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Abstract. In this retrospective cohort study, we aimed to assess whether introducing benznidazole at escalating
doses reduces the probability of adverse events or treatment discontinuation compared with a full-dose scheme. We
collected data from patients who had chronic Trypanosoma cruzi infection and underwent treatment from July 2008 to
January 2017 in a referral center in Madrid. Dose was adjusted to body weight (5 mg/kg/day), with treatment introduction
with full dose or escalating dose according to local consensus and protocols. Among the 62 patients treated, benzni-
dazole was introduced at full dose in 28 patients and on escalating dose in the remaining 34. We found no statistical
differences in the number of adverse events, treatment discontinuations, days of treatment, or sociodemographic pro-
files. There is insufficient evidence to support escalating dose as a strategy for reducing the adverse effects of benzni-
dazole. Further research is needed to evaluate this approach.

INTRODUCTION

Chagas disease is a zoonosis caused by the parasite Trypa-
nosoma cruzi. The WHO estimates that there are 6–7 million
people infected worldwide.1 Most cases are in the endemic re-
gions of Latin America, but an increasing number of cases are
being diagnosed in other countries (mainly the United States and
southern Europe) because of migration.2–4 In endemic areas, the
primary vector for transmission is the triatomine bug, whose
presence in households hasbeen related to substandardbuilding
construction. Other means of transmission in endemic and non-
endemic countries are vertical (mother to child) and parenteral
transmission through blood transfusion and organ trans-
plantation.Aftera typicallyself-limitedacutephasewithunspecific
symptoms (therefore difficult to diagnose), the disease enters a
chronic phase in which organ complications (mostly cardiac and
digestive) occur in approximately one-third of patients.5

The therapeutic options available for antiparasitic treatment
of Chagas disease have remained unchanged for around 50
years. The only two available treatments are nifurtimox and
benznidazole, which were introduced in 1965 and 1971, re-
spectively.6 The efficacy of these treatments is highly variable
because it is affected by the drug dose, disease stage, and the
ageandareaof origin of thepatient, amongother factors.Cure
rates between 60% and 100% are reported when treatment
with benznidazole is provided in the acute phase and in
younger patients.7–9 The antiparasitic effect of the treatment in
the chronic phase is well documented.10–14 However, clinical
effectiveness (defined as reduction in clinical events) is still the
subject of intense scientific debate.15 Treatment with anti-
trypanosomal drugs is currently indicated in acute infection,
congenital infection, reactivations, and chronic infection in
children aged less than 18 years. Although in recent years
there seems to be some consensus regarding the absence of
benefit of antiparasitic treatment in patients with advanced
forms of cardiac or digestive involvement, most national and
regional guidelines recommend offering treatment in the

indeterminate chronic phase16,17 and in patients with mild to
moderate determinate disease.
The biggest challenge associated with the available anti-

trypanosomal drugs is their safety profile. From 48% to 86%
of patients experience adverse effects of benznidazole,
resulting in treatment discontinuation in 9–31%of cases.18–21

This further limits global treatment coverage, which is already
low given that only 4–6%ofmigrants with Chagas disease are
aware of their condition4 and that treatment reaches less than
1%of patients with Chagas disease.22–25 Themost frequently
observed adverse events are dermatological, gastrointestinal,
and neurological, usually mild and with acceptable response to
symptomatic treatment or to benznidazole discontinuation.18–21

Serious adverse events such as drug rash with eosinophilia and
systemic symptoms syndrome are rare, and life-threatening
conditions such as severe neutropenia are extremely
uncommon.18–21,26

