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CLINICAL TRIAL SUMMARY 
 
 
TITLE  
 

Benznidazole Evaluation For Interrupting Trypanosomiasis (BENEFIT)Trial  
A randomized double-blind placebo-controlled trial of benznidazole in patients with 
chronic Chagas’ heart disease 

COORDINATING 
TRIAL 
LOCATION  
 

Population Health Research Institute, 
CCC Project Office 
Hamilton General Hospital, McMaster Clinic 
237 Barton Street East 
Hamilton, Ontario L8L 2X2 
CANADA 

 
STUDY 
OBJECTIVE (S) 
 

1. Primary objectives 
• To evaluate whether 60 days of therapy with benznidazole, an antiparasitic drug, will 

reduce mortality and morbidity in patients with chronic Chagas’ heart disease. 
2. Secondary objectives 
• To evaluate whether benznidazole reverses or halts the deterioration of LV function  
• To evaluate whether benznidazole prevents the development of new ECG changes.  
• To evaluate the safety of benznidazole in patients with chronic Chagas’ heart disease 

 
STUDY DESIGN 

A multicentre, prospective, double-blind, randomized evaluation of benznidazole in 
patients with chronic Chagas’ heart disease. 
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STUDY 
POPULATION 
Inclusion criteria: 
 
 

BENEFIT: 
• Serologic evidence of Chagas’ infection (indirect immunofluorescence, indirect 

hemagglutination, or ELISA) – any combination of 2 positive tests 
• Age > 18 yrs and < 75 yrs 
AND any ONE or MORE of the following: 

• Abnormal Electrocardiogram: at least two of the following                                     
1) Complete right bundle branch block 
2) Complete left bundle branch block 
3) Left anterior fascicular block 
4) Left posterior fascicular block 
5) Ventricular premature beat 
6) First degree AV block > 220 ms, in the absence of drugs that slow AV 

conduction 
7) Mobitz type I AV block, in the absence of drugs that slow AV 
8) Sinus bradycardia < 50 bpm or sinus pauses > 3.0s, in the absence of sinus node 

blocking drugs 
9) Primary ST-T changes 
10) Abnormal Q waves 
11) Low voltage of QRS 
12) Atrial fibrillation 

OR 
• Abnormal ECG: one of the following 
1) Mobitz type II, advanced or third degree AV block 
 

OR  
• Increased cardiothoracic ratio (> 0,50) 

OR  
• Complex ventricular arrhythmias (multiform > 10/hour, couplets or NSVT) on 

24 hr. ambulatory ECG monitoring 
OR  

• Evidence of regional wall-motion abnormality or reduced (< 50%) global left 
ventricular systolic function (2D-Echo, RNA, contrast ventriculography) or 
increased left ventricular end diastolic diameter (> 55 mm) on 2D-Echo  

PLUS 
• Informed consent 
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Exclusion criteria: • NYHA heart failure class IV or decompensated heart failure 
• Evidence of concomitant CAD or other etiology of dilated cardiomyopathy. 
• Previous treatment with antitrypanosomal agents or an accepted indication for 

antiparasitic therapy (e.g. 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 within 2 years 
• Known chronic renal insufficiency (serum creatinine > 2.5 mg/dl or 200µmol) or 

hepatic insufficiency (AST/ALT > 3x normal) 
• Pregnancy or breast feeding 
• Megaesophagus with swallowing impairment 
• History of severe alcohol abuse within 2 years 
• Other severe disease significantly curtailing life expectancy 

  

Total expected 
number of 
patients: 

 3000 

Expected number 
of centers: 

 75 
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 BENEFIT 

Formulation: 
 

Benznidazole: 100 mg tablet and matching placebo 

Route of administration: 
 

Oral 
 

Dose regimen: 
 

5mg/kg/day (maximal daily dose = 400mg) vs. matching 
placebo, divided in two daily doses for 60 days. 

  
Duration of Recruitment 24 months 
Duration of Follow-Up Minimum 4 years 
 Maximum 6 years 
 Mean 5 years 
  
EVALUATION CRITERIA -PRIMARY OUTCOME-  

The first occurrence of any component of the following cluster 
over the duration of follow-up: 
•  Death 
• Resuscitated cardiac arrest 
• Documented sustained ventricular tachycardia requiring 

cardioversion 
• Insertion of pacemaker or implantable cardiac 

defibrillator 
• Thromboembolic phenomena (stroke, pulmonary or 

systemic embolism) 
• New development of symptomatic heart failure (HF) 

characterized by 2 out of 4 of the following:  a) signs and 
symptoms of  HF (orthopnea, paroxysmal nocturla 
dyspnea, shortness of breath, edema); b) Chest X-Ray: 
pulmonary congestion; c) need for intravenous therapy 
(diuretics, inotropes); d) hospital admission due to HF  
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EVALUATION CRITERIA 
 
 
 
 
 
 
 
 
 
 

 -SECONDARY OUTCOMES- 
 – Additional data will be collected in subgroups of patients to 
investigate other hypotheses: 
• New development of any of the following echo changes; 

segmental wall motion abnormalities, ventricular aneurysm, 
reduction in LV ejection fraction > 5%, increase in LVDD > 
5,0 mm compared with baseline.  

• New 12 lead ECG alterations (complete bundle branch block, 
fascicular block, advanced atrio-ventricular block, atrial 
fibrillation, etc). 

• Progression of NYHA functional class by at least one 
category. 

 
 

VISIT SCHEDULE/STUDY 
PROCEDURES 

 
 
 
 
 
 
 
 
 
 
 

• Screening  & randomization visit 
• Baseline and initiation visit (Day 0)  
• Follow-up visits at 11 ± 2 days, 3 weeks ± 3 days and 2 

months ±  1 week (end of therapy), 6 months ±  1 week, 12 
months ± 1 week  and yearly thereafter until study 
termination. 

• ECG recordings at baseline, 24 months and study end (all 
patients) 

• 2D-echo at baseline, and final follow-up visit – all patients 
• Blood sample for hematological changes (WBC) and liver 

and renal function tests (AST, ALT, creatinine) during the 
treatment period (three-weeks  and 2-months visits)  

• Blood sample for central analysis (quantitative serological 
tests) at baseline and at final follow-up visit  (substudy) 

• Drops of blood sample on filter papers for PCR at baseline, 
end of at 24 months, and final follow-up visit  (substudy) 

 
 
 

STATISTICAL CONSIDERATIONS 
 

• Intention-to-treat analysis 
• BENEFIT:  Survival analysis using log rank test on primary 

outcome to show a difference in active versus placebo 
groups with p value < 0.05. 

• For a 90% power 2-sided α = 0.05 assuming 30% event rate 
of the composite primary outcome after a mean follow up of 
5 years, the sample size needed is 3000 patients for a RRR of 
20.0% 

• Two interim analyses are planned at one-half and two-thirds 
of expected events. 
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1.1.Rationale

Patients with Chagas’ infection documented by a positive T. cruzi serology test have a 20%- 
30% chance of progressing to dilated cardiomyopathy. Recent data indicate persistence of the 
parasite in chronic Chagas’ disease (CCD) and suggest the possibility that  antitrypanosomal 
therapy  may prevent the progression of Chagas’ cardiomyopathy. However, this hypothesis has 
not been tested in a prospective  randomized intervention trial1.  

 
1.2.Introduction  

Chagas’ disease (CD) represents the fourth largest tropical disease burden only after malaria, 
tuberculosis and schistosomiasis2. Cardiomyopathy secondary to CD is by far the most common 
form of non-ischemic cardiomyopathy  worldwide3. CD, first described almost a century ago, is a 
zoonosis caused by the hemoflagellate protozoan Trypanosoma cruzi4. 

It has been estimated that approximately  20 million are currently infected, and 20% to 30% of 
infected subjects will eventually develop cardiomyopathy with 50,000 deaths are expected to 
occurr annually, which are attributed to CD2, 3, , 5 6.  
   
1.3.Transmission of CD  
  

Transmission of CD is primarily vector-borne through the sting of bloodsucking insects of the 
Reduviidae family (triatominae subfamily). Control of blood transfusion transmission by 
obligatory Chagas serology in all blood donors, although cost-effective, is still not implemented in 
several Latin American countries7, , ,8 9  10.  
 

 
1.4.Epidemiology and burden of CD  

 
The most recent figures provided by the World Health Organization, indicating that 100 

million persons are exposed to the disease, and that > 550,000 new cases occur each year, may be 
an underestimate, due to lack of reports from highly endemic remote rural communities, 11. T. 
cruzi infection leads to chronic symptomatic CD in about 1/5 of persons resulting in a major 
burden of disability and mortality,12. In the early 1990s it was estimated that in Brazil the yearly 
cost of medical care, including pacemaker and surgery for gastrointestinal CD, as well as early 
pension costs and time lost from work due to Chagas’ associated disability, totaled several billion 
dollars.  Despite the reduction in vector-borne and transfusion-associated transmissions of T. cruzi 
accomplished in many regions by successful interventions, this burden will remain a threat as 
millions of individuals currently infected by T. cruzi gradually develop symptomatic disease2, 6.  

 
1.5.Clinical features of CD  
 

Chagas disease has two clinical phases; 1) acute, and 2) chronic13. The acute phase is 
undiagnosed in more than 90% of vector transmission cases. Clinically overt acute myocarditis 
develops in approximately 1% of cases, of which about one-tenth are fatal. 

Following the acute phase, the great majority of infected people remain asymptomatic and with 
no clinical evidence of structural disease during the so-called indeterminate form of CD, that may 
last two or more decades before clinical signs of chronic disease appear14, 15. Most patients remain 
with this form of CD for life, but are carriers of the infective agents unless treated with 
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antiparasitic drugs16; although there is no clinical evidence of end-organ disease. However,  
positive serology and low-grade parasitemia persist. Moreover, there is evidence from autopsy and 
biopsy studies indicating that parasite related myocarditis is present in > 60% of subjects in this 
stage of CD17, 18  

In the chronic phase, 10%-30% of infected patients manifest symptoms and signs of heart 
failure (usually with prominent systemic congestion), ventricular dysrhythmias, and 
atrioventricular block1,12,16. Chest pain, felt by 15-20% of patients, is usually atypical for 
myocardial ischemia but, in a subgroup of chagasic patients, may mimic an acute coronary 
syndrome19. However, epicardial coronary arteries are angiographically normal20.  

Typical ECG abnormalities include right bundle branch with left anterior fascicular block. 
Episodes of non-sustained VT are present in approximately 40% of patients with wall-motion 
abnormalities, and in 90% of those with heart failure21. Sustained VT is inducible by programmed 
ventricular stimulation in a substantial proportion of patients22, 23, 24. Not infrequently, complex 
ventricular rhythm disturbances coexist with bradyarrhythmias25, 26, and, when associated with 
impaired left ventricular function, constitute a major risk factor for sudden cardiac death. 

Striking segmental wall motion abnormalities in both ventricles27, 28, 29, 30 occur early in the 
development of CD. The most characteristic lesion is the apical aneurysm31, but it is the posterior 
basal dysynergy that best correlates with the occurrence of malignant ventricular arrhythmia24, 32. 
The aneurysms are also sources of emboli33. 
 

1.6. Natural History of CCD 
Mortality in patients with CCD is primarily ascribed to sudden cardiac death, progressive heart 

failure and thromboembolic events  Sudden cardiac death occurs in 55% to 65% of cases, 
progressive heart failure in 20 to 25% and stroke in 10% to 15%34. Sudden death is more frequent 
in young patients with isolated segmental wall motion abnormalities35, but its real frequency is 
probably underestimated particularly in rural areas. Reported causes of  death in CCD vary widely 
depending on the population studied and duration of follow-up34. 

The experience reported on recent studies of the natural history of CCD in outpatient cohorts 
which included both rural and urban populations is informative36, 37.  

Rassi et al.36 followed for a mean period of 7.9 ± 3.2 years 424 patients with Chagas 
cardiomyopathy determined by a positive serology and either ECG or 2D-echo abnormalities. 
Approximately half of the subjects were asymptomatic at baseline, palpitations and dyspnea being 
the most frequent clinical manifestations. Eighty one per cent of patients were in NYHA class I, 
and another 15% in Class II/III. A wide range of ECG abnormalities was documented, but 
complete right bundle branch block, left fascicular anterior block, and ventricular premature beats 
were the most frequent findings, detected in 40%, 37.5%, and 37.3% of the patients, respectively. 
Advanced (> 2nd degree) AV block occurred in 4.2% of cases only. Echocardiogram was available 
at baseline in 354 patients and  normal left ventricular function  was described in 52%, with global 
dysfunction ranging from mild to severe in 41%. Apical aneurysm was reported in 10.5% of the 
cases and an intracavitary thrombus was identified in 1.7%. Holter monitoring documented 
frequent ventricular premature complexes (> 1000/24 hrs) in 45% as well as nonsustained 
ventricular tachycardia in 46% of the patients.  

There were 130 deaths (31%) of which cardiovascular deaths accounted for 88%. The primary 
cause of cardiovascular death was sudden cardiac death (71%), progressive heart failure (18%) and 
thromboembolic events(10%). Multivariate Cox analysis identified six independent predictors of 
mortality: male gender, NYHA functional class III/IV, low QRS voltage, cardiomegaly on the 
chest x-ray, left ventricular dysfunction on the echocardiogram, and non-sustained ventricular 
tachycardia on Holter monitoring.  
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Salles et al.37 followed 738 outpatients in the chronic phase of Chagas` disease (403 with 
abnormal ECG) during a mean of 4.8 ± 3.2 years. Sixty-two (8.4%) patients died, Chagas` disease 
related deaths occurred in 54/62 (87%). Sudden cardiac death occurred in 40 (74%) patients, 
congestive heart failure in 12 (22%), and embolic stroke in two (4%). Multivariate Cox survival 
analysis revealed that QT-interval dispersion calculated from the 12-lead ECG and left ventricular 
end-systolic dimension measured by echocardiography were the strongest independent predictors 
for mortality.  

 
 1.7. Pathophysiology of CD  

 
Organ damage arising during the acute phase is closely related to high grade parasitemia and 

parasite presence in target organs (gastrointestinal tract, central nervous system and heart)38, 39. As 
the parasitemia abates and the systemic inflammatory reaction subsides, silent relentless focal 
myocarditis ensues during the indeterminate phase40. In predisposed hosts, encompassing 
approximately 30-50% of the infected population, this chronic myocarditis evolves to cumulative 
destruction of cardiac fibers and marked reparative fibrosis41, 42.  

Apart from the possible ancillary role of neuronal depopulaton and microvascular derangements 
as mechanisms of CCM, evidence gathered from pathophysiological studies in animal models and 
in humans is consistent with two prevailing hypotheses to explain the pathogenesis of CCD : 1) T. 
cruzi infection induces immune responses which are targeted at self-tissues and are independent of 
the persistence of the parasite, so called autoimmune hypothesis43, , , ,44 45 46  47; and 2) the persistence 
of the parasite at specific sites in tissues of the infected host results in chronic inflammatory 
reactions, the parasite persistence hypothesis48, , ,49 50  51.  

Finding parasites in cardiac tissues from patients in the chronic stages of CD had been very 
difficult using classical histological techniques. This has been taken as evidence that parasites were 
not involved in the progressive nature of myocardial damage seen in CCD52, 53.  However, 
persistent serologic positivity is found in virtually all patients with end-organ disease even with 
small numbers of parasites recovered from blood cultures54. Moreover, the introduction of more 
sensitive methods for parasite detection, such as polymerase chain reaction (PCR), in-situ 
hybridization, and immunoperoxidase techniques, has provided indisputable evidence of parasite 
persistence in tissues obtained from patients with CCD, topographically related to inflammatory 
foci48, 49, 50, 55. Of note, T. cruzi DNA was consistently detected by PCR in heart specimens from 
patients with CCM but not in the heart tissues from seropositive cadavers without evidence of 
CCM. Patients with T. cruzi DNA detected by PCR also have increased CD8+ cell numbers, and 
are at a higher risk of progression of cardiomyopathy56. Furthermore, from experimental reports 
using trypanocidal therapy, there is evidence of microbiologic cure and a halt in the progression of 
the disease, with regression of cardiac inflammation and fibrosis57, 58  

Collectively these findings support the hypothesis that direct parasitic damage indeed plays a 
role in the progression of CCM, and lend further support to the notion that antiparasitic therapy in 
the chronic stages of CD may arrest the progression of disease. 

