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Abstract

The selective serotonin reuptake inhibitor escitalopram (ESC) is indicated for the treatment of major depressive disorder
(MDD) and of generalized anxiety disorder (GAD). Monitoring of blood levels (BLs) is strongly indicated due to ESC’s
high interindividual pharmacokinetic variability. The aim of this study was to analyse clinical efficacy and pharmacokinetic
influences on ESC BLs, in patients with depressive disorder alone and with comorbid alcohol or benzodiazepine use disor-
der. Data were collected from patients treated under naturalistic conditions for whom Therapeutic Drug Monitoring (TDM)
was requested to guide antidepressant drug therapy and analysed retrospectively. Particular emphasis was given to patients
with alcohol or benzodiazepine use disorder. Responders according to the clinical global impression (CGI) scale were
compared with nonresponders for their ESC blood level (BL). The patient sample included 344 patients from 16 psychiatric
hospitals in Germany. Influencing factors that could explain 22% of ESC BLs were dose, sex and age. Variability was high
between individuals, and doses up to 40 mg were common in real-world settings. Patients treated with ESC monotherapy
who responded showed a trend towards higher BLs compared to nonresponders with a concentration of 15 ng/mL separating
both groups. Pathological changes in liver function (indicated by elevated GGT in combination with an AST/ALT ratio > 1)
resulted in higher dose-corrected ESC concentrations. Influencing factors that could explain 22% of ESC blood levels were
dose, sex, and age. Our findings confirm the currently recommended lower threshold level and support the need for standard
TDM analyses in everyday clinical practice. The ICD 10 diagnosis alcohol dependence alone does not lead to pharmacoki-
netic changes in the metabolism of ESC, but altered liver function does.
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notifications about the influence of population-dependent
influences such as older age and hepatic dysfunction on ESC
pharmacokinetics [6], data from naturalistic patient popula-
tions is surprisingly rare. Among previously published stud-
ies, two important factors on ESC drug concentrations, age
[2—4, 7] and sex [3, 7-9], have been frequently discussed.
However, findings are inconsistent [2, 5]. ESC is primarily
metabolized by the cytochrome P450 (CYP) isoenzymes
CYP2C19 (36%), CYP2D6 (30%) and CYP3A4 (34%). Two
major metabolites, S-desmethylescitalopram (S-DCT) and
S-didesmethylescitalopram (S-DDCT), have been identi-
fied, which weakly contribute to the pharmacologic activity
of ESC. On this account, CYP2C19 genotypes have been
shown to substantially impact ESC levels [4, 7, 8, 10, 11].
Little information is known about the influence of prescribed
comedication [2]. No information is available on the influ-
ence of liver abnormalities e.g. caused by alcohol abuse, a
common comorbidity in patients treated with ESC for MDD,
GAD or OCD. Furthermore, very few studies systematically
investigated antidepressant effects or side effects of ESC in
relation to drug levels [12, 13]. In a naturalistic setting, only
one TDM study reported drug effects from a small sample
of ten ESC treated patients [14]. Overall, limited data are
available describing the relationship between ESC BLs,
medication efficacy and tolerability. Nevertheless, current
guidelines recommend BL monitoring for ESC for dose titra-
tion, special indications and for problem solving, and they
suggest a reference range between 15 and 80 ng/mL [15].
This is the first study that investigates drug levels and clini-
cal efficacy in a large sample of patients treated with ESC in
a naturalistic setting. The aim of our study was to investigate
an optimal concentration range for ESC and identify influ-
ences on ESC BLs.

