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ABSTRACT

BACKGROUND
The role of trypanocidal therapy in patients with established Chagas’ cardiomy-
opathy is unproven.

METHODS

We conducted a prospective, multicenter, randomized study involving 2854 pa-
tients with Chagas’ cardiomyopathy who received benznidazole or placebo for up
to 80 days and were followed for a mean of 5.4 years. The primary outcome in the
time-to-event analysis was the first event of any of the components of the compos-
ite outcome of death, resuscitated cardiac arrest, sustained ventricular tachycardia,
insertion of a pacemaker or implantable cardioverter—defibrillator, cardiac trans-
plantation, new heart failure, stroke, or other thromboembolic event.

RESULTS

The primary outcome occurred in 394 patients (27.5%) in the benznidazole group
and in 414 (29.1%) in the placebo group (hazard ratio, 0.93; 95% confidence inter-
val [CI], 0.81 to 1.07; P=0.31). At baseline, a polymerase-chain-reaction (PCR)
assay was performed on blood samples obtained from 1896 patients; 60.5% had
positive results for Trypanosoma cruzi on PCR. The rates of conversion to negative
PCR results (PCR conversion) were 66.2% in the benznidazole group and 33.5% in
the placebo group at the end of treatment, 55.4% and 35.3%, respectively, at 2 years,
and 46.7% and 33.1%, respectively, at 5 years or more (P<0.001 for all compari-
sons). The effect of treatment on PCR conversion varied according to geographic
region: in Brazil, the odds ratio for PCR conversion was 3.03 (95% CI, 2.12 to 4.34)
at 2 years and 1.87 (95% CI, 1.33 to 2.63) at 5 or more years; in Colombia and El
Salvador, the odds ratio was 1.33 (95% CI, 0.90 to 1.98) at 2 years and 0.96 (95%
CI, 0.63 to 1.45) at 5 or more years; and in Argentina and Bolivia, the odds ratio
was 2.63 (95% CI, 1.89 to 3.606) at 2 years and 2.79 (95% CI, 1.99 to 3.92) at 5 or
more years (P<0.001 for interaction). However, the rates of PCR conversion did not
correspond to effects on clinical outcome (P=0.16 for interaction).

CONCLUSIONS

Trypanocidal therapy with benznidazole in patients with established Chagas’ car-
diomyopathy significantly reduced serum parasite detection but did not signifi-
cantly reduce cardiac clinical deterioration through 5 years of follow-up. (Funded
by the Population Health Research Institute and others; ClinicalTrials.gov number,
NCT00123916; Current Controlled Trials number, ISRCTN13967269.)
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HAGAS’ DISEASE IS THE THIRD MOST

common parasitic disease globally, after

malaria and schistosomiasis.! Chagas’ car-
diomyopathy is the most common form of non-
ischemic cardiomyopathy and one of the leading
causes of complications and death in Latin
America.> An estimated 6 million to 7 million
persons are infected, and 36,800 new cases oc-
cur each year. Chagas’ cardiomyopathy develops
in approximately 25% of patients infected with
Trypanosoma cruzi.>>

Chagas’ disease has two phases: acute and
chronic. Acute infection is usually a self-limited
febrile illness.® In the chronic phase, cardiac or
digestive complications develop in approximate-
ly one third of patients two or three decades
after the acute infection.” Chronic Chagas’ cardio-
myopathy is associated with malignant arrhyth-
mias, conduction disturbances, heart failure,
and pulmonary and systemic embolism>’ and is
associated with an annual mortality of approxi-
mately 4% among patients who are followed in
outpatient clinics.®

T. cruzi causes an acute disease, which can be
cured with trypanocidal treatment.® However, in
chronic cardiomyopathy, the role of the parasite
is debated and the effect of trypanocidal treat-
ment is unclear.>!° In some previous studies, auto-
immune mechanisms were implicated as poten-
tial causes of late cardiac injury** because of the
apparent absence of parasites in the cardiac in-
flammatory lesions on classic histologic analysis
and the occurrence of autoimmune responses
related to polyclonal activation, molecular self-
mimicry by parasite antigens, or cryptic epitopes
shared by the host and parasites.>!

However, the identification of T. cruzi antigens
in inflamed myocardium with the use of sensi-
tive techniques, such as immunohistochemical
analysis and polymerase-chain-reaction (PCR)
assay, suggests that parasite persistence may be
an important factor that, in conjunction with
individual host factors, triggers the inflamma-
tory process.'?® In assessing whether trypanoci-
dal therapy prevents or reduces cardiac disease,
experimental models of chronic Chagas’ infection
have shown that trypanocidal therapy attenuates
the pathologic consequences by reducing the
parasite burden.'”®® A few small observational
and randomized studies involving patients with
chronic Chagas’ disease have shown that benz-
nidazole reduces the circulating parasite load,
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enhances seroconversion, and may halt the pro-
gression of cardiomyopathy.!?2?

We designed the Benznidazole Evaluation for
Interrupting Trypanosomiasis (BENEFIT) trial to
evaluate the efficacy and safety of benznidazole,
as compared with placebo, in reducing clinical
outcomes among patients with chronic Chagas’
cardiomyopathy.

METHODS

STUDY DESIGN

From 2004 through 2011, we conducted a ran-
domized, double-blind, placebo-controlled trial
in which we administered either benznidazole
or matching placebo orally in 2854 patients for
40 to 80 days at 49 centers in Argentina, Bolivia,
Brazil, Colombia, and El Salvador. The Population
Health Research Institute at Hamilton Health
Sciences and McMaster University in Hamilton,
Ontario, Canada, and Dante Pazzanese Research
Institute in S3o Paulo coordinated the trial. Ethics
approvals were obtained at the coordinating and
clinical centers. All the patients provided written
informed consent. Full details are provided in
the protocol, which is available with the full text
of this article at NEJM.org.

STUDY POPULATION

Inclusion and exclusion criteria have been report-
ed previously.”® Eligible patients were between
18 and 75 years of age, had at least two positive
serologic tests for T. cruzi, and had evidence of
cardiomyopathy. (Details are provided in the
Supplementary Appendix, available at NEJM.org.)
Patients who fulfilled the enrollment criteria
were randomly assigned to receive benznidazole
or matching placebo. Because of logistic con-
straints related to the production of benznida-
zole, the standard regimen (5 mg per kilogram
of body weight per day for 60 days) was modi-
fied in February 2009 to the administration of a
fixed dose of 300 mg per day and a variable
duration of therapy (between 40 and 80 days) on
the basis of the patient’s weight, thereby pre-
serving the total dose. The drug and placebo
were purchased at full cost (initially from Roche
and later from LAFEPE) by the Population Health
Research Institute and Fundagdo de Amparo ao
Ensino, Pesquisa e Assisténcia, Faculdade de
Medicina de Ribeirdo Preto, University of Sdo
Paulo, Sdo Paulo. (We performed the proper
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sensitivity analysis on all outcomes including
safety, and there were no differences among the
batches.)

