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Soil-transmitted helminths are intestinal worm diseases transmitted through the soil.
Available treatments are albendazole and/or ivermectin. The co-administration of
existing drugs is an appropriate strategy. A fixed-dose combination adds practical
advantages mainly considering mass drug administration. The aim is to characterize
pharmacokinetics and to evaluate the comparative bioavailability of an innovative fixed-
dose combination of ivermectin/albendazole 18/400mg compared with the marketed
references. Seventy-eight healthy volunteers were included in this laboratory-blinded,
randomized, three-treatment, three-period crossover study. Each subject received a
single dose of ivermectin/albendazole 18/400 mg (1 tablet); ivermectin 3 mg (6 tablets);
and albendazole 400 mg (1 tablet). Serial blood samples for the pharmacokinetic analysis
were obtained pre-dose and up to 72 h post-dose. Plasma concentrations of ivermectin
H2B1a, ivermectin H2B1b, albendazole, and albendazole sulfoxide were analyzed by LC-
MS/MS. Pharmacokinetic parameters were estimated by a non-compartmental analysis
and bioavailability compared through a bioequivalence analysis. Safety and tolerability
were assessed throughout the study. Main pharmacokinetic parameters of the fixed
combination were estimated for both, ivermectin [Cmax (mean, confidence interval): 86.40
(30.42–39.23) ng/ml; AUC0-72 (mean, CI): 1,040 (530–1,678) ng·h/mL; tmax (median, min.,
and max.); 4.50 (2.50–5.50)] and albendazole [Cmax (mean, CI): 22.27 (1.89–111.78) ng/
ml; AUC0-72 (mean, CI): 94.65 (11.65–507.78) ng·h/mL; tmax (median, min., and max.):
2.50 (1.00–12.00) h]. The 90% confidence interval of the geometric mean ratios
demonstrated the bioequivalence in the case of ivermectin (Cmax: 110.68%–120.49%;
AUC0-72: 110.46%–119.60%) but not in the case of albendazole (Cmax: 53.10%–70.34%;
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AUC0-72: 61.13%–76.54%). The pharmacokinetic profile of a new fixed-dose combination
of ivermectin and albendazole was characterized. The bioequivalence versus the reference
ivermectin was demonstrated, though bioequivalence versus albendazole was not shown.
The three medications analyzed were well tolerated. The results allow the advancement to
the next phase of the clinical program to demonstrate efficacy and safety in patients
affected by soil-transmitted helminths.

Clinical Trial Registration: https://www.clinicaltrialsregister.eu/ctr-search/search/,
identifier Nr. 2020-003438-19

Keywords: pharmacokinetics, bioavability, ivermectin, albendazole, helminitiasis

INTRODUCTION

Soil-transmitted helminths (STH) refer to a group of intestinal
worm diseases transmitted through contaminated soil: Ascaris
lumbricoides, Strongyloides stercoralis, Trichuris trichiura (also
known as whipworms), and Ancylostoma duodenale and Necator
americanus (or hookworms). STH disease is usually mild and
proceeds without noticeable symptoms, except for heavy
infections which can cause abdominal pain, diarrhea, anemia,
protein loss, rectal prolapse, and others. In children, physical and
cognitive growth retardations are also frequent.

More than a quarter of the world’s population is at risk of
infection with STH, having the highest prevalence in regions with
a warm and moist climate and in areas of the lowest
socioeconomic status with poor sanitation and hygiene, which
facilitates the transmission. These diseases are the most prevalent
of all neglected tropical diseases worldwide and
disproportionately affect impoverished populations, causing
significant morbidity in pre-school and school-age children
(Jourdan et al., 2017). The 2017 Global Burden of Disease
report ranks STH as the disease that poses the greatest burden
of years lived with disability, with an estimation of 1.66 million
years (The 2017 Global Burden of Disease et al., 2018).

In addition to interventions to improve sanitation and hygiene
measures, the core intervention for reducing morbidity and
transmission of STH is the preventive chemotherapy as
periodic mass drug administration campaigns (Gabrielli et al.,
2011). This implies the large-scale distribution of anti-helminthic
drugs, typically with a single dose, to populations at risk without a
previous diagnosis.

Currently, available treatments against STH are benzimidazole
drugs, albendazole (ALB), and mebendazole, with proven safety
and efficacy. Albendazole exhibits larvicidal, ovicidal, and
vermicidal activities, and exert its anti-helmintic action in the
intra-intestinal region. Albendazole is poorly absorbed (<5%)
though a sufficient amount is absorbed as to assess its plasma
quantification and subsequent bioavailability analysis.
Albendazole undergoes an extensive first-pass metabolism, and
its primary metabolite is albendazole sulfoxide. The efficacy of
ALB is very satisfactory against A. lumbricoides, showing a cure
rate close to 100%, and also remains above 90% and around 80%
for hookworms. However, its efficacy against other STH species is
poor, estimating as low as 31% for T. trichiura (Moser et al.,

2017). It is particularly alarming that the efficacy against T.
trichiura seems to have decreased from 30 to 15% in the last
16 years (Moser et al., 2017), which can be attributed to the
development of drug resistance. In addition, the currently
recommended regimens against STH show very low efficacy
against S. stercoralis (Krolewiecki et al., 2013), which remains
largely untreated with the current World Health Organization
(WHO) strategy. Given this situation, there is an increasing need
to identify new therapeutic regimens with improved efficacy
while maintaining or improving safety, and subsequently
provide evidence that may support the revision of the current
WHO strategy, if the transmission–interruption goals are to be
achieved (Anderson et al., 2015; Lo et al., 2016).

