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Determining the success of antitrypanosomal therapy for Chagas disease is challenging, particularly in the chronic phase of the disease, because seropositivity persists for a long time after successful antitrypanosomal treatment and is known to be related to the duration of Trypanosoma cruzi infection. Seroconversion to negative by two or more conventional serologic tests is the currently accepted measure of efficacy, and studies suggest no significant change in seropositivity if left untreated. However, there is no guidance for industry on how to establish the effectiveness of drugs intended for the treatment of Chagas disease. Due to the lack of validated sensitive, specific, easy-to-use markers that allow early monitoring of the efficacy of antitrypanosomal treatment in an efficient manner, we used seroreduction measured by two conventional enzyme-linked immunosorbent assays in addition to the currently accepted criterion for what constitutes a cure, seroconversion to negative, as a surrogate parameter for efficacy in a Phase III pediatric trial with nifurtimox. The measures for confirmation of the antitrypanosomal efficacy of nifurtimox were discussed with US FDA. In this perspective article, we present our experiences obtained from a pediatric study on Chagas disease with an established drug using a surrogate efficacy parameter in addition to the established criterion for a cure.
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1 Introduction

Chagas disease (American trypanosomiasis) is a parasitic disease caused by the flagellate protozoan Trypanosoma cruzi. The disease has two clinical phases—an acute phase and a chronic phase—and the chronic phase is subdivided into indeterminate and determinate (symptomatic) forms. If left untreated, about two-thirds of infected people will remain in the chronic indeterminate stage, experiencing no symptoms or long-term sequela but carrying a hidden infection. However, in 20% to 30% of cases, serious progression occurs about 10 years to 30 years after the initial infection with T. cruzi (Perez-Molina and Molina, 2018), which can be life-threatening.

In this chronic symptomatic form of the disease, cardiac involvement is the most frequent and severe type of organ involvement. Chagas heart disease occurs in 10% to 30% of cases and is associated with a worse prognosis (Alvarez-Hernández et al., 2018; Meymandi et al., 2018). The exact mechanism of progression of Chagas disease to the determinate form is not fully understood; several factors including the persistence of high parasitemia and tissue parasitism have been discussed and may be a determining factor in the development of Chagas cardiomyopathy (Nunes et al., 2013). Gastrointestinal involvement in the chronic symptomatic form of Chagas disease is less common, and most often presents as megaesophagus and megacolon, characterized by hypertrophy of the muscle layers and progressive loss of contractile capacity (Alvarez-Hernández et al., 2018). No biomarkers are available to predict the risk of Chagas disease progression.

Chronically infected individuals in the indeterminate stage may transmit the T. cruzi infection either by the congenital route or by blood or organ donation and, therefore, initiation of antitrypanosomal treatment as soon as possible after diagnosis of acute or chronic Chagas disease is an important goal. Currently, only two compounds, nifurtimox and benznidazole, are available for the specific antiparasitic treatment of T. cruzi infection (Balouz et al., 2017). Elimination of the parasite through subsequent antitrypanosomal therapy is considered essential to prevent or delay severe complications and to prevent congenital transmission (Irish et al., 2022). It is recognized that an inflammatory immune response is triggered and sustained by T. cruzi, and it has been postulated that the parasite persistence and immunological mechanisms are inextricably related to myocardial aggression during the chronic phase of the disease (Marin-Neto et al., 2007; Nunes et al., 2013; Viotti et al., 2014). Overall, the prevailing evidence indicates that parasite persistence is fundamental for triggering and sustaining pathogenic processes.




2 The predicament in demonstrating the efficacy of antitrypanosomal therapy in chronic Chagas disease

One of the hurdles in Chagas disease is judging when a cure has been successful after antitrypanosomal therapy using the current criterion, which is the conversion of serologic response to negative (seroconversion) confirmed by conventional serologic tests. In acute Chagas disease, including congenitally transmitted infections, high cure rates have been reported (Meymandi et al., 2018) and serologic tests become negative relatively quickly after antitrypanosomal treatment. In a recent study of pediatric patients with Chagas disease treated with benznidazole, 29 out of 38 children aged ≤ 2 years seroconverted during a posttreatment follow-up observation period of 36 months (Moscatelli et al., 2019). This effectiveness of antitrypanosomal therapy is not detected in chronic Chagas disease, where parasitemia in the blood is intermittent. The parasite triggers a strong antibody response resulting in seropositivity and high titers of immunoglobulin G (IgG) anti-T. cruzi antibodies in the chronic phase of the disease. The antibodies persist even after complete eradication of the parasite, and the decline of conventional antibody titers may take a long time in chronic Chagas disease (Murphy et al., 2021). Indeed, it can take 10 years to 20 years following treatment before adult patients in the chronic phase of the disease become seronegative as assessed by conventional serologic methods (Meymandi et al., 2018; Perez-Molina and Molina, 2018).

