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des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Methods:

The study population was composed of women taking escitalopram or racemic citalopram included in a multicenter prospective cohort study enrolling pregnant women taking selective serotonin reuptake inhibitors (SSRI) and willing to breastfeed. A joined structural model was first built for escitalopram (SCIT) and S-desmethylcitalopram (SDCIT) in plasma using NONMEM ® . Then, drug breast milk concentrations were added to the basic model and described by estimating milk-to-plasma ratios (MPR). The effect of different influential covariates such as age, bodyweight, CYP2C19, 2D6 and 3A4/5 genotypes or milk fat content on drug and metabolite pharmacokinetics was tested. Finally, drug exposure of a suckling child through breast milk was predicted under various conditions by simulation.

Results:

The study enrolled 33 patients treated with escitalopram or racemic citalopram who provided 80 blood and 104 milk samples. Mean SCIT clearance was 32.3 L/h with a betweensubject variability of 31% (CV%) and apparent volume of distribution was 1590 L. Poor metabolizers of CYP2C19 showed a significant 51% decrease in SCIT clearance compared to other phenotypes. Both parent drug and metabolite were characterized by a MPR of 1.9, while an increased milk fat content was significantly associated with an increased drug transfer into breast milk (+28% for SCIT and +18% for SDCIT when fat amount passes from 3.1 to 6.2 g/100 ml). Simulations suggested that an exclusively breastfed infant would ingest daily through breast milk 3.3% of the weight-adjusted maternal SCIT dose on average.

Introduction

Worldwide about 10% of pregnant women and 13% of women who have just given birth experience a mental disorder, primarily depression (http://www.who.int/mental_health/maternalchild/en/). If left untreated, depression has been associated with adverse outcomes for the mother, the infant and their family environment, such as reduced maternal sensitivity and involvement in caregiving, and child emotional or behavioral difficulties [START_REF] Field | Postpartum depression effects on early interactions, parenting, and safety practices: a review[END_REF][START_REF] Woolhouse | Maternal depression from pregnancy to 4 years postpartum and emotional/behavioural difficulties in children: results from a prospective pregnancy cohort study[END_REF][START_REF] Stein | Effects of perinatal mental disorders on the fetus and child[END_REF]. Antidepressants, mainly selective serotonin reuptake inhibitors (SSRI), are therefore commonly prescribed for depression in pregnant and breastfeeding women, when a pharmacological treatment is indicated.

Escitalopram (SCIT) belongs to the SSRI class and figures among the most frequently reported maternal treatments for chronic conditions in pregnancy [START_REF] Mitchell | Medication use during pregnancy, with particular focus on prescription drugs: 1976-2008[END_REF]. SCIT represents the pharmacologically active S-(+) enantiomer of the racemic citalopram and is also marketed as the pure enantiomer escitalopram. After oral administration of doses of 10-20 mg of escitalopram per day, SCIT is rapidly absorbed (T max of 3-4 h) and characterized by a volume of distribution (V), oral clearance (CL) and elimination half-life (t 1/2 ) of 18.3 L/kg, 0.48 L/h/kg and about 30 h, respectively [START_REF] Sidhu | Steady-state pharmacokinetics of the enantiomers of citalopram and its metabolites in humans[END_REF][START_REF] Sogaard | The pharmacokinetics of escitalopram after oral and intravenous administration of single and multiple doses to healthy subjects[END_REF]. SCIT is primarily metabolized in the liver by cytochrome P450 (CYP) enzymes into S-(+)-desmethylcitalopram (SDCIT), which shows a prolonged elimination half-life of 50 h [START_REF] Sidhu | Steady-state pharmacokinetics of the enantiomers of citalopram and its metabolites in humans[END_REF][START_REF] Sogaard | The pharmacokinetics of escitalopram after oral and intravenous administration of single and multiple doses to healthy subjects[END_REF]. CYP2C19, CYP3A4 and to a lesser extent CYP2D6 have been reported as the main metabolic pathways [START_REF] Von Moltke | Escitalopram (S-citalopram) and its metabolites in vitro: cytochromes mediating biotransformation, inhibitory effects, and comparison to R-citalopram[END_REF], and genetic polymorphisms in the enzyme-coding genes may be responsible for interpatient variations in drug plasma concentrations [START_REF] Ji | Citalopram and escitalopram plasma drug and metabolite concentrations: genome-wide associations[END_REF].

