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BACKGROUND Benznidazole (BZN) has been used for more than fifty years in the treatment of Chagas disease (CD). It is
produced by only three pharmaceutical companies worldwide: Lafepe (Brazil); Elea (Argentina) and Liconsa (Spain). The
therapeutic interchangeability among these products has never been evaluated.

OBJECTIVES To assess bioequivalence between three 100 mg BZN formulations.

METHODS Pharmaceutical equivalence, with dissolution testing, was assessed prior to the bioequivalence study. For
bioequivalence, healthy adult participants received 100 mg of BZN formulations after meal, in a randomised clinical trial. Blood
BZN concentrations were measured. Pharmacokinetic parameters were determined by non-compartmental analysis.

FINDINGS The BZN Liconsa demonstrated faster in vitro dissolution. However, bioavailability was not different between
formulations. The mean area under the curve (AUC),,, values were 49431.22 h*ng/mL (SD = 9938.53) to Lafepe, 48974.38 h*ng/mL
(SD = 10304.67) to Elea and 48204.17 h*ng/mL (SD = 9342.18) to Liconsa. The mean C__ values were 2339.23 ng/mL
(SD = 445.53) for Lafepe, 2209.04 ng/mL (SD = 448.02) for Elea and 2303.90 ng/mL (SD = 431.41) for Liconsa. The mean t__
was not different between formulations. AUC were higher in women for Elea (20%) and Lafepe (27%). The adverse events did

not differ between sexes.

MAIN CONCLUSIONS The 100 mg BZN formulations demonstrated bioequivalence.
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Discovered in 1909 by Brazilian scientist Carlos Cha-
gas, Chagas disease (CD) is a neglected tropical disease
caused by the flagellated protozoan Trypanosoma cruzi.
It is endemic in 21 Latin American countries and carries
significant health and socioeconomic burdens. Although
previously confined to vulnerable, mainly rural endemic
areas, CD has progressively spread beyond the Ameri-
cas, with cases now reported on five continents."? An
estimated 8 million people worldwide are infected, and
approximately 100 million people are at risk of infection.
However, these numbers are likely underestimated, as
less than 10% of infected individuals are diagnosed, and
approximately 1% has received etiological treatment.(?

There is currently no vaccine for CD, and treatment
still relies on two medications that were licensed over 50
years ago: nifurtimox (NFX), launched by Bayer in 1965;
and benznidazole (BZN), introduced by Roche in 19714

Comparative data on BZN and NFX remain inconclu-
sive in terms of efficacy. Both BZN and NFX are recom-
mended as first-line therapies for CD by Pan American
Health Organization (PAHO) / World Health Organisa-
tion (WHO) guidelines and may be used interchangeably
in terms of therapeutic efficacy.© However, BZN is more
frequently used due to its simpler dosing regimen and po-
tentially better tolerability regarding adverse events.:®
BZN (N-benzyl-2-nitro-1-imidazole acetamide) is a
2-nitroimidazole derivative with antiprotozoal activity.
It is active against multiple life-cycle stages of 7. cruzi,
including intracellular amastigotes, although suscepti-
bility may vary among parasite genotypes and dormant,
non-replicative forms may show reduced sensitivity. In
the acute phase of CD or during its reactivation, BZN
demonstrates an effectiveness rate of 65-80%, with a
significant chance of cure. Some studies also suggest
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efficacy in chronic phase, except in advanced chronic
Chagas heart disease, where BZN significantly reduced
parasitaemia, but it did not translate into improvement in
the evaluated clinical outcomes.*!*111219

Understanding the pharmacokinetic (PK) profile of
BZN is essential for optimising treatment regimens in
patients with CD. For over four decades, PK data were
based on formulations that are no longer available, such
as Rochagan® and Radanil®, previously produced by
Hoffmann-La Roche. In 2003, BZN production was
transferred to the Laboratorio Farmacéutico do Estado
de Pernambuco Governador Miguel Arraes (Lafepe), a
government-affiliated Brazilian manufacturer, initially
using the active pharmaceutical ingredient (API) do-
nated by Roche. Since 2011, Lafepe has sourced its API
from Nortec Quimica (Brazil).(¥

In Argentina, production began in 2012 through the
private Laboratorio Elea Phoenix SA (Abarax®), in col-
laboration with the Ministry of Health and the Non-Gov-
ernmental Organisation Fundacion Mundo Sano, using
API from Maprimed Farmoquimico Laboratory (Argen-
tina). By 2014, Elea partnered with Liconsa SA (Chemo
Group, Spain), resulting in a formulation that received
Food and Drug Administration (FDA) approval in 2017
for paediatric use (ages 2-12 years). The FDA registra-
tion identifies Empresa Quimica Sintética (Spain), also
part of the Chemo Group, as the API supplier for Licon-
sa. Currently, three manufacturers produce BZN, each
relying on different API suppliers.!¥

Liconsa has been registered with the FDA as a ref-
erence standard for the 100 mg BZN dose since August
2017. Lafepe obtained reference product status in Brazil-
ian market in 2024 (one year after this study), and Elea is
authorised in Argentina. These three products occupy a
unique position in their respective markets, with no regis-
tered generic or similar alternatives. However, the lack
of established bioequivalence among them limits thera-
peutic interchangeability, restricts patient access to ther-
apy, and difficulties the interpretation and generalisation
of clinical study results involving these formulations.

More recently, pharmacokinetic studies using cur-
rently marketed formulations from Lafepe and Elea have
emerged,"3!%!) although without explicit bioequivalence
assessments. The present study provides novel data by
directly comparing the pharmacokinetic profiles and bi-
oequivalence of three currently available 100 mg BZN
formulations (Lafepe, Elea, and Liconsa) under con-
trolled conditions in healthy subjects.

This study aimed to compare the bioavailability of
100 mg BZN tablets manufactured by Lafepe, Elea, and
Liconsa following a single oral dose administrated to
healthy individuals after a standardised meal. Addition-
ally, the influence of sex on pharmacokinetic parameters
and bioequivalence were evaluated.

MATERIALS AND METHODS

Pharmaceutical equivalence - Prior to the bioe-
quivalence study, pharmaceutical equivalence was as-
sessed through in vitro tests, including physicochemical
and dissolution evaluations. Three drug formulations
were analysed: Benznidazole Lafepe, manufactured by

Lafepe (batch 21030012); Abarax, manufactured by Elea
Phoenix SA (batch 3218); and Benznidazole Chemo,
manufactured by Liconsa SA (batch LC60657).

Every pharmaceutical equivalence study includes
quality control tests and a dissolution profile to ensure
drug compliance before proceeding to bioequivalence
testing. In this study, assessments were conducted based
on the monograph of Benznidazole Lafepe. It is impor-
tant to note that no monograph exists in the pharmaco-
poeias recommended by the Brazilian Health Regulato-
ry Agency (Anvisa).

The tests performed included evaluation of appear-
ance, identification, average weight, individual weight
variation, friability, hardness, disintegration, assay, con-
tent uniformity, related substances, dissolution, and, fi-
nally, the comparative dissolution profile.

For the dissolution test, a Distek dissolution tester
system (Model 6100 Evolution) equipped with USP Ap-
paratus 2 was used. The test was performed in 1000 mL
of 0.1 M hydrochloric acid (HCI) at 37°C, using the pad-
dle method at a stirring rate of 100 rpm. Samples were
collected at 10, 15, 30, 60, 90, 120, and 240 min. For
analysis, samples were diluted 1:5 in the dissolution me-
dium. The extend of drug dissolution was assessed using
a UV-VIS spectrophotometer (Mettler Toledo, Model
UV 5) at an optimal wavelength of 324 nm. These phys-
icochemical tests adhered to the parameters specified in
Brazilian regulatory guidelines.!®

Bioequivalence study - The in vivo study was a sin-
gle-centre, open-label, randomised crossover trial using
three drug formulations of 100 mg BZN tablets: Lafepe,
designated as the test formulation (T); Elea, designated
as comparator formulation one (R1); and Liconsa, des-
ignated as comparator formulation two (R2). The same
batches evaluated in the pharmaceutical equivalence test
were used. Treatments were administered as a single 100
mg dose in three periods, according to a randomised se-
quences of treatment (RITR2, R2RIT, TR2R1), follow-
ing a Latin Square design. The randomisation list was
generated using the PROC PLAN procedure in SAS®
software version 9.4. A seven-day washout period was
implemented between treatments.

The bioanalytical analyses were conducted in a labo-
ratory certified by Anvisa, in compliance with Brazilian
regulatory requirements for bioanalytical studies.!” All
analytical equipment used in the study undergoes routine
qualification, calibration, and preventive maintenance
in accordance with the laboratory’s quality management
system and applicable regulatory standards.

Study population, blood samples and adverse events
monitoring - Healthy male and female participants aged
18 to 50 years were recruited from a single clinical re-
search centre to ensure standardised study conditions
and minimise operational variability. Baseline laborato-
ry tests [renal and hepatic function, lipid profile, com-
plete blood count, and viral markers for hepatitis B and
C and anti-human immunodeficiency virus (HIV)] were
performed to confirm participant eligibility (healthy
condition). Exclusion criteria included liver or gastro-
intestinal diseases that could affect BZN absorption or
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metabolism, pregnancy, breastfeeding, smoking, and a
history of alcohol or drug abuse. Use of any other med-
ications was prohibited for two weeks before the study,
except for dipyrone, paracetamol, and contraceptives.
Participants were also required to abstain from alcohol
for 48 h before the study, and were instructed to follow
standard dietary restrictions, including overnight fast-
ing prior to drug administration, as commonly applied
in pharmacokinetic studies.

Participants underwent three confinement periods
of 36 h each, with a seven-day interval between them.
In each period, BZN tablets were administered together
200 mL of water, 30 min after a standardised high-fat,
high-calorie meal (872.4 calories, with 53.0% fat), which
was consumed following a minimum fasting period of
10 h, in accordance with regulatory recommendations for
bioequivalence studies conducted under fed conditions to
evaluate potential food effects on drug absorption.?%2"

Blood samples were collected from each participant
30 min before BZN administration (time 0.0 h, baseline),
and at 25 time points post-dose: 0.5; 1.0; 1.5; 2.0; 2.5; 3.0;
3.5;4.0;4.5;5.0; 5.5; 6.0; 6.5; 7.0; 7.5; 8.0; 10.0; 12.0; 14.0;
24.0; 36.0; 48.0; 60.0; 72.0; and 84.0 h. Blood samples
were collected in tubes containing EDTA K3 anticoagu-
lant and centrifuged at 3000 rpm for 10 min at 4°C (£ 2°C)
to separate the plasma fraction, which was immediately
stored in an ultra-freezer at -70°C (£ 15°C) until analysis.