STUDY PROCEDURES

Patients were evaluated at 11 days and 21 days,
at the end of treatment, at 6 months, and then
annually until the end of the study. Adverse
events, results of liver-function testing, and find-
ings on 12-lead electrocardiography were record-
ed at baseline and during each follow-up visit
during the treatment period. A 10-ml blood
sample to be used for a qualitative conventional
PCR assay for the detection of circulating T. cruzi
kinetoplast DNA (KkDNA) by means of an inter-
nationally validated method* was obtained from
1896 patients at baseline (after funding was ob-
tained for this purpose), from 1618 patients at the
end of treatment, from 1530 patients at 2 years,
and from 1487 patients at the final follow-up
visit. All negative KDNA results on PCR assay
were amplified with human gene-specific prim-
ers, which minimized the possibility of false
negative results.”> Methods were standardized
across the three core laboratories. (For details,
see the Methods section in the Supplementary
Appendix.)

STUDY OUTCOMES
The primary study outcome in the time-to-event
analysis was the first occurrence of death, resus-
citated cardiac arrest, insertion of a pacemaker
or an implantable cardioverter—defibrillator, sus-
tained ventricular tachycardia, cardiac transplan-
tation, new heart failure, stroke or transient
ischemic attack, or a systemic or pulmonary
thromboembolic event. An event adjudication
committee reviewed all cardiovascular outcomes
in a blinded fashion.

Secondary outcomes included the response to
treatment on the basis of results on PCR assay
overall and according to geographic region cor-
responding to the common prevalent T. cruzi dis-
crete typing units (i.e., genetic subtypes): T. cruzi
in Colombia and El Salvador, T. cruzi II in Brazil,
and T. cruzi V and VI in both Argentina and
Bolivia. 628

STATISTICAL ANALYSIS

We determined that the enrollment of 2800 pa-
tients would provide a power of 90% to detect a
relative risk reduction of 26% in the composite

N ENGL J MED

outcome in the benznidazole group after a mean
of 5 years of follow-up, at a two-sided alpha
level of 0.05. This calculation was based on an
expected event rate of 8% per year in the control
group, an expected rate of nonadherence in the
benznidazole group of 17%, and a 3% rate of loss
to follow-up. All the patients who underwent
randomization were included in the analyses.

In the primary time-to-event analysis, we
compared the rate of the first occurrence of any
component of the primary composite outcome
between the two groups. Data for 14 patients
who were lost to follow-up were censored at the
last observation.

We assessed the proportionality assumption
of the Cox regression model by including a time—
treatment interaction term in the Cox model. We
used the Cox proportional-hazards model to in-
vestigate the influence of important confounders
and prognostic factors.

We used generalized estimating equations to
determine the proportion of patients with con-
version to negative results for T. cruzi on PCR in
the two study groups to account for correlation
in repeated measures in the same patient with
an unstructured correlation matrix.? The fixed
effects that were included in the model were
group, time, and the between-group interaction,
and time was assessed with the patient specified
as a random variable. Robust variance estimators
were used. Treatment effects are summarized by
odds ratios with 95% confidence intervals, pro-
vided by the logit as the link function.

Categorical variables are presented as numbers
and percentages, with P values for the between-
group comparisons calculated by means of chi-
square tests or Fisher’s exact tests in cases in
which expected numbers were less than five per
group. For continuous variables, data were sum-
marized as means and standard deviations, and
groups were compared with the use of t-tests.
Nonnormally distributed variables are presented
as medians and interquartile ranges, with a com-
parison of groups by means of Wilcoxon rank-
sum tests. Two-sided P values of less than 0.05
were considered to indicate statistical significance.

We explored the consistency of treatment ef-
fects in the 12 prespecified subgroups using tests
of interaction in Cox regression models for the
primary outcome. We used the same generalized
estimating equations to determine the proportion
of patients with conversion to negative results
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for T. cruzi on PCR as we used for the overall
results by including two-way and three-way inter-
action terms. All analyses were performed with
the use of SAS software for the UNIX operating
system, version 9.2 (SAS Institute), and graphics
were produced with the use of TIBCO Spotfire
S-Plus for Windows, version 8.2.

RESULTS

STUDY PATIENTS

From November 2004 through October 2011, a
total of 2854 patients underwent randomization,
with 1431 assigned to the benznidazole group
and 1423 to the placebo group (Fig. S1 in the
Supplementary Appendix). The majority of the
patients were recruited in Brazil (1358 patients),
followed by Argentina (559), Colombia (502),
Bolivia (357), and El Salvador (78). Most patients
(97%) had New York Heart Association (NYHA)
class I or II heart failure, and the mean ejection
fraction was 55%. The mean (*SD) age was
55+11 years. Baseline characteristics were well
balanced between the two study groups (Table 1).
Follow-up data were available for 100% of the
patients at 1 year, for 99% at 2 years, and for
99.5% at 7 years. A total of 14 patients (0.5%)
were lost to follow-up at the end of the study.

PRIMARY OUTCOME

The primary outcome occurred in 394 patients
(27.5%) in the benznidazole group and 414 pa-
tients (29.1%) in the placebo group (unadjusted
hazard ratio, 0.93; 95% confidence interval [CI]
0.81 to 1.07; P=0.31; adjusted hazard ratio, 0.92;
95% CI, 0.81 to 1.06; P=0.26) (Table 2 and Fig. 1).
No significant between-group differences were
observed in any component of the primary out-
come. In a per-protocol analysis of data from
patients who took at least 75% of the target dose,
the hazard ratio was 0.90 (95% CI, 0.78 to 1.04;
P=0.16).

