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For treating Chagas disease (CD), a current worldwide health problem, only benznidazole and nifurtimox have been ap-
proved to be used. In both cases, unwanted drug-related adverse events (ADRs) are frequent when these drugs are used in
adults in the chronic stage. The main objective of this study was to establish benznidazole ADRs and their relationship to
serum concentrations in patients with chronic Trypanosoma cruzi infection in order to perform more accurate dosages to
minimize ADRs. A total of 54 patients were recruited over 12 months. Of these 54 patients, 53 (98%) experienced at least
one ADR during follow-up, and the overall average ADR incidence was 2.4 episodes/patient/month. Benznidazole treat-
ment was discontinued in 11 patients, 7 among them due to severe adverse effects. The mean duration of treatment before
withdrawal was 11 days. Benznidazole serum concentrations were recorded on days 15, 30, 45, and 60 of follow-up and
evaluated according to clinical and epidemiological variables and ADR severity. No relationship was found between the
benznidazole serum concentration and the ADRs. The mean (standard deviation) trough serum benznidazole concentra-
tions (all below 20 mcg/ml) on days 15, 30, 45, and 60 were 6.4 (1.9), 6.1 (1.8), 6.2 (2.2), and 5.7 (1.7) pg/ml, respectively.

Benznidazole serum concentrations do not appear to be related to the appearance of serious ADRs. Further, well-con-
trolled studies are necessary to establish the optimal regimen for benznidazole in adults with chronic CD.

hagas disease (CD) is an endemic zoonotic disease caused by

the hemoflagellate protozoan parasite, Trypanosoma cruzi. It
affects 8 to 10 million people in Latin America (1) and is a world-
wide public health problem due to migration flows (2).

The disease has two phases: an initial acute phase, which is
usually asymptomatic, and a lifelong chronic phase, which in 60 to
70% of patients is clinically silent, but 20 to 30% of them will
develop in years or decades heart problems (20 to 30%), diges-
tive problems, or a combination of both (10 to 15%). Neuro-
logical symptoms are also seen in a small proportion of patients
(5%) (3).

Current treatments for CD include nifurtimox and benznida-
zole, but only the latter is available in Spain. The efficacy of ben-
znidazole in patients with T. cruzi infection is extremely variable
and depends on the disease stage, the drug dose, and the age and
geographic origin of the patient. Treatment in the acute phase of
infection is highly effective with both benznidazole and nifurti-
mox, with cure rates of close to 100% in infants (4) and 60% in
children and adults with recent infections (5, 6). The efficacy of
drug therapy decreases with the duration of infection and is still a
controversial issue (7, 8). The efficacy rates published in different
studies of chronic T. cruzi infection vary due to methodological
differences and high reinfection rates in areas of endemicity
(9). The gold standard for evaluating efficacy is serologic test-
ing, but even in successful treatments it may take from years to
decades for seroreversion to occur (10). Thus, there is a press-
ing need for early markers of treatment response that can be
used in clinical settings.

Data on the pharmacokinetics of benznidazole are limited. In
vitro culture studies have shown that the trypanosomicidal con-
centration of benznidazole ranges from 3 to 6 pg/ml (12), and
concentrations of 20 pg/ml seem to be related to a higher risk of
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toxicity, which mainly manifests as skin disorders (12). Benznida-
zole has good oral bioavailability, an apparent volume of distribu-
tion of 0.56 liter/kg, and an elimination half-life of 12 to 15h (11,
12). The recommended dosage of benznidazole for the treatment
of T. cruzi infection is 5 mg/kg/day, divided into two doses.

The reported frequency of benznidazole-related adverse drug
reactions (ADRs) is ca. 50% for moderate reactions and 10% for
serious ones (8, 13), although plasma concentrations of >20
pg/ml are not expected with the standard twice-daily dose regi-
men. The possibility of relating benznidazole serum concentra-
tions to the appearance of ADRs is an appealing challenge that
could help to further define the optimal dosage to attain the high-
est effectiveness with the lowest risk of toxicity.