Alongside thesearch fornewandbetter tolerateddrugs,14,27–29

efforts are beingmade to increase the tolerability of existing anti-
trypanocidal drugs.30 Studies aimed at identifying risk factors for
adverse responses tobenznidazolehave foundassociationswith
female gender,21 graduation from elementary school, and white
and mixed race.31 In addition, carrying the HLA-B*3505 allele
could be associated with moderate to severe cutaneous reac-
tions.32 Another study found that adverse events, female gender,
drugdose,andeosinophiliawere themainpredictorsof treatment
interruption.33 A study attempting to find a measurable proxy for
toxicity failed to correlate adverse events with serum concentra-
tions of benznidazole.34 Some researchers have proposed the
use of corticosteroid therapy along with benznidazole35 to pre-
vent cutaneous reactions.However, this strategy failed to showa
clear advantage and raised concerns because of the high rate of
Strongyloides stercoralis coinfection in patients with Chagas
disease36 and risk of hyperinfection syndrome. A clinical trial
evaluating shorter regimes and lower dosing of benznidazole is
expected to soon provide some insight on the feasibility of this
strategy.37 Moreover, some researchers have proposed the use
of escalating doses of benznidazole during the first days of
treatment to increase its tolerability.38 However, this strategy has
not been comparedwith standard treatment with full (adjusted to
weight) doses from the beginning of treatment.
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In this study, we aimed to ascertain whether introducing
benznidazole at progressively higher doseuntil the target daily
dose is reached reduces the probability of adverse events or
treatment discontinuation.

METHODS

In this retrospective cohort study, we reviewed clinical re-
cords of patients referred to the Infectious Diseases de-
partment in Hospital 12 de Octubre (Madrid, Spain) from July
2008 to January 2017. The inclusion criteria were chronic in-
fection with T. cruzi as defined by the WHO criteria (two pos-
itive serological tests),39 age 18 years or older, and previous
treatment with benznidazole in our center. Those who were
receiving it at the time of data collection were excluded. The
usual evaluation of these patients includes a questionnaire
about their country of origin and risk factors for Chagas dis-
ease. Patients’ medical history is obtained, and a physical
examination aimed at detecting cardiac or digestive in-
volvement is performed. Electrocardiogram and echocardio-
gram are routinely performed to rule out cardiac involvement.
Tests to rule out digestive tract involvement are carried out
according to symptoms.
In the evaluated time frame, some patients began treatment

with benznidazole at full doses and others at progressive
doses according to local protocols or consensus when the
former were lacking. Changes in schemes of benznidazole
treatment took place over time, both before and after the first
protocol was launched in 2011. Thus, we divided the patients
into two groups, according to the method of introduction of
benznidazole treatment. In all cases, the standard dose of
5mgper kilogramof bodyweightwas calculated, and then the
treatment was started according to the physicians’ criteria.
The maximum daily dose was 300 mg in most patients, al-
though some received 250 mg and others 400 mg. In the full-
dose group, the previously calculated dose was divided into
two daily doses for 60 days. In the progressive dose group,
treatment was started with 50 mg per day (half a tablet) and
then increased by 50 mg every day until the correct dosage
according to weight was reached.
Statistical analysis. Categorical variables were described

by frequencies and percentages. Quantitative variables were

described as means and SD or medians and interquartile
ranges. A chi-square test or Fisher’s exact test was used to
compare qualitative variables. Student’s t-test was used to
compare normally distributed continuous variables, and the
Mann–Whitney U test was used to compare non-normally
distributed variables with qualitative variables. Statistical
significance was set at P < 0.05. Data analysis was performed
using Stata15 (Stata Corp., College Station, TX).
This work was submitted and approved under number

17/051by the Research Ethics Committee of Hospital 12 de
Octubre, Madrid, Spain.

RESULTS

In this study, a total of 62 patients were treated with benz-
nidazole adjusted to body weight: 28 on a full dose from the
start and 34 with an escalating dose regime. As shown in
Table 1, the twogroupsdidnotdiffer inbaselinecharacteristics,
comorbidities, or clinical stage of Chagas disease. A large
majority of patients were from Bolivia (97%). One patient in the
full-dose group was from Honduras, and one patient who re-
ceived escalating dose treatment was from Brazil.
The median maximum daily dose was approximately

300 mg, without differences between groups.
There were no significant differences between groups re-

garding the occurrence of adverse events (Table 2). At least one
adverse event was observed in 88.7% of patients, with no dif-
ferences between groups. Themost frequent disturbanceswere
cutaneous (61.3%). The second most frequent adverse reac-
tions were neuromuscular (50%), which included headache,
vertigo, insomnia, polyneuropathy, paresthesia, arthralgia, and
myalgia. Other disturbances (hematologic, liver, digestive, and
renal) occurred insmallerpercentagesofpatients inbothgroups.
Treatment interruption due to adverse events occurred in

