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ABSTRACT

Introduction: This study aimed to investigate
the relationship between gene polymorphisms
and clinical factors with the concentrations of
valproic acid (VPA) in adult patients who
underwent neurosurgery in China.

Methods: A total of 531 serum concentration
samples at steady state were collected from 313
patients to develop a population pharmacoki-
netic (PPK) model. Data analysis was performed
using nonlinear mixed effects modeling.
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Covariates included demographic parameters,
biological characteristics, and genetic polymor-
phism. Bootstrap evaluation showed that the
final model was stable. Sensitive analysis was
performed to verify the relationship between
gene polymorphisms and concentrations of
VPA. Linear regression was used to analyze the
relationship between VPA concentration,
ANKK]1, and daily dosage.

Results: In the recruited patients, 17 of 25 sin-
gle-nucleotide  polymorphism  distributions
were consistent with the Hardy-Weinberg
equilibrium. A one-compartment model with
first-order absorption and elimination was
developed for VPA injections. VPA clearance
was significantly influenced by three variables:
sex (17.41% higher in male than female
patients), body weight, and the ANKKI gene.
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Typical values for the elimination clearance and
the volume of central compartment were
0.614 L/min and 23.5 L, respectively. The model
evaluation indicated the stable and precise
performance of the final model. After sensitive
analysis using Kruskal-Wallis and Mann-Whit-
ney U tests, we found that patients with AA
alleles had higher VPA concentrations than
those with GG and AG alleles. Linear regression
models showed that gene polymorphisms of
ANKK]1 had little effects on VPA concentration.
Conclusion: A PPK model of VPA in Chinese
Han patients was successfully established; this
can be helpful for model-informed precision-
dosing approaches in clinical patient care, and
for exploring the mechanism of VPA-induced
weight gain.

Keywords: Valproic acid;
pharmacokinetic model;
ANKK1; Weight gain

Population
Neurosurgery;

Why carry out this study?

Our previous studies have shown that
patients who use valproic acid after
neurosurgery are at higher risk of liver
injury, and the toxicity threshold of blood
valproic acid concentration is
significantly lower than stated in the
instructions, making it difficult for
physicians to determine the appropriate
dose of valproic acid in such patients.
Therefore, the pharmacokinetics of
valproic acid in patients following
neurosurgery must be studied.

What was learned from the study?

This is the first time that ANKK11 gene
polymorphisms have been associated with
the pharmacokinetics of valproic acid.

VPA clearance was significantly influenced
by three variables: patient sex, body
weight, and the ANKK1 gene, but gene
polymorphisms of ANKK1 had little effect
on VPA concentration.

The results showed that the
pharmacokinetics of valproic acid in
patients following neurosurgery are
comparable to those in patients who did
not undergo neurosurgery.

INTRODUCTION

Valproic acid (VPA, valproate sodium) is a
broad-spectrum antiepileptic drug (AED) used
for the prevention and treatment of various
types of epilepsy. VPA has also been used to
treat bipolar disorder, schizophrenia, personal-
ity disorders, and migraines [1, 2]. However,
large interindividual variability in VPA efficacy
has been observed in our and in other studies
[3, 4]. Blood concentration monitoring is often
used to ensure the safety and effectiveness of
treatment. However, a small number of patients
are still at risk of treatment failure or adverse
reactions, such as pancreatitis, teratogenicity, or
liver injury. The metabolism of VPA is very
complex and affected by many factors. The
major metabolic pathways of VPA comprise
glucuronidation, mitochondrial pB-oxidation,
and the cytochrome P450 (CYP)-mediated o-
oxidation pathway [5]. Pharmacogenetic poly-
morphism is an important reason for the sig-
nificant individual differences in the efficacy
and toxicity of VPA [6].

