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Mathematical model of T -cell lymphoblastic lymphoma: disease, treatment, cure or relapse of a virtual cohort of patients
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The rational use of available evidence before extrapolating the benefit risk ratio from adults to children Drug interventions are evaluated and receive a Marketing Authorization (MA) before being prescribed. They are generally evaluated in adult patients and then prescribed to children by extrapolating the treatment effect observed in adults. The extrapolation of the benefit risk ratio from adults to children occurs during drug development and when prescribing drugs (within the MA or off-label, which is frequent in children). This is due to the specific constraints of pediatric clinical research leading to a lack of data in children. A framework for extrapolation is currently being finalized by the European Medicines Agency (EMA). Using a meta-epidemiological approach, we explored the similarities and differences of the benefit, the benefit risk ratio and the perceived placebo effect between adults and children from meta-analyses including randomized double-blinded placebo-controlled trials evaluating a drug intervention in an indication in adults and children with separate data for both populations. We then built the effect model using adult data to predict the treatment effect in children and calibrate future pediatric clinical trials. Our research highlights the importance of using all available evidence before extrapolating the benefit risk ratio from adults to children and to justify new studies in the context of existing evidence. This approach allows to reduce unnecessary repetitions of clinical trials, to better allocate resources, to identify gaps in knowledge and thus optimize pediatric clinical research. More generally, it applies to any research allowing to avoid a waste in the time and resources invested.

COMPOSANTES ET DEPARTEMENTS DE SCIENCES ET TECHNOLOGIE

PREFACE

Currently between 50 to 90% of children with serious diseases receive drugs prescribed off-label. This approach is essentially based on the confirmation of the benefit risk ratio of these drugs in adult subjects. Most of the time, the efficacy and safety are directly extrapolated to children without any additional clinical trials apart from an adjustment of the dose according to their weight or body surface area. Such extrapolation often proves to be inaccurate due to obvious differences between adults and children on a pharmacological and physiological level. These differences seem to have a significant impact on the pharmacodynamics (PD) and pharmacokinetic (PK) of the drug, altering its performance and pharmacological activity.

A framework on the concept of extrapolation is being developed at the European Medicines Agency (EMA). In children, the extrapolation of adult data would allow to predict the therapeutic benefit in the pediatric population in order to optimize clinical research, to avoid experimental burden and unnecessary repetitions in this population.

This work explores different top down approaches consistent with the development of the European framework on extrapolation. A meta-epidemiological approach was used to:

quantify the similarity of the therapeutic benefit and benefit risk ratio between adults and children; and explore the extrapolation of the perceived placebo effect observed in adults to children. The different treatment effect models built from adult data were also explored to see if they can predict the treatment effect in children and calibrate future pediatric trials for the same drug and indication. Environment. The EMET team is part of the latter department, regrouping scientists, medical doctors, pharmacy doctors, pharmacologist, mathematicians and statisticians. The team focuses on the evaluation of the therapeutic effect using evidence based medicine approaches such as meta-analyses, and on the construction of explanatory and predictive models to better understand and predict the therapeutic effect on an individual and population level.

In addition during my thesis, I spent 3 month at the University of Stanford, California as a Visiting Student Research. There I had the great opportunity to collaborate with the Meta-Research Innovation Center at Stanford (METRICS) under the supervision of Professor

Ioannidis. METRICS focuses on the evaluation of how research is done and interpreted with the need to standardize research practices, reduce biases, enhance reproducibility, increase transparency, and strengthen the evidence base in scientific studies. Professor Ioannidis paper on "Why most published research findings are false" has been the most accessed article in the history of Public Library Science (1). He has also published two papers regarding the extrapolation of the benefit and risk of interventions from adults to children (2,3).

SUBSTANTIAL FRENCH SUMMARY

Il a été largement reconnu que pour être en mesure de prescrire un médicament aux enfants avec une balance bénéfice risque acceptable, ils doivent avoir être inclus dans les essais cliniques. Toutefois les enfants sont sous-représentés en recherche clinique ce qui induit un manque de données cliniques chez l'enfant. Entre 1985 et 2005, les essais randomisés ont augmenté de 4,71 essais/an contre seulement 0,4 essais/an en pédiatrie (4).

La recherche clinique en pédiatrie doit faire face à des contraintes éthiques et 

I. Clinical Research in Children

Clinical research in the pediatric population has resulted in major advances. An often cited example would be the trials for the polio vaccine that was quickly put into practice leading to the almost complete eradication of the disease. Clinical trials were also proven of great benefit in childhood lymphoblastic leukemia where the 5 years survival rate improved from 25% in the late 60s to more than 70% in 2005 (17). (15). Despite the existence of these guidelines, there is still room for improvement (20). For example, reviewers have often reported that RCTs are at high risk of bias when it comes to sequence generation and allocation concealment (21,22). Another shortage in reporting in pediatrics, concerns the reporting of adverse events (AEs). Either they are not reported or it does not follow the CONSORT checklist specific for harms (22,23).

Comparisons between protocols and publication of the trial results have also shown inconsistency in the reporting of outcomes (24), allocation concealment (25) and sample size calculation (26).

None of the checklists mentioned above have been developed specifically for children.

The prerequisites in pediatric clinical trials being different from adults, the reporting requirements should differ as well. There is an ongoing project to develop extensions to the CONSORT and SPIRIT specific to children intervention and randomized trials (20). Authors emphasize on the need to clearly state the age-range of the included pediatric subjects, the potential PK-PD differences that may exist between adults and children, the dose given and the long-term safety. All those steps should be made based on a rational justification and if possible supported by a systematic review of all available evidence.

Pediatric trials are also at greater risk of being discontinued and non-published. A review of the pediatric clinical trials on ClinicalTrial.gov between 2008 and 2010 showed that out of 559 identified trials, 19% were discontinued early and 30% were not published. The latter represent 69 165 included pediatric patients for who the benefit risk ratio is unknown because not published (27). Another review of the completed studies for pediatric exclusivity following the US Food and Drug Administration (FDA) legislation showed that only 45% of the results were published (28). Publication of pediatric trials results in peer-review literature is limited.

Challenges in conducting pediatric clinical research

The lack of trials in children is often explained by the difficulties of conducting trials due to specific constraints. One predominant constraint is the high cost of drug development compared with the available pediatric market leading to a shortage of funds and often to the disinterest of the pharmaceutical industry.

Regarding ethics, the main pitfall in pediatric clinical research is that children lack the capacity of understanding risks and all decisions regarding their health are taken by a proxy.

Parents are often reluctant to agree to the participation of their child due to the potential unknown harms and the uncertainties around the treatment (5). Like Jospeh et al. summarized it, "There is a dilemma in finding a balance between the obligation to conduct clinical trials to protect children from the risk of using untested medicines and to protect children against unknown risks and harms which may occur with trial participation" (5).

Trial methodology is often more demanding and complex in children. RCTs are not as well accepted as in adults, especially when the control groups receive a placebo. It seems less acceptable for parents to include their children in a trial where they might not receive the treatment and where this choice is made randomly. The response under placebo was also showed to be more pronounced in children compared with adults (10,11) making it harder to detect small clinically relevant treatment effect. Such observations have to be taken into account when designing a clinical trial in children using available evidence from adults.

There is also a greater concern in children to reduce the burden of clinical trials procedures. In pediatrics, it is not only one individual involved but the child and his parents. It is important to minimize the stress induced by the participation to a clinical trial but also the burden for parents. Children being a growing population where all interventions could alter their still maturing physiology, procedures are more limited. For example, on average in children blood samples should represent less than 3% of the estimated circulating blood volume over a 2 to 8 week period (5).

When planning for a clinical trial in the pediatric population the challenge remains the sample size. In this population, diseases are often rare and represent a lower burden compare with adults (5,29). It is therefore harder to include children. Only 38% of the 736 pediatric trials published between 1996 and 2002 had a sample size of more than 100 (30). Such small sample sizes can result in inadequately powered clinical trials, increasing the risk of having inconclusive results and failing to detect small but clinically relevant or rare outcomes (31).

The main complexity of the pediatric population is that it is a heterogeneous population going from birth to 18 (33). When designing a clinical trial, it is important to acknowledge those differences and to gain insight on the efficacy of the drug according to predefined pediatric age-subgroups.

It can also influence the choice of the outcome measures as they may not be suitable for all age groups. The most obvious illustration would be the use of pain scales with the faces scales for younger children versus the numerical scales for older children and adolescents.

Some outcomes may also be reported by a proxy for younger children but will be selfreported for older ones. The choice of formulation will also depend on the included age groups with the development of a "child friendly formulation". The development of child specific formulation represents an even smaller market resulting in the paucity of adapted formulation for younger children (34). Adults formulation are often adapted by crushing tablets or opening capsules to disperse it in liquid. This may compromise the palpability and bioavaibility of the drug and affect its effect.

Inequities between adults, children and between children of different age-subgroups

exist. It has been argue that all the hurdles listed above are not insurmountable. Innovative technologies and methodology have been or are being develop giving more appropriate tools to conduct trials in children (35). Regulatory actions have also been taken in the past 30 years to incentivize research in the pediatric population.

II. Achievement and Impact of the US and EU Legislation

Children are often referred to as "therapeutic orphans" (36). The European Union guideline. The goal was "to encourage and facilitate timely pediatric medicinal product development" and to provide "approaches to the safe, efficient and ethical study of pediatric medicinal product" (32). However, it only serves as a recommendation. It is the responsibility of each member states to put into practice the objectives defined in the ICH-E11.