Ivermectin (IVM) is a derivative of the avermectins, a
family of the macrocyclic lactones. It is a mixture
containing at least 90% of 5-O-demethyl-22,23-
dihydroavermectin A1a and less than 10% of 5-Odemethyl-
25-de (1-methylpropyl)-22,23-dihydro-25-(1-methylethyl)
avermectin A1a, generally referred to as 22,23-
dihydroavermectin B1a and B1b, or H2B1a and H2B1b,
respectively. Once absorbed, ivermectin is metabolized in
the liver. Then, ivermectin and its metabolites are excreted
almost exclusively in the feces over an estimated period of
12 days, with less than 1% of the administered dose being
excreted in the urine. Ivermectin is a highly effective anti-
helminthic agent, used in animals and humans against several
diseases, including onchocerciasis, lymphatic filariasis,
strongyloidiasis, scabies, and STH. Considering this broad
efficacy spectrum, ivermectin would be an attractive agent
for a combined treatment approach in settings where multi-
parasitism is the norm (Richards, 2017).

Both drugs, IVM and ALB, are included in the World Health
Organization’s List of Essential medicines for adult and children
for the treatment of STH and other indications (World Health
Organization, 2022a; 2022b). The use of a co-administration
therapy with existing drugs against STH has been identified as
a strategy that could offer a solution to the drawbacks and risks of
the current strategy of monotherapy. In particular, the co-
administration of ALB and IVM has several proven
advantages, such as an improved efficacy against T. trichiura
and S. stercoralis (Echazú et al., 2017) or a decreased risk of drug
resistance due to the two different mechanisms of action
(Vercruysse et al., 2011). The use of a fixed-dose combination
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adds practical advantages over co-administration having simpler
storage or transport, easier dispensation, and higher acceptability.
Moreover, the combination therapy is of special interest in the
case of the strategy of mass drug-administration campaigns, a key
component of programs aimed at controlling STH in areas of
high prevalence, where medication is massively administered
without a previous individual diagnosis.

The Stopping Transmission Of intestinal Parasites (STOP)
project is a consortium of African and European public and
private partners, funded by the European and Developing
Countries Clinical Trials Partnership (EDCTP), an EU-
supported partnership between the governments of
14 European and 18 African countries, funding clinical
research for medical tools to detect, treat, and prevent
poverty-related infectious diseases in sub-Saharan Africa. The
STOP project was created with the aim of developing a fixed-dose
combination of ivermectin and albendazole that facilitates its
administration under a mass drug administration strategy. The
development includes a strength to be used in adult populations
(ALB/IVM 400 mg/18 mg) and another strength for children
(ALB/IVM 400 mg/9 mg). This is the first clinical trial
conducted by the consortium and was designed to characterize
the pharmacokinetic profile and to evaluate the comparative
bioavailability of the fixed-dose combination versus each of
the reference products, already marketed, as required by the
appropriate European Medicines Agency (EMA) guidelines
(European Medicines Agency, 2017).

MATERIALS AND METHODS

Study Design and Ethics
The design corresponds to a human pharmacology (phase I),
single-dose, open-label, laboratory-blinded, sequence-
randomized, six-sequence, three-treatment, three-period
crossover study conducted in healthy volunteers under light
meal conditions. The clinical study was carried-out between
February and March 2021, at a single investigational center
(BlueClinical Phase I, Hospital da Prelada, Porto, Portugal).
Prior to the initiation of the study, its design and outcomes
(as well as the full clinical development program) were discussed
with EMA through a scientific advice procedure.

Before the beginning of the study, the protocol and written
subject information and the informed consent form were
authorized by the Portuguese Ethics Committee for Clinical
Research (01/Sep/2020; 2020-RP-11–15) and approved by the
National Authority for Medicines and Health
Products—INFARMED (21/Aug/2020; 485/VPCD/2020). The
study was conducted in compliance with the approved
protocol and according to Good Clinical Practices, the
Declaration of Helsinki, the European Medical Agency
guidelines, and the applicable Portuguese laws and regulations.
The study was handled in accordance with the existing standard
operating procedures and monitored by external trained
monitors.

