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Abstract

Background: Either benznidazole (BZN) or nifurtimox (NFX) is recommended as equivalent to treat Trypanosoma cruzi
infection. Nonetheless, supportive data from randomised trials is limited to individuals treated with BZN in southern cone
countries of Latin America.

Methods: The goal of this randomised, concealed, blind, parallel-group trial is to inform the trypanocidal efficacy and
safety of NFX and its equivalence to BZN among individuals with T. cruzi positive serology (TC+). Eligible individuals are
TC+, 20-65 years old, with no apparent symptoms/signs or uncontrolled risk factors for cardiomyopathy and at negligible
risk of re-infection. Consenting individuals (adherent to a 10-day placebo run-in phase) receive a 120-day BID blinded
treatment with NFX, BZN or matching placebo (2:2:1 ratio). The four active medication arms include (1) a randomly
allocated sequence of 60-day, conventional-dose (60CD) regimes (BZN 300 mg/day or NFX 480 mg/day, ratio 1:1),
followed or preceded by a 60-day placebo treatment, or (2) 120-day half-dose (120HD) regimes (BZN 150 mg/day or NFX
240 mg/day, ratio 1:1). The primary efficacy outcome is the proportion of participants testing positive at least once for up
to three polymerase chain reaction (PCR) assays (1 + PCR) 12-18 months after randomisation. A composite safety
outcome includes moderate to severe adverse reactions, consistent blood marker abnormalities or treatment abandons.
The trial outside Colombia (expected to recruit at least 60% of participants) is pragmatic; it may be open-label and not
include all treatment groups, but it must adhere to the randomisation and data administration system and guarantee a
blinded efficacy outcome evaluation. Our main comparisons include NFX groups with placebo (for superiority), NFX
versus BZN groups and 60CD versus 120HD groups (for non-inferiority) and testing for the agent-dose and group-region
interactions. Assuming a 1+ PCR 2 75% in the placebo group, up to 25% among BZN-treated and an absolute difference
of up to = 25% with NFX to claim its trypanocidal effect, 60-80 participants per group (at least 300 from Colombia) are
needed to test our hypotheses (80-90% power; one-sided alpha level 1%).
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these agents.

Discussion: The EQUITY trial will inform the trypanocidal effect and equivalence of nitroderivative agents NFX and BZN,
particularly outside southern cone countries. Its results may challenge current recommendations and inform choices for

Trial registration: ClinicalTrials.gov, NCT02369978. Registered on 24 February 2015.
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Background

The World Health Organization (WHO) estimates that
8 million people are infected by Trypanosoma cruzi, the
parasite causing Chagas disease, and 10,000 of these
people are expected to die every year [1]. Different
health authorities recommend either nifurtimox (NFX)
or benznidazole (BZN) as treatment for 7. cruzi-infected
individuals [2-5]. The purpose of using these trypanoci-
dal agents is to reduce the parasitic load (expecting to
prevent, delay or reduce the impact of clinical complica-
tions) and to reduce its transmission [6]. However, a
number of reasons hinder this potential opportunity.
Firstly, convincing evidence of efficacy from randomised
trials is limited to parasite-related (but not patient-
important) outcomes [7], to treatment with BZN (but not
NEX) and to individuals from Brazil and Argentina and
more recently Bolivia (but not other countries in Latin
America) [8-13]. Secondly, the tolerance to this treat-
ment, typically offered for 60—90 days, is still suboptimal,
with an abandon rate ranging from10 to 20% reported in
these studies.

In the above context, decision-makers, at both the
individual and population levels, will benefit from more
information on the efficacy and safety of NFX as treat-
ment for T. cruzi infection. The trypanocidal effect of
NFX, demonstrated in a single trial in Brazil [14], needs
replication and validation in other populations. Further-
more, treatment with BZN in the BENEFIT trial proved
to be trypanocidal for participants from Argentina and
Brazil (80% of the study population) but not for (the
remaining 20%, 502 and 78) participants from Colombia
and El Salvador [11]. Geographical variability of trypano-
cidal efficacy of BZN had been previously reported in a
large case series of school children from Bolivia,
Honduras and Guatemala [15]. This highlights the
importance of expanding the existing information on the
trypanocidal efficacy of NFX and exploring its equiva-
lence to BZN. This emerging information may be of par-
ticular interest for endemic countries with smaller
representation in previous trials, such as Colombia.

