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Background: Randomized clinical trials (RCTs) are essential for advancing medical knowledge, especially in pediatrics, where they provide critical evidence for safe and effective treatments. Regulatory frameworks like the Pediatric Regulation in the EU and the Best Pharmaceuticals for Children Act in the U.S. have spurred growth in pediatric RCTs. However, these clinical trials face unique challenges, including ethical complexities, recruitment difficulties, and funding limitations, which can hinder their completion. The publication of RCTs’ results is equally crucial, yet not all completed RCTs share their findings, contributing to publication bias. This bias, especially in pediatric clinical trials, can distort medical evidence, impact clinical decisions, and potentially compromise patient safety.

Methods: We conducted a cross-sectional analysis of pediatric RCTs registered on ClinicalTrials.gov between 2011 and 2013, with completion status by 2017. Inclusion criteria included clinical trials with drug interventions in participants aged 0-17 and randomization. Data on RCTs characteristics, including phase, funding source, participant age, and enrollment, were extracted. RCTs completion status was assessed, and reasons for incompletion were categorized. Publication status was evaluated through registry and manual searches on PubMed and Google Scholar. Statistical analyses, including logistic regression, were performed to identify factors associated with trial incompletion and non-publication.

Results: Out of 2875 pediatric clinical trials reviewed, 1088 met the inclusion criteria. Among these, 16.54% were uncompleted, primarily due to patient accrual issues (32.22%). Academic sponsors funded 48.53% of trials, and industrial sponsors funded 45.13%. Of 908 completed RCTs, 58.48% posted results in registries, while 70% had results published in peer-reviewed journals. Industrially funded RCTs were more likely to post results, but academic RCTs had a higher scientific publication rate. The median time to first result publication in registries was 21 months, with significant delays linked to the trial phase, funding, and participant enrolment size.

Conclusion: Our study highlights significant challenges in pediatric RCTs, including high incompletion rates and delays in result reporting. Ethical, regulatory, and logistical barriers hinder progress, impacting evidence transparency. Strengthened regulatory oversight and enhanced compliance are essential to improve pediatric research outcomes and ensure timely dissemination of RCTs results.
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1 Introduction

Randomized clinical trials (RCTs) are pivotal in medical research and healthcare as their rigorous design minimizes bias and delivers high-quality evidence on the safety and efficacy of new medicines. The same prerequisites apply to RCTs in pediatrics. In most cases, new pediatric medicines are launched to the market only after thorough evaluation through RCTs, which remain the gold standard for the Regulatory Agencies.

Complementing new drug applications, pediatric RCTs also form the cornerstone of evidence-based medicine (EBM) when professional societies, medical practitioners, and policymakers rely on the results of well-conducted RCTs to set up or update guidelines, make informed decisions about patient care, and adjust healthcare policies. Investigator-initiated trials (IITs) aim to answer unresolved questions from clinical practice by conducting RCTs to gather more robust evidence on frequent off-label drug use in pediatrics. This approach is particularly beneficial in pediatrics, where IITs are strongly represented.

To launch the new medicine for pediatric patients to the market, to optimize the standard pediatric health care, and to adjust the clinical guidelines appropriately, the first assumption is (i) the sufficient number of pediatric clinical trials, the second prerequisite is (ii) their completion and the third crucial condition is the (iii) open access to their results.


1.1 Trends in pediatric RCTs

There was a significant increase in pediatric research in Europe after introducing the Pediatric Regulation (EC) No 1901/2006 (1). The proportion of clinical trials that include children increased by 50% between 2007 and 2016, from 8.25 to 12.4%, leading to more evidence-based information on medicines used in children (2).

In the U.S., the Best Pharmaceuticals for Children Act (BPCA) of 2002 and the Pediatric Research Equity Act (PREA) of 2003 established incentives and mandates for pediatric drug development, respectively. Since 2007, FDA has issued priority review vouchers for tropical diseases, medical countermeasures, and rare pediatric diseases, and this voucher program has been extended for rare disease product applications with a rare pediatric disease designation through September 30, 2024 (3).



1.2 Proportion of the uncompleted pediatric RCTs

Despite regulatory support, initiating and conducting trials in the pediatric population is still more difficult than in adults because of multifaceted ethical barriers, the overall low burden of disease, unfavorable market incentives, and lack of funding (4). Examining the number of pediatric RCTs conducted over a specific period would provide valuable insights.