Escitalopram doses ingested by a breastfed infant through milk have been reported to be low (3-6% of the weight-adjusted maternal dose) and result very often in negligible drug concentrations in infant plasma [START_REF] Berle | Antidepressant Use During Breastfeeding[END_REF]. However, the extent of drug transfer into breast milk varies widely between individuals in terms of milk-to-plasma concentration ratio (MPR, 1.7-2.7 for SCIT and 1.8-3.1 for SDCIT) [START_REF] Rampono | Transfer of escitalopram and its metabolite demethylescitalopram into breastmilk[END_REF][START_REF] Castberg | Excretion of escitalopram in breast milk[END_REF]. Sampling procedure (e.g. single vs. several time points), milk 6/29 composition (foremilk vs. hindmilk, colostrum vs. mature milk), factors influencing maternal drug disposition and sample size are possible sources of the observed variability. Based on these heterogeneous data, health care professionals may in some cases advice mothers taking escitalopram to discontinue breastfeeding due to the potential risk of adverse effects in the suckling child, despite the numerous proven health benefits of breastfeeding [START_REF]The American Academy of Pediatricws. Policy Statement -Breastfeeding and the use of human milk[END_REF].

The aim of this study was to describe for the first time the pharmacokinetics of escitalopram and its major metabolite in depressive women during the perinatal period using a population pharmacokinetic (popPK) modeling approach. The influence of genetic and environmental factors on drug concentrations and transfer into breast milk was also assessed. Finally, drug exposure of a suckling child was predicted under various conditions by simulation.

Methods

Study population

All relevant samples and data were collected from women included in the "SSRI-Breast Milk" study (NCT01796132, more information on clinicaltrials.gov). This multicenter prospective cohort study enrolls pregnant women willing to breastfeed and treated with a SSRI antidepressant or a serotonin noradrenalin reuptake inhibitor (SNRI) in one of the maternity wards collaborating to the study (i.e. the maternities of the Lausanne University Hospital, Geneva University Hospital, Ensemble hospitalier de la Côte in Morges, University Hospital of Nancy and the Hospices Civils in Lyon). Study protocol was approved in 2012-2013 by local Ethics Committees and health authorities in Switzerland and France.

Maternal blood samples and breast milk samples were obtained from pregnant and breastfeeding women treated either with SCIT (n=21) or racemic citalopram (n=12). Maternal blood samples collected around the moment of delivery were available for 28 patients (1 sample 7/29 per patient; 14 during labor, 14 right after delivery). Paired blood and breast milk samples during the first week postpartum and at 1 month after delivery were collected in 29 and 23 patients, respectively (1 blood and 2 milk samples (fore-and hindmilk) per patient at each occasion). The analysis included therefore drug concentrations from a total of 80 blood samples and 104 breast milk samples. Median SCIT and citalopram doses were 10 mg/day (range 5-20 mg/day) and 15 mg/day (range 5-60 mg/day), respectively. Sampling occurred under steady-state conditions at a median time-lapse of 11.17 h (range 0.02-34.00 h) and 10.25 h (range 0.25-52.25 h) after the last SCIT or citalopram dose intake, respectively.

Analytical methods

Venous blood samples (5 ml) were drawn on potassium-EDTA tubes and stored after centrifugation as plasma samples in polypropylene tubes at -20°C. Breast milk was collected in lactating mothers using an automatic or manual pump, and stored at -20°C or -80°C in polystyrene tubes until analysis. Subsequent quantification of SCIT and SDCIT in plasma and breast milk was performed using a validated stereoselective HPLC-MS/MS method (Acquity ® UPLC I-Class, Waters, Milford, USA) described in details previously [START_REF] Weisskopf | Stereoselective determination of citalopram and desmethylcitalopram in human plasma and breast milk by liquid chromatography tandem mass spectrometry[END_REF]. Composition of breast milk was determined using the Human Milk Analyzer ® (Miris, Uppsala, Sweden) which provided information on fat, protein, carbohydrate and calorie content. Plasma concentrations of alpha-1acid-glycoprotein (AAG) were measured by immunoturbidimetry using the Cobas Integra ® 400 plus analyzer (Roche Diagnostics, Rotkreuz, Switzerland).

