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Abstract

Background

Etiological treatment of Chagas disease in chronic asymptomatic patients is still in debate

and the adverse effects of traditional drugs are one of the main concerns in clinical practice.

This study evaluated retrospectively the safety profile of benznidazole (BZN) and identified

predictive factors for definite treatment interruption and development of severe reactions in

adult patients treated with BZN in Colombia.

Methods

Retrospective follow-up study conducted by review of medical records of adults with chronic

Chagas disease treated with BZN in Colombia. A parametric survival analysis based on a

generalized gamma distribution was used for assessing risk factors for treatment interrup-

tion. A multinomial logistic regression model was used to estimate the probability of severe

adverse drug reactions (ADRs). Statistical associations were expressed as time ratios (TR)

and adjusted odds ratios (aOR) respectively.

Results

In total 224 adults patients treated with BZN were included; 172 (76.8%) completed the stan-

dard therapy (60 days of treatment), 205 (91.5%) presented ADRs and 52 cases (23.2%)

required treatment interruption. The predominant symptoms were: rash (37.9%), itching

(33.7%), epigastric pain (26.4%), abdominal bloating (24.2%) and nausea (22.1%). ADRs

were mild (57.4%), moderate (35.5%) and severe (7.3%). Time to treatment interruption

was significantly shorter when using doses of BZN� 6 mg/kg/day (TR 0.55; 95% CI 0.39–

0.76), presenting severe ADRs (TR 0.12; 95% CI: 0.07–0.19) and eosinophilia (TR 0.68;

95% CI: 0.49–0.94). Female sex (aOR 3.98; 95% CI 1.56–10.16), dose of BZN� 6 mg/kg/

day (aOR 1.41; 95% CI 1.17–1.70) and presence of > 3 ADRs (aOR 6.47; 95% CI 1.24–

34.34) were considered as risk factors for developing severe ADRs.
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Conclusions

Dose, severity of ADRs, eosinophilia and female sex were the main predictors for treatment

interruption or severe ADRs. The potential implications of these findings are discussed.

Introduction

Despite decades of control efforts, Chagas disease remains one of the principal tropical diseases

in the Americas. The World Health Organization estimates that this disease affects 6–7 million

people worldwide and it causes more than 7,000 deaths per year [1]. It represents one of the

largest parasitic disease burden with 806,170 disability adjusted life years in Latin-America [2].

Currently, anti-parasitic treatment options for Chagas disease are limited by only two old anti-

parasitic drugs, benznidazole (BZN) and nifurtimox [3]. A recent study has determined a lack

of efficacy of BZN once the chronic heart complications are already established [4]. Even

though, the clinical implications of aetiological treatment are still in debate for asymptomatic

cases, a parasitic effect has been consistently proved in this population [5]. The current trend

in the majority of countries is to treat cases with Chagas disease in asymptomatic stage. The

expected benefits of aetiological treatment include a reduction in the incidence of chronic

complications and death [6–8].

Adverse drug reactions (ADRs) associated with BZN are one the main disadvantages of

using this drug [9]. In some adult populations the incidence of ADRs has reached up to 100%

[10] leading to interruption of treatment in up to 31.6% of patients frequently due to cutaneous

reactions [11]. The most common ADRs observed with BZN have been dermatological alter-

ations followed by gastrointestinal disturbances [9]. Children seem less susceptible to ADRs

than adults [12]. Some factors have been proposed as predictors of interruption to treatment

including female sex [13] and the number of ADRs [14]. However, there are few studies that

support these findings in different populations. Due to the high incidence of ADRs associated

with BZN, it is important to have tools to identify patients at risk of developing ADRs and

interrupting treatment, particularly in endemic countries.

This study aimed at evaluating the tolerance and safety profile of BZN in a cohort of adult

patients with chronic Chagas disease in Colombia and identifying the risk factors for definitive

treatment interruption and severe ADRs.