Pharmacogenomic studies of VPA have
mainly focused on well-known genetic poly-
morphisms in the metabolic enzymes, such as
UDP glycosyltransferase (UGT) and CYP [7, 8].
Genetic variants in leptin receptor (LEPR), o
catalytic subunit of adenosine monophosphate-
activated protein kinase (AMPK), and ankyrin
repeat kinase domain containing 1 gene
(ANKK1) have been reported in association with
weight gain induced by VPA, which could
influence the expression of nuclear receptors
and energy homeostasis through the regulation
of multiple signaling pathways [9]. The influ-
ence of LEPR variants on adverse effects induced
by antipsychotic drugs is currently being
investigated [10, 11]. Drug transporters also
play key roles in the absorption, distribution,
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and excretion of therapeutic agents. The ATP
binding cassette (ABC) family, a major efflux
transporter superfamily, plays an important role
in the pharmacokinetic/pharmacodynamic (PK/
PD) variability of AEDs. Some members of the
ABC superfamily participate in VPA transport,
including ABCC2 [12]. In this study, 25 single-
nucleotide polymorphisms (SNPs), including
CYP and UGT families, were examined to iden-
tify their influence on VPA concentrations.

Post-traumatic epilepsy refers to seizures that
occur after brain injury. A study in The Lancet
has shown that, compared with patients who
have not suffered a brain injury, the relative risk
of developing epilepsy for people older than
15 years was 12.2 times higher after severe
traumatic brain injury [13]. Based on the
aforementioned research results, VPA has been
commonly used for epilepsy prevention after
neurosurgery in China. Our previous study has
shown that the occurrence of liver injury after
neurosurgery is associated with the concentra-
tion of VPA and gene polymorphisms [14].

Based on the above background, the present
study aimed to explore the effects of genetic
variants as well as other clinical factors on VPA
concentration in a cohort of Chinese Han adult
patients after neurosurgery. Twenty-five SNPs
located in 17 genes correlated with the metab-
olizing enzymes and transporters of VPA were
identified, and their relationships with VPA
plasma concentrations were evaluated.

METHODS

Study Design and Population
Characteristics

This is a prospective nonintervention study. We
established a population pharmacokinetic (PPK)
model to assess the effect of genetic polymor-
phisms and other clinical factors on VPA con-
centrations. Between September 2019 and
August 2021, 313 Chinese Han
patients > 18 years of age who undertook neu-
rosurgery and were administered VPA injections
at Shanxi Provincial People’s Hospital were
enrolled in this study. Written informed con-
sent was obtained from all patients or their

guardians before recruitment. The study was
approved by the Ethics Committee of the
Shanxi Provincial People’s Hospital. To avoid
the complexity of PK interactions caused by
polytherapy, the influence of a single AED in
combination with VPA treatment was analyzed.
Therefore, the collected data correspond to
monotherapies. The patients were administered
0.4 g VPA two to three times per day. The initial
dose of VPA was based solely on the experience
of the physician, and the physician adjusted the
dose according to the patients’ clinical mani-
festations and VPA concentration. The steady-
state drug concentrations were generally
reached after five doses [15]. Furthermore, one
of the characteristics of population pharma-
cokinetics is that it does not require the drug
concentrations to be stable. Irrespective of
whether the drug concentration is in an
ascending phase or a steady phase, the popula-
tion pharmacokinetic study can be conducted.
Therefore, after at least 3 days of VPA adminis-
tration, the concentration of VPA was mea-
sured. Trough concentration was defined as the
concentration of the drug 30 min before the
next dose and peak concentration as that 1h
after dosing.

The inclusion criteria were as follows:
patients who underwent neurosurgery and
received a VPA injection; > 18 years of age; no
presentation of history of viral or alcoholic
hepatitis; and normal liver function before VPA
administration. Both male and female patients
were enrolled. The exclusion criteria included
the following: patients who were treated with
VPA for < 5 days; < 18 years of age; presenta-
tion with hepatic dysfunction before medica-
tion; history of viral or alcoholic hepatitis;
patients currently suffering sepsis; incomplete
clinical information; lack of patient’s VPA con-
centration measurement during treatment; or
administration of other medications that affect
VPA concentration (such as phenobarbital,
cimetidine, or carbapenems).

The patients’ demographic information,
including gender, age, body mass index (BMI),
and medication details (VPA dosing history,
medication history, and laboratory tests) was
obtained through the hospital information
system. According to previously published
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reports, SNPs have been related to VPA meta-
bolism and toxicity [2, 7, 9, 16-29]. As such, the
population that was enrolled in the final cohort
was investigated for the following SNPs: ABCC2

(rs2273697), CYP2C9  (rs1799853), LEPR
(rs1137101), SCNI1A  (rs2298771), SCN2A
(rs17183814), COL1A1 (rs1800012), ANKKI
(rs1800497), ABCB1 (rs2032582), GABRAI
(rs2279020), CYP1Al (rs2606345), AMPK

(rs10789038), SH2B1 (rs3888190), CYP2C19
(rs1057910, 1512769205, 1s3758581, rs4244285,
15s4986893), UGT2B7 (1s12233719, 157439366,
rs7668258), UGT1A6 (rs2070959, 1528898617,
1s6759892), mitochondrial DNA (mtDNA)
polymerase y (POLG) (rs3087374), and super-
oxide dismutase 2 (SOD2) (rs4880).