Regulatory Initiatives in the US

As early as 1979, the FDA required that a subsection of the drug label be dedicated to the pediatric use based on adequate well controlled studies. This was reinforced in 1998 to all new therapies and new indications for all drugs and biological products with the Final Pediatric Rule. Pharmaceutical industries retaliated through legal actions against the FDA on the basis that such rule exceeded its statutory authority. In response, the Pediatric Rule was replaced in 2003 by the Pediatric Research Equity Act (PREA) giving the FDA authority to mandate pediatric studies (5).

In parallel, financial incentives were implemented in 1997 through the FDA Modernization Act (FDAMA) which was replaced in 2002 by the Best Pharmaceuticals for Children Act (BPCA). Those acts determine the pharmaceutical products requiring pediatric studies and rewards pharmaceutical companies with six months market exclusivity to existing patent. In conclusion, currently the two regulations applied in the US are the PREA (requirements to study therapeutic products in children under certain circumstance) and the BPCA (incentives to pediatric therapeutic products development) (37) (Figure 1). The FDA can waive studies in children if not pertinent or grant extensions for deferred pediatric studies (5,38). The PREA and BPCA have been modified and reinforced over time, resulting in 2012 to the obligation for sponsor to submit a Pediatric Study Plan (PSP) early on in the development process (37).

Regulatory initiatives in the EU

In Europe the need to include children in drug development, as patients being at an increased risk, was defined in the European Regulation in 1975 (Directive 75/318/EEC) (39).

To fill in the gaps in knowledge and practice, the European Pediatric Regulation was Since 2008, the EMA requires that the sponsor submits a PIP for all drug development (6). This requirement can be waived off if the indication is not relevant to the pediatric population. The main difference between the PIP and PSP is the time of submission. The FDA requires it at the end of phase 2 while at the EMA, it has to be submitted at the end of phase 1 as soon as the PK studies are done in the adult population.

Impact of the Regulations

Both in the US and in the EU, the legislations had a favorable impact on the number of clinical trials in children. An increase in the number of drugs with information related to children's use was observed. In 1999 according to the Physicians' Desk Reference in the US, 20% of the drugs relevant to pediatric had information concerning children. This increased to 41% between 2002 and 2008 (40). In its 2015 annual report, the EMA showed that the proportion of pediatric trials has increased to over 18% of all trials (Figure 2) (41). In addition, 238 medicines for use in pediatrics and 39 new pharmaceutical children friendly formulation were authorized in the EU between 2007 and 2015 (7).

Regarding pediatric development plans, in the US between 1998 and 2011, 500 labeling changes were approved of which 453 were related to studies request under the BPCA and PREA regulations (5). In the EU, 100 PIPs have been completed and over 700 are ongoing. By June 30 th , 2015, 172 PIPs were to be finished and 60% of which were indeed completed. The major drawback regarding the European regulation concerns the PUMAs.

Only two have been granted in the 10 years of the regulation (7).

III. Extrapolation Framework

The constraints specific to the pediatric population, whether logistic, ethical or methodological, require to better identify pediatric needs, to optimize clinical research and to better allocate resources. All research done upstream pediatric clinical trials represent a major source of information that should not be disregarded.

Children are not just small adults

Due to the scarcity of clinical data specific to the pediatric population and because they have the right to the same therapeutic standards as adults, off-label use is frequent in children. In hospitals, up to 90% of the neonates in intensive care receive an off-label drug (35,42). A recent survey in two neonatal intensive care units in Lyon, France, reported that on 8 891 prescriptions to 910 neonates, 5.2% were unlicensed and 59.5% were off-label.

Resulting in 95% of the neonates exposed to at least one off-label or unlicensed drug (43).

Off-label use in children was also shown to be significantly associated with adverse drug reactions (ADRs) (relative risk (RR) 3.44; 95% confidence interval (CI) [1.26; 9.38]) (44).

Such practice relies on the evaluation and confirmation of the benefit risk ratio in adult trials. It is directly extrapolated to children after adjustment of the dose with no supporting evidence in the pediatric population. Comparison of scaling methods of adult dose for children have shown that the body weight was more appropriate for children between 1 month and 1 year old whereas body surface was better in older children (45). No single suitable dosing algorithm exists for all pediatric age-subgroups.

As the common adage says, "children are not just small adults" (46). Indeed, such extrapolation is often inaccurate due to pharmacological and physiological differences which are not taken into account when adjusting the dose on weight or body surface. Those differences are explained by obvious anatomical dissimilarities that have an impact on the ADME cycle (absorption, distribution, metabolism and excretion) influencing the PK (i.e.

how the organism affects the drug) and PD (i.e. how the drug affects the organism) of the drug. In addition, the pediatric population is a growing heterogeneous group of patient where maturation and development does not happen in a linear fashion (20) and might alter several times the ADME cycle.

The neonates present the most rapid physiological changes occurring compared with other age-subgroups (47). For example, bronchodilators are less effective in younger children due to a variety of etiologic and physiologic reasons (48). There are also differences in AEs.

The majority of cases of Reye's syndrome occur in children < 6 years old and nearly all cases appear in children < 12 years old (49). In addition, both ability to report AEs and drug utilizations vary according to the age of the child (33).

Pediatric drug development with adequately designed trials is therefore fundamental in order to provide safe and efficacious drugs to children. When robust similarities exist between adults and children, extrapolation from adult evidence may help reduce the pediatric data requirement by reducing the number and complexity of trials. There is the need to develop a systematic framework for extrapolating all existing evidence from adults to children but also in all aspects of research such as extrapolating preclinical data.

The extrapolation concept

The following definition has been proposed by the EMA: "Extending information and conclusions available from studies in one or more subgroups of the patient population (source population), or in related conditions or with related medicinal products, to make inferences for another subgroup of the population (target population), or condition or product, thus reducing the need to generate additional information (types of studies, design modifications, number of patients required) to reach conclusions for the target population, or condition or medicinal product. The primary rationale for extrapolation is to avoid unnecessary studies in the target population for ethical reasons, for efficiency, and to allocate resources to areas where studies are the most needed" (50).

Since 1994, the FDA has developed a decision tree (Figure 3) for extrapolating the treatment effect from adults to children (8). It is based on a series of evidence based assumptions, the three fundamentals being: similar disease progression, similar responses, and similar exposure-response relationship between adults and children. Those assumptions should rely on robust evidence regarding disease pathogenesis, criteria for disease definition, clinical classification, measures of disease progression and pathophysiology, and histopathological and pathobiological characteristics (8). The FDA has defined three levels of extrapolation (Figure 3):

-No extrapolation (Option A): When the fundamental assumptions of similarities of disease progression or of response to intervention are not verified, or when no common PD measurement can be used in adults and children then a full pediatric drug development is required. This includes a PK study to determine the suitable dose in children followed by appropriate efficacy and safety studies.

-Partial extrapolation (Option B): If uncertainties about at least one of the assumption persists a partial pediatric drug development is required. This includes either a single adequate and well controlled trial to confirm efficacy or an exposure-response trial (PK/PD) from which the efficacy can then be predicted if it confirms the assumption of similar exposure-response relationship. PK studies to establish the dose and safety data are also required.

-Full extrapolation (Option C): It relies on preexisting robust data verifying the 3 fundamental assumptions. The effective dose can be identified by matching systemic exposures between adults and children if the necessary data are available, or else PK studies are required to know the appropriate dose. Safety data are required whatever the dose finding method used.

The challenge is in the adequacy of the evidence to support the a priori assumptions made. The rationale for extrapolating the treatment benefit should be based on a body of evidences that takes into account the scientific knowledge of all aspects of the disease and its natural history in adults and children. The developmental changes and their interaction with the disease and response to the drug in children have to also be accounted for and endpoints used to measure efficacy in children have to be valid (8).

The EMA based their extrapolation framework on the same assumptions as the FDA requiring robust evidence to support and verify them. Those evidences are acquired through systematic reviews of all available evidence in adults and through modeling and simulations approaches (defined as the Extrapolation Concept). Optimal pediatric studies are then planned in accordance with the degree of predicted similarities and their certainty (Extrapolation Plan). The EMA emphasizes on the importance to confirm the extrapolation plan by relevant emerging data in children and to interpret those emerging data in the context of information extrapolated from the adult population (Validation and Confirmation). When not all uncertainties are resolve before the marketing authorization then additional follow-up is required (Further Validation) (Figure 4) (9). The degree of the extrapolation depends on how much of the source data can be used to predict the PK, PD and efficacy. The decision requires timely availability of source data and to find a balance between the uncertainties underlying the extrapolation concept and the additional patient resources required to carry out further studies. The EMA and FDA agree on the fact that safety cannot be extrapolated and that safety studies should always be conducted in order to identify unexpected age-specific safety events (8, 9).

Extrapolation experiences

Between 1998 and 2008, 370 pediatric studies were submitted to the FDA evaluating 166 products. Overall, 82.5% used adult data for extrapolation among which 14.5% followed a complete extrapolation plan and 68% a partial one. When extrapolation was used, 61% resulted in a new pediatric indication or to an indication extension to a new pediatric age group (8). Out of the 24 products for which a full extrapolation was used, 8% conducted only safety studies. Fifty-seven percent of them fail to achieve pediatric labeling (8). Overall, the use of extrapolation resulted in the reduction in the number of studies and patient needed for pediatric drug development. Failure to obtained pediatric labeling with extrapolation was mostly due to failed or non-interpretable studies; insufficient data generated; high variability in the PK studies; inability to achieve therapeutic concentration in relevant body compartment; or unexpected safety signal.