  
1.8 Antiparasitic Therapy for CD 
 

Clinical experience has been almost exclusively assessed in the acute and indeterminate 
phases. Experience with nifurtimox (LampitTM, Bayer 2503, Leverkusen, Germany, currently not 
on the market) and benznidazole (RochaganTM, Roche 7-1051, Sao Paulo, Brazil) was acquired 
primarily in Argentina and Brazil in the mid 1960s and 1970s59, , ,60 61  62. Long-term retrospective 
observational studies have been the rule and only a handful of randomized clinical trials (RCT’s) 
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have been carried out primarily in children and subjects in the indeterminate phase, with outcomes 
usually been based on clearance of parasitemia and disappearance of antibodies 9, , 63 64.  

 
1.8.1 Acute Phase  

 
Antiparasitic therapy is currently recommended in all acute phase patients, irrespective of the 

mechanism of transmission, including congenital transmission and accidental infection. A cure 
(serology and parasitologic negativation) rate of 60 to 80% has been attained in most studies. Very 
few studies evaluated the effect of antiparasitic therapy on the prevalence of chronic cardiac and/or 
digestive alterations after therapy in the acute stages. Rassi et al.65 treated 43 patients in the acute 
phase of Chagas´ disease with benznidazole or nifurtimox and followed them for several years. 
The appearance of chronic manifestations was higher in the “non cured” patients (36%) when 
compared to the “cured” group of patients (7%). 
 
1.8.2 Chronic Phase  

 
Among the several observational trials evaluating the effect of trypanocidal therapy on  

parasitologic and serologic tests, some have described ECG changes and clinical progression of 
cardiac disease66,67,68,69,70. The results of such studies are discordant, due to differences in 
populations, methods of evaluation, therapeutic schemes, duration of follow up, cure evaluation 
criteria, and interpretation of results.  

 Macedo et al.66 (1987) studied 171 adults with chronic Chagas disease (103 received 
nifurtimox or benznidazole, 68 placebo) and followed them for up to 7 years; they reported 
progression of  ECG changes in 6 of treated against 8 placebo patients (5.8 vs. 11.8%, difference 
not significant). 

Ianni et al.67 (1993) studied 33 adults in the indeterminate form for 8 years and reported ECG 
evolution in 13,3% (2 out of 15) patients treated with benznidazole and 0% of the cases that 
received placebo (n = 18). The small study population and the fact that 1 supraventricular 
extrasystole was considered as ECG evolution in one patient limit the interpretation of their results. 

Miranda et al.68 (1994) described the clinical, ECG and radiographic evolution of 76 patients in 
the indeterminate or with mild cardiac or digestive alterations treated with benznidazole, and 
compared with that of 44 untreated matched patients. After 10 to 16 years of follow up, disease 
progression was significantly higher in the untreated patients (63.6% versus 10.5%, p < 0, 001).    

Viotti et al.69 (1994) also assessed the effects of benznidazole, 5mg/kg/day for 30 days on ECG 
changes and clinical progression in a non-randomized clinical trial of 201 unselected patients with 
chronic Chagas`disease. After 131 patients received therapy with benznidazole and the remaining 
70 were untreated. By the end of the study (mean follow-up 8 years), a higher percentage of three 
negative serologic reactions was documented in the treated group compared with the untreated 
group:  19.1% vs. 6%, respectively. A significant reduction in new ECG changes was reported in 
the group treated with benznidazole, 4.2% compared to 30% in the untreated group; also, a lower 
frequency in the deterioration of clinical status 2.1% vs 17% was reported. Treatment was 
discontinued due to side effects in 12%. The most frequent side effect was a moderate allergic 
dermatitis (77% of patients with side effects) that disappeared after treatment with antihistaminic 
drugs. No peripheral neuropathy or significant neutropenia was reported in this observational trial.   

Fragata Filho et al.70 (1995) retrospectively compared 71 chagasic patients (58% with mild and 
42% without cardiomyopathy) treated with benznidazole to 49 untreated subjects (51% with mild 
and 49% without cardiomyopathy). Lower incidence of clinical, ECG or radiologic progression of 
disease was reported in the treated group (7% vs 14.3%, p < 0.01) after 7 to 8 years of follow up. 



 13

More recently, a few observational studies reported on the long term effects of etiological 
treatment with three trypanocidal agents (benznidazole, nifurtimox and allopurinol) on hard 
clinical outcomes (heart failure and/or all-cause mortality) 71,72,73,74  

Analysis of pooled data from these observational studies involving a total of 2.096 chronic 
chagasic patients with and without cardiomyopathy and followed for 5 to 14 years was performed 
by Villar75 (2002), who showed a non-significant reduction of clinical outcomes in the treated 
patients (2.3 vs 5.0%, OR = 0.55, 95% CI 0.17-1.80 for all-cause mortality, and 1.2 vs 3.8%, OR = 
0.28, 95% CI 0.06-1.43 for appearance of heart failure). The heterogeneity of the results, the small 
number of events recorded and the methodological concerns inherent to observational studies, are 
limiting factors precluding any reasonable interpretation of the results from such trials.  

Three randomized clinical trials (RCT’s) have tested benznidazole in the chronic phase of CD, 
before development of any overt cardiac disease76,77,78. Two of them were conducted in school 
children from Brazil and Argentina and the remaining trial compared nifurtimox to benznidazole in 
adults. The two studies on children reported on the development of ECG changes, whereas 
negative seroconversion was assessed in all three trials as a surrogate for parasitic clearance. 

 Andrade et al.76 (1996) randomized 64 school children aged 7 to 12 years to benznidazole 7.5 
mg/kg/day, and 65 to placebo for 60 days, and followed them during 3 years The primary outcome 
for efficacy was the disappearance of specific antibodies (negative seroconversion). At the end of 
follow-up, 37 (58%) of the benznidazole treated subjects and 3 (5%) of those assigned to placebo 
were negative for T. cruzi antibodies. The efficacy of benznidazole treatment estimated by 
intention-to-treat analysis was 55.8% (95% CI 40.8-67.0).  

Sosa-Estani et al.77 (1998), also conducted a double-blind randomized trial in school children 
aged 6 to 12 years and randomized 55 to benznidazole 5mg/kg/day and 51 to matching placebo 
during 60 days. After 48 months, 62% of the benznidazole treated children became seronegative to 
T. cruzi antigens compared to none of the placebo assigned children. Follow up xenodiagnosis was 
positive in 4.7% of treated children compared to 51.2% in the placebo treated group. 

Regarding clinical outcomes, Andrade et al76 (1996) reported 5 new cases of complete right 
bundle branch block during follow-up, 4 of which were in the placebo group. Sosa-Estani et al.77 
documented changes in ECG in 2.5% in the benznidazole group compared to 2.4% in the placebo 
group during follow up. Of note, changes documented were merely ventricular ectopic beats so 
that no relevant conclusion could be drawn regarding the effect of benznidazole on progression of 
cardiomyopathy, because of the limited follow-up in very low risk groups of patients. In these two 
RCTs testing benznidazole in children adverse effects leading to discontinuation of therapy 
occurred in 7 of 119 patients treated with benznidazole.  

Coura et al.78 (1997) followed 77 patients for 1 year with the indeterminate form of CD, who  
were randomized to three different treatments: 26 to benznidazole 5mg/kg/day, 27 to nifurtimox 
5/mg/kg/day, and 24 to matching placebo during 30 days, and followed during 1 year. Of the 77 
patients randomized 64 (83.1%) completed therapy. Withdrawal from the study due to side effects 
occurred in 11.5% in the benznidazole group, 29.6% in the nifurtimox group and 8.3% in the 
placebo group. The primary outcome was parasite clearance assessed by xenodiagnosis, which was 
positive in only 1.8% of the benznidazole, in 9.6% of nifurtimox, and 34.3% of the placebo group.   

Villar et al.79 conducted a metanalysis of 5 small RCTs, and concluded that antitrypanosomal 
drugs have a beneficial effect on sero-conversion of patients with chronic CD and no overt cardiac 
manifestations, with an acceptable tolerance, particularly with benznidazole. Overall, benznidazole 
reduced the proportion of positive xenodiagnosis in both children and adults by about 80%, and led 
to a 11-fold increase in the rate of negative seroconversion. 

 When trypanocidal treatment is used for patients with the late chronic phase, a very slow 
decrease in antibody titers is observed in those who later show evidence of serological cure. 
Decline in titers may start after 15 or more years. “Cure” rates (completely negative serology) 
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between 8% and 26% have been reported in the late chronic phase by investigators who were able 
to follow this group of patients for such a long period of time (nearly 20 years)80,81. 
 

1.8.3.  Benznidazole; Mechanism of Action, Efficacy and Safety in patients with CD 
 

Benznidazole (N-benzil-2nitro-1imidazole-acetamide) has direct action against both the 
trypomastigotes and intracellular amastygotes, probably by affecting reductive stress, which 
involves covalent modification of macromolecules by nitroreduction intermediates. The recent 
demonstration that T cruzi strains which over-express superoxide dismutase have increased 
sensitivity to benznidazole82 lends support to this mechanism. The activity of these compounds 
may be enhanced by selectively interfering with the parasite’s redox state. This possibility is also 
supported by the recent discovery of trypanothione and trypanothione reductase, a unique system 
which replace glutathione and glutathione reductase in trypanosomatids as the main intracellular 
thiol-redox system83. Although there is an active search for specific trypanothione reductase 
inhibitors as potential antitrypanosomal drugs84 none of these new class of enzyme inhibitors have 
shown significant anti-parasitic activity, either in vitro or in vivo. Thus, benznidazole remains as 
the only adequate compound to test in appropriately designed clinical trials. 
 The efficacy of benznidazole in the chronic stages of CD can only be determined by testing the 
hypothesis that trypanocidal treatment can impact the evolution of disease, preventing or delaying 
the development of defined clinical forms, no matter what happens with the results of the 
serological and parasitological tests in the treated and untreated patients. An investigation designed 
for this purpose should also clarify the unclear safety profile of treatment with benznidazole.  
  
1.9  Study Justification 
 

CD remains an important public health issue as one of the leading causes of cardiomyopathy 
and sudden cardiac death in most Latin American countries. Although efforts to interrupt 
transmission of the disease have been successful in several countries these measures have no effect 
on carriers and patients with symptomatic disease2, 11, 85, 86,87,88,89,90.  

Based on the hypothesis that CCD may indeed be triggered by persistent parasitic infection it 
appears plausible that trypanocidal therapy may delay or reduce the progression of CCD. This 
hypothesis needs to be tested in a randomized clinical trial. Therefore a clinical trial determining 
the role of a trypanocidal agent such as benznidazole, using clinical outcomes to determine the 
effects on the progression of cardiomyopathy and mortality in CCD, is urgently needed. 
 
 
2. STUDY OBJECTIVES 
 
2.1 Primary Objective 
 
- To evaluate by means of a double-blind placebo controlled randomized clinical trial whether 

the use of antitrypanosomal therapy with benznidazole reduces mortality and progression of 
Chagas cardiomyopathy. 

 
Hypothesis: In patients with evidence of chronic Chagas’ heart disease, treatment for 60 
days with benznidazole will reduce the rate of clinical disease progression. 
 
2.2 Secondary Objectives 
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• To evaluate whether benznidazole reverses or halts the deterioration of LV function in 
patients with CD  

• To evaluate whether benznidazole prevents the development of new ECG changes  (complete 
bundle branch block, fascicular block, advanced atrio-ventricular block, atrial fibrillation, etc)  

• To evaluate the safety of benznidazole in patients with chronic CD 
 
 
3. PARTICIPANT ELEGIBILITY 
 

This is a prospective, multicenter, international double blind randomized study evaluating 
benznidazole versus placebo. Subjects with serological and clinical evidence of cardiac CD will be 
recruited to determine if benznidazole prevents mortality and progression of CCM.  

Participants will be randomly assigned to receive either benznidazole 5mg/kg/day bid or 
placebo during 60 days. The study will last 6 years. Patient recruitment will take 24 months with 
an average follow-up time of 5 years per patient. The study will be initiated in early 2004 and 
patient enrolment will be complete by December 2006. All patients will be followed for 4 years 
after the last patient has been randomized, giving a mean follow up of approximately 5 years.  
 
3.1 Inclusion Criteria 
 
PATIENTS MUST BE > 18 AND < 75 YEARS 
AND HAVE TWO POSITIVE SEROLOGICAL TESTS FOR CHAGAS DISEASE 
(INDIRECT IMMUNOFLUORESCENCE, INDIRECT HEMMAGLUTINATION, OR ELISA) and 
 
ANY ONE OR MORE of the following markers of cardiac involvement: 

a. Abnormal 12 lead ECG: at least two of the following: 
i. Complete right bundle branch block 

ii. Complete left bundle branch block 
iii. Left anterior fascicular block 
iv. Left posterior fascicular block 
v. Ventricular premature beat 

vi. First degree AV block > 220 ms, in the absence of drugs that slow AV 
conduction 

vii. Mobitz type I AV block, in the absence of drugs that slow AV 
viii. Sinus bradycardia < 50 bpm or sinus pauses > 3.0s, in the absence of sinus 

node blocking drugs 
ix. Primary ST-T changes 
x. Abnormal Q waves 

xi. Low voltage of QRS 
xii. Atrial fibrillation 

OR 
• Abnormal 12 lead ECG: one of the following 

1) Mobitz type II, advanced or third degree AV block 
 

OR 
b. increased cardio thoracic ratio > 0.50 at baseline on upright chest X ray  
OR 
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c. Evidence of regional wall motion abnormality (hypokinesis, akinesis or dyskinesis) or 
reduced global left ventricular systolic function LVEF < 50% (2D-Echo, RNA, LV 
ventriculography) or incresed left ventricular dyastolic diameter (> 55 mm) on 2D-Echo  

 OR  
d. complex ventricular arrhythmias (multiform > 10/hour, couplets or NSVT) on 

24 hour ambulatory ECG monitoring 
 
3.2 Exclusion Criteria 
 

a) NYHA heart failure class IV or decompensated heart failure 
b) Evidence of concomitant CAD or other etiology of dilated cardiomyopathy. 
c) Previous treatment with antitrypanosomal agents or an accepted indication for antiparasitic 

therapy (e.g. reactivation of Chagas infection due to immunosuppression by several 
diseases or treatment with steroids) 

d) Inability to comply with follow-up 
e) History of severe alcohol abuse within 2 years 
f) Known chronic renal insufficiency (serum creatinine > 2.5 mg/dl or 200µmol) or hepatic 

insufficiency (AST/ALT > 3x normal) 
g) Pregnancy or breast feeding 
h) Megaesophagus with swallowing impairment 
i) History of severe alcohol abuse within 2 years 
j) Other severe disease significantly curtailing life expectancy 

 
Patients living in inadequate housing conditions that may predispose to t. cruzi re-infection will 
not be excluded; instead this condition will be appropriately documented and further analysis 
will be performed. 

 
4. STUDY DESIGN AND TREATMENTS 
 
4.1 Sample Size Calculation 

 
The sample size calculation for this trial is based on observational data indicating that the five 

year rate for the time to event of the composite endpoint of death, resuscitated cardiac arrest, 
development of new heart failure, life threatening non-fatal arrhythmias, thromboembolic 
phenomena, and need for pacemaker implantation or ICD in the placebo group will be around 
30%. Event rate calculations were based on pooled data from longitudinal population studies in 
patients with CD35, 36.  These studies indicate a 5% annual mortality with sudden cardiac death 
being responsible for 60% of the mortality. However, event rates among patienta entered into trials 
is generally lower so we have assumed a 3% -4% annual mortality. It is expected that the annual 
morbidity rates will also be similar givingh a composite event rate of 6%-8%/yr. 

In order to have 90% power at the 5% significance level (two sided) with an overall drop-out 
rate of 20%, to detect a 20% risk reduction the trial will require the enrolment of at least 3000 
patients. Analysis of the primary and secondary outcomes will be performed according to the 
intention-to-treat principle. 
 
A sensitivity analysis wil be performed in patients with prior sustained ventricular tachycardia, 
thromboembolic phenomena or heart failure hospitalization. This analysis will allow that the 
mentioned events are not included as a primary outcome. Also, in patients with advanced AV 
block at onset, pacemaker insertion will not be counted as an endpoint.                                 
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4.2 Treatment 

 
4.2.1 Study Drug 
 

Study drug supply will be coordinated by the the Brazilian Coordinating Center with support 
by the PHRI-BENEFIT Project Office. Benznidazole 100 mg tablets and matching benznidazole-
placebo tablets will be supplied. Non-study medications such as ACE inhibitors, diuretics, digoxin, 
beta-blockers, amiodarone, ASA or warfarin, will not be supplied. Patients will be encouraged to 
remain adherent  to concomitant therapy according to current guidelines. 
 