Detection of Valproic Acid

Serum concentrations of VPA were measured by
fluorescence polarization immunoassay using
the ARCHITECT platform (Abbott Laboratories,
Abbott Park, IL, USA). The calibration curve
range of this assay was between 2.0 and 150 pg/
mL. The coefficient of variation assay was lower
than 10%, with a sensitivity of 0.7 ug/mL.

Genotyping

Blood samples were collected from all partici-
pants, and 2% ethylenediaminetetraacetic acid
(EDTA) was added to prevent coagulation.
Genomic DNA was extracted from peripheral
blood leukocytes using a DNA extraction kit
(Tiangen Biotech Company, Beijing, China) and
stored at - 80°C. Genotyping assays for the
selected SNPs were designed using the MassAR-
RAY platform (Agena Bioscience, San Diego, CA,
USA). Approximately 20 ng of genomic DNA
from each sample was used for genotyping.
Locus-specific PCR and detection primers were
designed using Assay Designer 4.0 (Sequenom,
San Diego, CA). After amplification of the DNA
samples via multiplex PCR, allele detection was
performed using matrix-assisted laser desorp-
tion ionization-time of flight (MALDI-TOF)
mass spectrometry. After quality control, 25
SNP were analyzed in 313 individuals.

Statistical and Sensitive Analysis

VPA concentration-time data were analyzed
using NONMEM (Version 7.3) integrated with
Pirana [30]. The compiler was gfortran in Win-
dows 7. The final model was validated after
bootstrapping with WEFN [version wifn730,
http://win.sourceforge.net/]. Diagnostic plots
were drawn using the ggplot2 package in R 3.5.
The first-order conditional estimation method
with interaction (FOCEI) algorithm was applied
for parameter estimation. The Hardy—Weinberg
equilibrium (HWE) test was performed with the
appropriate chi-squared test using Perl software.
P < 0.05 indicated a lack of agreement with
HWE. Linear regression was used to analyze the
relationship among VPA  concentration,
ANKK]1, and daily dosage.

In addition, to wverify the relationship
between gene polymorphisms and VPA con-
centrations, we performed a sensitive analysis.
To eliminate the influence of VPA dose and
weight on plasma VPA concentration, Cyps was
calculated and applied. The Cypa was calculated
as: (VPA plasma concentration)/(daily VPA
dose/weight). The patients included in this
study varied in age, gender, and BMI. To elimi-
nate these confounding factors, analyses of
covariance were used for association tests
between genotype and Cypa as the dependent
variable, with gender, age, and BMI as the
covariates. The Kruskal-Wallis test and
Mann-Whitney U tests were used for multiple
comparisons. Two-sided P-values < 0.05 were
considered statistically significant. Statistical
analyses were performed using SPSSAU (Version
21.0; https://www.spssau.com).

Model Building

A one-compartment model was applied
according to published papers [8]. Owing to
Taylor expansion [31], the between subject
variability (BSV) was described by an exponen-
tial model and the residual variance (RV) by the
additive model (ADD):

Y=F+¢g

where, Y is the measured concentration and
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F the corresponding predicted concentration.
The symbol e represents the residual error
between F and Y, with a mean of zero and
variances of o (i.e., ¢ ~ N[0, ¢?]).

The covariates were included into the model
using stepwise covariate modeling (SCM)
implemented in Perl-speaks-NONMEM (PsN).
Significance levels (forward inclusion o = 0.01,
backward elimination o = 0.005) were prede-
fined. The relationship of continuous covari-
ates, such as age and body weight (BW), is
described by

Cov; Ocov
P,-:TVP*< 0V’>

Covyy,

where P; is the model predicted value of a PK
parameter P in the ™ patient for a given
covariate value-Covj. 0cov represents a scaling
factor for the influence of that covariate. Cov;/
Cov,, is the normalized transformation for
Covj, where Covy, is the median of covariate.
TVP represents the typical parameter value.