SECONDARY OUTCOMES

Of the 1896 patients who provided a blood sam-
ple for PCR assay before randomization, results
were positive in 59.5% of patients in the benz-
nidazole group and in 61.7% of those in the
placebo group. Among those with positive results
at baseline, PCR conversion rates were 66.2% in
the benznidazole group and 33.5% in the pla-
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cebo group at the end of treatment, 55.4% and
35.3%, respectively, at 2 years, and 46.7% and
33.1%, respectively, at 5 years or more (P<0.001
for all comparisons). Repeated-measures analy-
sis of results on PCR assay showed significantly
higher conversion rates in the benznidazole group
at all time points, but the relative efficacy ap-
peared to decline over time (odds ratio at the
end of treatment, 2.75 [95% CI, 2.24 to 3.36];
odds ratio at 2 years, 2.26 [95% CI, 1.85 to 2.77];
and odds ratio at 5 years or more, 1.78 [95% CI,
1.45 to 2.18]) (P<0.001 for all comparisons). The
rate of persistently negative results on PCR
among those who had negative PCR results at
baseline was also significantly higher in the
benznidazole group than in the placebo group
(70.3% vs. 59.4% at the end of treatment,
P=0.005; 64% vs. 54.1% at 2 years, P=0.03; and
63% vs. 52.4% at 5 years or more, P=0.02). New
abnormalities on electrocardiography occurred
in 36.7% of the patients in the benznidazole
group and in 35.6% of those in the placebo
group at 2 years (odds ratio, 1.05; 95% CI, 0.89
to 1.24) and in 38.2% and 38.2%, respectively, at
5 years or more (odds ratio, 1.00; 95% CI, 0.84
to 1.19).

SUBGROUP ANALYSIS

The patients’ PCR status at baseline did not have
a significant effect on the primary clinical out-
come; among patients with PCR-positive status,
24.6% of the patients in the benznidazole group
and 26.9% of those in the placebo group had a
primary clinical event (hazard ratio, 0.91; 95%
Cl, 0.73 to 1.14), and among those with PCR-
negative status, 23.7% of the patients in the
benznidazole group and 25.3% of those in the
placebo group had a primary clinical event (haz-
ard ratio, 0.92; 95% CI, 0.69 to 1.23) (P=0.96 for
interaction) (Fig. 2).

T. cruzi genotypes can differ among geographic
locations, which can affect patients’ responses
to benznidazole.?*° Although we did not per-
form genotype analyses, on the basis of previous
studies, we analyzed our population in the fol-
lowing subgroups: Colombia and El Salvador
(where T. cruzi I is most prevalent), Brazil (where
T. cruzi 11 is most prevalent), and Argentina and
Bolivia (where T. cruzi V and VI are most preva-
lent). Rates of PCR conversion according to re-
gion were lowest in Colombia and El Salvador
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Age —yr
Male sex — no. (%)
Any abnormal result on electrocardiography — no./total no. (%)
Right bundle-branch block or left anterior fascicular block
Right bundle-branch block
Left anterior fascicular block
Both conditions
Sinus bradycardia <50 beats/min
Low-voltage QRS
ST-T wave changes
Q waves
Atrial fibrillation — no. (%)
Complex ventricular arrhythmia — no. (%)
Resuscitated cardiac arrest — no. (%)
Previous heart failure — no. (%)
New York Heart Association class — no./total no. (%)
Patients with score
Class |
Class Il
Class Il
Pacemaker — no. (%)
Implantable cardioverter—defibrillator — no. (%)
Stroke or transient ischemic attack — no. (%)
Systemic or pulmonary embolism — no. (%)
Echocardiography performed <1 yr before randomization
Patients with results — no. (%)
Left ventricular ejection fraction
Mean — %
Value <40% — no./total no. (%)
Wall-motion abnormality — no./total no. (%)
Medication — no. (%)
Diuretic
Spironolactone
ACE inhibitor or ARB
Digoxin
Beta-blocker

Amiodarone

Benznidazole
(N=1431)

55.4:10.7
726 (50.7)
1335/1431 (93.3)

691/1335 (51.8)
643/1335 (48.2)
465/1335 (34.8)
159/1335 (11.9)
178/1335 (13.3)
393/1335 (29.4)
45/1335 (3.4)
107 (7.5)
221 (15 4)
9 (1.3)
.

142 (9.9)

1431/1431 (100)
1065/1431 (74.4)
327/1431 (22.9)
39/1431 (2.7)

205 (14.3)

)

)

(
(
(
(2.
(
(
(
(0.5)

39 (2.
61 (4.
7 (0.

mw\l

1126 (78.7)

54.4:14.8
200/1126 (17.8)
431/1126 (38.3)

435 (30.4)
241 (16.8)
710 (49.6)
162 (11.3)
444 (31.0)
284 (19.3)

Placebo
(N=1423)

55.2+11.2
682 (47.9)
1348/1423 (94.7)

618/1348 (4
442/1348 (3
16171348 (
163/1348 (12.
405/1348 (30.0
24/1348 (1.

702/1348 (52.1)
5.8)

2.8)

11.9)

1)
)

8)
3)
3)
)

90 (6.
189 (13

6 (1.

(ERY

128

1421/1423 (99.9)
1045/1421 (73.5)
3431421 (24.1)
33/1421 (2.3)
198 (13.9)
31(22)

62 (4.4)
11(0.8)

1121 (78.8)

54.6+14.6
189/1121 (16.9)
422/1121 (37.6)

425 (29.9)
237 (16.7)
700 (49.2)
147 (10.3)
431 (30.3)
267 (18.8)

* Plus—minus values are means +SD. There were no significant differences between the groups except for Q waves

(P=0.009). ACE denotes angiotensin-converting enzyme, and ARB angiotensin-receptor blocker.
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Table 2. Primary Outcome and Its Components, Hospitalizations, and Deaths.

Benznidazole

Outcome (N=1431)

Primary composite outcome 394 (27.5)
Death 246 (17.2)
Resuscitated cardiac arrest 10 (0.7)
Sustained ventricular tachycardia 33 (2.3)
New or worsening heart failure 109 (7.6)
Pacemaker or implantable cardio- 109 (7.6)
verter—defibrillator

Stroke or transient ischemic 54 (3.8)
attack, systemic embolism,
or pulmonary embolism

Cardiac transplantation 3(0.2)

Hospitalization
Any 358 (25.0)
For cardiovascular causes 242 (16.9)

Death from cardiovascular causes 194 (13.6)

Death from or hospitalization for 348 (24.3)

cardiovascular causes

number (percent)