The hypothesis of the present study was that ADRs in patients
with T. cruzi infection treated with benznidazole could be related
to the benznidazole serum concentrations. If this is true, clinicians
would be equipped with a tool that would help to reduce the
incidence of ADRs and improve the management of CD by tailor-
ing dose regimens to individual needs.

The main objective of the present study was to establish a rela-
tionship between benznidazole serum concentrations and the ap-
pearance of ADRs attributable to this drug in patients with
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TABLE 1 Characterization of ADRs to benznidazole in patients with T. cruzi infection: incidence, time of appearance, and duration”

Benznidazole ADRs and Serum Drug Concentrations

No. of patients )
No. of patients

Median no. of days (IQR) of treatment before the

appearance of ADR, no. of patients

No. of patients

Median duration

No. (%) of 1 2-3 >3 with recurrent Third with persistent  of ADR in days

Symptom patients ADR ADRs ADRs ADRs First ADR ~ Second ADR  ADR Last ADR  ADRs (IQR)

General symptoms 48/54 (89) 16 17 15 4 15(15),48 30(15),32 45(11),22 60(0),15 25 30 (15)

Skin symptoms 40/54 (74) 22 18 0 5 15 (15),40 30 (43), 18 52 (30), 6 8 15 (0)

Fever 8/54 (15) 8 0 0 14 (15), 8

Pruritus 38/54 (70) 18 14 6 6 15(15),38  30.5(26.5),20 54 (15),6 9 15 (0)
Gastrointestinal symptoms 41/54 (76) 19 15 7 7 15 (15),41 30 (15), 22 45(15),18 60(0),7 14 30 (15)
Neurological/musculoskeletal ~ 40/54 (74) 17 15 8 8 15 (15),40 30 (15),23 47 (15),15 60 (0), 8 13 30 (30)

symptoms

“IQR, interquartile range.

chronic T. cruzi infection. A secondary objective was to add to the
pool of knowledge of the adverse-effect spectrum of benznidazole.

MATERIALS AND METHODS

Design and setting. A 12-month observational prospective study was
conducted of individuals from Latin American countries where CD is
endemic and who had visited the Centre for International Health at Hos-
pital Clinic, a university hospital, in Barcelona, Spain.

Recruitment and participants. Fifty-four patients with T. cruzi infec-
tion who fulfilled the criteria to start benznidazole (14) were invited to
participate in the study. They were all living in Barcelona and were be-
tween 18 and 50 years old. We excluded patients who were unable to
comply with the follow-up requirements (fortnightly visits and manda-
tory unscheduled visits in the event of an unexpected treatment-emergent
adverse reaction).

Procedure. Clinical and epidemiological data were collected during
patient interviews following the signing of an informed consent form. The
information collected included age, sex, area of origin, history of residence
in rural environments and mud houses, previous contact with the triato-
mine bug vector, history of blood donation or transfusion, and history—
including information on toxic habits and other vascular risk factors.

TABLE 2 Number of ADRs during follow-up

No. of episodes during

Type of ADR follow-up

General (48/54 patients [89%])
Headache 25
Anorexia 8
Asthenia 17
Headache + anorexia 4
Headache + asthenia 28
Asthenia + anorexia 10
Headache + anorexia + asthenia 34

Skin (40/54 patients [74%])
Urticaria 9

Macular rash 32
Palmar-plantar rash 5
Erythematosus rash 5
Facial rash 6
Gastrointestinal (41/54 patients [76%])
Epigastralgia 34
Nausea 17
Vomiting (with nausea) 32
Paresthesia 23
Myalgia/arthralgia 40
Paresthesia + myalgia/arthralgia 26
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Serologic tests for T. cruzi and HIV infection, hematology, biochem-
istry (including renal and liver function: creatinine, urea, and transami-
nases) were performed in all participants. T. cruzi-infected patients were
studied using a protocol that included 12-lead electrocardiography, chest
radiography, and echocardiography. Additional tests were performed ac-
cording to individual symptoms.