In the direction of addressing this research gap, this
paper describes the methods for Phase 3 of the Cardio-
vascular Health Investigation and Collaboration from
Countries of America to Assess the Markers and

Outcomes of Chagas disease (CHICAMOCHA 3) pro-
ject, the Equivalence of Usual Interventions for Tryp-
anosomiasis (EQUITY) trial.

Methods

Opverall, the aim of the EQUITY trial is to evaluate,
among young adults with chronic T. cruzi infection but
no symptomatic chronic Chagas cardiomyopathy, the
trypanocidal effect and safety of a treatment with NFX
compared with BZN or placebo.

Study design

We will conduct a randomised, concealed, multi-centre,
parallel-group, blind trial, testing the superiority of
NFX over placebo and its non-inferiority compared
with BZN.

Setting and participants

EQUITY will seek collaborating centres from Colombia
and other countries in Latin America offering care to
outpatients with 7. cruzi chronic infection. Study centres
will be actively seeking eligible candidates with local
centres for serology diagnosis, blood banks or health
authorities. The eligible population will be individuals
aged 20-65 of both sexes, with serology diagnosis (posi-
tive results for at least two out of three serological tests
including enzyme-linked immunosorbent assay [ELISA]
and indirect immunofluorescence of haemagglutination
over the last 10years), negligible risk of re-infection
(residence in an urban setting or a suburban/rural area
with no history of vector infestation or transmission)
and the capability to attend regular follow-up visits at
the study centres (Table 1).

Exclusion criteria include the following: previous treat-
ment with BZN or NFX or participation in trials testing
trypanocidal drug candidates; any symptom suggesting
chronic Chagas (or other forms) of cardiomyopathy or
uncontrolled risk factors for it; persistent abnormalities
in liver/kidney blood function tests (alanine amino
transferase [ALAT]/aspartate amino transferase [ASAT]
twofold normal values or creatinine over 1.2 mg/dl
observed at least twice); women of childbearing age who
have positive pregnancy tests or are unwilling to use
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secure birth control methods; or any concomitant health
problem judged by the study physician as potentially
interfering with free participation, health or well-being
during the study or administration of treatment.

Interventions

The randomly allocated study interventions may differ
for centres across countries. While in Colombia
EQUITY will offer masked (i.e. similar-looking) treat-
ments, including placebo or active treatments, in the
remaining centres it will be a pragmatic, open-label trial,
where the control group may not receive medication
(see further explanation in the following paragraphs).

In Colombian centres, before randomisation, in order
to ensure adherence to study interventions, eligible,
consenting individuals will go over a 10-day, run-in
treatment (with placebo). This treatment placebo,
blinded for participants, has a similar appearance to the
study drug and will be given in similar fashion (2
capsules twice a day [BID]). Those reporting tolerance
and adherence (not experiencing symptoms judged as
moderate/severe and taking at least 80% of the capsules)
will be prescribed a blinded treatment of 2 capsules BID
for 120days. This includes a sequence-concealed,
randomly allocated treatment with any of the following
five treatment groups (ratio 1:1:1:1:1):

— NEFX 480 mg/day for 60 days
NEX 240 mg/day for 120 days
BZN 300 mg/day for 60 days
— BZN 150 mg/day for 120 days
Placebo

Two of the four groups with active treatment will have
a 60-day, conventional dose (60CD) of either NFX or
BZN, whereas the other two groups include 120-day,
half-dose (120HD) treatment. As the prescribed study
treatment for all groups takes 120 days, the 60CD groups
will receive another 60-day masked placebo treatment
that precedes or follows the active treatment in a ran-
domly assigned sequence. Figure 1 summarises the study
arms and assigned treatments. To ensure the blinding to

Table 1 Study eligibility criteria
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participants and their relatives, treating physicians and
study teams, the study medication will be packaged in a
similar fashion. We used similar gelatin capsules to in-
clude and mask the contents of the original tablets of ac-
tive treatments or placebo (a mix of microcrystalline
cellulose and magnesium stearate), as shown in Fig. 2.
The study medication was packed in bottles of 120 cap-
sules (intended to last for 2 months) labelled with the
study name and treatment codes, making the study arms
indistinguishable from each other.

