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Abstract
Background  Moxidectin has recently attracted attention as a novel candidate for the treatment of helminth infections, includ-
ing Strongyloides stercoralis. This study aims to characterize the population pharmacokinetics (PPK) of moxidectin in S. 
stercoralis-infected adults using a pharmacometric approach, and to perform model-based simulations to explore different 
drug dosing strategies.
Methods  A PPK study embedded in a dose-escalation phase IIa trial was conducted in NamBak, Laos. Eight micro blood 
samples were collected from each of 96 S. stercoralis-infected adults following a moxidectin dose-ranging study, from 2 to 
12 mg. A PPK model was developed using nonlinear mixed-effects modeling, and dosing strategies were explored using 
simulations in S. stercoralis-infected subjects with varying age and body weight (n = 5000 per dosing strategy).
Results  A two-compartment model including delayed absorption with lag-time best described the available PK data. Allo-
metric scaling was applied to account for the influence of body weight. High clearance was found in the infected adults (4.47 
L/h [95% confidence interval 3.63–5.39] for a 70 kg individual) compared with that previously reported for healthy adults. 
Model-based simulations indicated similar variability in mean ± standard deviation area under the curve from time zero 
to infinity of 1907 ± 1552 and 2175 ± 1670 ng × h/mL in the 60–70 kg weight group, after 8 mg fixed- or weight-based 
dosing, respectively.
Conclusion  We describe the first PPK model for moxidectin in adults with S. stercoralis infection. Equivalent exposures 
after fixed-dose and weight-dependent dosing strategies support the use of a simple fixed-dose approach, particularly in 
large-scale treatment programs.
Trial Registration  Registered at ClinicalTrials.gov (NCT04056325).
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1  Introduction

Strongyloides stercoralis belongs to the soil-transmitted hel-
minths (STHs) and is the most neglected among the clini-
cally relevant helminths. Nevertheless, with a worldwide 
prevalence of about 100 million infections, mainly in low-
resource countries, strongyloidiasis is responsible for signifi-
cant morbidity [1–3]. Today, the core strategy in combating 
helminth infections is chemotherapy combined with health 
education programs [4]. Anthelminthic treatment options 
are sparse; for strongyloidiasis, ivermectin is the only highly 
effective drug [2, 5]. However, among new candidates in the 
pipeline, moxidectin has increased the prospects for a new 
alternative.

Moxidectin is from the same macrocyclic lactone family 
as ivermectin and therefore also exerts its action by binding 
to the glutamate-gated chloride channels and γ-aminobutyric 
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Key Points 

We characterized the population pharmacokinetics of 
moxidectin using data from Strongyloides stercoralis-
infected adult patients treated with moxidectin 2–12 mg.

While body weight influences moxidectin clearance, we 
found high clearance in S. stercoralis-infected individu-
als compared with that reported for healthy subjects.

The pharmacokinetic profile of moxidectin shows 
substantial random variability, where both fixed- and 
weight-dependent dose strategies result in equivalent 
variable exposures across body weight. This supports the 
use of a fixed-dose strategy in large-scale programs for 
treating strongyloidiasis.

Despite the emerging knowledge on moxidectin in the 
treatment of STH, the population PK (PPK) profile of mox-
idectin required for regulatory approval remains to be inves-
tigated with regard to target populations outside of oncho-
cerciasis. To date, only a limited number of PK analyses are 
publicly available [9, 11–14]. These studies, all conducted in 
healthy subjects with only a descriptive (non-compartmen-
tal) PK analysis, have provided us with important insights 
into the pharmacological profile of moxidectin. First, mox-
idectin has a relatively large apparent volume of distribution 
(Vd/F), likely due to its lipophilic properties [9]. Reported 
Vd/F values are around 3000 L in young, normal-weight 
healthy individuals, resulting in long elimination half-lives 
ranging from 20 to 48 days. This might be the result of both 
high tissue penetration, especially into fatty tissues, as has 
been demonstrated in several veterinary studies [15, 16], and 
the relatively low affinity of moxidectin for the drug trans-
porter P-glycoprotein [17]. Second, moxidectin exposure is 
highly variable, with coefficients of variation (%CV) of up 
to 50% in healthy subjects, which were treated with a single 
fixed dose [11–14]. Here, a PPK analysis is needed to pro-
vide more insight about the magnitude and possible sources 
of this variability in infected individuals. Moreover, it has 
repeatedly been shown that not only gastrointestinal nema-
tode infections but also physiological abnormalities such as 
malnutrition or undernutrition can potentially affect the PK 
of a drug [18, 19], hence population PK studies in infected 
patients are required.