Ethically, enrolling minors in clinical research demands strict protective measures, parental consent, and assent depending on age, which can complicate participant recruitment and retention (5). Moreover, the smaller size of pediatric populations for certain conditions makes reaching adequate sample sizes difficult, affecting the clinical trial’s statistical power and potential completion. Some of these barriers may lead to delay or incompletion of clinical trials and thus to waste unnecessarily included pediatric patients.

Previous work has demonstrated that 11% of interventional pediatric RCTs registered in ClinicalTrials.gov during the years 2007-2020 were prematurely discontinued, with poor participant recruitment as a predominant reason for trial incompletion (4). This issue could have ethical, social, health and economic implications: patients consent to participate in the trial with the expectation that the clinical findings will foster new medical knowledge. Therefore, trial incompletion may undermine patients’ trust in clinical research and represent a waste of financial (public) and human resources (6).



1.3 Release of the RCT’s results

According to the Declaration of Helsinki, it is the responsibility of the researchers and sponsors to disseminate the trial results involving human participants, regardless of the findings. In the EU, according to EC guideline 2012/c302/03, the sponsor must disclose the results of the registered trial in EUCTR to EMA within 12 months of the trial completion. In the case of a pediatric clinical trial, the timeline is shortened to 6 months (7). In addition, Regulation (EU) No 536/2014 mandates that a summary of the results for the lay public accompanies the clinical trial results.

For trials with at least one U.S. site, a 2007 FDA amendment requires that results be posted on ClinicalTrials.gov within 1 year of clinical trial completion. Moreover, in September 2016, the U.S. Department of Health and Human Services issued a Final Rule for Clinical Trials Registration and Results Information Submission (42 CFR Part 11) that clarifies and expands the regulatory requirements and procedures for submitting registration and summary results information of clinical trials on ClinicalTrials.gov, under FDAAA 801. Trial results published in registries should include a summary of participants’ information, protocol and changes, summary results for pre-specified primary and secondary endpoints, details of adverse events, and statistical analyses (8).



1.4 Risk and implications of publication bias in pediatric RCTs

Although the abovementioned regulations have been in force for a long time, their compliance by clinical trial sponsors is not fully respected (9, 10). The non-publication of results from pediatric clinical trials is a critical issue with multiple underlying causes and significant consequences. One of these consequences is the phenomenon of publication bias, where trials with negative or inconclusive results are less frequently published, and this phenomenon is well documented in medical research (11). In pediatrics, the risk of publication bias is elevated due to the unique dependency on clinical trials for determining appropriate treatments for children. Many medications used in pediatric care do not have specific approval for use in children and are instead prescribed off-label (12). This practice makes the accurate and comprehensive reporting of clinical trial results crucial, as it directly influences the safety and efficacy of medicines administered to this vulnerable population. The lack of publication of completed and unbiased clinical trial results may lead to an incomplete understanding of a medication’s risk profile, potentially resulting in adverse effects that could have been mitigated or avoided.

The impact of non-publication of clinical trial results extends beyond academic research and has implications for clinical decision-making and policy-making (6). By understanding and addressing the causes of clinical trial incompletion and non-publication, researchers and policymakers can enhance the reliability and accessibility of medical evidence, ensuring that the benefits of pediatric clinical trials are fully realized and contribute to evidence-based medicine.




2 Materials and methods

The aim of this research work was firstly to map the current trends of a number of pediatric clinical trials, their rate of completion, and their results availability. As a second aim, this cross-sectional, data-based analysis focuses on exploring the factors leading to the high rates of incompletion and non-publication of pediatric clinical trial results and offering insights that could potentially improve future research practices and policy interventions.


2.1 Data source

We systematically searched randomized pediatric clinical trials, which were registered on ClinicalTrials.gov. ClinicalTrials.gov is an online database of clinical research studies that contains more than 490,000 studies from 222 countries, making it the most comprehensive WHO-recognized registry (13). The clinical trials’ selection was done in this database according to predefined inclusion criteria:


1.RCT,

2.pediatric (the age of participants was limited from birth to 17 years),

3.with the drug intervention,

4.registered between 1.1.2011 and 31.12.2013,

5.completed or uncompleted by 31.12.2017.