Outside Colombia, because of (1) resource constraints
to organise a centralised shipment of study medication
or to mask locally their study medication, or (2) local
interpretation of the evidence, clinical practice patterns
and/or regulations on using trypanocidal treatments, the
protocol may have variations in the interventions.
EQUITY investigators at those centres will have flexibil-
ity to decide on (1) which of the proposed active treat-
ment groups to include and (2) whether or not to have a
control group receiving no treatment. Groups receiving
active treatment may be any two or all four treatment
groups described above. If two groups are chosen, they
must use either different agents given at the same dose
level and treatment length (either 60CD or 120HD) or
the same agent (either NFX or BZN) given at different
dose levels and treatment lengths. The choice of includ-
ing a group not receiving active treatment will depend
on the judgement of local investigators or regulatory
agencies on whether it is necessary (1) to prove a trypa-
nocidal effect of NFX or (2) to start trypanocidal treat-
ment right upon serology diagnosis.

For centres outside Colombia choosing to include a
group receiving no treatment, the allocation ratio will
be the same for each active treatment group (i.e. 1:1:1
for those having two active treatment groups and 1:1:
1:1:1 for those including all four active treatment
groups). In all circumstances, however, all EQUITY
centres will use a computerised central randomisation
system with a concealed sequence to allocate the local
choice of study treatments. All study sites will also
have to comply with a blinded process for outcome
assessment.

Eligibility

Exclusion criteria

« Men or women 20-65 years of age

- Positive serology for T. cruzi (at least two different techniques applied
to the same blood sample) in the last 10 years

« No clinical suspicion, or active risk factors for, chronic cardiomyopathy

« Negligible risk of vector T. cruzi re-infection

- Capable of complying with the planned study visits

- Previous treatment with nifurtimox or benznidazole

« Lack of compliance/tolerance to a 10-day run-in period

- Abnormal values in blood cell counts or laboratory tests for hepatic and
renal function

« Any medical/social condition hindering free participation

- Current or planned pregnancy, or not using secure birth methods for
women of childbearing age
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EQUITY will test two main efficacy hypotheses, driving
the primary comparisons. Firstly, we will test the superior-
ity of NFX, comparing a composite of groups receiving
this medication against those allocated to placebo/no

treatment (trypanocidal effect of NFX). Secondly, we will
test the non-inferiority of (1) a composite of NFX groups
compared with those including BZN and (2) 60CD regime
groups of any active medication compared with those
receiving 120HD regimes. The above comparisons place
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BZN/60CD as standard treatment, assuming its superior-
ity to placebo. Under this hypothesis, for NFX/120HD to
be a valid alternative, we will require its trypanocidal effi-
cacy to be at least two thirds of that for BZN/60CD (see
the statistical assumptions made in the “Sample size calcu-
lations” section).

Centres outside Colombia may provide data for some,
but not all, planned comparisons, depending on their
choice of treatment groups. For example, data from
centres including only active treatment groups with both
NEX and BZN will contribute to test the hypothesis of
non-inferiority of NFX to BZN but not to evaluate the
trypanocidal efficacy itself. Whatever the choice of treat-
ment groups, however, under our study design our
primary comparisons may vary in the number of partici-
pants included, but they will only be between randomly
allocated treatment groups at a centre level.

We will also test the dose-agent and the treatment-
region (southern/northern) interactions for the above
comparisons. Data from countries outside Colombia will
be included in the applicable comparisons, depending
on their treatment groups. We plan to conduct separate
sensitivity analyses for our primary comparisons includ-
ing all randomised participants and those included in
Colombia. The safety evaluation will follow the same
comparisons described for efficacy.

Secondary comparisons are intended only for effi-
cacy of BZN. They will include (1) testing its super-
jority over placebo, testing for the treatment-region
interaction, and (2) testing the non-inferiority of BZN
120HD compared with BZN 60CD in the overall
population. As for the primary comparisons, data
from centres outside Colombia may be included, pro-
vided they have chosen to randomise their partici-
pants to each of these groups.

A subgroup, exploratory analysis will include (1) age
strata at inclusion (20-44/45-65 years), (2) presence/ab-
sence of electrocardiographic abnormalities and (3)
region of origin (southern/northern South America) for
all the planned efficacy comparisons.