Following each BZN administration, participants
were clinically observed for 24 h at the clinical research
unit, with monitoring performed by trained medical staff,
including vital signs assessment, protocol-specified labo-
ratory evaluations, and monitoring for adverse reactions.

Determination of BZN in blood plasma - Regulatory
agency (Anvisa) recommend the analysis of unchanged
BZN in bioequivalence studies.?® Accordingly, BZN
was extracted from plasma using a liquid-liquid ex-
traction method with methyl tert-butyl ether (MTBE).
For each 100.00 pL of plasma, 50.00 puL of an internal
standard working solution [metronidazole (MTZ), 1.00
pg/mL] and 1000.00 pL of MTBE were added. The sam-
ples were mixed using an automatic shaker for 1 min and
centrifuged for 5 min at 14400 rpm and 10°C (= 2°C).
Subsequently, 600.00 pL of the supernatant (organic
phase) was transferred to a polypropylene microtube,
evaporated under a stream of nitrogen gas, and recon-
stituted with 300.00 pL of dilution solution composed
of methanol:acetonitrile (80:20) with 0.10% formic acid
in Type I water (70:30 v/v). The samples were mixed at
1500 rpm for 1 minute, and 300.00 uL aliquots were
transferred to analysis vials.

BZN quantification was performed using mass spec-
trometry (API 4000™ AB SCIEX) in positive electro-
spray ionisation mode (ESI+), combining high-perfor-
mance liquid chromatography (HPLC) with tandem
mass spectrometry (MS/MS). The transitions monitored
were 261.092 — 91.100 m/z for BZN and 172.099 —
127975 m/z for MTZ. The BZN calibration curve was
linear from 25.00 to 4000.00 ng/mL, with MTZ internal
standard maintained at a fixed concentration of 500.00
ng/mL. An ACE 5 pm C18 (150 mm x 4.6 mm) analyt-
ical column was used for chromatographic separation.

322

The analytical method was developed and validated
in accordance with Brazilian regulatory guideline.??

Pharmacokinetic parameters - Pharmacokinetic pa-
rameters were determined by non-compartmental anal-
ysis (NCA). The maximum plasma concentration (C__ )
and time to reach C__ (t ) were obtained directly from
the individual plasma concentration-time curve. The
arca under the plasma concentration-time curve from
time zero to the last measurable concentration within
84 h [area under the curve (AUC),,, | was calculated us-
ing the linear trapezoidal method. The total AUC from
time zero to infinity (AUC ) was calculated as AUC, +
(C/2), where C, is the last quantifiable concentration
and A is the apparent terminal elimination rate constant.
The plasma elimination half-life (t,,) was calculated as
In(2)/A. Apparent total body clearance (CL) and the ap-
parent volume of distribution in the terminal phase (V)
were calculated using the equations CL = Dose/AUC
and V, = Dose/(M*AUC)), respectively, expressed in re-
lation to the bloavallablhty factor (F) as CL/F and V /F.

Pharmacokinetic parameters were determined ~for
each participant and formulation. To evaluate sex-relat-
ed differences, the nominal administered dose (100 mg)
was normalised by each participant’s body weight. The
weight was measured at each study period. The resulting
weight-adjusted dose (mg/kg) was used to adjust individ-
ual pharmacokinetic parameters. All analyses were con-
ducted using Phoenix WinNonlin® version 8.4 (Certara).

Statistical analysis - Mean plasma concentration
versus time curve were plotted to visually compare the
three formulations. Descriptive statistics were calculat-
ed for each pharmacokinetic parameters and formula-
tion, for bioequivalence test.

Bioequivalence was assessed using average bioe-
quivalence criteria. A linear mixed-effects model was
applied to the log-transformed AUC and C__ values,
including sequence, period and formulation as fixed ef-
fects, and subject nested within the sequence as a random
effect. Bioequivalence was concluded if the 90% confi-
dence intervals (90% CI) for the geometric mean ratios
(T/R1, T/R2, and R1/R2) of the PK parameters AUC and
C,,, were within the acceptance range of 80% to 125%
for 90% ClI, following regulatory guidance.?*2324

Comparisons between sex and formulations were per-
formed, using the Mann-Whitney Rank Sum test. Differ-
ences were considered statistically significant at p < 0.05.

Statistical analyses were conducted using validated
software packages, including SAS® 9.4 (SAS Institute
Inc.), Phoenix WinNonlin® 8.4 (Certara), and Sigma-
Plot® 14.1 (Systat Software).

Ethical aspects - Pharmaceutical equivalence and bio-
equivalence analyses were performed in research centres
certified by Anvisa. The study was conducted in accord-
ance with Resolution No. 466/2012 of the Brazilian Nation-
al Health Council® and approved by the Institutional Re-
search Ethics Committee (CAAE: 63382222.4.0000.8098;
approval document No. 5.670.824; approved on Septem-
ber 28, 2022). The study protocol was registered in the
Brazilian Registry of Clinical Trials (ReBEC) under ID:
63382222.4.0000.80981 and is available at: https://ensaio-
sclinicos.gov.br/rg/RBR-6z{zs4;.
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RESULTS

Pharmaceutical equivalence tests - The drug formu-
lations complied with regulatory guidance for all physic-
ochemical tests (Table I). However, the dissolution profile
analysis revealed that Lafepe and Liconsa formulations
were not pharmaceutically equivalent, with an F» value
of 42. The Liconsa formulation exhibited a faster disso-
lution rate, and it was only after 90 min that both for-
mulations showed similar percentages of drug dissolved
(Table II). In contrast, the comparison between Elea and
Lafepe yielded an F2 value of 65, meeting the regulatory
threshold for pharmaceutical equivalence (Fig. 1).

Bioequivalence analysis - A total of 42 healthy
participants residing in Campinas, Sao Paulo, Brazil,
were enrolled in the bioequivalence study, in 2022. Of

these, 39 participants completed the study, 17 men and
22 women, as demonstrated in Fig. 2. The overall me-
dian was 36 years (IQR 30-42) [37.50 years for women
(IQR 30.75-41.25); 36 years for men (IQR 27-42)] and
weight median was 69.1 kg (IQR 64.30-83.10) [66.80 kg
for women (IQR 61.88-70.65); 83.10 kg for men (IQR
67.30-89.20)]. The mean plasma concentration versus
time curve for each drug formulation is presented in Fig.
3, and the average pharmacokinetic parameters are sum-
marised in Table III.

Bioequivalence was assessed by comparing the bi-
oavailability parameters (C_  and AUC) among the
three drug formulations. The 90% CI for the ratios of
geometric means (AUC and C___for T/R1, T/R2, R2/R1)
fell within the accepted bioequivalence range of 0.80 to
1.25 (Table IV). Differences in C__and AUC between

TABLE I

Results of pharmaceutical equivalence

Tests Elea (R1)

Liconsa (R2) Lafepe (T)

White, circular, flat tablet with a

White, circular, flat tablet,
bisecting scores on both sides and
the letter “E” inscribed in each

White, circular, flat tablet with a
bisecting score on one side
quadrant on one side

Appearance . . .
PP bisecting score on one side
The sample solution of the test
Identification drug exhibited absorbance at a

wavelength of 324 nm

The sample solution of the test
drug exhibited absorbance at a

wavelength of 324 nm

The sample solution of the test
drug exhibited absorbance at a
wavelength of 324 nm

Average weight 299.61 mg 304.26 mg 252.98 mg
Friability 0.04% 0% 0.26%
Hardness 48N 62N 93N
Disintegration Last tablet: 30s Last tablet: 2 min and 32 s Last tablet: 1 min and 03 s
Assay 102.9% 102.1% 104.6%
Content uniformity VA =57 VA =3.6 VA =39
Related substances* Not detected Not detected Not detected

Stage E1 Stage E1 Stage E1

Dissolution

60 min: minimum of 90.9%;
120 min: minimum of 95.3%

60 min: minimum of 88.4%;
120 min: minimum of 90.0%

60 min: minimum of 85.3%;
120 min: minimum of 93.2%

*2-Aminoimidazole sulfate; 2-Nitroimidazole (impurity A); N-Benzylchloroacetamide (impurity B).

TABLE 11

Dissolution test for 100 mg benznidazole (BZN) tablets from Elea (R1), Liconsa (R2), and Lafepe (T)

Elea (R1) Liconsa (R2) Lafepe (T)
Time (min) Q RSD Q RSD Q RSD
0 0.00 0.00 0.00 0.00 0.00 0.00
10 53.30 8.34 72.26 1.68 46.32 3.79
15 66.37 7.65 82.65 1.31 58.85 3.15
30 81.52 6.16 90.38 1.27 76.24 2.19
60 91.81 4.94 95.42 1.36 89.18 1.64
90 92.95 443 96.41 1.68 93.53 1.40
120 94.67 443 96.79 1.14 96.46 1.26
240 94.52 4.24 96.65 1.42 99.01 1.31

Values are described in percentual (%). Q: dose/solubility ratio (% mean); RSD: residual standard deviation (%).
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Fig. 1: dissolution profiles of the three benznidazole (BZN) 100 mg formulations obtained during the pharmaceutical equivalence test.

the drug formulations were minimal, not exceeding 6%
and 3%, respectively. Intraindividual variability for the
pharmacokinetic parameters was low, under 10% for
C, .. and under 7% for AUC. Statistical power exceeded
99,99% for all comparations. The t was approximate-
ly 5 h for all formulations, not differing statistically be-
tween formulations.

Distribution (V /F) and elimination parameters
(CL/F, X, and t, ) also showed no significant differences
among the three formulations, as illustrated in Fig. 4.