All subjects voluntarily accepted to participate and signed the
informed consent prior to any study-related activity. Each

prospective participant received a full explanation of the
objectives, procedures, restrictions, and potential hazards of
the study. Once this information was provided to the subject,
the prospective participant was required to read the information
form and ask any questions about its contents. Only after the
physician in charge had the conviction that the subject was aware
of the implications of participating in the study, the subject was
requested to confirm his/her willingness to participate by signing
and dating the informed consent.

Study Population
The study subjects were healthy male and non-pregnant female
volunteers, aged 18–65 years. All participants must have a normal
body mass index (18–25 kg/m2), a normal medical history and
physical examination, without any significant diseases
(gastrointestinal, hepatic, renal, respiratory, cardiovascular,
metabolic, skin, immunological, or hormonal). Vital signs, 12-
lead electrocardiogram, and clinical laboratory tests (hematology,
general biochemistry, serology, and urinalysis) were also
performed during screening. Women of childbearing potential
had to use one contraceptive method. Urine drug-abuse screens
for amphetamines, cannabinoids, benzodiazepines, cocaine,
opioids, barbiturates, and cotinine, as well as breath alcohol
tests and pregnancy tests (females only) and SARS-CoV-
2 testing were carried out during screening and at the
admission to each hospitalization period.

Treatments
Subjects were allocated to receive all the three investigational
treatments (crossover design) in accordance with a randomized
sequence (i.e., the order of receiving each treatment along the
three study periods). A total of six sequences were computer-
generated and 13 subjects were allocated to each of them in
accordance with a sequence-balanced randomization. The
treatments were: six tablets of ivermectin 3 mg (Stromectol®,
Merck, Sharp & Dohme BV) and albendazole 400 mg tablets
(Eskazole®, Smith Kline & French Laboratories Ltd.) as
references; one table of Ivermectin/albendazole 18/400 mg,
orodispersible tablets (Laboratorios Liconsa, Spain) as the
experimental drug. This experimental formulation was
developed by the Pharmaceutical Development Department at
Laboratorios Liconsa S.A in two strengths for use at different
body weights: 9/400 mg and 18/400 mg. Both formulations are
alike, as a white, round, biconvex tablet of approximately 16 mm
of diameter and debossed in one side with 9/400 and 18/400,
respectively. The medicines were developed to be
orodispersible–chewable tablets in order to be administrated
with or without water and by adding a flavor to mask the
bitter flavor of albendazole. The excipients selected to develop
this product were chosen considering the pharmaceutical form
target. All excipients used are water-soluble to enhance the
orodispersible–chewable properties. One of the goals of this
formulation is to have a similar dissolution profile to the
monocomponent reference products. Formulation and
manufacturing developments were improved accordingly to
comply with the similarity calculation (f2) versus the reference
products.
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All the treatments were given as a single dose, under the direct
supervision of a member of the investigational team, who
confirmed the intake by mouth inspection. The FDC was
placed in the tongue where it disintegrated before being
swallowed without water, while single active products were
swallowed whole with 240 ml of water. A washout time of at
least 28 days between periods was established. Subjects were
requested to abstain from taking any medicinal products,
vitamins, food supplements, and herbal supplements
(including St John’s Wort), from 14 days prior to admission to
the first study period until the end-of-study. No medication other
than the investigational products was allowed during the study,
unless absolutely required for treatment of adverse events. In case
a subject was administered another drug, its use was to be
reported and its possible impact on the study outcome was to
be assessed by the investigator.

In each period, subjects were housed at the clinical research
facilities for each of the three study periods and remained
confined from at least 11 h before dosing until after the 24-h
post-dose procedures. The corresponding medication was
administered 30 min after a standard light meal containing
330 kcal, 13% fat. Meals were standardized and identical in
composition throughout the study periods. Subjects were
requested to abstain from consuming food or beverages that
could interfere with drug metabolism from 7 days prior to the
admission of each study period until the last blood sample
collected in each study period. Then, ambulatory samples were
taken 36, 48, and 72-h after each dosing.

Pharmacokinetic Evaluation
In each period, a total of 21 venous blood samples were
obtained pre-dosing and at 1, 2, 2.5, 3, 3.3, 3.6, 4, 4.2, 4.5,
4.8, 5, 5.5, 6, 8, 10, 12, 24, 36, 48, and 72 h post drug
administration for the plasma quantification of ivermectin
H2B1a, ivermectin H2B1b, albendazole, and albendazole
sulfoxide. The subject’s total volume of blood withdrawn
during the study, including 16 ml required for safety tests,
was approximately 416 ml. The total blood donation could be
slightly higher if repeat blood samples were required for safety
assessments.