Genotyping

Genomic DNA was first extracted from potassium-EDTA blood samples collected at delivery or later. Most single nucleotide polymorphisms (SNP) were analyzed by TaqMan ® 

Population pharmacokinetic analysis

All popPK analyses were conducted using the non-linear mixed effects modeling tool NONMEM ® (version 7.3.0, ICON Development Solutions, Ellicott City, USA), which enables the estimation of average population parameters as well as between-subject and residual variability.

Due to the use of a stereoselective analytical method (see section 2.2), concentration data from both racemic citalopram and pure escitalopram could be pooled assuming a negligible effect of the R-(-) enantiomer on the SCIT pharmacokinetic profile. This assumption was confirmed by testing the influence of maternal treatment on SCIT profile (citalopram vs. pure escitalopram as a dichotomous variable), which demonstrated to be non-significant.

Structural and statistical models

A stepwise approach was chosen in order to obtain a combined model with the best fit for both parent compound and its metabolite. First, one and two compartment models with linear drug 9/29 elimination were evaluated for SCIT plasma concentrations alone. Then, one additional compartment was used to describe SDCIT plasma concentrations assuming linear metabolism.

Finally, parent drug and metabolite transfers into breast milk were characterized by MPR as a scaling factor between concentration profiles in plasma and milk, as previously described [START_REF] Panchaud | Prediction of infant drug exposure through breastfeeding: population PK modeling and simulation of fluoxetine exposure[END_REF].

The final structural model is illustrated in Figure 1 and described by the following differential equations:

(1)

(2) (3) (4) (5)
where SCIT dose is the SCIT amount in the dose compartment, k 12 the absorption rate constant, k 20 the elimination rate constant from the parent drug compartment, k 23 the metabolic rate constant from SCIT to SDCIT, k 30 the elimination rate constant from the metabolite compartment, V SCIT the volume of distribution of SCIT, SCIT plasma and SDCIT plasma the parent drug and metabolite concentrations in plasma, respectively, SCIT milk and SDCIT milk the parent drug and metabolite concentration in breast milk, MPRD and MPRM the milk-to-plasma ratio for the parent drug and the metabolite, respectively. Due to identifiability issues, the volume of distribution of SDCIT (V SDCIT ) could not be estimated. We assumed that k 23 = k 30 and estimated V SDCIT through the ratio of metabolite to parent drug volume of distribution (with VMR being the volume metabolite ratio,

).

Between-subject variability (BSV) of each pharmacokinetic parameter was described using an exponential error model. A combined proportional and additive error model was first tested to 10/29 describe residual variations in plasma for SCIT and then simplified to a proportional error model, which was retained for both drug and metabolite.

Covariate models

The Continuous covariates (normalized and centered on their median population value, missing data were replaced by the median value) and dichotomous covariates (coded as 0/1) were tested using a linear function. Discrete variables including more than 2 groups were described as categorical covariates assigning a fixed effect to each category and reduced models combining different groups were tested as well for statistical significance. pharmacokinetic parameter precision and decrease in between-subject variability were also considered for model quality assessment.

Parameter estimation and model selection

Model validation

The precision of parameter estimates and stability of the final model were assessed using the non-parametric bootstrap method. Briefly, two thousand datasets were created through random resampling of original data (1000 stratified on CYP2C19 and 1000 on CYP2D6 genotypes, respectively). Median parameter values and percentile intervals (90% PI) were generated for each pharmacokinetic parameter based on all replicated datasets and compared to estimations from the original model. Prediction-corrected visual predictive checks (pcVPC) were also carried out by simulating 1000 individuals based on the final covariate model estimates using the PsN toolkit [START_REF] Lindbom | PsN-Toolkit--a collection of computer intensive statistical methods for non-linear mixed effect modeling using NONMEM[END_REF].