The available conventional tests were primarily developed for the diagnosis of Chagas disease infections in, for example, blood donors. Currently, the measurement of response to antitrypanosomal therapy is also based on the demonstration of seroconversion as measured by conventional serologic tests. However, seropositivity persists in chronic Chagas disease for a long time after antitrypanosomal treatment and is related to the duration of T. cruzi infection (Meymandi et al., 2018). That makes it challenging to demonstrate the effectiveness of an antitrypanosomal therapy, especially in the chronic phase of the disease, which points to the dilemma researchers face with clinical trials on chronic Chagas disease. Currently, there is no sensitive, specific, easy-to-use marker established for early monitoring of the efficacy of antitrypanosomal treatment. This might be why, in several clinical studies initiated by academic investigators, polymerase chain reaction (PCR) has been used to measure the response to antitrypanosomal therapy in chronic Chagas disease. However, negative PCR results are not indicative of the absence of infection with T. cruzi but demonstrate only the absence of circulating T. cruzi deoxyribonucleic acid (DNA) in the blood at the moment the blood was drawn for testing. Negative PCR results are not conclusive evidence of parasite clearance.

To address the dilemma, several potential markers for early evaluation of the response to antitrypanosomal therapy have been suggested, including parasite biomarkers (e.g., F2/3, F29 antigens, and anti-Ag13), host response biomarkers (e.g., ApoA1 and endogenous thrombin potential), and immunological markers (e.g., INF-γ and IL12+ CD14+ cells). The inclusion of new technologies could also be helpful in identifying markers suitable as valid tools for use in clinical trials with new drugs (Ruiz-Lancheros et al., 2019).



2.1 Working with US FDA to define the efficacy endpoint for a clinical trial with nifurtimox in pediatric patients with Chagas disease

There is no guidance for industry on how to establish the effectiveness of drugs intended for the treatment of Chagas disease. In 2017, the United States Food and Drug Administration (US FDA) finalized recommendations on the use of serologic tests to reduce the risk of transmission of T. cruzi infection in blood and blood components for transfusion or for use in manufacturing a product1. Although this guidance document does not include recommendations for establishing the clinical effectiveness of drugs for the treatment of T. cruzi infections, it provides insights on blood donor testing for Chagas disease in the United States, including recommended serologic tests. Interestingly, the current cure criterion for Chagas disease is similar to the eligibility criterion for reentry of deferred blood donors as defined by the FDA in this guidance. This may be the basis for the FDA’s current request for results from two different tests for T. cruzi antibodies to determine the success of antitrypanosomal therapy in clinical trials in the pediatric population.

This position had to be taken into account in the planning of a confirmatory clinical trial in pediatric patients with Chagas disease to obtain marketing authorization for a new nifurtimox tablet formulation in the United States.

Consistent with the literature, the FDA considers positive PCR results as meaningful evidence of infection, but negative PCR results are not indicative of the absence of infection with T. cruzi and demonstrate only the absence of circulating T. cruzi DNA in the blood at the moment when the blood was drawn for testing (Alonso-Padilla et al., 2020; Sulleiro et al., 2020; Malone et al., 2021). For early detection of treatment failure, continuous PCR testing after antitrypanosomal therapy is suggested in patients with chronic Chagas disease (Sulleiro et al., 2020), but a PCR negative result at a single test is not definite proof of successful treatment.

The FDA considers qualitative serologic tests as adequate for determining a cure based on seroconversion from antibody-positive to antibody-negative status as a marker to predict parasite clearance. Seroreduction based on a reduction in antibody titer, by the indirect hemagglutination assay (IHA), is also an appropriate surrogate marker of efficacy.

Because in the confirmatory clinical trial with nifurtimox in pediatric patients with Chagas disease the period of the posttreatment follow-up was limited to 12 months, a surrogate endpoint of an at least 20% reduction in enzyme-linked immunosorbent assay (ELISA) optical density compared to baseline (seroreduction) was proposed as the primary measure of the effectiveness of nifurtimox; and this was discussed with the FDA before initiating the trial. To assess the response to nifurtimox treatment, we differentiated between seroconversion, the current standard criterion for cure, and seroreduction for patients who did not seroconvert within the study observation period, measured by two ELISA tests.