Samples were maintained at −80°C until shipment to the
bioanalytical laboratory that developed, validated, and carried
out both analytical methods (Kymos Pharma Services SL,
Barcelona, Spain). A bioanalysis was carried out in
accordance with the applicable international guidelines
(CEDER Industry and EMA guidance on the validation of
bioanalytical methods). The quantifications of ivermectin B1a
and ivermectin B1b in human plasma samples were carried out
by LC-MS/MS after liquid–liquid with Novum SLE plates.
Doramectin was used as the internal standard. The
calibration range of the method was defined from 1 to
200 ng/ml for ivermectin B1a and from 0.04 to 4 ng/ml for
ivermectin B1b. The validated diluted factor was 10-fold for
both compounds. The 96.6 and 76.8% respectively of the
incurred sample re-analysis met the acceptance criteria. The
quantifications of albendazole and albendazole sulfoxide in
human plasma samples were carried out by LC-MS/MS after

liquid–liquid with ethyl acetate. Albendazole-d7 and
albendazole sulfoxide-d7 were used as internal standards,
respectively. The calibration range of the method was
defined from 2 to 600 ng/ml for albendazole and from 3 to
3,000 ng/ml for albendazole sulfoxide. The validated diluted
factor in both methods was 10-fold for albendazole and
albendazole sulfoxide. The 99.0 and 99.5% respectively of
the incurred sample re-analysis met the acceptance criteria,
hence demonstrating the reliability of the reported plasma
human concentrations.

For each of the four analytes, concentration/time graphs were
plotted, and the main pharmacokinetic parameters were
calculated: maximum observed plasma concentration (Cmax)
and area under plasma concentration versus time curve from
time zero to truncated at 72 h post-administration (AUC0-72) in
the case of ivermectin H2B1a, ivermectin H2B1b, or to 48 h post-
administration (AUC0-t) for albendazole and albendazole
sulfoxide. In addition, the time of occurrence of Cmax (tmax),
apparent terminal elimination rate constant (λz), and apparent
terminal half-life (t1/2) values are also provided. The parameters
were estimated using a non-compartmental approach. The
trapezoidal rule was used to estimate the AUC.

Comparative bioavailability was assessed by means of a
bioequivalence analysis. In brief, an analysis of variance
(ANOVA) was performed on the ln-transformed primary
pharmacokinetic parameters, Cmax and AUC0-72 for
ivermectin and AUC0-t for albendazole. The data were
subsequently analyzed by means of an analysis of variance
(ANOVA) model. The terms included in the ANOVA model
were sequence, subject nested within sequence, period and
formulation, which were used as the fixed effects. Sequence,
period, and formulation were assessed at the 5% two-sided
level. For this purpose, the ivermectin/albendazole FDC is
considered “Test” and each of the single active substance as
“Reference.” The Test-to-Reference geometric mean ratio
(GMR) and its corresponding 90% confidence interval (CI)
were calculated for the ln-transformed primary
pharmacokinetic parameters. Bioequivalence is inferred if
the 90% CIs for the Test-to-Reference GMR calculated for
the ln-transformed primary pharmacokinetic parameters are
all within the 80.00–125.00% acceptance interval. In
accordance with international guidelines, bioequivalence is
based exclusively on the determination of ivermectin H2B1a
(comprising more than 90% of the total ivermectin) (World
Health Organization, 2021a) and albendazole (the parent
compound) (World Health Organization, 2021b), and data
corresponding to ivermectin H2B1b and albendazole sulfoxide
are considered as supportive.

Safety Evaluation
For safety evaluation, the occurrence of adverse events (AE)
and vital signs (blood pressure and heart rate) were monitored
throughout the study. Clinical laboratory tests were performed
at the screening and the end of the study (after the collection of
the last blood sample of the study). Follow-up of AEs still
ongoing at the end-of-study or 30 days after a premature study
discontinuation for a given subject were to be extended until
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they were no longer considered clinically relevant. All AEs
were summarized by the MedDRA dictionary (version 23.1),
classified by system organ class and the preferred term, and
assessed by seriousness (Serious/Non Serious), maximum
severity (Mild/Moderate/Severe), drug relationship
(Reasonably Possible/Not Reasonably Possible),
expectedness, action taken, and outcome.

Statistical Methods and Sample Size
Calculation
Continuous variables are summarized with the following
descriptive statistics: n (number of observations), arithmetic
mean (Amean), geometric mean (Gmean), SD, coefficient of
variation (CV%), minimum value, median, and maximum
value. Categorical data are summarized with frequencies and
percentages.

The Sample’s size was calculated assuming an intrasubject
coefficient of variation (ISCV) of 40% for AUC0-t of albendazole,
which was the highest ISCV observed for the main
pharmacokinetic parameters; a true Test-to-Reference GMR of
0.95; a significance level (alpha error) of 5%; and an a priori
statistical power of 80%, a sample of 66 evaluable subjects was
estimated. To compensate for potential dropouts, it was planned
to recruit 78 subjects.

Statistical and pharmacokinetic analyses were performed
according to EMA’s applicable guidelines, using SAS® 9.4 (SAS
Institute Inc., Cary, NC, United States) and Phoenix® WinNonlin®
8.2 (Certara United States Inc., Princeton, NJ), respectively.

