescence detection at selected wavelengths was highly selective and no interfering
peaks were detected in the tested blank samples. Processed sample stability was tested with
control samples of IRI and SN-38 at low (QCL) and high (QCH) concentrations, being both
stable at the chromatograph’s autosampler, with signal variations in the range of -1.97 to

+3.55% and -6.61 to +2.78% after 12 hours, respectively (Table 1).

Table 1. Method validation parameters: precision, accuracy and processed sample stability at
autosampler.

Analyte QC Nominal Precision (CV %) Accuracy Processed sample
sample concentration Intra-assay  Inter-assay (%) concentration change
(ng mL1) after 12 h in AS (%)
QCLOQ 10 5.65 5.35 100.93 -
IRI QCL 70 3.38 5.35 99.95 -1.97
QCM 700 2.71 3.02 96.46 -
QCH 2,000 4.16 3.70 94.26 +3.55
QCLOQ 0.5 10.07 9.61 99.33 -
SN-38 QCL 7 3.67 6.24 97.43 -6.61
QCM 70 241 2.15 94.24 -
QCH 200 4.19 3.74 96.07 +2.78

QCLOQ: quality control at the limit of quantitation, QCL: quality control low, QCM: quality control medium,
QCH: quality control high, AS: autosampler (precision and accuracy n=45, processed sample stability n=12).

Calibration data presented significant heteroscedasticity (¥ values of 2757.6 and 716.6
for IRI and SN-38, respectively, against Frab of 5.05). Several weighting factors were tested
to the calibration data, and among the evaluated weighting factors, 1/x> presented the lowest
cumulative error for IRI and SN-38 (X%RE= 1.3 x 10"* and 1.9 x10"'®) and was used for all
quantitative measurements. Precision and accuracy fulfilled the acceptance criteria (Table 1),
with intra-assay precision in the range of 2.71 to 4.16% and 2.41 to 4.19% for IRI and SN-38,
respectively, whereas inter-assay precision ranged between 3.02 and 5.35% and 2.15 and
6.24% for both compounds. Accuracy was in the range of 94.3 to 99.9% for IRI and 94.2 to
97.4% for SN-38. The lower quantifiable concentration of the method was 10 ng mL™! for IRI
and 0.5 ng mL! for SN-38, which were selected based on expected clinical concentrations. It
is important to note that such sensitivity was obtained using only one DBS, with 8 mm of

diameter, which has, in average, 18 puL. of whole blood. The lowest limit of quantification
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presented intra-assay and inter-assay precision of 5.65 and 5.35% for IRI and 10.07 and
9.61% for SN-38, with an accuracy of 100.9 and 99.3% for the same compounds.

3.3. Specific DBS method validation

IRI and SN-38 stability in DBS were tested at room and high temperatures (25 and 42
°C, respectively) in an attempt to simulate transport conditions in the regular mail service and
long laboratory handling times (Table 2). Considering an acceptance range of 85-115% for
accuracy, both compounds were stable for 14 days under the tested conditions, with measured
concentrations in the range 87.1-98.6% for IRI and 97.0-108.6% for SN-38 (Table 2).
Considering the standard transport time of the mail service, we believe that a 14 days stability

of IRI and SN-38 in DBS is acceptable for clinical use.

Table 2. Long term stability of IRI and SN-38 in DBS maintained at different temperatures
(percentage of nominal concentration).

Analyte QC Nominal Temperature Day 7 Day 14
sample concentration O
(ng mL 1)

25 92.7 88.8
QCL 70

42 90.5 87.1

IRI

25 98.6 95.4
CQH 2,000

42 98.5 96.0

25 97.1 104.2
QCL 7

42 97.0 101.8

SN-38

25 99.9 101.0
QCH 200

42 108.6 108.1

QCL: quality control low, QCH: quality control high (n=3 for each concentration at each day and temperature).