4.2.2 Randomization 

 
Patients will be screened and if inclusion criteria are fulfilled immediately randomized in a 

double blinded fashion to receive either benznidazole 5 mg/kg/day (maximal dose 400 mg) divided 
in two doses or matched placebo (equal administration regimen) . Active therapy and placebo will 
be administered for 60 days. Subjects will be followed for detection of side effects that include, 
dermatitis, leukopenia, peripheral neuropathy and gastro-intestinal symptoms. Toxic effects will be 
assessed with white-cell count, liver and renal function tests (AST, ALT, creatinine) and clinical 
assessment prior to initiation of treatment, and during the treatment period (three-weeks  and 2-
months visits)  
 
4.2.3 Method of assigning patients to treatment group 

The patient identification (ID) and treatment numbers will be provided at randomization by a 
centralized randomization service located at the Brazilian Coordinating Center. A system similar to 
that used in the CREATE and HOPE trials conducted by the PHRI will be designed. Alterbatively 
if all sites have access to a computer with internet access, local randomization may be performed 
in a secure way. Randomization will be 1:1 with stratification according to centre using a random 
block size. Subsequent treatment numbers for study drug re-supply will be provided.  
 
4.2.4 Permitted concomitant therapy 

Any concomitant therapy, including treatments demonstrated to be effective in the study 
population is permitted. 
 
4.2.5 Treatment adherence 

Study continuation is recommended unless clear contraindications arise, study drug should be 
continued or only briefly interrupted (< less than 1 week). The only clear criteria for permanent 
discontinuation of benznidazole study medication are: (i) significant leukopenia (< 2,500), (ii) 
serious gastrointestinal symptoms (iii) severe allergic dermopathy, and (iv) peripheral sensitive 
neuropathy. In other situations, discontinuation of study drug will be discouraged as much as 
possible. Symptomatic treatment for mild symptoms (nauseas, vomiting, allergy) is allowed. Study 
drug accountability, as well as all pre-specified concomitant medications, must be appropriately 
recorded at each scheduled visit. 
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– Additional data will be collected in subgroups of patients to investigate other hypotheses: 
5. OUTCOMES 
 
5.1 Primary Outcome 
 
The first occurrence of any of the following clinically significant outcomes: 
1. Death 
2. Cardiac arrest, requiring defibrillator or cardioversion  
3. Documented sustained ventricular tachycardia requiring cardioversion  
4. New development of symptomatic congestive heart failure fulfilling at least two of the 

following: a) signs and symptoms of CHF, b) Chest X-ray findings compatible with CHF, 
c) need for intravenous therapy, and d) hospital admission due to CHF 

5. Pacemaker or implantable cardiac defibrillator indication. 
6. Stroke or any other thromboembolic event in patients with no prior thromboembolic 

phenomena 
 
5.2 Secondary Outcomes 
 

a) New development of any of the following echo changes; segmental wall motion 
abnormalities, ventricular aneurysm, reduction in LV ejection fraction > 5%, increase in 
LVDD > 5.0 mm compared with baseline.  

b) New 12 lead ECG alterations (complete bundle branch block, fascicular block, advanced 
atrio-ventricular block, atrial fibrillation, etc). 

c) Progression of NYHA functional class by at least one category. 
 
6. FOLLOW-UP 
 
6.1  Follow-up Schedule 
 

The follow-up visit schedule will initially be targeted to assess safety by detecting  side effects 
of the assigned interventions. For this purpose the first visit will be scheduled 11 ± 2 days after 
initial randomization, when the allergic dermopathy usually starts. The second follow-up visit will 
be scheduled 3 weeks ± 3 days after randomization (in order to search for leukopenia), with a final 
follow-up for safety and detection of side effects at the end of therapy administration at 8 weeks 
(60 days). Adherence to study drugs will be assessed by counting the remaining pills during 
follow-up visits at 11 ± 2 days, 3 weeks and 8 weeks. Reasons for poor adherence will be detected 
and patients will be appropriately counselled. If reduction of the benznidazole dose is believed to 
likely increase adherence the dosage may be temporarily reduced. Only in the presence of serious 
adverse events will the study medication be withdrawn. Follow-up visits will be scheduled 6 
months after randomization and yearly thereafter until study termination.  
 
7. STUDY ORGANIZATION 
 

The PHRI-BENEFIT project office at McMaster University in Hamilton, Canada will 
coordinate the study. BENEFIT is a collaborative effort between the PHRI, and the recently 
established Chagas’ Latin American Disease Work-Group (CLAD). CLAD currently has members 
from Argentina, Brazil, Colombia, and Venezuela, and will also aggregate Peru and Bolivia. 
CLAD will provide the study centers and investigators with experience in CD from Argentina, 
Brazil, Colombia and Venezuela. It is expected that 75 centers are necessary to enroll 3000 
patients (at least 40 patients per centre).  
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National coordinators will be responsible for recruitment and implementation of the trial. 
National coordinators will select the study sites and principal investigators in each country. It is 
estimated that Argentina and Brazil will enroll 2000 patients (1000 each) and 25 centres are 
needed in each country. Colombia and Venezuela will enroll another 1000 patients (500 each) with 
another 25 centres between the two countries. To enroll 3000 patients in 24 months we will need to 
recruit 125 patients monthly. This will be approximately 2 patients per month per center. These 
estimates suggest that the enrolment phase for BENEFIT is feasible. Drug distribution and labeling 
will be coordinated from the Brazilian Coordinating Centre. 

 
7.1 BENEFIT Operations Committee 

The Operations Committee will consist of a select group of Steering Committee members 
chosen for their specific expertise, time availability and experience. This group will be responsible 
for ensuring that study execution and management are of the highest quality.  The Operations 
Committee will convene regularly by teleconference and/or face-to-face meeting (at least every 2 
months) to discuss and report on the ongoing supervision of the study. 
 
7.2 Steering Committee 

  
The Steering Committee is composed of a group of national coordinators who will mostly be 

cardiologists, since patients with CD are most often cared for by cardiologists. This group will be 
supplemented with experts in CD, and electrophysiology. The committee has the overall 
responsibility for producing and conducting a scientifically sound design and ensuring accurate 
reporting of the study. In that capacity, the Steering Committee must address and resolve scientific 
issues encountered during the study. This committee will meet at least twice a year. 

All proposed ancillary research investigations on patients enrolled in BENEFIT must be 
approved by the Steering Committee. The primary scientific publication reporting the study results 
is the responsibility of the Steering Committee. Collaborating Investigators or members of the 
various study committees wishing to prepare secondary publications must submit proposals and 
manuscripts to the Steering Committee for approval. However, the final decision on the contents of 
all publications will be the responsibility of the BENEFIT Operations Committee. 
 
7.3.  Data Safety Monitoring Board 
 

The Data Safety Monitoring Committee Board (DSMB) will include an epidemiologist, 2 
prominent cardiologists, as well as a statistician. The DSMB provide on-going review of the safety 
of all the investigational treatments. To facilitate its responsibilities, the DSMB will have an 
Associated Statistician who will receive study data directly from the Central Study Database and 
who will remain independent of the trial management team.  

The DSMB Associated Statistician, being unblinded, will not be able to edit/alter any part of 
the Central Study Database. Routine access to the treatment code will be restricted to the Chairman 
of the DSMB, except for emergency unblinding on a case-by-case basis. 

 
 DSMB Responsibilities 

 Primary:  
 1) Regular review of safety data and serious adverse events 
 2) Formal interim analyses of efficacy data 

3) Feedback to the Operations Committee 
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Secondary:  
1) Respond to special requests from regulatory authorities or IRBs 

 2) Recommendations for protocol amendments 
3) Verification of the final analysis of the study will be done by the DSMB Associated 
Statistician 

 
 Safety Review 

Recommendation to stop a trial early for safety reasons is, by definition, a qualitative 
judgement. The DSMB is composed of eminent clinicians and methodologists who are 
experienced with clinical trials and can be relied upon to exercise good judgment in weighing the 
potential risks and benefits to patients as data accumulate in this trial.   
Safety aspects, and more specifically severe dermatitis and/or neuropathy will be monitored.  No 
formal boundaries will be proposed for safety, but clear, consistent, and persistent evidence of net 
harm that overwhelms any benefit should be apparent. A recommendation to stop the trial will be 
based on the pattern of treatment effect across all endpoints, as well as the benefit/risk ratio. Two 
interim analyses to assess futility are scheduled at approximately 1/2 and 3/4 of the total of 
anticipated events. 
      The trial may be stopped for efficacy if a reduction in events by four standard deviations, or a 
three standard deviation excess occur in the first half of the trial, or if a reduction in events by 
three standard deviations or a 2-standard deviation excess is detected in the second half of the trial. 
If the upper limit of the 95% CI for the conditional power for the primary outcome falls below 
15%, then, all other things being equal, the DSMB may recommend early termination. 
 
 

 7.4. Adjudication Committee 

This committee, composed of experts in the relevant fields will review, in a blinded manner; all 
reported outcome events to provide consistency and validity in the assessment of outcomes. Their 
decisions will be based on blind clinical data and they will consider the impressions of the clinical 
investigator. Their decisions will be used for the final analysis. 
 
8. TIMETABLE 

 
• Mid 2002 through November 2003 : protocol development and finalization 

 
• November 2003 through February 2004 : site selection and preparation 

 
• March 2004 through February 2006 : recruitment 

 
• March 2006 through February 2010 : follow-up 

 
• March 2010 through February 2012 : analysis of data and publication 

 

amattos
Highlight



 21

9. REFERENCES 
                                                 

 
1.Marin-Neto JA, Simões MV, Maciel BC. Cardiomyopathies and pericardial disease: Other 
cardiomyopathy. In: Evidence Based Cardiology, Yusuf, S (Ed), BMJ Publishing, London, 2002, 
2nd Edition. 

 
2.WHO. Control of Chagas disease. WHO Technical Report Series 811. Geneva: World Health   
Organization, 1991. ou WHO. Control of Chagas’disease. Report of a WHO Expert Committee. 
Geneva. WHO Technical Report Series, 1991; 811:95. 

 
3.Wanderley DMV, Corrêa FMA. Epidemiology of Chagas’ heart disease. São Paulo Med J 
1995;113:742–9. 

 
4.Chagas C. Nova entidade mórbida do homem. Resumo geral dos estudos etiológicos e clínicos. 
Mem Inst Oswaldo Cruz 1911; 3: 219-75. 

  
5.Hayes, R.J.; Schofield, C.Y.: Estimación de las tasas de incidencia de infecciones y parasitosis                       
crónicas a partir de la prevalencia: la enfermedad de Chagas en América Latina. Bol. Of. Sanit. 
Panam. 108:308, 1990. 

6.UNDP/World Bank/WHO. Special Programme for Research and Training in Tropical Disease. 
Progress in Research, 1989-1990. Tenth Programme Report, Chagas Disease, 69. WHO, Geneva, 
1991. 

7.Acquatella H, Catalioti F, Gomez-Mancebo JR, Davalos V, Villalobos L. Long-term control of 
Chagas disease in Venezuela: effects on serologic findings, electrocardiographic abnormalities, 
and clinical outcome. Circulation 1987;76:556–62. 

 
8.Schofield CJ, Dias JCP. A cost benefit analysis of Chagas disease control. Mem Inst Oswaldo 
Cruz 1991;86:285–95 

 
9.Rassi, A, Luquetti, AO, Rassi A Jr, et al. Chagas disease. Clinical features. In: Chagas Disease 
(American Trypanosomiasis): Its Impact on Transfusion and Clinical Medicine, Wendel, S, 
Brener, Z, Camargo, ME, Rassi, A (Eds), ISBT Brazil, São Paulo, Brazil, 1992. p. 81 

 
10.Dias, JC. Chagas disease and blood transfusion in endemic areas. In: Chagas Disease 
(American trypanosomiasis): Its impact on Transfusion and Clinical Medicine, Wendel, S, Brener, 
Z, Camargo, ME, Rassi, A (Eds), ISBT Brazil 1992. São Paulo, Brazil, 1992, p. 135 

 
11.Dias JCP. Situación actual de la enfermedad de Chagas en las Américas. Em Madoery R, 
Madoery C, Cámera ML (orgs).Actualizaciones en la Enfermedad de Chagas 1993; pp.1-29. 
Buenos Aires: Congreso Nacional de Medicina. 

 
 12.Dias JCP. Cardiopatia chagásica: história natural. In: Cançado JR, Chuster M. eds. Cardiopatia 

chagásica. Belo Horizonte Fundação: Carlos Chagas de Pesquisa Médica, 1985, pp 99–113. 
 

13.Laranja FS, Dias E, Nobrega G, Miranda A. Chagas’ disease: a clinical, epidemiologic, and 
pathologic study. Circulation 1956;14:1035–59. 



 22

                                                                                                                                                                
 

14.Macedo V. Forma indeterminada da doença de Chagas. J Bras Med 1980;38:34–40. 
 

15.Dias ACP. The indeterminate form of human chronic Chagas’disease. A clinical 
epidemiological study. Rev Soc Bras Med Trop 1989; 22(3): 147 

 
16.Prata A, Andrade Z, Guimarães AC. Chagas’ heart disease. In: Shaper AG, Hutt MSR, Fejfar Z. 
eds. Cardiovascular disease in the tropics. London: British Medical Association, 1974, pp 264–81. 

 
17.Pereira-Barreto AC, Mady C, Arteaga-Fernandez E et al. Right ventricular endomyocardial 
biopsy in undetermined form of Chagas’ disease.  Am Heart J 1986;111:307–12. 

 
18.Carrasco Guerra HA, Palacios-Prü E, Scorza CD, Molina C, Inglessis G, Mendoza RV. 
Clinical, histochemical and ultrastructural correlation in septal endomyocardial biopsies from 
chronic chagasic patients: detection of early myocardial damage. Am Heart J 1987; 113: 716-24. 

 
19.Feit A, El-Sherif N, Korostoff S. Chagas’ disease masquerading as coronary artery disease. 
Arch Intern Med 1983; 143: 144-5. 

 
20.Marin-Neto JA, Simões MV, Ayres-Neto EM, Attab-Santos JL, Gallo Jr L, Amorim DS, 
Maciel BC.  Studies of the coronary circulation in Chagas’ heart disease. São Paulo Med J/RPM  
1995; 113(2): 826-34. 

 
21.Rassi Jr A, Rassi AG, Rassi SG, Rassi Jr L, Rassi A. Arritmias ventriculares na doença de 
Chagas. Particularidades diagnósticas, prognósticas e terapêuticas. Arq Bras Cardiol 1995; 65(4): 
377-87. 

 
22.De Paola AAV, Horowitz LN, Miyamoto MH et al. Angiographic and electrophysiologic 
substrates of ventricular tachycardia in chronic chagasic myocarditis. Am J Cardiol 1990; 65: 360-
3. 

 
23.Scanavacca M, Sosa E. Estudo eletrofisiológico na cardiopatia chagásica crônica. Rev Soc 
Cardiol Estado de São Paulo 1994; 4: 168-76. 

 
24.Sarabanda A, Sosa E, Scanavacca M et al. Análise da ventriculografia esquerda em portadores 
de cardiopatia chagásica crônica e taquicardia ventricular sustentada recorrente. Arq Bras Cardiol 
1994; 63(supl I): 135. 

 
25.Lorga AM, Garzon SAC, Jacob JLB. Eletrograma do feixe de His na doença de Chagas crônica: 
localização e evolução do bloqueio atrioventricular. Em: Davalos AR (ed). Enfermedad de Chagas. 
La Paz: Editorial Los Amigos del Libro, pp. 433-452, 1979. 

 
26.Rassi A, Lorga AM, Rassi SG. Diagnóstico e tratamento das arritmias na cardiopatia crônica. 
Em: Cançado JR, Chuster M (eds). Cardiopatia chagásica. Belo Horizonte: Fundação Carlos 
Chagas, pp. 274-288, 1985 

 
27.Acquatella H, Schiller NB, Puigbó JJ et al. M-mode and two dimensional echocardiography in 
chronic Chagas’ heart disease. Clinical and pathologic study. Circulation 1980; 62: 787-99 



 23

                                                                                                                                                                
 

28.Sousa ACS, Marin-Neto JA, Maciel BC, Gallo Junior L, Amorim DS, Barreto-Martins LE. 
Disfunção sistólica e diastólica nas formas indeterminada, digestiva e cardíaca crônica na moléstia 
de Chagas. Arq Bras Cardiol 1988;50:293-9 

 
29.Maciel BC, Almeida-Filho OC, Schmidt A, Marin-Neto JA. Ventricular function in Chagas' 
heart disease. Rev Paul Med 1995;113:814-20. 