Materials and methods

Observational and retrospective study of a cohort of patients with chronic Chagas disease

treated with BZN at the Colombian National Health Institute (Instituto Nacional de Salud)

from June 2000 through December 2013. We follow the recommendations of the Strengthen-

ing the Reporting of Observational studies in Epidemiology-STROBE (S1 File).

Patients and procedures

Patients were asked for permission for accessing their clinical records. The selection criteria

were: i) Age�18 years old ii) Confirmed as positive to Trypanosoma cruzi infection by two

serological tests, using both ELISA and immunofluorescent antibody (IFAT) tests following

international recommendations [15], iii) History of having received treatment with BZN at the

National Health Institute iv) Evidence of complete clinical records (pre, during and post-
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treatment). Patients under 18 years old and patients who had not attended at least one clinical

control during their treatment were excluded (5 patients).

The treatment regime, according to the National Treatment Guidelines in Colombia [16],

dosing of BZN (100 mg tablets) consisted of 5–7 mg/kg/day divided into two doses daily for 60

days and a clinical follow-up at the start, middle and end of the treatment. Clinical evaluation

included biological analyses (complete blood count, liver and renal function tests) at 0, 20, 40,

and 60 days. Drugs were provided to the National Health Institute by the Ministry of Health

and Social Protection of Colombia.

As part of the follow-up protocol, during each control patients were asked about the occur-

rence of expected ADRs and specific forms for adverse drug reactions were filled by doctors

during each consultation reporting the results of laboratory tests and the presence of signs and

symptoms. Specific ADRs were medically treated according to their severity; mild and moder-

ate events were treated firstly with medications according to specific symptoms (analgesics for

headache, proton pump inhibitors for dyspepsia, anti-H2 for allergies). Temporary treatment

suspension was implemented for a few days when symptomatic medications did not work and

then the drug scheme was continued starting with a low dose that was gradually increased to

reach the original prescribed dose [16].

The records were manually revised and causality of adverse reactions was determined by

using the Naranjo algorithm [17], then double checked and the agreement was estimated. A

consensus was made between the investigators when disagreement occurred. The severity of

the ADRs was classified according to the level of affectation of the normal life of the patient.

This scale allowed for categorical classification of ADRs as mild, moderate, severe or fatal

[9,18].

Statistical methods

Means, standard deviations, medians and proportions were used for presenting descriptive

results for continuous and categorical variables respectively. The chi-square or Fisher’s exact

test, as appropriate, and Student´s t test were used to compare categorical and continuous vari-

ables. For causality measures, through Naranjo Algorithm, the test–retest reliability was tested

by using the kappa statistic (k). The kappa coefficient was interpreted as proposed by Landis

and Koch [19].

Risk factors for Treatment Interruption: Time-to-event (time-to-interruption) was defined

as the time in days from the start of treatment until definite interruption due to ADRs. A Cox

proportional hazards model was considered not suitable, given that a semi-parametric propor-

tional hazards assumption was not fulfilled [20]. Therefore, a parametric survival model was

chosen for the survival analysis, and then the exponential, Weibull, log-logistic, log-normal

and GG distributions were compared [21]. Akaike Information Criterion’s lowest value was

considered as the best fit to data [22,23]. Times Ratios (TR) were used to assess risk factors for

treatment interruption; a TR> 1 implies that the variable is associated with a longer time

from the start the treatment with BZN until its interruption [21].

Risk factors for Severe ADRs: a multinomial logistic regression model was used to estimate

the probability of developing severe ADRs. The Hosmer and Lemeshow test was used to show

how adequately the model fits the data [24]. Associations were estimated with Odds ratios

(OR) and their respective 95% confidence intervals (CI).

All the statistical analyses were performed using the Stata1 (release 11.0) software package

(Stata, College Station, TX) and R statistical package (R Development Core Team, 2008,

Vienna, Austria)[25]. P-values < 0.05 were considered as statistically significant.
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Ethical considerations

The study protocol was approved by the Technical Research Committee and Ethics Research

Board at the National Health Institute in Bogotá, Colombia: protocol CTIN-014-11, Minute 9

of December 11, 2012. Participation was voluntary and patients were asked for informed writ-

ten consent to access information on their clinical records.

