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ABSTRACT

Lurbinectedin is an oncogenic transcription inhibitor indicated for the treatment of small cell lung cancer (SCLC), which has also
shown activity against other malignancies. In this work, two independent cohorts of 180 (discovery cohort) and 719 (validation
cohort) cancer patients receiving lurbinectedin in Phases I, II, or III clinical trials were enrolled. Using a population pharma-
cokinetic (popPK) model of the discovery cohort, patients with extremely high (n =10, cohort 1) and low (n =10, cohort 2) etaCL
values (i.e., a variable used as a surrogate of unexplained CL interindividual variability) were identified. They were sequenced for
42 candidate genes involved in lurbinectedin pharmacokinetics. A total of 34 variants located in 20 genes were significantly as-
sociated with lurbinectedin etaCL; the best nine hits (located in CYP3A5, CYP3A4, ABCBI, ARNT, NR5A2, NR1H4, and FOXA3)
were subsequently genotyped in the validation cohort. A strong additive association between CYP3A4 and CYP3A5 genotypes
(informed as a CYP3A activity score [AS] variable) and lurbinectedin clearance (CL) and exposure was confirmed, for example,
patients with an AS of 3, 2, or 1 showed a 2.3-, 1.6-, and 1.5-fold higher total lurbinectedin CL compared to those with an AS of 0
and 2.3-, 1.8-, and 1.6-fold higher unbound lurbinectedin CL. In conclusion, preemptive CYP3A genotyping may offer a valuable

approach for personalizing treatment with lurbinectedin in cancer patients.

1 | Introduction

Lurbinectedin (Zepzelca) is an innovative tetrahydroisoquino-
line compound and chemotherapy agent that impedes oncogenic
transcription. It targets specific sequences within the DNA
minor groove, creating adducts that result in the formation of
double-strand breaks (DSBs) [1-3]. Moreover, it promotes the
selective degradation of transcribing RNA Pol II and the dis-
placement of transcription factors from the promoters of genes
that are being actively transactivated [4]. The induction of DSBs
initiates a prolonged delay in transitioning through the S phase

of the cell cycle, causing arrest at the GSM transition, culmi-
nating in apoptosis-induced tumor cell death [5]. Lurbinectedin
was granted accelerated approval by the US Food and Drug
Administration (FDA) in June 2020 [6, 7] followed by approv-
als in various other countries for treating metastatic small-cell
lung cancer (SCLC) in adult patients experiencing disease pro-
gression on or after platinum-based chemotherapy. Recently,
lurbinectedin combined with atezolizumab as a first-line main-
tenance therapy for extensive-stage small cell lung cancer (ES-
SCLC) demonstrated significantly and clinically meaningful
improvements in overall survival (OS) and progression-free
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Summary

« What is the current knowledge on the topic?

o Lurbinectedin is a novel oncogenic transcription in-
hibitor currently in clinical development.

o It was recently granted emergency approval by the
US Food and Drug Administration for the treat-
ment of small cell lung cancer (SCLC) and has
demonstrated promising activity in several other
indications.

« What question did this study address?
o This study investigated the influence of genetic vari-
ation on lurbinectedin clearance (CL) and exposure.

« What does this study add to our knowledge?

o Our findings reveal that CYP3A4 and CYP3A5 gen-
otypes, along with a CYP3A genotype-informed
activity variable, are significantly associated with
variability in lurbinectedin CL and exposure.

« How might this change clinical pharmacology or
translational science?

o This study expands the current understanding of
lurbinectedin pharmacokinetics, paving the way for
future research to determine whether a genotype-
guided personalized medicine approach could en-
hance the drug's efficacy while reducing its toxicity.

survival (PFS) compared to atezolizumab alone [8]. Moreover,
recent studies have reported activity of lurbinectedin in patients
with endometrial cancer, germline BRCA1/2 metastatic breast
cancer, and neuroendocrine tumors, and in patients with re-
lapsed Ewing sarcoma [9-12].

