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Abstract

Background: The ethical, methodological, and technical aspects of pediatric research, often results in complications
and delays in implementation. Our objective was to identify factors associated with the implementation duration of
hospital-based pediatric studies.

Methods: All hospital-based pediatric studies sponsored by AP-HP between 2002 and 2008 were retrospectively
identified. Association of the funding mechanism and methodological factors with the implementation duration
was assessed using a multivariable mixed linear model. Pharmaceutical factors were explored as part of a subgroup
analysis restricted to the studies involving drug therapy. Given that we took an exploratory approach, factors
associated with implementation duration with p < 0.10 were kept in the final models.

Results: A total of 139 studies were evaluated. The median implementation duration was 17.1 months (range:
0.9-55.3 months), and tended to increase over time (from 14.9 [25 percentile775th percentile: 11.5-19.9] months in
2002 to 23.7 [15.2-31.0] months in 2008, p = 0.01). External (coefficient [95 % confidence intervall: -7.7 [-11.9,-3.5]
months, p < 0.001) and internal funding (-5.3 o5 o, ¢ [[9.8-0.8], p = 0.02) compared to governmental funding and
number of centers (-0.1 o5 o, [-0.2;0.02] months for 1 center increase, p = 0.07) were associated with reduced
duration, whereas interventional study (either involving drug therapy (6.0 o5 o [0.7;11.3] months, p = 0.03 or not
(3.5 95 o 1[-0.3;7.3] months, p = 0.06) was associated with increased duration compared to observational study.
Regarding the 35 studies involving drug therapy, external funding decreased duration (-6.7 o5 o, ¢/[-13.2;-0.2]
months, p = 0.05), whereas studies involving solely a pediatric population (7.8 g5 ¢, i[1.1;14.5] months, p = 0.01)
(compared to mixed adult-pediatric population), a placebo-controlled design (6.6 o5 o, ¢[0.9;12.3] months, p = 0.01),
and inappropriate drug formulation for at least one drug used in the study (6.9 g5 ¢, [-0.2,14.0] months, p = 0.06)
were associated with increased duration.

Conclusion: Implementation of hospital-based pediatric studies primarily faced delays when they were
interventional and, in particular, when they involved drug therapy. Regarding the latter, difficulties that resulted in
delayed studies arose with respect to the supply of drugs and placebo in age-appropriate dosages and route of
administration. Therefore, difficulties related to the use of pharmaceuticals need to be anticipated earlier in order to
avoid implementation delays.
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Background
Pediatric research faces specific ethical, methodological,
and technical obstacles [1-4]. Moreover, the lack of fi-
nancial rewards for the pharmaceutical industry is an
additional obstacle for pediatric clinical trials that
involve drug therapy [5, 6]. Those obstacles are well rec-
ognized and result in a lack of pediatric clinical studies
[7, 8]. To address the paucity of pediatric research and
to encourage investment by pharmaceutical companies,
the United States and Europe enacted new legislations
around efficacy and safety of drug trials in children [9-16].
Those legislations have led to significant improvements in
patient safety, trial validity, data reliability, and has ad-
dressed the availability of drugs with age-appropriate infor-
mation [17, 18]. However, the overall impact on the
number of clinical trials performed remains modest [8, 19],
and only a moderate correlation exists between the clinical
trial activity and the pediatric burden of disease [20]. Fur-
thermore, it has been shown that drugs frequently used in
pediatric patients were underrepresented among drugs
qualifying for pediatric exclusivity [17, 21-23]. Therefore,
in addition to industry-driven research, hospital-based in-
vestigation of pediatric drug therapy is needed [23, 24].
However, previous studies identified the heavy regula-
tory burden [5, 25-28], the pharmaceutical issues and
difficulties in establishing contracts with pharmaceutical
companies [25, 26, 29-32], the inadequate training of in-
vestigators, difficulty functioning as both clinician and
investigator [5, 25, 27, 33-37], as well as suboptimal
communication across disciplines involved [25], as the
main obstacles in conducting academic pediatric studies.
Further obstacles relate to the complexity of the 2001
European directive and variability in its interpretation
across European Union countries which have resulted in
further delays in conducting trials, and has contributed
to the loss of European competitiveness in academic re-
search over the past decade [24, 38]. Delays affect the
competitiveness and attractiveness of European clinical
research, and may also be deleterious for the patients,
which dissuades some medical doctors from participa-
tion in clinical trials [5, 25, 26, 33]. In July, 2012, the
European Commission finalized a proposal for a Clinical
Trial Regulation, which would replace the 2001 European
directive [39]. The regulation aims at facilitating the im-
plementation of clinical trials and reducing the regulatory
burden via a risk-proportionate approach. Thus, it should
result in the reduction of both duration and cost for trial
implementation. In the context of the ongoing discussion
on the European Clinical Trial Regulation, it is of interest
to quantify the factors involved in delayed trial implemen-
tation. It should allow ultimately for an improved under-
standing of the obstacles faced by research stakeholders
(e.g. investigators, pharmacists, methodologists, and spon-
sor representatives), the facilitation of collaboration across
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involved disciplines, and the development of preventive
strategies.