Outcomes

Efficacy

The primary outcome will be the proportion of
participants testing positive at least once for up to
three independent assays of polymerase chain reaction
(PCR) during the 12-18 months after the initiation of
treatment, with an interval of 7 or more days from
each other. Secondary efficacy outcomes will be (1)
the mean change in the levels of B-type natriuretic
peptides (either NT pro-BNP or BNP, as long as the
same test is used for each participant) and (2) the
proportion of participants with positive serological
status (using conventional serology diagnosis) 12
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months after the initiation of treatment. Centres out-
side Colombia may or may not, depending on the
resources available and practice patterns, provide data
on BNP or conventional serology after treatment. All
efficacy outcomes will be recorded and analysed with-
out knowledge of treatment allocation.

Safety

The primary safety outcome will be a composite
proportion of participants meeting at least one of the
following conditions:

1. Hospitalisations or medical leaves (as signed by
physicians outside the study)

2. Interruption of treatment (by the study physician or
participant’s initiative) for at least 30 days due to
suspected side effects, or not taking the assigned
treatment for at least 90 continuous days (75% of
the treatment)

3. The incidence of sustained abnormalities (values
twofold over cut-off) in at least two biochemical or
blood markers monitored during the experimental
treatment at least twice with an interval of minimum
2 weeks, up to 1 month after finishing the allo-
cated treatment

Secondary outcomes will be

1. The incidence of signs (e.g. skin reactions) or
symptoms (e.g. dyspepsia, headache, numbness or
neuropathic pain) during treatment, considered
moderate or severe (needing temporary or definitive
suspension of treatment) by the study physician

2. Changes in biochemical and blood markers during
the first month of treatment with respect to baseline.

Whenever possible, investigators from centres outside
Colombia will make efforts to record safety outcome
data blinded to the allocated treatment. As this may not
be entirely possible, we will conduct a sensitivity analysis
for safety outcomes at the Colombian centres and the
entire study population separately.

Study procedures and follow-up of participants

Once they have been screened for eligibility, offered
participation in the study and have given their consent,
candidates will start the run-in phase (visit 0). Study physi-
cians will rule out any exclusion criteria for those
completing this phase and, for those still eligible, will
randomise a new participant (visit 1). The participants will
receive the allocated treatment for the first 60 days and
will be asked to attend a number of follow-up visits during
treatment. These visits allow reporting of any potential
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side effects as well as providing physical exams and/or
blood work safety monitoring. For Colombian centres, the
visits are scheduled at days 20, 30 and 60, repeating the
cycle when a second 60-day cycle starts.

In the presence of signs of intolerance, study physicians
may decide to stop the study medication temporarily or
definitely. They may also prescribe a symptomatic treat-
ment (e.g. an anti-histaminic for pruritus) to participants
over the study period or refer to treating physicians or
medical emergency services when they judge it may be
necessary. Adherence, as the reciprocal proportion of
scheduled treatment that participants left unused, will be
assessed at visits 2 through 7. Efficacy outcome data will
be collected during months 12 to 18 after treatment start,
scheduling three separate visits (with at least 1 week of
separation) at each participant’s convenience. Table 2
summarises the study follow-up visits scheme. The Stand-
ard Protocol Items: Recommendations for Interventional
Trials (SPIRIT) checklist is included as an additional file
(see Additional file 1).

The visit schedule may vary at centres outside
Colombia, according to the chosen study groups, the
practice patterns and preferences. In all cases, however,
the schedule should include in-person evaluations (also
allowing for blood safety monitoring) at least every 30
days (i.e. 30, 60, 90 for those testing 120-day treatments),
at end of treatment and 1 year after randomisation (for
outcome assessment). Visit scheduling will adjust for
centres testing only 60-day treatments. For those having

Table 2 Overview of study visits and procedures
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120HD treatments, it will be necessary to renovate the
study treatment at 60 days in order to re-supply partici-
pants with the rest of the intervention and to test adher-
ence. When applicable, these centres will decide whether
or not to include a new follow-up visit to promote
adherence for the next period and/or test safety (if so,
including blood work). All centres must also commit to
schedule additional visits at any other time during treat-
ment upon a participant’s request.