The objectives of this study were threefold: (1) to char-
acterize the PPK of moxidectin in S. stercoralis-infected 
adults enrolled in the recently concluded phase IIa dose-
finding study [10]; (2) to identify key covariate effects on 
PK parameters and quantify variability in PK parameters in 
these patients; (3) to perform model-based simulations to 
compare dosing strategies for S. stercoralis-infected adults 
for use in general, especially in strongyloidiasis, to maxi-
mize the efficacy of moxidectin while minimizing the com-
plexity of dosing in large patient populations.

2 � Methodology

2.1 � Study Design and Field Procedure

The PK study was embedded in a phase IIa randomized, sin-
gle-blinded, placebo-controlled, dose-escalation trial for the 
treatment of S. stercoralis-infected adults in Northern Laos 
(NamBak District). Enrolled S. stercoralis-infected adults 
were assigned by a computer-generated block randomization 
code to treatment arms of equal size, stratified by baseline 
infection intensity. In this PK study, single fixed doses of 2, 
4, 6, 8, 10, or 12 mg of moxidectin were administered to 96 
volunteer study participants. Moxidectin was administered 

acid receptors, resulting in increased permeability and, 
ultimately, muscle paralysis [6]. In 2018, moxidectin was 
approved for use in humans aged at least 12 years for the 
treatment of onchocerciasis, having demonstrated superi-
ority to ivermectin in phase II and III trials [7, 8]. Due to 
its good safety and tolerability profile, moxidectin is also 
currently being evaluated against lymphatic filariasis, stron-
gyloidiasis, other STH infections and scabies. In treating 
these diseases, moxidectin may offer some advantages over 
ivermectin. For example, moxidectin is currently registered 
for onchocerciasis with a fixed-dose regimen, that is in con-
trast to ivermectin where doses need to be adjusted for body 
weight. Fixed-dose regimens facilitate large-scale treatment 
programs and community-based treatments by non-medical 
personnel [4]. In addition, the long elimination half-life of 
moxidectin observed in pharmacokinetic (PK) studies in ani-
mals and healthy individuals may be beneficial in controlling 
prolonged parasitic activity [9], which would be of particular 
value in the treatment of S. stercoralis that can persist in the 
human body during long periods of time.

A recently concluded phase IIa dose-finding study inves-
tigating moxidectin for the treatment of strongyloidiasis 
showed cure rates similar to those for ivermectin and indi-
cated moxidectin was well tolerated [10]. It was concluded 
that the 8 mg dose currently registered for use in oncho-
cerciasis also appears suitable for treating strongyloidiasis. 
The maximum cure rates of around 80–90% observed in 
the study still call for improvement as the unique ability of 
S. stercoralis to replicate in the host (autoinfection) means 
that complete cure rates are sought for ultimate treatment 
success.
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as 2 mg tablets provided by Medicines Development for 
Global Health. Before treatment administration, a local 
lunch (meat and noodle soup) was given. Capillary blood 
was collected in doublets by finger puncture using a 2.3 mm 
finger pricker and subsequent soaking using the volumetric 
microsample Mitra® 30 µL (Neoteryx®, Torrance, CA, USA) 
at different time points: prior to dosing, and 2, 4, 6, 7 h, 
and 1, 3, 7, and 28 days post-dose. The Mitra® sticks were 
allowed to dry and were then shipped to Basel, Switzerland, 
for analysis, after which the samples were analyzed within 
1 month. For each participant, data on potential covariates 
such as age, height, weight, sex, baseline infection intensity 
(based on sextuplicate larvae counts per gram of feces), and 
information on co-infections (such as Trichuris trichiuria, 
Ascaris lumbricoides or hookworms) were recorded.