The relationship of categorical variates, such
as sex, was

P; = TVP (1 + Cov; * Ocov)

where Covj is the numeric index value of the
covariate and Ocov represents a multiplicative
factor for the influence of that covariate. For
example, if fcov is negative, the effect is a
decrease in the typical value; conversely, an
increase in the typical value is noted for positive
Ocov values. The remaining parameters were as
in the continuous expression.

The covariates selected by PsN were based on
the maximum of the drop of objective function
value. In the first step, the model with the
highest drop in objective value was retained and
taken forward to the next step. However, we
added the criteria that the interindividual and
residual variabilities should decrease. After the
forward modeling run finished, we selected
qualified models with a drop of objective func-
tion value (OFV) larger than 6.64 (o = 0.01, 2,
df = 1) and compared them. Only the model
with the highest decrease in interindividual
variabilities could be taken forward to the next
step. The forward selection step stopped when

there were not any increased interindividual
variabilities, even if a forward model returned
the required drop of objective function value
(larger than 6.64).

An increase in OFV of at least 7.87
(o0 = 0.005, %%, df = 1) was used as a criterion for
retaining relationships during backward elimi-
nation. The final population model was the one
that contained all significant covariates after
the backward elimination process.

Evaluation and Validation

The bias between the final model and boot-
strapping median was calculated. Goodness of
fit (GOF) of observed and predicted concentra-
tions of VPA were evaluated through graphics
drawn using ggplot2. The bootstrap method
was applied to assess the robustness of the final
model. Five hundred datasets were generated by
resampling through WFN. Bootstrapping results
are reported as median parameters and 95%
confidence intervals based on 2.5th and 97.5th
percentiles.

RESULTS

Patient Demographic Data
and Genotyping

A total of 313 patients who underwent neuro-
surgery were included in the model-building
group. From these patients, 531 blood samples
were collected and analyzed for VPA concen-
trations (range, 27.83-102.21 pg/mL). VPA was
administered intravenously two to three times
daily. None of the samples were below the lower
limit for quantification. A summary of the
demographic characteristics of the patients used
for model development and evaluation is pro-
vided in Table 1.

The frequencies of selected polymorphisms
were comparable to those of published data for
Chinese people. Deviations from HWE for the
various SNPs were assessed using the Chi-
squared test, and 17 of 25 genotypes were found
to be in equilibrium (P > 0.05) (Supplementary
Table 1).
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Table 1 Demographic data of patients evaluated in the
population pharmacokinetic analysis of valproic acid

Variable Value

No. of patients (males/females) 313 (175/138)

No. of VPA concentration samples 531

Age (years) 56 (18-86)
Weight (kg) 65 (40-113)

BMI 23.32 (14.69-41.51)
ALT (U/L) 17.52 (3.56-38.73)
AST (U/L) 18.46 (9.06-39.96)
Albumin (g/L) 37.04 (19.54-49.74)

SCr (umol/L) 61.02

(20.18-495.46)
VPA daily dose (mg/kg) 14.41 (7.08-30)

VPA serum concentration ([g/ 52.15
mL) (27.83-102.21)

ALT alanine transaminase, AST aspartate transaminase,
BMT body mass index, SCr serum creatinine, P4 valproic
acid

Continuous data are presented as median (range) unless
specified otherwise; categorical data, as the number of
patients

Reference ranges: ALT: 0-40 U/L; AST: 0-40 U/L; SCr:
53-106 pmol/L

Base Model

The minimal OFV of the base model was 3120.6.

The one-compartment model that was parame-

terized in terms of the elimination clearance

(CL) and volume of central compartment
(V) was selected as the base model (Table 2).

The expression of the final model is as

follows:

0.267

CL=0.614 x (1 +0.1741 x SEX) x (%)

if ANKKI =GG: V=235

if ANKKI =AG: V=235 x(1-0.233)

if ANKKI =AA: V=235 x(1-0.464)

After and backward

forward selection

elimination, covariates that remained
significant in the final model were sex on CL,
BW on CL, and ANKK1 on V. The final model
(OFV = 3058.1) showed a decrease in OFV of
62.5 points compared with that of the base
model (OFV =3120.6). The interindividual
variability fluctuated from 25.8 to 24% for CL.
The additive model was finally selected to
describe the between-subject variability. The
standard deviation was 8.983 mg/mL, which
was the square root of the variance 80.7 in the
final model.