The recruitment status of clinical trial participants has, therefore, been narrowed down to completed, withdrawn, suspended, and terminated according to ClinicalTrials.gov Glossary Terms (14). According to this glossary, a trial was considered completed if it had ended normally and participants were no longer being examined or treated. If the trial stopped early, before the first participant was enrolled, we refer to it as withdrawn. The trial was classified as suspended if it had stopped early, but could start again. The trial was given a terminated status if it was stopped prematurely and not restarted. Participants were no longer examined or treated. The content we searched was downloaded in JSON format on the same day as our search for detailed analysis, ensuring the file’s immutability.

The exclusion criteria follow:


1.non-randomized,

2.non-pediatric,

3.without drug intervention,

4.without final confirmed status after December 31, 2017,

5.trial registration was done > 60 days after the clinical trial start date (15).



The trial was included in our analysis if it fulfilled all the inclusion criteria and did not meet any of the exclusion criteria. This research is an independent follow-up survey to the work of Harvard Medical School researchers Pica and Bourgeois (16), whose work was completed with pediatric RCTs registered by the end of 2010. The timeframe chosen for the pediatric clinical trials included in the registry is therefore linked to Pica’s research, while allowing sufficient time for the trials to be completed and the results to be published.

The EU Clinical Trials Register (EUCTR) was consulted to identify the trial identifier (EudraCT number) and to determine whether trial results had been published in the registry. This procedure has only been used for studies taking place in the EU. PubMed and Google Scholar were also systematically searched to identify relevant publications in peer-reviewed journals.



2.2 Clinical trial characteristics

We collected the following trials’ specific data from the ClinicalTrial.gov downloaded content to provide pediatric RCTs characteristics:

a) Year of RCT registration;

– 2011, 2012, 2013

b) Age of participant;

– Clinical trial participants were categorized by age into “preterm, newborn, infant,” “toddler and preschool,” “school age,” “adolescent,” “mixed ages,” and “combined.” While the “mixed ages” clinical trials include children of different ages, the “combined” clinical trials include children and adults.

c) Funding source (academic, industry, other);

– ClinicalTrial.gov describes the funder as an organization that provides funding and support for a clinical trial (including activities such as design, data analysis, and reporting). Both sponsors and collaborators are considered as funders according to the registry. ClinicalTrials.gov distinguishes funding types as industry, the National Institutes of Health (NIH), and government agencies (other than NIH) and other. We have categorized the funding source based on sponsor and collaborator, similar to what has been described in other trials (4, 16, 17). When only the sponsor was mentioned in the ClinicalTrials.gov registry, we considered it the funder. If more than one sponsors were listed, we determined the lead sponsor to be the primary funder (16).

– Subsequently, we used three funder categories: academic, industry, and other. While trials where hospitals, universities, and foundations were listed as sponsors, we classified them as academic funders, trials with sponsors from the industry (pharmaceutical companies, any profit organization) were assigned to industry funders. Category other included all government-funded trials.

d) Masking;

– Open-label, single, double, triple, quadruple

e) Actual enrollment;

– ClinicalTrials.gov allows for the identification of the number of patients planned for the trial and the number of patients recruited.

f) Sample size;

– For each of these patients’ groups, we created 5 sample sizes: 0-50, 51-100, 101-500, 501-1000, and > 1000.

g) trial phase;

– I, II, III, IV

h) medical condition;

– Medical conditions were classified according to the Internal Classification of Diseases (ICD-10) (18).

i) the justification for an incompletion;

– In the case of uncompleted clinical trials, we ascertained the reason for termination, which was stated directly in the ClinicalTrials.gov registry or the published article, if any. Reasons for termination were categorized as follows: patient accrual, company/business decision, informative termination, funding or regulatory issue, conduct problems, principle investigator left and non-reported or unclear reason.



2.3 Publication related to pediatric RCTs’ results search

The search for publications of pediatric RCT results in peer-reviewed scientific journals followed a structured approach:

1st step: Registry Search

j) We first searched for publications directly in the registry for each included pediatric RCT. Any publications found were reviewed to assess their relevance to the clinical trial. A publication was considered relevant if it mentioned the ClinicalTrials.gov Identifier (NCT) of the completed or terminated pediatric RCT in either the article’s abstract or full text, and if it was published after the clinical trial’s completion.

2nd step: Manual Search

k) For pediatric RCTs with no publications or non-relevant publications listed in the registry, two independent researchers (KN and LS) conducted additional searches on PubMed and Google Scholar. The search was based on the trial’s NCT or EudraCT number, trial title, author names, institutions, and clinical trial keywords.

3rd step: Publication Linkage

l) Articles were linked to the respective trial by comparing trial data from the registry with information in the abstract or full manuscript when needed. In cases where multiple publications were identified for a single trial, we selected the earliest publication.