Material and methods
Patient sample

Influencing factors like age, sex, comedication, liver func-
tion (GGT and AST/ALT ratio), comorbid alcohol-related
disorder (International Classification of Diseases (ICD) 10
F10.2; F10.3) and benzodiazepine-related disorder (ICD
10 F 13.2.; 13.3) affecting the pharmacokinetics of ESC
were studied in a naturalistic design. Data were collected
between 08 January 2004 to 07 September 2009 from
patients for whom TDM was requested to guide the antide-
pressant drug therapy in sixteen Departments of Psychiatry
and Psychotherapy in Germany (Aachen, Augsburg, Bad
Soden, Dresden, Gottingen, Gummersbach, Heidelberg,
Karlsbach-Langensteinbach, Kiedrich, Kénigstein im Tau-
nus, Mainz, Marienheide, Miinchen, Niirnberg, Ulm, Was-
serburg). Alcohol- and benzodiazepine-dependent patients
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were inpatients for a qualified withdrawal treatment for at
least three weeks. They were treated for a psychiatric dis-
order, for which treatment with ECS was indicated. Drug
levels, demographic data, daily dose, diagnoses (accord-
ing to the 10" edition of the International Classification of
Diseases (ICD-10) [16]), comedication, laboratory results,
the reason for therapeutic drug monitoring (TDM), the
severity of illness, therapeutic effects and side effects were
registered on the request form by the requesting physician.
Side effects were rated using a short version of the Utvalg
for Kliniske Undersogelser (UKU [17]) rating scale with a
four-point global scale (0, absent; 1, mild; 2, moderate; 3,
severe) for severity on the day of blood withdrawal. Severity
of illness and the patient’s response were assessed on the
day of blood withdrawal with the Clinical Global Impres-
sions Scale (CGI-I [18]), item 1 for evaluation of severity
of illness (from score 2—8) and item 2 as global improve-
ment rating (1, very much improved; 2, much improved; 3,
slightly improved; 4, unchanged or worse). Minimal drug
concentrations (trough levels) of ESC and two metabolites
were measured under steady-state conditions from patients
whose treatment was guided by TDM. Patients with doses
ranging from 5-40 mg per day were eligible for analysis.
Only one level per patient was selected, the last sample for
which the daily dose was given on the request form. Reasons
for exclusion of individual data were: i) missing information
on administered ESC dose, ii) no escitalopram was detect-
able (0 ng/ml), iii) citalopram noted as comedication, iv)
drug concentration was not in the steady-state, v) sample
not taken at trough vi) chromatographic interferences, vii)
noncompliance was reported by the clinician on the request
form and viii) questionable compliance documented by the
clinician and patients below individual dose-related refer-
ence range for both ESC and D-ESC.

Determination of blood levels

ESC and two major metabolites D-ESC and DD-ESC were
determined in serum by high performance liquid chroma-
tography (HPLC) as described previously for mirtazapine
[19] with slight modifications in the Neurochemical Labo-
ratory of the Department of Psychiatry and Psychotherapy
University Medical Center at Mainz, Germany. An HPLC
system (Agilent 1100 obtained from Bio-Rad, Munich,
Germany) with column-switching was used consisting of
an autosampler, a thermostated column set at 25 °C with
an electric six-port switching valve, two HPLC pumps and
a fluorescence detector. For online sample clean-up, 0.1 ml
serum was injected on a pre-column (10X 4.0 mm i.d.) filled
with LiChrospher CN material of 20 pm particle size (MZ-
Analysentechnik, Mainz, Germany). The pre-column was
washed with deionized water containing 8% (V/V) acetoni-
trile to remove proteins and other interfering compounds
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for five minutes. Drugs were eluted and separated on
LiChrospher CN material (5 um; column size 250X 4.6 mm
i.d., MZ-Analysentechnik) using 50% (V/V) acetonitrile and
phosphate buffer (8 mM, pH 6.4) and quantified by fluo-
rescence detection. The excitation wavelength was set at
290 nm, and the emission wavelength at 350 nm. HPLC
analysis of a single sample was completed within 20 min.
Each analytical series included at least two control samples
containing a low or high concentration of ESC and D-ESC,
respectively. There was linear relation between drug con-
centration and detector signal from 2 to at least 200 ng/mL.
The lower limit of quantification was 2 ng/mL. The intra-
and inter-assay reproducibility of quality control samples
were below 10% for all analyses. For calculations, results
reported as <5 ng/mL and < 10 ng/mL (n=16) were set to
2.5 and 5 ng/mL.