Placebo Hazard Ratio
(N=1423) (95% Cl) P Value
414 (29.1) 0.93 (0.81-1.07) 0.31
257 (18.1) 0.95 (0.79-1.13) —
17 (1.2) 0.58 (0.27-1.28) —
41 (2.9) 0.80 (0.50-1.26) —
122 (8.6) 0.88 (0.68-1.14) —
125 (8.8) 0.86 (0.66-1.11) —
61 (4.3) 0.88 (0.61-1.26) —
9 (0.6) 0.33 (0.09-1.22) —
397 (27.9) 0.89 (0.77-1.03) 0.11
286 (20.1) 0.83 (0.70-0.98) 0.03
203 (14.3) 0.94 (0.77-1.15) 0.55
380 (26.7) 0.89 (0.77-1.03) 0.13

(odds ratio at the end of treatment, 1.15; 95% CI,
0.81 to 1.62; odds ratio at 2 years, 1.33; 95% CI,
0.90 to 1.98; and odds ratio at 5 or more years,
0.96; 95% CI, 0.63 to 1.45). Conversion rates
were higher in Brazil (odds ratio at the end of
treatment, 7.20 [95% CI, 4.53 to 11.4]; odds ratio
at 2 years, 3.03 [95% CI, 2.12 to 4.34]; and odds
ratio at 5 or more years, 1.87 [95% CI, 1.33 to
2.63]) and in Argentina and Bolivia (odds ratio
at the end of treatment, 3.32 [95% CI, 2.43 to
4.54]; odds ratio at 2 years, 2.63 [95% CI, 1.89
to 3.66]; and odds ratio at 5 or more years, 2.79
[95% CI, 1.99 to 3.92]) (P<0.001 for interac-
tion). However, the effect on the primary clini-
cal outcome was not statistically heteroge-
neous, with rates of 24.1% in the benznidazole
group and 25.6% in the placebo group in Co-
lombia and El Salvador (hazard ratio, 0.92; 95%
CI, 0.66 to 1.27); 33.2% and 37.6%, respectively,
in Brazil (hazard ratio, 0.85; 95% CI, 0.71 to
1.02); and 21.4% and 18.5%, respectively, in
Argentina and Bolivia (hazard ratio, 1.18; 95%
CI, 0.88 to 1.58) (P=0.16 for interaction)
(Fig. 2).

There was no significant difference in treat-
ment response on the basis of individual mark-

N ENGL J MED

ers of clinical severity, including NYHA class,
cardiothoracic ratio of more than 0.5, segmental
or global wall-motion abnormalities, low QRS
voltage, left ventricular end diastolic diameter of
more than 5.0 mm, or left ventricular ejection
fraction of less than 40%, or on the basis of sex
or age (Fig. 2).

The treatment response on the basis of PCR
conversion for the 12 subgroups that were ana-
lyzed indicated a significant difference in re-
sponse according to country (P<0.001 for inter-
action) (Fig. 3). No other significant interactions
were observed on the basis of PCR conversion.

STUDY-DRUG ADHERENCE AND SAFETY

Adherence to the study-drug protocol (receipt of
>75% of the target dose) was reported in 84% of
the patients in the benznidazole group and in
94% of those in the placebo group. The rate of
drug interruption because of an adverse event
was significantly higher in the benznidazole
group than in the placebo group (23.9% vs.
9.5%, P<0.001). Cutaneous rash, gastrointestinal
symptoms, and nervous system disorders were
the most common reasons for drug interrup-
tions (Table 3).
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Figure 1. Primary Composite Outcome during 7 Years of Follow-up.
Shown is the rate of the primary composite outcome (death, resuscitated cardiac arrest, sustained ventricular tachy-
cardia, insertion of a pacemaker or implantable cardioverter—defibrillator, cardiac transplantation, new heart failure,
stroke or transient ischemic attack, or other thromboembolic event) among patients in the benznidazole group and
the placebo group during a 7-year period (hazard ratio in the benznidazole group, 0.93; 95% Cl, 0.81 to 1.07; P=0.31
by the log-rank test). The inset shows the same data on an enlarged y axis.

DISCUSSION

Benznidazole did not significantly reduce the
rate of the primary clinical outcome, despite
reductions in the parasite detection in serum
samples. Rates of conversion to negative PCR
results varied significantly according to geo-
graphic location, but the difference in rates of
conversion did not correspond to a difference in
the rates of clinical outcomes. The effects of
benznidazole on both clinical outcomes and
rates of conversion to negative PCR results did
not vary according to disease severity.

The role of treatment in patients with chronic
Chagas’ disease and the effect of such treatment
on the progression of the disease are unclear,
since data have been reported only from obser-
vational and small, randomized studies.'®2%30:3
A meta-analysis that combined data from both
observational cohorts and small, randomized
trials showed that benznidazole had significant
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activity against T. cruzi, as assessed by either se-
roconversion or significant reductions in anti-
body titers.3> This meta-analysis included nine
studies (of which only three, involving a total of
285 patients, were randomized trials, two of
which involved children) focusing on chronic
Chagas’ infection with no evidence of cardiomy-
opathy. The use of benznidazole, as compared
with placebo or no treatment, increased the rate
of favorable response, which was defined as
negative serologic results or xenodiagnosis
(global odds ratio, 18.8; 95% CI, 5.2 to 68.3). In
an observational study, Viotti et al.? found a
significantly lower risk of clinical events (includ-
ing a change in the Kuschnir classification®) in
patients treated with benznidazole than in the
untreated group (12 of 283 patients [4.2%] vs. 40
of 283 patients [14.1%]; odds ratio, 0.29; 95% CI,
0.16 to 0.53). The large differences between the
findings of these studies and those of our study
may be explained by several factors. First, the
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No. of Hazard Ratio P Value for
Subgroup Patients Benznidazole  Placebo (95% CI) Interaction
% of patients

Country 0.16
Colombia or El Salvador 580 24.1 25.6
Brazil 1358 33.2 37.6
Argentina or Bolivia 916 21.4 18.5

PCR status at baseline 0.96
Positive 1148 24.6 26.9
Negative 748 23.7 25.3

Age 0.56
<56 yr 1428 22.8 25.6
>56 yr 1426 321 32.7

Sex 0.81
Female 1445 24.1 25.1
Male 1409 30.8 334

Disease-severity score 0.55
Low 1309 16.8 16.2
Intermediate 890 29.9 333
High 655 45.1 50.0

Left ventricular ejection fraction 0.45
<40% 389 62.5 63.0
=40% 2465 21.8 239

Left ventricular end diastolic diameter 0.41
<50 mm 674 13.7 17.9 —a
=50 mm 1548 34.6 36.6

Use of amiodarone 0.008
No 2302 24.7 241
Yes 551 39.1 50.9 —-—

Use of spironolactone 0.49
No 2375 21.6 235
Yes 478 56.8 57.0

Regional wall-motion abnormality 0.92
No 1397 21.2 22.4
Yes 853 41.1 43.6

Low QRS voltage 0.88
No 2342 28.7 29.9
Yes 341 25.8 28.2

RBBB and left anterior fascicular block 0.46
No 1946 28.6 29.2
Yes 907 25.4 29.0

02 05 10 20 4.0

Benznidazole Better Placebo Better

Figure 2. Primary Outcome, According to Subgroup.