Lurbinectedin can cause adverse drug reactions (ADRS); some
of them are mild but occur very frequently (e.g., fatigue, nau-
sea, musculoskeletal pain, constipation) [13]; other ADRs can
be serious in approximately 3%-5% of the patients (i.e., febrile
neutropenia, neutropenia, infection of the respiratory tract, ane-
mia, dyspnea, and thrombocytopenia). The efficacy and safety
of lurbinectedin as a first-line treatment in SCLC as well as in
patients with other types of malignancies, alone or in combina-
tion with other anti-cancer drugs, are currently being assessed
in late phase studies (e.g., in patients with leiomyosarcoma).

Administered intravenously over 1h at the dose of 3.2mg/
m?, lurbinectedin exhibits a mean (CV%) area under the time-
concentration curve from t=0 to infinite (AUC_) of 551 ug*h/L
(94%),and a C_, of 107 ug/L (79%). It is highly bound to plasma
proteins (>99%), with a high affinity for a-1-acid glycoprotein
(AAG). Lurbinectedin shows an elimination half-life (tl/z) of
51h, with a total plasma clearance of 11 L/h. It undergoes nearly
complete metabolism, with 89% of the administered dose ex-
creted as metabolites through biliary excretion, while urinary
excretion is minor. The cytochrome P450 isoform 3A4 (CYP3A4)
metabolizes lurbinectedin in vitro; the concomitant use of
CYP3A inhibitors or inducers is contraindicated [13, 14].

Optimal dosing of cancer patients should aim to achieve ef-
fective and safe therapeutic responses. This requires sufficient
drug exposure to allow the medication to exert its mechanism
of action and therapeutic effect, while minimizing harmful side

effects. Moreover, improved treatment tolerability should result
in a lower rate of treatment discontinuation or dose reductions,
leading to greater efficacy and, presumably, higher progression-
free survival (PFS) and/or overall survival (OS). Given prior
knowledge of lurbinectedin pharmacokinetics, and the absence
of studies assessing the impact of genetic variation on it, an ob-
servational retrospective pharmacogenetic study was conducted
to identify genetic biomarkers associated with lurbinectedin
clearance and exposure.

2 | Materials and Methods
2.1 | Study Population

Data from 180 cancer patients enrolled in Phase I and II clini-
cal trials, receiving lurbinectedin either as monotherapy or in
combination, was used to identify the 20 patients in the discov-
ery stage of this work; for the validation stage, an independent
population of 719 patients was used with patients having simi-
lar characteristics, which also included Phase III clinical trials
(Table S1). Figure S1 shows the flow of patients in the different
study stages. These trials adhered to the principles outlined in
the Declaration of Helsinki, Good Clinical Practice guidelines,
and pertinent local regulations. Approval for all study protocols
was obtained from the Independent Local Ethics Committees
(IECs) of each participating study site. Prior to any intervention,
each patient provided written informed consent for their par-
ticipation in the clinical trial and for genetic testing. Additional
details pertaining to the clinical trials are available in Table S1
([15-24)).

2.2 | Pharmacokinetic Analyses

Lurbinectedin total plasma concentrations were pooled from pa-
tients in the discovery stage and fitted to a previously published
PopPK model [25] using non-linear mixed-effects modeling with
NONMEM v7.3. The interpatient variability on drug clearance
(etaCL) was used as a surrogate of CL differences unexplained
by model covariates that could be due to genetic variations. More
specifically, etaCL values are the individual deviations from the
population-predicted CL values after accounting for the effect of
covariates included in the model. In the PopPK model [25], any
demographic, clinical, or laboratory variable potentially related to
lurbinectedin CL was evaluated, and those with a demonstrated
effect on CL were retained in the model (e.g., albumin or C-
reactive protein [CRP] serum levels or body surface area [BSA]).

For the validation stage, the effect of genetic variation on AUC |
(hereinafter, AUC refers to AUC_ for clarity) and CL values
was analyzed. Moreover, the unbound lurbinectedin exposure
metrics were analyzed, which were estimated as previously re-
ported (AUC and CL,, respectively) [26]. Briefly, the individ-
ual total CL, which is dose-independent, is estimated with the
PopPK model. This model incorporates multiple dosing levels:
5mg fixed dose, 2.0mg/m?, and primarily 3.2mg/m? (Table S1).
Total AUC values were calculated as the dose divided by total
CL. Using the AUC value, albumin levels and AAG, and their
respective dissociation constants calculated in vitro [26], the
AUC  was calculated. CL, was subsequently calculated for each
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patient as dose divided by AUC,. Since the dose varied across
studies, all AUC and AUC , values were predicted assuming a
unique 3.2mg/m? dose as a single agent, based on individual
BSA values and total CL/CL, values.