 
30.Marin-Neto JA, Bromberg-Marin G, Pazin Filho A, Simões M.V, Maciel BC. Cardiac autonomic 
impairment and early myocardial damage involving the right ventricle are independent phenomena in 
Chagas'disease. International Journal of Cardiology 1988; 65: 261-9.  

 
31.Oliveira JSM, Oliveira JAM, Frederigue Jr U, Lima-Filho EC. Apical aneurysm of Chagas's 
heart disease. Br Heart J 1981;46:432-7. 

 
32.Sarabanda AVL; Marin-Neto JA; Simões MV; Figueiredo GL.; Pintya AO; Sosa EA. 
Electrophysiologic, angiographic and myocardial perfusion characteristics that differentiate between 
sustained and nonsustained ventricular tachycardia in Chagas’ heart disease. PACE (Pacing and 
Clinical Electrophysiology), 24: 723, 2001. 

 
33.Oliveira JSM, Araujo RRC, Navarro MA, Mucillo G. Cardiac thrombosis and 
thromboembolism in chronic Chagas’ heart disease. Am J Cardiol 1983;52:147-51. 

 
34.Rassi A Jr, Rassi SG, Rassi A. Sudden death in Chagas' disease. Arq Bras Cardiol 2001; 76: 86-
96. 

 
35.Espinosa R, Carrasco HA, Belandria F, Fuenmayor AM, Molina C, Gonzalez R, Martinez O. 
Life expectancy analysis in patients with Chagas' disease: prognosis after one decade (1973-1983). 
Int J Cardiol. 1985; 8: 45-56. 

 
36.Rassi Jr. A. Prognostic factors in Chagas` heart disease. Tese (Doutorado). Faculdade de 
Medicina, Universidade de São Paulo. 2003; 90p. 

 
37.Salles G, Xavier S, Sousa A, Hasslocher-Moreno A, Cardoso C. Prognostic value of QT 
interval parameters for mortality risk stratification in Chagas' disease: results of a long-term 
follow-up study. Circulation. 2003;108: 305-312. 

 
38.Tafuri WL. Pathogenesis of lesions of the autonomic nervous system of the mouse in 
experimental acute Chagas’ disease. Am J Trop Med Hyg 1970; 19: 405-17 

 
39.Andrade ZA, Andrade SG, Correa R, Sadigursky M, Ferrans VJ. Myocardial changes in acute 
Trypanosoma cruzi infection. Am J Pathol 1994;144:1403–11. 

 
40.Marin-Neto JA. Etiology and pathogenesis of Chagas'disease. In: Rose BD, Podrid PJ, Gersh 
BJ, eds. Uptodate in Cardiovascular Medicine, a CD-ROM Textbook. Vol.6. Wellesley, MA, 
USA: UpToDate in Medicine, Inc, February 1998 

 



 24

                                                                                                                                                                
41.Rossi MA. The pattern of myocardial fibrosis in chronic Chagas’ heart disease. Int J Cardiol 
1991;30:335-40 

 
42.Higuchi ML. Chronic chagasic cardiopathy: the product of a turbulent host-parasite 
relationship. Rev Inst Med Trop Sao Paulo 1997; 39(1): 53-60 

 
43.Acosta A, Santos-Buch C. Autoimmune myocarditis induced by Trypanosoma cruzi. 
Circulation 1985;71:1255-61. 

 
44.Bonfá E, Viana W, Barreto ACP, Yoshinari N, Cossermelli W. Autoantibodies in Chagas' 
disease: an antibody cross-reactive with human and Trypanosoma cruzi ribosomal proteins. J 
Immunol 1993;150:3917-23. 

 
45.Cunha-Neto E, Kalil J.Autoimmunity in Chagas' heart disease. Rev Paul Med 1995;113:757-66. 

 
46.Kierszenbaum F. Chronic chagasic tissue lesions in the absence of Trypanosome cruzi: a 
proposed mechanism. Parasitol Today  1996; 12: 414-5. 

 
47.Kalil J, Cunha-Neto E. Autoimmunity in Chagas disease cardiomyopathy: fulfilling the criteria 
at last? Parasitol Today 1996; 12: 396-9. 

 
48.Jones EM, Colley DG, Tostes S, Lopes ER, Vnencak-Jones CL, McCurley TL. A Trypanosoma 
cruzi DNA sequence amplified from inflammatory lesions in human chagasic cardiomyopathy. 
Trans Assoc Am Physicians 1992;105:182-9. 

 
49.Higuchi ML, De Brito T, Reis MM et al. Correlation between T.cruzi parasitism and 
myocardial inflammatory infiltrate in human chronic chagasic myocarditis: light microscopy and 
immunohistochemical findings. Cardiovasc Pathol 1993;2:101-6. 

 
50.Bellotti G, Bocchi EA, Moraes AV et al. In vivo detection of Trypanosoma cruzi antigens in 
hearts of patients with chronic Chagas' disease. Am Heart J 1996;131:301- 

 
51.Levin MJ. In chronic Chagas disease, don’t forget the parasite. Parasitol Today 1996, 12: 415 

 
52.Köberle F. Enteromegaly and cardiomegaly in Chagas' disease. Gut 1963;4:399-405. 

 
53.Andrade, Z.A.: Pathogenesis of Chagas’ disease. Research Immunol. 142:126, 1991. 

54.Brener, Z.: Immune response and immunopathology in T. cruzi infection. In Chagas’ disease 
(American Trypanosomiasis):Its impact on transfusion and clinical medicine. S. Wendel, Z. 
Brener, M. Camargo, A. Rassi. (ed.) ISBT São Paulo, Brazil, 1992. cap. 4 p31-47. 

55.Avila HA, Sigman DS, Cohen LM, Millikan RC, Simpson L. Polymerase chain reaction 
amplification of Trypanosoma cruzi kinetoplast minicircle DNA isolated from whole blood 
lysates: diagnosis of chronic Chagas' disease. Mol Biochem Parasitol 1991;48:211-21. 
 



 25

                                                                                                                                                                
56.Higuchi ML, Ries MM, Aiello VD et al. Association of an increase in CD8+ T cells with the 
presence of Trypanosoma cruzi antigens in chronic human chagasic myocarditis. Am J Trop Med 
Hyg 1997;56:485-9. 

 
57.Andrade SG, Magalhães JB, Pontes AL. Terapêutica da fase crônica da infecção experimental pelo 
Trypanosoma cruzi com o benznidazol e o nifurtimox. Rev Soc Bras Med Trop 1989;22:113-8. 

 
58.Andrade SG, Stocker-Guerret S, Pimentel AS, Grimaud JA. Reversibility of cardiac fibrosis in 
mice chronically infected with Trypanosoma cruzi, under specific chemotherapy. Mem Inst 
Oswaldo Cruz 1991;86:187-200. 

 

59.Lugones H, Peralta F, Canal Feijóo D, Marteleur A. Evolución de la sintomatología clnica y la 
función hepática en la enfermedad de Chagas agudo tratada con Bay 2502. Bol Chil Parasitol 
1969; 24: 19-24.  

 
60.Cançado JR. Tratamento específico. In JR Cançado, M Chuster (eds), Cardiopatia Chagásica. 
Imprensa Oficial de Minas Gerais, Minas Gerais, 1985, p. 327-355. 

 
61.Schenone H, Concha L, Aranda R, Rojas A, Alfaro E. Experiência terapêutica con el Bayer 
2502 en la infección chagasica cronica del adulto. Importancia del uso adequado del 
xenodiagnóstico. Bol Chil Parasitol 1969; 24: 66-69. 

 
62.Ledesma O. Tratamiento de la infección chagásica aguda. Rev Fed Arg Cardiol 1988; 17: 232-
233. 

 
63.Krettli AU, Cançado JR, Brener Z. Effect of specific chemotherapy on the levels of lytic 
antibodies in Chagas disease. Trans R Soc Trop Med Hyg 1982; 76: 334-340. 

 
64.Cançado JR. Standartization of protocols for chemotherapy of Chagas disease (Working paper 
for discussion) Workshop on Standartizacion of Protocols for the Chemotherapy of Chagas 
Disease UNDP/World Bank/TDR. PAHO, Washington, November, 1981; 22-26. 

 
65.Rassi A, Ferreira HO. Tentativas de tratamento específico da fase aguda da doença de Chagas 
com nitrofuranos em esquemas de duração prolongada. Rev Soc Bras Med Trop 1971; 5: 235- 262. 
 
66.Macedo VO, Silveira CA. Perspectivas da terapêutica específica na doença de Chagas. 
Experiências na forma indeterminada. Rev Soc Bras Med Trop 1987; 20 (Supl II): M24 
M26. 

 
67.Ianni BM, Arteaga E, Mady C, Barretto ACP, Pileggi F. Uso de benznidazol em chagásicos 
na forma indeterminada: Resultados a longo prazo. Arq Bras Cardiol 1993; 61 (Supl II):130. 

68.Miranda L, Miranda L, Campos G, Marins N, Lobo V. História natural da forma crônica da 
doença de Chagas x tratamento específico. RECOC 1994; 1: 25-29. 

69.Viotti R, Vigliano C, Armenti H, Segura E. Treatment of chronic Chagas disease with 
benznidazole: clinical and serologic evolution of patients with long-term follow-up. Am Heart J 
1994; 127: 151-162. 



 26

                                                                                                                                                                
70.Fragata Filho AA, Boianain E, Silva MAD, Correia EB, Borges Filho R, Martins C, Salene V, 
Batlouni M, Souza E. Validade do tratamento etiológico da fase crônica da doença de Chagas com 
benznidazol. Arq Bras Cardiol 1995; 65 (Supl I): 71. 

71.Catalioti F, Acquatella H. Comparación de mortalidad durante seguimiento por 5 años en 
sujetos con enfermedad de Chagas crónica con y sin tratamiento de benznidazol. Primer simposio 
virtual en enfermedad de Chagas, 2001. In: http//:www.sis.org.ar/sis2000/chagas.pdf 

 
72.Fabbro D, Arias E, Streiger M, Piacenza M, Ingaramo M, Del Barco M et al. Evolutive 
behavior towards cardiomyopathy of treated (nifurtimox or benznidazole) and untreated chronic 
chagasic patients. Rev Inst Med Trop S Paulo 2000; 42:99-109. 

 
73.Lauria-Pires L, Braga MS, Vexenat AC, et al. Progressive chronic Chagas´ heart disease ten 
years after treatment with anti-Trypanosoma cruzi nitroderivatives. Am J Trop Med Hyg 2000; 63: 
111-8. 

74.Gallerano R, Sosa R. Resultados de un estudio a largo plazo con drogas antiparasitarias en 
infectados chagásicos crónicos. Rev Fed Arg Cardiol 2001; 30: 289-296. 

75.Villar JC. Desenlaces clínicos de sujetos con infección crónica por Trypanosoma cruzi tratados 
o no con agentes tripanocidas. Un metaanálisis de estudios observacionales. MEDUNAB 2002; 5: 
166-173. 

76.Andrade AL, Zicker F, de Oliveira RM, Almeida Silva S, Luquetti A, Travassos LR, Almeida 
IC, De Andrade SS, de Andrade JG, Martelli CM. Randomized trial of efficacy of benznidazole in 
treatment of early Trypanosoma cruzi infection. Lancet 1996; 348: 1407-1413. 

77.Sosa Estani S, Segura EL, Ruiz AM, Velazquez E, Porcel BM, Yampotis C. Efficacy of 
chemotherapy with benznidazole in children in the indeterminate phase of Chagas disease. Am J 
Trop Med Hyg 1998; 59: 526-529. 

78.Coura JR, de Abreu LL, Willcox HP, Petana W. Comparative controlled study on the use of 
benznidazole, nifurtimox and placebo, in the chronic form of Chagas disease, in a field area with 
interrupted transmission. I. Preliminary evaluation. Rev Soc Bras Med Trop 1997; 30: 139-144. 

79.Villar JC, Villar LA, Marin-Neto JA, Ebrahim S, Yusuf S. Trypanocidal drugs for chronic 
asymptomatic Trypanosoma cruzi infection (Cochrane Review) In The Cochrane Library, Issue 2, 
2003. Oxford: Update Software. 

80.Cançado JR. Long term evaluation of etiological treatment of Chagas disease with 
benznidazole. Rev Inst Med Trop Sao Paulo. 2002; 44: 29-37. 

81.Rassi A, Luquetti AO. Specific treatment for Trypanosoma cruzi infection (Chagas disease). In 
Tyler KM, Miles MA (eds), American Trypanosomiasis, Kluwer Academic Publishers, London, 
2003, p.117-125. 



 27

                                                                                                                                                                
82.Temperton NJ, Wilkinson SR, Meyer DJ, Kelly JM. Overexpression of superoxide dismutase in 
Trypanosoma cruzi results in increased sensitivity to the trypanocidal agents gentian violet and 
benznidazole. Mol Biochem Parasitol. 1998; 96: 167-76. 

83.Fairlamb AH, Cerami A. Metabolism and functions of trypanothione in the Kinetoplastida. 
Annu Rev Microbiol. 1992; 46: 695-729. 
 
84.Bond CS, Zhang Y, Berriman M, Cunningham ML, Fairlamb AH, Hunter WN. Crystal 
structure of Trypanosoma cruzi trypanothione reductase in complex with trypanothione, and the 
structure-based discovery of new natural product inhibitors. Structure Fold Des. 1999; 7: 81-9. 

 
85.Dias, J.C.P.: Control of Chagas disease in Brazil. Parasitol Today 3:336, 1987. 

 
86.Dias JCP. Doença de Chagas no novo milênio. Rev Pat Trop 2000; 29 (supl): 229-239. 

 
87.Organization Panamericana de la Salud. Grupo de Trabajo OPS para Consulta en Planificación, 
Operativa, Estrategia y Evaluación de Etapas Avanzadas del Control Antivectorial en Enfermedad 
de Chagas. Montevideo, 2001. 74p. 

 
88.Silveira AC. O controle da doença de Chagas nos países do Cone Sul da América. História de 
uma iniciativa internacional. 1991/2001. In: Silveira AC, Arias AR, Segura S, Guillén G, 
Russomando G, Schenone H, Dias JCP, Padilla JV, Lorca M, Salvatella R., ed. El controle de la 
enfermedad de Chagas en los países del Cono Sur de América. Uberaba, Faculdade de Medicina 
do Triângulo Mineiro, 2002. p.16-43. 

