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Background: Monkeypox (mpox), a zoonotic viral infection, poses a global threat that is being acknowledged at the national and international levels. This systematic review aims to identify and characterize interventional clinical trials for mpox.

Method: All interventional clinical trials registered at ClinicalTrials.gov for mpox were searched up to January 6, 2023. We described the characteristics of interventional clinical trials, and drug interventions (including drugs and vaccines).

Results: As of January 6, 2023, there were 10 clinical trials in the ClinicalTrials.gov registry that met our criteria. Most of the interventional clinical trials were focused on the treatment (N = 4, 40%) and prevention (N = 4, 40%) of mpox. From the 10 trials, 50% used random treatment allocation, and six (60%) chose the parallel assignment intervention model. All 10 studies were blinded, and six were open-label blinded. The largest proportion of the clinical trials (N = 4, 40%) were registered in Europe, followed by America (N = 3, 30%) and Africa and others (N = 3, 30%). The JYNNEOS vaccine (40%), followed by Tecovirimat (30%) were the most frequently studied drugs used against mpox.

Conclusion: A limited number of clinical trials have been registered on ClinicalTrials.gov since the first case of mpox was reported. Therefore, there is an urgent need to conduct large-scale randomized clinical trials to assess the safety and efficacy of the drugs and vaccines being used against the mpox virus.
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Introduction

In addition to the global scourge of Coronavirus disease 2019 (COVID-19), the monkeypox virus (MPXV) has raised health authorities' concerns (1). Monkeypox (mpox) is a zoonotic viral infection caused by MPXV, a double-stranded DNA virus of the genus orthopox. The smallpox virus, camelpox virus (CMLV), cowpox virus (CPXV), and vaccinia also belong to this genus (2). As early as 1958, mpox was confirmed to contain MPXV, but it was 1970 in Congo until the first case in humans was identified (3, 4). Mpox shares many of the clinical features of smallpox, typically headache, tiredness, rashes, fever and lesions. These lesions evolve sequentially from macules to papules, vesicles and pastules and then crusts, which later on dry up and fall off (5).

The World Health Organization (WHO) has received reports of mpox cases from all around the world. According to preliminary data from the WHO, a total of 84,330 laboratory-confirmed cases and 1,343 suspected cases of mpox had been reported from over 100 countries by January 6, 2023 (6). According to geographic distribution, the regions of America, Africa, Europe, South East Asia, and the Eastern Mediterranean account for most of the confirmed cases of mpox (7, 8). The WHO has reported 74 deaths, emphasizing the importance of conducting further public health investigations in countries where mpox is not endemic. This includes identifying cases, careful contact tracing, maintaining effective surveillance, conducting laboratory tests, and managing clinical care (9).

Global health concerns have been raised by current mpox and COVID-19 outbreaks (10). The WHO authorities have issued interim guidelines for public health officials and healthcare professionals regarding the use of mpox vaccines for the prevention of viral infection (11). Previous foreign studies reported that children are particularly susceptible, as those aged 15 years and under account for 90% of mpox cases (12). Insufficient laboratory diagnostics, vaccines, and antivirals may hinder the effective clinical management of patients with confirmed mpox cases (13). Most researchers are conducting clinical trials to find effective treatments for mpox, evaluate the safety and efficacy of existing antivirals, reduce mortality and morbidity rates, and assess the pharmacokinetic parameters of certain drugs.

ClinicalTrials.gov is the biggest clinical trial database currently available. A previous publication described the organization's process for registration and its use for analyzing clinical trials (14). In this review, we focused on the ongoing clinical trials for mpox registered on ClinicalTrials.gov in order to identify and characterize interventional clinical trials for mpox. We believe this to be important because the incidence rate of mpox is expected to escalate and we need to take necessary precautions, including effective surveillance, isolation, and contact tracing.



Methods


Clinical trials search

On January 6, 2023, relevant studies were searched for on ClinicalTrials.gov using the single search term “Monkeypox.” The dataset for the monkeypox clinical trials was limited to only include interventional studies that were registered within the larger data system, up to that date. Any registered clinical trials that had been terminated, withdrawn or suspended were also excluded from the final analysis.