Sex-based differences - Plasma concentrations were
higher in women for all three formulations (Fig. 5). AUC
was higher in women for Elea and Lafepe formulations
and C_  was higher in women for all (Table V). Fe-
male participants had a lower median body weight than
male participants (20%), resulting in a more pronounced
weight-adjusted dose (mg/kg) in women (25%). Conse-
quently, women could exhibit higher C__ and AUC val-
ues. After normalising pharmacokinetic parameters by
weight (AUC/D and C__ /D), no statistically significant
differences between sexes were observed. Analysis of
covariance (ANCOVA) confirmed that body weight was
a significant covariate in the comparison between sexes
(p <0.001), influencing BZN exposure. There was no sig-
nificant interaction between sex and weight for the AUC.

Differences int_ between sexes were observed for
the Elea and Liconsa formulations, suggesting a slower
absorption rate in women. The t,, was lower in women
for the Liconsa formulation.

Despite its influence on pharmacokinetic absorption
parameters (C__ and AUC) and apparent difference in
impact between the drug formulations studied, sex did
not significantly affect the bioequivalence analysis. The
linear mixed model for the AUC,,, showed no significant
sex effect (p = 0.1030) or sex-by-formulation interaction

(p = 0.4041). For C__, a statistically significant sex ef-
fect was observed (p = 0.0058), but the interaction with
formulation was not significant (p = 0.4690). The 90%
CI for the ratio of geometric mean ratios remained with-
in the regulatory acceptance (80-125%) for all compari-
sons across sex groups: men [T vs. R1(103.42; 115.82); T
vs. R2 (94.20; 105.49); R2 vs. R1 (103.75; 116.19)]; wom-
en [T vs. R1 (99.47; 110.84); T vs. R2 (97.11; 108.21); R2
vs. R1 (97.03; 108.13)].

Security analysis - During the study, a total of 33 ad-
verse events were observed. No serious adverse event
was observed, and all reported adverse events were
classified as mild (94%) or moderate (6%). Of these
events, 21 (64%) were evaluated as having some degree
of causality related to the use of BZN. Among them, 11
events (52%) were deemed to have probable or possible
causality, consisting of ten cases of headache and one
case of vomiting. In a small number of cases, headache
was managed with a single oral dose of dipyrone (1 g).
No other concomitant medications were required for
the management of adverse events. The remaining 10
events (48%) were classified as having conditional cau-
sality, which included one case of diarrhoea (3%) and
laboratory findings of altered liver enzymes following
the treatment periods. There were four events (12%) of
elevated gamma-glutamyl transferase (GGT), three (9%)
of elevated alanine transaminase (ALT), and two (6%) of
elevated aspartate transaminase (AST). These transient
increases in liver enzymes were classified as a condi-
tional adverse event due to the absence of clinical symp-
toms and the isolated nature of the laboratory findings.

Regarding formulation-specific causality, among the
11 adverse events with possible or probable causality: 55%
occurred following the administration of formulation R2
(Liconsa), 36% after formulation T (Lafepe), and 9% after
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Recruitment

[ Assessed for Eligibility (n = 79) ’

A

37 did not meet the protocol criteria

Inclusion

l Elegible/Randomised (n = 42) ]

Administration

of formulations
Lafepe (n = 14); Liconsa

First Period

(n=14); Elea (n = 14)

3 participants were excluded:
* 1 presented flu-like

7 days washout symptoms.
(n=39)

« 1 eligibility for exclusion
criteria after reassessment

v

» 1 withdrawal for personal
reasons

Second Period

Lafepe (n = 14); Liconsa

(n=13); Elea(n=12)

[

7 days washout
(n=239)

v

Third Period

Lafepe (n = 12); Liconsa

(n=14); Elea(n =13)

v

Finished [ Completedthe study (n = 39) ]

*Two of the excluded participants belonged to the R2R1T treatment sequence;

the other was TR2R1.

Fig. 2: flowchart to bioequivalence analysis.

formulation R1 (Elea). All adverse events resolved com-
pletely, and no long-term effects were observed.

In terms of sex distribution, 60% of the adverse events
classified as probable, possible, or conditional causality
occurred in women. However, the overall incidence of
adverse events between sexes was not statistically signif-
icant [relative risk (RR) = 1.23; 95% CI: 0.54-2.80].

DISCUSSION

To our knowledge, this is the first study to compare
three currently available BZN formulations, integrating
pharmacokinetic evaluation with formal assessments
of pharmaceutical equivalence and bioequivalence in
healthy participants. For the past 40 years, pharmacoki-
netic data on BZN has relied on formulations previously
produced by Roche, which are no longer available. The
most recent formulations, produced by Lafepe (Brazil),

Elea (Argentina) and Liconsa (Spain), have not been
evaluated for bioequivalence. The lack of published
information regarding the interchangeability of these
formulations hinders an adequate comparison of results
obtained from studies that used different formulations

In vitro tests demonstrated that the three drug for-
mulations showed no significant differences in phys-
icochemical tests and were considered pharmaceuti-
cal equivalents. However, dissolution profile analysis
showed that the Lafepe and Elea formulations presented
equivalent dissolution behaviour, whereas the Licon-
sa formulation exhibited a different profile, character-
ised by a faster BZN release. The Liconsa formulation
achieved more than 80% drug release within 15 min,
compared with approximately 30 min for Elea and 60
min for Lafepe. After 60 min, the unreleased fraction
was close to 10% for all three formulations.
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Fig. 3: plasma concentration versus time for 100 mg benznidazole (BZN) tablets from Elea (R1), Liconsa (R2), and Lafepe (T).

TABLE III
Pharmacokinetics parameters for 100 mg benznidazole (BZN) tablets from Elea (R1), Liconsa (R2), and Lafepe (T)

Variable Units N R1 (Elea) R2 (Liconsa) T (Lafepe)

o (h) 39 4.95(1.22) 4.71 (1.20) 4.94 (1.42)
(O (ng/mL) 39 2209.04 (448.02) 2303.9 (431.41) 2339.23 (445.53)
AUC,, (h*ng/mL) 39 48974.38 (10304.67) 48204.17 (9342.18) 49431.22 (9938.53)
AUC (h*ng/mL) 39 49910.49 (10608.09) 48992.55 (9590.13) 50292.7 (10128.11)
%AUC, . (%) 39 1.85(0.91) 1.59 (0.79) 1.72 (0.82)

A (b 39 0.0574 (0.0096) 0.0609 (0.0136) 0.0600 (0.012)
t, (h) 39 12.45 (2.35) 11.86 (2.36) 11.97 (2.26)
CL/F (L/h) 39 2.1(0.49) 2.13 (0.406) 2.08 (0.47)
V/E 9] 39 37.23 (8.91) 35.8 (7.65) 35.61(9.21)

Values are described as mean (standard deviation). t

‘max’

: time to reach C

C, ... maximum concentration; AUC,, : area under the curve up to the

last measurable concentration within 84 h; AUC : area under the curve up to infinity; %AUC__ - extrapolated percentage of AUC_ in relation
to AUC,, ; A: apparent elimination constant; t, ,: elimination half-life; CL/F: apparent total body clearance; V /F: apparent volume of distribution.

Despite the difference observed in the dissolution
test, the products were found to be bioequivalent in vivo.
The ratios for absorption parameters C = and ASC were
close to 1 for all comparisons between formulations (T/
R1; T/R2 and R2/R1), and the 90% CI for the geometric
mean ratios fell within the regulatory accepted range of
twenty percent variation: 0.80 to 1.25.20.23:2%

The observed discrepancy between the in vitro (dis-
solution) and in vivo (bioequivalence) results is not en-
tirely clear. However, two hypotheses may explain this
difference. The first relates to the methodology used in
the dissolution test. As already mentioned, a pharma-
copeial method has not been established for assessing
pharmaceutical equivalence in BZN, and the method

used in this study may not have sufficient discriminato-
ry power for these formulations. Furthermore, the exact
composition and manufacturing processes of the formu-
lations are not publicly available, which may influence
dissolution behaviour. Further evaluation of this hypoth-
esis is warranted.

The second hypothesis, which we consider more rel-
evant, concerns the administration method used during
the clinical trial. All three BZN formulations were ad-
ministered within 30 min after a high-fat, high-calorie
meal (872.4 calories, with 53.0% fat). The presence of
food can delay gastric emptying, postponing the drug’s
arrival at the intestinal absorption site.?%*"*® According
to FDA data, administering a 100 mg BZN tablet with
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TABLE IV
Bioequivalence analysis for 100 mg benznidazole (BZN) tablets from Elea (R1), Liconsa (R2) and Lafepe (T)

T (Lafepe) X R1 (Elea)

Parameter N Ratio T/R1* CI 90%** Power CV, . (Yoyr**
Ln (AUC,,) 39 100.86 (98.43; 103.34) >99.99 6.32
Ln (AUC)) 39 100.69 (98.26; 103.18) >99.99 6.33
Ln(C,,, 39 106.72 (102.90; 110.67) >99.99 9.44
t .. (diference) 39 0.00 (-0.50; 0.50) -
T (Lafepe) X R2 (Liconsa)
Parameter N Ratio T/R2* CI 90%** Power CV, .. (Yoy***
Ln (AUC,,) 39 102.35 (99.89; 104.88) >99.99 6.32
Ln (AUC)) 39 102.47 (100.00; 105.01) >99.99 6.33
Ln(C_,, 39 101.90 (98.26; 105.68) >99.99 9.44
t .. (diference) 39 0.00 (0.00; 0.50) -
R2 (Chemo) X R1 (Elea)

Parameter N Ratio R2/R1* 90% CI** Power CV, .. Yoy
Ln (AUC,,) 39 98.54 (96.17; 100.97) >99.99 6.32
Ln (AUC)) 39 98.26 (95.89; 100.69) >99.99 6.33
Ln(C,,, 39 104.72 (100.98; 108.61) >99.99 9.44

oy (diference) 39 0.00 (-0.50; 0.00) -

*Geometric mean ratio; **Confidence interval of 90%; ***Intra-subject variability (CV. ).

a high-fat, high-calorie meal (approximately 1034 total
kcal, 67 kcal from fat, 42 kcal from carbohydrates, 59
kcal from protein) does not alter C__or AUC, but delays
t by approximately 80 min.*” Similarly, in a study
comparing Lafepe BZN pharmacokinetics under feed
and fasting conditions, t _was delayed by 90 min with
a meal (fed = 5.00 h and fasted = 3.5 h).0

The dissolution test simulated the gastric environ-
ment, including pH and motility. Within 60 min, 90%
or more of the BZN had already been released from
all three formulations. Therefore, the delay in drug ab-
sorption due to food intake may have masked differ-
ences seen in the dissolution test, acting as a rate-lim-
iting step, and equalising the absorption profiles. This
finding has important clinical implications. Although
food does not significantly affect BZN bioavailability,
the drug is typically administered after meals to mini-
mise potential gastric adverse effects (as recommended
in the Elea and Lafepe leaflets). As a result, despite
differing dissolution rates, the absorption of BZN in
the presence of food is likely to be similar across the
three formulations in clinical settings.