Shown are hazard ratios for the primary outcome in all 12 prespecified subgroups in the benznidazole group and
the placebo group, according to clinical characteristics and results on electrocardiography and two-dimensional
echocardiography indicating the severity of disease. Rates of the primary outcome in the two groups are presented
with a mean of 5.4 years of follow-up. The size of the squares is proportional to the size of the subgroup. The sub-
group according to age was defined on the basis of the median age of 56 years. The disease-severity score was cal-
culated as follows: New York Heart Association class Il (5 points), cardiothoracic ratio of more than 0.5 (5 points),
regional wall-motion abnormalities (3 points), complex ventricular arrhythmias (3 points), low-voltage QRS complex
(2 points), and male sex (2 points). A low score ranges from 0 to 2, an intermediate score ranges from 3 to 5, and a
high score is more than 5. For the primary outcome, the presence or absence of baseline therapy with amiodarone
was the only subgroup that showed significant heterogeneity. PCR denotes polymerase chain reaction, and RBBB
right bundle-branch block.
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No. of Odds Ratio P Value for
Subgroup Patients Benznidazole Placebo (95% CI) Interaction
% of patients
Country <0.001
Colombia or El Salvador 317 43.9 45.6 ——
Brazil 213 86.3 243 ——
Argentina or Bolivia 388 73.0 28.6 —a—
PCR status at baseline
Positive 918 66.2 335
Negative 596 703 59.4 *x
Age 031
<56 yr 442 66.2 31.0 —a—
>56 yr 476 66.2 35.8 —a—
Sex 0.12
Female 447 62.4 33.6 ——
Male 471 69.3 335 ——
Disease-severity score 0.76
Low 333 73.1 31.8 ——
Intermediate 360 61.7 37.8 —a—
High 225 63.0 29.1 —
Left ventricular ejection fraction 0.52
<40% 110 70.0 30.0 —_—
=40% 808 65.7 34.0 R 3
Left ventricular end diastolic diameter 0.85
<50 mm 237 62.2 30.2 —
=50 mm 457 65.3 36.1 ——
Use of amiodarone 0.33
No 802 64.7 339 b
Yes 116 76.4 31.2 —_—
Use of spironolactone 0.40
No 803 65.2 32.8 -
Yes 115 73.6 38.7 —
Regional wall-motion abnormality 0.62
No 441 66.3 35.2 —a—
Yes 262 60.6 32,6 —
Low QRS voltage 0.12
No 706 67.3 316 -
Yes 153 63.4 41.5 —
RBBB and left anterior fascicular block 0.14
No 671 63.7 316 —
Yes 247 72.9 38.8 —
r T T T 1
05 10 20 40 10.0
Placebo Better Benznidazole Better
Figure 3. Conversion to Negative Results on PCR, According to Subgroup.
Shown are odds ratios for conversion to negative results for Trypanosoma cruzi on PCR assay at the end of the treat-
ment period, according to 11 of the 12 prespecified subgroups. The size of the squares is proportional to the size of
the subgroup. Odds ratios and 95% confidence intervals were calculated from repeated-measures analysis with the
use of generalized estimating equations (GEE), with a comparison of values at all three follow-up periods (after treat-
ment, at 2 years, and at 5 years or more) with those at baseline. (Odds ratios for patients’ PCR status at baseline are
not shown, as indicated by asterisks, because these data were not analyzed in a GEE model.)

previous studies were small and most were non-
randomized, and the studies enrolled primarily
patients without cardiomyopathy. Second, the
rates of loss to follow-up were higher than those

in our study (20% vs. 0.5%). Third, the studies
did not evaluate outcomes such as total rates of
death, heart failure, or any of the composite
outcomes that we analyzed.
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Table 3. Adverse Events and Laboratory Abnormalities.*

Serious Adverse Events Leading to Drug Interruption

Adverse Events Leading to Drug Interruption

Cohort and Event

Placebo

(N

Benznidazole

(N

Placebo

(N

Benznidazole

P Value

1423)

1431)

P Value

1423)

1431)

(N-

no. /total no. (%)

1429/1431 (99.9)

no. /total no. (%)

1429/1431 (99.9)

14221423 (99.9)

1422/1423 (99.9)

Patients completing follow-up visits through

end of study-treatment period

<0.001
<0.001
0.004

20/1422 (1.4)

119/1429 (8.3)

<0.001
<0.001
<0.001
<0.001

135/1422 (9.5)

342/1429 (23.9)
137/1429 (9.6)

Any adverse event

2/1422 (0.1)

58/1429 (4.1)

18/1422 (1.3)

Cutaneous rash

9/1422 (0.6)

26/1429 (1.8)

41/1422 (2.9)

112/1429 (7.8)

Gastrointestinal symptoms

0.07

6/1422 (0.4)

14/1429 (1.0)

19/1422 (1.3)

52/1429 (3.6)

Nervous system symptoms including

peripheral neuropathy

NA
<0.001

1/1429 (0.1)
96/1429 (6.7)

1.0
<0.001

2/1422 (0.1)
51/1422 (3.6)
1194/1423 (83.9)

2/1429 (0.1)
192/1429 (13.4)
1123/1431 (78.5)

Leukopeniat

15/1422 (1.1)

Permanent treatment discontinuation

NA
NA
NA

Patients completing 60-day visit::

<0.001

19/1194 (1.6)

55/1123 (4.9)

Alanine aminotransferase >2x ULN

0.03

9/1194 (0.8)

20/1123 (1.8)

Alanine aminotransferase >3x ULN

1 Data are shown for patients who completed the 60-day study visit and had available values for alanine aminotransferase at that visit.

T Leukopenia was defined as a neutrophil count of less than 1900 cells per cubic millimeter.

* NA denotes not applicable, and ULN upper limit of the normal range.