2.2 � Quantification of Moxidectin by Liquid 
Chromatography‑Tandem Mass Spectrometry

Moxidectin was analyzed by a previously validated liquid 
chromatography-tandem mass spectrometry (LC-MS/MS) 
method [20]. To account for the low-dosing groups and sam-
pling over a long follow-up period, the calibration line was 
extended, compared with the published method. In brief, 
moxidectin was extracted from Mitra® with 300 µL solu-
tion (40 ng/mL moxidectin-d3 in methanol:acetonitrile [4:1, 
v/v]) following 1 h of shaking and 1 h of sonication. The 
evaporated samples were reconstituted in 100 µL methanol 
spiked with 1 mM ammonium format and injected (15 µL) 
into the LC-MS/MS system. Chromatographic separation 
was performed using a Luna C8(2) column (30 × 2.0 mm, 
3 µm particle size, 100Å) and mobile phases of 0.05% for-
mic acid in ultrapure water (mobile A) or methanol (mobile 
B), with a gradient program (0–0.16 min, 80% B; 3–4 min, 
100% B; 4.01–6 min, 80% B) and a flow rate of 0.4 mL/min. 
The mass transitions 640.4 to 528.5 m/z+ and 643.4 to 531.5 
m/z+ served to analyze moxidectin and the internal stand-
ard moxidectin-d3, respectively. Modification to the previ-
ously established method includes a 5 µL larger injection, 
which allowed us to establish a lower limit of quantification 
(LLOQ) of 1.5 ng/mL instead of 2.5 ng/mL. The assay was 
linear between 1.5 ng/mL and 250 ng/mL (R2 > 0.99). The 
limit of detection was verified with a more than fivefold 
larger signal in the LLOQ samples compared with blank 
samples. The QC samples displayed an accuracy of between 
89.3 and 107.5% and an imprecision of < 14.5%, and as such 
were in accordance with regulatory guidelines. Accuracy 
and precision data are summarized in electronic supplemen-
tary Table S1. The extraction and measurement of 9.7% of 
samples was repeated and 96.8% thereof deviated < 15% 
from the initially evaluated concentration, thus fulfilling the 
criteria of accuracy.

2.3 � Population Pharmacokinetic Analysis

Concentration-time data were fitted using non-linear mixed-
effects modeling using the Stochastic Approximation Expec-
tation Maximization (SAEM) algorithm in the Monolix 
2019R2 software package (version 5.1.1) [21]. Data manip-
ulation, statistical analysis, simulations, and visualization 
were performed using R version 4.0.2 and Rstudio version 
1.3.959 [22]. Pre-dose concentrations were used to confirm 
no individuals were pretreated with moxidectin, but were 
not included in the PK analysis. A base PPK model was 
constructed by testing one-, two-, and three-compartment 
models with first-order absorption and linear elimination. 
Delayed absorption models were investigated with a lag-
time parameter and a fixed or estimated number of transit 
compartment models [23]. Interindividual variability (IIV) 
on parameter estimates was assumed to be log-normally dis-
tributed, and residual variability was modeled using addi-
tive, proportional, or combined error structures.

Left-censored observations (below the LLOQ [BLQ]) 
were handled by an extension of the SAEM algorithm, as 
is default in Monolix, following a method comparable with 
the M3 method used within NONMEM [24]. Nested models 
were evaluated and compared based on the objective func-
tion value (OFV, or − 2 log likelihood [− 2LL]) and non-
nested models using the corrected Bayesian information 
criterion (BICc), both estimated by importance resampling 
and reported using Monolix. A decrease of 3.84 points in the 
OFV, corresponding to p < 0.05, or a decrease in BICc indi-
cates a significantly better model. Other criteria for selection 
of the best model were goodness of fit (GOF), parameter 
precision (depicted by the relative standard error), overall 
model stability, and the conditional number.