Statistical analysis
Antidepressant effects and side effects

Escitalopram medication effects were investigated i) in a
sample of patients with depressive disorder under CNS-rel-
evant comedication and ii) in a sample of patients without
CNS-relevant comedication. Responders were identified
as patients with CGI-Improvement score <2. Nonrespond-
ers were characterized as patients with CGI-Improvement
score > 2 or nonresponse noted as reason for TDM on the
request form. A Kruskal-Wallis test was applied to com-
pare drug levels among patient groups. Receiver operating
characteristic (ROC) analysis was used to define a drug level
threshold that is able to distinguish responders from nonre-
sponders. Calculations were carried out using SPSS (version
26) and R 2.10.1. For all analyses, p < 0.05 was defined as
statistically significant.

Identification of factors influencing ESC blood levels

Pharmacokinetic variability of ESC was expressed as the
range in dose-adjusted serum concentrations (C/D ratios;
ng/mL/mg/day). As an in vivo measure of CYP activities,
the metabolic ratios D-ESC/ESC and DD-ESC/ESC were
calculated. For descriptive analyses, mean, median, stand-
ard deviation and interquartile range were calculated. Differ-
ences between males and females and different age groups
were tested by a two-tailed, nonparametric Mann—Whitney
test, and for multiple comparisons, the Kruskal-Wallis test
with Dunn’s post hoc test was performed. Correlation coef-
ficients (Spearman-rho) were calculated to determine the
relation between drug serum levels, daily doses, age and
liver function (estimated by y-glutamyltransferase (GGT),
alanine aminotransferase (ALT) and ratio of aspartate ami-
notransferase (AST)/ALT). An AST/ALT ratio > 1 with

concurrently increased AST/ALT has been associated
with the incidence of liver cirrhosis. Together with an ele-
vated GGT, it has been found a quite selective parameter
indicating an alcoholic liver disease [20]. However, con-
tradicting evaluations of liver parameters were reported,
which clearly indicate liver abnormalities that influence
the drug serum levels. In this study, liver dysfunctions were
assumed in patients that showed a GGT (66 U/I for men,
39 U/l for women) value above the recommended reference
range and additionally an AST/ALT ratio > 1 (with and with-
out increased AST/ALT).The comparison group comprised
patients with GGT values within the recommended reference
range for women and men. In a similar manner, patients
with an alcohol or benzodiazepine dependence were com-
pared to a control group in order to determine a possible
role of liver dysfunctions on the pharmacokinetics of ESC.
We then used a multivariate modelling approach to predict
ESC concentration based on clinical parameters. Pharma-
cokinetically relevant variables such as ESC dose, age, sex
and comedication with cytochrome CYP2D6 inhibitors were
used to predict the ESC concentration of each subject. For
this analysis, we used generalized linear models (GLM) with
a linear link-function and a gamma distribution underlying
the response variable. Dose, age and sex were selected as
predictors for the GLM since patients with CYP altering
comedication were sparse. The modelling was performed
using the custom written python-code as well as the sklearn-
toolbox [21].