The pharmacokinetic parameters observed in this
trial were similar to those reported in previous studies,
after single dose, for bioavailability and elimination pa-
rameters,3%3) even those using formulations no longer
available on the market.®” For t__, we observed higher
values, which may be explained by the administration
of BZN formulations after a high-fat meal. Silveira et

intra-

al. also suggested the possibility of a higher absorption
rate in patients.!” Additionally, Wiens et al. also found
limited variability in BZN pharmacokinetics across
published studies between 1979 and 2016.¢?

Recently, the bioavailability of two BZN formulations
(Lafepe vs. Elea) were compared in 13 adults with chron-
ic T cruzi infection (nine women and four men), after a
single 100 mg oral dose under fasting conditions.!® In
agreement with our findings, they reported similar C__
and t__ values between formulations, although the mean
values differed. The t was 42% lower in the Herndn-
dez study, likely due to fastmg administration. C__was
28% higher in patients, suggesting potentially increased
absorption in this population, a hypothesis requiring fur-
ther investigation. Supporting this, a higher absorption
constant (Ka) was observed in chronically 7. cruzi-in-
fected Swiss mice compared to healthy controls.®®

In contrast to our results, Hernandez et al. reported
greater variability in pharmacokinetic parameters (C_
19.9% vs. 9.44%; AUC 40.7% vs. 6.32%), and shorter t ,
values (8.0 h for Elea and 9.1 h for Lafepe), as well as
lower AUC values (32.0 and 37.5 h*ng/mL, respectively
for Elea and Lafepe).!® Differences in blood sampling
schedules may account for these differences. In our
study, the elimination phase of BZN was best character-
ised after 24 h in 70% of participants, and after 36 h in
60%. The lack of more samples after 24 h in the Hernan-
dez’s study (only one sample was obtained) may have led
to inaccurate estimates of the elimination phase, using
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Fig. 4: box plot to distribution and elimination pharmacokinetic parameters by drug formulation.
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Fig. 5: plasma concentration versus time for Elea (R1), Liconsa (R2)
and Lafepe (T) by sex.

data still in the distribution phase, which would have gen-
erated a high X and a t, , below that commonly found. We
observed in our study that only about 24% of the AUC
was calculated based on the first 8 h, suggesting that a
collection window with fewer points in the distribution
and elimination phases (in the Hernandez study only
three points were obtained after 8 h versus nine points
in our study) could have underestimated the AUC and in-
creased the observed variability. However, the possibility
of higher variability in patients cannot be ruled out and,
as highlighted by Hernandez et al., there is still a lack of
information regarding factors contributing intra-individ-
ual to variability, as well as the influence of population
characteristics such as sex, age, and disease status.

Pharmacokinetic data in patients with chronic CD
treated with the Lafepe formulation were reported.(!”
Although this study was conducted in infected patients
under treatment conditions, the exposure parameters ob-
served were broadly consistent with those obtained in
the present study following single-dose administration.
In agreement with our findings, a variation between sex-
es was also observed for the pharmacokinetic absorption
parameters after administration of fixed doses of BZN.

It is well established that demographic factors like
sex can significantly impact drug absorption, distri-
bution and elimination.®** In a study involving eight
healthy participants (four women and four men), Molina
et al. found that BZN C = was 81% higher in women (p
=0.02), and that V /F was 42% higher in men (p = 0.02)
after a single 100 mg dose of Elea BZN.GV

Our study also assessed the impact of sex on BZN
pharmacokinetics for the three formulations. In agree-
ment with Molina and Silveira,'”*" we found that BZN
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TABLE V

Pharmacokinetic parameters by drug formulation and sex

Groups
Pharmacokinetic parameter Formulation Women (N = 22)* Men (N = 17)* p**
R1 (Elea) 2407.95 [2154.30; 2616.70] 1844.93 [1635.53; 226.14] < 0.001%**
C,.. (ng/mL) R2 (Liconsa) 2306.68 [2091.97; 2752.80] 2093.87 [1924.29; 2267.72] 0.016%**
T (Lafepe) 2518.08 [2193.13; 2731.85] 1949.65 [1807.45; 2495.45] 0.002%**
R1 (Elea) 1610.71 [1472.60; 1714.71] 1537.63 [1447.77; 1627.51] 0.234
C,./D (kg*ng/mL/mg) R2 (Liconsa) 1633.19 [1507.24; 1704.81] 1674.98 [1521.06; 1838.65] 0.322
T (Lafepe) 1648.19 [1511.68; 1802.63] 1613.87 [1551.67; 1728.95] 0.910
R1 (Elea) 5.50 [4.50; 6.13] 4.50 [3.75; 5.00] 0.007%**
t () R2 (Liconsa) 5.00 [4.50; 5.50] 4.50 [4.00; 5.00] 0.032%**
T (Lafepe) 5.25[4.00; 5.50] 4.50 [4.25; 5.50] 0.451
R1 (Elea) 52717.19 [49610.63; 55940.26] 43690.48 [35214.86; 53407.54] 0.023%**
AUC,, (h*ng/mL) R2 (Liconsa) 52144.60 [45627.48; 55623.98] 45835.82 [37258.63; 50862.47] 0.084
T (Lafepe) 54324.24 [45127.79; 57207.84] 42785.41 [35974.71; 55130.04] 0.027%**
R1 (Elea) 35280.60 [31410.69; 37949.33] 33541.27 [29662.07; 39053.13] 0.821
AUC,, /D (kg*h*ng/mL/mg) R2 (Liconsa) 33927.06 [30118.84; 37360.88] 37221.94 [30383.15; 39650.55] 0.365
T (Lafepe) 36232.02 [32021.38; 39157.72] 34493.03 [30192.09; 38171.90] 0.734
R1 (Elea) 53332.46 [50420.20; 56905.19] 44300.73 [35842.26; 54503.23] 0.025%**
AUC_ (h*ng/mL) R2 (Liconsa) 52718.79 [46374.63; 56336.82] 46421.73 [37857.33; 51914.27] 0.095
T (Lafepe) 55368.61 [45685.86; 57991.85] 43423.41 [36621.87; 56114.66] 0.041%**
R1 (Elea) 35737.87 [37769.48; 38324.88] 34160.19 [30142.16; 39854.66] 0.843
AUC /D (kg*h*ng/mL/mg) R2 (Liconsa) 34319.38 [30358.04; 37704.27] 37770.12 [30828.63; 40329.28] 0.308
T (Lafepe) 36671.12 [32369.49; 39555.41] 35418.02 [30685.43; 38967.35] 0.799
R1 (Elea) 1.32 [1.19; 1.88] 1.81 [1.44; 2.86] 0.010%**
%AUC . (%) R2 (Liconsa) 1.29 [0.87; 1.65] 1.67 [1.36; 2.06] 0.018***
T (Lafepe) 1.31 [0.89; 1.89] 1.64 [1.47; 2.61] 0.022%**
R1 (Elea) 0.0590 [0.0542; 0.0666] 0.0557 [0.0473; 0.0595] 0.070
A (1/h) R2 (Liconsa) 0.0633 [0.0563; 0.0685] 0.0551 [0.0477; 0.0632] 0.022%%*
T (Lafepe) 0.0621 [0.0540; 0.0673] 0.0546 [0.0480; 0.0640] 0.113
R1 (Elea) 11.75 [10.41; 12.79] 12.45 [11.65; 14.67] 0.070
t,, (h) R2 (Liconsa) 10.94 [10.12; 12.32] 12.59 [10.97; 14.54] 0.023%***
T (Lafepe) 11.15 [10.29; 12.83] 12.69 [10.83; 14.45] 0.113
R1 (Elea) 1.88 [1.76; 1.98] 2.26 [1.83;2.79] 0.025%**
CL/F (L/h) R2 (Liconsa) 1.90 [1.78; 2.16] 2.15[1.93; 2.64] 0.095
T (Lafepe) 1.81[1.72; 2.19] 2.30[1.78; 2.73] 0.039%**
R1 (Elea) 0.0280 [0.0261; 0.0315] 0.0293 [0.0251; 0.0332] 0.843
CL/F 1I (L/h/kg) R2 (Liconsa) 0.0291 [0.0265; 0.0329] 0.0265 [0.0248; 0.0324] 0.314
T (Lafepe) 0.0273 [0.0253; 0.0309] 0.0282 [0.0257; 0.0326] 0.799
R1 (Elea) 33.38 [27.35; 34.47] 43.09 [35.89; 48.08] <0.001%***
Vz/F (L) R2 (Liconsa) 30.54 [27.32; 36.35] 41.51 [38.10; 44.68] <0.001%**
T (Lafepe) 31.29 [25.57; 37.63] 39.33 [35.66; 44.07] 0.003%**
R1 (Elea) 0.48 [0.41; 0.54] 0.51 [0.49; 0.58] 0.062
Vz/F II (L/kg) R2 (Liconsa) 0.47 [0.42; 0.53] 0.49 [0.48; 0.55] 0.067
T (Lafepe) 0.47 [0.41; 0.50] 0.51 [0.43; 0.61] 0.129
R1 (Elea) 1.45 [1.40; 1.62] 1.21 [1.12; 1.47] 0.003%**
Dose (mg/kg)” R2 (Liconsa) 1.48 [1.41; 1.60] 1.20 [1.12; 1.46] 0.002%**
T (Lafepe) 1.49 [1.41; 1.61] 1.20 [1.12; 1.47] 0.0027%**
R1 (Elea) 69.05 [61.88; 71.25] 82.90 [67.85; 89.75] 0.003%**
Weight (kg)* R2 (Liconsa) 67.90 [62.38; 70.98] 83.40 [68.35; 89.35] 0.0027%**
T (Lafepe) 67.35 [62.28; 71.00] 83.10 [68.20; 89.75] 0.003%**