10

N ENGL J MED

Benznidazole typically clears parasite detec-
tion in approximately 94% of patients who are in
the indeterminate phase of the disease (i.e., have
positive serologic findings but no evidence of
cardiac damage), with effects sustained for at
least 1 year.?* In contrast, in our study involving
only patients with established Chagas’ cardio-
myopathy, the efficacy of treatment as assessed
by conversion to negative PCR results was more
modest, with rates of 66% at the end of treat-
ment and 46.7% after 5 years or more, which
suggests that the standard regimen of benznida-
zole may be less effective in patients with estab-
lished cardiomyopathy. Genetic subtypes of
T. cruzi vary according to the geographic location.
Since we did not have genotype information, we
had to infer that patients in certain geographic
regions were likely to have distinct T. cruzi
strains. On the basis of this assumption, we ob-
served significant differences among countries
in the PCR response to therapy (Fig. 3). This
finding may explain the lack of overall reduction
in the primary outcome, but we did not observe
consistently parallel results on clinical outcomes.
We did not find any significant effect of therapy
on the primary outcome even after adjustment
for disease severity or the risk status of the pa-
tients. Only the subgroup receiving amiodarone
(a high-risk group) appeared to benefit from
therapy, but this result should be viewed with
caution, since a large number of subgroup
analyses were performed and rates of parasite
detection on PCR in the benznidazole group
were similar regardless of the receipt of amioda-
rone at baseline. However, this intriguing obser-
vation may require further exploration.®

Although our study was a large trial involving
patients with established Chagas’ cardiomyopa-
thy, we could have missed small differences in
risk (e.g., a relative risk reduction of 10%). The
95% confidence intervals in our analyses rule
out a relative risk reduction of 20%, which is
smaller than the difference that the study was
designed to detect. Variable responses to benz-
nidazole have been reported previously and may
have contributed to our neutral findings.>® Fu-
ture analyses of stored blood samples by means
of quantitative PCR and genotyping may provide
a more precise characterization of T. cruzi that
can be used to assess whether genotype influ-
ences the clinical response to benznidazole.

It is possible that the benefit of benznidazole

NEJM.ORG
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may be observed in patients who are at very low
risk before the appearance of cardiac damage or
that the benefit may accrue with more prolonged
therapy (as is the case with therapy for some
other chronic infections, such as tuberculosis or
leprosy), with repeated pulses of benznidazole,
or with treatment at an earlier stage of the dis-
ease. These hypotheses are untested. Whether
longer follow-up is needed to detect the emer-
gence of a benefit is also a consideration but is
speculative, since 60% of our patients were fol-
lowed for more than 6 years and 25% for more
than 7 years, and no obvious signal of possible
benefit was observed.

Our findings do not challenge current guide-
lines that recommend treatment with trypano-
cidal therapy in the early stages of chronic
Chagas’ infection (which are based on several
studies,** including one that showed the bene-
fit in preventing congenital transmission®) and
should not detract from the pursuit of general
goals for exploring more effective or earlier
treatments with new drugs or drug combina-
tions. It is notable that 13.4% of patients per-

manently discontinued treatment with benzni-
dazole because of adverse events, a rate that is
lower than that previously reported in observa-
tional and small, randomized trials and sup-
ports the concept that repeated trypanocidal
treatment may be feasible.

In conclusion, among patients with estab-
lished Chagas’ cardiomyopathy, benznidazole
treatment significantly reduced the detection of
circulating parasites but did not reduce cardiac
clinical progression.
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Sackett*

*In memoriam

Event Adjudication Committee: C. Morillo (Chair), L. Armaganijan, A. Avezum, D. Botto,
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CIMPAT-Facultad De Ciencias, Universidad de los Andes, Bogota Colombia, Centro de
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The following institutions and investigators (listed by country in descending order according to the
number of patients enrolled) participated in the BENEFIT Trial.

ARGENTINA (559 patients enrolled):

Hospital Rawson — Centro de Chagas, San Juan: R.E. Carrizo Paez, M.A. Carrizo Paez, S.G. Corzo Lujan, L.
Mercado;

Prevencién Cardiovascular Hospital San Bernardo, Salta: C.A. Cuneo, C. Hasner, N.C. Gutierrez, T.E. Smith;

Instituto Nacional de Parasitologia "Dr. Mario Fatala Chaben"- ANLIS, Dr. Carlos G. Malbran, Ciudad de Buenos
Aires: J. Bonacina, B. Jauregui, C. Heredia;

Instituto de Cardiologia, Corrientes Juana F Cabral: M. del C. Bangher, M. Romero, R. Pantich, W. Garcia;
Sanatorio Nuestra Sefiora del Rosario, Jujuy: M.H. Mallagray;

Hospital Provincial del Centenario, Cardiologia, Rosario: J. S. Beloscar, J. M. Petrucci, K. A. Ramos, L. Scaglione;
Hospital Juan A. Fernandez, Cdad. de Buenos Aires: G.B. Perez Prados, E.G. Gayet, P.Y. Epstein;

HIGA Diego Paroissien, Pcia de Buenos Aires: F.A. Silva Nieto, C.M. Fink, A. Ferreira;

Hospital Nacional Profesor Alejandro Posadas, Pcia de Buenos Aires: E. Oshiro, E. Carlucci;

Hospital Zonal General Afiatuya, Pcia. de Santiago del Estero: M.G. Leguizamén, H.D. Mujica; Instituto de
Cardiologia, Sgo. del Estero: R.E. Manzur, P. Yacheline;

Hospital Zonal “San Martin” Parana, Entre Rios: O.A. Reyes, C.D. Ariel,

Hospital de Infecciosas F.J. Mufiz,Cdad. de Buenos Aires: S.C. Lloveras, T.A. Orduna;
Hospital E. Erill Escobar, Pcia de Buenos Aires: M.P. Bernachea, L.Di Paola;

Centro de Enfermedad de Chagas y Patologia, Sgo. del Estero: R.J. Fernandez, M.L Moran;
APRISA: M.A. Auteri;

Institution Sanatorio Pasteur, Catamarca: G. Mazo;

H.l.G.A.Vicente Lopez y Planes de Gral Rodriguez, Pcia de Buenos Aires: L.A. Gomez; Sanatorio Franchin, Cdad.
de Buenos Aires: J. Bonacina, V. Volerg;

BOLIVIA (357):

Programa Chagas Tupiza (Hospital Eduardo Eguia): E.W. Villena Fiengo, J. Solis Ortiz, M. Roman Arequipa, M.
Cervantes Mendoza;

BRAZIL (1359):

Ribeirao Preto Medical School-University of Sao Paulo: A. Schmidt, H.T. Moreira, M. Tonani, A.C. Silva, A.
Carraro;