As the blood Hct can affect the amount of blood in a spot with a fixed diameter, as
well as the extraction yield of the analytes from the cellulose matrix, the impact of the Hct on
the IRI and SN-38 measurements in DBS was also evaluated. Considering the existence of
patients with widely different Hct values in the clinical setting, we evaluated the effect of Hct
on measurement accuracy at the Hct% values of 25, 35 and 50 (Table 3). Accuracy was in the
range of 93.7 to 104.6% for IRI and between 92.5 to 108.0% for SN-38, being the smaller
value observed in a control sample with Hct% value of 25, due to the reduced viscosity of the

blood, which results in a smaller volume of blood in the 8 mm punch. On the other hand, the
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higher value observed in a control sample with Hct% of 50, due to a higher volume of blood
in the disk. Although being acceptable, the accuracy could be improved if the corrected blood
volume of blood in the DBS is taken into consideration [20]. In this case, accuracy values
were in the range of 95.2 to 102.0%, and of 96.2 to 105.4 %, for IRI and SN-38, respectively
(Table 3). Extraction yield was moderately affected by Hct and presented variations according
to IRI and SN-38 concentrations, decreasing at high concentrations, an effect that can be
compensated by matrix-matched calibration curves. Extraction yield for IRI was in the range
of 55.9 to 64.4% and of 44.6 to 55.2% for QCL and QCH levels, respectively, being smaller

with the increase of the Hct%.

Table 3. Evaluation of the influence of Hct on the accuracy and extraction yield of IRI and

SN-38 in DBS.
Analyte Hct QC Nominal Accuracy Volume-corrected Extraction yield
(%) sample concentration (%) accuracy (%)
(ng mL-") (%)
25 QCL 70 94.8 102.0 64.37
QCH 2,000 93.7 100.8 55.22
RI 35 QCL 70 99.3 100.8 62.21
QCH 2,000 97.4 98.9 50.51
50 QCL 70 104.6 95.5 55.87
QCH 2,000 104.3 95.2 44.58
25 QCL 7 97.9 105.4 64.49
QCH 200 92.5 99.5 54.76
35 QCL 7 101.5 103.0 63.08
SN-38
QCH 200 98.4 99.9 4941
50 QCL 7 105.3 96.2 55.59
QCH 200 108.0 98.6 43.28

QCL: quality control low, QCH: quality control high (n =3 for each control sample, at each Hct% value).

Calibration and QC samples were prepared by spotting 50 uLL of whole blood fortified
with IRI and SN-38 in Whatman 903® paper. When spotting other volumes, consistent with
drops obtained from fingerpricks (30, 40 and 55 pL), no significant impact on the accuracy of
both analytes measurements at two concentration levels was observed, with measured IRI and
SN-38 levels in the range of 88.8 to 106.4% and 91.2 to 106.5% of nominal values,
respectively (Table 4).
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Table 4. Evaluation of the influence of spotted volume on the accuracy of IRI and SN-38

measurements in DBS.

Analyte Volume QC Nominal Accuracy (%)
(uL) sample concentration
(ng mL 1)
30 QCL 70 104.9
QCH 2,000 88.8
QCL 70 103.1
IRI 40
QCH 2,000 90.2
s QCL 70 106.4
QCH 2,000 92.2
QCL 7 106.5
30
QCH 200 91.2
QCL 7 100.8
SN-38 40
QCH 200 92.0
QCL 7 100.6
55
QCH 200 94.0

QCL: quality control low, QCH: quality control high (n =3 for each control sample, at each volume).

3.4. Method application

The developed method was applied to samples obtained from 19 patients receiving IRI
chemotherapy. Patients received regimens containing IRI as single chemotherapeutic agent at
the dose of 350 mg m™ (n= 4) or the combined FOLFIRI regimen, with IRI doses ranging
from 133 to 200 mg m? (n=15). Patients had Hct% in the range of 26.1 to 45.1. Plasma
concentrations were estimated from DBS collected by fingerpricks using three different
approaches (EPCHct, EPCfactor and EPCequation). Measured concentrations are presented in
table 5. DBS samples collected 1 h after the beginning of the infusion presented IRI
concentrations in the range of 1,091 to 5,213 ng mL"' (606 to 2,802 ng mL™! in plasma) and
SN-38 concentrations in the range of 3.45 to 18.93 ng mL™" (3.09 to 19.29 ng mL"! in plasma).
The average plasma/DBS ratio for IRI in this collection time was 0.57 (range 0.44-0.85) and
0.85 (range 0.57-1.08) for SN-38. DBS samples collected 24 h after the beginning of the
infusion presented IRI concentrations in the range of 38.4 to 393.1 ng mL™! (12.8 to 110.0 ng
mL! in plasma) and SN-38 concentrations in the range of 0.56 to 3.08 ng mL"! (0.58 to 2.97
ng mL"! in plasma). The average plasma/DBS ratio for IRI in this collection time was 0.39

(range 0.17-0.72) and 0.97 (range 0.60-1.74) for SN-38.
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Table 5. Summary of measured and estimated irinotecan and SN-38 concentrations obtained from patients (n=19).