The whole process of establishing the final
model including stepwise forward addition and
backward elimination is displayed in Table 3.
No value was excluded from the final model
after the backward elimination because the
minimum increase of OFV was 16.7, which was
larger than the required 7.87.

A linear regression analysis was performed to
investigate the relationships among ANKKI,
body weight, daily dosage, and VPA concentra-
tion. The final model expression is given below:

if ANKKI GG = 1, ANKKI AG = 2, ANKKI AA
=3

Concentration = 34.11 — 0.44 x BW +1.76
x ANKK]I + 47.06 x daily dose

Adjusted R* = 0.46.

Table 2 Population pharmacokinetics of the base model

Value %RSE
CL (L/min) 0.67 1.9
V(L) 185 6.9
BSV CL 0258 69
BSV_V 0 fixed -
RV 9.455 6.4

BSV interindividual variability, RV residual variability,
RSE relative standard error
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Table 3 Results of model building

Model Covariates OFV DOFV Method
1 NONE 3120.6 - -

2 CL-SEX 3084.2 - 362 Stepwise
3 V-ANKKI 3066.3 - 179 Stepwise
4 CL-BW 3058.1 - 82 Stepwise
5 CL-SEX is eliminated 3076.6 + 18.5* Backward
6 CL-ANKK] is eliminated 3074.8 + 16.7* Backward

OFV minimal objective function value, DOFV drop of OFV; *DOFV was calculated using the OFV in the model (5/6)
minus that of model 4 (final model). Method: stepwise inclusion or backward elimination. B/ body weight

Model Evaluation

The diagnostic plots of the base and final
models are presented as the observed versus
predicted individual or population concentra-
tions in Figs. 1 and 2, respectively. The condi-
tional weighted residuals were homogeneously
distributed over the observed concentrations
(Fig. 3) and the majority fell within a £+ 3 range.

Four hundred ninety-nine bootstraps were
minimized successfully from 500 runs. The
main parameter (CL and V) estimates in the
final model were within + 3% compared with
those in the bootstrap median. Parameter esti-
mates were within 95% confidence interval and
are listed in Table 4.

Based on the results of the PPK model, we
found that ANKKI1 gene polymorphisms were
associated with VPA concentration; therefore,
we performed a sensitive analysis to verify the
relationship between ANKKI and Cypa. After
Kruskal-Wallis and Mann-Whitney U tests, we
found that patients with AA alleles had higher
concentrations than those with GG and AG
alleles (Table 5).

DISCUSSION

Based on our previous study, the toxicity
threshold was much lower than the label for
VPA in post-neurosurgery patients [14]. There-
fore, for these patients, the VPA concentration
has stricter requirements. On searching
PubMed, Web of Science, and Embase

databases, we found that there are no reports on
the effects of neurosurgery on VPA metabolism.
To our knowledge, this is the first PPK study to
systematically investigate clinical factors and
genetic polymorphisms, including metabolic
enzymes (CYPs and UGTs), ABC transporters,
ANKK1, and other genetic variants, on the PK of
VPA in adult patients who underwent
neurosurgery.

We built a reliable population model of VPA
in Chinese Han adult patients. The final model],
which included the effect of sex and BW on CL
and ANKK1 on V, showed a significant drop in
OFV (62.5). The final model indicated that the
covariate of BW had a positive influence on CL
by power function. The normalized transfor-
mation BW/62 could be put into simple prac-
tice. The influence of sex on CL by linear
function shows that VPA metabolism is 17.41%
faster in males compared with females, which is
consistent with previous reports [32]. The typi-
cal value of CL is similar to that of patients who
did not undergo neurosurgery [4]. This shows
that the PKs of valproic acid in patients fol-
lowing neurosurgery are comparable to those in
patients who did not undergo neurosurgery. To
avoid the effect of polytherapy on VPA meta-
bolism, our study excluded other drugs that
may affect the PK of VPA. This allowed us to
better understand the PK of VPA. Therefore, we
speculate that the results of our study are
applicable to Chinese Han patients treated
solely with VPA.