Up to January 2010, 47 out of 210 positive PIPs opinions made reference to modeling and simulation techniques (51). Modeling and simulation is becoming more common in PIPs and is being recognized as a useful tool to facilitate the extrapolation of efficacy between different age groups. The extrapolation framework in all its aspects (systematic review, modelling and simulation, prediction, and quantification of difference between populations) should optimize the decision making when resources are scarce, avoid unnecessary studies if prevailing data exist, minimize the number of children to be enrolled in clinical studies and thus reduce the clinical trial burden for the pediatric population.

OBJECTIVES

The extrapolation of the benefit risk ratio from adults to children occurs during drug development involving simulation and modeling techniques. Those can be difficult to apply in routine practice for pediatricians who routinely extrapolate results of adult studies when prescribing off-label medicines.

Systematic review of the literature is an integral part of the proposed extrapolation frameworks. When well-controlled conclusive studies are available in adults and if the fundamental assumptions of extrapolation are verified (similar disease progression, response to treatment and exposure-response relationship between adults and children) then pediatric trials requirements can be scaled down.

RCTs, double-blinded and placebo-controlled are the gold standard of clinical research. Clinical data from such trials are readily available in published meta-analyses and allows to cover a large scope of indication for which drugs were evaluated in adults and children. We, therefore, proposed to use a meta-epidemiological approach to explore our research objectives.

First, we quantified the similarities of the therapeutic benefit between children and adults for a given disease and treatment. The Ratios of Odds Ratio (ROR) were calculated, for each clinical outcome selected from each included meta-analysis evaluating a drug in an indication, to see if the response to the treatment was clinically heterogeneous between adults and children. The doses administered to children were also explored. The differences in doses used could explain clinical heterogeneity observed between studies.

The benefit of a drug cannot be dissociated from its risks. For most harms, it is unknown if their frequencies are different between adults and children. A previous metaepidemiological study comparing the safety of medicinal interventions between adults and children had already been done (3). We, therefore, decided to focus on the benefit risk ratio of drug interventions between adults and children. We used the Net Efficacy Adjusted for Risk (NEAR) (52) to illustrate the benefit risk ratio. It allows to estimate an odd ratio (OR) using the expected frequencies of responders to the treatment without harms.

The potential existence of a larger placebo effect in children compared with adults had already been suggested (10,11). A greater response under placebo in children would reduce the expected effect size increasing the risk of inconclusive treatment effects in children. We explored the extrapolation of the perceived placebo effect observed in adults to children using a meta-regression analysis. The perceived placebo effect, unlike the placebo effect, covers other factors that may also explain improved clinical outcomes measured in patients receiving placebo. Those factors are: the natural evolution and spontaneous regression of the disease; regression to the mean; the use of concomitant treatment; experimental subordination (the subject says what he thinks the expected response should be); the conditioned response (learning related to a medication and expected effect); and the placebo effect.

The aim of using all available evidence for extrapolation is to have adequately powered pediatric RCTs and to make better informed decision when estimating the expected benefit in children. We proposed to use of the effect model for a given treatment and disease in adults to see if they could help predict the treatment effect and calibrate future pediatric clinical trials. The effect model enables to deduct the risk of presenting an event in the treatment group using the risk in the control group (12). The L'Abbé Plot representation of the effect model allows to visualize the beneficial or deleterious effect of a treatment.

META-EPIDEMIOLOGICAL APPROACH

A meta-epidemiological study analyses a collection of meta-analysis. The general objective is to compare intervention effect estimates among trials with our without a particular characteristic (53,54). In our work the deciding characteristic was the population (children versus adults).

I. Methods

Search strategy

Three electronic databases (PubMed, EMBASE and the Cochrane Library) were searched for meta-analyses (from 1998 for Cochrane Library and from 1966 for PubMed and from 1947 for EMBASE), with no limitation on diseases or treatments. The advance search tools were used for each database using the following keywords: child, preschool, infant, adolescent adults and placebo. The references were then sorted out according to our inclusion criteria using the EndNote software. The detailed search strategies are described in Appendix 1.

Meta-analyses selection

Meta-analyses were eligible when they included RCTs that were double-blinded, placebo-controlled and reported separately their results for adults and children. All types of treatments were eligible, except for homeopathic treatments and non-drug interventions. The age limit between children and adults, when necessary, was arbitrarily set at 16 years old.

Adult trials may also include a minority of adolescents (>12years). Separate meta-analyses conducted in adults or in children but evaluating the same drug in the same indication with the same outcome, were also included.

It was possible to include more than one drug per review, as long as adults and children data were available for each. A review was considered a duplicate when it included the exactly the same RCTs.

Data extraction

The following information were extracted from the meta-analyses and entered into the database: i) the conception and design of the study (randomization, parallel group, cross-over, and blinding); ii) patient characteristics (adults or children, disease, number of patients in the placebo and treatment arms); iii) the disease (e.g. asthma); iv) the drug used (some metaanalyses gave information for more than one drug, when possible data were extracted for each drug studied in the meta-analysis); v) the efficacy and safety outcome (number of events and no-events in each arm for binary data or the mean change from baseline to the end of study or the mean at the end of the study for each arm and their corresponding standard deviation for continuous data); v) the dose for adults and the dose adjustment for children when available.

For each included review, trials were grouped by drug and then as pediatric and adult trials according to the cut-off age used in the reviews. The original RCTs were consulted when data regarding the outcome were missing in the meta-analysis report.

Quality assessment

We reported the quality assessment reported by the authors of the meta-analyses for each included RCT. The Cochrane assessment of risk of bias was reported (54). We also focused on the five-point scoring instrument developed by Jadad (Is the trial randomized and double blinded? Are randomization, blinding, and withdrawals described and adequate?) (55).

Outcome

For the therapeutic benefit, we extracted the primary outcome defined by the review in both adult and children. When several primary outcomes were reported, we selected the most clinically relevant outcome reported both in adult and children with the most available information. For the NEAR method, the outcomes of interest were the benefit outcome and harm outcomes defined as follow: any AEs, serious adverse event (SAEs), withdrawals due to adverse events and any withdrawals. For the perceived placebo effect, we limited ourselves to primary continuous outcome which illustrated an evolution before and after treatment (i.e.

mean change from baseline). An RCT could therefore be extracted more than once if it presented all the required outcomes.

Unit of analysis and unit of analysis error

The unit of analysis error occurs when dealing with crossover trials and multiple intervention groups. For cross-over trials, data were extracted as presented in meta-analyses.

Either data corresponded to the first period or took into account the correlation between treatment periods. For the perceived placebo only data from the first period with placebo were considered. When the effect reported was calculated from the difference between the start and end of the study regardless of the periods (i.e. as if a parallel trial), we extracted the mean change from baseline only for the placebo period.

For multiple intervention groups, when different doses were tested versus placebo the total number of patients in the placebo group was divided by the number of times it was used.

This was done to avoid double counting and overrepresentation of the placebo group.

II. Description of the database

The last literature search was done on October 14 th , 2015; 3 749 reviews were identified. Eight hundred and seventeen were assessed from full text among which 219 were excluded because they did not report the same intervention or outcome for both populations and 107 because data were not separated for adults and children. One hundred and eleven reviews were eligible (Figure 5). We extracted binary and/or continuous outcomes depending on the objectives of our work: 72 reviews were included with binary outcomes, 33 with continuous outcomes and 6 with both type of outcomes (Appendix 2). evaluated pharmaceutical categories were: probiotics and antiepileptic (Figure 6). The 3 most studied therapeutic areas were: pulmonary diseases, gastroenterology and postoperative complications (Figure 7). For pediatric trials, the dose adjustment was recorded. Out of the 150 meta-analyses, 5% (7/111) did not report the dose given to the child and 59% (89/150) reported the dose but no adjustment was done according to the weight or body surface. Only 36% reported a dose adjustment for the pediatric population with one meta-analysis that clearly mentioned that PK studies were done to adjust the dose in adults and children. Regarding the age range of the included pediatric population, 29% (43/150) did not report the age range or mean. Nineteen meta-analyses included neonates, infants and toddlers but along with older children and adolescents. Only one meta-analysis included exclusively children between 9 months and 3 years old evaluating phenobarbitone for treating convulsion due to cerebral malaria.

Different treatment benefits were estimated by clinical trials performed in adults compared with those performed in children

This article was published as Variance and Dissident with a published commentary by the reviewers. We were invited to answer the commentary.

The benefit risk ratio in adults and children: a meta-epidemiological study reviews and explore whether it is comparable between those two populations.

Methods

Literature Search and Data Extraction

We identified systematic reviews in PubMed, Embase and Cochrane Library using the following keywords: child, preschool, infant, adolescent, adult and placebo (9). The last update of the literature search was The data extraction and quality assessment were described in details in the previous report (9).

Information on harms was collected (detailed data on harms, summary statistics or descriptive data). When available, data on adverse outcomes were extracted for each intervention group.

Outcome

For efficacy, we extracted the primary binary outcome defined by the reviews in both adult and children. When several primary outcomes were evaluated, we selected the most clinically relevant outcome. Adverse outcomes retained were: adverse events (AEs), serious adverse events (SAEs), any withdrawals and withdrawals due to AE.