RESULTS

The subject’s allocation is summarized in Figure 1. A total of
134 subjects was evaluated for eligibility, but 56 were not

admitted to randomization due to the following reasons:
43 subjects did not meet one or more of the selection criteria
(42 at screening and 1 at admission), 1 subject reported an AE,
5 subjects decided to discontinue after the screening procedures,
2 subjects were discontinued according to the physician’s
decision, and 5 subjects served as the back-up. Finally,
78 subjects (35 women and 43 men, aged 19–59 years) were
randomized in accordance with a crossover design in one of the
six sequences. Seventy-eight subjects completed period 1,
75 subjects completed period 2, and 66 subjects completed the
three periods of the study. For comparative bioequivalence
(ivermectin and albendazole), 70 subjects were analyzed.
Reasons for discontinuation were withdrawal of consent by the
subject (4), adverse events (4), failure to meet admission criteria
(3), or physician decision (1).

Descriptive statistics of the main pharmacokinetic parameters
for the four analytes of interest are given in Tables 1, 2. The
results of the comparative bioavailability analysis are given in
Table 3 and the arithmetic mean of concentration versus time
curves are shown in both, linear and semi-logarithmic scales in
Figures 2, 3. The bioequivalence was demonstrated for
ivermectin since the 90% confidence interval of the two main
pharmacokinetic parameters (Cmax and AUC0-72) lay within the
80%–125% acceptance interval. However, bioequivalence was not
demonstrated in the case of albendazole since both required
pharmacokinetic parameters (Cmax and AUCt) laid below the
formal acceptance interval.

No deaths or severe adverse events were reported. Thirty-
seven (37) out of the 78 subjects who received at least one
dose of the investigational medication reported a total of
62 adverse events, being considered as mild (51) or moderate
(11) in intensity. No difference was observed in the number of
subjects reporting adverse events between treatments
(ivermecin/albendazole FDC, 17%; ivermectin, 29%;
albendazole, 18%). In all three groups, the most common

FIGURE 1 | Subject’s allocation.
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event was headache (16), followed by abdominal pain (2),
diarrhea, nausea (2), and somnolence (2). Four subjects
withdrew from the follow-up due to hyperthermia, nausea
and myalgia, allergic reaction, and urinary tract infection, all

of them were considered as not drug-related. No relevant
abnormalities in the clinical laboratory measurements, vital
signs, electrocardiograms, or physical examinations were
observed.

TABLE 1 | Descriptive statistics of the main pharmacokinetic parameters of ivermectin H2B1a and ivermectin H2B1b following the administration of ivermectin/albendazole
fixed-dose combination (FDC) or ivermectin (REFERENCE 1).

FDC Reference 1

N 75 70

Ivermectin H2B1a Cmax (ng/ml) 86.40 (30.42–139.23) 74.83 (36.67–127.75)
AUC0-72 (ng·h/mL) 1,040 (530–1,678) 905 (506–1,562)
tmax (h) 4.50 (2.50–5.50) 4.50 (2.50–5.50)
λz (1/h) 0.018 (0.006–0.038) 0.017 (0.005–0.044)
t1/2 (h) 46.06 (18.34–110.91) 50.50 (15.74–137.44)
V/F (L) 881 (345–2054) 1,046 (463–1808)
Cl/F (L/h) 14.27 (18.15–25.22) 16.46 (7.25–24.81)
MRT0-tlast (h) 21.20 (18.15–25.22) 20.99 (16.13–24.81)
MRT0-∞ (h) 50.89 (25.27–121.11) 55.55 (20.5–153.01)

Ivermectin H2B1b Cmax (ng/ml) 1.49 (0.54–4.06) 0.90 (0.48–1.63)
AUC0-t (ng·h/mL) 21.96 (9.33–139.12) 12.37 (6.60–21.97)
tmax (h) 4.50 (2.00–72.00) 4.38 (2.00–5.50)
λz (1/h) 0.014 (0.003–0.033) 0.015 (0.005–0.050))
t1/2 (h) 64.03 (21.09–222.74) 62.89 (13.80–146.57)
V/F (L) 609 (255–1,063) 1,010 (350–2,402)
Cl/F (L/h) 24.89 (21.10–51.67) 24.11 (14.42–28.52)
MRT0-tlast (h) 76.39 (31.14–279.69) 78.57 (19.96–187.83)
MRT0-∞ (h) 1.50 (0.54–4.06) 0.90 (0.48–1.63)

Results are expressed as Arithmetic mean (Minimum—Maximum) or Median (Minimum—Maximum) in the case or tmax.
Cmax, Maximum plasma concentration; AUC0-72, Area under the curve from time zero to 72 h; tmax, Time to maximum observed concentration; λz, Apparent terminal elimination rate
constant; t1/2, Apparent terminal half life; V/F, Apparent volume of distribution after oral administration; Cl/F, Apparent total plasma clearance after oral administration; MRT0-tlast, Mean
residence time from time zero to last quantifiable time; MRT0-i, Mean residence time from time zero extrapolate to infinity.

TABLE 2 | Descriptive statistics of the main pharmacokinetic parameters of albendazole and albendazole sulfoxide following the administration of ivermectin/albendazole
fixed-dose combination (FDC) or albendazole (REFERENCE 2).