Specific treatment with benznidazole (5 mg/kg/day for 60 days) was
prescribed to all patients regardless of clinical stage. The follow-up pro-
tocol included fortnightly clinical and analytical tests for the duration of
treatment. Treatment was considered to be complete when at least 80% of
the total dose of benznidazole prescribed had been reached.

The fortnightly follow-up visits included routine hematology and bio-
chemistry evaluations and the completion of a questionnaire on common
ADRs and treatment adherence. In addition, predose serum samples to
test benznidazole concentrations were collected at each visit. All of these

TABLE 3 Hematologic and biochemical alterations during follow-up

No. of patients
with severe

No. (%) of alterations during clinical ADRs
follow-up and .
hematologic
Parameter” Day15 Day30 Day45 Day60 alterations
Complete blood
count
RBC* 6(13) 12(29) 15(38) 14(33) 0
WBC*
Leukopenia 3(7) 3(7) 1(3) 2 (5) 0
Neutropenia 7(15) 11(26) 14(35) 10(24) 0
Lymphopenia’® 2 (4)°  3(7) 3(8) 1(2) 1
Eosinophilia®
Mild 7(15)  7(17) 5(13) 11(26) 1
Moderate 5(11) 1(2) 3(8) 2 (4)°
Biochemistry
Transaminases® 8 (17)¢ 9 (21) 10 (24) 9 (21) 0
Bilirubin* 1(2) 2 (5) 1(2) 0
LDH* 409  3(7)  3(7)  5(12) 1
Total proteins* 2 (4) 3(7) 1(2) 1

“ RBC, red blood cells; WBC, white blood cells; LDH, lactate dehydrogenase. *, Mild
alterations: anemia (hemoglobin, 10 to 12 mg/dl), leukopenia (3,000 to 35,000 WBC/
ml), neutropenia (1,000 to 1,200 neutrophils/ml, transaminases (<3 X ULN), bilirubin
(0.2 to 1.2 mg/dl), LDH (250 to 450 U/liter), and total proteins (63 to 80 g/liter).
Eosinophilia was mild (500 to 999 eosinophils/ml) or moderate (1,000 to 3,000
eosinophils/ml).

b All cases were moderate (500 to 1,000 lymphocytes/ml), except for one severe case
(<500 lymphocytes/ml).

¢ There was one case of severe eosinophilia (>3,000 eosinophils/ml).

?In one case, more than X3 ULN.
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FIG 1 Adherence to treatment.

tests were repeated during unscheduled visits (appearance of a new ADR
between routine visits). In such cases, postdose serum samples were also
taken, with evaluation of drug administration and blood sampling times.
The simplified medication adherence questionnaire adapted to patients
with T. cruzi infection was used to assess treatment adherence.

Two serum enzyme-linked immunosorbent assays (ELISAs) were
used for the laboratory diagnosis of T. cruziinfection: a commercial ELISA
with recombinant antigens (BioELISA Chagas; Biokit S.A., Llica d’ Amunt,
Barcelona, Spain) and a conventional ELISA (Orthoclinical Diagnostics,
Inc.). Diagnosis was confirmed in patients with positive results in the two
tests (15).

Benznidazole was quantified by high-performance liquid chromatog-
raphy (16), with powder supplied by F. Hoffmann-La Roche, Ltd. (Sao
Paulo, Brazil). All of the human plasma samples were spiked with 45 .l of
benzocaine (Fagron Iberica S.A.U, Terrassa, Spain) as an internal stan-
dard to a final concentration of 300 mg/liter. The mixture was precipitated
with 150 wlof 0.3 M (1/1 [vol/vol]) trichloroacetic acid and centrifuged at
8,000 X g for 10 min. Next, 100 pl of the supernatant was injected into the
chromatographic system. The stationary phase was a Kromasil 100-5 C
silica-based column (250 by 4.0 mm), and the mobile phase consisted of
60% ultrafiltered water and 40% acetonitrile. The flow rate was set at 0.9
ml/min, and the injection volume was 100 pl. The absorbance was mon-
itored at 324 nm (16).