Statistical analyses

For each included meta-analysis, separated odds ratios (ORs) for efficacy and harms were calculated for adults and children for one drug and one indication. An OR < 1 indicates that the treatment has a beneficial effect and an OR > 1 a deleterious effect. A random effect model was used. The expected frequencies of patients responding favorably to the intervention without harms (i.e. responders without harms), responders with harms, nonresponders without harms and non-responders with harms were calculated for the treatment and placebo groups (Table 1). The resulting modified 2x2 tables for each included trials were then used to calculate the pooled NEAR odd ratios (NEAR-ORs) for adults and children. A NEAR-OR < 1 indicates a positive benefit risk ratio and a NEAR-OR > 1 a negative benefit risk ratio. 

Results

We identified 3 749 reviews from which 534 duplicates were discarded. Two hundred and nineteen reviews not reporting the same intervention or outcome for both populations and 107 not reporting data for adults and children separately were excluded. Eightyfive additional reviews were excluded because 14 did not report or mention harms, 26 reported only summary of adverse outcomes and 46 did not report exploitable data for harms (Figure 1). Twenty-six reviews corresponding to 47 meta-analyses were finally included (12-37) assessing 27 different drugs (Supplementary Table 1). Overall 130 adult (28 641 participants) and 48 pediatric trials (7 258 participants)

reported outcomes for harms.

Efficacy Outcomes

Only 33 efficacy meta-analyses were conducted as some assessed the same drug in the same indication with the same efficacy outcome but with more than one adverse outcome of interest. The treatment was beneficial in adults and children for 9 and inconclusive in adults and children for 10 meta-analyses. For 8 metaanalyses the treatment efficacy was conclusive in adults only, and for 4 the treatment efficacy was conclusive in children only (Supplementary Table 1 and Figure 1).

Adverse Outcomes

From the 47 meta-analyses: 7 reported occurrences of any AEs, 9 a specific AE, 4 any SAEs, 14 any withdrawals and 13 withdrawals due to AEs. For 7 meta-analyses, the ORs for harms could not be calculated as there were no events in both arms for adults and/or children (Supplementary Figure 1). 2). For 24 meta-analyses the ORs were inconclusive in adults and children.

Net Efficacy Adjusted for Risk

The adjustment on risk resulted in a loss of the benefit the treatment for 2 meta-analyses in children and one in adults while they increased the benefit in favor of the treatment for 4 meta-analyses in adults (Figure 3).

For 13 meta-analyses the NEAR-OR was in favor of the treatment in adults and children. Levetiracetam and lamotrigine had significantly more harms in the treatment group but the NEAR-OR remained in favor of the treatment in both populations (Figure 2). The results were inconclusive for 18 meta-analyses in populations, 11 in children only and 3 in adult only (Supplementary Table 1 and Figure 1).

Discussion

Only two meta-analyses on lamotrigine and levetiracetam had conclusive results on harm in adults We also observed changes in the benefit risk ratio for 7 meta-analyses in disfavor of the treatment.

Overall, meta-analyses in adults and children (18/47) showed uncertain NEAR-ORs. Uncertainty in estimating the risk of adverse event was also common (24/47) indicating the probable lack of power to detect harms.

The quality of evidence on harms could also be questioned as randomized trials are designed to estimate the efficacy only. Harms are sometimes collected with no prior definition and standardization, and can be underestimated compared with real life due to a stringent and standardized follow-up of participants.

When extrapolating harms and the benefit risk ratio from adults to children, the major pitfall is the scaling of harms between the two populations. A specific harm can be particularly worrisome in children but of less severity in adults. In addition, exposure to a drug intervention can also lead to harms affecting the growth and maturation of children. Such harms cannot be extrapolated from adults. Only studies identifying agespecific harms in children might estimate the long-term benefit risk ratio of treatments in children (38,39).

Performing these studies is, however, difficult.

Out of our 111 reviews selected initially, only 26

were included in our analysis illustrating the lack of complete reporting of harms. 12.6% reviews did not report or mention harms and 41.4% were nonexploitable because they lacked standardized reporting.

Another challenge was to identify common core harm outcomes in adults and children. Children and adults cannot systematically be comparable when it comes to harms. In addition, comparing reported harms maybe misleading when methods of collecting and reporting differ, for instance it has been shown that when patients are assigned to report AEs using a checklist, they reported up to 20-fold more AEs compared to patients assigned to open-ended question reporting (40,41).

When designing trials, careful thought has to be

given to what type of harm outcomes should be collected and how they should be scaled regarding to their severity. An international initiative has been developed to establish a core outcome set for efficacy trials (42) resulting in the identification of the minimal outcomes that should be evaluated (43,44). The outcomes to give an estimate of the benefit risk ratio without involving complex mathematical models.

Conclusion

The NEAR was in favor of the treatment in adults behrouz.kassai-koupai@chu-lyon.fr funding and the small market size for pediatric medicines (1, 2).

To maximize clinical research and to develop techniques to bridge the gap between adult and pediatric drug development, different frameworks have been proposed for extrapolating the benefit risk ratio observed in adult to children (8,9). The extrapolation concept is built upon the assumptions of similar disease progression, clinical response to the intervention and exposure-response relationship between adults and children (8). The rationale behind those assumptions is based on the use of all available data without considering formally the quality of the evidence.

Systematic reviews and meta-analyses represent an important source of information when they are based on methodologically sound studies, to estimate the benefit of treatments, confirm efficacy, identify unanswered research questions, design and calibrate adequately new trials in children (10,11). Yet, available evidence suggests that many new studies are not considering the available evidence provided by systematic reviews (12)(13)(14) and involve participants in underpowered and misconducted trials leading to inconclusive, biased or overestimated treatment benefit (15).

The treatment effect model law first defined by Boissel et al. in 1993 (16) stipulates that there is a natural relationship between the frequency of presenting an event in the control and in the treated group (17,18).

The treatment effect is modelled to deduct from the risk in the control group (or baseline risk) the potential risk in the treatment group (Figure 1). We assumed that the Two models are commonly used, the additive model (r T = r C x a; with a= r T /r C ) and the multiplicative model (r T =r C + b; with b= r T -r C ), r T being the risk in the treatment group and r C the risk in the control group. The multiplicative model will often be preferred as it allows proportionality of the effect according to the initial risk. While, for a deleterious outcome the additive model will be preferred as the likelihood of the adverse effect does not depend on an underlying morbid condition. Those two models can be regrouped into one, as the mixed model (r E = a r C + b). With the mixed model, a treatment can have a deleterious effect and a beneficial effect depending on the baseline risk (i.e. the risk in the control group) (18).

Methods

We screened PubMed, the Cochrane Library and Embase for meta-analyses that included randomized, double-blind, placebo-controlled trials that evaluated a drug intervention in adults and children. The literature search, selection criteria and data extraction have been described in details in a previous publication (10).

This work focuses only on meta-analyses that had a primary binary outcome. Duplicated RCTs between meta-analyses were removed. Trials from different meta-analyses evaluating the same drug in the same indication and with the same outcome were pooled.

As the purpose of this study was to explore the utility of the treatment effect model when evidence is available in adults, only meta-analyses including pediatric trials published after a minimum of four adult studies, with a range of baseline risk > 0,1, and with conclusive summary estimates were eligible. The number of four trials was chosen in order to have the minimum number of studies to fit an effect model.

Statistical analysis

For each drug, separate relative risks (RR) were calculated for adults and children using a random effect model. A RR< 1 indicates a beneficial effect of the treatment and a RR> 1 a deleterious effect of the treatment.

The effect model was plotted using the Abbé plot.

Each clinical trial was plotted using the risk in the control group on the X-axis and the risk in the treatment group on the Y-axis. The corresponding effect models were constructed using a linear regression following a RR constant model (18). A weighted regression using the inverse of the variance of the treatment effect in one group was used. The adjusted R-squared was reported to assess the strength of the model. The effect models were reduced to a multiplicative model if the constant term was < 0.03 and to an additive model if the β coefficient was equal to 1. In the cases where the model crossed the no effect line with no evidence of a deleterious effect, the effect model was forced into a multiplicative model. For all effect models when r T < r C , there was a beneficial effect of the treatment.

The effect models were computed using data from adult clinical trials evaluating a drug for a specific indication. The corresponding RRs in pediatric clinical trials were then plotted with their 95% confidence interval. Using the pediatric observed risk in the control group, the pediatric predicted risk in the treatment group was estimated using the effect model computed in adults. The predicted pediatric RRs were then calculated. The predicted RR p and observed RR o were compared using the relative risk ratio (RRR) defined as the predicted RR p divided by the observed RR o . The corresponding p-values were calculated. A RRR po < 1 indicated a larger observed treatment benefit and a RRR po > 1 a larger expected treatment benefit.

We screened the original articles of pediatric trials to see whether they report the sample size calculation, and if they cited previous studies or systematic reviews.

We calculated the sample size for the first pediatric trial using the adult effect model. This sample size was then

Figure 2: Flowchart

Detailed flowchart for the screening on title, abstract and full text can be found in previous publication (10) A RR< 1 indicates a beneficial effect of the treatment and a RR> 1 a deleterious effect of the treatment. A RRR po < 1 indicated a larger observed treatment benefit and a RRR po > 1 a larger expected treatment benefit compared with the true sample size of the first pediatric trial and the sample size reported in the method or statistical analysis sections of the original article. The two-independent proportion power analysis with a power of 80% and an alpha risk of 5% available in Stata/IC 12 was used to calculate the sample size. All statistical analyses were done using the Stata/IC 12 software 2012.

Results

Out of the 89 reviews (10) , 16 including 254 adult (68 407 participants) and 69 pediatric trials (11 327 participants) were considered (19)(20)(21)(22)(23)(24)(25)(26)(27)(28)(29)(30)(31)(32)(33)(34). Fourteen drugs and therefore 14 meta-analyses were evaluated. Four meta-analyses with an inconclusive pooled treatment effect in adults were excluded for the effect model analysis. (Supplementary Table 1).