81

Irinotecan SN-38
Sample
collection time Plasma DBS EPCEequation AUC from AUC from Plasma DBS EPCractor
(h) (mgmL?') (mgmL?') (% ofplasma  plasma levels EPCEquation (mgmL7') (ngmL?') (% of plasma

levels) (ugxhmL?1) (ugxhmL"?) levels)

1 1 2802.10 521331 95.20 7 502 6272 18.08 17.94 84.00
24 77.66 214.73 80.47 2.12 2.36 107.69

1 2237.02 386826 91.41 16.81 18.62 93.82

2 24 29.24 105.57 14033 10.225 10.503 2.97 2.15 70.34
1 168770 2925.00 95.29 15.16 15.84 $8.49

3 24 68.12 160.16 75.99 12.169 10.906 2.91 3.08 102.81
1 1287.88  2324.15 103.27 7.08 8.78 105.04

4 24 42.54 87.20 87.97 9.230 9.228 1.89 1.86 95.33
1 143556 2304.97 92.03 9.91 11.28 96.41
> 24 44.73 108.11 92.85 10.065 9.285 1.23 1.40 109.94
1 97215  1144.82 80.65 19.29 18.93 83.00

6 24 39.10 85.15 94.67 6.688 5.561 1.28 1.39 104.68
1 156626 2574.29 9231 10.82 11.87 92.93

7 24 47.34 176.13 115.97 9.851 9.622 181 2.54 135.63
1 2391.85  5090.77 109.16 13.07 16.15 104.61

8 24 10997  393.12 88.72 17.105 17.446 1.57 2.47 152.75
1 98220 177048 109.32 751 10.36 116.84

? 24 21.52 90.69 177.08 6.762 9.359 0.91 0.89 941
1 60599 109134 125.29 7.10 9.89 117.93

10 24 42,04 249.77 164.26 4.780 6.807 2.19 2.49 110.23
1 122024 2307.62 108.37 7.90 9.83 105.36

1 24 42.39 209.88 145.16 8.442 9.987 1.41 2.36 162.72
1 1300.08 _ 2080.10 93.61 8.90 8.23 78.30

12 24 12.77 38.40 217.96 4.859 6.763 0.58 0.56 93.58
13 1 165358 3389.83 11027 10310 11.282 14.07 17.65 106.21
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24 43.64 127.45 103.87 1.63 1.71 101.39
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IRI concentrations measured in DBS obtained from fingerpricks, and DBS obtained
from venous blood, after phlebotomy, were highly correlated, with » = 0.954 and 0.976 for the
collection times of 1 and 24 h post-infusion, respectively. IRI plasma and DBS concentrations
presented a higher correlation at the collection time of 1 h post infusion when compared with
levels measured after 24 h, with r values of 0.949 and 0.766, respectively. For SN-38, there
was also a high correlation between concentrations in DBS obtained from fingerpricks and
venous blood, with r = 0.934 and 0.925 at the collection times of 1 and 24 h post-infusion.
SN-38 levels in plasma and DBS also presented a higher correlation in measurements from
samples obtained at the collection time of 1 h than at 24 h, with r = 0.933 and 0.796,
respectively. The estimation of IRI plasma concentrations from DBS obtained from
fingerpricks using the EPCHct approach at the sample collection time of 1 h after the
beginning of the infusion, utilizing an fp value of 0.37, allowed to estimate 14 of 19 values
within #20% of the measured plasma concentrations. For the same set of data, EPCfactor,
using a multiplication factor of 0.57, presented 15 of 19 values within #20% of the measured
plasma concentrations. The best predictive performance for these concentration data was
obtained using the regression equation (y=0.463x+253.96), with EPCequation presenting 16
of 19 values within the +20% range and all estimated concentrations within a +30% range. In
the other hand, predictions of IRI plasma concentrations from DBS measurements obtained
24 h after the beginning of the infusion were poor, with EPCHct (fp=0.22), EPCfactor
(multiplication factor of 0.39) and EPCequation (y=0.1966x+20.28) presenting only 6, 7 and
10 values, respectively, within the £20% range of the 19 measured plasma levels. When
calculating IRI AUC with EPCequation, 15 among 19 values were within a #20% range of
those obtained with measured plasma concentrations, and all AUC values were within a +45%
range of values calculated with plasma measurements.