Histogram plots and probit distribution were used to identify
subpopulations based on their etaCL values, showing patients
with clearance values higher than estimated by the model (pos-
itive etaCL values) or patients with clearance values lower than
estimated by the model. The 10 patients with the lowest etaCL
values (i.e., closer to —1) were classified as potentially having
variants that could decrease lurbinectedin metabolism (cohort
1), while the 10 patients with the highest etaCL values were clas-
sified as potentially having variants that could accelerate lurbi-
nectedin metabolism (Cohort 2).

2.3 | Safety

The safety analysis was conducted exclusively with data from a
subgroup of patients from the validation stage, corresponding to
clinical trial NCT02454972 (n=252), in which patients with se-
lected solid tumors and SCLC were treated with lurbinectedin as
a single agent at the full dose of 3.2mg/m? [22]. The occurrence
of the adverse drug reactions (ADRs) neutropenia and throm-
bocytopenia was documented throughout the treatment period
and for up to 30days after the final lurbinectedin infusion, or
until the patient's death or initiation of a new antitumor therapy,
whichever occurred first. ADRs were classified according to the
United States National Cancer Institute's Common Terminology
Criteria for Adverse Events (NCI-CTCAE) based on type and se-
verity. Patients were closely monitored for safety, and any ADR
was tracked until the patient either fully recovered, symptoms
improved to at least NCI-CTCAE Grade 1, or a new antitumor
therapy was started. Neutropenia and thrombocytopenia were
analyzed according to drug exposure and genetic polymorphism.

2.4 | Genotyping

Next Generation Sequencing (NGS) for the discovery stage
and TagqMan genotyping for the validation stage were

outsourced to GENOMICA S.A.U. (Madrid, Spain). The ger-
minal DNA (gDNA) was extracted from peripheral blood
mononuclear cells with the DNeasy Blood & Tissue Kkit, ac-
cording to the manufacturer's instructions (Qiagen). DNA
quality and concentration were assessed with a Qubit instru-
ment (ThermoFisher, USA). Targeted exome sequencing of 42
candidate genes (Table 1) involved in lurbinectedin metabo-
lism and transport was performed in an Ion PGM System for
Next-Generation Sequencing (NGS) using an Ion 318 chip v2
for the 20 samples classified as Cohort 1 (n=10) and Cohort
2 (n=10) (discovery stage) and a customized NGS panel. The
Ion Reporter v5.2 software and Annotate Variants Single
v5.2 workflow were used for variant analysis, specific for
GRCh38_human_5.0. In a subsequent validation stage, 719
independent patients were genotyped for nine variants with
TagqMan probes (Table 2) and a QuantStudio 5 with a 384-well
thermal block (ThermoFisher, USA); the TagMan genotyper
software was used for result analysis.

2.5 | Statistical Analysis

For the discovery stage, variant frequencies between Cohort 1
and 2 were compared using PLINK 2.0 [27]. A Manhattan plot
was employed to display hits (values with a significance p value
lower than 0.05 after correction for multiple comparisons) from
the statistical analyses.

For the validation stage, a descriptive and statistical analysis of
the exposure metrics was conducted. AUC _, CL, AUC , and CL,
were analyzed across genotypes. Based on the large sample size
and the central limit theorem, parametric tests were used, that
is, t-test or ANOVA tests. Mean (SD) values are shown. In this
stage, for pharmacogenes that are well characterized structur-
ally and functionally, variant information was used to define
gene haplotypes according to PharmVar [14] star-allele defini-
tions (accessed April 17, 2024). The genotype-informed pharma-
cogenetic phenotype was informed when possible, that is, when
a therapeutic guideline is available. For the CYP3A4 phenotype,
the Dutch Pharmacogenetic Working Group (DPWG) guide-
line for quetiapine prescription was used [28]; for the CYP3A5
phenotype, the Clinical Pharmacogenetics Implementation

TABLE1 | Family of genes and genes targeted with exome sequencing (discovery stage).