Simulation of drug concentrations and prediction of infant drug exposure

Plasma and breast milk concentrations of SCIT and SDCIT at steady-state were simulated according to different dose regimens in 5'000 mothers based on the final structural model (without any covariates) as well as according to relevant covariates in 10'000 mothers based on intermediate covariate models (one single covariate added alternatively to the final structural 12/29 model). For this purpose, virtual datasets of breastfeeding women were generated with R ® (R Development Core Team, Foundation for Statistical Computing, Vienna, Austria) by assigning random breastfeeding frequencies and intervals to each woman after the last dose intake. In order to best reflect usual breastfeeding frequencies, the mean frequency was set to 11±3 feedings per day with a range between 6 and 18 times a day [START_REF] Kent | Volume and frequency of breastfeedings and fat content of breast milk throughout the day[END_REF]. Finally, the daily infant dosage that is equivalent to the drug dose ingested by an exclusively breastfed infant through breast milk was calculated for each mother-infant pair and expressed in mg/kg/day, using the following equation:

where C i milk is the simulated drug concentration in milk at the i th feeding time, n is the daily feeding frequency and V milk is the ingested milk volume by a suckling child during a feeding occasion. For simplicity, typical V milk was derived from literature by dividing the usual weightadjusted daily milk intake of 150 ml/kg/day by the feeding frequency [START_REF] Sachs | The transfer of drugs and therapeutics into human breast milk: an update on selected topics[END_REF].

In order to better evaluate the clinical relevance of the daily infant dosage, two additional exposure estimates were determined, namely the relative infant dose (RID) and the adult dose equivalent (ADE). RID represents the ratio between the daily infant dosage and the weightadjusted maternal dose (based on a standard adult weight of 70 kg) and is expressed as a percentage [START_REF] Sachs | The transfer of drugs and therapeutics into human breast milk: an update on selected topics[END_REF]. For example, a RID of 10% indicates that a suckling child would daily ingest via breast milk 10% of the weight-adjusted maternal SCIT dose.

The ADE quantifies the virtual number of tablets that would be ingested by the infant over 6 months of exclusive breastfeeding. This number was obtained by dividing the cumulated daily infant dosage over 6 months by a standard adult daily dose (i.e. 10 mg for escitalopram), assuming a mean child weight of 6 kg.
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Results

Demographic and clinical characteristics of patients included in the popPk analysis are presented in Table 1.

Structural models

Regarding SCIT, data were best described by a one compartment model with first-order absorption and elimination. The two compartment model did not show any significant improvement of the fit (∆OFV = -1.0, p>0.05). The addition of a BSV on CL, but not on V or k a (∆OFV = 0.0, p>0.05), yielded a significantly better fit (∆OFV = -40.9, p<0.001) and was therefore retained (40.1%, CV%).

In the next step, metabolite plasma concentrations (SDCIT) were added to the dataset. Due to identifiability issues, the metabolite's apparent volume of distribution was estimated using a scaling factor VMR (volume metabolite ratio), and resulted in acceptable parameter precision.

The assignment of a BSV to VMR slightly improved the fit (∆OFV = -5.2, p=0.02; 20.0%, CV%), while a variability on k 23 did not (∆OFV = -2.9, p>0.05).

Finally, SCIT and SDCIT milk concentrations were integrated into the model using the milk-toplasma ratios (MPRD and MPRM, respectively). No changes in the model fit were observed assigning a BSV to MPRD or MPRM (∆OFV > -0.2, p>0.05. Some individual covariates such as milk fat content were nevertheless tested on these parameters due to a priori knowledge.

Pharmacokinetic parameters of the structural model are presented in Table 2.