Results

General findings

From 2000–2013, 420 records of adult patients with chronic Chagas disease were identified. Of

these, 106 patients had not received etiological treatment, 85 had been treated with nifurtimox

and 229 with BZN. Of the 229 patients treated with BZN, five were excluded because they did

not complete medical record.

In total, 224 patients were treated with BZN of whom 172 (76.8%) completed 60 days of

treatment and 52 (23.2%) required definitive treatment interruption due to intolerance to

BZN. The total dose of BZN ranged from 200 to 600 mg/day (mean 362.3 ± 66.7) and the dura-

tion of treatment ranged from 3 to 75 days (mean 51.6 ± 16.3). Basic demographics and clinical

characteristics at baseline are shown in Table 1.

Of the 224 patients treated, 205 (91.5%) patients had at least one ADR during the course of

the treatment with BZN and 181 (80.8%) had� 3 ADRs; only nine patients (4.0%) had only

one ADR. All ADRs disappeared after discontinuation of treatment.

Specific reported symptoms in order of frequency were: rash 107 (37.9%), itching 73

(33.7%), epigastric pain 61 (26.4%), abdominal bloating 56 (24.2%) and nausea 51 (22.1%), as

shown in Table 2.

The symptoms leading to definitive interruption of treatment in order of frequency were:

rash 11 (21.2%), urticarial reaction 8 (15.4%), angioedema 7 (13.5%), skin peeling 6 (11.5%),

epigastric pain 6 (11.5%), bullous eruption 5 (9.6%), paraesthesia 3 (5.8%), drug reaction with

eosinophilia and systemic symptoms 2 (3.8%), sleep disturbance 2 (3.8%), depression 1 (1.9%)

and three times increase in baseline levels of alanine aminotransferase 1 (1.9%).

The specific analysis of differential risk for each ADR showed that the risk of presenting

dermatological ADRs increases when using doses of BZN� 6 mg/kg/day. Significant differ-

ences were seen in rash (OR 1.93; 95% CI 1.22–3.04), itching (OR 2.33; 95% CI 1.42–3.84),

urticaria (OR 4.77; 95% CI 1.67–13.64), angioedema (OR 2.84; 95% CI 1.16–6.93), photosensi-

tivity (OR 2.93; 95% CI 1.10–7.72), bullous eruption (OR 3.36; 95% CI 1.15–9.81) and skin

peeling (OR 4.93; 95% CI 1.13–21.52).

Table 1. Proportion of adverse drug reactions to benznidazole stratified by baseline characteristics and events (interruption of benznidazole).

Variable Category ADRs

Yes, n (%) No, n (%)

Sex Female 111 (91.0%) 11 (9.0%)

Male 94 (92.2%) 8 (7.8%)

Age 18–50 years 121 (91.7%) 11 (8.3%)

>50 years 82 (91.1%) 8 (8.9%)

Interruption of treatment Yes 52 (100%) 0 (0%)

No 153 (88.9%) 19 (11.1%)

Total 205 (91.5%) 19 (8.5%)

ADRs: Adverse Drug Reactions.

https://doi.org/10.1371/journal.pone.0185033.t001
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Causality and severity of ADRs

In this study, overall 716 ADRs were identified (Table 2). According to the Naranjo algo-

rithm, the ADRs were classified as follows: 193 (26.7%) as definitive, 180 (25.1%) as proba-

ble, 174 (24.3%) as possible and 169 (23.6%) as doubtful. The intra-observer kappa for

assigning causality was k = 0.91 (95% CI: 0.90–0.92). In terms of severity, 411 (57.4%) cases

were classified as mild, 253 (35.3%) as moderate and 52 as severe (7.3%) and no fatal cases

were reported. The intra-observer kappa for assigning severity to BZN was k = 0.96 (95%

CI: 0.95–0.98)

Table 2. Frequency of adverse drug reactions to benznidazole according to systems or organs.