Available covariates were weight, lean body weight 
(LBW, based on the Janmahasatian equation [25]), body 
mass index (BMI), age, and sex. Baseline infection intensity 
was investigated as a categorical covariate (light, moderate, 
heavy for larvae per gram [LPG] of ≥ 0.4 to 1, ≥ 1 to 10, or 
≥ 10, respectively). Co-infections were recorded at baseline 
as a combined variable with a value of 1 or 0 depending on 
whether any co-infection was observed. Utilizing the base 
PPK model, covariates were explored by plotting the indi-
vidual parameters using random samples from the condi-
tional distribution (n = 7 per individual) versus individual 
random-effect values, where, based on a visual inspection 
of these plots, covariates were entered into the model when 
showing a possible correlation. Continuous covariates were 
entered in the model according to Eq. 1:

(1)logPi = logPp + X × log

(

COVi

COVstandard

)
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where Pi and Pp represent individual and population parame-
ter estimates, COVi represents the individual covariate value, 
COVstandard represents a standardized (e.g. 70 kg for weight) 
or median value for the covariate, and X reflects the effect of 
COV on parameter P. Categorical covariates (with values of 
either 0 or 1) were tested using Eq. 2:

where Pi and Pp represent individual and population parame-
ter estimates and ZCOVi=1

 is the effect of COV on parameter P 
when the covariate has a value of 1. Covariates were entered 
by assessment of the following criteria: a reduction of the 
OFV of more than 3.84 points, improvement of the GOF, 
a decrease in IIV of the population parameter, and clinical 
significance of the covariate effect. Covariates were included 
stepwise, with the covariate with the largest OFV reduc-
tion and biggest improvement in GOF included first. After 
covariate inclusion, correlation between random effects was 
visually assessed and included in the final model if present.

The final model was internally validated by prediction-
corrected visual predictive checks (pcVPC). Additionally, 
model performance was assessed by assessment of normal-
ized prediction distribution errors (NPDE). Model stabil-
ity was assessed and 95% confidence intervals (CIs) were 
obtained by non-parametric bootstrap (n = 1000) using the 
Rsmlx R package.

Applying the final PPK model, terminal elimination half-
life (in hours; T½

α for a one-compartment model and T½
β 

for a two-compartment model) was calculated for a typi-
cal individual from the estimated PK parameters using the 
PKconverter R package [26].

2.4 � Model‑Based Simulations to Inform Dosing 
Strategy

To investigate the need for a weight-adjusted dose regimen 
over a fixed-dose regimen, we performed dose simulations 
in 5000 virtual S. stercoralis-infected subjects with a ran-
domly assigned weight and age based on the range found in 
the original dataset. Simulations were performed using the 
final PK model with IIV. Two single-dose regimens were 
simulated: (1) a single-dose based on weight using the rela-
tionship between clearance and weight as identified in the 
PK model; and (2) the previously suggested single fixed dose 
of 8 mg [10]. For the weight-based dose regimen (1), we 
determined a weight-based dose relative to an 8 mg dose 
administered to an individual weighting 56 kg, which is 
the median weight of participants in our dataset. Using the 
relationship between weight and CL as incorporated in the 
final PPK model, dose was calculated using the following 
equation (Eq. 3):

(2)logPi = logPp + ZCOVi=1
where DOSE is the dose in mg, DW represents a ‘dose 
weight’ in kg, with DW56 kg being the DW of a 56 kg per-
son, calculated using Eq. 4, where WT is the body weight 
in kilograms.

For each subject, area under the curve from time zero to 
infinity (AUC​∞) was calculated using Eq. 5:

where AUC​∞ is the exposure from time zero to infinity in 
ng × h/mL, DOSE is the dosage in micrograms, and CL/F 
is the apparent clearance in liters/hour. Simulations were 
performed in R using the simulx package (part of the mlxR 
package).

3 � Results

3.1 � Pharmacokinetic Data

Between November 2019 and March 2020, a total of 96 indi-
viduals were enrolled in the PK study of the phase IIa trial. 
Individuals were equally assigned to six dose groups ranging 
from moxidectin 2–12 mg, with 15–21 individuals in each 
arm. No moxidectin was detected in any pre-dose sample. 
Baseline characteristics of the study population are shown 
in Table 1. In total, 762 moxidectin samples were collected. 
Compared with the planned sampling scheme, six samples 
were missed due to the unavailability of the study partici-
pant. Of the 762 collected PK samples, 158 (20.7%) were 
BLQ. Electronic Supplementary Fig. S1 shows the observed 
moxidectin concentrations stratified by dose group.