Covariate models

Univariate analyses showed that MOM, BW and CYP2C19 were significantly associated with CL SCIT (∆OFV < -14.1, p<0.05). No differences could be observed between concentrations In multivariate analyses, MOM and CYP2C19 showed an independent impact on CL SCIT but not BW (∆OFV = -3.8, p=0.05). SCIT clearance was reduced by 51% in CYP2C19 PM compared to the other genetic polymorphisms. A 10% decrease in CL SCIT at 1 month after delivery was observed compared to the perinatal period.The influence of both CYP2D6 and CYP2C19 on VMR remained significant in multivariate analysis (∆OFV < -12.8, p<0.05). These results suggest lower plasma concentrations of the active metabolite SDCIT in CYP2C19 PM (-72%) and higher concentrations in UM (+22%) in comparison to IM/EM. In addition, patients carrying CYP2D6 PM genotype had also reduced SDCIT concentrations (-104%) compared to IM/EM.

The combined addition of MOM and FAT to MPRD improved the description of the data, but ENERGY and FEED did not remain significant in multivariate analyses (∆OFV > -3.4, p>0.05).

Only FAT remained statistically significant on MPRM, since it was correlated with ENERGY and FEED (∆OFV > -3.8, p>0.05). The transfer of SCIT and SDCIT into breast milk increased by 28% and 18%, respectively, with a doubling of fat content from 3.1 to 6.2 g/100 ml. The final parameter estimates, influencing covariates and variabilities together with their bootstrap estimations are presented in Table 3 and diagnostic plots are shown in Figure 2 and3.
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Model validation

The pcVPCs shown in Figure 4 supported the good predictive performance of the model. All parameter estimates from the final covariate model lied within the 90% percentile interval (90% PI) calculated from the bootstrap method and were close to the median values (<11%),

indicating a reasonably robust model.

Prediction of infant drug exposure by simulation

Based on the final structural model without any covariates, simulation of 5'000 mothers treated with 10 mg escitalopram daily revealed that the daily infant dosage would lie between 0.001 and 0.016 mg/kg/day (median: 0.005 mg/kg/day). Expressed as the ratio to the weight-adjusted maternal dose, RID values for escitalopram ranged from 0.8% to 11.3% (median: 3.3%; Figure 5), which is in line with previously reported values [START_REF] Berle | Antidepressant Use During Breastfeeding[END_REF][START_REF] Weisskopf | Risk-benefit balance assessment of SSRI antidepressant use during pregnancy and lactation based on best available evidence[END_REF]. In terms of ADE, an exclusively breastfed infant would ingest over 6 months a cumulated dose of 1.2-17.4 mg (median: 5.0 mg) equivalent to 0.1-1.7 tablets of escitalopram (median: 0.5; Figure 5). RID and ADE would be slightly higher in mothers who are PM for CYP2C19, while the influence of other covariates on these exposure estimates remained negligible. Simulations performed on the active metabolite SDCIT showed only a minor impact on overall infant drug exposure (data not shown).

Discussion

This study described for the first time the population pharmacokinetics of SCIT and its major metabolite SDCIT in depressive patients during the perinatal period, while taking into account genetic, demographic and environmental factors. Estimated pharmacokinetic parameters and 16/29 mean MPR of both parent drug and metabolite are in line with available data [7, 8, 21, 22] [12, 13]. These results suggest that this antidepressant drug has a higher affinity for breast milk than for plasma (MPR>1.0), but infant exposure through breast milk remains limited as illustrated by a median RID of 3.3% and an ADE of 0.5 tablets.

Model results showed a slight decrease of 10% in clearance of SCIT one month after delivery compared to the perinatal period. A similar finding has been reported previously for racemic citalopram, where concentrations measured at delivery and corrected to a daily dose of 20 mg were 20-30% lower than at 2-4 months postpartum. These small studies observed even higher differences when comparing to the 2 nd and 3 rd trimester and attributed them to physiological changes in pregnancy affecting renal and hepatic functions (e.g. increased glomerular filtration rate, induced CYP2D6 and 3A4 activity) [START_REF] Sit | Changes in antidepressant metabolism and dosing across pregnancy and early postpartum[END_REF][START_REF] Heikkinen | Citalopram in pregnancy and lactation[END_REF]. This effect could not be investigated in our population due to the lack of drug measurements earlier in pregnancy, but may potentially suggest the need for dose adjustment in pregnant women in order to prevent relapse of depressive symptoms. Yet, the clinical relevance of such a measure still requires confirmation from larger studies.