Family of genes

Gene

DMEs

DME electron donors

Regulators of DME expression: ligand-dependent nuclear receptors

Regulators of DME expression: Constitutive transcription factors

Regulators of DME expression: Transcription factors signaling

regulators
Drug transporters

Plasma binding proteins

CYP3A4, CYP3AS5, CYP3A7, CYP3A43, CYP2D6
POR, CYB5A, PGRMC1, PGRMC2

NR1I12, NR1I3, VDR, NR1H4, PPARA, RARA, RXRA,
NRI1H3, NR1H2, NR3C1, ARNT, AHR, NR5A2, NROB2

HNF4A, NR2F2, CEBPB, CEBPA, USF1, HNF1A,
FOXA3, FOXA2, PPARGC1A, NCOA1

NFKBI1, NFKB2, NFKBIA, IL6R, IL6ST

ABCBI
ALB, ORM1, ORM2

Abbreviation: DME, drug metabolizing enzyme.
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Consortium Guideline (CPIC) for tacrolimus prescription was
used [29]. A combined CYP3A activity score variable was ex-
plored as reported previously [30], where the number of active
CYP3A alleles is summed (e.g., poor metabolizers [PM] for both
enzymes [i.e., CYP3A5%3/*3+ CYP3A4*22/*22] have an score
of 0 and normal metabolizers [NM] for both enzymes [i.e.,
CYP3A5%1/*1 + CYP3A4*1/*1] have an score of 4); the remaining
variants were individually analyzed.

For the safety analyses, the same approach described above was
used to compare drug exposure (in terms of AUC ), according to
each ADR group (e.g., patients with Grade 4 neutropenia vs. the
remaining patients, or patients with grade 2 or higher throm-
bocytopenia vs. the remaining patients). For the comparison of
ADR occurrence across genotypes (e.g., Grade 4 neutropenia ac-
cording to CYP3AS5 genotype groups), a Chi-squared or a Fisher
exact test was used when applicable.

3 | Results
3.1 | Discovery Stage

A three-compartment mammillary model with linear distribu-
tion and elimination from the central compartment was suitable
to describe the data. The model estimated a volume of distribu-
tion at steady state of 438 L caused by the distribution to deep tis-
sues and a low central volume of 11.6 L, while CL was 11.2L/h.
Figure 1 shows the histogram plot and the probit distribution of
etaCL in the 180 patients from the discovery stage cohort. All
patients classified as Cohort 1 showed etaCL values between —1
and — 0.6, while patients classified as Cohort 2 showed all etaCL
values between 0.6 and 1.

The comparison of variant frequencies between Cohort 1 and
2 identified 34 significant hits, involving variants in 20 genes
with nominally significant differences in frequencies across
the two cohorts; no variant showed a statistically significant
difference in prevalence between the two groups after correc-
tion for multiple comparisons. All variants with nominal p
values lower than 0.05 are shown as follows: ARNT rs3894771
(p=0.003), 17517566 (p =0.035); IL6R rs3887104 (p=0.035);

NR5A2 151060060 (p=0.003), rs1060061 (p=0.025),
s2690034 (p=0.008), rs2816912 (p=0.003), rs2246210
(p=0.038), 1s2246209 (p=0.038), rs2690033 (p=0.038),

152690032 (p=0.003); PPARGCIA rs2279525 (p=0.047); ALB
rs770341325 (p=0.028); NFKBI 1s964820610 (p=0.038),
rs72696119 (p=0.038); IL6ST rs1373998 (p=0.037); NR3CI
rs6198 (p=0.037); POR rs72553972 (p=0.037); ABCBI
rs1258246940 (p=0.035); CYP3A5 rs15524 (p=0.008),
rs776746 (p=0.037); CYP3A7 rs10211 (p=0.028), rs12360
(p=0.028), rs2257401 (p=0.028); CYP3A4 rs2242580
(p=0.028); VDR rs2544043 (p=0.017); NRIH4 rs369219711
(p=0.003); HNF1A rs41279096 (p = 0.035); NFKBIA rs1957106
(p=0.038); FOXA3 rs11671106 (p =0.010); NRI1H2 rs2303044
(p=0.035); CYP2D6 rsl1985842 (p=0.047), rs543725218
(p=0.037).