The effect Model and Prediction of the treatment effect in children

Only 3 out of 10 drugs were assessed on a wide range of risk in the control group: dolasetron, droperidol and ondansetron for postoperative nausea and vomiting (19,20,33). For 6 drugs participants were at high risk, with the lowest risk in the control groups being > 0.6

for bupropion for smoking cessation (23), erythropoietin for anemia associated to cancer (26), and gabapentin, lamotrigine and levetiracetam for drug resistance epilepsy (27-29, 31, 32). Saccharomyces for antibiotic associated diarrhea (21,24) were mostly evaluated in in low risk patients (< 0.4). For all drugs the risks in the control groups in the pediatric trials were in the same range as in adult trials (Supplementary 

The effect model and study calibration in children

Out of the 62 pediatric trials included in the different effect models, 49% percent (23/47) of articles did not report their sample size calculation. Fifty-one percent (24/47) reported their a priori sample size calculation among which 63% (15/24) reported the expected number of events in the control or the baseline risk for the outcome measured (Table 2). Only 6 out of 24 articles reported the use of previous trial results for their sample size calculation. In the rationale of the articles, 93% (44/47) cited previous studies of which only 9% (4/44) were a systematic review (Table 2). The a pirori sample size calculation for the first pediatric trial was reported for 4 drugs out of 10. For levetiractam and topiramate, the sample size was calculated on an outcome that differed from the outcome selected for the meta-analyses and were therefore excluded. For bupropion, authors estimated an a priori baseline risk of 0.85 which corresponded to a risk predicted by the adult effect model of 0.77 with treatment. Using a power of 90% and a ratio 2:1, as reported by authors, resulted in 650 participants in the treatment and 325 in the control group (35). For dolasetron, the a priori reported baseline risk was 0.75, the risk predicted by the model in the treatment group of 0.59, and a sample size of 113 in each group (36) (Table 3).

For 7 drugs the sample size calculated with the adult effect model was bigger than the sample size enrolled in the studies. For 3 drugs, the samples enrolled were bigger compared with the sample calculated from the model (Table 1). 

Illustrative examples

Discussion

The effect model fitted with adult trials could have helped predict the treatment effect in children for 9 out 10 drugs assessed by systematic reviews and improve calibration of new trials for 6 drugs. Underestimations of the treatment effect using the adult effect model were favor of the treatment in children compared with adults.

There was one example of overestimation of the treatment effect for saccharomyces. The risk in the control group for the first pediatric group was < 0.1 with no prior evidence of adults in that range of risks. (41,42).

The main limitation of the effect model tool is the use of the proportion of events in the control group as a measure of the underlying risk. The proportion of events in the control group is measured with error and does not reflect the true underlying risk, (43,44), which can result in an underestimation of the regression slope due to the regression to the mean. The use of the adult effect model requires to have a conclusive treatment effect and a large range of possible baseline risk in adults. Four drugs were excluded because, the adult treatment effects were inconclusive. Thus, overall 4 741 pediatric patients have been included in clinical trials without prior conclusive evidence in adults. However, the effect model uses summarized data from clinical trials which when published are readily available, requires little statistical implementation, identifies outliers and subgroups who might benefit more from the treatment. We based our rationale on the date of the trials publications but a trial can be published several years after the end of the study. Our results are also limited to the studies for which systematic reviews are available, not capturing all RCTs. We limited our study to situations where we had at least 4 adult trials before the first pediatric trial. It does not take into account adult or pediatric trials done afterwards or whether the effect models using all available pediatric trials would influence the adult effect model.

Conclusion

The effect model is a useful tool for formalizing the extrapolation of the treatment benefit from adults to children when evidence is available from adult trials. It 

DISCUSSION

Our research focuses on the rationale use of all available evidence before extrapolating the benefit risk ratio from adults to children. The extrapolation, as proposed by the EMA, relies on the following assumptions: similar disease progression, similar responses, and similar exposure-response relationship between adults and children. Through this metaepidemiological study, we emphasize that extrapolation might not replace a well-designed and adequately powered RCT in children. Assessment of all available evidence by using metaanalyses assessing a drug intervention in an indication in adults and children is a valuable complement before extrapolating from adults to children.

EXPLORING THE EVIDENCE FROM RCTs IN ADULTS FOR EXTRAPOLATION PROCESS

Our results showed that significant heterogeneity, in the amount but also in the direction of the treatment effect, can be observed when comparing the treatment benefit between adults and children. When looking at inconclusive RORs for the treatment benefit, 45% of the meta-analyses showed a potential two-fold or greater difference between adults and children. Regarding the benefit risk ratio of drug interventions, large uncertainties were observed on the assessment of harm outcomes and hence of the benefit risk ratio, with only 13 out of 47 meta-analyses with a confirmed benefit risk ratio in favor of the treatment in adults and children. In some cases, clinically relevant differences between adults and children cannot be completely excluded. Adult trials cannot detect adverse events when they are specific to children. However, data from adult RCTs represent a valuable source of information that cannot be ignored.

We also showed heterogeneity between adults and children in the perceived placebo effect. The difference was statistically significant for binary outcomes while it could not be excluded for continuous outcomes. Such differences can be influenced by the design of the trial, parallel versus crossover, and the type of outcome, objective versus subjective. To ignore such differences can result into inconclusive results in children masking a potentially clinically relevant treatment effect. When a systematic review is conducted prior to a future trial, we should explore the potential existence of a larger perceived placebo effect in children.

PREDICTION OF THE TREATMENT BENEFIT AND CALIBRATION OF NEW TRIALS

The need to include children in RCTs without exposing them to unnecessary risks is the basis of the extrapolation concept. Thirty-eight out 120 meta-analyses had an inconclusive treatment effect on the benefit and 27 out 47 on harmful effects in adults and children. It seems inacceptable to include children in inconclusive trials even more so when adequate calibration from data in adults is possible. The calibration of the trial relies on the estimation of the expected treatment benefit using prior data or expertise. However, discrepancies between observed and expected benefit are common (56,57). In addition to the systematic review and meta-analysis process, we used the effect model using adult data to predict the treatment effect in children studies and calibrate new trials according to the baseline risk. The effect model predicted well the treatment effect in children. For 5 drugs, the pediatric trials were underpowered and the treatment effects were inconclusive. The use of the effect adult effect model and of the observed risk in the control group in children could have helped to better calibrate those pediatric clinical trials. The effect model has also the advantage to give an overview of the assessment of the treatment effect, to identify incoherent results (i.e. outliers), highlight unnecessary repetitions of clinical trials and identify patients who might benefit the most from the treatment.

Efficiency also involves the identification of unmet needs and situation where additional research is unnecessary and thus increasing clinical utility of trials. Using a cumulative meta-analysis approach, we searched for trials iterated unnecessarily. For 37 metaanalyses with a conclusive treatment effect in children, our results showed that 63 trials including 6 164 children appeared to be unnecessary. The most striking example was for ondansetron for postoperative nausea and vomiting. Twenty-six placebo-controlled RCTs were conducted in children between 1994 and 2007. The cumulative treatment benefit was statistically significant as soon as the first trial in 1994. By 1995, the cumulative treatment benefit was confirmed and seemed to stabilize with a cumulative number of 825 included patients. For ondansetron, 19 trials including 1 662 were unnecessarily exposed to constraints and risks of a clinical trial (Appendix 3). As early as 1992, Lau et al. proposed to use the cumulative meta-analysis as a tracking tool of trials to help planned future ones (58). This is supported by a systematic review of cumulative meta-analysis emphasizing that beneficial and harmful effects could have been detected earlier (59). It would have allowed an earlier availability of innovative beneficial drugs to patients and avoid exposing them to unnecessary harms (59) and thus avoid a waste of resources. We believe that the cumulative meta-analysis and the effect model can greatly contribute to the body of knowledge and help summarized available evidence to make better informed decision in the drug development and extrapolation framework.

QUALITY AND REPORTING OF TRIALS

The uncertainties around the extrapolation concept are highly correlated to the availability, quality and comparability of the data. Evidences of poor reporting and of low quality are common in the literature (20). Our work was also limited to the lack of standardized reporting of pediatric age-groups and dose adjustment. Data were never reported according to the different pediatric age-ranges and the dose-adjustments were reported in only 36% of our meta-analyses. We acknowledge that the absence of such information limits our interpretation and that we were not able to identify potential existing differences across the different age groups. We would like also to reiterate the importance of using available reporting checklists such as the CONSORT (14), SPIRIT (15) and PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) (16). More importantly, those checklists are currently being adapted specifically to pediatric research which will help to work towards increasing the value of research (20).

Our study was also limited by the unavailability of similar outcomes or interventions between adults and children resulting in the exclusion of 219 reviews. For harmful events, the comparability between adults and children was also limited due to how they were collected and scaled according to their severity. Initiatives to develop core outcome sets specific to these populations (60,61), and core outcomes sets common to adults and children should increase the number of usable reports. In addition, over 50% of research is designed without reference to existing evidence and they are not interpreted in the context of systematic assessments of other relevant evidence (13). The lack of transparency and completeness of research reports contribute to the waste of time and resources invested in clinical research (13,62). It also poses a major ethical issue towards patients. Lack of reporting could either deprive patients from innovative drug intervention or expose them to avoidable harms.