Santa Casa de de Votuporanga: M.E. Hernandes, N.A.Lucas, R.C. Amorim, C.A. Misson Ferreira Filho;
Universidade Federal da Bahia: R. Aras, U. Silveira, S.C.Camaras;

Evandro Chagas National Institute of Infectious Diseases (INI-FIOCRUZ): A.S. Sousa, R.M. Saraiva;

Anis Rassi Hospital; A. Rassi Jr., A. Rassi, L.E.M. da Silva;

Cardio Diagnosis:T. Silva Jr., J. Ferreira Silva, B. Fatima Ferreira;

Instituto de Moléstias Cardiovasculares — IMC: A.M. Lorga, A.M. Lorga Filho, E. Palmegiani, C.S. Queirantes;

Pronto Socorro De Cardiologia De Pernambuco (PROCAPE) Hosptial Oswaldo Cruz; Universidada De
Pernambuco: W. Alves de Oliveira Jr., M.G. Aureliano deMelo, V.M. Barros de Lorena,S. Marinho Martins,

Hospital das Clinicas, Federal University of Goias: A.O.Luquetti, D.E. Campos, L.A.B. de Sa, S.B.N.Tavares;
Dante Pazzanese Institute of Cardiology: A Fragata Filho, A.M. Lourenco, C. de CastroFaccini;

Instituto Dante Pazzanese de Cardiologia: L.V. Armaganijan, D.A.R. Moreira;

Hospital Universitario Clementino Fraga Filho — Universidade Federal do Rio de Janeiro; R. Coury Pedrosa;
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Faculdade de Medicina da Universidade Federal de Minas Gerais (UFMG); R.M. Torres, S.M. Eloi Santos, E. Dias
Gontijo;

Hospital Santa 1zabel — Santa Casa De misericordia da Bahia: G. Soares Feitosa, J. Alves Pinho Filho;

Hospital e Maternidade Celso Pierro- Puc Campinas: J.F. KerrSaraiva, M.K.Costa;

Hospital de Base/Sao Jose do Rio Preto Medical School (FAMERP): L.Nigro Maia, M.A. Lemos, N. Goes, M.
Arruda Nakazone;

Federal University of the Triangulo Mineiro: A. R. Prata*, D. Correia, R.J. Molina, ;
UNIUBE (Universidade de Uberaba); L.F. Avezum Oliveira, A.L.D. Santos Augusto;
Heart Institute University of Sdo Paulo Medical School: C. Mady;

Hospital de Clinicas da Universidade Federal do Parana: C.L.P.Cunha, M.l.Miyazaki; Santa Casa De Pelotas: A.A.
Steffens;

Hospital General de Goidnia: A.C. Alves de Souza, A. Rassi Jr.;
Couto Maia Hospital: C.J. de C. Bastos;

COLOMBIA (502):

Fundacion De Investigaciones Medicas San Gil-IPS: F.R. Quiroz Diaz, C.H. TibaduizaVargas, M.L. Florez Archila,
O.L Ortiz Cala;

Hospital De La Policia Nacional: S. Navarrete, L.J. Rincon;

Fundacion Cardioinfantil-Instituto de Cardiologia, J.G. Pérez, L.C. Saenz;
Clinica A. SHAIO: F. A. Rosas, F.R. Betancourt;

Hospital Militar Central: R. Onate;

EL SALVADOR (78):
Hospital Nacional Rosales: R. Figueroa, R. Bonilla*, V. Rodriguez.
*In memoriam
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Supplementary Methods: Detailed Treatment Scheme

Patients were randomized to receive a fixed dose of 300mg/day of benznidazole in two daily doses for
40 to 80 days or matching placebo using the same administration daily scheme. Both groups were treated
for 40 to 80 days, according to a direct relationship with the patient’s weight (see following table).

We defined a completed treatment course as a patient having taken > 75% of the calculated
target dose.

At the initiation of the BENEFIT trial we purchased benznidazole (ROCHAGAN) and matching
placebo from Roche. The treatment scheme was the conventionally accepted for adults. Dosing
was based on body weight, at 5Smg/kg/day over 60 days divided in two daily doses (morning and
evening). During the conduct of the trial Roche discontinued the production of ROCHAGAN
and the patent and production license were transferred to LAFEPE in Brazil that produced a
benznidazole tablet that could not be reliably divided for adjustment of the daily dose according
to the body weight. Therefore an alternative dose scheme was adopted by the steering committee.
The new scheme preserved the basis of 5mg/kg x 60 days for establishing the total dose to be
received by each patient, proposing a fixed dose of 300 mg for all patients (100mg tablet in the
morning and two 100mg tablets in the evening), but extending the period of treatment to equate
its duration in number of days to the body weight up to a maximum of 80 days (totaling 24g of
benznidazole) adjusting the daily dose of the drug by varying the duration of treatment in days
to the body weight in kg, i.e., a 50 kg patient would receive the drug for 50 days, 70 kg for 70
days, and so forth and so on up to a maximum of 80 days. Thus a patient weighing 40kg would
receive a total dose of 12g of benznidazole, with a daily dose of 300 mg administered for 40
days. This fixed dose OF 300MG would also be received by patients weighing > 80kg, and
being treated for 80 days. A patient with 50kg received 1 pill gam and 2 pills gpm (q12 hrs)
during 50 days, attaining a total dose of 15g of the drug and a patient with 75kg received the
same daily dose of 300mg for 75 days (total dose = 22.59)

Weight (Kg) | Treatment Duration (days)
40 40
41 41
42 42
43 43
44 44
45 45
46 46
47 47
48 48
49 49
50 50
51 51
52 52
53 53
54 54
55 55
56 56
57 57
58 58
59 59
60 60
61 61
62 62
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63 63
64 64
65 65
66 66
67 67
68 68
69 69
70 70
71 71
72 72
73 73
74 74
75 75
76 76
77 77
78 78
79 79
>80 80
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Supplementary Methods: PCR Core Lab Methodology (SOP)

Blood collection

A 10 mL blood sample will be collected from all patients, stored and shipped to the respective country
PCR core laboratory. Blood samples should be mixed with an equal volume of 6 M guanidine HCI/0.2 M
EDTA solution immediately after the sample is collected and prior to shipment. The guanidine-EDTA
blood (GEB) mixture can be shipped at room temperature and then stored at 4°C until DNA extraction.