Based on the p values, the following variants were selected
for the validation stage: ARNT rs3894771, NR5A2 rs1060060,
NR1H4 rs369219711, FOXA3 rs11671106, and CYP3A5 rs15524
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FIGURE 1 | Histogram plot and probit distribution of etaCL in the
exploratory stage cohort.

and rs776746 (CYP3A5*3) (Table 3). These were added to three
additional candidate variants, that is, ABCBI rs1045642 and
152032582, and CYP3A4 rs35599367 (CYP3A4*22) (Table 2).

3.2 | Validation Stage
3.2.1 | Pharmacokinetics

A three-compartment mammillary model with linear distribu-
tion and elimination from the central compartment was suit-
able to describe the time course of total plasma concentrations
of lurbinectedin after i.v. administration in the validation stage
cohort. The model estimated a volume of distribution at steady
state of 460L, a low central volume of 11.5L, while total plasma
CL was 9.65L/h. Mean (arithmetic) (CV%) estimated AUC was
631.62 (99%) pg*h/L for a 3.2mg/m [2] dose; when account-
ing for the lurbinectedin unbound fraction, these values were
1492.81 (66%) ng*h/L(AUC,) and 3.97 (47%) kL/h (CL,), respec-
tively. The estimated lurbinectedin unbound fraction, based on
the AUC /AUC | ratio, was 0.24%, and 0.27% based on the CL,/
CL ratio.

CYP3A4 and CYP3A5 were individually related to variability in
the analyzed exposure metrics (Table 3, Table S2). Most patients
(78%) showed a CYP3A activity score of 2, mainly consistent with
patients with CYP3A4*1/%1 + CYP3A5*3/*3 genotypes and, to a
minor extent, with patients with CYP3A4*1/%22+ CYP3A5*1/*3
genotypes. Patients with an activity score of 1 represented 6%
of the study population (i.e., CYP3A4*1/%22+ CYP3A5*3/%3)
and those with a score of 3 represented 15% (i.e., CYP3A4
*1/*1+4+ CYP3A5*1/*3). CYP3A5*3, with a prevalence of 91% in
the study population, was related to drug accumulation (higher
AUC and AUC)) and lower CL/CL; the same effect was ob-
served for CYP3A4*22, which was significantly less prevalent
(7%) (Table 3, Table S2). When combining both genotypes in
a CYP3A activity score variable, the effects were sharper and
the significance was higher (i.e., p values were lower) (Table 3,
Table S2). Similarly, the effects were higher for unbound expo-
sure metrics compared to total exposure metrics (Figure 2). No
other association was replicated for the remaining genes and
variants (Table S3).
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TABLE 3 | Unbound lurbinectedin pharmacokinetic parameters according to genotypes or phenotypes in the validation cohort.
Genotype/score n AUC, (ngxh/L) SD 4] Clu (kL/h) SD 4]
CYP3A score

4 10 936.22 398.44 <0.001 6.03 2.47 <0.001
3 106 1302.62 1270.77 4.86 1.98
2 547 1516.33 907.28 3.81 1.76
1 39 1695.8 880.44 3.45 1.89
0 2 3542.05 2717.23 2.1 1.44
CYP3A5
*1/*1 (NM) 10 936.22 398.44 0.012 6.03 2.47 <0.001
*1/*3 (IM) 113 1301.65 1235.9 4.83 1.94
*3/*3 (PM) 581 1538.11 922.5 3.77 1.78
CYP3A4
*1/*1 (NM) 657 1476.71 977.18 0.007 4 1.87 0.128
*1/*22 (IM) 46 1633.58 842.78 3.59 1.83
*22/*22 (PM) 2 3542.05 2717.23 2.1 1.44