Systems or organs Absolute Frequency % Symptom/alteration Frequency

n %

Skin 282 39.4 Rash 107 37.9

Itching 95 33.7

Urticaria 23 8.2

Angioedema 21 7.4

Photosensitivity 15 5.3

Bullous eruption 12 4.3

Skin peeling 9 3.2

Gastrointestinal 232 32.3 Epigastric pain 61 26.4

Abdominal bloating 56 24.2

Nausea 51 22.1

Abdominal pain 42 18.2

Vomiting 8 3.5

Diarrhoea 6 2.6

Constipation 5 2.2

Dysphagia 3 1.3

Body as a whole—general disorders 51 7.1 Headache 19 37.3

Adynamia 15 29.4

Asthenia 14 27.5

Fever 3 5.9

Autonomic nervous system 45 6.3 Loss of appetite 31 68.9

Increase in appetite 14 31.1

Haematological 37 5.2 Eosinophilia 23 62.2

Lymphocytosis 8 21.6

Neutrophilia 4 10.8

Leukopenia 2 5.4

Musculoskeletal 30 4.3 Myalgia 17 56.7

Arthralgia 13 43.3

Central and peripheral nervous system 26 3.6 Sleep disturbance 14 53.8

Depression 5 19.2

Paraesthesia 4 15.4

Vertigo 3 11.5

Liver 13 1.8 Increased (ALT) levels 7 53.8

Increased (AST) levels 6 46.2

TOTAL 717 100

https://doi.org/10.1371/journal.pone.0185033.t002
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Risk factors for treatment interruption

The average time to interruption was 26.7 days (95% CI: 22.3–34.6 days). The bivariate analysis

showed a statistically significant shorter time of treatment for the presence of severe ADRs

(p< 0.0001), dose (p = 0.029), eosinophilia (p = 0.038) and sex (p = 0.007).

For the multivariate analysis, the results of the comparison between parametric models

show that the Generalized Gamma distribution was the best candidate according to the AIC

value (347.8) compared with the others: exponential (350.2), Weibull (352.1), log-normal

(348.1), and log-logistic (351.1). In the results obtained from the multivariate model were

observed three possible risk factors, where the time of treatment to interruption was shorter

when dose of BZN�6 mg/kg/day (TR 0.55; 95% CI 0.39–0.76) (Fig 1), severe ADRs presented

(TR 0.12; 95% CI: 0.07–0.19) (Fig 2) and eosinophilia occurred (TR 0.68; 95% CI: 0.49–0.94)

(Fig 3). In addition, a fourth potential risk factor for female patients (TR 0.72; 95% CI: 0.50–

1.00) (Fig 4), although this was not strictly statistically significant, a trend was observed that

women more often interrupted treatment BZN compared with men (Table 3).

Risk factors for severe ADRs

The bivariate analysis showed that female sex (p = 0.013), presence of> 3 ADRs (p = 0.016)

and dose (p = 0.001) were statistically significant predictors. Those with a P-value < 0.1 were

considered for inclusion in the multivariate model. For the multinomial logistic regression

model the best predictors of severe ADRs were: female sex (OR 3.98; 95% CI 1.56–10.16), dose

of BZN�6 mg/kg/day (OR 1.41; 95% CI 1.17–1.70) and presence of� 3 ADRs (OR 6.47; 95%

CI 1.24–34.34) (Table 4).

Fig 1. Generalized Gamma (survival) curves for risk factors associated with time free to treatment

interruption: dose.

https://doi.org/10.1371/journal.pone.0185033.g001
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Discussion

This study shows that 76.8% of patients treated with Benznidazole completed the full 60-day

course of treatment; therefore 23.2% of cases needed definitive treatment interruption. These

results contrast with previous studies that have reported a higher percentage of interruption,

such as in Brazil, 31% [9,13] and Italy, 32% [11]. Our results also differ with the ones recently

published in the largest clinical trial for Chagas disease, where the proportion of permanent

treatment discontinuation of BZN was 13.4% in the BZN arm compared with 3.6% in the pla-

cebo arm [4]. Other clinical trials also reported lower rates of definitive suspension of BZN. In