FDC Reference 2

N 75 70

Albendazole Cmax (ng/ml) 22.27 (1.89–111.78) 37.78 (2.83–141.19)
AUC0-72 (ng·h/mL) 94.65 (11.65–507.78) 147.86 (14.43–529.36)
tmax (h) 2.50 (1.00–12.00) 2.50 (1.00–4.50)
λz (1/h) 0.058 (0.012–0.170) 0.066 (0.021–0.184)
t1/2 (h) 17.63 (4.07–59.72) 13.50 (3.76–33.12)
V/F (L) 138,868 (7,087–1,051,291) 81,702 (93,400–469,463)
Cl/F (L/h) 5,416 (782–30,736) 3,846 (741–11,509)
MRT0-tlast (h) 10.48 (4.11–19.24) 9.11 (3.69–20.04)
MRT0-∞ (h) 17.97 (4.26–76.67) 11.82 (3.77–33.29)

Albendazole sulfoxide Cmax (ng/ml) 318.29 (97.12–776.18) 429.62 (84.00–1,103.35)
AUC0-t (ng·h/mL) 3,916 (974–11,926) 4,883 (1,277–11,572)
tmax (h) 3.33 (2.00–24.00) 3.67 (1.00–4.75)
λz (1/h) 0.049 (0.008–0.123) 0.056 (0.018–0.136)
t1/2 (h) 17.91 (5.64–8,390) 14.87 (5.11–39.51)
V/F (L) 2,656 (629–7,562) 2002 (450–10,101)
Cl/F (L/h) 110.10 (39.32–402.69) 88.85 (32.85–224.41)
MRT0-tlast (h) 14.63 (8.79–21.95) 13.79 (8.21–20.11)
MRT0-∞ (h) 23.25 (9.19–106.08) 19.37 (8.51–36.49)

Results are expressed as Arithmetic mean (Minimum—Maximum) or Median (Minimum—Maximum) in the case or tmax.
Cmax, Maximum plasma concentration; AUC0-72, Area under the curve from time zero to 72 h; tmax, Time to maximum observed concentration; λz, Apparent terminal elimination rate
constant; t1/2, Apparent terminal half life; V/F, Apparent volume of distribution after oral administration; Cl/F, Apparent total plasma clearance after oral administration; MRT0-tlast, Mean
residence time from time zero to last quantifiable time; MRT0-i, Mean residence time from time zero extrapolate to infinity.
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DISCUSSION

The final objective of the STOP consortium is to provide
target countries with a new medicine to treat a neglected
disease. Then, the regulatory pathway selected was the EMA
procedure to review medicines for use outside the European
Union (now called “M4all,” formerly named “Article 58”).
Through this procedure, the EMA, in cooperation with the

World Health Organization, can provide a scientific opinion
on high-priority human medicines intended to be used
outside the European Union, with the aim to facilitate
patient access to essential medicines in low- and middle-
income countries, including new or improved therapies for
unmet medical needs, which are intended to prevent or treat
diseases of major public health interest. The benefit of this
procedure is to obtain a rigorous scientific assessment by

FIGURE 2 | Concentration/time curves for ivermectin H2B1a following the administration of ivermectin/albendazole 18/400 mg tablets (Test) and Ivermectin 6 ×
3 mg tablets (Reference 1). (A) Linear scale; (B) Semi-logarithmic scale.

FIGURE 3 | Concentration/time curves for albendazole following the administration of ivermectin/albendazole 18/400 mg tablets (Test) and albendazole tablets
(Reference 2). (A) Linear scale; (B) Semi-logarithmic scale.

TABLE 3 | Estimation of the bioequivalence for ivermectin (ivermectin/albendazole FDC vs. ivermectin) and albendazole (ivermectin/albendazole FDC vs. albendazole).

Parameter FDC (Geom.mean) Reference
(Geom.mean)

T/R ratio 90% confidence
interval

Outcome

Ivermectin Cmax 83.5 72.31 118.48 110.68–120.49 Bioequivalent
AUC0-72 1,000.09 870.12 114.94 110.46–119.60 Bioequivalent

Albendazole Cmax 15.74 25.76 61.11 53.10–70.34 No bioequivalent
AUC0-t 74.42 108.80 68.40 61.13–76.54 No bioequivalent

Cmax, Maximum plasma concentration; AUC0-72, Area under the curve from time zero to 72 h; AUC0-t, Aurea under the curve from time zero to 48 h post-administration.
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EMA, WHO, and other experts of the same high standards as
for medicines intended for use in Europe, to facilitate the
registration in target countries (Cavaller Bellaubi et al., 2020).
The EMA accepted to review this product in 2018, and since
then, several scientific advices were conducted to agree on the
clinical plan and to discuss the design of the contained studies
(including this one).