*Expressed as median [Ql; Q3]; **Mann-Whitney Rank Sum Test; ***p < 0.05. t_ : time to reach C

C

max’ " max’

: maximum concentration;

C,./D: maximum concentration corrected by dose according to weight; AUC,, : area under the curve up to the last measurable concentration;

AUC

84h'

to AUC

12°

84h"

extraj

/D: area under the curve up to the last measurable concentration corrected by dose according to weight; AUC_/D: area under the curve up to
infinity; AUC : area under the curve up to infinity corrected by dose according to weight; %AUC__: extrapolated percentage of AUC  in relation

<> A @pparent elimination constant; t, ,: elimination half-life; CL/F: apparent total body clearance; CL/F II: apparent total body clearance as

a function of weight; Vz/F: apparent volume of distribution; V /F II: apparent volume of distribution as a function of weight. “For dose normalisation
weight was measured at each study period, which explains the variation in weight and dose (mg/kg) parameters between formulations.
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plasma concentrations were higher in healthy women.
The higher plasma exposure observed in women may
also be partially explained by differences in body weight,
as lower body weight may lead to relatively higher drug
exposure when dosing is not adjusted by weight. The
V /F were significantly higher in men for all formulations
(between 26 and 36%). C,_  were significantly greater in
women for all formulations, but AUC were significantly
greater in women for Elea and Lafepe formulations.

Interestingly, the influence of sex varied between
formulations. Significant sex-related differences int_
were observed for Elea and Liconsa formulations, but
not for Lafepe, suggesting a slower absorption rate in
women for these formulations. Women would have a
slower gastric emptying time compared to men,*® which
agrees with what was observed for the Elea and Liconsa
formulations. Additionally, only Elea and Lafepe formu-
lations exhibited significant sex differences for AUC and
clearance (CL/F; possibly influenced by AUC), whereas
only Liconsa formulation showed significant differenc-
es in elimination variables A and t . These observations
could be attributed to aleatory variability of the data or
to reflect a true sex-by-formulation effect.

The potential impact of the sex-by-formulation ef-
fects on bioequivalence studies has been discussed by
some authors.®”3%) In agreement, regulatory agencies
such as Anvisa and FDA recommend that bioequiva-
lence studies included balanced male and female partic-
ipation, unless the drug is intended solely for one sex,
such as for hormonal contraceptives. In our study, no
significant sex-by-formulation interactions were found,
reinforcing the interchangeability of the three formula-
tions across both sexes.

Regarding adverse events, 60% of those classified as
probable, possible or conditional causality were observed
in women. Similarly, other authors were reported a high-
er incidence of adverse events and treatment discontin-
uation among women in a cohort of 195 CD patients
treated with BZN.#? The reason for this sex difference
is still unclear. Consistent with the higher plasma expo-
sure observed in women in the present study, a recent
clinical pharmacokinetic analysis in patients with chron-
ic CD treated with the Lafepe formulation also reported
higher BZN concentrations in women, largely explained
by lower body weight.!'” The study further showed that
higher plasma exposure, regardless of sex, was associ-
ated with an increased risk of skin reactions.'” These
findings suggest that weight-based dosing adjustments,
rather than sex-specific dosing, may be more relevant
for optimising treatment safety. Although differences in
the frequency of adverse events were observed among
formulations, these findings should be interpreted with
caution due to the small sample size and the exploratory
nature of the safety analysis. The study was not powered
to detect statistically significant differences in safety
outcomes between formulations.

Importantly, the present study focused on the 100
mg BZN formulation, which is commonly used in adult
treatment. Further studies evaluating the pharmaceutical
characteristics and bioequivalence of the 12.5 mg formu-
lation used in paediatric populations would be valuable.

In conclusion - This was the first study to demon-
strate bioequivalence among the three 100 mg BZN for-
mulations currently available on the global market. This
finding holds both clinical and economic relevance, as it
supports a greater distribution of all three drugs across
different markets, improving patient access. It also has
scientific relevance, allowing for the comparison of re-
sults from different clinical trials, even when conduct-
ed with different formulations. Additionally, the study
highlighted that sex may be a relevant factor contributing
to BZN pharmacokinetic variability, which could have
clinical implications, since women would be subjected
to greater exposure to the drug in fixed-dose regimens.
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OPEN PEER REVIEW

Memoérias do IOC thanks the anonymous reviewers for their contribution to the peer review of this work.

FIRST REVIEW ROUND

EDITOR COMMENTS

Abstract: “The BZN Liconsa demonstrated faster in vitro dissolution”. This is not described in the Methods of
the Abstract.

Abstract. “Plasma concentrations of BZN were higher in women”. For all formulations? How much higher?
Include data.

Introduction “burdens,” Should be a full stop and not comma.

Introduction “over 75 million people are at risk” The last number is 100 million. (https:/www.who.int/news-
room/fact-sheets/detail/chagas-disease-(american-trypanosomiasis))

Introduction “It acts by suppressing circulating forms of 7 cruzi, potentially reducing or eliminating para-
sitemia”. Does it mean that BZN has no activity against the intracellular (amastigote) form?

Introduction “except in advanced chronic Chagas heart disease, where effectiveness tends to diminish with
longer infection duration”. The BENEFIT trial demonstrated that BZN was effective to decrease parasitemia. BZN
failed to show benefit on the studied clinical endpoints. It would be better to clarify this point.

Introduction “For over four decades, PK data were based on formulations that are no longer available, such as
Rochagan® and Radanil®, previously produced by Hoffmann-La Roche”. There are some papers already published
with PK data for LAFEPE and ELEA formulations (example: Silveira GPE. J Antimicrob Chemother. 2025 Nov 24:
dkaf416) Please, discuss.

Methods: “T1/2” should read “t1/2”

Methods: Brazil is not signatory of the Declaration of Helsinki and the last version is 2024.

Methods: “The study protocol was published in the Brazilian Registry of Clinical Trials (ReBEC) with the
following ID: 63382222.4.0000.80981”. Please include the link.

Results: “This difference can be attributed to the average body weight of male participants, which was approx-
imately 19% higher than that of females. Consequently, the weight- adjusted dose (mg/kg) was about 18% lower
in men”. As the beginning of the paragraph sates higher concentrations in women, it would be better to describe a
lower weight in women and consequent larger weight-adjusted dose in women.

Results: There was a difference in Tmax between sexes that was not discussed.

Discussion

First paragraph. There are already some publications about PK using the current available BZ formulations.

Discussion. “The pharmacokinetic parameters observed in this trial were similar to those reported in previous
studies [24,25], even those using formulations no longer on the market [26].” Please, rephrase this sentence to be
clear which PK parameters are similar to studies that used the same formulation studied in the present paper, and
the ones similar to papers that used other formulations.

Discussion. Please include a discussion comparing your results to a recent paper which included patients with
CD. Silveira GPE. J Antimicrob Chemother. 2025 Nov 24: dkaf416.

Discussion “Although women exhibit higher BZN plasma concentrations following single-dose administration,
the correlation between this higher exposure and adverse events remains uncertain [35]. Larger clinical studies in
patients undergoing full treatment could help determine whether these sex-based differences impact therapeutic ef-
ficacy and safety at steady-state concentrations.” In fact, a clinical study was just published and should be included
in this discussion. Silveira GPE. J Antimicrob Chemother. 2025 Nov 24: dkaf416

Author contribution “G.P.E.S., R.E., R.M.S. and M.A.V.S. designed the research.” Please clarify who RMS and
MAVS stand for among the paper co-authors.

Data availability. Do you plan to include your data in the ARCA repository?

Figure 4. Use different colors for male and female.

Some Figures repeat information already presented by Tables. Please, suppress redundant information.

REVIEWERS” COMMENTS
REVIEWER #1

1. Abstract

L.1. In the non-compartmental pharmacokinetic analysis, the following parameters are considered: AUC (area
under the curve), Cmax, Tmax, elimination half-life (t:/2), mean residence time (MRT), and clearance (CL). In this
context, it is noted that the abstract does not report the latter parameter, which should be included to provide a more
complete summary and to facilitate future research on the topic.
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2. Introduction

2.1. Considering the sentence “However, BZN is more frequently used due to its simpler dosing regimen, short-
er treatment duration, and potentially better tolerability regarding adverse events”, it is noted that differences in
dosing regimens between the drugs are mentioned. However, according to the current Brazilian guideline (Clin-
ical Protocol and Therapeutic Guidelines for Chagas Disease, 2018 — Ministry of Health), the study context does
not support any distinction in posology or treatment duration between these therapies. The authors are therefore
requested to revise this sentence to improve clarity and ensure accurate interpretation by readers.

3. Material and Methods

3.1. Considering the critical role of validated analytical methods and calibrated equipment in bioequivalence
studies, the authors are requested to provide calibration records for the equipment used, covering the period im-
mediately preceding and during the study execution, to ensure metrological traceability, data reliability, and the
validity of the reported results.

3.2. The authors are requested to provide the package inserts of the three drugs evaluated, as well as detailed
information on the batches used in the study and the corresponding monetary value in US dollars at the time the
study was conducted, in order to enhance methodological transparency and facilitate verification and interpretation
of the data by future readers.

3.3. It is requested that, between lines 151 and 158, the manuscript specify whether any dietary restrictions were
applied to the study participants during recruitment and study conduct, including the type of diet implemented and
its methodological justification.

3.4. Clarification is requested regarding the rationale for administering the drug “30 minutes after a standard-
ized high-fat meal — line 161”, considering that, in clinical practice, individuals undergoing treatment for Trypa-
nosoma cruzi infection are generally advised to avoid high-fat foods. In this context, it is essential that the authors
explicitly present the methodological justification for this choice and discuss its compatibility with standard clinical
management, in light of current care recommendations. Furthermore, this clarification is critical to support the
interpretation of the causality of the observed adverse events, allowing distinction between effects attributable to
the drug administration and those potentially related to the ingestion of the standardized high-fat meal provided 30
minutes prior to dosing.