Results
Patient sample characteristics

Of 344 patients, 44 were excluded (39 patients without
indication of doses, 2 outliers excluded, 1 patient with
citalopram comedication and 2 patients with doses more
than twice above the approved maximum daily dosage
(>40 mg)). The final sample comprised 300 patients that
were included in the analysis (female: n= 180, 60%; male:
n=119, 39.7%, unknown n=1) aged from 18 to 86 years
(mean 48.6+16.5 years). Most patients were from the
University Medicine of Gottingen (36.3%), followed by
Mainz (24.3%), Ulm (15.7%), and Augsburg (14.0%). For
178 patients, information on patient setting was available
with most of patients staying in a psychiatric hospital at
the time of inclusion (89.9%). More than half of all patients
treated with ESC was diagnosed with a depression as pri-
mary diagnosis (n=157, 52.3%). The remaining patients
were either diagnosed with other diagnosis than depression
(n=92, 30.7%), or no information on diagnosis was avail-
able (n=51, 17.0%). For about every second patient, only
one diagnosis was noted on the request form (53%, n=132
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of 249). The other half of the patients was diagnosed with a
minimum of one and up to ten additional comorbid psychi-
atric and/or somatic conditions (n=117 of 249). From the
sample of depressed patients (n=157), 42.7% of patients
had a comorbid psychiatric diagnosis (n=67). Frequent
additional comorbid diagnoses were alcohol- and substance-
related disorders (ICD F10.2; F10.3 n=36, ICD F13.2
n=3), anxiety and related disorders (ICD F40, 41, 42, 43,
n=21) and personality disorders (ICD F60, n=9). Patients
without depression (n=92) were either treated/cotreated
with ESC for an anxiety or related disorder (37.0%, ICD
F40/41/42/43), schizophrenic spectrum disorder (21.7%,
ICD F20-F29), or bipolar disorder (15.2%, ICD F30/31).
The reason for TDM was reported in 190 patients. In 43.2%
of all requests, the reason for TDM was follow-up con-
trol. Additional reasons for TDM were start of medication
(26.3%), compliance control (21.1%), change in medication
(11.1%), nonresponse (3.7%) and side effects (1.6%). The
majority included request forms had rather been a repeated
measure of the drug level than first monitoring (18% “first”).
Concomitant medication was frequent, and it was reported in
72.3% of patients with up to 10 additional drugs and 2.0 con-
comitant drugs on average (for full list, see Supplementary
Table 1). Other CNS-relevant drugs were given in 187 of all
patients. An additional antidepressant drug was given to 121
(40.3%) of them; most preferred was mirtazapine (68.6%),
followed by trimipramine (10.7%). Overall, benzodiazepines
were given in 26 patients in addition to their treatment with
ESC. 83 patients were treated with ESC monotherapy.

For more than half of the patients, the CGI severity
score was available (n=165). Most patients were classified
as markedly ill (CGL.S; 5, 32.1%, n=53) and severely ill
(CGI-S; 6, 40.6%, n=67). The CGI-improvement score was
noted for 154 patients with most patients classified as much
improved (CGI-I; 2, 45.5%) or minimally improved (CGI-
I; 3, 23.4%). Overall, the response rate was 59.5% in 163
patients for whom information on response was available.
The UKU scale was available for 148 patients. 25 patients
experienced side effects with most of them experiencing ten-
sion/inner restlessness (n=18).

The mean (+SD) ESC dose was 16.9 mg+7.3 mg/
day in all 300 patients. In total, most common doses were
10 mg (31.3%), 15 mg (17.3%) and 20 mg (36.0%). 3.3% of
patients had doses lower than 10 mg, and 12% of patients
were treated with doses above 20 mg. The mean serum con-
centration of ESC was 28.3 +20.6 ng/mL (2.5-105.0 ng/
mL, n=300), the mean serum concentration of D-ESC was
13.1+9.5 ng/mL (2.5-78.0 ng/mL, n=297), and the mean
DD-ESC concentration was 4.5+ 8.2 ng/mL (0.0-76.0,
n=283).
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Clinical effects for depressive patients treated
with ESC

A total of 157 patients were treated with ESC for depressive
disorder (ICD 10 F32/F33). Of those, the majority received
additional CNS-relevant medications (n=103). Detailed
information on patients with depression with and without
CNS-relevant comedication can be found in Table 1. Mean
doses of patients treated with ESC for depression were
17.0 £ 6.8 mg/day (5-40). Mean ESC and S-DCT serum
concentrations were 29.7+21.0 ng/mL (median 23.0,
IQR 16.0-41.5) and 13.4+10.6 ng/mL (median 11.0, IQR
6.0—17.0). For the majority of patients with depression,
ESC serum levels within the therapeutic reference range
of 15-80 ng/mL were detected (73.3%, n=115). 23.6% of
patients had levels below and 3.2% of patients had concen-
trations above this range.