The AUC of IRI was calculated using both plasma and EPCequation values (Table 5)
were highly concordant, with » = 0.918. Using the mean AUC * 1 standard deviation as an
arbitrarily exposure target to classify the patient’s exposure to IRI, 17 patients had concordant
classification when using plasma or DBS levels to calculate AUC (5 patients had IRI with the
target and 14 had exposures below the target). This preliminary result, with a small number of
observations, indicate that estimation of IRI AUC using DBS is a promising alternative,
particularly considering the complex sampling usually required for limited sampling
strategies. However, additional evaluations in larger groups of patients are needed to validate

the clinical use of DBS for estimation of IRI plasma AUC.
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The estimation of plasma concentrations of SN-38 from DBS values was also more
effective for samples collected 1 h after the beginning of the infusion. For this set of
concentrations, EPCHct (fp=0.54) estimated 13 of 19 values within +20% of the measured
plasma concentrations, whereas EPCequation (y=0.9947x-1.7641) estimated 15 of 19 values
within £20% of the measured plasma concentrations. Differently, for IRI, the best predictive
performance was obtained using a multiplication factor of 0.85, EPCfactor presenting 16 of
19 values within +20% range and with 18 out of 19 with a +30% range. As well as was
observed with IRI, predictions of SN-38 plasma concentrations from DBS measurements
obtained 24 h after the beginning of the infusion were also poor. In this case, EPCHct
(fp=0.59), EPCfactor (multiplication factor of 0.97) and EPCequation (y=0.6623x+0.4524)
presented 12, 13 and 13 values, out of 19, within the £20% range of actual plasma levels.

Translation of DBS concentrations to plasma levels, biological matrix in which most
of the pharmacokinetic information is based, is a major challenge. The distribution of drug
between plasma and blood cells is affected by a number of individual and pathological
variables, such as inflammatory and nutritional status, disease state, smoking habits [21],
renal functions [22], etc. The plasma protein binding of IRI and SN-38 was reported as is 65
and 95%, respectively [23]. As it is usually accepted that only the unbound fraction of drug in
plasma in able to partition into erythrocytes, it is to be expect relatively more IRI in the red
blood cells compared with SN-38 in vivo, what was confirmed by our observations. In this
study, IRI levels in DBS were shown to be a promising alternative suitable to predict
exposure to the drug through AUC, whereas the correlation between SN-38 concentrations in
DBS and plasma levels was poorer. Additional studies, with larger groups of patients, are
needed to evaluate if DBS concentrations can be correlated with clinical endpoints, allowing

its clinical use for IRI dose individualization.

4. CONCLUSIONS

A high-performance liquid chromatography-fluorescence detection assay for the
simultaneous quantification of IRI and SN-38 in a single dried blood spot, with about 18 uL
of whole blood, was developed and validated. IRI and SN-38 were stable in DBS for up to
two weeks at 42 °C. IRI and SN-38 concentrations in plasma and DBS from patients receiving
IRI chemotherapy presented concentration-dependent correlations. Besides the difficulties to

translate DBS measurements to IRI and SN-38 plasma levels, due to its unique blood/plasma
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distribution behavior, the relation of IRI and SN-38 DBS concentrations with clinical

endpoints requires further investigation.
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5. CONSIDERACOES FINAIS

IRI é um farmaco amplamente utilizado no tratamento do céncer colorretal e
pancredtico avancado e seu uso estd associado com efeitos adversos imprevisiveis,
principalmente diarreia e neutropenia (TOURNIGAND et al., 2004). Esses efeitos podem ser
muito graves, podendo levar a interrupcdo do tratamento e severa morbidade, ou até mesmo
fatais. Anos de pesquisa elucidaram o metabolismo complexo do IRI, que envolve varias
enzimas de fase I e II, além de transportadores de farmacos (capitulo 1). Apesar deste
conhecimento, ainda nio existem estratégias amplamente aceitas para a individualiza¢ao de
doses de IRI, bem como alvos farmacocinéticos estabelecidos para este farmaco.