3.5. Considering the sentence “Following each BZN administration, participants were clinically observed for
24 hours”, clarification is requested regarding how this clinical monitoring was conducted, specifying whether the
assessment was performed by a physician and/or nurse, as well as the location where the observation took place.
Additionally, it is requested to indicate whether participant hospitalization was required during this period, and if
so, to describe the location and the hospitalization protocol applied.

3.6. Regarding the sentence ... laboratory tests after the clinical phase ...”, it is requested that a detailed table
of all laboratory tests performed be provided, including a comparison of participants’ plasma parameters before
and after drug administration, accompanied by the corresponding medians and interquartile ranges (IQR, 25-75%),
stratified by sex.

3.7. Clarification is requested regarding the methodological choice to recruit participants exclusively from a
single geographic location in Brazil — “A total of 42 healthy participants residing in Campinas, Sdo Paulo, Brazil
were enrolled in the bioequivalence study — line 264” — since such a strategy may introduce selection bias and
consequently limit the generalizability of the findings to other populations and regional contexts.

3.8. The authors are requested to present the subgroup consisting of 22 female participants, including the
medians and interquartile ranges (IQR, 25-75%) for the variables age and body mass index (BMI), following the
description of the study participants (line 267).

3.9. It is requested to describe how the dose was adjusted to participants’ body weight (mg/kg), including the
criteria used for dose calculation and its application throughout the study.

3.10. It is requested that, between lines 316 and 318, the percentage values corresponding to each adverse drug
event be presented, in the same manner as previously reported data, immediately following the numerical values.

3.11. It is requested that the manuscript specify whether the use of concomitant drugs was necessary to
manage the adverse events observed in the study population, or, alternatively, if no additional pharmacological
intervention was required.

3.12. Tt is noted that, between lines 329 and 359, no bibliographic references were provided to support some
of the points discussed in the study. Although the literature on this topic is limited, a simple search in PubMed
identified 63 articles related to the subject, which underscores the need to include relevant references to adequately
substantiate the discussion presented.

3.13. It is requested that, on lines 364 and 365, where the expression “According to FDA data ...” appears, the
corresponding bibliographic reference be explicitly provided, in order to ensure proper traceability and support for
the cited information.
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REVIEWER #2

1. General Considerations

The revised manuscript is of significant scientific interest, presenting the results of a study comparing the bio-
availability of three marketed 100 mg benznidazole formulations.

2. Abstract Adequacy

The abstract is concise and well-structured. However, in the Objective section (line 28), it should be explicitly
stated that the bioequivalence assessment refers only to the 100 mg formulations, not to all available formulations.
Similarly, in the Main Conclusion (line 42), clarify that the findings pertain specifically to the 100 mg benznida-
zole formulation.

3. Introduction

* Lines 59-62: It is strongly recommended to incorporate the latest epidemiological data published by PAHO/
WHO (Update on Chagas Disease Estimates in Endemic Countries of the Americas, 2018. OPS/CDE/VT/25-0005
— Pan American Health Organization, 2025).

* Lines 67-68: When mentioning the higher frequency of benznidazole use compared to nifurtimox, empha-
size that this is primarily due to its greater market availability. The PAHO/WHO 2018 guidelines recommend both
benznidazole and nifurtimox interchangeably as first-line treatment options.

4. Results

* For better visualization, include a flowchart illustrating sample selection in the Bioequivalence Analysis sec-
tion (line 263).

» Safety Analysis: Why was the increase in liver enzymes classified as a “conditional adverse event,” given that
this is a well-documented clinical adverse effect (lines 316—318)? Were baseline laboratory tests performed on vol-
unteers? This should be clarified, as hepatic and gastrointestinal diseases are listed among exclusion criteria (Study
Population, Blood Sampling, and Adverse Event Monitoring, line 153).

* Regarding the occurrence of adverse events differing among formulations (lines 308-322), an explanation is
warranted. Although the sample size (N=11) is small, the differences (55%, 36%, and 9% for Liconsa, Lafepe, and
Elea, respectively) merit discussion. Was any statistical analysis performed to assess these differences?

5. Discussion

* Line 341-342: The in vitro dissolution differences are not only between Lafepe and Liconsa but also between
Lafepe—Elea and Liconsa.

* From line 424 onward, where sex-related variability is discussed, no mention is made of weight, despite its
inclusion in the results.

» Among study limitations, note that only the 100 mg formulation was evaluated; the 12.5 mg formulation
remains to be analyzed.

6. Conclusions

Line 451 should clearly state that the conclusions refer to the 100 mg benznidazole formulations.

7. Figures

There are two identical Figure 1s on pages 38 and 43. The title refers to dissolution profiles of the three formu-
lations; it should specify that this is a pharmaceutical equivalence test.

Additionally, consider including a figure comparing the pharmaceutical equivalence test and the bioequivalence
analysis in terms of dissolution profiles.

AUTHORS’ RESPONSE TO THE REVIEWERS

Dear Editor and Reviewers,

We would like to sincerely thank you for the time and effort dedicated to reviewing our manuscript, as well as
for your valuable comments and suggestions. We believe that your contributions have significantly improved the
clarity, scientific rigor, and overall quality of the manuscript.

All comments were carefully considered, and the manuscript was revised accordingly. Detailed responses to
each point raised by the reviewers are provided below, indicating how the manuscript was modified or, when appli-
cable, explaining the rationale for maintaining the original approach.

We hope that the revised version adequately addresses all concerns raised and meets the standards of the journal.

Thank you once again for your thoughtful and insightful review.

Sincerely,

The Authors.

1. Editor comments
I.1. Abstract: “The BZN Liconsa demonstrated faster in vitro dissolution”. This is not described in the Methods
of the Abstract.
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We thank the reviewer for this comment. A sentence indicating that in vitro dissolution testing was performed
as part of the pharmaceutical equivalence assessment has been added to the Methods section of the Abstract.

1.2. Abstract. “Plasma concentrations of BZN were higher in women”. For all formulations? How much higher?
Include data.

We thank the reviewer for this important observation. The statement in the Abstract was revised to clarify that
sex-related differences were observed for the Elea and Lafepe formulations, while no statistically significant differ-
ence was observed for Liconsa.

1.3. Introduction “burdens,” Should be a full stop and not comma.

We thank the reviewer for identifying this typographical error. The punctuation was corrected.

1.4. Introduction “over 75 million people are at risk” The last number is 100 million. (https:/www.who.int/
news-room/fact-sheets/detail/chagas-disease-(american-trypanosomiasis)

We thank the reviewer for pointing this out. The estimate was updated according to the most recent PAHO/
WHO documents.

LI.5. Introduction “It acts by suppressing circulating forms of T. cruzi, potentially reducing or eliminating para-
sitemia”. Does it mean that BZN has no activity against the intracellular (amastigote) form?

We thank the reviewer for this important comment. We agree that the original wording could be misinterpreted
as suggesting that benznidazole acts only on circulating trypomastigotes. The U.S. Food and Drug Administration
(FDA) label for benznidazole explicitly states that the drug is active against all three stages of T. cruzi (trypomas-
tigotes, amastigotes, and epimastigotes) though sensitivity may vary by strain. However, the presence of dormant,
non-replicative amastigotes can limit the effectiveness of therapy and contribute to persistence and relapse. The
sentence in the Introduction has been revised to clarify this point and avoid potential misinterpretation.

1.6. Introduction “except in advanced chronic Chagas heart disease, where effectiveness tends to diminish with
longer infection duration”. The BENEFIT trial demonstrated that BZN was effective to decrease parasitemia. BZN
failed to show benefit on the studied clinical endpoints. It would be better to clarify this point.

We agree with the reviewer and have clarified the interpretation of the BENEFIT trial.

1.7. Introduction “For over four decades, PK data were based on formulations that are no longer available, such
as Rochagan® and Radanil®, previously produced by Hoffmann-La Roche”. There are some papers already pub-
lished with PK data for LAFEPE and ELEA formulations (example: Silveira GPE. J Antimicrob Chemother. 2025
Nov 24:dkaf416) Please, discuss.

We thank the reviewer for this comment. The manuscript was submitted before the publication of Silveira et
al. (2025), which reports pharmacokinetic data without an explicit bioequivalence assessment, and has now been
included. Historically, most PK data were generated using Roche formulations that are no longer available, while
more recent studies evaluated Lafepe alone or compared Lafepe and Elea. To our knowledge, no published studies
have directly compared Lafepe and Liconsa formulations. The present study provides the first comparative PK and
bioequivalence assessment of three currently available formulations (Lafepe, Elea/Abarax, and Liconsa) in healthy
volunteers. The manuscript has been revised accordingly.

1.8. Methods: “T1/2” should read “t1/2”

The notation was standardized throughout the manuscript to t1/2. “Tmax” was also changed to “tmax”.

1.9. Methods: Brazil is not signatory of the Declaration of Helsinki and the last version is 2024.

We thank the reviewer for this clarification. The text was revised accordingly.

1.10. Methods: “The study protocol was published in the Brazilian Registry of Clinical Trials (ReBEC) with the
following ID: 63382222.4.0000.80981”. Please include the link.

The requested link was added.

I.11. Results: “This difference can be attributed to the average body weight of male participants, which was
approximately 19% higher than that of females. Consequently, the weight- adjusted dose (mg/kg) was about 18%
lower in men”. As the beginning of the paragraph sates higher concentrations in women, it would be better to de-
scribe a lower weight in women and consequent larger weight-adjusted dose in women.

We agree that the paragraph could be clearer and revised the wording.

1.12. Results: There was a difference in Tmax between sexes that was not discussed.

We thank the reviewer for noting this point. The results section was expanded to address the observed sex-relat-
ed differences in tmax.

1.13. Discussion. First paragraph. There are already some publications about PK using the current available BZ
formulations.