Abbreviations: AUC , corresponds to the area under the concentration-time curve from 0 to infinite (AUC_) for the unbound moiety, estimated for a unique dose of
3.2mg/m?, calculated based on CLu; IM, intermediate metabolizer; n, patients with valid genotype results; NM, normal metabolizer; PM, poor metabolizer.

a) CYP3A score

b) CYP3AS5 diplotype

c) CYP3A4 diplotype
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FIGURE 2 | Lurbinectedin unbound area under the concentration-time (AUCu) (a-c) and clearance (CLu) (d—f) values according to CYP3A ac-

tivity score, CYP3A4 and CYP3AS5 genotypes. AUC and AUCu correspond to the area under the concentration-time curve from 0 to infinity (AUCoo)
for the parent drug and the unbound moiety, respectively, estimated for a unique dose of 3.2mg/m?, calculated based on CL and CLu. Outliers are
excluded from the figures for clarity.
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3.2.2 | Safety

ADR occurrence was significantly associated with AUC  levels.
Patients with Grade 4 neutropenia showed significantly higher
AUC, mean [SD] values compared to those without neutropenia
Grade 4 (2785 [1934] ngxh/L and 1578 [820] ngxh/L, respec-
tively, p<0.0001). When comparing patients with neutropenia
(any grade) with those without neutropenia, the values were 2291
(1607) ngxh/L and 1567 (856) ngxh/L, respectively, p<0.0001.
Moreover, patients with Grade 3 and 4 thrombocytopenia showed
significantly higher AUCu mean (SD) values compared to those
without thrombocytopenia Grade 3 and 4 (4395 [2842] ngxh/L
and 1671 [909] ngxh/L, respectively, p<0.0001). When compar-
ing patients with thrombocytopenia grade 2-4 with those without
or with Grade 1 thrombocytopenia, the values were 3081 (2372)
ngxh/L and 1660 (856,911 ngx h/L, respectively, p <0.0015).

Despite not reaching the level of statistical significance, the fol-
lowing tendencies were observed: no cases of Grade 4 neutrope-
nia were reported in CYP3A5*1/#1 patients (NMs) (0 of 4), while
9 of 36 (25%) CYP3A5*1/*3 patients (IMs) and 29 of 180 (16%)
CYP3A5*3/#*3 patients (PMs) suffered from this ADR (p=0.285).
Moreover, neutropenia grade >3 was reported in 6 of 15 (40%)
CYP3A4*1/*22 (IMs) patients compared to 60 of 205 (29%)
CYP3A4*1/*1 (NMs) patients (p =0.38).

4 | Discussion

Preemptive genotyping prior to the prescription of certain cyto-
toxicdrugsisanincreasingly common practice, aimed at minimiz-
ing drug toxicity while maximizing effectiveness. For example,
preemptive genotyping of DPYD for the prescription of fluoropy-
rimidine drugs (e.g., capecitabine or 5-fluoruracil) can be consid-
ered the standard of care in some European countries; in 2020,
the European Medicines Agency (EMA) and equivalent National
Agencies (e.g., the Spanish Drugs Agency, AEMPS) jointly rec-
ommended this testing, emphasizing that “patients completely
lacking DPD should not receive any fluorouracil-based medica-
tions” [31] (accessed April 17, 2024). Fluoropyrimidine drugs are
extensively metabolized by the DPD enzyme. Individuals with
DPD PM phenotype exhibit unacceptable levels of toxicity, ne-
cessitating avoidance of these drugs. Conversely, DPD IMs may
respond positively to fluoropyrimidines with appropriate dose
adjustments. A simple preemptive genotyping test can identify
decreased function or no function variants thereby predicting
DPD IM and PM phenotypes, enabling a personalized precision
pharmacotherapy approach. Another notable example is the rela-
tionship between UGT1A1 and irinotecan. A 30% dose reduction
in UGT1A1 PMs significantly decreases the likelihood of ADRs
[32, 33]. However, this biomarker has not yet received such a ro-
bust regulatory endorsement like DPYD.

Patients with relapsed metastatic SCLC with disease progres-
sion have a poor prognosis. The use of lurbinectedin in these
patients slows disease progression and prolongs life by several
months [22]. To our knowledge, this is the first report on lurbi-
nectedin pharmacogenetics published to date.