Statistical analysis. Quantitative variables were determined as means
and standard deviations or as medians and interquartile ranges (IQRs),
and categorical variables were described by frequencies and percentages.
A Student ¢ test was used to compare normally distributed continuous
variables and the Wilcoxon rank sum test to compare non-normally dis-
tributed variables. A Fisher exact test or the chi-square test was used to
compare qualitative variables. All of the tests were two-tailed. Statistical
significance was set at P < 0.05 and at P < 0.0125 for multiple compari-
sons for repeated measures over follow-up. The analyses were performed
using Statal2 (Stata Corp., College Station, TX) (17).

RESULTS

Starting in November 2009, we recruited 17 male and 37 female
patients, with mean ages of 37 years (IQR = 9) and 35 years
(IQR =9), respectively (P = 0.4191). The mean age at the start of
treatment was 36 (IQR = 9) years. Some patients were under
treatment with drugs other than benznidazole for concomitant
conditions, including anemia, eosinophilia, dyslipidemia, arthro-
sis, migraine, mycosis, and chronic hepatitis B (one patient each),
high blood pressure (two patients), thyroid disease and chronic
gastritis (three patients each), and articular pain (four patients).
The most common drug used during treatment with benznidazole
was omeprazole (eight patients). Nonsteroidal anti-inflammatory
drugs were being taken by six patients, levothyroxine by three
patients, enalapril and benzodiazepines by two each, and acet-
aminophen, domperidone, entecavir, gabapentin, and ketocona-
zole by one patient each.

The incidence, time of appearance, and duration of the ADRs
recorded during follow-up are shown in Table 1, and the fre-
quency of each type of ADR is shown in Table 2. Of the 54 patients
examined, 53 (98%) had at least one ADR during follow-up, and
the average incidence of ADRs was 2.4 episodes/patient/month.

The laboratory results during follow-up are shown in Table
3. Blood tests showed several cases of mild anemia and leuco-
penia and one case of severe lymphopenia at the beginning of
treatment. There were no cases of hyperemia or leukocytosis.
Eosinophilia was mild or moderate in all patients but one, who
developed severe eosinophilia at the end of treatment. Bio-
chemistry analyses showed several cases of mild liver function
alterations, and there was also one case in which the transam-
inase levels were three times above normal values at day 15 of
follow-up. No renal function or ionogram alterations were
found. The clinical ADRs noted were not significantly related
to hematologic or biochemical alterations.

Benznidazole treatment was discontinued in 11 patients, all
women (P = 0.0104); 7 of these patients had severe adverse effects.
The mean duration of treatment before withdrawal was 11 days
(IQR = 35): four patients stopped treatment between days 9 and
11, one stopped treatment on day 21, and two stopped treatment
on day 45. The benznidazole serum levels were within the recom-
mended therapeutic range in all but one of the seven patients. In
the seventh patient, the level was 7.3 jg/ml on the day treatment
was stopped (day 10). No significant differences in serum concen-
trations of benznidazole were observed for patients taking other
drugs (P = 0.1415) or for those who had concomitant conditions
(P = 0.4705). However, the independent analysis of each ADR
showed that treatment interruption was more common in pa-
tients with drug-related fever (P = 0.0064) and skin disorders
(P = 0.0261) than in those without these reactions.