Brazil, in a clinical trial, unblinded, nonrandomized, the discontinuation rate was 13% [8] and

in Argentina in a controlled, multicenter, blinded clinical trial, disruption of BZN was 17.7%

due to ADRs [26]. In our study, the average time to interruption was 26.7 days (95% CI: 22.3–

34.6 days) and the probability of treatment interruption was highest in the first week, with

23.1% of interruptions. Multivariate analysis shows that treatment interruption was signifi-

cantly associated with the severity of ADRs, eosinophilia and the dose, followed by female sex,

as a fourth possible associated factor, although it was not strictly statistically significant. Mean-

while, female sex, dose were related with severe ADRs.

In the present study, it was evident that severe ADRs predict treatment interruption com-

pared with non-severe ADRs. An association of severity of ADRs with premature interruption

had been also previously described for BZN [9]. Of 224 patients who received BZN, 91.5% had

at least one ADR. A similar incidence of ADRs, 87.5%, was reported in a previous prospective

longitudinal research conducted in Brazil [27]. Others studies had reported lower incidences

of 48.7 and 48.9% in Brazil [9,13]. Coinciding with previous findings in adult patients treated

Fig 2. Generalized Gamma (survival) curves for risk factors associated with time free to treatment

interruption: severity of adverse drug reactions (ADRs).

https://doi.org/10.1371/journal.pone.0185033.g002
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with BZN [9,28], this study found that dermatological alterations and gastrointestinal distur-

bances were predominant.

Out of the identified risk factors, only dose is considered as a potentially modifiable. Indeed,

this study shows that a dose of BZN� 6 mg/kg/day is an important predictor of both severe

ADRs and treatment interruption. It is also associated with significantly higher incidence of

dermatological ADRs, such as rash, itching, urticaria, angioedema, photosensitivity, bullous

eruption and skin peeling. Currently there is no published evidence on the consequences of

decreasing the dose of BZN on the effectiveness of treatment. Nevertheless, there are a few

ongoing studies in this regard [29].

On the other hand, BZN was administered in this study for the recommended duration in

ambulatory care (60 days) as most of the treatment regimens in clinical studies and clinical

guidelines [10,11,30,31]; therefore, treatment interruption is defined in comparison with that

recommendation. However, there are a few studies that have considered a shorter course of

treatment [8]. A recent study in chronically T. cruzi infected patients evaluated a new scheme

of BNZ administration with intermittent doses at 5mg/kg/day every 5 days for a total of 60

days (12 days of intermittent treatment). With this new scheme, reported a definite discontin-

uation in only one patient (1/20). The intermittent treatment of BNZ emerges as a potential

solution to improve the safety of administering BNZ [32]. However, it might be of great

importance to evaluate their parasitological efficacy compared with the standard duration.

In this study, 9.4% of patients presented eosinophilia during the treatment period without

any associated symptoms. Two patients experienced eosinophilia and systemic symptoms—

Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS). Previous studies had

Fig 3. Generalized Gamma (survival) curves for risk factors associated with time free to treatment

interruption: eosinophilia.

https://doi.org/10.1371/journal.pone.0185033.g003
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reported the appearance of this syndrome in 3.7% (3/81) of patients in a cohort treated with

Nifurtimox [14]. However, this had not been previously reported for BZN. The presence of

eosinophils in the skin is common in dermatological disorders associated with adverse drug

reactions and it has been hypothesized that eosinophils might contribute to pathogen defense

and regulate inflammatory responses [33,34]. Drugs, either directly or after processing by den-

dritic cells, activate T cells which can produce cytokines and cytotoxins resulting in tissue

damage and an inflammatory response [33,34].

Female sex was found as a predictor of severe ADRs and definitive interruption of BZN

(Not statistically significant), a finding that had been previously reported as a strong and inde-

pendent factor for treatment interruption (OR 2.3; 95% CI: 1.2–4.3) and the most important

predictor for overall ADRs (OR 2.9; 95% CI 1.5–5.4) [13]. Recent studies suggest that pharma-

cokinetic differences between women and men that can impact ADRs development are: lower

body weight, lower glomerular filtration rate and higher percentage of body fat [35,36]. Inter-

estingly, for Nifurtimox, no relation with sex has been found in previous studies [37].