 
89.Maguire JH, Hoff R, Sherlock I, Guimaraes AC, Sleigh AC, Ramos NB, Mott KE, Weller TH. 
Cardiac morbidity and mortality due to Chagas' disease: prospective electrocardiographic study of 
a Brazilian community. Circulation. 1987; 75: 1140-1145. 
90. World Health Org. Tech Rep.  Control of Chagas’ Disease. 2002; 905:i 

 

 

 



 1 

The BENEFIT Trial 
BENznidazole Evaluation For Interrupting 

Trypanosomiasis 
 

A randomized double-blind placebo controlled clinical trial of Benznidazole in patients with 
chronic Chagas´ heart disease 

 
& 

POPULATION HEALTH RESEARCH INSTITUTE (PHRI) 
McMaster University, Hamilton, Canada 

 
 

Co-Principal Investigators:    Jose Antonio Marin-Neto, MD, PhD, FACC  
      Carlos A. Morillo, MD, FRCPC, FACC, FESC  
              
        
        

 
 

        
        
Steering Committee    SalimYusuf, MD, DPhil, FACC, FRCPC                                                    
Co-Chairs     Jose Antonio Marin-Neto, MD, PhD, FACC 
     Carlos A. Morillo, MD, FRCPC, FACC, FESC 

  
 
 
 
MEMBERS:     Alvaro Avezum, Stuart Connolly, Raul Espinosa, Fernando Rosas, 

Sergio Sosa-Estani, Carlos A. Morillo, Jose A. Marin-Neto,  
Anis Rassi Jr, Anis Rassi Sr., Eric Villena, Virginia Rodriguez, 

Constanza Britto, Felipe Guhl, Estela Velazquez,  Janice Pogue,  
Barbara Ramos, Janis Lazdins 

 
COORDINATING CENTRES: South America: Instituto Dante Passaneze 
            Sao Paulo, Brasil   
     Global: PHRI, McMaster University 
        Hamilton, Ontario, Canada 
________________________________________________________________________ 
« Part or all of the information presented in this document may be unpublished material and should 
be treated as the confidential property of the BENEFIT Steering Committee and the PHRI. The use 
of such information or material must be restricted to the recipient for the agreed purpose and must 
not be disclosed to any unauthorized persons, in any form, including publications and 
presentations, without the written consent of the above parties. » 
     

 
 
 



 2 

CLINICAL TRIAL SUMMARY 
 
 
TITLE  
 

Benznidazole Evaluation For Interrupting Trypanosomiasis (BENEFIT)Trial  
A randomized double-blind placebo-controlled trial of benznidazole in patients with 
chronic Chagas’ heart disease 

COORDINATING 
TRIAL 
LOCATION  
 

Population Health Research Institute, 
CCC Project Office 
Hamilton General Hospital, McMaster Clinic 
237 Barton Street East 
Hamilton, Ontario L8L 2X2 
CANADA 

 
STUDY 
OBJECTIVE (S) 
 

1. Primary objectives 
• Evaluate if benznidazole, an antiparasite drug, given at a dose calculated as 

5mg/kg/day for 60 days, now administered as a fixed daily dose of 300mg 
during 40to 80 days of treatment – period adjusted according to the patient’s 
body weight to a total minimum dose of 12g (corresponding to 40kg) and a total 
maximum dose of 24g (corresponding to 80kg) – reduces morbidity and 
mortality in patients with Chronic Chagas’ Cardiomyopathy (CCC). 

2. Secondary objectives 
• To evaluate whether benznidazole reverses or halts the deterioration of LV function  
• To evaluate whether benznidazole prevents the development of new ECG changes.  
• To evaluate the safety of benznidazole in patients with chronic Chagas’ heart disease  

 
STUDY DESIGN 

A multicentre, prospective, double-blind, randomized evaluation of benznidazole in 
patients with chronic Chagas’ heart disease. 
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STUDY 
POPULATION 
Inclusion criteria: 
 
 

BENEFIT: 
• Serologic evidence of Chagas’ infection (indirect immunofluorescence, indirect 

hemagglutination, or ELISA) – any combination of 2 positive tests 
• Age > 18 yrs and < 65 yrs 
AND any ONE or MORE of the following: 

• Abnormal Electrocardiogram: at least two of the following                                                            
1) Complete right bundle branch block 
2) Complete left bundle branch block 
3) Left anterior fascicular block 
4) Left posterior fascicular block 
5) Ventricular premature beat 
6) First degree AV block > 220 ms, in the absence of drugs that slow AV 

conduction 
7) Mobitz type I AV block, in the absence of drugs that slow AV 
8) Sinus bradycardia < 50 bpm or sinus pauses > 3.0s, in the absence of sinus node 

blocking drugs 
9) Primary ST-T changes 
10) Abnormal Q waves 
11) Low voltage of QRS 
12) Atrial fibrillation 

OR 
• Abnormal ECG: one of the following 
1) Mobitz type II, advanced or third degree AV block 
 

OR  
• Increased cardiothoracic ratio (> 0,50) 

OR  
• Complex ventricular arrhythmias (multiform > 10/hour, couplets or NSVT) on 

24 hr. ambulatory ECG monitoring 
OR  

• Evidence of regional wall-motion abnormality or reduced (< 50%) global left 
ventricular systolic function (2D-Echo, RNA, contrast ventriculography) or 
increased left ventricular end diastolic diameter (> 55 mm) on 2D-Echo  

PLUS 
• Informed consent 
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Exclusion criteria: • NYHA heart failure class IV or decompensated heart failure 
• Evidence of concomitant CAD or other etiology of dilated cardiomyopathy. 
• Previous treatment with antitrypanosomal agents or an accepted indication for 

antiparasitic therapy (e.g. 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 within 2 years 
• Known chronic renal insufficiency (serum creatinine > 2.5 mg/dl or 200μmol) or 

hepatic insufficiency (AST/ALT > 3x normal) 
• Pregnancy or breast feeding 
• Megaesophagus with swallowing impairment 
• History of severe alcohol abuse within 2 years 
• Other severe disease significantly curtailing life expectancy 

  

Total expected 
number of 
patients: 

 3000 

Expected number 
of centers: 

 75 
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 BENEFIT 

Formulation: 
 

Benznidazole: 100 mg tablet and matching placebo 

Route of administration: 
 

Oral 
 

Dose regimen: 
 

Therapeutic goal: 300mg daily dose vs placebo, divided in two 
daily doses, being 100mg in the morning and 200mg in the 
evening for 40 to 80 days, according to the following simple 
scheme (Appended Table): 
 

  
Duration of Recruitment 24 months 
Duration of Follow-Up Minimum 4 years 
 Maximum 6 years 
 Mean 5 years 
  
EVALUATION CRITERIA -PRIMARY OUTCOME-  

The first occurrence of any component of the following cluster 
over the duration of follow-up: 
•  Death 
• Resuscitated cardiac arrest 
• Documented sustained ventricular tachycardia requiring 

cardioversion 
• Insertion of pacemaker or implantable cardiac 

defibrillator. 
• Thromboembolic phenomena (stroke, pulmonary or 

systemic embolism) 
• New development of symptomatic heart failure (HF) 

characterized by 2 out of 4 of the following:  a) signs and 
symptoms of  HF (orthopnea, paroxysmal nocturnal 
dyspnea, shortness of breath, edema); b) Chest X-Ray: 
pulmonary congestion; c) need for intra venous therapy 
(diuretics, inotropes); d) hospital admission due to HF  

• Heart transplant 
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EVALUATION CRITERIA 
 
 
 
 
 
 
 
 
 
 

 -SECONDARY OUTCOMES- 
 – Additional data will be collected in subgroups of patients to 
investigate other hypotheses: 
• PCR response to treatment 
• New development of any of the following echo changes; 

segmental wall motion abnormalities, ventricular aneurysm, 
reduction in LV ejection fraction > 5%, increase in LVDD > 
5,0 mm compared with baseline.  

• New 12 lead ECG alterations (complete bundle branch block, 
fascicular block, advanced atrio-ventricular block, atrial 
fibrillation, etc). 

• Progression of NYHA functional class by at least one 
category. 

 
 

VISIT SCHEDULE/STUDY 
PROCEDURES 

 
 
 
 
 
 
 
 
 
 
 

• Screening  & randomization visit 
• Baseline and initiation visit (Day 0)  
 
• Follow-up visits after 11± 2 days, 3 weeks± 3 days, 40 to 90 

days (end of treatment period with a maximum tolerance of 
10 days after the last day of drug or placebo administration), 
6 months, 12 months and annually from then on, until the 
end of the study. 

• ECG recordings at baseline, 24 months and study end (all 
patients) 

• 2D-echo at baseline, and final follow-up visit – all patients 
• Blood sample for hematological changes (WBC) and liver 

and renal function tests (AST, ALT, creatinine) during the 
treatment period (three-weeks  and 2-months visits)  

• Blood sample for central analysis (quantitative serological 
tests) at baseline and at final follow-up visit - (substudy) 

• Drops of blood sample/ blood sample 5-10ml on filter papers 
for PCR at baseline, at 24 months, and final follow-up visit  
(substudy) 

 
 

STATISTICAL CONSIDERATIONS 
 

• Intention-to-treat analysis 
• BENEFIT:  Survival analysis using log rank test on primary 

outcome to show a difference in active versus placebo 
groups with p value < 0.05. 

• For a 90% power 2-sided α = 0.05 assuming 30% event rate 
of the composite primary outcome after a mean follow up of 
5 years, the sample size needed is 3000 patients for a RRR of 
20.0% 

• Two interim analyses are planned at one-half and two-thirds 
of expected events. 
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1.1.Rationale 

Patients with Chagas’ infection documented by a positive T. cruzi serology test have a 20%- 
30% chance of progressing to dilated cardiomyopathy. Recent data indicate persistence of the 
parasite in chronic Chagas’ disease (CCD) and suggest the possibility that antitrypanosomal 
therapy may prevent the progression of Chagas’ cardiomyopathy. However, this hypothesis has not 
been tested in a prospective  randomized intervention trial1.  

 
1.2.Introduction  

Chagas’ disease (CD) represents the fourth largest tropical disease burden only after malaria, 
tuberculosis and schistosomiasis2. Cardiomyopathy secondary to CD is by far the most common 
form of non-ischemic cardiomyopathy  worldwide3. CD, first described almost a century ago, is a 
zoonosis caused by the hemoflagellate protozoan Trypanosoma cruzi4. 

It has been estimated that approximately  20 million are currently infected, and 20% to 30% of 
infected subjects will eventually develop cardiomyopathy with 50,000 deaths are expected to 
occurr annually, which are attributed to CD2, 3, 5, 6.  
   
1.3.Transmission of CD  
  
Transmission of CD is primarily vector-borne through the sting of bloodsucking insects of the 
Reduviidae family (triatominae subfamily). Control of blood transfusion transmission by 
obligatory Chagas serology in all blood donors, although cost-effective, is still not implemented in 
several Latin American countries7, 8, 9, 10.  
 

 
1.4.Epidemiology and burden of CD  

 
The most recent figures provided by the World Health Organization, indicating that 100 

million persons are exposed to the disease, and that > 550,000 new cases occur each year, may be 
an underestimate, due to lack of reports from highly endemic remote rural communities2, 11. T. 
cruzi infection leads to chronic symptomatic CD in about 1/5 of persons resulting in a major 
burden of disability and mortality1,12. In the early 1990s it was estimated that in Brazil the yearly 
cost of medical care, including pacemaker and surgery for gastrointestinal CD, as well as early 
pension costs and time lost from work due to Chagas’ associated disability, totaled several billion 
dollars8.  Despite the reduction in vector-borne and transfusion-associated transmissions of T. cruzi 
accomplished in many regions by successful interventions, this burden will remain a threat as 
millions of individuals currently infected by T. cruzi gradually develop symptomatic disease2, 6.  

 
1.5.Clinical features of CD  
 

Chagas disease has two clinical phases; 1) acute, and 2) chronic13. The acute phase is 
undiagnosed in more than 90% of vector transmission cases. Clinically overt acute myocarditis 
develops in approximately 1% of cases, of which about one-tenth are fatal12. 

Following the acute phase, the great majority of infected people remain asymptomatic and with 
no clinical evidence of structural disease during the so-called indeterminate form of CD, that may 
last two or more decades before clinical signs of chronic disease appear14, 15. Most patients remain 
with this form of CD for life, but are carriers of the infective agents unless treated with 
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antiparasitic drugs16; although there is no clinical evidence of end-organ disease. However,  
positive serology and low-grade parasitemia persist. Moreover, there is evidence from autopsy and 
biopsy studies indicating that parasite related myocarditis is present in > 60% of subjects in this 
stage of CD17, 18  

In the chronic phase, 10%-30% of infected patients manifest symptoms and signs of heart 
failure (usually with prominent systemic congestion), ventricular dysrhythmias, and 
atrioventricular block1,12,16. Chest pain, felt by 15-20% of patients, is usually atypical for 
myocardial ischemia but, in a subgroup of chagasic patients, may mimic an acute coronary 
syndrome19. However, epicardial coronary arteries are angiographically normal20.  

Typical ECG abnormalities include right bundle branch with left anterior fascicular block. 
Episodes of non-sustained VT are present in approximately 40% of patients with wall-motion 
abnormalities, and in 90% of those with heart failure21. Sustained VT is inducible by programmed 
ventricular stimulation in a substantial proportion of patients22, 23, 24. Not infrequently, complex 
ventricular rhythm disturbances coexist with bradyarrhythmias25, 26, and, when associated with 
impaired left ventricular function, constitute a major risk factor for sudden cardiac death21. 

Striking segmental wall motion abnormalities in both ventricles27, 28, 29, 30 occur early in the 
development of CD. The most characteristic lesion is the apical aneurysm31, but it is the posterior 
basal dysynergy that best correlates with the occurrence of malignant ventricular arrhythmia24, 32. 
The aneurysms are also sources of emboli33. 
 

1.6. Natural History of CCD 
Mortality in patients with CCD is primarily ascribed to sudden cardiac death, progressive heart 

failure and thromboembolic events  Sudden cardiac death occurs in 55% to 65% of cases, 
progressive heart failure in 20 to 25% and stroke in 10% to 15%34. Sudden death is more frequent 
in young patients with isolated segmental wall motion abnormalities35, but its real frequency is 
probably underestimated particularly in rural areas. Reported causes of  death in CCD vary widely 
depending on the population studied and duration of follow-up34. 

The experience reported on recent studies of the natural history of CCD in outpatient cohorts 
which included both rural and urban populations is informative36, 37.  

Rassi et al.36 followed for a mean period of 7.9 ± 3.2 years 424 patients with Chagas 
cardiomyopathy determined by a positive serology and either ECG or 2D-echo abnormalities. 
Approximately half of the subjects were asymptomatic at baseline, palpitations and dyspnea being 
the most frequent clinical manifestations. Eighty one per cent of patients were in NYHA class I, 
and another 15% in Class II/III. A wide range of ECG abnormalities was documented, but 
complete right bundle branch block, left fascicular anterior block, and ventricular premature beats 
were the most frequent findings, detected in 40%, 37.5%, and 37.3% of the patients, respectively. 
Advanced (> 2nd degree) AV block occurred in 4.2% of cases only. Echocardiogram was available 
at baseline in 354 patients and  normal left ventricular function  was described in 52%, with global 
dysfunction ranging from mild to severe in 41%. Apical aneurysm was reported in 10.5% of the 
cases and an intracavitary thrombus was identified in 1.7%. Holter monitoring documented 
frequent ventricular premature complexes (> 1000/24 hrs) in 45% as well as nonsustained 
ventricular tachycardia in 46% of the patients.  

There were 130 deaths (31%) of which cardiovascular deaths accounted for 88%. The primary 
cause of cardiovascular death was sudden cardiac death (71%), progressive heart failure (18%) and 
thromboembolic events(10%). Multivariate Cox analysis identified six independent predictors of 
mortality: male gender, NYHA functional class III/IV, low QRS voltage, cardiomegaly on the 
chest x-ray, left ventricular dysfunction on the echocardiogram, and non-sustained ventricular 
tachycardia on Holter monitoring.  
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Salles et al.37 followed 738 outpatients in the chronic phase of Chagas` disease (403 with 
abnormal ECG) during a mean of 4.8 ± 3.2 years. Sixty-two (8.4%) patients died, Chagas` disease 
related deaths occurred in 54/62 (87%). Sudden cardiac death occurred in 40 (74%) patients, 
congestive heart failure in 12 (22%), and embolic stroke in two (4%). Multivariate Cox survival 
analysis revealed that QT-interval dispersion calculated from the 12-lead ECG and left ventricular 
end-systolic dimension measured by echocardiography were the strongest independent predictors 
for mortality.  

 
 1.7. Pathophysiology of CD  

 
Organ damage arising during the acute phase is closely related to high grade parasitemia and 

parasite presence in target organs (gastrointestinal tract, central nervous system and heart)38, 39. As 
the parasitemia abates and the systemic inflammatory reaction subsides, silent relentless focal 
myocarditis ensues during the indeterminate phase40. In predisposed hosts, encompassing 
approximately 30-50% of the infected population, this chronic myocarditis evolves to cumulative 
destruction of cardiac fibers and marked reparative fibrosis41, 42.  

Apart from the possible ancillary role of neuronal depopulaton and microvascular derangements 
as mechanisms of CCM, evidence gathered from pathophysiological studies in animal models and 
in humans is consistent with two prevailing hypotheses to explain the pathogenesis of CCD : 1) T. 
cruzi infection induces immune responses which are targeted at self-tissues and are independent of 
the persistence of the parasite, so called autoimmune hypothesis43, 44, 45, 46, 47; and 2) the 
persistence of the parasite at specific sites in tissues of the infected host results in chronic 
inflammatory reactions, the parasite persistence hypothesis48, 49, 50, 51.  