DNA extraction

The guanidine-EDTA blood (GEB) mixture will be stored at room temperature for at least 2 days and
then stored at 4°C until processing. The mixture will be heated for 15 minutes in boiling water to break
the minicircles (physical cleavage protocol; Britto et al., 1993). Following the boiling procedure, the GEB
mixture should be maintained at room temperature for 2- 3 days, and afterwards stored at 4°C until DNA
extraction. For this purpose, 200pL GEB will be mixed with 100uL water and 200uL of phenol-
chloroform-isoamyl alcohol (25:24:1, V/V), vortex and centrifuged at 12000 g for 5 min. The aqueous
phase should be transferred to another tube and mixed with 200uL chloroform saturated with water,
vortex and centrifuged at 12000 g for 5min.

The supernatant should be mixed with 1/10 vol of 3 M sodium acetate pH 5.5, and 2.5 vol of 100% cool
ethanol and precipitated at -20°C. Alternatively, DNA precipitation can be performed for 15 min in an ice
bath, followed by centrifugation at 12000 g for 15 min at room temperature. Samples will then be
centrifuged at 12000 g for 20 min at 4°C and once the pellets are dried, they should be suspended in 50uL
of ultra-pure water. Each time DNA is extracted from blood samples, samples from healthy individuals
are intercalated in order to secure the quality of the preparation.

PCR Detection
The polymerase chain reaction was performed with the following primers:

I. 121 (AAATAATGTACGGG(T/G)GAGATGCATGA) and 122
(GGTTCGATTGGGGTTGGTGTAATATA); which amplify a 330bp sequence from the Trypanosoma
cruzi kinetoplast DNA or kDNA (approximately 120.000 copies per parasite) [Sturm et al., 1988; Britto et
al., 1993; Schijman et al., 2011].

II. Human B-globin specific primers [Mullis et al., 1988; Wincker et al., 1995]: PCO3
(ACACAAACTGTGTTCACTAGC) and PCO4 (CAACTTCATCCACGTTCACC), in case of T. cruzi
detection generate negative results, to control PCR inhibitors present in DNA samples and to check for
DNA integrity and quality, in order to avoid false-negative results.

For both PCR systems, the amplification reactions were achieved in a volume of 50 pL, consisting of 1X
TagPlatinum buffer (100mM Tris-HCI, pH 8.3; 500mM KCI), dNTP mixture (200mM each), 4.5mM
MgCI2 solution, 120 pmol of each primer, 2.5 units of TagPlatinum DNA polymerase (Invitrogen Life
Technologies) and 10 L DNA sample. The PCR was carried out using a DNA Thermal Cycler 9600
(Applied Biosystems) using the following conditions: 1 step at 94 °C for 2 min, 2 cycles at 98 °C for 1
min and 64 °C for 1 min, 35 cycles at 94 °C for 1 min and 64 °C for 1 min, and a final extension at 72 °C
for 10 min. The same protocol was used for amplification of the human b-globin gene sequences.

Schijman AG et al. International study to evaluate PCR methods for detection of Trypanosoma cruzi DNA in blood
samples from Chagas disease patients. PLoS Negl Trop Dis. 2011 Jan 11;5(1):e931. doi:
10.1371/journal.pntd.0000931.
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Table S1: Additional Baseline Characteristics

Benznidazole for Chronic Chagas Cardiomyopathy

Benznidazole Placebo

N =1431 N = 1423
Low income 1157 (80.9%) 1147 (80.7%)*
Education < 8yr 1232 (86.1%) 1194 (84.0%)*
Rural residence 418 (29.2%) 392 (27.6%)*
Infested house 38 (2.7%) 38 (2.7%)*
Current Smoker 72 (5.0%) 98 (6.9%)*
Oral Anticoagulation 113 (7.9%) 103 (7.2%)
Antiplatelets 31 (2.2%) 29 (2.0%)
ASA 408(28.5%) 443 (31.1%)
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*0p out of CRFs received, a total=1422.

Table S2. Summary of Follow-up Times (Years) by Country

25th 75th
Mean Median . .
. Percentile Percentile
Country Randomized | Follow-up Follow-up
X : Follow-up Follow-up
Time Time . .
Time Time
OVERALL 2854 5.38 5.19 3.83 7.08
Brazil 1358 5.54 5.23 3.89 7.48
Colombia / El Salvador 580 5.10 4.45 3.64 7.23
Argentina / Bolivia 916 531 5.34 3.99 6.61

10
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Table S3: Detailed Inclusion and Exclusion Criteria

INCLUSION CRITERIA

Patients aged between 18 and < 75 years with two positive serological tests for CHAGAS disease and any one or

more of the following (A through E)

A

Abnormal electrocardiogram (at least 2 of the following):

Right bundle-branch block

Left bundle-branch block

Left anterior fascicular block

Left posterior fascicular block

Ventricular premature beats

First degree AV block N220 milliseconds, in absence of drugs slowing AV conduction
Mobitz type | AV block, in absence of drugs slowing AV conduction

Sinus bradycardia b50 beat/min or sinus pauses N3.0 s, in absence of sinus node blocking drugs
9. Primary ST-T changes

10. Abnormal Q waves

11. Low voltage QRS

12. Atrial fibrillation

Abnormal ECG (one of the following):
1. Mobitz type Il, advanced or third degree AV block
2. Cardiac pacemaker or implanted automatic defibrillator

Nk~ wWNE

Increased cardiothoracic ratio (N.50)

Complex ventricular arrhythmias (multiform N10/h, couplets or NSVT) on 24-h ECG monitoring

Evidence of regional wall motion abnormality or reduced (<50%) global LV systolic function (2D Echo,

RNA, contrast ventriculography) or increased LV end-diastolic diameter (N55 mm) on 2D Echo

EXCLUSION CRITERIA

134

sa@ =~ 0o o

New York Heart Association class IV or decompensated heart failure
Evidence of concomitant coronary artery disease or other etiology of dilated cardiomyopathy
Previous treatment with trypanocidal agents or an accepted indication for antiparasitic therapy (e.qg.,

reactivation of Chagas' infection due to immunosuppression by several diseases or treatment with steroids)

Inability to comply with follow-up
History of severe alcohol abuse, or any other drug addiction within past 2 years

Known chronic renal failure (serum creatinine >1.5 mg/dL) or hepatic insufficiency (AST/ALT >3x normal);

Pregnancy or breast feeding
Megaesophagus with severe swallowing impairment
Other diseases significantly curtailing life expectancy

AV, Atrioventricular; NSVT, non-sustained ventricular tachycardia; AST, Aspartate amino-transferase; ALT, alanine amino-

transferase.

11
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