2.3.1 Time to publication

We decided to search pediatric RCTs completed by December 31, 2017, allowing investigators at least 2 years to analyze data, draft a manuscript, and complete the necessary steps for publication in peer-reviewed journals (19). This extended timeframe was intended to provide sponsors and researchers sufficient time to publish their trial results.

m) The time to publication was calculated by determining the number of months between the trials’s completion and the publication date. The trial completion date was obtained from ClinicalTrials.gov, while the publication date was taken from the first available version, either in print or electronic format.




2.4 Release of pediatric RCTs results search

n) The ClinicalTrials.gov registry was used to search for the results of completed trials that met the inclusion criteria. Trials without published results in ClinicalTrials.gov were searched in the EU Clinical Trial Register (EUCTR). If the trials’ results were published in the EUCTR, we added them to the trials with found results.



2.5 Data quality control checking

An independent researcher (RS) controlled each 10th trial. Each data point for all included RCTs was verified against the source information in the registry. In case of discrepancies or missing data, the researchers were informed, and any discrepancies were resolved through discussion and mutual agreement. Corrections were made where necessary following consensus.



2.6 Statistical analysis

All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, United States). Descriptive statistics were used to summarize both categorical and continuous variables. For categorical variables, data were presented as counts (n) and percentages (%), with graphical representations where appropriate. For continuous variables, results were reported using the median, along with the minimum and maximum values. A chi-square test was applied to compare categorical variables, and P-values were reported to indicate statistical significance. A P-value of < 0.05 was considered statistically significant.

To find factors influencing a publication gap, a two-step approach was employed to build the final multivariate logistic regression model. Univariate logistic regression was performed for each independent variable to assess its association with the dependent variable. All variables with a P < 0.1 in the univariate analysis were selected for inclusion in the multivariate logistic regression model. Only the significant factors (i.e., parameters with P < 0.05) from multivariate models are presented in tables. The results of the logistic regression are presented as odds ratios (OR), along with 95% confidence intervals (CI) and P-values.




3 Results


3.1 Trial characteristics

The dataset contains data from 2875 pediatric clinical trials. We identified 1787 pediatric clinical trials that did not meet the inclusion criteria for our analysis and 1088 that fulfilled inclusion criteria and were included in the analysis. As shown in Figure 1, there were five reasons for excluding trials. The most frequent reason was that the trial was not randomized (n = 852; 47.68%). Other reasons why trials were excluded: the trial was registered more than 60 days after the trial start day (n = 567; 37.73%), the trial was not a drug interventional trial (n = 323; 18.07%), final confirmed status was after December 31, 2013 (n = 28; 1.57%) and the last reason was that recruitment criteria did not meet inclusion criteria (n = 17; 0.95%). This last exclusion criterion was selected if the start date was earlier than 1.1.2011 or multiple exclusion criteria were present in one trial. The number of clinical trials that were included in our analysis is 1088.
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FIGURE 1
Flow diagram of pediatric clinical trials selected for analysis.




3.2 Characteristics of the included pediatric RCTs

Of all included trials, 528 (48.53%) had an academic primary sponsor, and 491 (45.13%) trials had an industrial primary sponsor. The most represented age groups were combined (children + adult) (n = 558; 51.29%) and mixed age (n = 354; 32.54%) groups, followed by the preterm/newborn/infant group (n = 99; 9.10%) (Table 1). Certain infectious and parasitic diseases (17.10%) and diseases of the respiratory system were among the most common medical areas of interest (15.90%) (Table 2).


TABLE 1 Characteristics of completed and uncompleted pediatric RCTs.
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TABLE 2 Disease categories addressed in 1,088 included pediatric RCTs.
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3.2.1 Uncompleted pediatric RCTs

One hundred eighty (16.54%) of included clinical trials (n = 1088) were uncompleted, with 61.11% (n = 110) terminated, 38.33% (n = 69) withdrawn, and one trial suspended.

The most common reasons for incompletion were patient accrual (32.22%), company decision (12.22%), and informative decision (11.67%) (Table 3), e.g., safety and efficacy reasons or interim analysis revealed a negative effect. Many clinical trials did not have a reason for their incompletion stated in the registry, and the reason was not traceable even in publications (22.78%).


TABLE 3 Reasons for clinical trial incompletion.