Nesta dissertagdo, foram desenvolvidas e validadas duas metodologias altamente
sensiveis para andlise de IRI e metabdlitos. Um método para determinag¢do da concentracao
plasmatica de IRI, SN-38 ¢ SN-38G (capitulo 2), aliada a uma estratégia de amostragem
limitada (POUJOL et al., 2007) e parametros farmacocinéticos populacionais (KLEIN et al.,
2002), possibilitou determinar a exposic¢ao sist€émica ao IRI através do cdlculo da ASC do
paciente. O desenvolvimento do primeiro método com a amostragem alternativa por DBS
para a quantifica¢do de IRI e SN-38 (capitulo 3), forneceu uma estratégia de amostragem que
facilita a execugcdo de amostragens complexas para posterior cdlculo da ASC. Ambos os
ensaios desenvolvidos nesta dissertacdo empregaram o CLAE-FL, que é uma metodologia
particularmente interessante devido a sua seletividade e robustez, com custos de
implementacdo reduzidos quando comparados ao CL-EM/EM.

Em particular, o uso de DBS € promissor para a caracterizagdo da exposi¢ao individual
ao IRI e seus metabdlitos visto permitir uma coleta minimamente invasiva, além de coletas
multiplas do mesmo paciente sem necessidade de infraestrutura ou profissionais
especializados. Com treinamento, o proprio paciente pode realizar a coleta e usar o servigo
postal para enviar o DBS até o laboratério.

O ensaio inédito para determinacdo de IRI e SN-38 em DBS apresentado no capitulo
3, combinado com ferramentas computacionais apropriadas, permitird uma avaliacio
farmacocinética detalhada de pacientes sob tratamento quimioterdpico com IRI e o
estabelecimento de relagdes entre parametros farmacocinéticos e a ocorréncia de efeitos
adversos. Estes estudos futuros poderao resultar no estabelecimento de doses personalizadas

com base nas caracteristicas farmacocinéticas individuais.
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SUMMARY. The objective of this study was to develop an easily implementable liquid-chromatographic
assay for clinical application in therapeutic drug monitoring of irinotecan (IRI), including the metabolite
SN-38 and its glucuronide SN-38G. IRI and the metabolites SN-38 and SN-38G were extracted from plas-
ma, after protein precipitation, with methyl-tert-butyl ether. SN-38G levels were estimated by treating
plasma with B-glucuronidase and evaluating the difference of SN-38 levels. Separation was performed in a
reversed phase column with isocratic elution and fluorescence detection. Total chromatographic run time
was 19 min. The assay was linear in the range of 10 to 3,000 ng/mlL for IRI and 1 to 300 ng/mL for SN-38.
Accuracy was 97.8-105.2% , intra-assay precision was 2.1-4.72% and inter-assay precision was of 1.66-
4.37% . The assay was applied in samples from 10 patients under IRI chemotherapy. The assay was vali-
dated and due to its simple setup can be implemented in clinical laboratories aiming to pharmacokinetical-
ly individualize IRI doses. Particularly, the simple estimation of the glucuronidation ratio of the active
metabolite SN-38 can be used to identify patients on risk for severe toxicity.

RESUMEN. El objetivo de este estudio fue desarrollar un ensayo cromatogréfico liquido ficilmente implementa-
ble para la aplicacién clinica en la monitorizacion terapéutica del farmaco del irinotecan (IRI), que incluye el me-
tabolito SN-38 y su glucurénido SN-38G. IRI y los metabolitos SN-38 y SN-38G se extrajeron del plasma, des-
pués de la precipitacién de proteinas, con metil-tere-butil éter. Los niveles de SN-38G se estimaron tratando el
plasma con p-glucuronidasa y evaluando la diferencia de los niveles de SN-38. La separacién se realizé en una
columna de fase invertida con elucién isocritica y deteccién de fluorescencia. El tiempo total de ejecucion cro-
matogrifica fue de 19 min. El ensayo fue lineal en el intervalo de 10 a 3.000 ng/mL para IR1 y de 1 a 300 ng/mL
para SN-38. La precision fue de 97.8-105.2%, la precisién intra-ensayo fue de 2.1-4.72% y la precisién entre en-
sayos fue de 1.66-4.37%. El ensayo se aplicé en muestras de 10 pacientes con quimioterapia IRI. El ensayo fue
validado y debido a su configuracion simple puede implementarse en laboratorios clinicos con el objetivo de in-
dividualizar farmacocinéticamente las dosis de IRI. Particularmente, la simple estimacion de la relacién de glu-
curonidacion del metabolito activo SN-38 puede usarse para identificar pacientes con riesgo de toxicidad grave.