Finding parasites in cardiac tissues from patients in the chronic stages of CD had been very 
difficult using classical histological techniques. This has been taken as evidence that parasites were 
not involved in the progressive nature of myocardial damage seen in CCD52, 53.  However, 
persistent serologic positivity is found in virtually all patients with end-organ disease even with 
small numbers of parasites recovered from blood cultures54. Moreover, the introduction of more 
sensitive methods for parasite detection, such as polymerase chain reaction (PCR), in-situ 
hybridization, and immunoperoxidase techniques, has provided indisputable evidence of parasite 
persistence in tissues obtained from patients with CCD, topographically related to inflammatory 
foci48, 49, 50, 55. Of note, T. cruzi DNA was consistently detected by PCR in heart specimens from 
patients with CCM but not in the heart tissues from seropositive cadavers without evidence of 
CCM48. Patients with T. cruzi DNA detected by PCR also have increased CD8+ cell numbers, and 
are at a higher risk of progression of cardiomyopathy56. Furthermore, from experimental reports 
using trypanocidal therapy, there is evidence of microbiologic cure and a halt in the progression of 
the disease, with regression of cardiac inflammation and fibrosis57, 58  

Collectively these findings support the hypothesis that direct parasitic damage indeed plays a 
role in the progression of CCM, and lend further support to the notion that antiparasitic therapy in 
the chronic stages of CD may arrest the progression of disease. 

  
1.8 Antiparasitic Therapy for CD 
 

Clinical experience has been almost exclusively assessed in the acute and indeterminate 
phases. Experience with nifurtimox (LampitTM, Bayer 2503, Leverkusen, Germany, currently not 
on the market) and benznidazole (RochaganTM, Roche 7-1051, Sao Paulo, Brazil) was acquired 
primarily in Argentina and Brazil in the mid 1960s and 1970s59, 60, 61, 62. Long-term retrospective 
observational studies have been the rule and only a handful of randomized clinical trials (RCT’s) 
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have been carried out primarily in children and subjects in the indeterminate phase, with outcomes 
usually been based on clearance of parasitemia and disappearance of antibodies 9,63, 64.  

 
1.8.1 Acute Phase  

 
Antiparasitic therapy is currently recommended in all acute phase patients, irrespective of the 

mechanism of transmission, including congenital transmission and accidental infection. A cure 
(serology and parasitologic negativation) rate of 60 to 80% has been attained in most studies. Very 
few studies evaluated the effect of antiparasitic therapy on the prevalence of chronic cardiac and/or 
digestive alterations after therapy in the acute stages. Rassi et al.65 treated 43 patients in the acute 
phase of Chagas´ disease with benznidazole or nifurtimox and followed them for several years. 
The appearance of chronic manifestations was higher in the “non cured” patients (36%) when 
compared to the “cured” group of patients (7%). 
 
1.8.2 Chronic Phase  

 
Among the several observational trials evaluating the effect of trypanocidal therapy on  

parasitologic and serologic tests, some have described ECG changes and clinical progression of 
cardiac disease66,67,68,69,70. The results of such studies are discordant, due to differences in 
populations, methods of evaluation, therapeutic schemes, duration of follow up, cure evaluation 
criteria, and interpretation of results.  

 Macedo et al.66 (1987) studied 171 adults with chronic Chagas disease (103 received 
nifurtimox or benznidazole, 68 placebo) and followed them for up to 7 years; they reported 
progression of  ECG changes in 6 of treated against 8 placebo patients (5.8 vs. 11.8%, difference 
not significant). 

Ianni et al.67 (1993) studied 33 adults in the indeterminate form for 8 years and reported ECG 
evolution in 13,3% (2 out of 15) patients treated with benznidazole and 0% of the cases that 
received placebo (n = 18). The small study population and the fact that 1 supraventricular 
extrasystole was considered as ECG evolution in one patient limit the interpretation of their results. 

Miranda et al.68 (1994) described the clinical, ECG and radiographic evolution of 76 patients in 
the indeterminate or with mild cardiac or digestive alterations treated with benznidazole, and 
compared with that of 44 untreated matched patients. After 10 to 16 years of follow up, disease 
progression was significantly higher in the untreated patients (63.6% versus 10.5%, p < 0, 001).    

Viotti et al.69 (1994) also assessed the effects of benznidazole, 5mg/kg/day for 30 days on ECG 
changes and clinical progression in a non-randomized clinical trial of 201 unselected patients with 
chronic Chagas`disease. After 131 patients received therapy with benznidazole and the remaining 
70 were untreated. By the end of the study (mean follow-up 8 years), a higher percentage of three 
negative serologic reactions was documented in the treated group compared with the untreated 
group:  19.1% vs. 6%, respectively. A significant reduction in new ECG changes was reported in 
the group treated with benznidazole, 4.2% compared to 30% in the untreated group; also, a lower 
frequency in the deterioration of clinical status 2.1% vs 17% was reported. Treatment was 
discontinued due to side effects in 12%. The most frequent side effect was a moderate allergic 
dermatitis (77% of patients with side effects) that disappeared after treatment with antihistaminic 
drugs. No peripheral neuropathy or significant neutropenia was reported in this observational trial.   

Fragata Filho et al.70 (1995) retrospectively compared 71 chagasic patients (58% with mild and 
42% without cardiomyopathy) treated with benznidazole to 49 untreated subjects (51% with mild 
and 49% without cardiomyopathy). Lower incidence of clinical, ECG or radiologic progression of 
disease was reported in the treated group (7% vs 14.3%, p < 0.01) after 7 to 8 years of follow up. 
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More recently, a few observational studies reported on the long term effects of etiological 
treatment with three trypanocidal agents (benznidazole, nifurtimox and allopurinol) on hard 
clinical outcomes (heart failure and/or all-cause mortality) 71,72,73,74  

Analysis of pooled data from these observational studies involving a total of 2.096 chronic 
chagasic patients with and without cardiomyopathy and followed for 5 to 14 years was performed 
by Villar75 (2002), who showed a non-significant reduction of clinical outcomes in the treated 
patients (2.3 vs 5.0%, OR = 0.55, 95% CI 0.17-1.80 for all-cause mortality, and 1.2 vs 3.8%, OR = 
0.28, 95% CI 0.06-1.43 for appearance of heart failure). The heterogeneity of the results, the small 
number of events recorded and the methodological concerns inherent to observational studies, are 
limiting factors precluding any reasonable interpretation of the results from such trials.  

Three randomized clinical trials (RCT’s) have tested benznidazole in the chronic phase of CD, 
before development of any overt cardiac disease76,77,78. Two of them were conducted in school 
children from Brazil and Argentina and the remaining trial compared nifurtimox to benznidazole in 
adults. The two studies on children reported on the development of ECG changes, whereas 
negative seroconversion was assessed in all three trials as a surrogate for parasitic clearance. 

 Andrade et al.76 (1996) randomized 64 school children aged 7 to 12 years to benznidazole 7.5 
mg/kg/day, and 65 to placebo for 60 days, and followed them during 3 years The primary outcome 
for efficacy was the disappearance of specific antibodies (negative seroconversion). At the end of 
follow-up, 37 (58%) of the benznidazole treated subjects and 3 (5%) of those assigned to placebo 
were negative for T. cruzi antibodies. The efficacy of benznidazole treatment estimated by 
intention-to-treat analysis was 55.8% (95% CI 40.8-67.0).  

Sosa-Estani et al.77 (1998), also conducted a double-blind randomized trial in school children 
aged 6 to 12 years and randomized 55 to benznidazole 5mg/kg/day and 51 to matching placebo 
during 60 days. After 48 months, 62% of the benznidazole treated children became seronegative to 
T. cruzi antigens compared to none of the placebo assigned children. Follow up xenodiagnosis was 
positive in 4.7% of treated children compared to 51.2% in the placebo treated group. 

Regarding clinical outcomes, Andrade et al76 (1996) reported 5 new cases of complete right 
bundle branch block during follow-up, 4 of which were in the placebo group. Sosa-Estani et al.77 
documented changes in ECG in 2.5% in the benznidazole group compared to 2.4% in the placebo 
group during follow up. Of note, changes documented were merely ventricular ectopic beats so 
that no relevant conclusion could be drawn regarding the effect of benznidazole on progression of 
cardiomyopathy, because of the limited follow-up in very low risk groups of patients. In these two 
RCTs testing benznidazole in children adverse effects leading to discontinuation of therapy 
occurred in 7 of 119 patients treated with benznidazole.  

Coura et al.78 (1997) followed 77 patients for 1 year with the indeterminate form of CD, who  
were randomized to three different treatments: 26 to benznidazole 5mg/kg/day, 27 to nifurtimox 
5/mg/kg/day, and 24 to matching placebo during 30 days, and followed during 1 year. Of the 77 
patients randomized 64 (83.1%) completed therapy. Withdrawal from the study due to side effects 
occurred in 11.5% in the benznidazole group, 29.6% in the nifurtimox group and 8.3% in the 
placebo group. The primary outcome was parasite clearance assessed by xenodiagnosis, which was 
positive in only 1.8% of the benznidazole, in 9.6% of nifurtimox, and 34.3% of the placebo group.   

Villar et al.79 conducted a metanalysis of 5 small RCTs, and concluded that antitrypanosomal 
drugs have a beneficial effect on sero-conversion of patients with chronic CD and no overt cardiac 
manifestations, with an acceptable tolerance, particularly with benznidazole. Overall, benznidazole 
reduced the proportion of positive xenodiagnosis in both children and adults by about 80%, and led 
to a 11-fold increase in the rate of negative seroconversion. 

 When trypanocidal treatment is used for patients with the late chronic phase, a very slow 
decrease in antibody titers is observed in those who later show evidence of serological cure. 
Decline in titers may start after 15 or more years. “Cure” rates (completely negative serology) 
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between 8% and 26% have been reported in the late chronic phase by investigators who were able 
to follow this group of patients for such a long period of time (nearly 20 years)80,81. 
 

1.8.3.  Benznidazole; Mechanism of Action, Efficacy and Safety in patients with CD 
 

Benznidazole (N-benzil-2nitro-1imidazole-acetamide) has direct action against both the 
trypomastigotes and intracellular amastygotes, probably by affecting reductive stress, which 
involves covalent modification of macromolecules by nitroreduction intermediates. The recent 
demonstration that T cruzi strains which over-express superoxide dismutase have increased 
sensitivity to benznidazole82 lends support to this mechanism. The activity of these compounds 
may be enhanced by selectively interfering with the parasite’s redox state. This possibility is also 
supported by the recent discovery of trypanothione and trypanothione reductase, a unique system 
which replace glutathione and glutathione reductase in trypanosomatids as the main intracellular 
thiol-redox system83. Although there is an active search for specific trypanothione reductase 
inhibitors as potential antitrypanosomal drugs84 none of these new class of enzyme inhibitors have 
shown significant anti-parasitic activity, either in vitro or in vivo. Thus, benznidazole remains as 
the only adequate compound to test in appropriately designed clinical trials. 
 The efficacy of benznidazole in the chronic stages of CD can only be determined by testing the 
hypothesis that trypanocidal treatment can impact the evolution of disease, preventing or delaying 
the development of defined clinical forms, no matter what happens with the results of the 
serological and parasitological tests in the treated and untreated patients. An investigation designed 
for this purpose should also clarify the unclear safety profile of treatment with benznidazole.  
  
1.9  Study Justification 
 

CD remains an important public health issue as one of the leading causes of cardiomyopathy 
and sudden cardiac death in most Latin American countries. Although efforts to interrupt 
transmission of the disease have been successful in several countries these measures have no effect 
on carriers and patients with symptomatic disease2, 11, 85, 86,87,88,89,90.  

Based on the hypothesis that CCD may indeed be triggered by persistent parasitic infection it 
appears plausible that trypanocidal therapy may delay or reduce the progression of CCD. This 
hypothesis needs to be tested in a randomized clinical trial. Therefore a clinical trial determining 
the role of a trypanocidal agent such as benznidazole, using clinical outcomes to determine the 
effects on the progression of cardiomyopathy and mortality in CCD, is urgently needed. 

This is the goal of the BENEFIT study which will test the hypothesis that 300mg of 
benznidazole administered for 40 to 80 days, according to the patient’s body weight, is able to 
favorably impact the clinical evolution of patients with chronic chagas’s heart disease, with 
reduction in clinically relevant endpoints such as morbidity and mortality. 
 
 
2. STUDY OBJECTIVES 
 
2.1 Primary Objective 
 
- To evaluate by means of a double-blind placebo controlled randomized clinical trial whether 

the use of antitrypanosomal therapy with benznidazole reduces mortality and progression of 
Chagas cardiomyopathy. 
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Hypothesis: In patients with CCC, treatment with benznidazole for 40 to 80 days will reduce 
progression and worsening of heart disease. 
 
2.2 Secondary Objectives 
 
• To evaluate the response to therapy based on baseline PCR and response at 24 months and 

end of follow-up  
• To evaluate whether benznidazole reverses or halts the deterioration of LV function in 

patients with CD  
• To evaluate whether benznidazole prevents the development of new ECG changes  (complete 

bundle branch block, fascicular block, advanced atrio-ventricular block, atrial fibrillation, etc)  
• To evaluate the safety of benznidazole in patients with chronic CD 
 
 
3. PARTICIPANT ELEGIBILITY 
 

This is a prospective, multicenter, international double blind randomized study evaluating 
benznidazole versus placebo. Subjects with serological and clinical evidence of cardiac CD will be 
recruited to determine if benznidazole prevents mortality and progression of CCM.  

Participants will be randomly allocated to treatment with 300mg/day of benznidazole or 
matching placebo, divided in two daily doses, for 40 to 80 days. Enrollment will begin in the end 
of 2004 and should be complete by February of 2009. All patients will be followed by a minimum 
of 4 years. 
 
3.1 Inclusion Criteria 
 
PATIENTS MUST BE > 18 AND < 65 YEARS 
AND HAVE TWO POSITIVE SEROLOGICAL TESTS FOR CHAGAS DISEASE 
(INDIRECT IMMUNOFLUORESCENCE, INDIRECT HEMMAGLUTINATION, OR ELISA) and 
 
ANY ONE OR MORE of the following markers of cardiac involvement: 
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a. Abnormal 12 lead ECG: at least two of the following: 
i. Complete right bundle branch block 

ii. Complete left bundle branch block 
iii. Left anterior fascicular block 
iv. Left posterior fascicular block 
v. Ventricular premature beat 

vi. First degree AV block > 220 ms, in the absence of drugs that slow AV 
conduction 

vii. Mobitz type I AV block, in the absence of drugs that slow AV 
viii. Sinus bradycardia < 50 bpm or sinus pauses > 3.0s, in the absence of sinus 

node blocking drugs 
ix. Primary ST-T changes 
x. Abnormal Q waves 

xi. Low voltage of QRS 
xii. Atrial fibrillation 

OR 
• Abnormal 12 lead ECG: one of the following 

1) Mobitz type II, advanced or third degree AV block 
 

OR 
b. increased cardio thoracic ratio > 0.50 at baseline on upright chest X ray  
OR 
c. Evidence of regional wall motion abnormality (hypokinesis, akinesis or dyskinesis) or 

reduced global left ventricular systolic function LVEF < 50% (2D-Echo, RNA, LV 
ventriculography) or incresed left ventricular dyastolic diameter (> 55 mm) on 2D-Echo  

 OR  
d. complex ventricular arrhythmias (multiform > 10/hour, couplets or NSVT) on 

24 hour ambulatory ECG monitoring 
 
3.2 Exclusion Criteria 
 

a) NYHA heart failure class IV or decompensated heart failure 
b) Evidence of concomitant CAD or other etiology of dilated cardiomyopathy. 
c) Previous treatment with antitrypanosomal agents or an accepted indication for antiparasitic 

therapy (e.g. reactivation of Chagas infection due to immunosuppression by several 
diseases or treatment with steroids) 

d) Inability to comply with follow-up 
e) History of severe alcohol abuse within 2 years 
f) Known chronic renal insufficiency (serum creatinine > 2.5 mg/dl or 200μmol) or hepatic 

insufficiency (AST/ALT > 3x normal) 
g) Pregnancy or breast feeding 
h) Megaesophagus with swallowing impairment 
i) History of severe alcohol abuse within 2 years 
j) Other severe disease significantly curtailing life expectancy 

  
Patients living in inadequate housing conditions that may predispose to t. cruzi re-infection will 
not be excluded; instead this condition will be appropriately documented and further analysis 
will be performed. 
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4. STUDY DESIGN AND TREATMENTS 
 
4.1 Sample Size Calculation 

 
The sample size calculation for this trial is based on observational data indicating that the five 

year rate for the time to event of the composite endpoint of death, resuscitated cardiac arrest, 
development of new heart failure, life threatening non-fatal arrhythmias, thromboembolic 
phenomena, and need for pacemaker implantation or ICD in the placebo group will be around 
30%. Event rate calculations were based on pooled data from longitudinal population studies in 
patients with CD35, 36.  These studies indicate a 5% annual mortality with sudden cardiac death 
being responsible for 60% of the mortality. However, event rates among patienta entered into trials 
is generally lower so we have assumed a 3% -4% annual mortality. It is expected that the annual 
morbidity rates will also be similar givingh a composite event rate of 6%-8%/yr. 