[image: Table 3]

Combined age, mixed age, and preterm/newborn/infant age groups were most often represented (Table 1) in uncompleted clinical trials.

The relationship between reasons for trial incompletion and the number of enrolled patients is well illustrated in Table 4. Out of a total of 180 uncompleted trials, 92 of them were not published anywhere. The number of patients enrolled in these studies was 3267.


TABLE 4 Reasons for trial incompletion and number of enrolled patients in terminated and suspended trials.
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Statistically significant was also a difference in funding (p = 0.0441) (Table 1), with 101 (56.11%) uncompleted clinical trials receiving funding from an academic source, 66 (36.67%) uncompleted trials from industry, and 13 (7.22%) trials receiving funds from another source (e.g., government-funded studies).

The number of pediatric patients enrolled in uncompleted clinical trials was 9,904. This number was counted for terminated and suspended clinical trials only as no patients were recruited in the clinical trials with withdrawn status.

A statistically significant difference was found between completed and uncompleted trials in planned sample size (p = 0.0022), the number of patients enrolled (p < 0.0001), and the phase of the clinical trial (p = 0.0077).




3.3 Access to the results in completed pediatric RCTs

Overall, we have identified 908 completed pediatric RCTs in our research, where we searched for published results of these clinical trials. We focused on results recorded directly in clinical trial registries (ClinicalTrials.gov and EUCTR) and publications with clinical trial results in peer-reviewed journals. We have identified 531 (58.48%) completed pediatric RCTs that have posted results in ClinicalTrials.gov + EUCTR and 377 (41.52%) completed pediatric RCTs with no results in registers. The number of completed pediatric RCTs with trial results published in peer-reviewed journals found in Google Scholar/PubMed and ClinicalTrials.gov/EUCTR as well was 640 (70%) (Figure 2).
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FIGURE 2
Scientific publication found in ClinicalTrials.gov/EUCTR and/or in Google Scholar/PubMed.


Table 5 presents an analysis of the relationship between the posting of clinical trial results on ClinicalTrials.gov and EUCTR (the European Clinical Trials Registry) and the presence of corresponding scientific publications identified in ClinicalTrials.gov, EUCTR, Google Scholar, or PubMed.


TABLE 5 Results posted in ClinicalTrials.gov + EUCTR and Scientific publications found in ClinicalTrials.gov + EUCTR and/or in Google Scholar/PubMed.
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The data are divided into categories based on whether results were posted in the registries and whether a corresponding scientific publication was found. These findings are dependent parameters, as the Chi-Square test indicates (p-value is 0.0427):


1.Results Not Posted, No Scientific Publication: 125 clinical trials (13.77%) neither had results posted in ClinicalTrials.gov or EUCTR nor had any scientific publication associated with them.

2.Results Not Posted, Scientific Publication Found: 252 clinical trials (27.75%) did not have results posted in the registries but were found to have a corresponding scientific publication.

3.Results Posted, No Scientific Publication: 143 clinical trials (15.75%) had their results posted in the registries but did not have a corresponding scientific publication.

4.Results Posted, Scientific Publication Found: 388 clinical trials (42.73%) had both their results posted in the registries and a corresponding scientific publication.



For 504 (55.51%) completed clinical trials, the registry included a reference to a scientific publication with the clinical trials’ results. The remaining 404 (44.49%) completed clinical trials were without any reference to scientific publication. Table 6 shows the relevance of the publications found in the registry to the clinical trial’s outcomes, with 86.9% being relevant and 13.1% being classified as non-relevant.


TABLE 6 References to publications listed in the ClinicalTrials.gov registry and publication’s relevance.
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The age of the participants (p = 0.0255), funding (p < 0.0001), masking (p = 0.0234), the patient enrolled (p = 0.0096), and phase (p < 0.0001) were found to be significant determinants of (not)posting results in ClinicalTrials.gov and EUCTR (Supplementary Table S1). In multivariate analysis, evaluating all factors together, funding, phase, and patient enrollment remained the factors associated with posting results in ClinicalTrials.gov and EUCTR (Table 7). Pediatric RCTs with industrial funding have a 3.3 times greater chance of being posted results than academic RCTs. Phase I clinical trials have a 78% lower chance of having published trial results in ClinicalTrials.gov/EUCTR compared to Phase III clinical trials. Clinical trials with more than 1,000 enrolled patients have a 63% lower chance of being posted in ClinicalTrial.gov and EUCTR compared to clinical trials with < 50 patients.