Laboratory testing
As presented in Table 2, some of the visits will include
laboratory testing for treatment safety monitoring or
study outcomes. The former includes blood cell counts
and liver and kidney function tests, and the latter
conventional 7. cruzi serology and brain natriuretic
peptides. Processing of blood safety monitoring tests will
take place at referral laboratories for each centre as
every participant attends his/her follow-up visits.
Efficacy outcome data will have, in contrast, a centra-
lised collective processing on stored samples in labora-
tories of reference once the follow-up of participants has
finished. Participants will be individually informed of the
results of these tests (the safety monitoring during the
follow-up visits and the efficacy outcome when they are
processed) and be given individualised copies of the la-
boratory reports.

Processing and interpretation for 7. cruzi serology and
BNP assays will follow recommendations of the makers

Visit 0 Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 Visit 8
Screening and
Randomisation
[Time Period run-in phase Day 20 Day 30 Day 60 Day 80 Day 90 Day 120 Day 360
(-10 — 0 day) ()
Informed consent X
(Check for eligibility/exclusion criteria X
[Demographics X
Medical history X X
[Physical exam X X X X X X
12- lead ECG X X
Safety blood tests* X X X
Study drug dispensation X X
Return of unused study drug X
|Assessment of compliance to medication X X X X X
Follow up for medical events X X X X X X
B-type natriuretic peptide /T. cruzi serology X X
[PCR for T. cruzi X 3X

* Include alanine aminotransferase (ALT), creatinine and blood cell counts. Visit 8 includes 3 independent PCR assays with an interval of 7 or more days from each

other, over the months 12 to 18 after randomization.
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of approved, commercially available assays. Techniques
for PCR will follow consensus recommendations de-
scribed elsewhere [16, 17]. Collection requires at least
3.5 mL of whole blood in tubes with ethylenediaminetet-
raacetic acid (EDTA), in triplicate. These samples are
then mixed into equal parts with guanidine
hydrochloride-6 M EDTA and stored at 4°C (2-8°C)
until processing. Aliquots of 500 pL will be taken to
conduct the extraction of DNA using the High Pure
PCR Template Preparation Kit (Roche). Analysis of
DNA samples using real-time PCR amplifies the repeti-
tive region of DNA of the parasite with the initiators
cruzil and cruzi2. For conventional PCR we will use the
primers S21 and S22. The lab will conduct triplicate ana-
lyses of the blood samples, and the absolute quantifica-
tion of the parasite will be the average of the replicates.

Sample size calculations
The planned hypotheses in this study will be based on
the following assumptions for its sample size:

1. The proportion of participants in the placebo group
with at least one positive PCR out of three tests
(1 + PCR, the primary outcome for efficacy) will be
75% or higher.

2. Asa standard of trypanocidal efficacy, the proportion
of (1 + PCR) in the group receiving conventional
treatment with BZN (based on results of the
BENEFIT trial) will be up to 30% (or 25% in a group
receiving BZN in a regime with better tolerance).

3. A treatment with NFX, to be considered non-
inferior to BZN, should have at least two thirds
of its trypanocidal effect, which is, in terms of
the above assumptions, 45% of 1+ PCR (or up to
50% in a group receiving a regime with lower
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Based on the above assumptions, having at least
60—80 participants per study group will allow enough
(at least 80%) power to identify a true difference be-
tween NFX and placebo or BZN (as negative or posi-
tive control for superiority or non-inferiority,
respectively), testing a one-tailed hypothesis at an
alpha level of 1%. Colombian centres should account
for at least 60% of the study population, or 300 par-
ticipants in the study (60 participants for each group).
The overall goal of recruitment, including participants
for centres outside Colombia, will be 500, as long as
they include at least 80 participants allocated to every
study arm (which may vary, depending on the treat-
ment groups chosen at centres outside Colombia).
Table 3 shows the scenarios for power calculations
for the comparisons on efficacy.

Randomisation

A central, computerised, web-supported application will
both assign the study treatment and support remote data
collection for every participant. Study personnel at each
centre will have their own stock of coded treatments.
The system will assign a new treatment upon request at
each centre, using random permutations within blocks
for predefined strata of age (20-24years, 25-40 years,
41/older), electrocardiogram status (abnormal /normal)
and study centre. That way the randomisation sequence
will be concealed for study personnel.