CONCLUSION

The extrapolation process is not limited to drug development. Pediatricians routinely extrapolate results of adult studies when prescribing off-label medicine. Although regulatory agencies have developed extrapolation frameworks when it comes to drug development, those are difficult to apply in routine practice. Meta-epidemiological approaches can help researchers and physicians gain insight on the knowledge available to make better informed decisions.

The work conducted during this PhD has contributed to better acknowledge that extrapolation in pediatrics cannot solely be based on the adjustment of the dose according the weight or body surface or on PK-PD similarities. The extrapolation justification might benefit from systematic synthesis of all available data regardless of the source population or indication. We also suggest that the extrapolation process needs at least one adequately informed and powered RCT in children. However, pediatric studies are to be conducted when they address unmet needs.

Meta-epidemiological studies, cumulative meta-analysis and the effect model contribute efficiently to the extrapolation process and are useful before conducting any new research. We also emphasize the importance of using and developing methods of standardization of reporting RCTs and systematic reviews when children are involved in order reduce useless results and underpowered trials. This would help to work towards reducing waste of research resources and to improve research utility. 
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(

  EU) and the United States (US) have taken regulatory action to increase availability of authorized medicines that are appropriate for children use and to produce better informed medicine. A first conjoint effort of harmonization between the founding members (EU, US and Japan) of the International Council for Harmonization of technical requirements for pharmaceuticals for human use (ICH) was made in 2000 and resulted in the ICH-E11

implemented in 2007 (

 2007 Regulation 1901/2006/EU and 1902/2006/EU) (6). The EU regrouped under one regulation the requirement to conduct pediatric clinical research and the incentives. Like the FDA, the EU rewards with a 6 months MA extension all drug development done in children. In addition, the EU implemented another type of MA called a Paediatric Use Marketing Authorization (PUMA). The aim is to encourage the development of a new pediatric indication for off patent medicines. This rewards the PUMA holder with a 10 years data protection.
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 1 IntroductionDrug interventions are one of the most common causes of harm in healthcare(1)(2)(3). Adverse drug reactions (ADRs) are associated with a substantial increase in morbidity. They lead to additional costs as a result of an increase in the number and duration of hospitalizations and investigations (4).In children, the overall incidence of adverse drug reactions was reported to be 9.53% in hospitalized children, 1.46% in outpatients and represent 2.09% of hospital admissions(5). The pediatric population is vulnerable because all drug exposures may impact their development. Young children aged less than 5 years old are more exposed to the risk of fatal harms due to their renal and hepatic function immaturity compared with older children(6). One of the major factor that contributes to the occurrence of drug related harm in the pediatric population is the use of off-label or unlicensed drugs(7). We systematically reviewed all published § Corresponding author: Prof. Behrouz Kassai, Hospices Civils de Lyon, Groupement hospitalier Est, Bâtiment « Les Tilleuls », 59 boulevard Pinel, 69003 Lyon, France, Telephone: +33(0)4 studies evaluating the association between ADRs and off-label or unlicensed drugs. Our results show an increased risk of ADR (OR 1.95; 95%CI [1.39-2.74]) when drugs are unlicensed or used off-label for children. Another systematic review of the literature showed that the percentage of off-label and/or unlicensed drug involved in harms ranged from 23 to 60%(8).Due to the lack of pediatric randomized controlled trials (RCTs), the treatment benefit or harm is often extrapolated from adult studies when prescribing drugs for children. Such extrapolation is questionable as the treatment benefit and harm might differ between adults and children(9, 10).The assessment of the benefit risk ratio requires, however, clinically comparable outcomes. The patient's preferences highly influence the choice of clinically relevant outcome. The optimal treatment effect corresponds to the number of patients who respond favorably to the treatment without harms. Such data are rarely reported in publications but can be estimated indirectly by the Net Efficacy Adjusted for Risk (NEAR) as proposed by Boada et al.(11). The aim of our work was to estimate the Net Efficacy Adjusted for Risk in adult and children included in systematic

  done on October 14th, 2015. Meta-analyses were eligible if they included double-blinded, placebocontrolled RCTs evaluating a drug intervention with separated data for adults and children. Meta-analyses conducted in adults or in children assessing the same drug for the same indication and reporting the same outcomes were also included. A meta-analysis was considered a duplicate when it included exactly the same RCTs.
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 1 Figure 1: Flowchart of the literature search and selection

Only 2

 2 meta-analyses were conclusive in adults and children. In drug resistant partial epilepsy the odds of adverse events in adults (OR 1.61; 95% CI [1.01; 2.56) and children (OR 2.14; 95% CI [1.08; 4.22]) were higher for levetiracetam (24) and for lamotrigine (adult
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 2 Figure 2: Benefit, harm and efficacy adjusted on harm in adult and pediatric trials with low uncertainties
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 3 Figure 3: Benefit, harm and efficacy adjusted on harm in adult and pediatric trials with high uncertainties

  development of such core outcome sets for harms would help to gain in standardization, leading to more reliable evidence based conclusions on the safety of drug interventions. Evidence of poor reporting of harms in systematic reviews and in RCTs has led to the publication of extensions to the PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) (45) and CONSORT (Consolidated Standards of Reporting Trials) (46) checklist for reporting of harms. There is, however, still room to improve reporting of harms to avoid waste of limited resources available for assessing medicine in children(47)(48)(49).Our conclusions are similar to a previous metaepidemiological study comparing the risk of harms between adults and children from Cochrane reviews.Authors highlighted the large uncertainties of the estimation of harm outcomes and showed that a twofold difference on harm outcomes between adults and children was suggested by 38% of their meta-analyses(10). Our work has the advantage to cover other literature databases and to include only high quality trials. In addition, we focused our work on the estimation of the benefit risk ratio and not solely on harms.Our study is restricted to meta-analyses conducted in adults and children reporting efficacy and safety data.Systematic reviews focusing only on harms outcomeswere not included and drug interventions for conditions exclusively present in children were not evaluated.Meta-analyses report summary data of RCTs, we were therefore not able to identify individual patient factors (i.e. pediatric age subgroups) that might influence the benefit risk ratio of a drug intervention. We also acknowledge that withdrawals outcomes are biased as the decision of withdrawing a patient is almost always done unblinded. Patients under placebo are potentially less discontinued compared with patients under treatment.The NEAR method has some limitations. It cannot be used when efficacy and safety outcomes are reported on different populations. The efficacy outcome may be reported on the intention to treat population while the harm outcome was reported on the per protocol population or vice versa. It also does not take into account the proportional weight of the efficacy versus the safety outcomes(50). The results of the NEAR should always be put in relation to the clinical context at hand. However, NEAR represents a simple tool allowing the combination of efficacy and harms

and children for 13

 13 out of 47 meta-analyses. The rational for extrapolating the efficacy and harms from adults to children is limited by the uncertainty and lack of evidence. There is a need to standardize core harm outcomes for pediatric trials and report those adequately. Funds: Perrine Janiaud is receiving a grant from GlaxoSmithKline, France, for her PhD at the UMR 5558 Laboratoire de Biométrie et Biologie Evolutive, CNRS. The funder had no role in study design, data collection and analysis, decision to publish or the preparation of the manuscript In the past decades, regulatory requirements and incentives have promoted pediatric clinical research (1) increasing pediatric information of medicinal products (2). The proportion of pediatric clinical trials conducted in Europe has also increased from 8% in 2006 to 18% in 2015 (3). The EMA has also implemented a Paediatric Use Marketing Authorisation (PUMA) granting a 10year extension of data protection for pediatric drug development. However, since its implementation 10 years ago, only 2 PUMAs have been granted (4). Despite new regulation, the availability of evidencebased clinical decision in children remains limited leading to common off-label prescription based on the extrapolation of the observed benefit in adults (5, 6). The ethical and logistic constraints could explain the lack of pediatric evidence. It is still difficult to conduct successful clinical trials in children, because of the lack of research priorities (7), the paucity of institutional § Corresponding author: Prof. Behrouz Kassai, Hospices Civils de Lyon, Groupement hospitalier Est, Bâtiment « Les Tilleuls », 59 boulevard Pinel, 69003 Lyon, France, Telephone: +33(0)4 27 85 77 32, Fax: +33(0)4 72 35 73 64, E-mail address:

  effect model fitted from adult studies might help predict the potential treatment effect in children and improve calibration of new trials according to the assumptions on the baseline risk. It also allows to identify outliers, avoid unnecessary repetitions of clinical trials when the effect estimate is precise, and identify patient subgroups that might benefit the most from the treatment. Consequently, the effect model can play an important role for formalizing the extrapolation process from adult to children. This paper focuses on the prediction of the treatment effect in children and the calibration of new pediatric trials when using the treatment effect model built from adult studies. Two illustrative examples show how the effect model could have been used for designing new pediatric trials.

Figure 1 :

 1 Figure 1: The Effect Model Law

Figure 3 :

 3 Figure 3: Effect Model for Ondansetron for Postoperative Nausea and Vomiting Red circles and red line correspond to the effect model in adults, in green the effect model in children. Each point represents a trial, the size of the circle represents the weight of each trials (i.e. the inverse of the variance).