TABLE 7 Significant factors associated with posting results in ClinicalTrials.gov + EUCTR.
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There is a statistically significant difference between completed clinical trials with and without scientific publication found in the age of the participants (p = 0.0096), the patient enrolled (p < 0.0001) and planned sample size (p < 0.0001) (Supplementary Table S2). Funding was evaluated as probably not statistically significant in this case. In Supplementary Table S2, we can see a higher percentage of scientific publications in academic pediatric RCT in comparison with industry sponsors.

In multivariate analysis, masking, participant age, and patient enrollment were significant factors in evaluating all factors together (Table 8). Pediatric RCTs with more than 1000 enrolled patients have a 4.8x higher chance of publishing scientific publications than clinical trials with < 50 patients. RCTs involving school-age participants have a 75% lower chance of having found their scientific publication compared to RCTs involving only preterm, newborn, or infant participants.


TABLE 8 Significant factors associated with having a scientific publication found in ClinicalTrials.gov + EUCTR and/or in Google Scholar/PubMed.

[image: Table 8]


3.3.1 Time to publication of results in the completed pediatric RCTs

For completed clinical trials, the median time from the end of the trial to the first publication of results in ClinicalTrials.gov/EUCTR was 21 months (min/max: −35.93/119.77). There was no statistically significant difference between parameters in completed clinical trials that posted results within 12 months or after 12 months in ClinicalTrials.gov/EUCTR.

The median time from the end of the clinical trial to the publication of the results in peer-reviewed journals was almost 27 months (min/max: −17.97/108.79) for completed clinical trials). After focusing on statistically significant differences in some parameters of completed studies, in multivariate analysis, funding, phase, and patient enrollment remained the significant factors associated with publication within 12 months (Table 9). Trials with industrial funding have a 79% lower chance of being published within 12 months than academic clinical trials. In some cases, results or publications in peer-reviewed journals were released before the clinical trial was completed. Reasons for that might be that the sponsor or investigator had submitted the results from interim analysis into registries or to a journal.


TABLE 9 Significant factors associated with the trial’s result publishing within 12 months.
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3.3.2 Access to the results in uncompleted pediatric RCTs

Reporting of results of uncompleted pediatric RCTs was analyzed, and 62 (56.36%) of 110 terminated RCTs reported the results in registries. Almost 23% (n = 25) of uncompleted RCTs had a relevant publication with clinical trial results found in a peer-reviewed journal. Three publications did not mention that the clinical trial was terminated early, yet they reported the results without any warning. In contrast, the remaining articles consistently highlighted the limitations.





4 Discussion

Our analysis focused on RCTs in the pediatric population with drug intervention completed or finished by the end of year 2017.

Despite efforts to raise awareness of this issue through previously published work (4), the number of uncompleted RCTs in the pediatric population is increasing. Pica et al. (16) found that 10% of RCTs were not completed in the previous review period. According to our findings, the number of incomplete RCTs actually increased to 16.5% in the subsequent follow-up period. The most common reason for incompletion was insufficient patient recruitment, which remains the same identified factor in the previous period by Pica and Bourgeois (16). In more than half of the discontinued trials, a total of ten thousand patients were recruited. Despite the short duration of the clinical trials we analyzed, this figure is quite alarming. It is evident, that the conduct of pediatric clinical trials deserves increased attention. Although the current legal framework states the necessity of publishing results, just over half of the completed clinical trials had their results listed in registries (ClinicalTrials.gov and EUCTR), and only 20% had results published in registries within 12 months of clinical trial completion. A significant proportion of trials had results registered four years or more after the clinical trial completion date (17%). Interestingly, 70% of completed clinical trials had results traceable to peer-reviewed journals. Only 15% of pediatric RCTs had published results in scientific articles within 12 months. Similar to results published in registries, we found a high number of clinical trials (20%) with the first publication of results in scientific journals four years or more after clinical trial completion.

Although our analysis categorized pediatric trials consistently with previous research, it is important to recognize that the pediatric population encompasses a wide range of developmental stages, from pre-term neonates and infants to adolescents. These different age groups can vary substantially in terms of enrollment feasibility, consent and assent requirements, pharmacokinetics, pharmacodynamics, and disease characteristics. Such differences may influence both trial design and outcomes, including recruitment speed, treatment efficacy, and safety profiles. Due to limited age-specific detail in registry data, further subgroup analysis was not feasible, but we highlight this as a relevant consideration for future studies (3.1 Trial Characteristics). We decided to use the register ClinicalTrials.gov as the source data for our analysis. This register includes a vast number of clinical trials from around the world, not just from the United States, making it more comprehensive and globally relevant compared to the EUCTR register, which is focused only on clinical trials within the European Union. This broader scope provided a wider data set for our research. The data structure and presentation are detailed, the register’s environment is user-friendly, and the choice of filters allowed us to obtain the data set that we needed for our analyses.