Clinical trials collection

Two of the reviewers independently collected data from the downloaded registration information files, after which the data were reviewed by a third reviewer. The data collected included the aim of the study, the type of study, the study design, the inclusion criteria, sponsors, estimated enrolment, where the trial was conducted, and other protocol information.

We conducted the analysis, describing the results of interventional clinical trials, and trials on drug interventions, including vaccines and antivirals. Drugs administered, imaging technologies and surgical procedures were categorized as either standard treatment or experimental intervention based on their role in the trial. If a procedure was specifically targeted for a particular trial, it was categorized as an experimental intervention.

We grouped the study locations into continents based on the website allocation. Also, we categorized the funding sources under “sponsors” in the ClinicalTrials.gov database into government funding agency, medical institute or research institute. If a study was not sponsored by any of the aforementioned funding bodies, it was categorized as “others”.




Results


Number of studies

As of January 6, 2023, a total of 22 registered clinical trials related to mpox were identified in the ClinicalTrials.gov database. Two studies were excluded because they did not provide any information about mpox, and 10 studies were excluded because they were observational studies. The remaining 10 studies were then available to be analyzed (Figure 1).


[image: Figure 1]
FIGURE 1
 Flow chart of clinical trial selection process.




Characteristics of interventional trials

Table 1 depicts the characteristics of the 10 interventional trials. Five (50%) had not started recruiting and four (40%) were still recruiting. Most of the interventional clinical trials were focused on the treatment (N = 4, 40%) and prevention (N = 4, 40%) of mpox. Treatment allocation was randomized in five clinical trials (50%) and six clinical trials (60%) chose the parallel assignment intervention model. All of the studies were blinded, with six employing open-label blinding. Half had 250 or fewer participants. The majority of the clinical trials were performed with adults aged above 18 years old. Government agencies and medical institutes sponsored 40 and 30% of the trials, respectively. Of these, two projects were funded by a Federal US agency and one project was funded by CDC. Figure 2 illustrates that most of the clinical trials (N = 8, 80%) were conducted in 2022. The most common countries for the clinical trials were Europe (N = 4, 40%), followed by America (N = 3, 30.00%) and Africa (N = 2, 20%) as shown in Figure 3.


TABLE 1 Characteristics of interventional clinical trials registered on ClinicalTrials.gov.
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FIGURE 2
 Number of clinical trials conducted in years.
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FIGURE 3
 Geographical distribution of clinical trials.




Analysis of drugs studied in clinical trials

As shown in Table 2, tecovirimat was used for the treatment of patients with confirmed mpox while the vaccine Imvanex (also known as JYNNEOS and Imvamune) was used for the prevention of mpox.


TABLE 2 Most studied drugs in clinical trials.
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Tecovirimat

Patients were treated with tecovirimat (also named ST-246) or a placebo for 14 days, each being administered in a hospital with standard-of-care (SOC) treatment. Afterwards, the patients were examined weekly for 28 days to further evaluate their mpox infection, and to carry out a safety assessment. Participants were then followed-up with an optional visit between days 57 and 59 for possible recrudescence of the infection.

In a double-blind, randomized, cross-over study of the pharmacokinetics of an oral dose of anti-orthopoxvirus compound, a single dose of ST-246 was administered in healthy patients with mpox. The primary outcome measures were the assessment of the pharmacokinetic parameters of a single dose of ST-246. Six patients received ST-246 Form V (hemihydrate) followed 10 days later after a wash-out period by Form I (monohydrate), and the remaining received ST-246 Form I (monohydrate) followed by Form V (hemihydrate).



JYNNEOS/Imvamune/Imvanex

Healthy volunteers aged 18 years or older participated in the open-label clinical trial. Participants receive the vaccine Imvamune on days 0 and 28. Blood samples were collected on days 0, 14, 28, 42, 280, 365, 545, and 730 for immunogenicity analysis. The participants were observed for at least 30 min to assess if any adverse events occurred. The recorded exposure to mpox was also maintained at each follow-up visit.





Discussion

This systematic review provides an initial overview of the mpox clinical trials that have been registered on ClinicalTrials.gov, with a specific emphasis on treating and managing mpox. Multiple noteworthy observations emerged from this review of interventional clinical trials. We found a limited number of mpox clinical trials. Most of the interventional trials enrolled <250 participants.