33.9%of all patients. Themeannumber of treatment dayswas
50.5 (SD: 18.9), with no differences between groups (Figure 1).
Adverse events leading to early interruption (when established
at 50%or 80%of the total dose) occurred in three to five of 25
patients in the full-dose group, and in seven to 11 of 29 pa-
tients in the escalating dose group. That is to say, 18.5% to
29.6% of adverse events (depending on the “early in-
terruption” threshold used) led to early interruption of

TABLE1
Baseline characteristics

Characteristics Full dose, N = 28 Escalating dose, N = 34 P-value

Age (years), mean (SD) 40.7 (8.9) 39.7 (8.2) 0.68
Male gender, no. (%) 7 (25%) 12 (35.3%) 0.38
Habits
Smoker, no. (%) 3/18 (16.7%) 6/22 (27.3%) 0.42
Alcohol consumption, no. (%) 2/19 (10.5%) 6/22 (27.3) 0.18
Comorbidities
Hypertension, no. (%) 1 (3.6%) 1 (2.9%) 0.89
Diabetes, no. (%) 1 (3.6%) 0 (0%) 0.27
Obesity, no. (%) 3/26 (11.5%) 2/33 (6.1%) 0.45
Cerebrovascular disease, no. (%) 1 (3.6%) 1 (2.9%) 0.89
Liver disease, no. (%) 0 1 (2.9%) 0.36
Renal disease, coronary heart disease,
HIV, and transplantation

0 0 –

Clinical stage
Indeterminate form 22 (78.6%) 25 (73.5%) 0.64
Cardiac form, no. (%) 6 (21.4%) 9 (26.4%) 0.64
Gastrointestinal form, no. (%) 0 0 –

no. = number. Data are no./number tested (%) of patients, unless otherwise indicated.
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treatment that would need further antiparasitic treatment.
Patients were referred to a specialist because of an adverse
event in 43.5% of cases, with dermatology (85%), neurology
(11%), and allergy (4%) being the most frequent. Specific
treatment for an adverse event was prescribed in 42% of
patients, with oral corticosteroids (50%) and antihistaminics
(30.8%) as the most frequent prescriptions.

DISCUSSION

To our knowledge, this is the first study to compare how the
strategy of progressively introducing benznidazole compares
with initiating treatment at a full dose. We could not find any
significant differences in the rate of adverse effects, treatment
discontinuations, or number of treatment days completed,
although the results showed numerically fewer hematologic,
liver, and digestive disturbances in the escalating dose group.
Although adverse events were not systematically rated for
severity, it is possible to ascertain through indirect data such
as need for specific treatment and need for treatment dis-
continuation that they were mostly mild. We found an un-
usually high referral rate to a specialist for adverse events

(43.55%), which is not related to severity but to a local
agreement of multidisciplinary evaluation of all benznidazole
adverse events.
The global adverse event rate for benznidazole is in agree-

ment with previous work, although we found a slightly higher
rate of discontinuation than previous studies.18–21With such a
high rate of adverse events, an intervention such as the pro-
gressive introduction of the same drug is unlikely to provide
major advantages. Hence, a larger sample size would be
needed to detect whether these two treatment strategies yield
different outcomes. There is currently no consensus regarding
the ideal treatment schedule with benznidazole in terms of
length, especially after it has been necessary to discontinue
treatment. Somegroups consider it sufficient to have received
the treatment for 30 days and others 80% of the dose calcu-
lated for 60 days.10,14 In our study, the median duration of
treatment in both groups exceeds even the most ambitious
threshold of 48 days (80%). This means that although sus-
pension is necessary in a high percentage of patients, treat-
ment with a second drug would not be indicated in most of
them due to having met the minimum dose requirement. As
shown in Figure 1, most treatment discontinuations occurred
after previously mentioned thresholds of 30 and 48 days. This
is because clinicians would be more prone to discontinue
treatment when a mild adverse event occurs after a sufficient
duration of antiparasitic treatment has been reached, taking
into account the risk/benefit balance.
The retrospective nature of this study and the fact that these