Failure to complete a clinical trial always causes significant financial, time, and ethical losses. The reasons for early termination can be heterogeneous (3.2.1 Uncompleted pediatric RCTs). The most frequently cited reason in registries was low patient recruitment. This reason has remained unchanged for many years and has been mentioned in previous trials as a major challenge in pediatric clinical trials (4, 16, 20, 21). Compared to the adult population, this particular barrier may be explained by the low number of pediatric patients for a given disease and the process of obtaining informed consent, which has been more complex in children (22, 23). Although new legislation in the EU is already fully in place, allowing a child to be enrolled in a trial on the basis of consent from only one parent, in some countries, both parents still need to give informed consent, which can have a negative impact on overall trial recruitment. Public funding agencies, institutional review boards, and ethics committees should also require investigators to provide empirical evidence to support the feasibility of achieving the target sample size within an acceptable recruitment period: published or at least registered pilot clinical trials that include obtaining informed consent from participants are likely to provide the best evidence of the feasibility of the clinical trial protocol and provide the most realistic estimates for participant recruitment (24).

There is also increasing recognition of the importance of involving children and families in recruitment, consent, and study design (3, 25). This approach can strongly contribute to the feasibility and clinical trial completion.

To overcome the problem of small sample sizes in children, significant advances have been made in the development of statistical methods and in the collaboration of dedicated international groups and networks of pediatric clinical trials that pool their data and resources. Including the European Clinical Research Infrastructure Network (ECRIN) in the preparation and conduct of multicenter and multinational clinical trials, particularly those involving pediatric populations, represents a significant advantage. All these factors can improve the feasibility of the clinical trial.

Commercial RCTs are more likely to be completed. This is consistent with previous research performed by Pica and Bourgeois (16) And Rees et al. (26). One of the factors could be the interest of the pharmaceutical company to complete the clinical trial and get their product on the market. Financial considerations may play an important role here when in commercial clinical trials, the investigators are used to get fees for their scientific work, which increases the motivation of the trialists. Moreover, pharmaceutical companies are more familiar with involving patient advocates in the planning and organizing of clinical trials and usually have more developed technical infrastructure. On the other hand, with academic clinical trials, research is often funded by public funds and foundations, which have time and financial limits that can be challenging to meet.

A previous research study published in Pediatrics that reviewed interventional pediatric clinical trials registered with ClinicalTrials.gov between 2008 and 2010 indicates that 29.8% of completed trials remained unpublished in peer-reviewed journals (16). In our research, which loosely followed the above study with an analysis of completed trials registered in the same registry between 2011 and 2013, 30% of pediatric RCTs had no published results in scientific journals and 42% in registries (3.3 Access to the results in completed pediatric RCTs). Similar findings are reported in another study where 50% of the trials registered in EUCTR as completed or terminated by 2017 had published results in the registry (9). The same collective of authors from The Bennett Institute for Applied Data Science at the University of Oxford further addressed this topic and created websites (27) with tools that clearly show the number of published and unpublished clinical trial results by sponsors in the registries. In other words, these monthly updated trackers monitor the compliance of every individual sponsor from the ranks of pharmaceutical companies, universities, hospitals or foundations with FDAAA 2007 (FDAAA TrialsTracker) (28) and EU rules (EU Trials Tracker) (29). Brewster and colleagues found that only 23.5% of completed pediatric clinical trials registered between 2007 and 2020 reported results on the ClinicalTrials.gov registry, and 38.8% of the clinical trials were published in a peer-reviewed journal (4).

Our analysis also shows that industry-funded trials were more likely to have their results published in registries and less likely to be published in peer-reviewed journals than academic clinical trials. The disparity in the publication of results between non-commercial and commercial sponsors is highlighted in the Joint Letter by the European Commission, EMA, and HMA from April 2019. The letter first points to the overall compliance with the publication rules, with 68% of completed RCTs publishing their results. Further evaluation of this group by the sponsor shows a disproportion between industry sponsors and academic sponsors in reporting compliance (77% for commercial sponsors vs. 23% for academic sponsors) (30).