The main limitations of this study include a possible information bias and the presence of

confounding factors (e.g., other drugs used). Due to its retrospective nature, this study relies

on the quality of the original records. This quality can be granted given the standard protocol

that was used for treatment indications, lab tests and follow-up over the years. Other measures

taken to address the limitations, due to the retrospective nature of the study, were double

checking on the review process and a consensus when disagreement. As only five patients

(2.2%) were lost to the follow-up, they were not included in the analysis.

Fig 4. Generalized Gamma (survival) curves for risk factors associated with time free to treatment

interruption: sex.

https://doi.org/10.1371/journal.pone.0185033.g004
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Even though the use of BNZ in adults chronically T. cruzi infected and with established

Chagas’ cardiomyopathy showed no significantly reduce cardiac clinical deterioration, the effi-

cacy in adult patients in chronic phase without cardiomyopathy it is still under discussion.

One of the most striking problems for assessing its effectiveness and for recommending this

drug in clinical practice is the high frequency of ADRs that lead to an important rate of treat-

ment abandonment. In this study, although the frequency of ADRs during administration of

BZN was high (91.5%), most of the ADRs were considered as mild and only 23.2% of cases

required definitive treatment interruption. As the only modifiable factor related to severe

ADRs and treatment interruption was the dose of BZN, a next and needed step is to test the

efficacy of BZN at a lower dose. For clinical practice, we recommend the beginning of the clini-

cal controls on the first week of treatment in order to document earlier the number of ADRs

before turning into severe and therefore minimize the risk of treatment interruption. Since

Table 3. Risk factors for treatment interruption of benznidazole: Bivariate and multivariate analysis using Generalized Gamma distribution.

Bivariate analysis Multivariate analysis

Covariate Coefficient (βi) TR exp(βi) 95% CI P-value Coefficient (βi) TR exp(βi) 95% CI P-value

Severity

Mild/Moderate 1.00 1.00 1.00 1.00

Severe -2.23 0.11 (0.06–0.18) 0.000 -2.10 0.12 (0.07–0.19) 0.000

Doses mg/kg/day

< 6 1.00 1.00 1.00 1.00

� 6 -0.68 0.50 (0.27–0.93) 0.029 -0.60 0.55 (0.39–0.76) 0.000

Alteration of eosinophil

No 1.00 1.00 1.00 1.00

Yes -0.67 0.51 (0.27–0.96) 0.038 -0.38 0.68 (0.49–0.94) 0.022

Sex

Male 1.00 1.00 1.00 1.00

Female -0.79 0.45 (0.25–0.80) 0.007 -0.33 0.72 (0.50–1.00) 0.057

Age (years)

<50 1.00 1.00

�50 -0.11 0.90 (0.46–1.77) 0.762

ADRs

� 3 1.00 1.00

> 3 -0.40 0.67 (0.36–1.25) 0.208

History of previous Pathologies

No 1.00 1.00

Yes -0.12 0.88 (0.44–1.75) 0.734

Alteration of leukocytes

No 1.00 1.00

Yes -0.45 0.96 (0.26–3.38) 0.944

Alteration of lymphocyte

No 1.00 1.00

Yes -0.02 0.97 (0.28–3.43) 0.966

Alteration of neutrophils

No 1.00 1.00

Yes -0.78 0.46 (0.12–1.76) 0.256

ADRs, adverse drug reactions; Coefficient (βi), β coefficient; TR, time ratio; CI, confidence interval; Bold values, values statistically significant

https://doi.org/10.1371/journal.pone.0185033.t003
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some of the severe ADRs are of insidious onset, patient awareness could also contribute to

avoid or stop some of them.
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Investigation: Mario J. Olivera, Carlos A. Valencia-Hernández, Rafael Herazo, Diana Agreda-
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