two different strategies were put in place by different physi-
cians may have introduced some measurement bias. Given
that the patients were assigned to each doctor according to
availability (without choice by the doctor or the patient), and
treatments assigned according to local protocols (or con-
sensus) at each point in time, we think that this would not
constitute a source of selection bias. Nonetheless, data were
collected using electronic medical records by different phy-
sicians than the ones who treated the patients to increase
objectivity. Each time a benznidazole treatment is started, it
constitutes both an opportunity and a challenge. Any doctor
facedwith this situation longs for alternatives that improve the
safety of antiparasitic treatment, eitherwith newdrugs, dosing

TABLE2
Adverse events

Full dose, N = 28 Escalating dose, N = 34 P-value

Adverse events
At least one adverse event, no. (%) 25 (89.29) 29 (85.29) 0.64
Skin disturbances, no. (%) 17 (60.71) 21 (61.76) 0.93
Neuromuscular side effects, no. (%) 15 (53.57) 16 (47.06) 0.61
Hematologic toxicity, no. (%) 7 (25) 5 (14.71) 0.24
Liver toxicity, no. (%) 7 (25) 5 (14.71) 0.24
Digestive disturbances, no. (%) 7 (25) 3 (8.82) 0.08
Kidney injury, no. (%) 0 1 (2.94) 1

Management
Need of specific treatment, no. (%) 12 (42.86) 14 (41.18) 0.89
Referral to a specialist, no. (%) 12 (42.86) 15 (44.12) 0.92
Hospital admission, no. (%) 1 (3.57) 2 (5.88) 0.67
Treatment interruption, no. (%) 7 (25) 14 (41.18) 0.18
Treatment duration, days (SD) 51.75 (15.4) 49.4 (21.5) 0.26
Completed at least 80% of total dose,
no. (%)

21 (75) 23 (67.65) 0.53

Completed at least 30 days, no. (%) 25 (89.29) 27 (79.41) 0.29
Maximum dose per day, median grams
(SD)

316.1 (38.7) 304.5 (26.1) 0.14

no. = number.

FIGURE 1. Time to permanent treatment discontinuation. This figure
appears in color at www.ajtmh.org.

BENZNIDAZOLE AND THE TREATMENT OF CHAGAS DISEASE 1479

http://www.ajtmh.org


changes in existing drugs, or the use of adjuvant drugs. With
currently availabledata, it cannot beasserted that a strategyof
progressive doses is better than the use of full doses from the
beginning. However, prospective randomized studies are
needed to improve knowledge about this issue, given the
possibility that different benznidazole treatment introduction
strategies might improve tolerability and, therefore, might
improve patient health outcomes.
The toxicity of antiparasitic treatment for Chagas disease

continues to be a limiting factor. In this work, we explored the
use of staggered doses versus complete doses in benznida-
zole treatment and its effect on the number and severity of
adverse effects, and treatment discontinuations. To our
knowledge, this is the first time these two strategies havebeen
compared.
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LatinoaméricaResidentes enEspaña. Madrid, Spain:Ministerio
de Sanidad y Polı́tica Social, Centro de Publicaciones.

18. Aldasoro E, Posada E, Requena-Méndez A, Calvo-Cano A, Serret
N, CasellasA, SanzS, SoyD, PinazoMJ,Gascon J, 2018.What
to expect and when: benznidazole toxicity in chronic Chagas’
disease treatment. J Antimicrob Chemother 73: 1060–1067.

19. Hasslocher-Moreno AM, do Brasil PE, de Sousa AS, Xavier SS,
Chambela MC, Sperandio da Silva GM, 2012. Safety of benz-
nidazole use in the treatment of chronic Chagas’ disease.
J Antimicrob Chemother 67: 1261–1266.

20. Pinazo M-J, Munoz J, Posada E, Lopez-Chejade P, Gallego M,
Ayala E, del Cacho E, Soy D, Gascon J, 2010. Tolerance of
benznidazole in treatment of Chagas’ disease in adults. Anti-
microb Agents Chemother 54: 4896–4899.

21. Molina I, Salvador F, Sánchez-Montalvá A, Treviño B, Serre N,
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