The system will adapt the randomisation scheme to
each centre, according to their decision on which treat-
ment groups to include. For Colombian centres, block
sizes will be every 5 treatments (one for each study
arm). For the rest of the centres (having no masked
treatments) the system will assign 2, 3 or 5 different
treatments (depending on the inclusion of 2 or 4 active
treatment groups, and a control group with deferred

tolerance/efficacy). treatment). The system will keep the same
Table 3 Sample size calculations for the primary comparisons in the study '
Hypothesis tested Alpha Target Statistical Power
Level of
Significance 80 85 90
(one-side test)
Superiority of NFX groups over 5% 72/362 81/41 94/47
Analysis based on pooled placebo/No treated groups (2:1) 1% 111/56 122/61 138/69
treatment
or regime groups
(c. all NEX, all 120Hp)  Noninferiority of NEX groups S 86/86 98/98 15/115
versus BZN groups (1:1) 1% 134/134 148/148 169/169

! Needed for each comparison group, based on assumptions of trypanocidal effect explained in the text, including 5% of participant losses
2 Cells with no shade imply feasible scenarios with 60 participants for each group, the recruitment goal for Colombia. Light grey cells imply the need to have 60-80
participants per group to make this comparison viable. Dark grey cells imply the need to have more than 80 participants per group
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randomisation strata, but the block sizes will depend
on the number of study groups chosen at each centre.
In order to ensure concealment of allocation sequence,
block sizes will randomly vary at these centres between
the number of study groups and its double (i.e. 3 or 6
at a centre having 3 treatment arms).

For Colombian centres, which are offering 120-day-long,
masked treatments, the system will allocate two consecu-
tive sequences of 60 days. The groups allocated to active
treatment for 60days (60CD) will have a concealed,
randomly allocated period of masked placebo (as treatment
for days 1-60 or 61-120) and the remaining days with
active medication.

Data collection and overseeing
Data collected in the study visits and procedures will be
entered into a central system, through standard case
report forms (CRFs) available to authorised personnel.
Most fields in the study CRFs include safeguards (i.e.
fields allowing only numbers, a limit of characters or
amounts entered). The quality of the information
entered will be verified by centralised random validation
(10%) and predefined crosschecks between fields of
CRFs for each centre. The data will be stored in a secure
and transportable system for storage and future analysis.
CRFs for centres outside Colombia may be adapted
to local needs, including the visit schedule given by
their choice of active treatment or the presence of
untreated groups.

Statistical analysis

Reporting of trial results will include a description of the
enrolment process and the most relevant characteristics
of the participants. For this purpose we will use counts
and proportions or means and standard deviations for
discrete and continuous variables, respectively.

Our outcome measures will be discrete variables, with
the exemption of mean changes in the BNP levels, a sec-
ondary outcome for efficacy. For the purpose of evaluating
the efficacy of NFX over placebo, we will test a hypothesis
of no difference in the proportions of 1 + PCR at an alpha
level of 1%. For the purpose of testing the equivalence of
NEX to BZN or between 60CD and 120HD regimes, we
will run a one-tailed non-inferiority test at an alpha level
of 1%. In order to test for agent-dose interaction for the
above comparisons, we will construct logistic regression
models with the primary outcome as the event, and the
comparison groups and study arms (e.g. NFX 60CD or
NEX 120HD) as predictor variables. We will include the
interaction dose*agent term in the model and run this test
for no differences at an alpha level of 5%.

For the purpose of evaluating mean changes of BNP
among groups, we will test for differences using
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independent-sample Student’s ¢ tests comparing the groups
of interest (alpha level of 1%). For the dose-agent
interaction test (alpha level 5%), we will run an analysis of
covariance with the mean changes as response, the com-
parison and study arms as factors and the interaction term.

Discussion

Closing gaps in clinical research is critical for a field like
Chagas disease, where major initiatives focused over the
last decades on vector control to interrupt transmission
[18, 19]. Most with relatively little data, particularly trials
on trypanocidal treatment, have originated in Brazil and
Argentina. More recently, there have been trials originat-
ing outside Latin America (e.g. in Spain and Canada). In
the landscape of research on trypanocidal therapy, the
EQUITY trial will tackle an important question on ther-
apy for T. cruzi infection. As both NFX and BZN are
currently used under recommendations and distribution
of health authorities, this may be seen as a phase IV
study. However, by expanding and validating the infor-
mation on the effects of NFX, the study has the potential
to challenge current recommendations on using alterna-
tively NFX or BZN as similar interventions. In particular,
this trial may benefit its target population from countries
with fewer or no data from previous trials, or those
where the best evidence indicates that BZN lacks a try-
panocidal effect. Colombia, the country originating this
trial, fits this situation. EQUITY thus represents a step
forward for Colombia in terms of conducting this
investigator-initiated, publicly funded trial for this largely
neglected disease [20].