3.2 � Population Pharmacokinetic Analysis

All 762 PK samples were used to develop a PPK model. A 
two-compartment model with a proportional error model 
was found to best describe the data. Delayed absorption was 
included in the model using a depot compartment with lag 
time (Tlag; ΔOFV − 158.1 points compared with the model 
without lag time). This model outperformed a model with an 
estimated number of transit compartments (ΔOFV − 116.1 
points compared with a model without a delayed absorp-
tion). We were able to estimate IIV with reasonable preci-
sion for the absorption rate constant (ka), CL/F, Vd/F of the 
central and peripheral compartments (V1/F and V2/F), and 

(3)DOSE =
8

DW56 kg

× DW

(4)DW = 70 ×
(

WT

70

)0.75

(5)AUC∞ =
DOSE

CL∕F
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apparent intercompartmental clearance (Q/F). Removal of 
any of these IIV parameters from the model resulted in a 
significant increase in OFV. For Tlag, we fixed the IIV param-
eter at 0.1 since there was a large correlation between IIV on 
Tlag and ka, but removing IIV on Tlag resulted in worsening 
of GOF and a significant increase in OFV (ΔOFV + 61.7 
points compared with the model with IIV on Tlag). When this 
value was fixed at 0.1, both the correlation and conditional 
number decreased without losing GOF with a similar OFV. 
As a sensitivity analysis, we checked other values for fix-
ing IIV on Tlag, namely 0.05, 0.2, and 0.5, but these models 
resulted in a higher OFV (ΔOFV + 6.0, + 3.5, and + 28.3, 
respectively, compared with the model with IIV Tlag fixed 
at 0.1).

For the covariate analysis, we identified age, weight, 
and sex as possible covariates based on parameter versus 
covariate plots (Electronic Supplementary Fig. S2). We 
implemented the effect using an allometric model, result-
ing in an improvement in GOF and a significant reduction 
in OFV (ΔOFV − 15 points compared with the structural 
model without covariates). In the next step, we included age 
as a covariate for V1/F, resulting in a reduction in OFV and 
a better description of peak concentrations in GOF plots 
(ΔOFV − 8.1 points compared with the model without age 
on V1/F). The age effect was included using a power equa-
tion with an estimated exponent of − 0.422 (95% CI − 0.674 
to − 0.197), indicating a reduction of V1 from 199 L (95% 
CI 162–250 L) to 116 L (95% CI 105–126 L) for a typical 
individual with a weight of 70 kg and aged 18 and 65 years, 
respectively. No effect of age could be identified for any 

of the other PK parameters. Lastly, sex as a covariate for 
V2/F was found to be statistically significant (ΔOFV − 9.8 
points), but given the absence of a clear improvement in 
GOF, we decided to not include this covariate in the model. 
None of the remaining covariates, including baseline infec-
tion intensity or the presence of a co-infection, showed any 
correlation with any random-effects parameters, indicating 
that the covariate analysis was complete. In addition, no 
correlation between random effects was present. The final 
PPK model showed good description of the observed and 
BLQ data based on the pcVPC (Fig. 1), GOF plots (Elec-
tronic Supplementary Fig. S3), and distribution of the NPDE 
(Electronic Supplementary Fig. S4). The bootstrap analysis 
indicates good model stability (Table 2). 

The parameters of the final model are shown in Table 2. 
Using the obtained parameters from the final PPK model, 
we calculated a T½ of 278 h for an individual with a weight 
of 70 kg and aged 44.3 years.

3.3 � Model‑Based Simulations to Inform Dosing 
Strategy

To compare the originally proposed 8 mg fixed-dose strategy 
[10] with a weight-based dosing strategy, we performed dose 
simulations using both strategies. For each dosing strategy, 
the quantitative results of the simulations performed in 5000 
virtual subjects with randomly assigned weight between 30 
and 90 kg and aged between 18 and 65 years are shown in 
electronic supplementary Tables S2 and S3. The mean ± 
standard deviation AUC​∞ in the 60–70 kg group is similar 
for both dose groups, at 1907 ± 1552 and 2175 ± 1670 ng 
× h/mL for an 8 mg fixed dose and weight-based dosing, 
respectively. Figure 2 shows the distribution of AUC​∞ split 
for weight group, indicating the high variability in expo-
sure, with similar results obtained for both the fixed-dose 
and weight-based dosing strategies. The exposure remains 
fairly constant across different weights regardless of the 
dosing strategy. The distribution of the obtained peak con-
centrations is shown in Electronic Supplementary Fig. S5, 
indicating alike results as found for exposure: While peak 
concentrations are similar for both dosing strategies, they 
appear to differ in the highest and lowest weight groups (< 
40 or > 70 kg).