As a consequence, this is the first clinical trial of the clinical
development of an innovative fixed-dose combination of
ivermectin/albendazole 18/400 and 9/400 mg. As described by
the EMA guidance (European Medicines Agency, 2010) for
products with several strengths that follow a linear
pharmacokinetic, only the bioavailability of the highest
strength (18/400 mg) was assessed. The trial was conducted
with the objective of characterizing the pharmacokinetic
profile of this new formulation and to compare with the
corresponding references already marketed, in accordance with
the EMA guidelines on the clinical development of fixed-dose
combination medicinal products (European Medicines Agency,
2017), which requires the demonstration of similar
pharmacokinetics (usually through demonstrating
bioequivalence) of the fixed-dose combination medicinal
product versus its individual active substances taken
simultaneously. The subsequent clinical program has been
recently published (Krolewiecki et al., 2022) and will include a
phase II trial to reveal the safety of the investigational product in
children above 15 kg body weight. In case of a positive outcome, a
sub-sequent phase III clinical trial to demonstrate the efficacy and
safety will be carried out. In addition, during the clinical
development, further outcomes, such as the palatability and
acceptability of the new drug or its contribution to reduce the
anti-helminthic resistance to pharmacotherapy, will be also
evaluated.

The investigation of drug–drug interactions is usually
required within the development of a fixed combination
(European Medicines Agency, 2017), however, it was not
necessary in this case because it was already investigated.
Awadzi et al. (2003) studied the pharmacokinetic
interaction between ivermectin and albendazole sulphoxide
in patients with onchocerciasis, and concluded that no
significant interaction was shown. The lack of interaction
was later confirmed by other studies (Na-Bangchang et al.,
2006; González Canga et al., 2008). The selection of the dose of
400 mg of albendazole is fully justified because this is the
recommended fixed-dose regimen for preventive
chemotherapy as public health intervention in subjects over
12 months of age. In the case of ivermectin, the recommended
dosage should be adjusted for body weight, usually at
0.2–0.4 mg/kg, then requiring the individualization of the
dose. In the scenario of mass drug administration programs,
the need to weight each patient and then calculate the dosage,
was considered “labor- and time-intensive,” and hence, a
constraint (Thylefors et al., 2008). Due to the higher
complexity of dose adjustment, fixed-dose regimens are
preferred for facilitating large-scale treatment programs and
community-based treatments by non-medical personnel
(Gabrielli et al., 2011). Then, the intended dosage in the

present project ranges up to 600 mcg/kg in a fixed-dose
regimen, because this dosage has demonstrated its safety in
various indications (Navarro et al., 2020), even in small
children (Smit et al., 2018; Matamoros et al., 2021).
Nevertheless, as mentioned previously, a therapeutic
exploratory (phase II), dose-escalating clinical trial will be
conducted to clearly establish the safety of this dosage with the
new formulation in small children prior to entering a large
therapeutic confirmatory (phase III) trial.

Another advantage of a fixed-dose combination is certain
since it can offer a more effective therapeutic effect due to the
synergistic and/or additive effect, mainly in the case of patients
affected by several parasites. And, from a practical perspective,
when compared to the co-administration of drugs, the fixed-dose
combination is more convenient, mainly considering the case of
mass drug administration. Due to these advantages, fixed-dose
combinations are routinely used in developing countries for the
treatment of infectious diseases such as HIV or tuberculosis and
are recommended as an alternative therapy for neglected tropical
diseases (Ferraz et al., 2022). In the event of STH, it is well
established that the poor efficacy of benzimidazoles against T.
trichiura and S. stercolaris is significantly improved by the co-
administration of ivermectin (Matamoros et al., 2021; Knopp
et al., 2010).

In the particular case of this new ivermectin/albendazole
innovative combination, it has the additional advantage of
being orodispersible. A recent document from WHO addresses
the topic of the safe administration of medicines for treatment of
neglected tropical diseases, with a focus on mass drug
administration (MDA) (World Health Organization, 2021c).
This document raises concerns about the deaths from choking,
primarily in young children, which are related to how medicines
are administered rather than to their pharmacology, suggesting
that forcing children to swallow tablets against their will is the
main risk factor for choking. One of the more adequate ways to
avoid this problem is the use of an orodispersible formulation as
the FDC hereby proposed.

The present study was conducted to characterize the
pharmacokinetic profile of the new FDC, in comparison with
each of the drugs separately. Following the recommendation by
the EMA guidelines on bioequivalence (European Medicines
Agency, 2010), the highest strength was assayed (ALB/IVM
400 mg/18 mg).

The study was conducted in adult healthy volunteers, which is
the more appropriate population to describe the pharmacokinetic
parameters at this stage of clinical development. Noteworthily, to
complete this information, an additional population
pharmacokinetic study in infected children is included in the
protocol of the next clinical trial (phase II) of the clinical
development.