The estimated AUC_ value reported in this study of approxi-
mately 632ug*h/L aligns closely with the value of 551 ug*h/L

documented in the lurbinectedin drug label [13], both corre-
sponding to a 3.2mg/m [2] single agent dose, with CV values
exceeding 90% in both cases; the estimated CL was almost
identical to the value reported in the lurbinectedin drug label
[13], revealing a high consistency with historical lurbinectedin
data. Lurbinectedin shows an exposure-response relationship
for both toxicity and efficacy, with AUC values of 1400ng xh/L
(1000-1700ngxh/L) providing the greatest benefit/risk
ratio [26].

Astrongassociation was observed between CYP3A4and CYP3A5
genotypes and lurbinectedin CL and exposure, both total and
unbound, which was even stronger when consolidated into a
CYP3A activity score variable. Patients carrying CYP3A5*I al-
leles (i.e., with a CYP3A activity score higher than 2) showed
significantly higher drug CL and lower exposure compared to
patients with the CYP3A5%3/*3 genotype (most patients in our
study population). Conversely, patients carrying CYP3A4*22 al-
leles showed significantly lower drug clearance and higher expo-
sure. Europeans, however, are mainly PMs (>80%) for CYP3A5
due to the high prevalence of the CYP3A5*3 allele, whose core
variant is 6981A>G, rs776746, which produces a splice defect
and the complete loss of enzymatic activity. The clinical trials
that have led to the clinical development of lurbinectedin were
mainly conducted in Europeans and, therefore, the optimal dose
of 3.2mg/m [2] is most suitable for CYP3AS5 PM patients, as they
account for the majority in this cohort. In contrast, patients car-
rying CYP3A5*] alleles (i.e., with a CYP3A activity score higher
than 2) may not be appropriately dosed at this strength; in fact,
in this work, they showed suboptimal exposure metrics due to
their higher metabolic capacity.

To compensate for the reduced AUC, and increased CL , a dose
increase in patients with CYP3A5*1/*3 genotype (intermediate
metabolizers, IM) and in those with CYP3A5*1/*1 genotype
(NMs) may be required. A subset of patients with European an-
cestry could potentially benefit from these adjustments and, im-
portantly, the majority of patients in certain ethnic groups (e.g.,
African Americans, Afro-Caribbean or Sub-Saharan Africans),
where the CYP3A5%*3 allele is less prevalent than CYP3A5*]1.

As previously mentioned, CYP3A4 is reported as a key me-
tabolizing enzyme of lurbinectedin. CYP3A5 and CYP3A4
exhibit similar substrate specificity, with over 85% overlap in
their amino acid sequences [34], supporting the association
observed for the CYP3AS5 genotype. Interestingly, CYP3A4*22
(defined by 15389C>T, 135599367, also a splice defect variant)
was also related to impaired lurbinectedin metabolism (i.e.,
to lower CL, and higher AUC ). A dose reduction in patients
with CYP3A4*1/*22 (IM) and CYP3A4*22/%22 (PM) genotypes
(phenotypes) could be beneficial to normalize drug exposure in
these patients. The benefit-risk ratio of this adjustment would
be more debatable compared to a potential adjustment based on
CYP3A5 genotype; while the risk of toxicity is generally more
tolerable in oncology, the risk of insufficient efficacy could be
considered questionable. Furthermore, the effect of CYP3A4*22
was of somewhat smaller magnitude and statistical significance
compared to that of CYP3A5*3, likely due to the following rea-
sons: (a) the variant is considered to reduce CYP3A4 activity
by 25%-50%, whereas CYP3A5*3 is classified as a no-function
variant, (b) the lower prevalence of the CYP3A4*22 allele
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compared to CYP3A5*3 reduces the statistical power (e.g., 113
patients carried the CYP3A5*1/#3 genotype compared to 46 with
CYP3A4*1/*22).