Antidepressant efficacy of ESC alone was assessed in 51
patients independent from diagnosis (shown in supplemen-
tal Table IT). ESC concentrations were higher in responders
(median 17.0; n=30) than in nonresponders (12.0; n=21)
(not significant). The ROC curve identified a cut-off point of
14.5 ng/mL that discriminates responders from nonrespond-
ers (AUC 0.652, p 0.066, shown in supplemental Fig. 2).
64.1% of patients with a drug level above 14.5 ng/mL
responded to the ESC treatment. The response rate below
this threshold was 41.7%. When selecting patients with ESC
as the only antidepressant and without other CNS-relevant
comedication, 50 patients with information on side effects
were available. Specific side effects were reported in 12
patients. The most frequently reported side effect was ten-
sion/unrest in 8 cases. Their mean ESC BL was 36.0 +33.5,
and the mean dose was 15.6 mg+5.0.

Influencing factors on ESC, S-DCT and DS-DCT blood
levels in patients treated with ESC

The total sample showed a good correlation between BL and
applied ESC doses (n=300, »=0.52; P <0.0001), S-DCT
(n=297,r=0.63; P<0.0001) and DD-ESC (n=83, r=0.26,
p=0.0018). Figure 1 illustrates a high inter-individual vari-
ation in ESC BLs among all dosage levels. Mean C/D ratios
and MPRs for men and women and for different age groups
are presented in Table 2. C/D ratios of the total sample were
1.72+1.11 for ESC and 0.79 +0.61 for S-DCT. Mean MPRs
were 0.58 +0.36 and 0.21 +0.25 for D-ESC/ESC and DD-
ESC/ESC.

ESC and D-ESC BLs showed a good correlation with sex
(n=299, r=0.16, p=0.006 and n=296, r=0.15, p=0.010).
This correlation could not be observed for DD-ESC drug
levels (n=383). Men showed 20% (C/D; 1.54, n=119) lower
dose-corrected concentrations than woman (C/D; 1.84,
n=180). This difference was statistically significant, also for
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Table 1 Demographic data, CGI scores, daily doses and serum concentrations of escitalopram and its active metabolites in patients with major

depression

Sample (n) (male/female/unknown)
Patients with depression (n) (male/female)

Patients with depression under S-CT monotherapy (n) (male/female)
Patients with S-CT monotherapy (n) (male/female)

Patients with depression (n=157)
Age, years
No. of Comedication
CGI severity score
—of all depressive patients (n=91)
—of all depressive patients under S-CT monotherapy (n=26)
CGI-improvement score
—of all depressive patients (n=_84)
—of all depressive patients under S-CT monotherapy (n=23)
S-CT dose, mg/d
—of all depressive patients (n=157),
—of all depressive patients under S-CT monotherapy (n=53), mean+ SD
(range)
Serum concentrations, ng/mL
-S-CT (n=157)

_D-SCT (n=156)
~DD-SCT (n=46)

Metabolite-to-parent compound ratio (MPR)
—D-SCT/S-CT) (n=156)
-DD-SCT/ S-CT) (n=46)

Dose-corrected serum concentrations (C/D), ng/mL/mg
—S-CT/Dose (n=157)
—D-SCT/Dose (n=156)

300 (119/180/1)
157 (55/102)
53 (19/34)
109 (48/61)
Mean + SD (range) 52.6+16.2 (18-86)
Mean+SD 2.1+2.1
Mean + SD (range) 58+1.0 (2-8)
Mean +SD (range) 5.8+0.9 (4-8)
Mean + SD (range) 23+1.0 (1-5)
Mean + SD (range) 2.1+1.1 (1-5)
Mean +SD (range) 17.0+£6.8 (5-40)
Mean + SD (range) 155+5.1 (5-25)
Mean +SD (range) 29.7+21.0 (2.5-99.0)
Median (IQR) 23.0 (16.0-41.5)
Mean + SD (range) 13.4+10.6 (2.5-78.0)
Median (IQR) 11.0 (6.0-17.0)
Mean + SD (range) 52+11.0 (0.0-76.0)
Median (IQR) 2.5 (2.5-5.0)
Mean +SD (range) 0.6+04 (0.1-2.2)
Mean + SD (range) 0.2+£0.3 (0.0-1.9)
Mean +SD (range) 1.8+1.2 (0.3-6.8)
Mean +SD (range) 0.8+0.8 (0.1-8.0)
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Fig.1 Linear regression of ESC dose and serum concentration
(n=300, r=0.52; P<.0001)

the metabolite (p = 0.03 and p = 0.010). As a consequence,
men in general had lower mean ESC and D-ESC concentra-
tions compared to women (23.6+15.5 and 31.5+22.9 ng/

mL, p = 0.006; 11.4+7.6 and 14.2+10.5 ng/mL, p =
0.012).