EQUITY will provide data and insight on three im-
portant aspects regarding the use of the two recognised
possibilities for trypanocidal therapy, BZN and NFX.
While testing the efficacy of NFX as a trypanocidal agent
and the equivalence of these two agents, this trial will
also test two different treatment regimes. The process to
establish the daily dose and length of treatment for BZN
and NFX (two agents developed since the 1960s) did not
undergo rigorous evaluation. Recent reports on pharma-
cokinetics of BZN in children have suggested that under
the recommended daily dose for adults (5 mg/kg a day)
blood levels would exceed by twofold those with a
proven trypanocidal effect for children [21]. If that is the
case, and side effects are dose-related, halving the dose
may promote tolerance. Conversely, another study in
adults has suggested that serum levels of BZN are not
associated with side effects [22]. Other authors have sug-
gested that the length of exposure (i.e. cumulative doses)
is what may trigger intolerance to BZN [23]. Others
have, in fact, started tests of shorter, intermittent treat-
ments with BZN [24]. Guidelines for treatment of T.
cruzi infection indeed vary in the dose, but also in the
length of therapy, mainly between 60 and 90 days
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[25]. Through comparison of the 60CD and 120HD
treatment schemes, our study will inform whether tol-
erance to nitro derivatives NFX or BZN treatment is
associated with doses or exposure.

EQUITY has some limitations. Firstly, its primary effi-
cacy outcome is parasite-related. Establishing an effect-
ive regime that is well tolerated is an intermediate,
necessary step for future testing of its clinical impact. In
fact, in the placebo-controlled BENEFIT trial (where
20% of the population did not respond to BZN and 13%
abandoned their treatment), the clinical impact went
consistently towards benefit, but without statistically
significant effect (7% reduction in its primary outcome, a
composite of cardiac complications or death) [11]. Thus,
choice of a treatment scheme with a better efficacy/toler-
ance ratio would be critical to identify a potential clinical
impact. Secondly, as the trial relies on limited resources, it
will have a limited geographical variety in its population.
By having Colombia as the main participating country, we
will address two needs: to run a new trial testing NFX (the
first in Colombia, where a previous quasi-experiment
showed positive results [26]), and to replicate (or chal-
lenge) previous results of the BENEFIT trial showing no
trypanocidal effect. Thirdly, our study will test a limited
amount of possibilities for trypanocidal therapy. The
EQUITY trial will focus on the foundations to use NFX
and to recommend it as an equivalent of BZN. Keeping
the trial within this reach allows statistical power for the
two main questions, at a cost of leaving, for example, com-
binations, other treatment schemes and other agents
untested.

Finally, conducting a trial like EQUITY will, for the
local capacity, provide a useful and constructive experi-
ence. This trial will increase much-needed clinical trial
data on T. cruzi-infected populations from Andean
countries. In that regard, EQUITY will join two recent
trials including Bolivian patients or immigrants living in
Spain [12, 13]. Investigator-initiated trials originating
from Colombia are still scarce, and are a challenge for
promotion among funding and regulatory agencies as
well as research departments and laboratories. For this
and other neglected tropical diseases, this type of trials
may also be seen as a responsibility for endemic
countries.

Trial status

The Protocol Version is 2.0, dated 6 November 2015. The
EQUITY trial obtained external funding (call 569, 2012)
from Colciencias in February 2014. After obtaining insti-
tutional approvals, receiving raw study drugs from the
ministry of health, re-packing the study medication and
building the randomisation system, recruitment started on
October 2015 in Colombia. Recruitment in additional
countries started in June 2018 in Argentina. EQUITY is
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actively seeking up to three additional centres in southern
cone countries. We will keep recruitment open outside
Colombia up to having 500 participants or until the end
of June 2019, whichever comes first. Last follow-up and
database closure are expected by the end of 2020, and
final results are planned to be reported by May 2021.
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