The significant influence of CYP2C19 predicted phenotype on SCIT clearance and SDCIT volume metabolite ratio is in agreement with numerous other publications reporting similar effects in the psychiatric population. According to a recent meta-analysis, CYP2C19 PM show a mean increase in (es)citalopram concentrations of 95% compared to EM [START_REF] Chang | Impact of cytochrome P450 2C19 polymorphisms on citalopram/escitalopram exposure: a systematic review and meta-analysis[END_REF]. In these patients, enhanced drug exposure could potentially lead to a lower drug tolerance or even to toxicity (e.g.

QT prolongation), reason why authorities and consensus guidelines recommend dose adjustments in these situations [26]. Similar considerations are of particular interest for depressive women during the perinatal period as higher maternal drug concentrations will lead to higher exposure of the suckling child through breastmilk. In addition to CYP2C19, polymorphisms in genes coding for CYP2D6 had also a significant effect on metabolite plasma concentrations. However, this finding was based on only two CYP2D6 PM patients (and no SCIT and its major metabolite are excreted into breast milk with a MPR of 1.9. Breast milk fat content, which varies during a feed (i.e. hind milk vs fore milk) and breastfeeding periods (i.e.

colostrum vs mature milk), mainly influenced this passage. Similar findings showing a higher affinity of lipophilic drugs for milk richer in lipids have been published previously (Berle et al. 2004, PMID: 15367050). In fact, simulations performed in 10'000 mother-infant pairs showed that a doubling of fat content from 2.1 g to 4.3 g/100 ml increased median RID from 2.8% to 3.5%. Despite this increase, the RID can still be considered as reassuringly low. This clearly outweighs the possible effect of a small additional drug transfer.

Regarding prediction of infant drug exposure, maternal CYP2C19 phenotype was identified as The remaining unexplained between-subject variability observed suggests that information on potentially influencing covariates were not available for analysis as not captured by the study protocol (e.g. compliance, unknown genetic factors). A limited compliance in our study sample would be linked to an underestimated RID. However, the level of compliance is not expected to be below average in our sample of patient with a high level of education (data not shown).

Conclusions

Escitalopram and its metabolite showed moderate between-subject variability in blood concentrations, partially explained by genetic polymorphisms in CYP2C19. Milk concentrations were similarly variable and mainly influenced by the milk fat content. The limited exposure to escitalopram through breast milk, as expected based on previous incomplete data, was confirmed by this population pharmacokinetic model approach. These findings provide reassurance with a good level of certainty for clinicians and patients successfully treated with escitalopram or racemic citalopram in the perinatal period.
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  the most influential covariate in our population. Breastfed infants of poor metabolizing mothers would ingest via milk 5.7% of the weight-adjusted maternal dose in average compared to 3.0% in other phenotypes. Based on average multiethnic frequencies, 2-15% of individuals may be CYP2C19 PM and therefore concerned by elevated drug concentrations [26=Hicks]. However, 95% of their suckling children would not exceed a RID value of 10% and would receive in total after 6 months of exclusive breastfeeding an ADE of 0.3-2.3 tablets, indicating a low absolute exposure to the drug. Clinical implications of even very low drug exposure for the long term development of a breastfed infant remain however largely uncertain. Simulations performed on the active metabolite SDCIT showed only a minor impact on overall infant drug exposure, probably due to its low plasma and milk concentrations. The lower potency of SDCIT as an antidepressant compared to SCIT would further limit its potential impact on the suckling child.One limitation of the present study was the limited sample size of 33 patients for the Pk analysis. Large clinical trials are particularly difficult to conduct in pregnant and nursing women 18/29 as they are considered a vulnerable population. Observed frequencies of CYP2C19 phenotypes were however representative of the general population [26=Hicks] and thereby reinforcing representativeness of the study sample and thus the validity of the model-based simulations.