Furthermore, age positively correlated with the ESC con-
centration (n=299, r=0.11, p=0.05) and with the dose-
corrected ESC (n =299, r=0.130, p=0.025) and D-ESC
concentrations (n =296, r=0.124, p=0.033). Drug levels
increased with age, especially in patients 60 years and older.

A multivariate regression analysis using threefold cross-
validation (permutated 1000 times, n =299) was performed
including ESC concentrations and the variables dose, age
and sex. The accuracy of the prediction was averaged over
all cross-validations and permutations. Based on dose, age
and sex, the models could predict ESC BLs with an average
generalized coefficient of determination of D?=0.22 +0.059
(shown in supplemental Table II).
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Influences of pathological liver alterations, alcohol

and benzodiazepine dependence

Laboratory markers GGT and the AST/ALT values were
available for 68 patients (50% of them diagnosed with a

depression). Of these, patients were classified as patients
with liver dysfunctions indicated by elevated GGT and
AST or ALT with AST/ALT ratio >1. 15 patients had an
elevated GGT with an AST/ALT ratio >1 without regard to
single AST/ALT values. In this group, dose-corrected ESC

Table 2 Metabolic ratios in men and women and different age groups (Mann—Whitney/Kruskal-Wallis)

C/D S-CT ng/ml/mg n C/D D-SCT ng/ml/mg n MPR (D-SCT/S-CT) n MPR (DD-SCT/S-CT) n
Male 1.54 +0.94 119 0.71+0.39 119 0.58+0.34 119 0.19+0.16 34
Female 1.84+1.19 180 0.84+0.72 177 0.58+0.38 177 0.22+0.30 49
<20 1.73 +0.96 10 1.37 +2.28 10 0.71+0.61 10 NA 0
20-29 1.85+1.05 30 0.71+0.36 30 0.48+0.27 30 0.11+0.06 11
30-39 1.47+0.76 52 0.78 +0.40 52 0.64+0.38 52 0.19+0.16 12
40-49 1.46 +0.97 74 0.67+0.33 73 0.63+0.43 73 0.21+0.15 26
50-59 1.79+1.28 55 0.79+0.34 54 0.61+0.34 54 0.24+0.43 18
60-69 1.89 +1.23 40 0.79 + 0.81 39 0.46+0.29 39 0.28+0.28 13
70-79 1.98 +1.08 29 0.92+0.37 29 0.55+0.23 29 0.07 2
>80 2.85+1.7 9 0.98 +0.54 9 0.41+0.24 9 0.07 1
Total 1.72+1.11 299 0.79+0.61 296 0.58£0.36 296 0.21£0.25 83

Significant differences between groups in bold

C/D ratios between gender groups (S-CT p .03, D-SCT p .02) and age groups (S-CT p .024, D-SCT p .031). MPRs between gender groups
(D-SCT/S-CT p .70, DD-SCT/S- CT p .75) and age groups (D-SCT/S-CT p .13, DD-SCT/S-CT p .37)

Table 3 Metabolic ratios in patients with alcohol (F10) or substance use disorder (F13) and under benzodiazepine use compared to control

group (Mann—Whitney/Kruskal-Wallis)