2.2 The surrogate endpoint of seroreduction

The persistence in T. cruzi seropositivity even after the successful treatment of chronic Chagas disease makes it extremely challenging, if not impossible, to interpret the outcome of clinical trials within a reasonable and feasible follow-up period. Therefore, seroconversion is considered not attainable within the time frame of clinical trials to confirm the efficacy of antitrypanosomal therapy, particularly in chronic Chagas disease (Ruiz-Lancheros et al., 2019; Malone et al., 2021), which places emphasis on the need for new biomarkers.

A continuous decrease in antibody titers precedes the complete reversion of the serologic response to negative, as measured by conventional assays, and from a clinical perspective indicates an evolution toward a cure (Moscatelli et al., 2019; Jurado Medina et al., 2021). Studies have shown that a reduction in antibody levels can be used to monitor the early impact of antitrypanosomal treatment (Sosa Estani et al., 1998; Fabbro et al., 2007; Viotti et al., 2011; Niborski et al., 2016; Sguassero et al., 2018; Moscatelli et al., 2019).

In a Phase III trial with 330 children with Chagas disease, we used seroreduction measured by two conventional ELISAs—recombinant ELISA (Chagatest ELISA recombinante v3.0; Wiener lab, Rosario, Argentina) and lysate ELISA (Chagatest ELISA lisado; Wiener lab, Rosario, Argentina)—as a measure of response to treatment with nifurtimox at the 12-month posttreatment follow-up in addition to the accepted criterion of seroconversion (Altcheh et al., 2021). This surrogate was considered acceptable by the FDA due to the fact that analysis of data from a study with benznidazole to treat children aged 6 years to 12 years with Chagas disease showed a 21% decrease in mean optical density for benznidazole versus no change for placebo at 12 months posttreatment (Sosa Estani et al., 1998), and that the seroreduction at 12 months correlated with seroconversion as measured by the same ELISA at the 4-year follow-up. Benznidazole was approved in the United States in 2017 using the Accelerated Approval Pathway for the treatment of pediatric patients aged 2 years to 12 years with Chagas disease; for full approval, a further study was requested to verify and describe the anticipated clinical benefits of benznidazole.

With this endpoint of seroreduction in addition to seroconversion, 32.9% of the patients (95% confidence interval [CI] 26.4% to 39.3%) showed a response to nifurtimox treatment administered for 60 days 12 months after the end of treatment in the Phase III trial (Altcheh et al., 2021). Response to nifurtimox treatment determined by conventional ELISA at the 12-month follow-up was consistent for recombinant ELISA and lysate ELISA. A dose–response relationship between the two nifurtimox treatment regimens was observed using the proportion of patients responding by obtaining either seroconversion or seroreduction measured in the two conventional ELISAs. The statistically significant difference observed for the conventional ELISAs comparing the two treatment regimens (32.9% vs. 18.9% in serologic response to nifurtimox treatment of the 60-day and the 30-day treatment regimens, respectively) tested using an asymptotic two-sided 95% CI for the difference between two independent proportions (Altcheh et al., 2021), precluded variability associated with random error for the recombinant and lysate ELISA tests. An increase in seroreduction was seen in other posttreatment follow-ups, and approximately 50% of the patients reached a serologic response to 60-day nifurtimox treatment by the 4-year follow-up (Altcheh et al., 2023). As reported by Moscatelli et al. (2019), there was a higher probability of seroreduction in younger patients. For the overall study population, the number of children who reached either seroreduction or seroconversion by the 4-year posttreatment with nifurtimox increased by approximately 30% from the 12-month follow-up (Altcheh et al., 2023). Interestingly, seroconversion measured by two types of assay could not be observed at the 4-year posttreatment follow-up in children aged ≥ 6 years at randomization, but the number of patients with seroreduction continuously increased (Altcheh et al., 2023). This may indicate that a 4-year posttreatment follow-up is not enough to observe seroconversion in this pediatric age group; this is supported by the median survival time of anti-T. cruzi antibodies of 90 months reported by Moscatelli et al. (2019) in children aged 3 years to 12 years.

In contrast to the serologic tests, the PCR results for the two treatment regimens did not differ significantly—93.6% and 91.9% of the patients treated for 60 days and 30 days with nifurtimox, respectively, were PCR negative 12 months posttreatment (Altcheh et al., 2021)—and, therefore, did not discriminate between the two nifurtimox regimens. The majority of the patients in both treatment groups showed continuous negative qPCR results during the additional 3-year follow-up (Altcheh et al., 2023).