A CYP3A activity score variable was calculated, consistent
with our findings and the biology. This variable was even more
strongly associated with lurbinectedin pharmacokinetic vari-
ability compared to CYP3A4 and CYP3AS5 genotypes when an-
alyzed individually. This strongly suggests that both variables
are true predictors of lurbinectedin clearance and exposure and
may potentially be considered together to inform routine clini-
cal practice.

Notably, the co-administration of bosentan, a strong CYP3A4 in-
ducer, decreased lurbinectedin exposure by 20% and increased
CL by 21% [35]. Moreover, the co-administration of itraconazole,
a strong CYP3A4 inhibitor, increased lurbinectedin exposure
2.7-fold [36]. Therefore, any genotype-informed dose adjustment
should account for drug-drug interactions and the patient's spe-
cific clinical and demographic information.

The lack of effect from ARNT, NR5A2, NR1H4, FOXA3, and
ABCBI variants during the validation stage suggests that the ini-
tial associations observed in the discovery stage may have been
spurious. In contrast, CYP3A4 and CYP3AS5 variants, which are
better candidates from a pharmacogenetic perspective a priori,
did have an effect in the validation stage. However, again, the
translation of any dose adjustment into clinical practice should
be carefully evaluated based on well-designed clinical trials sup-
porting such adjustments.

Finally, a clear exposure-response relationship was observed
between AUC, and ADR occurrence, which is consistent with
lurbinectedin’s clinical utility index and therapeutic window, as
reported previously [26]. Unfortunately, due to the restriction of
the sample size, no statistically significant relationships between
CYP3A genotypes and response were observed, yet two congru-
ent tendencies were observed: first, no individual with CYP3A5
NM phenotype showed Grade 4 neutropenia, while 16%-25% of
IMs or PMs did; second, patients with CYP3A4*1/#22 genotype
(IMs) showed a numerically higher percentage of grade >3 neu-
tropenia compared to NMs.

4.1 | Caveats

The clinical benefit derived from genotype-informed dose ad-
justments is unproven and merely speculative. Other variants,
namely CYP3A4*20, may explain an additional percentage
of pharmacokinetic variability. Variants in other genes, such
as CYP3A7, which is reported to show overlapping substrate
specificity with CYP3A4, could also explain part of the unex-
plained pharmacokinetic variability (e.g., CYP3A7*1C) [37, 38].
Additionally, no efficacy variable was analyzed because efficacy
endpoints were either not collected or not consistent across clini-
cal trials, which nevertheless are beyond the scope and objective
of this work. However, the association between CYP3A gen-
otype groups and drug exposure was strong, which indirectly
relates to therapy effectiveness and safety, and lays the founda-
tions for future upcoming studies. Furthermore, the impact of
CYP3A genetic variation on drug tolerability is to date unknown.

Additional research is currently underway to incorporate the
CYP3A activity score into pharmacokinetic/pharmacodynamic
(PK/PD) and/or exposure-response studies. These studies will
assess how CYP3A activity score (and/or CYP3A4 and CYP3A5
genotypes) influence the effectiveness and safety of lurbinecte-
din, which ultimately would justify dose adjustments.

5 | Conclusion

In the exploratory phase of this observational study, 32 vari-
ants in 20 genes were related to lurbinectedin unexplained
interindividual variability in CL; the best nine, located in
CYP3A5, CYP3A4, ABCBI1, ARNT, NR5A2, NRI1H4, and
FOXA3, were subsequently genotyped in a validation cohort.
The association between the CYP3A5%*3 allele (defined by the
presence of 6981A>G, rs776746, a splice defect variant that
defines a non-functional allele) and CYP3A4*22 (defined by
the presence of 15389C>T, rs35599367, another splice defect
variant that defines a reduced function allele) was confirmed.
A strong additive association between CYP3A4 and CYP3AS5
genotypes was observed towards the analyzed exposure met-
rics; when consolidating CYP3A4 and CYP3A5 genotype in-
formation into a CYP3A activity score variable, the association
was stronger. Additional studies are required to confirm the
impact of CYP3A activity score (and/or CYP3A4 and CYP3AS5
genotypes) on lurbinectedin pharmacokinetic variability and
safety, and whether CYP3A genotype-informed dose adjust-
ments would be clinically useful.
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