For ivermectin, the SmPC of the reference product requires the
administration of the product with water, in an empty stomach
(no food should be taken within 2 hours before or after
administration). For albendazole, the SmPC of the reference
product requires the administration of the product on a fed
state. The FDC is intended to be used mainly under mass
drug administration programs, where the control of the fast or
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fed state is difficult and always a challenge in developing
countries. Therefore, the pharmacokinetic trial hereby
described was conducted after a light meal, as representative
of the usual condition on the field.

There were no protocol amendments and no relevant changes
in the study conduct and analyses described in the protocol. The
study design was demonstrated as appropriate, i.e., the washout
period was enough to prevent any carryover effect and the
selected sampling times were appropriated for the
characterization of both, the absorption and elimination
phases of the plasma concentration/time curve, and therefore,
to allow the estimation of pharmacokinetic parameters. In
general, ivermectin’s (Smit et al., 2018) and albendazole’s
(Ceballos et al., 2018) pharmacokinetic profiles were similar to
other studies that used a similar dosage.

Regarding the pharmacokinetic characterization of the
fixed-dose combination, the pharmacokinetic profile of the
co-administration of ivermectin and albendazole was
investigated by three different studies. As stated previously,
Awadzi et al. (1994) studied the pharmacokinetic interaction
of ivermectin and albendazole sulphoxide, alone and in co-
administration, but unfortunately the pharmacokinetic
parameters were not disclosed as to allow a comparison
with our results. Na-Bangchang et al. (2006) evaluated the
pharmacokinetic drug interactions of ivermectin, albendazole,
and praziquantel in healthy Thai volunteers. In one of the
arms, ivermectin (0.2 mg/kg) was given concurrently with
albendazole (400 mg), under a fasting condition. In the case
of albendazole sulphoxide, the main parameters showing
bioavailability (Cmax, AUC) were slightly lower than in this
study, probably due to the improved absorption of albendazole
when given with a meal (Awadzi et al., 1994). In the case of
ivermectin, a slightly higher bioavailability was also shown in
our study, attributable to the higher dosage administered.
Finally, Thomsen et al. (2016) compared the
pharmacokinetics of co-administered ivermectin,
albendazole, and diethylcarbamazine in bancroftian
filariasis. Unfortunately, pharmacokinetic data were not
comparable with the obtained data in our study because of
the concurrent administration of the third drug
(diethylcarbamazine).

The results of the comparative bioavailability have demonstrated
the bioequivalence of the test product ivermectin/albendazole FDC
versus the reference ivermectin. However, the bioequivalence could
not be demonstrated for albendazole, since the 90% for the ratio of
the main pharmacokinetic parameters’ confidence interval lay out of
the formal acceptance range of 80.00%–125.00%. The reduced
bioavailability in the case of FDC could potentially be due to the
fact that albendazole tablets (reference formulation) were swallowed
with water whereas FDCwas givenwithout water in accordancewith
the appropriate guidelines (European Medicines Agency, 2010), and
also as expected for an orodispersible formulation intended to be
taken “in real life” without water (worthy in situations where access
to drinking water is especially difficult).

Nonetheless, the lack of demonstration of formal
bioequivalence in the case of albendazole will not preclude
progressing to the next phase of clinical development (a phase

II, dose-finding trial) where the pharmacokinetic profile of the
FDC will continue being characterized through a population
pharmacokinetic sub-study in pediatric patients. In addition, it
is important to remark that albendazole is poorly absorbed (<5%)
and its main anti-helminthic activity is developed intra-
intestinally, i.e., albendazole acts directly on luminal parasites
in the gastrointestinal tract (Chai et al., 2021).

No relevant safety concerns were raised during the study,
and the discontinuations were considered as not related with
the treatment, then, the study medication can be deemed as
safe and with good tolerability. This finding is in agreement
with the well-known safety profile of both, ivermectin and
albendazole, either administered separately or co-
administered (Knopp et al., 2010; Matamoros et al., 2021;
Smit et al., 2018). The fact that, the most common AE
reported by far was headaches is not surprising, since it is
well-known that headache is the most common adverse event
in human pharmacology studies with the confinement of
healthy volunteers, regardless the drug (or placebo) received
(Sibille et al., 1998). In a large surveillance of safety in healthy
participants in phase I research, it was reported that up to 80%
of participants receiving placebo experienced a mild adverse
event (headache being the most frequent) and it was attributed
to changes in the behavior required for the participation in the
study, such as abstinence from smoking or drinking alcohol or
caffeinated beverages rather than from the study drug
(Emanuel et al., 2015). In conclusion, this article describes
the first phase of the clinical investigation of a new fixed-dose
combination of ivermectin and albendazole for the treatment
of helminthiasis, developed to facilitate its usage under mass
drug administration programs. The pharmacokinetic profile of
the fixed-dose combination was appropriately characterized
and compared with each of the individual components.
Moreover, the bioequivalence versus the reference
ivermectin was demonstrated, though the bioequivalence
versus the albendazole reference was not shown. All the
three medications analyzed were well tolerated. These
results allow the development of the following phase of the
clinical development to demonstrate the efficacy and safety in
patients affected by soil-transmitted helminths.
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