4 � Discussion

In this study, we have successfully developed a PPK 
model of moxidectin using data from a large cohort of S. 
stercoralis-infected patients. To our knowledge, this is the 
first PPK study for moxidectin in humans and the first PK 
analysis of this drug in patients, as only a few descriptive 
studies in healthy subjects have been conducted to date [9, 

Table 1   Baseline characteristics

Data are expressed as median (interquartile range) [full range] unless 
specified otherwise

Characteristic Individuals in the pharma-
cokinetic dataset [n = 96]

Age, years 45.0 (39.0–53.3) [22–65]
Height, cm 158 (152–163) [137–172]
Total body weight, kg 56.2 (51.1–61.9) [36.2–82.6]
Body mass index, kg/m2 22.2 (20.9–24.3) [17.0–32.3]
Sex [n (%)] Male: 59 (61)

Female: 37 (39)
Infection intensity at baseline [n (%)] Light: 16 (16.7)

Moderate: 38 (39.6)
Heavy: 42 (43.6)

Dose group [n (%)] 2 mg: 15 (15.6)
4 mg: 16 (16.7)
6 mg: 14 (14.6)
8 mg: 21 (21.9)
10 mg: 15 (15.6)
12 mg: 15 (15.6)
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11–14]. Pharmacometric modeling and simulation studies 
are urgently needed to inform drug dosing for future clinical 
trials or clinical use of moxidectin in several disease areas, 
such as STH infections or scabies, similar to recent efforts 
involving ivermectin and tribendimidine [27–29].

Our model-based simulations show that adult patients 
with a weight between 60 and 70 kg who receive a fixed dose 
of moxidectin 8 mg are expected to have a mean exposure of 
1907 ± 1552 ng × h/mL. This is lower than what has been 
observed in studies with healthy subjects receiving the same 

Fig. 1   Prediction-corrected visual predictive check for the final phar-
macokinetic model, split by dose group. Upper panels: lines repre-
sent the 5th (dashed), 50th (solid), and 95th (dashed) percentiles of 
the prediction-corrected observed data. The shaded areas indicate the 
90% confidence intervals of the 5th, 50th, and 95th percentiles of the 
simulated data (n = 500 datasets). The black and grey circles corre-

spond to the prediction-corrected observed values and simulated val-
ues for observations below the LLOQ, respectively. Lower panels: the 
solid line represents the fraction of observations below the LLOQ, 
with the area indicating the 95% prediction interval of the fraction 
below the LLOQ based on the simulations (n  =  500). LLOQ lower 
limit of quantification, LOQ limit of quantification
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dose [12, 14], where a mean AUC of approximately 4500 
ng × h/mL was reported. This is the result of high clear-
ance in patients, i.e. 4.47 L/h (95% CI 3.63–5.39), markedly 
higher than what is reported in healthy subjects (varying 
between 1.9 and 3.5 L/h) [9, 11–14]. This also results in a 
shorter calculated T½ of 278 h for patients, whereas values 
of 528–1139 h have been reported for healthy subjects [9, 
11–14]. These results indicate that infection could influ-
ence the PK of moxidectin, resulting in a decrease in total 
moxidectin exposure. This finding is in line with what has 