INTRODUCTION

Irinotecan (IRD) is widely used as a first-line
chemotheraphy for colorectal cancer ! and ad-
vanced pancreatic cancer 2. SN-38 (7-ethyl-10-
hydroxycamptothecin) is the main active
metabolite of TRI being 100 to 1,000 times more
cytotoxic than the parent drug. SN-38 is detoxi-
fied by the formation of its glucuronide, SN-
38G, mainly by UGT1Al enzymes. Antincoplas-
tic activity of IRI and SN-38 is attributed to the
inhibitory effect on DNA topoisomerase I, which
plays an important role in DNA replication and

transcription and leading to cell death 3. IRI has
a narrow therapeutic window 4 and an impor-
tant limitation associated with its use is the wide
interindividual variability in tolerability with oc-
currence of severe toxicity, especially neutrope-
nia and severe diarrhea, partly due to the com-
plex metabolism of this drug 5. This variability is
partially related to interindividual pharmacoki-
netic and pharmacogenetic differences, especial-
ly in the metabolic inactivation of the active
metabolite. The risk of severe neutropenia asso-
ciated with TRT administration is associated to
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ANEXO III
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Irinotecan (IRI) is an antineoplastic drug widely used for the treatment of colorectal and advanced pan-
creatic cancer. Despite its clinical utility, the clinical use of IR] is associated with potentially severe
hematopoietic and gastrointestinal toxicities. The guantification of IRI and its active metabolite SN-38
in dried blood spots (DBS) may be an alternative to individualize the drug dose through a minimally
invasive and easy collection method. The aim of this study was to develop and validate a simple and fast
HPLC-FL assay for simultaneous IRl and SN-38 measurement in DBS, with adequate analytical perfor-
mance for clinical use. The method employs liquid extraction of one 8 mm disk of whole blood, followed
by separation in a reversed phase Eclipse Plus C8 column (150 « 4.6 mm, 5 jum ). Detection was performed
with a fluorescence detector, with excitation wavelength of 370 and emission of 420 for IRl and 540 nm
for SN-38 and internal standard (camptothecin). Total analytical run time was 17 min. Mobile phase was
a mixture of 0.1 M phosphate buffer pH 4.0 and acetonitrile (80:20, v/v), at 1 mLmin-'. The assay was
linear in the range 10-3,000ngmL ' and from 0.5 to 300 ngmL-' for IRl and SN-38, respectively. Pre-
cision assays presented CVE of 2.71-5.65 and 2.15-10.07 for IRl and SN-38, respectively, and accuracy
in the range of 94.26-100.93 and 94.24-99.33%. IRl and 5N-38 were stable at 25 and 42 *C for 14days
in DBS samples. The method was applied to DBS samples obtained from fingerpicks from 19 volunteers
receiving IRl in single or combined chemotherapy regimens, collected 1 and 24 h after beginning of the
infusion. The estimated plasma concentration of IRl and SN-38 in sample collected 1 h after star of infu-
sion had 16 of 19 values within the £20% range of the measured plasma concentrations. On the other
hand, predictions of [R] and 5N-38 plasma concentrations from DBS measurements obtained 24 h after
the beginning of the infusion were poor. AUC of IR that was calculated using plasma and DBS-estimated
concentrations, with a high correlation (r=0.918). The method presented suitable characteristics for the
clinical use. However, translation of IRl and 5N-38 DBS to plasma concentrations is challenging due to
the compound's variable plasma/blood partition.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Irinotecan (IRI) is a chemotherapeutic drug used in the treat-
ment of colorectal [1] and advanced pancreatic cancer [2].

The primary active metabolite of IRl is SMN-38 (7-ethyl-10-
hydroxycamptothecin), formed by liver carboxylesterases. SN-38 is
atleast 100 times more cytotoxic than the parent drug and is detox-
ified through the formation of its glucuronide, SN-38G, mainly by
UGT1A1.The antineoplastic activity of IRl and SN-38 is attributed to
theirinhibitory effect on DNA topoisomerase I, required for cellular
DMA replication and transcription [2].
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IR, as most anticancer drugs, is a toxic compound at clinically
used doses [4], and its use is associated to a wide interindividual