Figure 4 :

 4 Figure 4: Effect Model for Gabapentin for Drug Resistant Epilepsy Red circles and red line correspond to the effect model in adults, in green the effect model in children. Each point represents a trial, the size of the circle represents the weight of each trials (i.e. the inverse of the variance).

  observed. For ondansetron in postoperative nausea 50 patients were enrolled per group with a power of 99.91% while sample size calculated by the model with a power of 80% was 284 per group. The treatment effect was better RR o 0.54 (95% CI [0.46; 0.63]) than the effect predicted by the model (RR p 0.73, 95%CI [0.71; 0.75]). The examples of ondansetron, dolasetron and lamotrigine illustrate a possible greater effect in (B) Effect model before the first pediatric trials Ten adult trials were published beforehand and 5 pediatric trials were published the same year. The effect mode in adults was riskT =0.8630062riskC (adjusted R-squared= 0.9578) (A) Effect model with all trials The effect model in adults was riskT =0.7315302*riskC (adjusted R-squared= 0.9120) and in children riskT= riskT= 0.4977433* riskC (adjusted R-squared= 0.8176) (A) Effect model with all trials The effect model in adults was riskT= 0.8855016*riskC (adjusted R-squared= 0.9992). (B) Effect model before the first pediatric trials Four adult trials were published beforehand. The effect mode in adults was riskT=0.881275 *5riskC (adjusted R-squared=0.9990)

  also improves calibration of new clinical trials maximizing pediatric clinical research by reducing the number of underpowered trials. Funds: Perrine Janiaud is currently receiving a grant from GlaxoSmithKline, France, for her three years PhD at the UMR 5558 CNRS. The funder had no role in study design, data collection and analysis, decision to publish or preparation of the manuscript Conflict of interest: The authors have no conflict of interest

Figure :

 : Figure: Cumulative meta-analysis for ondansetron for postoperative nausea and vomiting
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  Face au manque des données cliniques chez les enfants, il est courant de leur prescrire des médicaments hors de leurs AMM. Cette démarche s'appuie sur l'efficacité de ces produits démontrée chez les sujets adultes. Cette efficacité est directement extrapolée aux enfants sans expérimentation clinique supplémentaire après un simple ajustement de la dose sur le poids ou Premièrement nous avons quantifié les similitudes du bénéfice thérapeutique entre adultes et enfants. Le ratio du rapport des cotes par médicament dans une indication a été calculé pour voir si la réponse au traitement était hétérogène entre les adultes et les enfants.Le bénéfice d'un médicament ne pouvant être dissocié de son risque nous nous sommes par la suite intéressé à la balance bénéfice risque chez les adultes et les enfants et si elle était comparable entre les deux populations. Pour cela nous avons calculé l'efficacité nette ajustée sur le risque permettant ainsi une estimation d'un rapport des cotes à partir de la fréquence attendue du nombre de patients répondant en faveur du traitement sans effets indésirables.Nous avons aussi montré une hétérogénéité de l'évolution sous placebo, avec une évolution sous placebo significativement plus importante chez les enfants pour les critères de jugement binaires et qui ne peut pas être exclue pour les critères de jugement continus. Cette différence semble être plus importante lorsque le design de l'étude est en groupes parallèles par rapport aux plans croisés, et lorsque le critère de jugement est objectif par rapport à un critère subjectif. Ignorer une telle différence peut induire des résultats non concluants et ainsi masquer un effet du traitement potentiellement cliniquement pertinent.Beaucoup de nos méta-analyses ont abouti à un effet non concluant du traitement chez l'adulte et l'enfant. Inclure des enfants dans des essais non-concluants doit être éviter autant que possible, par une utilisation extensive des données disponibles. La calibration des essais

	de l'adulte à l'enfant et devrait être obligatoire avant tout essai clinique. En effet, plus de 50% GENERAL INTRODUCTION
	des essais sont réalisés sans faire référence aux connaissances déjà acquises ce qui représente
	un gâchis considérable des ressources (13). Ce phénomène est accentué par le manque de
	standardisation, malgré l'existence de recommandations claires (14-16), au niveau du rapport It has been widely recognized that to be able to give drugs to children with an
	la surface corporelle des enfants. Une telle extrapolation s'avère souvent inexacte en raison des résultats des essais cliniques. Nous insistons sur l'importance d'utiliser et de développer appropriate benefit risk ratio, we need to include them in clinical trials. Even though
	des différences évidentes chez l'enfant aux niveaux pharmacologique et physiologique. Ces des méthodes de standardisation des essais randomisés et des revues systématiques lorsque les regulatory incentives have been implemented to promote pediatric clinical research, data in
	différences auraient un impact important aux niveaux pharmacodynamique et enfants sont impliqués afin de réduire les résultats inutiles et les essais non-concluants. children compared with adult data are scarce. With not enough data to support their decision,
	pharmacocinétique, influençant la performance et l'activité pharmacologique d'un prescribers are often left with the choice to either prescribe a drug with a potential deleterious
	médicament. effect or to deprive children of innovative therapies. The treatment benefit observed in adults
	Deuxièmement nous avons exploré l'extrapolation de l'évolution sous placebo de is often extrapolated to children after adjustment of the dose according to the body weight or
	Au niveau du développement du médicament, l'extrapolation a pour but d'éviter les l'adulte à l'enfant à l'aide d'une méta-régression. En effet, plusieurs études mettent en avant surface with no additional clinical trials in the pediatric population. However, the
	extrapolation rational should not be solely based on a dose adjustment without justification
	but should make use of all available evidence. It should not also supplant a well-designed and
	adequately powered pediatric clinical trial.
	Différentes mesures règlementaires ont été mises en place par l'EMA afin d'inciter les
	industriels et de promouvoir la recherche clinique en pédiatrie (6). Une augmentation de la
	recherche clinique pédiatrique a pu être observée entre 2007 et 2015, 238 médicaments pour
	d'effet
	contribuent de manière importante au processus d'extrapolation de la balance bénéfice risque

logistiques plus lourdes que chez l'adulte, ce qui peut expliquer l'inégalité de représentation entre adultes et enfants en recherche clinique. Le marché du médicament pédiatrique étant restreint, par rapport au coût élevé du développement, l'industrie a eu tendance à se désintéresser de cette population. A ceci s'ajoute, les contraintes méthodologiques telles que l'utilisation du placebo qui est difficilement accepté par les parents, la limitation des interventions invasives, et le consentement indispensable des deux parents qui peut s'avérer difficile à obtenir. Il y a un réel dilemme entre l'obligation de réaliser des essais cliniques chez l'enfant pour les protéger des risques liés aux médicaments non testés en pédiatrie et de les protéger des risques potentiels des essais cliniques

(5)

.

La population pédiatrique est une population hétérogène allant de la naissance à la majorité (18 ans). Cela entraine des différences au niveau physiologique et pharmacologique entre les différents groupes d'âge. En effet, on peut difficilement comparer un nourrisson à un adolescent. Cette hétérogénéité, en plus d'influencer l'effet du médicament, peut influencer le choix de la formulation du médicament ainsi que celui du critère de jugement. Par exemple, un critère de jugement donné pourra être rapporté par une tierce personne chez de jeunes enfants et par l'enfant lui-même s'il est plus âgé

(5)

. une utilisation chez l'enfant et 39 nouvelles formulations pharmaceutiques adaptées aux enfants ont été autorisées en Europe

(7)

. essais inutiles dans la population pédiatrique pour des raisons éthiques et d'efficience afin d'attribuer les ressources aux aires thérapeutiques nécessitant le plus de recherche. L'extrapolation de l'adulte à l'enfant se base sur trois hypothèses fondamentales : histoire naturelle de la maladie similaire, réponse au traitement similaire et relation dose-réponse similaire entre les adultes et les enfants. Selon l'EMA, ces hypothèses sont vérifiées en faisant une revue systématique de la littérature des toutes les données disponibles et par des techniques de modélisation et de simulation. En fonction des données disponibles permettant de vérifier ces hypothèses et de leur certitude, on peut alors définir trois niveau d'extrapolation : pas d'extrapolation (étude de pharmacocinétique (PK) pour déterminer la dose, suivi d'essais d'efficacité et de sécurité du médicament) ; extrapolation partielle (étude de PK et de sécurité du médicament) ; et extrapolation complète (étude de sécurité uniquement) (8). Le processus d'extrapolation doit être continuellement mis à jour et les hypothèses revérifiées en fonction des nouvelles données disponibles (9). Jusqu'à maintenant les méthodes d'extrapolation mises en avant se basent principalement sur des méthodes de modélisation et simulation qui sont impossibles à mettre en place dans la pratique courante. Nous proposons d'utiliser une approche métaépidémiologique à partir de données cliniques provenant de méta-analyses d'essais randomisés en double aveugle contre placebo, ayant inclus des adultes et des enfants dans des indications et avec des médicaments identiques, et présentant des données séparées chez l'adulte et l'enfant. une évolution sous placebo potentiellement plus importante chez l'enfant par rapport à l'adulte (10, 11). L'évolution sous placebo a l'avantage d'englober tous les facteurs pouvant expliquer une amélioration du critère du jugement sous placebo : l'évolution naturelle et l'amélioration spontanée de la maladie, la régression à la moyenne, l'utilisation de traitements concomitants, la subordination expérimentale, les réponses conditionnées, et l'effet placebo. Enfin, l'extrapolation a pour but d'utiliser toutes les données disponibles afin d'avoir une meilleure connaissance de l'effet attendu chez l'enfant. Nous proposons d'utiliser le modèle d'effet (12) d'un traitement donné chez l'adulte afin de prédire l'effet du traitement et de mieux calibrer les essais chez l'enfant. Le modèle d'effet est représenté par un Abbé Plot à partir duquel le risque dans le groupe traitement peut être déduit du risque dans le groupe contrôle. Une telle analyse pourrait permettre dans certains cas de réduire le nombre d'enfants à inclure dans les essais toute en assurant une puissance suffisante. Nos résultats montrent une hétérogénéité significative au niveau de la quantité d'effet mais aussi du fait que l'effet soit bénéfique ou délétère entre adultes et enfants pour 14 de nos 110 méta-analyses évaluées. Des incertitudes importantes ont été observées au niveau des critères de jugement évaluant la sécurité du médicament et sur la balance bénéfice risque ; seulement 13 méta-analyses sur 47 ont une balance bénéfice risque en faveur du traitement chez l'adulte et l'enfant de façon statistiquement significative. Dans certains cas, une différence cliniquement pertinente entre les adultes et les enfants ne peut pas être complètement exclue. De plus les essais adultes ne permettent pas de détecter les évènements indésirables spécifiques à l'enfant. dépend de l'estimation a priori de l'effet attendu du traitement sur la base des données publiées. L'utilisation du modèle d'effet semble être une méthode adaptée pour prédire l'effet du traitement chez l'enfant à partir des données adultes et ainsi pouvoir calibrer la taille de l'essai suivant en pédiatrie. Le modèle d'effet a aussi pour avantage de donner une vue d'ensemble de l'évaluation de l'effet du traitement, d'identifier les résultats incohérents, de mettre en évidence les répétitions inutiles des essais cliniques et d'identifier les patients pouvant profiter le plus du traitement. A travers des travaux connexes nous nous sommes aussi attachés à identifier les répétitions inutiles d'essais cliniques en pédiatrie à l'aide de la méta-analyse cumulative. Sur 32 méta-analyses ayant un effet confirmé du traitement chez l'enfant, 63 essais ayant inclus 6 614 enfants semblent avoir été faits inutilement (l'effet ayant déjà été démontré). L'extrapolation ne se limite pas au développement d'un nouveau médicament mais est aussi utilisé de façon courante lorsque les pédiatres prescrivent en dehors de son AMM un médicament. Les approches que l'on a utilisées peuvent permettre aux médecins et chercheurs de mieux appréhender les connaissances disponibles et ainsi prendre des décisions mieux informées, l'extrapolation ne pouvant pas se limiter à un simple ajustement de la dose en fonction du poids ou de la surface corporelle. Nous pensons également que le processus d'extrapolation devrait être accompagné d'au moins un essai randomisé de puissance adéquate chez l'enfant. Les outils exploratoires tels que les études méta-épidémiologiques, méta-analyses cumulatives et le modèle