The results of the PPK model showed that the
volume of central compartment (V) of ANKK1
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Fig. 1 Plot of valproate individual concentrations predicted by the final model versus measured concentrations

with AG alleles was reduced by 23.3% compared
with that with GG alleles and the V of the AA
alleles was reduced by 46.4% compared with
that with GG alleles. A decrease of the volume
of central compartment resulted in an increase
in steady-state concentrations. The sensitive
analysis showed that the patients with the AA
ANKK]1 alleles had higher concentrations than
those with GG and AG alleles. This is the first
report to study the relationship between ANKK1
and VPA concentration.

Dopamine 2 receptor gene (DRDZ2Z) poly-
morphisms have been found to be associated
with altered perception of food reward and
weight gain [33, 34]. The most commonly tes-
ted and referred to DRDZ2 polymorphism is
ANKK]1 (rs1800497). Early reports have demon-
strated that in patients with epilepsy with AG
and GG genotypes, VPA treatment is associated
with increased weight gain compared with

those with genotype AA [9]. We hypothesized
that patients with AG and GG genotypes
weighed more and had larger apparent volumes
of distribution, resulting in lower VPA concen-
trations than those without these genotypes.
However, linear regression models showed that
gene polymorphisms of ANKK1 had little effects
on VPA concentration. We presume that this
may be because long-term VPA treatment is
required for genetic polymorphisms to induce a
considerable change in the body weight of
patients; nonetheless, the treatment course of
most patients included in this study was not
longer than 10 days.

There are some limitations of this study.
First, we only added a single antiepileptic drug
to avoid the complexity of PK interactions
caused by multiple-drug coadministration.
However, in many clinical cases, it is necessary
to combine VPA with other AEDs; the relevant
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covariates were not included in our model.
Second, a constant coefficient of variation
(CCV) model was not found for the residual
model. When a combined ADD/CCV model was
applied, the variance of CCV was close to the O
boundary. As a result, the ADD model for
residual variance was selected both for the base
and the final model. Third, given the general
assumption that VPA is not metabolized by
ANKK1, the mechanism by which ANKK1I
affects VPA concentration requires further
study.

CONCLUSIONS

We describe in detail the PK parameters of VPA
when administered alone through a PPK model;
VPA CL was significantly influenced by three
variables: sex (17.41% higher in male than

female patients), body weight, and ANKKI. The
results of the PPK model showed that the V of
the ANKK1 with AG alleles was reduced by
23.3% compared with that with the GG alleles,
whereas the V with the AA alleles was reduced
by 46.4% compared with that with the GG
alleles. Sensitive analysis showed that patients
with AA alleles had higher concentrations than
those with GG and AG alleles. To our knowl-
edge, this is the first report that demonstrated
that ANKK1 gene polymorphisms are associated
with the PK of VPA. These findings can be useful
to better understand the VPA PK and establish
individual drug dosage regimens in Chinese
Han adult patients.

I\ Adis



206

Neurol Ther (2023) 12:197-209

base model

final model

o

o %l

CWRES

S, et
s

.2 ..‘.'g e

o e

100

Fig. 3 Conditional weighted residual

200

300 100 200 300

0
Observed Concentration(ug/ml)

(CWRES) versus observed concentration levels in the final model

Table 4 Parameter estimates from the final population model and bootstrap validation

Parameter Final model Bootstrap

Estimate (RSE/%) Median 95% CI
CL (L/min) 0.614 (2.5) 0.613 (0.5850, 0.6460)
Vv (L) 23.5 (94) 23.5 (19.6, 29.1)
CL-sex 0.174 (24.0) 0.175 (0.0925, 0.266)
V-ANKK]1 (if AG) - 0233 (39.2) - 0.227 (- 0.416, - 0.0037)
V-ANKK]I (if AA) - 0.464 (17.0) - 0458 (- 0.5910, - 0.2560)
CL-BW 0267 (36.1) 0267 (0.0824, 0.4330)
BSV_CL 0.240 (7.3) 024 (0.202, 0.275)
BSV_V 0 (fixed) - -
RV 8.983 (6.7) 8.933 (7.785, 10.150)
Table S Results of Mann—Whitney U test
Two independent samples No. of patients Median P-value
Group A Group B Group A Group B Group A Group B
Cypa-AA Cyvra-GG 54 121 4.281 3.383 < 0.01
Cypa-AA Cyvra-AG 54 138 4.281 3.557 < 0.05
Cypa-GG Cyra-AG 121 138 3.383 3.557 0.256
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