been observed in veterinary studies [30], but is in contrast to 
findings for ivermectin, a related macrocyclic lactone, where 
infection with Onchocerca volvulus did not influence the PK 
[31]. Unfortunately, we could not relate the baseline infec-
tion intensity to any PPK parameter. One limitation in this 
respect is that healthy subjects were not included due to the 
nature of this clinical study. Therefore, any firm conclusions 
on the influence of illness on moxidectin PK cannot be made 
based on the current study alone. In addition, several other 
factors could influence the PK of moxidectin, such as study 
design, ethnicity, patient characteristics, drug formulation, 
and food status. All studies in healthy subjects analyzed the 
data using a non-compartmental analysis. Assuming mox-
idectin follows a bi-exponential elimination, the assessment 
of clearance in such a noncompartmental analyses could 
have been biased. However, when using an appropriate sam-
pling design, this bias is usually limited, even for drugs with 
a two-compartmental PK profile [32]. In addition, investi-
gations with healthy subjects were almost exclusively con-
ducted in European study sites, where participants were pre-
dominantly Caucasian, in contrast to our study [9, 11–14]. 
It is currently unknown if ethnic differences influence mox-
idectin PK. Regarding patient characteristics, individuals in 
our study had a lower BMI (median 22.2) compared with 
healthy subjects (median BMI around 24–25). Due to the 
high lipophilicity of moxidectin, a higher BMI in healthy 
individuals could lead to increased tissue accumulation, with 
a decrease in clearance. However, drug lipophilicity alone 
does not immediately translate to an increased clearance, 
as, for example, has been shown for the high lipophilic drug 
diazepam in obese individuals where increased accumula-
tion but a similar clearance was observed [33]. A follow-up 
study including obese participants would be necessary to 
further investigate this alternative hypothesis. Drug formula-
tion (oral solution vs. tablet) and food status are also known 
modulators of moxidectin PK [9, 11]. In this study, moxidec-
tin was administered as the commercially available tablet 
after consumption of food and as such highly comparable 
with most published studies in healthy subjects [11, 12, 14], 
thus making it unlikely that these factors might explain the 
observed differences.

We observed considerable unexplained variability for 
only a small part, described by available covariates. The 
resulting variation in expected exposures observed in model-
based simulations are in the same order of magnitude as has 
been reported in the healthy subjects. For example, Korth-
Bradley et al. reported an AUC​∞ of 4403 ± 2360 ng × h/mL 
after a single dose of moxidectin 10 mg administered to 29 
healthy individuals [11]. This translates to a %CV of around 
54%, similar to what we observed in our simulated data after 
an 8 mg fixed dose. Importantly, given the finding that most 
variability in moxidectin exposure appears to be random, our 
results support the previously proposed fixed-dose strategy 

Table 2   Population pharmacokinetic parameters of the final popula-
tion pharmacokinetic model

AGE age in years, CI confidence interval, CL/F apparent clearance, 
CL/Fpop population value for CL/F for a person with a body weight 
of 70 kg, Ka absorption constant, Q/F apparent intercompartmental 
clearance, Q/Fpop population value for Q/F for a person with a body 
weight of 70 kg, Tlag absorption lag time, V1/F apparent volume of 
distribution of the central compartment, V1/Fpop population value for 
V1/F for a person with a body weight of 70 kg and aged 44.3 years, 
V2/F apparent volume of distribution of the peripheral compartment, 
V2/Fpop population value for V1/F for a person with a body weight 
of 70 kg, WT total body weight in kilograms, ω standard deviation 
of the interindividual variability parameter, %RSE percentage relative 
standard error
a Covariate parameter relationships: CL/F = CL/Fpop × (WT/70)0.75. 
V1/F = V1/Fpop × (WT/70) × (AGE/44.3)−0.42. Q/F = Q/Fpop × 
(WT/70)0.75. V2/F = V2/Fpop × (WT/70)
b Residual proportional error shown as the standard deviation

Parameter Estimate (%RSE) Bootstrap estimate 
[n = 1000] (95% CI)

Population parameters
 Tlag [h] 1.64 (1.6) 1.63 (1.56–1.70)
 Ka [/h] 3.38 (11) 3.35 (2.53–4.44)
 CL/Fpop [L/h] 4.47 (7.6) 4.47 (3.63–5.39)
 V1/Fpop [L] 136 (3.4) 136 (126–146)
 Q/Fpop [L/h] 10.0 (4.5) 10.0 (9.10–11.0)
 V2/Fpop [L] 1172 (11) 1169 (875–1523)