Figure 1 :

 1 Figure 1: Compartmental structure of the final model and its main pharmacokinetic parameters

Figure 2 :

 2 Figure 2: Goodness-of-fit plots of escitalopram with a) observed concentrations (DV) vs.

Figure 3 :

 3 Figure 3: Goodness-of-fit plots of S-desmethylcitalopram with a) observed concentrations (DV)

Figure 4 :

 4 Figure 4: Prediction-corrected visual predictive checks (pcVPC) of the final covariate model for

Figure 5 :

 5 Figure 5: Relative infant dose (RID) and adult dose equivalent (ADE) of escitalopram in 5'000-

  4/*4, *4/*5, *4/*6), intermediate metabolizer (IM; carriers of 1 functional and 1 non-functional allele, e.g. *1/*3, *1/*4, *1/*5), extensive metabolizer (EM; carriers of two functional alleles, *1/*1) and ultrarapid metabolizer (UM; carriers of 1 functional allele and an increased number of gene copies, *1/*xN, or carriers of an increased number of gene copies, *xN/*xN). For control purposes, each analyzed batch of samples contained also DNAs with known genotypes.

	POR*28. Duplication/multiplication of CYP2D6*xN and CYP2D6*5 gene deletion were detected
	by TaqMan ® copy number assay. Regarding CYP2C19, patients were classified into 4 predicted
	phenotypes: poor metabolizer (PM) if they were homozygous for the *2/*2 allele, intermediate
	metabolizer (IM) if they carried any of *1/*2 or *17/*2 allele, extensive metabolizer (EM) if they
	were homozygous for the wild-type allele *1/*1 and ultrarapid metabolizer (UM) if they carried
	either *1/*17 or *17/*17 genotype. Patients were also divided in 4 different predicted phenotypes
	according to CYP2D6 genotype: poor metabolizer (PM; carriers of 2 non-functional alleles, e.g.
	-Assay based
	real-time polymerase chain reaction (Applied Biosystems, Rotkreuz, Switzerland): CYP2C19*2,
	CYP2C19*3, CYP219*17, CYP2D6*3, CYP2D6*4, CYP2D6*6, CYP3A4*22, CYP3A5*3 and
	8/29

*

  effect of genetic and environmental covariates on the final structural model was assessed

	by a forward insertion/backward deletion approach. Maternal age (AGE), bodyweight (BW),
	alpha-1-acid-glycoprotein concentration (AAG) and important CYP polymorphisms (CYP2C19,
	CYP2D6, CYP3A4, CYP3A5) were tested as covariates. Genotypes for both CYP2C19 and 2D6

isoenzymes were classified into 4 distinct groups according to their predicted phenotype, while the actual genotype was used for CYP3A4 (*1/*1, *1/*22, *22/*22), 3A5 (*1/*1, *1/*3, *3/*3) and POR (*1/*1, 1*/*28, *28/*28). Regarding drug transfer into breast milk, feeding occasion (FEED; fore-versus hindmilk), fat (FAT), protein (PROT), carbohydrate (CARBO) and calorie content (ENERGY) were evaluated as potentially important covariates. The moment of blood or milk sampling (MOM; 4 categories: during labor, after delivery, 1 st week postpartum or 1 month after delivery) was also tested on various parameter estimates as drug concentrations during the perinatal period may vary significantly due to physiological changes.

  17/29 UM), thus no specific conclusions on the real effect size can be drawn. Polymorphisms in CYP3A4, 3A5 or POR did not show any effect on SCIT elimination in exploratory analyses, but study population included only one CYP3A5 *1/*1 carrier and no CYP3A4 *22/*22 carrier.