Interestingly, only two (0.6%) of the 330 children included and diagnosed with Chagas disease based on ELISA serologic tests showed electrocardiogram abnormality (bradycardia) as a sign of Chagas disease at entry into the study, and bradycardia, respiratory arrhythmia, and a slight deviation of the QRS axis were reported in three children (1.9%) 12 months after the end of treatment with nifurtimox. All of these findings were considered non-pathological and not clinically significant by the investigator (Altcheh et al., 2021). No other clinical symptoms typical of Chagas disease were observed in any other study participant at baseline or at the 12-month posttreatment follow-up, and none of the study participants who were followed up for an additional 3 years reported any clinical signs and symptoms.





3 Discussion

Development of new, safe, and efficacious drugs for the treatment of Chagas disease is challenging due to several aspects that include but are not limited to the following:

	1. Chagas disease is one of the neglected tropical diseases that are defined by the World Health Organization (WHO) as “a diverse group of 20 conditions that are mainly prevalent in tropical areas, where they mostly affect impoverished communities and disproportionately affect women and children. These diseases cause devastating health, social, and economic consequences to more than one billion people.”2 Such diseases are almost entirely absent from the global health agenda.

	2. Currently, there are no markers for either the early assessment of response to antitrypanosomal therapy in the chronic phase of Chagas disease or for the prognosis of an infected individual.

	3. The current standard criterion for the successful treatment of Chagas disease is seroconversion measured by conventional serologic tests. However, these tests were primarily developed for diagnostic purposes, and, consequently, such screening assays are optimized to pick up low-level antibodies indicative of past infections, and therefore cannot be instrumental for monitoring purposes (Zrein et al., 2018). Because anti-T. cruzi antibodies persist long-term, even after treatment, conventional serology remains reactive many years after treatment. Therefore, it can take years after antitrypanosomal treatment before patients with chronic Chagas disease are considered cured according to the current criterion. This makes measurement of treatment success using conventional serologic tests lengthy and challenging, particularly for drug development in Chagas disease.



These factors may have contributed to the fact that currently only two pharmaceuticals are approved for the treatment of Chagas disease: nifurtimox and benznidazole. Both drugs were launched in the 1970s and are recommended by the Pan American Health Organization (PAHO) and WHO in their Guidelines for the diagnosis and treatment of Chagas disease, issued in 20193. Apart from strategies and methods for screening for Chagas disease and diagnosing patients, the guidelines provide recommendations for prescribing trypanocidal treatments in pediatric and adult patients depending on the phase of the disease. However, the guidelines do not detail recommendations on the laboratory tests to be used for regular and continuous posttreatment monitoring of the patients.

In children with chronic Chagas disease, seroconversion measured by conventional serologic assays is considered equivalent to a therapeutic response to antitrypanosomal therapy. However, there is a low degree of certainty on the validity of seroconversion and negativity in parasitemia as surrogates for clinical benefit, for example decrease in disease complications such as the development of heart disease or death. This further challenges designing clinical trials, particularly in adult patients with indeterminate chronic Chagas disease.

In the Phase III trial, we used a surrogate endpoint of seroreduction in addition to seroconversion measured by conventional ELISA tests to provide evidence of the effectiveness of nifurtimox for the treatment of children with Chagas disease. The two efficacy outcome measures allowed us to differentiate between the effectiveness of the two nifurtimox treatment regimens, whereas PCR did not. This efficacy surrogate endpoint used in the Phase III trial was accepted by the FDA in conjunction with other measures for efficacy, resulting in the approval of Lampit (nifurtimox) in the United States in 2020 under the provisions of Accelerated Approval Regulations (21 CFR 314.500). The data on seroconversion during the additional 3-year posttreatment follow-up confirmed the clinical benefit of nifurtimox in pediatric patients with Chagas disease and led to the full approval of Lampit (nifurtimox) in the United States in 2023 for use in pediatric patients (birth to <18 years of age and weighing at least 2.5 kg). for the treatment of Chagas disease (American trypanosomiasis) caused by T. cruzi.

Recent findings indicate that a novel antibody profiling multiplex assay, the MultiCruzi ELISA test, was able to reliably detect antibody signals in children diagnosed with Chagas disease who were treated with nifurtimox or benznidazole. The assay, along with mathematically driven approaches, could predict seronegative conversion earlier than a conventional serologic ELISA test (Jurado Medina et al., 2021). Based on our experience, using tests that are not approved by health authorities and not commercially available as the primary measure of efficacy in confirmatory clinical trials conducted for regulatory purposes could pose a challenge.

We suggest that working closely with health authorities and thoroughly discussing appropriate measures of efficacy is essential in the development of potential new therapies for Chagas disease.
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