C/D-ESC ng/ml/mg n

C/D D-ESC ng/ml/mg n

MPR (D-ESC/ESC) n

MPR (DD-ESC/ESC) n

Alcohol use disorder (F10) 1.73+1.11 68 0.78+0.36 67 0.61+0.40 67 0.19+0.15 39
Substance use disorder (F13) 1.88+1.35 15 0.78+0.61 15 0.58+0.37 15 0.20+0.26 9
Benzodiazepine use 1.87+1.09 26 0.89+0.29 26 0.59+0.26 26 0.54+0.88 4
Liver abnormalities from lab  1.56+0.68 8 0.77+0.31 7 0.57+022 7 027+0.14 5
results and sonography
Significant differences between groups in bold
Téble 4 Patients With~ and Patients with alco-  Patients without alco- Total P
without alcohol u§e disorder hol use disorder hol use disorder value
(F10) (Mann—Whitney/Kruskal—
Wallis) Sample size 68 179 247
—with depression 37 (54.5%) 120 (67%) 157 (63.6%)
Age (years) 47.6+10.4 50.5+£17.7 49.7+16.0 0.207
Sex % female 44.1% 63.1% 60.2% 0.007
CGI-S 5.3+0.82 5.8+0.95 5.7+£0.94 0.016
Dose (mg/day) 14.85+ 6.6 17.5+7.2 16.7+7.1 0.007
S-CT concentration (ng/mL) 23.8+14,9 29.8+21,9 28.1+20.3 0.131
S-DCT concentration (ng/mL) 114+7.0 13.9+10.7 13.3+9.9 0.197
C/D ratio 1.73+1.11 1.71+£1,13 1.72+1.12 0.916
MPR D-SCT/S-CT 0.61+0.40 0.57+0.35 0.58+0.36 0.759

Significant differences between groups in bold
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concentrations were higher compared to patients without
(n=>51) liver dysfunctions identified by GGT and AST/
ALT ratio (p=0.013; mean 2.23 +0.27 vs. 1.51+0.12 ng/
mL/ mg/day). Of all patients in which the liver values were
available, 39 and 33% of patients with alcohol or benzodi-
azepine dependence showed abnormal GGT and AST/ALT
ratio that have in this study been identified an influence on
ESC BLs. C/D ratios and MPRs did not considerably vary
in patients with alcohol dependence and patients without
this diagnosis (shown in Table 3).

When compared to a control group, a higher number of
men constituted the patient group suffering from alcohol use
disorder (shown in Table 4). Patients with the disorder were
less severely ill (CGI-S), and they were treated with lower
doses resulting in lower ESC concentrations. The interquar-
tile concentration range was 11-34 ng/mL. 69.1% of patients
had concentrations within the recommended reference range
for antidepressant treatment with ESC, and 30.9% had con-
centrations below this range. No concentration above this
range was detected. With comparable doses, patients with
acute benzodiazepine use (n=26) and patients with ben-
zodiazepine use disorder (n=15) showed a trend towards
higher dose-corrected concentrations compared to patients
without these disorders. This effect did, however, only
reach significance for D-ESC in the subgroup with acute
benzodiazepine use (p = 0.009). Of note, a small sample of
patients with documented liver abnormalities confirmed by
sonography (e.g. K76.0, K70.0) had lower dose-corrected
concentrations compared to controls (n=28, C/D 1.56+0.68,
not significant).

Discussion

This study presents an overview of the treatment effects and
pharmacokinetics of ESC in patients treated in a naturalistic
setting, including the interaction potential of comorbidities
such as alcohol and substance use disorders. An optimal
antidepressant effect for ESC is expected within a recom-
mended target range of 15-80 ng/mL [15]. The majority
of our patients (72%) had serum concentrations within this
range, and they were treated within the approved dosage
range of 10-20 mg. However, 11% of patients required doses
above 20 mg to reach drug levels within the recommended
therapeutic reference range. More concerning is that every
fourth patient (25.6%) treated with an approved dosage
did not reach the target threshold concentration of 15 ng/
mL. The results of our efficacy analysis confirm the recom-
mended threshold of 15 ng/mL, above which antidepressant
response becomes more likely, in a sample of patients treated
with ESC monotherapy [15]. The interquartile range from
patients with depression was 16.0-41.5 ng/mL, and with
13.5-25.3 ng/mL it was somewhat lower in responders. The

overall response rate of 59.5% was in line with previous
studies [22]. The majority of samples included in this study
were follow-up measurements. As an explanation for follow-
up concentrations below the therapeutic reference range, pla-
cebo response under antidepressant drug treatment has been
frequently discussed in drug monitoring trials [23].