It is likely that academic sponsors are unaware of their obligations or do not have administrative procedures or sources in place to highlight non-compliance. To be compliant with the legislative requirements and good clinical practice, the sponsor is responsible for reporting the clinical trial results to the registry. However, in practice, in the case of hospitals acting as sponsors of an academic clinical trial, the principal investigator often becomes responsible and may not be sufficiently informed of the reporting obligation (9). Pfizer has reported that the preparation of results summaries requires 4–60 h, and it is possible that the academic sponsor doesn’t have administrative sources available to ensure reporting on time (31). Another significant reason could be the incentive structure. Commercial sponsors, such as pharmaceutical companies, are often motivated to publish results due to the financial implications of drug development and market approval. Regulatory bodies (FDA or EMA) enforce strict guidelines, and failure to comply may lead to penalties or delays in product approval. Furthermore, academic researchers may focus on publishing in high-impact journals to advance their careers or secure further funding. As a result, registry submissions, which may not carry the same academic recognition, are sometimes deprioritized. Caution should be exercised when interpreting the results of prematurely terminated and, therefore, underpowered pediatric RCTs. Nevertheless, their results can still be considered valid and could potentially contribute valuable pilot data for future studies. In addition, these findings could influence systematic reviews and meta-analyses (24).

There is no doubt that it is necessary to report the results of studies in registries according to the instructions and requirements of each registry. On the other hand, we believe that publishing results in peer-reviewed journals is more readable and accessible to the scientific community. But for the patient community, it is hardly accessible, mainly because of non-open access articles or the requirement to be a health professional. Ideally, the clinical trial sponsor would share the positive or negative results of the trial with the scientific and lay public community in both forms (results in the registry + scientific publication). However, almost 14% of completed pediatric RCTs did not publish their results in either a registry or a scientific journal. This completely contradicts the ethical commitment to participants who agreed to contribute to scientific progress in the expectation that their participation would produce publicly available knowledge (19). Specifically, academic and other academic sponsors should be encouraged to publish the results of their trials in registries in order to maximize their valuable contribution to meeting public health needs and to the advancement of clinical research, especially where there are fewer commercial interests (30).

As mentioned previously, timely reporting of clinical trial results is also a legal requirement. Our results show a median time for results publication of 21 months (3.3.1 Time to publication of the result in completed pediatric RCTs). Anderson’s study focusing on compliance with result reporting at ClinicalTrials.gov describes a median time of 17 months (31). While prompt dissemination of clinical trial data ensures that researchers, healthcare providers, and policy-makers can access the most current evidence, enabling informed decision-making and fostering evidence-based clinical practices. In addition, timely reporting may reduce the risk of redundant research (32).

We believe that the public ranking of sponsors’ performance in registry reporting, carried out through the work of the Bennett Institute’s team of experts, and the dissemination of information related to clinical trial registration and publication of clinical trial results provided by the AllTrials.net initiative (33) is meaningful. This may represent one way to encourage sponsors (e.g., to avoid reputational damage) not to underestimate the reporting of study results. Another approach to improving compliance with EU and US regulations on reporting study results would be for national regulatory authorities to conduct open public audits of compliance and regularly fine or withhold funding from those violating these ethical and legal rules.

In summary, our analysis maps the current trends of a number of pediatric clinical trials, highlighting significant challenges in their completion and publication of their results related to this vulnerable population. The unique ethical, regulatory, and logistical hurdles associated with pediatric research—such as recruitment difficulties, ethical considerations related to informed consent, and the complexity of pediatric clinical trial design—contribute to a higher rate of uncompleted RCTs compared to adult RCTs. Furthermore, our findings indicate substantial delays or outright omissions in the reporting of pediatric RCT results, both in clinical trial registries and in peer-reviewed journals. This underreporting compromises the transparency and availability of evidence necessary to make a reasonable decision in clinical practice and policy in pediatric care.

The discrepancies in reporting, particularly among academic sponsors, suggest that further incentives or enforcement mechanisms may be required to ensure the timely dissemination of clinical trial results. Addressing these barriers is crucial to improving pediatric research outcomes, fostering greater trust in the clinical trial process, and ensuring that children benefit from advancements in medical science. Future efforts should focus on enhancing regulatory oversight, streamlining clinical trial processes, and encouraging broader compliance with reporting rules to advance the quality and impact of pediatric clinical research.
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