In order to have 90% power at the 5% significance level (two sided) with an overall drop-out 
rate of 20%, to detect a 20% risk reduction the trial will require the enrolment of at least 3000 
patients. Analysis of the primary and secondary outcomes will be performed according to the 
intention-to-treat principle. 
 
A sensitivity analysis wil be performed in patients with prior sustained ventricular tachycardia, 
thromboembolic phenomena or heart failure hospitalization. This analysis will allow that the 
mentioned events are not included as a primary outcome. Also, in patients with advanced AV 
block at onset, pacemaker insertion will not be counted as an endpoint.                                 
 
4.2 Treatment 

 
4.2.1 Study Drug 
 

Study drug supply will be coordinated by the the Brazilian Coordinating Center with support 
by the PHRI-BENEFIT Project Office. Benznidazole 100 mg tablets and matching benznidazole-
placebo tablets will be supplied. Non-study medications such as ACE inhibitors, diuretics, digoxin, 
beta-blockers, amiodarone, ASA or warfarin, will not be supplied. Patients will be encouraged to 
remain adherent  to concomitant therapy according to current guidelines. 
 
4.2.2 Randomization 

 
Patients recruited following strict inclusion and exclusion criteria will be randomized 

double-blindly to receive 300mg/day of benznidazole in two daily doses for 40 to 80 days or 
matching placebo using the same administration daily scheme. 

As seen on the Table for the Therapeutic Dosage, in page 5, both groups will be treated for 
40 to 80 days, according to a direct relationship with the patient’ s weight: thus, a patient weighing 
40kg will be treated with 300mg daily for 41 days, weighing 51kg, for 51 days, 65kg = 65 days 
and so on, up to the maximum of 80kg, when a patient with this last weight will receive 300mg 
daily for 80 days. Hence, the maximum dose to be received, even for patients weighing more than 
80 kg will be, at the end o the treatment period, 24g   

Patients will be followed with attention paid to development of side effects including 
dermatitis, leucopenia, peripheral neuropathy and gastrointestinal symptoms. Potential toxic 
effects will be scrutinized with clinical and laboratory evaluation, including white cell count and 
hepatic function tests (AST, ALT, serum creatinine). These evaluations will be conducted at 
baseline, three weeks and 40 to 90 days after the beginning of treatment. 
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4.2.3 Method of assigning patients to treatment group 

The patient identification (ID) and treatment numbers will be provided at randomization by a 
centralized randomization service located at the Brazilian Coordinating Center. A system similar to 
that used in the CREATE and HOPE trials conducted by the PHRI will be designed. Alterbatively 
if all sites have access to a computer with internet access, local randomization may be performed 
in a secure way. Randomization will be 1:1 with stratification according to centre using a random 
block size. Subsequent treatment numbers for study drug re-supply will be provided.  
 
4.2.4 Permitted concomitant therapy 

Any concomitant therapy, including treatments demonstrated to be effective in the study 
population is permitted. 
 
4.2.5 Treatment adherence 

Study continuation is recommended unless clear contraindications arise, study drug should be 
continued or only briefly interrupted (< less than 1 week). The only clear criteria for permanent 
discontinuation of benznidazole study medication are: (i) significant leukopenia (< 2,500), (ii) 
serious gastrointestinal symptoms (iii) severe allergic dermopathy, and (iv) peripheral sensitive 
neuropathy. In other situations, discontinuation of study drug will be discouraged as much as 
possible. Symptomatic treatment for mild symptoms (nauseas, vomiting, allergy) is allowed. Study 
drug accountability, as well as all pre-specified concomitant medications, must be appropriately 
recorded at each scheduled visit. 

 
 
 

5. OUTCOMES 
 
5.1 Primary Outcome 
 
The first occurrence of any of the following clinically significant outcomes: 
1. Death 
2. Cardiac arrest, requiring defibrillator or cardioversion  
3. Documented sustained ventricular tachycardia requiring cardioversion  
4. New development of symptomatic congestive heart failure fulfilling at least two of the 

following: a) signs and symptoms of CHF, b) Chest X-ray findings compatible with CHF, 
c) need for intravenous therapy, and d) hospital admission due to CHF 

5. Pacemaker or implantable cardiac defibrillator indication. 
6. Stroke or any other thromboembolic event in patients with no prior thromboembolic 

phenomena 
7. Heart transplant 
 
5.2 Secondary Outcomes 
 

a) Response to therapy based on baseline PCR (+/-) and response at 24 month and end of 
follow-up 

                                        

– Additional data will be collected in subgroups of patients to investigate other hypotheses: 
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b) New development of any of the following echo changes; segmental wall motion 
abnormalities, ventricular aneurysm, reduction in LV ejection fraction > 5%, increase in 
LVDD > 5.0 mm compared with baseline.  

c) New 12 lead ECG alterations (complete bundle branch block, fascicular block, advanced 
atrio-ventricular block, atrial fibrillation, etc). 

d) Progression of NYHA functional class by at least one category. 
 
6. FOLLOW-UP 
 
6.1  Follow-up Schedule 
 

The clinical and laboratory follow-up will aim primarily in evaluating treatment safety and 
detection of side effects. For this purpose the first follow-up visit  will be scheduled  11± 2 days 
after the beginning of treatment, when allergic deramtitis typically occurs. The second follow-up 
visit will be scheduled 3 weeks ± 3 days after the beginning of treatment aiming at the detection of 
leucopenia, and a final visit will always be scheduled at the end of the treatment period (40 to 80 
days, with tolerance of +10 days). Additional visits will occur 6 months after the end of treatment, 
and from then on annually until the end of the study. 
 
7. STUDY ORGANIZATION 
 

The PHRI-BENEFIT project office at McMaster University in Hamilton, Canada will 
coordinate the study. BENEFIT is a collaborative effort between the PHRI, and several Central 
and South America and investigators interested in Chagas disease from Argentina, Brazil, 
Colombia, and Venezuela, and will also aggregate Peru and Bolivia, El Salvador. It is expected 
that 75 centers are necessary to enroll 3000 patients (at least 40 patients per centre).  

National coordinators will be responsible for recruitment and implementation of the trial. 
National coordinators will select the study sites and principal investigators in each country. It is 
estimated that Argentina and Brazil will enroll 2000 patients (1000 each) and 25 centres are 
needed in each country. Colombia and Venezuela will enroll another 1000 patients (500 each) with 
another 25 centres between the two countries. To enroll 3000 patients in 24 months we will need to 
recruit 125 patients monthly. This will be approximately 2 patients per month per center. These 
estimates suggest that the enrolment phase for BENEFIT is feasible. Drug distribution and labeling 
will be coordinated from the Brazilian Coordinating Centre. 

 
7.1 BENEFIT Operations Committee 

The Operations Committee will consist of a select group of Steering Committee members 
chosen for their specific expertise, time availability and experience. This group will be responsible 
for ensuring that study execution and management are of the highest quality.  The Operations 
Committee will convene regularly by teleconference and/or face-to-face meeting (at least every 2 
months) to discuss and report on the ongoing supervision of the study. 
 
7.2 Steering Committee 

  
The Steering Committee is composed of a group of national coordinators who will mostly be 

cardiologists, since patients with CD are most often cared for by cardiologists. This group will be 
supplemented with experts in CD, and electrophysiology. The committee has the overall 
responsibility for producing and conducting a scientifically sound design and ensuring accurate 
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reporting of the study. In that capacity, the Steering Committee must address and resolve scientific 
issues encountered during the study. This committee will meet at least twice a year. 

All proposed ancillary research investigations on patients enrolled in BENEFIT must be 
approved by the Steering Committee. The primary scientific publication reporting the study results 
is the responsibility of the Steering Committee. Collaborating Investigators or members of the 
various study committees wishing to prepare secondary publications must submit proposals and 
manuscripts to the Steering Committee for approval. However, the final decision on the contents of 
all publications will be the responsibility of the BENEFIT Operations Committee. 
 
7.3.  Data Safety Monitoring Board 
 

The Data Safety Monitoring Committee Board (DSMB) will include an epidemiologist, 2 
prominent cardiologists, as well as a statistician. The DSMB provide on-going review of the safety 
of all the investigational treatments. To facilitate its responsibilities, the DSMB will have an 
Associated Statistician who will receive study data directly from the Central Study Database and 
who will remain independent of the trial management team.  

The DSMB Associated Statistician, being unblinded, will not be able to edit/alter any part of 
the Central Study Database. Routine access to the treatment code will be restricted to the Chairman 
of the DSMB, except for emergency unblinding on a case-by-case basis. 

 
 DSMB Responsibilities 

 Primary:  
 1) Regular review of safety data and serious adverse events 
 2) Formal interim analyses of efficacy data 

3) Feedback to the Operations Committee 
Secondary:  

1) Respond to special requests from regulatory authorities or IRBs 
 2) Recommendations for protocol amendments 

3) Verification of the final analysis of the study will be done by the DSMB Associated 
Statistician 

 
 Safety Review 

Recommendation to stop a trial early for safety reasons is, by definition, a qualitative 
judgement. The DSMB is composed of eminent clinicians and methodologists who are 
experienced with clinical trials and can be relied upon to exercise good judgment in weighing the 
potential risks and benefits to patients as data accumulate in this trial.   
Safety aspects, and more specifically severe dermatitis and/or neuropathy will be monitored.  No 
formal boundaries will be proposed for safety, but clear, consistent, and persistent evidence of net 
harm that overwhelms any benefit should be apparent. A recommendation to stop the trial will be 
based on the pattern of treatment effect across all endpoints, as well as the benefit/risk ratio. Two 
interim analyses to assess futility are scheduled at approximately 1/2 and 3/4 of the total of 
anticipated events. 
      The trial may be stopped for efficacy if a reduction in events by four standard deviations, or a 
three standard deviation excess occur in the first half of the trial, or if a reduction in events by 
three standard deviations or a 2-standard deviation excess is detected in the second half of the trial. 
If the upper limit of the 95% CI for the conditional power for the primary outcome falls below 
15%, then, all other things being equal, the DSMB may recommend early termination. 
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 7.4. Adjudication Committee 

This committee, composed of experts in the relevant fields will review, in a blinded manner; all 
reported outcome events to provide consistency and validity in the assessment of outcomes. Their 
decisions will be based on blind clinical data and they will consider the impressions of the clinical 
investigator. Their decisions will be used for the final analysis. 
 
 
8. PROJECTED TEMPORAL SCHEDULE FOR THE PROJECT DEVELOPMENT 
 
2002 until November 2003: development and finalization of the research protocol 
 
November 2003 to November 2004: center selection and preparation 
 
November 2004 to February 2010: recruitment 
 
November 2004 to February 2013: clinical follow-up 
 
March 2013 to February 2014: results analysis and publication 
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10. APPENDIX – TABLE for number of days of treatment to the patient’ s body weight 
 

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

>80 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

• Fixed 300mg daily dose for all patients 
• 1 pill qam and 2 pills qpm (q12 hrs) 
• Each BZ pill = 100 mg (unscored) 
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Amendment #2 August 29, 2005 Pilot Study: Consent Form modification 

Amendment #3 May 30, 2006 Extended upper limit of age inclusion criterion from ≤65 years to  

≤75 Years. 

 

To revert to original version of the consent form (i.e., without 

amendment 2 alterations). 

Amendment #4 Feb 02, 2009 Change of Study Medication  presentation and adminsitration 

schedule. From scored to non-scored tablet. 

Heart transplant added to primary outcome composite. 
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1. LIST OF ABBREVIATIONS 

Abbreviation  Full Word  

AE  Adverse Event  

AF Atrial Fibrillation 

BENEFIT Benznidazole Evaluation for Interrupting American 

Trypanosomiasis 

BNZ Benznidazole 

CCC Chronic Chagas’ Cardiomyopathy 

CD Chagas Disease 

CI  Confidence Interval  

CNS  Central Nervous System  

CRT-D  Cardiac Resynchronization Therapy Defibrillator  

ECG  Electrocardiogram  

GEE Generalized Estimating Equation  

HR Hazard Ratio 

ICD  Implantable Cardioverter Defibrillator  

ITT Intention-To-Treat 

IV  Intravenous  

LVEDD LV end-diastolic diameter 

LVEF Left Ventricular Ejection Fraction 

MedDRA Medical Dictionary for Regulatory Activities 

OR Odds Ratio 

PCR Polymerase Chain Reaction 
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PHRI  Population Health Research Institute  

SAE  Serious Adverse Event  

SAP Statistical Analysis Plan 

SD Standard Deviation 

VT  Ventricular Tachycardia  

 

 

 

2. INTRODUCTION 

 

This statistical analysis plan (SAP) provides a comprehensive and detailed description of the 

statistical methods to be used to realize the analysis of the “Benznidazole Evaluation for 

Interrupting American Trypanosomiasis (BENEFIT) Trial” described in the clinical study proto 

col (dated February 2, 2009). The objective of a Statistical Analysis Plan is to ensure the maximum 

credibility of all study findings by means of a pre-specified data analysis. This plan may be revised 

during the study to accommodate protocol amendments and/or to make changes to adapt to 

unexpected issues in study execution and/or data that affect planned analyses. All changes will be 

made by individuals who are blinded to the outcomes by treatment group. The SAP is a working 

document that will be amended as the trial progresses.  The final version of the SAP will be signed 

off prior to database lock 
 

The  BENEFIT trial  is a multicenter, prospective, randomized, double-blind, placebo-controlled 

clinical trial of 2,855 patients with chronic Chagas' cardiomyopathy(CCC) in Latin America. The 

role of persistent low grade T. cruzi infection in the progression of CCC remains a matter of 

discussion and the efficacy and safety of Benznidazole in this setting has not been tested in a large-

scale multicentre clinical trial. Similarly outcome measures to determine efficacy of treatment are 

limited by the long time serologic Chagas markers take to become negative.  

 

In BENEFIT, Chagasic patients aged ≥18 years and ≤75 years, are eligible if, in addition to having 

any combination of at least 2 positive serologic tests for CD (indirect immunofluorescence, 

indirect hemagglutination, or ELISA), have evidence of cardiomyopathy based on the criteria 

outlined in Table I. Consenting patients who fulfill the eligibility criteria are randomized to receive 

benznidazole(BNZ) (5 mg/kg per day) or matched placebo for 60 days (randomized from 

November 2004 to December 2008 with 1543 patients ) or a maximum daily dose of 300mg for 

60 days if weight was 60kg,, 70 days if weight was 70kg, and so on, to a maximum of 80 

days(randomized from January 2009 to October 2011 with 1312 patients). (The reason for this was 

related with drug supply). The primary outcome is the composite of death; resuscitated cardiac 

arrest; sustained ventricular tachycardia(VT); new insertion of pacemaker or cardiac defibrillator; 
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cardiac transplantation; and development of new heart failure, stroke, or systemic or pulmonary 

thromboembolic events. The average follow-up time will be 5.5 years, the sample size is 2753 

patients pts with  and the trial has a 90% power to detect a 26.5% relative risk reduction, assuming 

a yearly event rate of 8% in the control group of the composite primary outcome. 

 

 

 

3. STUDY HYPOTHESIS/OBJECTIVES 

 

3.1 Primary objective 

To determine whether BNZ reduces the composite primary outcome (death; resuscitated cardiac 

arrest; sustained VT; new insertion of pacemaker or ICD/CRT; cardiac transplantation; and 

development of new heart failure, stroke, or systemic thromboembolic events), compared to 

placebo in patients with CCC. 

We will address the primary objective through the following hypotheses: 

Ho: HRBNZ/Placebo =1 

Ha: HRBNZ/Placebo≠1 

The null hypothesis (Ho) can be rejected if the two-sided p-value is less than 0.05. We will consider 

BNZ is superior to placebo if the upper bound of the two-sided 95% confidence interval (CI) 

around HRBNZ/Placebo is less than 1. 