TABLE 4 Correlation between benznidazole serum concentrations and treatment interruption, sex, other conditions, and concomitant drug use

Median benznidazole serum concn in pg/ml (IQR) [no. of patients] and associated P value”

Timi Treatment completed Sex Other diseases Concomitant drug use

poin

(days) Yes No P Male Female P No Yes P No Yes P

15 6.5(1.8) [38]  5.2(3.4)[6] 0.0811 6.4(1.7)[14] 6.0(2.0) [31] 0.8445 6.57 (2.0) [30] 5.7 (L7) [15] 0.3005 6.5 (2.1)[31] 5.6(L6)[14] 0.2918
30 6.18 (1.86) [39] 4.4 (4.8) [3] 0.0919 6.3 (1.7) [15] 6.1(2.2)[28] 0.3589 6.2(2.3) [28] 5.9(1.4)[15] 0.8186 6.3 (1.4)[29] 5.3 (1.2)[14] 0.1327
45 6.3(1.99) [37]  4.8(2.2) [2] 0.1613 6.0(2.2) [15] 6.3 (2.2) [24] 0.6236 6.1 (1.8) [25] 6.3 (2.6) [14] 0.7035 6.1 (1.8) [25] 6.4 (3-0) [14] 0.8148
60 5.7 (1.7) [37] 5.9(2.9) [15] 5.3(1.7) [22] 0.8649 5.9(2.3) [25] 5.2(1.7) [12] 0.2363 5.9(2.0) [24] 5.0 (1.9) [13] 0.3318

“ Statistical significance was set at P < 0.0125.
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Benznidazole ADRs and Serum Drug Concentrations

Data concerning treatment adherence are presented in Fig. 1. S o|3585|5E F 3
Full adherence (100% of total dose) was achieved in 31 (57%) g = z28 &
patients; rates of >80% were reported by 11 patients, and rates of §' clugenlz %“ E o
<80% were reported by 12 patients, 11 o'f whom had to stop = & 5@@@ ¢ o|E 7
treatment due to ADRs. Of the 23 (43%) patients who had forgot- S S| oome S |glz
ten to take at least one dose of benznidazole during the 60 days, g5 |==2== ” § 3
only 3 (6%) had missed a dose during the weekend. En % §§§ 5 g =

Benznidazole serum concentrations were recorded on days 15, sl ExZ clg
30, 45, and 60 of follow-up. No relationship was found between 2& 2l Ek= § %
benznidazole serum concentration and ADRs evaluated accord- z A soo|= 3|8
ing to sex, age, treatment completion, the presence of concomi- S| 288 g g
tant conditions, the use of concomitant medication (Table 4), and § Sluouvalz|e E 5
ADR severity (Table 5).The mean trough serum benznidazole = E §§§§ N T &
concentrations on days 15, 30, 45, and 60 were 6.4 (1.9), 6.1 (1.8), 57 % §§§§ E é %
6.2 (2.2),and 5.7 (1.7) pg/ml, respectively (Fig. 2). No significant 3 ; 225 g g %
differences were observed on analyzing the relationship between é’“ Z | oo o | “ 2|5
these predose values and the appearance of each type of ADR (P > ¢ £ BBRE|? 2le
0.05). EF|abkhk 212

In several cases, serum concentrations were determined after g = g%%g A
the administration of the drug (i.e., during visits requested by the Bo|E==2 ] g
patients normally due to the appearance of a new ADR). All of the SEEg|” 3 §
concentrations were <20 pg/ml, and no significant differences RIS B g ls
were found between patients with or without each type of ADR. E;;; z g % g‘

=N = 5 |
DISCUSSION SLel £ 8
EEE dE
Benznidazole is currently the treatment of choice for T. cruzi in- N 2
fection, despite the limited data available on its pharmacokinetics Pumn|g e
properties and effectiveness in chronic infection. B 35