Table 1 : Expected frequencies combining efficacy and harm outcomes

 1 

		Responders	Non-responders	
	Without ADRs	A1	B1	Total without ADRs
	With ADR	C1	D1	Total with ADRs
		Total responders	Total non-responders	Total studied
	For example, the expected frequency of responders without harms
	(A1) in the treatment group is calculated by multiplying the total
	number of responders by the total number without harms and divided
	by the total number of participants studied. This is repeated for each
	cell and for the placebo group (A2, B2, C2, D2).	

The OR is calculated with the following formula: 𝑁𝐸𝐴𝑅 -𝑂𝑅 = 𝐴 1 * (𝐶 2 + 𝐵 2 + 𝐷 2 ) 𝐴 2 * (𝐶 1 + 𝐵 1 + 𝐷 1 ) ⁄

Table 1 : Comparison of expected and observed RR in children and calibration with 80% power and alpha risk of 5% According to 1 st Pediatric trial
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	Therapeutic Area	Drug	Disease	Outcome	N adult trials performed before	Adj. R²	Predicted RR 95%CI	Observed RR 95%CI	RRR 95% CI	p-value	Obs. Power	N Obs. Per group	N Pred. per group
	Addictions	Bupropion	Smoking cessation	Abstinence at 6m FU	6	0.997	0.89 [0.82; 0.96] 0.81 [0.32; 2.03] 0.92 [0.36; 2.30]	0.85	6.27%	TTT=209 PCB=103	TTT=256 PCB=128
	Gastro-enterology	Saccharomyces	Antibiotic associated diarrhea	AAD	6	0.7476	0.35 [0.16; 0.75] 1.58 [0.85; 2.90] 4.49 [1.69; 1.90] >0.01 36.84%	TTT=388 PCB=391	544
	Hematology	Erythropoietin	Anemia associated to Cancer	Hematologic al response	8	0.8778	0.53 [0.39; 0.72] 0.62 [0.46; 0.84] 1.17 [0.76; 1.81]	0.47	93%	111	38
	Neurology	Gabapentin	Drug-resitant epilepsy	50% responder	4	0.999	0.88 [0.80; 0.97] 0.86 [0.51; 1.42] 0.97 [0.58; 1.63]	0.91	11.49%	TTT=119 PCB=128	266
	Neurology	Lamotrigine	Drug-resitant epilepsy	50% responder	9	0.9926	0.90 [0.82; 1.00] 0.47 [0.27; 0.84] 0.52 [0.29; 0.94]	0.03	79.56%	TTT=79 PCB=90	396
	Neurology	Levetiracetam	Drug-resitant epilepsy	50% responder	5	0.9916	0.72 [0.61; 0.83] 0.44 [0.28; 0.69] 0.62 [0.38; 1.00] 0.049 97.94%	TTT=101 PCB=97	58
	Neurology	Topiramate	Drug-resitant epilepsy	50% responder	6	0.9903	0.66 [0.56; 0.78] 0.51 [0.25; 1.03] 0.77 [0.38; 1.58]	0.48	52.3%	TTT=46 PCB=50	44
	Postoperative complications	Dolasetron	Postoperative vomiting nausea and	PONV	8	0.9725	0.78 [0.65; 0.94] 0.41 [0.27; 0.63] 0.53 [0.33; 0.84] >0.01 99.91%	50	100
	Postoperative complications	Droperidol	Postoperative vomiting nausea and	PONV	5	0.8990	0.54 [0.31; 0.92] 0.89 [0.56; 1.41] 1.66 [0.81; 3.37]	0.16	8.12%	32	52
	Postoperative complications	Ondansetron	Postoperative vomiting nausea and	PONV	10	0.912	0.86 [0.69; 1.08] 0.32 [0.16; 0.63] 0.37 [0.18; 0.75] > 0.01 98.86%	30	284
	FU: Follow-up; AAD: Antibiotic Associated Diarrhea; PONV: Postoperative Nausea and Vomiting; Obs: Observed; Pred: Predicted; TTT= Treatment group; PCB: Placebo group	

Table 2 : Sample size calculation and prior evidence reported in the original pediatric trials (N=47) Sample size
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	calculation:	% (n/N)
	Not reported:	49% (23/47)
	Reported elements of calculation:	51% (24/47)
	Number of events given by group:	63% (15/24)
	Only expected difference between groups:	29% (7/24)
	Calculation done on a different outcome compared to meta-analysis:	8% (2/24)
	Prior evidence citation:	
	No citation of prior evidence:	6% (3/47)
	Citation of adult trials only:	8% (4/47)
	Citation of adult and pediatric trials:	85% (40/47)
	Citation of systematic reviews:	8% (4/44)

Table 3 : Comparison of the sample size using the effect model, reported a priori in the articles and enrolled finally in the study
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	Drug	Disease	Outcome	A priori power	N A priori per group	Obs. Power	N Obs. Per group	Pred. Power	N Pred. per group
	Bupropion	Smoking cessation	Abstinence at 6m FU		TTT=650 PCB=325	6.27%	TTT=209 PCB=103	80%	TTT=256 PCB=128
		Postoperative							
	Dolasetron	nausea and	PONV	80%	113	99.91%	50	80%	100
		vomiting							

[START_REF] Rösner | Acamprosate for alcohol dependence[END_REF] 77 32, Fax: +33(0)4 72 35[START_REF] Normansell | Sublingual immunotherapy for asthma[END_REF] 64, E-mail address: behrouz.kassai-koupai@chu-lyon.fr

mg/kg, 50% lower compared to adults
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The Adult Treatment Effect Model for Predicting the

Potential Benefit in Children and Calibrating Adequately New Pediatric Clinical Trials

PERSPECTIVES

We acknowledge that using summarized data cannot permit to identify individual factors that could influence the response to the treatment. Using individual patient data to identify individual factors of interests could improve our approach. The extrapolation framework in all its aspects (systematic review, modeling and simulation, prediction, and quantification of difference between populations) should optimize the decision making when resources are scarce, avoid unnecessary studies if prevailing data exist, minimize the number of children to be enrolled in clinical studies and thus reduce the clinical trial burden for the pediatric population. More generally, systematic review of available evidence should be mandatory prior to any new research. Objective: Our objective was to identify unnecessary repetitions of randomized clinical trials (RCTs) in the pediatric population, using cumulative meta-analyses, when either the beneficial or deleterious effect of the treatment had been confirmed.

Methods:

We searched three electronic databases for meta-analyses. Double-blind, placebo-controlled RCTs including adults and children were eligible. The random effect model was used to pool effect over time by including studies according to their year of publication. We performed cumulative meta-analysis to identify significant benefit or risk when multiple RCTs were available for children.

Results: Eighty-nine meta-analyses were preliminarily identified, including 992 RCTs among which only 294 pediatric trials evaluating 124 drugs. Only 33 drugs had more than one pediatric trial and had a confirmed treatment effect. Ondansetron for postoperative nausea and vomiting was assessed by 26 pediatric RCTs. The treatment benefit was confirmed as of 1995 (Figure 1). Cumulative meta-analysis showed that 19 trials, including 1 662 children were unnecessary. Overall, 63 trials including 6 164 children were unnecessary. 

Conclusion