We thank the reviewer for this comment. The manuscript was submitted before the publication of Silveira et
al. (2025), which has now been included in the revised version. We would like to clarify that the original statement
referred specifically to the fact that this is the first study comparing three currently available benznidazole formu-
lations and combining a full pharmacokinetic and bioequivalence evaluation in healthy volunteers. The sentence
has been slightly rephrased to improve clarity.

1.14. Discussion. “The pharmacokinetic parameters observed in this trial were similar to those reported in pre-
vious studies [24,25], even those using formulations no longer on the market [26].” Please, rephrase this sentence
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to be clear which PK parameters are similar to studies that used the same formulation studied in the present paper,
and the ones similar to papers that used other formulations.

There are no clinically meaningful differences between the pharmacokinetic parameters reported in previous
studies of Roche benznidazole formulations and those reported in the recent studies by Silveira GPE et al. (The
Journal of Antimicrobial Chemotherapy, 2025) and Hernadndez Y et al. (Memorias Do Instituto Oswaldo Cruz,
2024). All studies consistently report similar values for maximum plasma concentration (Cmax), time to maximum
concentration (tmax), and area under the curve (AUC) following a single 100 mg oral dose in adults. We have add-
ed the most recent references to the text.

L.15. Discussion. Please include a discussion comparing your results to a recent paper which included patients
with CD. Silveira GPE. J Antimicrob Chemother. 2025 Nov 24: dkaf416.

The manuscript was submitted before the publication of Silveira et al. (2025). These data have now been incor-
porated into the Discussion to compare the pharmacokinetic findings for the Lafepe formulation.

1.16. Discussion “Although women exhibit higher BZN plasma concentrations following single-dose admin-
istration, the correlation between this higher exposure and adverse events remains uncertain [35]. Larger clinical
studies in patients undergoing full treatment could help determine whether these sex-based differences impact ther-
apeutic efficacy and safety at steady-state concentrations.” In fact, a clinical study was just published and should be
included in this discussion. Silveira GPE. J Antimicrob Chemother. 2025 Nov 24: dkaf416

The manuscript was submitted before the publication of Silveira et al. (2025). The discussion was updated to
include the recently published clinical study.

1.17. Author contribution “G.P.E.S., R.E., R M.S. and M.AV.S. designed the research.” Please clarify who RMS
and MAVS stand for among the paper co-authors.

The data were erroneously inserted and were removed.

1.18. Data availability. Do you plan to include your data in the ARCA repository?

We thank the reviewer for the suggestion. At this stage, due to controlled access to individual pharmacokinetic
data, the dataset will remain available upon reasonable request to the corresponding author. However, the possibili-
ty of deposition in the ARCA repository will be evaluated.

1.19. Figure 4. Use different colors for male and female.

Figure 4 was revised to use different colors to distinguish better male and female participants.

1.20. Some Figures repeat information already presented by Tables. Please, suppress redundant information.

Figure 5 and Table 6 were removed. At the request of the other reviewers, a new table and a new figure were
inserted.

II. Reviewer 1

IL.1. Abstract: In the non-compartmental pharmacokinetic analysis, the following parameters are considered:
AUC (area under the curve), Cmax, Tmax, elimination half-life (t1/2), mean residence time (MRT), and clearance
(CL). In this context, it is noted that the abstract does not report the latter parameter, which should be included to
provide a more complete summary and to facilitate future research on the topic.

We thank the reviewer for this suggestion. Although clearance (CL/F) was calculated as part of the non-com-
partmental analysis, it was not originally included in the abstract to maintain conciseness and focus on the primary
bioequivalence parameters (Cmax, tmax and AUC). Given the 200-word limit for the abstract, only the most rele-
vant results are presented here; however, all data are reported and discussed in the main text and tables 3 and 5.

I1.2. Introduction: Considering the sentence “However, BZN is more frequently used due to its simpler dosing
regimen, shorter treatment duration, and potentially better tolerability regarding adverse events”, it is noted that
differences in dosing regimens between the drugs are mentioned. However, according to the current Brazilian
guideline (Clinical Protocol and Therapeutic Guidelines for Chagas Disease, 2018 — Ministry of Health), the study
context does not support any distinction in posology or treatment duration between these therapies. The authors are
therefore requested to revise this sentence to improve clarity and ensure accurate interpretation by readers.

We thank the reviewer for this important comment. We agree that, according to the Brazilian Clinical Protocol
and Therapeutic Guidelines for Chagas Disease (Ministry of Health, 2018), both benznidazole and nifurtimox are
recommended for a treatment duration of approximately 60 days. Therefore, the reference to a shorter treatment
duration in the original sentence could lead to misinterpretation and has been removed.

The Brazilian guideline indicates that benznidazole may be administered up to three times daily, whereas
nifurtimox is recommended in three divided doses per day. In addition, the prescribing information from the
manufacturers provides further clarification regarding the usual dosing schedule: benznidazole (Lafepe and Elea
formulations) is recommended to be administered in two daily doses, while nifurtimox (Bayer) is recommended to
be administered three times daily.

Therefore, we will remove the mention of a shorter regimen, but we will retain the observation that the BZN
dosage is simpler and better tolerated.

I1.3. Material and Methods: Considering the critical role of validated analytical methods and calibrated equip-
ment in bioequivalence studies, the authors are requested to provide calibration records for the equipment used,
covering the period immediately preceding and during the study execution, to ensure metrological traceability,
data reliability, and the validity of the reported results.
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We thank the reviewer for this important comment. All analytical procedures used in this study were conducted
in a certified analytical and bioanalytical laboratory by Brazilian Health Regulatory Agency (Anvisa), following
validated methods and in accordance with Good Laboratory Practice (GLP) principles and applicable Brazilian
regulatory requirements.

The analytical instruments used during the study were routinely calibrated and maintained according to the
laboratory’s internal quality assurance system, ensuring metrological traceability and data reliability. Calibration
and maintenance records are maintained by the laboratory and are available for audit if required.

A clarifying statement has been added to the Methods section.

I1.4. The authors are requested to provide the package inserts of the three drugs evaluated, as well as detailed
information on the batches used in the study and the corresponding monetary value in US dollars at the time the
study was conducted, in order to enhance methodological transparency and facilitate verification and interpretation
of the data by future readers.

We thank the reviewer for this suggestion. The information regarding the batches used in the study is already
included in the manuscript (Methods section). Specifically, the text states: “Prior to the bioequivalence study,
pharmaceutical equivalence was assessed through in vitro tests, including physicochemical and dissolution
evaluations. Three drug formulations were analyzed: Benznidazole Lafepe, manufactured by Lafepe (batch
21030012); Abarax, manufactured by Elea Phoenix S.A. (batch 3218); and Benznidazole Chemo, manufactured
by Liconsa S.A. (batch LC60657).”

Package inserts are publicly available from the respective manufacturers.

Regarding the inclusion of the monetary value of the products, these elements are not typically reported in bioe-
quivalence studies, as they do not affect the pharmacokinetic evaluation of the formulations. However, the formula-
tions evaluated correspond to marketed products used in clinical practice, but market prices may vary substantially
across countries and over time.

IL5. It is requested that, between lines 151 and 158, the manuscript specify whether any dietary restrictions
were applied to the study participants during recruitment and study conduct, including the type of diet implement-
ed and its methodological justification.

We thank the reviewer for this comment. Participants were instructed to follow standard dietary restrictions
typically applied in pharmacokinetic studies, including overnight fasting prior to drug administration. A clarifica-
tion has been added to the Methods section.

I1.6. Clarification is requested regarding the rationale for administering the drug “30 minutes after a standard-
ized high-fat meal — line 1617, considering that, in clinical practice, individuals undergoing treatment for Trypa-
nosoma cruzi infection are generally advised to avoid high-fat foods. In this context, it is essential that the authors
explicitly present the methodological justification for this choice and discuss its compatibility with standard clinical
management, in light of current care recommendations. Furthermore, this clarification is critical to support the
interpretation of the causality of the observed adverse events, allowing distinction between effects attributable to
the drug administration and those potentially related to the ingestion of the standardized high-fat meal provided 30
minutes prior to dosing.

We thank the reviewer for this important comment. The administration of the study drug following a standard-
ized high-fat meal was performed according to regulatory recommendations for bioequivalence studies (Brazilian
Health Regulatory Agency, Anvisa), which require evaluation under fed conditions to assess potential food effects
on drug absorption. Standardized meal conditions are commonly used to reduce variability in drug absorption and
to ensure consistency in pharmacokinetic comparisons between formulations. The standardized meal was admin-
istered to all participants under the same conditions, minimizing potential confounding effects on the comparison
between formulations.

The use of a controlled meal in the clinical research setting does not aim to reproduce routine dietary recom-
mendations for patients undergoing treatment for Chagas disease, but rather to ensure standardized experimental
conditions during the pharmacokinetic evaluation.

A clarifying statement has been added to the Methods section.

IL1.7. Considering the sentence “Following each BZN administration, participants were clinically observed for
24 hours”, clarification is requested regarding how this clinical monitoring was conducted, specifying whether the
assessment was performed by a physician and/or nurse, as well as the location where the observation took place.
Additionally, it is requested to indicate whether participant hospitalization was required during this period, and if
so, to describe the location and the hospitalization protocol applied.

We thank the reviewer for this comment. The clinical monitoring procedures were already described in the
manuscript (lines 171-175). Briefly, participants remained under clinical observation for 24 hours at the clinical
research unit, with monitoring performed by trained medical staff, including vital signs assessment, protocol-spec-
ified laboratory evaluations, and monitoring for adverse reactions.

To improve clarity and facilitate identification of this information, the text has been slightly revised in the
Methods section.

IL.8. Regarding the sentence “... laboratory tests after the clinical phase ...”, it is requested that a detailed table of all
laboratory tests performed be provided, including a comparison of participants’ plasma parameters before and after drug
administration, accompanied by the corresponding medians and interquartile ranges (IQR, 25-75%), stratified by sex.
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We thank the reviewer for this suggestion. However, the manuscript already contains a substantial number of
figures and tables, and the inclusion of these descriptive data would not add meaningful value to the analysis of the
results. The study population consisted exclusively of healthy participants, with only individuals presenting normal
test results or no clinically significant alterations being included. Laboratory safety assessments were conducted
before and after the clinical phase, and all participants were discharged according to the same eligibility criteria
(healthy participants). Consequently, the statistical analyses would be expected to yield values within normal labo-
ratory ranges and without clinical relevance, even when stratified by sex.