Covariate effectsa

 WT on CL/F 0.75 FIX –
 WT on V1/F 1 FIX –
 AGE on V1/F − 0.42 (30) − 0.43 (− 0.67 to − 

0.20)
 WT on Q/F 0.75 FIX –
 WT on V2/F 1 FIX

Interindividual variability
 ωTlag 0.1 FIX 0.1 FIX
 ωKa 0.672 (14) 0.604 (0.355–0.850)
 ωCL/F 0.625 (8.6) 0.627 (0.519–0.724)
 ωV1/F 0.297 (9.2) 0.291 (0.220–0.379)
 ωQ/F 0.343 (11) 0.344 (0.236–0.445)
 ωV2/F 0.779 (11) 0.743 (0.436–0.976)

Residual variability
 Proportional errorb 0.165 (4.9) 0.169 (0.144–0.199)
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[10]. We have illustrated that applying a weight-dependent 
dosing strategy did not reduce variability in exposure and 
hence has no clear benefit over a fixed-dose strategy. This 
means that, in contrast to ivermectin, the currently only effi-
cacious treatment option against S. stercoralis, moxidectin 
dose, does not have to be adjusted according to weight. In 
theory, there might be other covariates that are capable of 
predicting the PK of moxidectin. However, we have to con-
sider that moxidectin will be mainly applied in low-resource 
income settings during mass drug administrations, where 
dose individualization is not practical. Studies that combine 
PK information with outcome data in order to establish an 
exposure–response relationship, to determine target expo-
sures and, if needed, to further fine tune the current dose 
recommendations are ongoing.

Some limitations apply to our study. Firstly, our study 
only included adult patients from Southeast Asia with 
relatively normal weight and age ranges for that location. 
Although we have included both age and weight as covari-
ates in the PK model, we have to be cautious in extrapolating 
our results to cases on the far end of each spectrum, such as 
children or obese individuals. For such special populations 
it is well known that a simple extrapolation from (normal-
weight) adults might not be appropriate [34, 35]. Further-
more, we only had one individual in the study with a weight 
of < 40 kg. This could limit the applicability of our model 
and simulations for this group of individuals. In addition, 
caution is necessary when extrapolating our results to popu-
lations in other areas of the world. As such, more research is 
needed to validate or extend the PK model to other popula-
tions than those studied here. Secondly, although we were 
able to estimate the population value for Tlag and Ka with 
reasonable precision, the inability to estimate IIV on the 
Tlag parameter might reflect the sparsity of our data around 
the absorption phase, with the first sample drawn at 2 h after 
the moxidectin dose. Therefore, our findings regarding the 
absorption profile of moxidectin should be considered with 
some caution. Thirdly, in this study, we did not measure 

renal and liver function; however, no significant influence 
of these covariates on the PK of moxidectin is expected, 
since it is known that moxidectin is predominantly cleared 
via a non-renal route with only minimal hepatic metabolism 
[36]. Lastly, since we used a capillary micro blood sam-
pling methodology to quantify moxidectin concentrations, 
a relatively large part of the moxidectin concentration in the 
later elimination phase was below the assay´s LOQ. None-
theless, these BLQ measurements could be retained in the 
dataset and analyzed by using a method similar to the widely 
accepted M3 method that was developed for NONMEM, 
where for each BLQ observation, the likelihood of this value 
actually being BLQ is estimated [24]. Hence, we could limit 
the loss of information due to a relatively large portion of 
BLQ measurements.

5 � Conclusions

We have successfully characterized the PPK of moxidectin 
in S. stercoralis-infected individuals. To our knowledge, this 
is the first study to report the PPK of moxidectin in a human 
population, and, additionally, the first study to report the 
PPK of moxidectin in adults with a helminth infection. We 
found high clearance in S. stercoralis-infected participants 
compared with what is reported in healthy subjects, indicat-
ing a possible influence of infection on moxidectin PK. Fur-
thermore, the PK profile of moxidectin is marked by unex-
plained variability in drug exposure, which is equivalent 
after a fixed dose and weight-based dosing. As such, there 
is no clear rationale to support weight-based dose adjust-
ments over a simple fixed-dose strategy in the application 
of moxidectin in S. stercoralis infections.
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