Patients with alcohol use disorders were prescribed
lower ESC doses, resulting in lower drug concentrations.
Less severe depressive symptoms (according to CGI-S) in
this population might have led to prescription of lower ESC
doses. However, a different response pattern to antidepres-
sant treatment in patients with alcohol use disorder remains
a possibility. Patients with alcohol dependence did not show
considerably differing metabolic ratios compared to patients
without this comorbidity. An effect on drug levels could
more likely be explained by other factors such as female sex,
higher age and liver dysfunction. The relationship of applied
doses, age and sex with the ESC serum concentrations could
be partially described by a linear function. However, most
of the variation of ESC serum concentrations could not be
predicted by these variables and, thus, highlights the neces-
sity of clinical measurements of serum concentrations in
case of insufficient response.

Reasons why gender may affect pharmacokinetics are
molecular as well as physiological factors. Men are sup-
posed to have a higher activity of CYP1A2, P-glycoprotein
and some isoforms of glucuronosyltransferases and sul-
fotransferases. In women, CYP2D6 activity is higher. Physi-
ological factors are women’s generally lower body weight
and organ size, higher percentage of body fat, lower glo-
merular filtration rate and different involvement of steroid
hormones that may influence the activity of all three CYP
isoenzymes metabolizing ESC and citalopram [24]. The
univariate correlation of sex and ESC serum concentration
can be attributed to multifarious potential covariates such as
body weight, body composition or metabolic properties. In
our study, mean serum concentration and C/D ratio were in
line with values previously reported [13, 25, 26], however,
higher than those indicated in the TDM guidelines [15]. Our
findings confirm the results of Waade et al., 2014 [7], who
reported 15% lower metabolic ratios in women compared
to men. In line with other studies, we found increasing C/D
ratios with age [2].

The results of this study should be interpreted cautiously.
First, the routine TDM setting did not allow us to control
patient adherence to the treatment, nor to control for other
influences on antidepressant responses. Not only psychologi-
cal interventions (e.g. psychotherapy) and psychosocial fac-
tors (e.g. stress levels and social support), but also a series
of other factors like hypothyroidism, hormonal changes,
nutrition deficiencies, or sleep disorders (e.g. insomnia and
obstructive sleep apnoea) might be relevant in this context.
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Second, the patients included in the study were not geno-
typed, altered C/D ratios may be a result of CYP2D6 and
CYP2C19 genetic variability. The activity of both isoen-
zymes is of major importance in the biotransformation of
ESC and many other drugs. The relatively high extent of
polypharmacy of on average two co-administered drugs
may have contributed to this effect. Co-prescription of
potent CYP2D6 inhibitors, CYP3A4 inhibitors/inducers or
CYP2C19 inhibitors/inducers was identified from the requi-
sition forms. Since less than 2% of patients per group were
co-administered with relevant comedication, the effects of
comedication were considered negligible. However, a poten-
tial influence of comedication cannot be ruled out, especially
in subgroups of older patients with increasing polypharmacy.

The diagnosis of alcohol or benzodiazepine dependence
alone may not affect ESC BLs, but liver dysfunction does.
Reduced liver function, indicated by elevated GGT and AST/
ALT ratio, resulted in higher dose-corrected ESC concen-
trations. Previous studies could not find clinically relevant
differences in ESC, D-ESC and DD-ESC levels in patients
with hepatic impairment compared to healthy adults [27].

To sum up, the present study strongly supports a target
concentration of 15 ng/mL for antidepressant response. 75%
of all patients with depression had BLs below 42 ng/mL.
Patients with comorbid alcohol use disorder in treatment
might require even lower concentrations (interquartile con-
centration 11-34 ng/mL). Clearly, further prospective stud-
ies are needed to confirm our findings.

Conclusion

This study adds evidence to the results from previous stud-
ies indicating that age, sex and liver dysfunction affect the
serum levels of ESC and its metabolite D-ESC. Pronounced
pharmacokinetic variability requires dosages above the
approved maximum daily dosage in a relevant number of
patients and supports the level 2 (“recommended”) recom-
mendation of the AGNP expert group [15] to monitor ESC
serum levels for treatment optimization.
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