A description of the laboratory tests performed was included in the section “Study Population, blood samples
and adverse events monitoring”.

I1.9. Clarification is requested regarding the methodological choice to recruit participants exclusively from a
single geographic location in Brazil — “A total of 42 healthy participants residing in Campinas, Sao Paulo, Brazil
were enrolled in the bioequivalence study — line 264 — since such a strategy may introduce selection bias and
consequently limit the generalizability of the findings to other populations and regional contexts.

Recruitment from a single clinical research center is common practice in bioequivalence studies to ensure stand-
ardized study procedures and controlled conditions. This design minimizes variability related to operational factors.

A clarification has been added to the Methods section.

I1.10. The authors are requested to present the subgroup consisting of 22 female participants, including the
medians and interquartile ranges (IQR, 25-75%) for the variables age and body mass index (BMI), following the
description of the study participants (line 267).

We thank the reviewer for this suggestion. Indeed, the study included 22 female participants. As the study
was not designed or powered to perform subgroup analyses by sex, a separate table was not considered necessary.
However, to provide additional descriptive information, the median age and body weight for the female subgroup
have now been included in the Results section. We preferred to include the variable body weight rather than BMI
because the medication dose adjustment is based on weight. Women had a lower weight than men, and they were
also shorter (median of 1.59m for women (IQR 1.56-1.66); median of 1.77m for men (IQR 1.72-1.81)), which makes
the BMI less discriminating between the sexes.

IL11. It is requested to describe how the dose was adjusted to participants’ body weight (mg/kg), including the
criteria used for dose calculation and its application throughout the study No dose adjustment was applied for the bioe-
quivalence analysis. The compared formulations were fixed-dose products (100-mg tablets), and each subject received
a single dose of each product. For the analysis of sex-related differences, dose normalization by body weight (mg/kg)
was performed by dividing the nominal administered dose (100 mg) by each participant’s body weight. This normal-
ized dose was then used to adjust the observed pharmacokinetic parameters (e.g., Cmax/normalized dose).

An explanation was included in the Methods.

IL.12. It is requested that, between lines 316 and 318, the percentage values corresponding to each adverse drug
event be presented, in the same manner as previously reported data, immediately following the numerical values.

We thank the reviewer for this suggestion. As recommended, the adverse drug events have been reformatted to
present the values as number and percentage (n, %) immediately following the numerical counts. The correspond-
ing section of the Results (lines 316—318) has been revised accordingly.

I1.13. Tt is requested that the manuscript specify whether the use of concomitant drugs was necessary to manage
the adverse events observed in the study population, or, alternatively, if no additional pharmacological intervention
was required.

We thank the reviewer for this comment. In a small number of cases, participants received a single dose of
dipyrone (1 g) for the management of headache during the clinical observation period. This information has been
added to the manuscript to clarify the management of adverse events.

I1.14. It is noted that, between lines 329 and 359, no bibliographic references were provided to support some
of the points discussed in the study. Although the literature on this topic is limited, a simple search in PubMed
identified 63 articles related to the subject, which underscores the need to include relevant references to adequately
substantiate the discussion presented.

We thank the reviewer for highlighting this issue. Additional references have been included in the Discussion to
support the statements presented in this section.

IL.15. Tt is requested that, on lines 364 and 365, where the expression “According to FDA data ...” appears, the
corresponding bibliographic reference be explicitly provided, in order to ensure proper traceability and support for
the cited information.

We thank the reviewer for this observation. The appropriate bibliographic reference supporting the statement
based on FDA data has now been included in the manuscript.

I11. Reviewer 2

II1.1. Abstract Adequacy: The abstract is concise and well-structured. However, in the Objective section (line
28), it should be explicitly stated that the bioequivalence assessment refers only to the 100 mg formulations, not to
all available formulations. Similarly, in the Main Conclusion (line 42), clarify that the findings pertain specifically
to the 100 mg benznidazole formulation.

We thank the reviewer for this helpful suggestion. The Objective and the Main Conclusion in the Abstract have
been revised to explicitly indicate that the findings refer to the 100 mg formulation.
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II1.2. Introduction. Lines 59—62: It is strongly recommended to incorporate the latest epidemiological data pub-
lished by PAHO/WHO (Update on Chagas Disease Estimates in Endemic Countries of the Americas, 2018. OPS/
CDE/VT/25-0005 — Pan American Health Organization, 2025).

We thank the reviewer for this suggestion. The most recent epidemiological estimates published by PAHO/
WHO have now been incorporated.

II1.3. Introduction. Lines 67—68: When mentioning the higher frequency of benznidazole use compared to ni-
furtimox, emphasize that this is primarily due to its greater market availability. The PAHO/WHO 2018 guidelines
recommend both benznidazole and nifurtimox interchangeably as first-line treatment options.

We thank the reviewer for this important observation. We agree that both benznidazole and nifurtimox are
recommended as first-line treatment options for Chagas disease in PAHO/WHO guidelines and may be used inter-
changeably in terms of therapeutic efficacy.

With regard to availability, benznidazole is currently produced by two manufacturers, whereas nifurtimox is
provided by Bayer through a donation program coordinated by the PAHO Strategic Fund, which has expanded
access to treatment, particularly for vulnerable populations in endemic regions.

In clinical practice, however, the more frequent use of benznidazole has also been associated with its gener-
ally simpler dosing regimen and a more favorable tolerability profile compared with nifurtimox, as reported in
the literature.

To better reflect these aspects, the corresponding sentence in the Introduction has been revised.

II1.4. Results. For better visualization, include a flowchart illustrating sample selection in the Bioequivalence
Analysis section (line 263).

We thank the reviewer for this suggestion. A flowchart illustrating participant enrollment, inclusion in the phar-
macokinetic analysis has been added to the manuscript to improve the visualization of the bioequivalence study
population (new Figure 2).

I11.5. Results. Safety Analysis: Why was the increase in liver enzymes classified as a “conditional adverse
event,” given that this is a well-documented clinical adverse effect (lines 316-318)? Were baseline laboratory tests
performed on volunteers? This should be clarified, as hepatic and gastrointestinal diseases are listed among exclu-
sion criteria (Study Population, Blood Sampling, and Adverse Event Monitoring, line 153).

We thank the reviewer for this important comment. Baseline laboratory tests were performed prior to drug admin-
istration to ensure eligibility of participants, including evaluation of hepatic parameters. The increase in liver enzymes
observed during the study was classified as a conditional adverse event because the clinical relevance could not be
definitively attributed to drug exposure based on a single isolated laboratory alteration without clinical symptoms.

To clarify this point, the manuscript has been revised to explicitly mention that baseline laboratory tests were
performed and to better explain the classification of this event.

IIL.6. Results. Regarding the occurrence of adverse events differing among formulations (lines 308-322), an ex-
planation is warranted. Although the sample size (N=11) is small, the differences (55%, 36%, and 9% for Liconsa,
Lafepe, and Elea, respectively) merit discussion. Was any statistical analysis performed to assess these differences?

We thank the reviewer for this observation. The apparent differences in adverse event frequency among formu-
lations should be interpreted with caution due to the small sample size (N=11 per sequence) and the exploratory na-
ture of the safety analysis. No formal statistical comparison was performed for adverse events, as the study was not
powered to detect safety differences between formulations. This point has now been clarified in the manuscript.

II1.7. Discussion. Line 341-342: The in vitro dissolution differences are not only between Lafepe and Liconsa
but also between Lafepe—Elea and Liconsa.

We thank the reviewer for this observation. In the in vitro dissolution analysis, the Lafepe and Elea formulations
were considered equivalent, whereas the Liconsa formulation showed a different dissolution profile, with a faster ben-
znidazole release. Therefore, the difference was observed between Liconsa and both Lafepe and Elea formulations.

We agree that the original wording could lead to ambiguity, and the text has been revised to clarify that Lafepe
and Elea showed equivalent dissolution profiles, while Liconsa differed from both formulations.

II1.8. Discussion. From line 424 onward, where sex-related variability is discussed, no mention is made of
weight, despite its inclusion in the results.

We thank the reviewer for this suggestion. The Discussion has been revised to explicitly mention the potential
influence of body weight on the observed sex-related variability in benznidazole exposure.

IIL.9. Discussion. Among study limitations, note that only the 100 mg formulation was evaluated; the 12.5 mg
formulation remains to be analyzed.

We thank the reviewer for this suggestion. The objective of the present study was specifically to evaluate
the pharmaceutical equivalence and bioequivalence of benznidazole 100 mg tablet formulations, which are the
strengths most commonly used in adult treatment. Therefore, the evaluation of the 12.5 mg formulation was outside
the scope of the present study.

However, we agree that the assessment of pediatric formulations represents an important area for future research.
To acknowledge this point, a sentence highlighting this knowledge gap has been added to the Discussion section.

I11.10. Conclusions. Line 451 should clearly state that the conclusions refer to the 100 mg benznidazole formulations.
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We thank the reviewer for this suggestion. The Conclusions section has been revised.

IIL.11. Figures. There are two identical Figure 1s on pages 38 and 43. The title refers to dissolution profiles of
the three formulations; it should specify that this is a pharmaceutical equivalence test.

We thank the reviewer for this observation. The duplicated figure has been corrected. In addition, the figure
title has been revised to clarify that the dissolution profiles correspond to the pharmaceutical equivalence test.

II1.12. Figures. Additionally, consider including a figure comparing the pharmaceutical equivalence test and the
bioequivalence analysis in terms of dissolution profiles.

We appreciate the suggestion; however, the article already presents a substantial amount of data within the
proposed objectives. A more detailed comparison of the in vivo data with those observed in vitro may be addressed
in a future study.

SECOND REVIEW ROUND
REVIEWERS’ COMMENTS
REVIEWER #1
I believe the authors have satisfactorily answered the reviewers’ questions and have largely incorporated their

suggestions. My position is to accept the manuscript for publication with the changes they made and proceed with
the publication process.

REVIEWER #2
No comments.
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