Table 2 :

 2 Parameter estimates of intermediate and final structural pharmacokinetic models for 477 escitalopram (SCIT) alone or combined with S-desmethylcitalopram (SDCIT) in plasma and/or 478

	479	breast milk					
			Model for SCIT alone	Model for SCIT+SDCIT	Model for SCIT+SDCIT
			plasma	plasma	plasma + breast milk
			estimate	RSE (%)	estimate	RSE (%)	estimate	RSE (%)
	Structural model					
	CL SCIT (L/h)	29.6	8	27.7	9	28.7	8
	V SCIT (L)	900	19	1440	9	1310	24
	k a / k 12 (h -1 )	0.57	34	0.99	37	0.73	60
	k 30 (h -1 )			0.74	42	0.54	162
	VMR			2.6	8	2.5	8
	MPRD					2.1	4
	MPRM					1.9	4
	Statistical model					
	ω CL (%)	40.1	16	26.2	24	35.4	18
	ω VMR (%)			20.0	33	33.9	24
	σ SCIT plasma (%)	33.8	9	41.6	11	35.3	10
	σ SDCIT plasma (%)			20.3	10	21.0	10
	σ SCIT milk (%)					31.5	12
	σ SDCIT milk (%)					22.8	9
	480	RSE, relative standard error defined as SE/estimate; CLSCIT, apparent clearance of SCIT; VSCIT, apparent volume of
	481	distribution of SCIT; ka / k12, apparent absorption rate constant from dose compartment; k30, apparent metabolic and
		elimination rate constant of SDCIT; VMR, scaling factor of VSDCIT; MPRD, milk-to-plasma ratio of SCIT; MPRM, milk-

Table 3 :

 3 Final covariate population model and bootstrap results for escitalopram and its major metabolite RSE, relative standard error defined as SE/estimate; 90% PI, percentile interval between 5 and 95%; CLSCIT, apparent clearance of SCIT; CYP2C19, relative deviation of CLSCIT if PM compared to IM/EM/UM; MOM, relative deviation of CLSCIT or MPRD if moment of sampling at 1 month after delivery compared to labor/early postpartum; VSCIT, apparent volume of distribution of SCIT; ka / k12, apparent absorption rate constant from dose compartment; k30, apparent metabolic and elimination rate constant of SDCIT; VMR, scaling factor of VSDCIT; CYP2D6, relative

		Final covariate model	Bootstrap (n=2000)
		estimate	RSE (%)	median	90% PI
	CL SCIT (L/h)	32.3	8	32.0	28.4 -36.1
	CYP2C19	-0.51	17	-0.50	-0.64 to -0.34
	MOM	-0.10	54	-0.10	-0.17 to -0.01
	V SCIT (L)	1590	14	1474	811 -1856
	k a / k 12 (h -1 )	0.87	36	0.83	0.20 -1.73
	k 30 (h -1 )	0.67	53	0.59	0.05 -1.28
	VMR for CYP2C19 PM	4.1	22	4.1	3.0 -6.3
	VMR for CYP2C19 IM/EM	2.4	7	2.4	2.2 -2.8
	VMR for CYP2C19 UM	1.9	7	1.9	1.7 -2.1
	CYP2D6	1.04	11	1.04	0.82 -1.26
	MPRD	1.9	4	1.9	1.8 -2.1
	MOM	0.16	53	0.16	0.03 -0.30
	FAT	0.28	20	0.28	0.20 -0.39
	MPRM	1.9	3	1.9	1.8 -2.0
	FAT	0.18	20	0.17	0.11 -0.23
	ω CL (%)	31.2	12	30.5	23.8 -36.8
	ω VMR (%)	21.0	19	18.9	9.3 -24.7
	σ SCIT plasma (%)	33.5	8	33.0	28.7 -37.4
	σ SDCIT plasma (%)	20.8	9	20.0	16.7 -23.2
	σ SCIT milk (%)	24.0	11	23.1	18.7 -27.7
	σ SDCIT milk (%)	19.4	9	18.4	14.9 -21.6

deviation of VMR if PM compared to IM/EM; MPRD, milk-to-plasma ratio of SCIT; FAT, relative deviation of MPRD or MPRM depending on fat content of breast milk; MPRM, milk-to-plasma ratio of SDCIT; ω, between-subject variability estimate; σ, residual variability expressed as coefficient of variation 25/29
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