 

3.2 Secondary objectives 

The secondary objectives are the following: 

 To determine the effects of BNZ compared to placebo regarding negativization of PCR in 

patients with chronic CCC after 60-80 days of treatment and at 24 months and end of 

follow-up. 

 To evaluate whether BNZ prevents new development of any of the following echo changes; 

segmental wall motion abnormalities, ventricular aneurysm, reduction in LV ejection 

fraction > 5%, increase in LVEDD > 5.0 mm compared with baseline.  

 To evaluate whether BNZ prevents  new 12 lead ECG alterations (complete bundle branch 

block, fascicular block, advanced atrio-ventricular block, atrial fibrillation(AF), etc). 

 To evaluate whether BNZ prevents the progression of NYHA functional class by at least 

one category. 

 To evaluate the safety, tolerability and adherence to BNZ in patients with CCC. 
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4. POPULATIONS TO BE ANALYZED  

4.1 Intention-to-treat Population  

All patients who are randomized are included in the analysis according to the treatment groups to 

which they were randomized, irrespective of whether or not the patient actually received study 

drug, the patient’s compliance with the study protocol or duration of the trial participation. All 

analyses of primary and secondary endpoints, as well as baseline summaries, subgroup analyses 

and all analyses related to safety will be based on the intention-to-treat(ITT) principle.  

Sensitivity analyses for the primary and secondary outcomes will be performed based on the 

following two sub population A and B. 

4.2 On-Treatment Population A 

Population on treatment A (1543 Patients randomized from November 2004 to December 2008) 

is defined as: 

Patient randomized to BNZ or placebo 5mg/kg/day for 60 days. 

4.3 On-Treatment Population B 

Population on treatment B(1312 Patients randomized from January 2009 to October 2011) 

 is defined as: 

Patients randomized to BNZ total daily dose of 300 mg during 40 to 80 days depending on the 

patient’s total weight); max dose 24 g for 80 Kg. 

5. BASELINE CHARACTERISTICS 

Summary statistics for demographic data and baseline characteristics using ITT population will 

be displayed separately by the BNZ and placebo. 

For categorical variables, summaries will consist of counts and percentages, with p-values 

comparing groups from chi-square tests. Note Fisher exact tests will be substituted for chi-square 

tests where expected counts are <5 per group. 

For continuous variables, summaries will consist of means and standard deviations (SDs) with p-

values comparing groups from t-tests.  

For non-normally distributed variables including time duration variables which are not likely to 

be normally distributed, summaries will consist of median and percentiles 25th, 75th, with p-

values comparing groups from Wilcoxon rank sum tests. 

Demographic Characteristics include age, gender, weight, height, heart rate and blood pressure, 

country. Data for the background characteristics will be collected for education, smoking lifestyle, 
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alcohol use, employment status, occupation, and housing conditions. Baseline characteristics will 

include the following:  

 Medical history: NYHA function class, previous admission due to heart failure, 

resuscitated cardiac arrest, sustained VT, internal cardiac defibrillator, atrial fibrillation, 

pacemaker, stroke/TIA, pulmonary embolism, systemic embolism, syncope, HIV, 

leukemia or lymphoma, tuberculosis, cancer 

 Use of medications: Loop diuretic, Spironolactone, other diuretics, ACE-I, ARB, digoxin, 

aspirin, beta-blocker, amiodarone, other anti-arrhythmic, oral anticoagulants, antiplatelets 

 Baseline ECG results:  Normal/abnormal, electrocardiograms 

 Chest X-ray: Cardio thoracic ratio > 0.59, signs of pulmonary congestion 

 Lab results: WBC count, hemoglobin, platelet count, ALT/TGP, AST/TGO, creatinine 

 2D echocardiogram: LV ejection fraction, LV end-diastolic diameter, LV percent 

fractional shortening, LV thrombus regional wall-motion abnormalities, aneurysm 

 Socio-demographics: Income, education, employment status, occupation, country  

 Current housing conditions 

 

6. COMPLIANCE 

Patient compliance will be categorized as good (>75%), medium (50-75%), or poor (<50% of 

taking study medication) and presented by treatment group.  The frequency of subjects 

experiencing study drug interruption, the reasons for the interruption will be summarized by 

treatment group. The proportion of patients who were lost will be reported. 

 

 

7. STUDY FOLLOW-UP TIME AND MISSING DATA 

 

7.1 Study follow-up time 

Overall follow-up for the BENEFIT Trial will be in average 5.5 years. Active follow-up will be 

planned during the intervention period that lasts between 40 to 80 days. During this period safety, 

tolerability and adherence visits are programmed at 11 and 21 days and at the end of therapy (40 

to 80 days). The next visit will be at 6 months for the detection of clinical outcomes. Yearly follow-

up visits are programmed until study termination at a mean time of 5.5 years. The duration of the 

follow-up will be summarized by treatment group.  
 

All efforts will be made to collect information related to the clinical outcomes for those participants 

lost to follow-up. In case of written withdrawal of consent for follow-up visits, and unless 

otherwise stated by the patient in the informed consent form, investigators will be encouraged to 

get information from the general practitioner, any other physician or other medical-care provider, 

or from patient relatives in order to follow the medical status of the patients (especially when they 

withdrew their consent after having experienced an adverse or serious adverse events). In case of 
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no contact and missing information on the efficacy assessment, the patient will be censored on the 

last day of available contact during the study.  
 

For a single event like death the date of event will be defined as the date reported on event CRF. 

The date of events with potential multiple episodes such as cardiac arrest or stroke will use the 

date of the first episode. For composite outcomes, the date of the first occurring component will 

be used as the date of the event. The date of final follow-up will be defined as the last date among 

all dates of visits/contact and dates of events reported on the event report forms or any laboratory 

test dates. 

 

In a time-to-event analysis, the survival time will be calculated as the date of event minus date of 

randomization plus 1 for a patient with an event. For those without an event, the survival time will 

be the date of final follow-up minus date of randomization plus 1.  

 

7.2 Missing data 

 

Missing data will be vigorously pursued with the quality assurance process. Centres will be 

requested to collect as much information as possible. In general missing values will be treated as 

missing, unless otherwise specified. Unknown data will be coded as such in the database and 

classified as such on any analysis. No attempt will be made to impute missing values and only 

observed values will be used in the analyses. Depending on the assessment, analyses may not 

include all patients in an analysis population, because certain patients in the intended population 

may have missing data.  

 

Patient mortality and morbidity will be determined for all participants regardless of compliance 

with study medication or visit schedule. For patients who die prior to follow-up evaluation of LV 

function or ECG, and worse case rank will be assigned to that patient and a secondary non-

parametric analysis will be done to examine the sensitivity to these missing data.  

 

 

8. EFFICACY ANALYSIS 

8.1 Definition 

8.1.1 Primary Outcome 

 

The primary efficacy outcome is defined as the first occurrence of any of the following clinically 

significant outcomes at follow-up in patients with CCC 

i) Death 

ii) Cardiac arrest, requiring defibrillation or cardioversion 

iii) Documented spontaneous sustained ventricular tachycardia requiring or not 

electrical or pharmacological cardioversion 
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iv) New or worsening symptomatic congestive heart failure with at least two 

predetermined criteria (signs and symptoms of CHF, Chest X-Ray with fondings 

compatible with CHF, need for intravenous therapy, or new initiation of diuretics, 

hospital admission due to HF) 

v) Pacemaker or implantable cardiac defibrillator/CRT implantation 

vi) Heart transplant  

vii) Stroke or systemic embolism (including pulmonary embolism) 

viii)  

 

Efficacy variables will be recorded at baseline and after termination of the 80 day course of 

therapy. Similarly, efficacy parameters will be recorded at month 6, year 1 to 9 and final visits. 

Investigators will be instructed to complete CRFs and inform of any outcome event within 2 days 

of their knowledge, or at specified study visit dates. Analysis of efficacy variables will be 

performed at the different times of collection of these variables as well as at the end of follow-up. 

 

8.1.2 Secondary Outcome 

 

The secondary efficacy outcomes are the following separate individual events: 

 Negativization rate of PCR based on baseline and follow-up qualitative PCR result between 

patients receiving benznidazole compared to placebo. 

 Negativization of T. cruzi parasite load detected by competitive PCR: Parasitic load is 

expressed as the amount of T. cruzi/ml of blood between patients receiving benznidazole 

compared to placebo. 

 New development of any of the following echo changes; segmental wall motion 

abnormalities, ventricular aneurysm, reduction in LV ejection fraction > 5%, increase in 

LVDD > 5.0 mm compared with baseline. 

 New 12 lead ECG alterations (complete bundle branch block, fascicular block, advanced 

atrio-ventricular block, atrial fibrillation, etc). 

 Progression of NYHA functional class by at least one category 

Other analysis will include regional variation of CCC progression, primary and secondary 

outcomes in PCR [+] and PCR [-] subjects at baseline.  

T. cruzi I  vs T.cruzi II primary and secondary outcomes as described above. 

 

8.2 Analysis Method 

 

All cardiovascular outcome assessments will be reviewed by an Event Adjudication Committee 

(EAC), who will be kept blinded to the treatment assignment of participants. All statistical analyses 

of these outcomes will be based upon adjudicated outcomes, where applicable. In case that an 

adjudicated result is not available, the clinical investigator’s assessment will be accepted. A two-

sided significance level of 0.05 will be used for overall analysis. No adjustments for multiplicity 

will be made for multiple efficacy endpoints.  
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8.2.1. Analysis of primary outcome 

 

The primary efficacy outcome (composite of  death; resuscitated cardiac arrest; sustained 

ventricular tachycardia; new insertion of pacemaker or ICD/CRT; cardiac transplantation; and 

development of new heart failure, stroke, or systemic thromboembolic events) will be analyzed 

using a time-to-event approach, counting the first occurrence of any component of the composite 

outcome. Censoring will occur if the patient is lost to follow-up or reaches the end of the follow-

up period without experiencing the primary outcome. Patients who prematurely discontinue their 

follow-up visits prior to the development of primary composite outcomes will be censored as of 

their last completed follow-up visit. The treatment groups will be compared on each secondary 

efficacy outcome. Cumulative incidence curves over time for each treatment group will be 

provided using the product limit estimation method and compared using a logrank test.  Treatment 

comparison based on Cox proportional hazard model will be reported as hazard ratio (HR) and 

95% confidence interval (CI). The proportionality assumption of the Cox regression model will be 

assessed graphically and with the use of Schoenfeld residuals, or by including a time-treatment 

interaction term in the Cox model (time log transformed). The number and incidence of each 

component of the composite primary outcome will be summarized in each treatment group. For 

the subgroup analysis (see section 10), test for interaction will be based on Cox regression by 

including an interaction term with treatment in the model. 

 

 

8.2.2. Analysis of secondary outcomes 

 

The proportion of negativization of T. cruzi PCR detection either at the end of treatment and/or 

the end of follow-up at 2 years will be analyzed for all participants using Chi-square test. This 

analysis will also include only those who were positive PCR test to T. cruzi at baseline to compare 

the proportions of the negativization of T. cruzi PCR in each treatment group. Logistic regression 

model will also be employed to incorporate the potential confounding factors. Frequencies and 

percentages per arm, an Odds Ratio(OR) measuring the treatment effect and its 95% CI will also 

be reported. With the repeated measurements of PCR at baseline, after termination of the therapy 

(i.e., 40-80 days), at 2 years and at the end of follow-up, a longitudinal data analysis technique 

known as a generalized estimating equation (GEE) will be used to compare the differences in 

changes of the proportion of negativization of T. cruzi over time between BNZ and placebo groups. 

A within-subject correlation structure for the repeated measurement will be carefully chosen 

before carrying out a GEE analysis by examining the correlation structure of observed data.  

 

The comparisons for new development of echo changes, new 12 lead ECG alterations, and the 

progression of NYHA functional class by at least one category will be performed using a chi-

square test for categorical variables. The treatment effect will be estimated using a logistic 

regression including treatment group as a covariate. OR and 95% CI will be reported. Multiple 

logistic regression will be performed in order to incorporate the potential confounding factors. For 

continuous variables such as the echo changes, the non-parametric test will be used to compare the 

treatment effect.  
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9. SAFETY 

 

9.1. Safety Variables  

 

Adverse events (AEs) during the active therapy phase recorded during follow-up visits at 11 and 

21 days and at the end of therapy (40 to 80 days) will be closely monitored and reported.  

 

A serious adverse event (SAE) is defined as any untoward medical occurrence that is observed at 

any dose: 

 Results in death or  

 Is life threatening or 

 Requires in-patient hospitalization, or prolongation of existing hospitalization or 

 Results in persistent or significant disability/incapacity or 

 Is a medically important event 

 

All adverse events in each treatment group regardless of seriousness or relationship to study drug 

are to be reported. Whenever possible, symptoms should be grouped as single syndrome or 

diagnosis.  

 

9.2. Safety Analysis 

All randomized patients to BNZ/Placebo will be included in the analysis. The AEs and SAEs will 

be counted on the date of first dose administered and up to 30 days after administration of the last 

dose of treatment assigned. Safety will be summarized by tabulations of AEs and SAEs for each 

treatment group. The analysis of safety will be mainly descriptive. For all safety analyses, the day 

of the first dose of study medication will be assumed to have occurred on the same day as 

randomization unless there is a record indicating that study medication was not used immediately 

after randomization. The separate summaries of adverse events and serious adverse events will be 

provided by the period of observation, i.e., whether the (serious) adverse event was observed while 

a patient was on the study medication or after the termination of the study drug use.  

 

All adverse events will be classified on the basis of Medical Dictionary for Regulatory Activities 

(MedDRA) terminology and summarized for each treatment. Each adverse event will be recorded 

with a system organ class and a preferred term. In reporting incidence, each subject will be counted 

only once within a system organ class or a preferred term, and counts will be provided for each 

treatment group. Percentages will be calculated using the number of randomized patients in each 

treatment group.  For events of particular interest, summary statistics (n, mean, standard deviation, 

median and range) may be calculated with the time from randomization to onset and the duration 
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of events. The list of adverse events and serious adverse events will be provided by patient with 

details of the events. 

  

10. SUBGROUP ANALYSIS 

 

Analysis for consistency of treatment effects in prespecified subgroups will be explored with 

respect to the time to event primary composite outcome by Cox regression model and the 

proportion of PCR negative and negativization of T. cruzi by logistic regression model. The models 

will incorporate terms for treatment, the covariate and the treatment-by covariate interaction in 

order to examine the consistency of results on the treatment differences. The interaction P-values 

will be presented. The number of patients with outcomes, estimated odds ratio or hazard ratio, and 

associated 95% confidence intervals will be calculated within each of the subgroups generated by 

these analyses. 

 

Selected outcomes (primary outcome, the proportion of PCR negative and negativization of T. cruzi) 

will be compared between the following pre-specified groups: 

a. Patients with a baseline [+] PCR  

b. Patients with baseline [-] PCR  

c. T. cruzi genotype (T. cruzi I vs T. cruzi II) and response to BNZ based on PCR 

negativization rate and parasite load reduction 

d. Gender (male vs female) 

e. Patients on amiodarone 

f. Patients on spironolactone 

g. Country 

h. age group (> median vs <= median)  

i. baseline ECG alterations 

j. LV function and LV end diastolic diameter 

As the number of these subgroup variables may be large, the probability of observing at least one 

statistically significant result may be high. It is assumed that any subject who is non-compliant 

with benznidazole treatment will, at that point in time, assume a risk of an event that is equal to 

the risk of a subject in the placebo group. 
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11. SENSITIVITY ANALYSIS  

 

Other than the sensitivity analyses specified in section 4, a sensitivity analysis for the primary 

outcome will be performed in patients with prior sustained ventricular tachycardia, 

thromboembolic phenomena or heart failure hospitalization. This analysis will allow that the 

mentioned events are not included as a primary outcome. Also, in patients with advanced AV block 

at onset, pacemaker insertion will not be counted as an endpoint.                                 

 

 

12. ADHERENCE TO THE PROTOCOL 

 
 

Protocol violations are any deviations from the procedures, which include, but are not limited to, 

the ingestion of disallowed/incorrect medications or non-compliance with study medications or 

visit procedures and schedules. No patients are to be discontinued from the study due to protocol 

violations. However, every attempt should be made to ensure that as few protocol violations occur 

as possible. Further, at each visit, the investigator is to counsel patients, in particular those that are 

non-compliant, on the importance of taking study medication as directed.  

 

Summary statistics (counts and % of patients) for reported protocol deviations will be presented 

as the total number of deviations and deviations within each category. 
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