The data from the present study show that a dose regimen of SUED z
benznidazole at 5 mg/kg/day results in mean serum concentra- coeels
tions that are at the top of the trypanocidal range (3 to 6 pg/ml), 208z
indicating that this dose is appropriate to obtain therapeutic drug 22RG|F| T
concentrations. Studies performed by Altcheh et al. (19) have °°w S
shown higher hepatic clearance of benznidazole and cure rates in zZzZ=z 7
children than in adults, suggesting that the therapeutic response 2E2E
achieved with 5 mg/kg/day could be achieved with lower doses in 2225
adults and in children in >7 years of age. However, in our series, R
the usual doses of benznidazole correspond with sufficient e
trypanocidal levels of the drug and well below the toxic concen- —===
trations. Based on our present findings, it is clear that the recom- § § § E A
mended benznidazole dose of 5 mg/kg/day allows optimal SR
trypanocidal levels in adult chronic patients. However, the con- ao237 |2
ventional duration of treatment (60 days) is not universally ac- NS g
cepted (8, 10) and a rigorous evaluation of both the efficacy and e B
tolerability of shorter treatments (e.g., 30 days) should be carried ::ii . E,E;
out in randomized clinical studies. I E

Benznidazole (like other nitroimidazoles) appears to inter- Rlksx |2
act with alcohol (20), but no interactions with alcohol were NEEY 2
recorded among our patients, since alcohol intake was forbid- PR
den in all them during the treatment with benznidazole. In our 588
study, the serum concentrations did not appear to be modified ; ; j : .
by the use of other drugs or the presence of concomitant con- 2EEZI° |22
ditions. LSl gs

It has been reported that benznidazole concentrations of >20 23 ‘g
pg/ml result in toxicity, but these levels were established in studies gogals| 2
involving healthy volunteers (11, 12, 18). Toxic concentrations BREE £
might be different in patients with T. cruzi infection, but no stud- e e Z
ies have yet been designed to explore this possibility. All of the z222 g
patients in our series received the recommended dosage of 5 mg/ SEER|IT
kg/day, and the maximum concentration noted (including peak R
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FIG 2 Median (IQR) serum benznidazole concentrations (trough concentra-
tions) during follow-up (days 15, 30, 45, and 60).

concentrations measured just a few hours after administration)
was 12.5 pg/ml, which is considerably less than the toxic concen-
tration of 20 pg/ml

Paresthesia and arthralgia have been linked to high levels of
benznidazole at the end of treatment due to accumulation of the
drug (21). Our data show no significant differences in benznida-
zole serum concentrations between patients with these ADRs and
those without. Nonetheless, to improve the management of pa-
tients treated with benznidazole, in-depth, well-designed analyses
are necessary to establish the mechanisms underlying adverse re-
actions and to investigate their relationship to hypersensitivity or
idiosyncrasy.

Treatment adherence was excellent during follow-up. This is
relevant for two reasons: good adherence provides reliable data on
drug serum concentrations and close follow-up leads to improved
knowledge and thus improved management of ADRs. We believe
that the fact that our patients were provided with detailed infor-
mation on the treatment schedule and duration and with a de-
scription of potential adverse reactions might have had a positive
effect on adherence. Although 53 of the 54 patients experienced
ADRs, these were severe in only 7 cases, and only 11 patients had
to discontinue treatment. These data support previous findings
that even with a high incidence of ADRs, these reactions can be
successfully controlled with close follow-up and symptomatic
treatment (8, 13).

Laboratory results during follow-up showed several cases of
mild and moderate hematologic alterations and mild biochemical
abnormalities. There was, however, one case of severe lymphope-
nia (associated with cutaneous, gastrointestinal, and general
symptoms, arthralgia, pruritus, and fever) and another case of
severe eosinophilia (general symptoms, nausea and epigastric
pain, macular rash, and arthralgia). In both cases, the symptoms
were well controlled, and the laboratory values returned to normal
when benznidazole was withdrawn. There was no correlation be-
tween the clinical reactions and the hematologic or biochemical
alterations.

A significant limitation of the present study is that we did not
measure the serum concentrations of benznidazole metabolites,
which might play an important role in toxicity.
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To summarize, benznidazole serum concentrations below 20
mcg/ml do not appear to be related to the appearance of serious
ADRs.
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