Small-scale studies are prone to type II errors, otherwise known as a false negative, which occur when the null hypothesis is not rejected. This leads to the inaccurate conclusion that an intervention or treatment is ineffective, because the sample is of an inadequate size, meaning that it is difficult to detect a significant effect (15). Although many interventional clinical trials share favorable features in their design, such as similar rates of randomized and non-randomized trials with two treatment arms across different time periods, some clinical trials also exhibit unfavorable study design characteristics, such as those with active comparator data monitoring committees (as observed in clinical trials NCT05597735 and NCT05534165). These findings underscore the need for better-designed trials and monitoring practices.

Mpox management varies from patient to patient and should involve decision making centered on patients, and multidisciplinary discussions that aim to augment disease control, reduce and improving quality of life among patients (16). Current treatment options for patients with mpox infection include vaccines such as JYNNEOS and administration of an antiviral drug, i.e., tecovirimat (17). Tecovirimat is a FDA-approved drug that is used for the treatment of smallpox. Prior to the onset of mpox, a randomized clinical trial (RCT) was being planned by the National Institute of Health (NIH) in Congo with the aim of evaluating the effectiveness and safety of tecovirimat (18). Based on a study with healthy volunteers, tecovirimat appears to have a favorable clinical profile (19). A double-blind, randomized, cross-over clinical trial for the assessment of the anti-orthopoxvirus compound, ST-246, is in process to assess the pharmacokinetic parameters of an oral dose of that drug in patients with mpox. Pharmacometrics utilized pharmacokinetic and pharmacodynamic data to establish models that describe drug efficacy factors such as the progression of disease, compliance with treatment, and viral growth. These models provide guidance for the design of trials, comparisons of effectiveness, changes in drug dosage, and decision making for patient care in particular populations (20).

Our analysis shows that the four clinical trials focused on the prevention and management of mpox. Previous studies have reported that smallpox vaccines could provide some protection against mpox and lessen its clinical manifestations (5, 21, 22). Currently, JYNNEOS (also named as Imvanex, MVA-BN, or Imvamune) is approved for smallpox and it is being studies as a potential drug that can prevent infections with MPXV (23). JYNNEOS is a viral vaccine made from the MVA-BN strain, which is a modified vaccinia Ankara-Bavarian Nordic strain of orthopoxvirus that has been weakened and is no longer able to reproduce itself (24). This vaccine was licensed by US-FDA on September 24, 2019 and is currently recommended as a vaccine for mpox and small pox, for adults (>18 years old) who are classified as being at high risk of exposure to these viral diseases (25). In most of the interventional clinical trials, the Immavune vaccine was given to healthy volunteers on days 0 and 28 for the prevention of MPXV.

The current mpox outbreak requires a multi-faceted approach that includes more than just treatment (26). Public awareness, robust testing, containment measures and vaccination of high-risk groups all have significant roles to play in minimizing the spread of MPXV (27, 28). Nonetheless, significant challenges persist. While vaccines are believed to be safe and effective for individuals with smallpox infection, there is a shortage of data on their effectiveness in terms of managing mpox. The re-emergence of this zoonotic viral disease raises concerns, and additional research is merited into measures and treatments that could be employed to help prevent and combat the disease, which is now present in multiple nations through possible new routes of transmission. To the best of our understanding, key interventions to prevent mpox outbreaks include early identification, barrier nursing, raising awareness, and strict infection prevention control practices that include isolating individuals diagnosed with mpox. This requires efforts by public health officials and healthcare professionals. Also, epidemiological studies should focus on how the virus can be transmitted from animals to people and identify possible sources of infections, such as people who work closely with animals (29, 30). Furthermore, more clinical trials should be carried out to ensure that patients receive optimal care.



Conclusion

The periodic occurrence and frequency of mpox outbreaks bring to light the need for outbreak awareness, research and preparedness. There is only a small number of interventional clinical trials registered on ClinicalTrials.gov that are focusing on mpox vaccines (JYNNEOS) and antiviral drugs (tecovirimat), and assessing how effective and safe they are. Therefore, we call for more large-scale randomized clinical trials to be conducted in order to assess mpox drugs and vaccines, particularly in Africa.
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