The objective of this study was to identify factors asso-
ciated with the implementation duration of hospital-
based pediatric studies.

Methods

Ethics statement

This study did not involve any patients and, therefore,
required neither written consent nor information sheet.
The Institutional Review Board of the Paris North
Hospitals, Paris 7 University, Paris Public Hospital Net-
work (AP-HP), approved the study protocol (N° 12-049).

Selection of studies

All hospital-based pediatric studies sponsored by the As-
sistance publique — Hopitaux de Paris (AP-HP) between
January 1, 2002 and December 31, 2008 were selected.
AP-HP is the public hospital system of the city of Paris
and its suburbs. An additional file describes the French
hospital-based Biomedical Research System, and the AP-
HP division in more detail (Additional file 1). Studies
were retrieved from the AP-HP sponsor’s database
(recording all AP-HP-sponsored studies) and from the
AP-HP central pharmacy’s database (recording all stud-
ies AP-HP-sponsored and involving drug therapy). The
AP-HP central pharmacy is in charge of the pharmaceut-
ical process for AP-HP-sponsored biomedical research.

Data collection

This study is part of a larger project aimed at under-
standing the issues faced by all stakeholders during a
study’s implementation. Data were collected between
2009 and 2010. We first conducted a qualitative study
on the perceptions and experiences of healthcare profes-
sionals involved in pediatric hospital-based research
(principal investigators, pharmacists, sponsor representa-
tives, French drug agency representatives) [25]. The
current study was based on the knowledge and under-
standing gained from this qualitative analysis.

Data were collected using a web-based Case Report
Form system specifically developed for the study (Janus,
PHP) from the AP-HP sponsor’s database, the AP-HP
central pharmacy’s database, and the studies’ protocols.
Missing data were sought in the ClinicalTrials.gov regis-
try [40], and publications related to the studies. Ultim-
ately, the involved Clinical Trial Units and investigators
were asked to provide the remainder of missing data.

Collected data included information on funding and
study methodology. Pharmaceutical information was
collected for the studies involving drug therapy. Data re-
lated to funding included the date of grant approval and
the funding mechanism (governmental funding, AP-HP
internal funding, or external funding). External funding
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corresponds to funding from pharmaceutical companies,
associations, or foundations. Data related to the method-
ology were: type of the coordinating center (pediatric
hospital, general hospital), number of centers, whether
the study was international or national, study type (inter-
ventional involving drug therapy, interventional without
drug therapy, observational), characteristics of the dis-
ease (whether the disease was rare and/or chronic),
study population (pediatric population only, or mixed
population, ie., including children and adults), number
of patients to include, and participation duration of the
subjects. Data related to the pharmaceutical aspects
were: randomization, blinded patient, blinded investiga-
tor, duration of treatment, control group (standard treat-
ment, placebo, no control group), whether the drug
therapy was already approved in a pediatric population,
route of administration (enteral, parenteral), and
whether the formulation of the available drug therapy
was in an age-appropriate dosage and route of administra-
tion (appropriate, intermediate, inappropriate). The formu-
lation was defined as intermediate when only capsules were
available for the study, though children under six years,
who were unable to swallow capsules, were included. In
this case, the capsules must be opened to collect the pow-
der which is then incorporated into an aliment or a fluid to
be administrated (except for delayed-release and protective-
coated capsules). The formulation was also defined as inter-
mediate when an injectable form was utilized for enteral
administration. The formulation was defined as inappropri-
ate when only tablets were available for the study, even
though children under 6 years were included. In this situ-
ation, the tablets must be crushed to get a powder, which
then requires an additional pharmaceutical medium to en-
sure that the pharmacological properties and the pharma-
cokinetics of the drug therapy are not altered.

Statistical analysis

Results are expressed as numbers and percentages for
categorical variables and as a mean (standard deviation)
or median [25™ percentile;75™ percentile] for continu-
ous variables, according to their distribution.

The implementation duration was defined as the time be-
tween the date of grant and the inclusion of the first patient
(i.e. date of first informed consent). Probability over time to
include the first patient was depicted using the inverse
Kaplan-Meier curve. Differences in distribution of imple-
mentation duration according to the funding mechanism
and the methodological factors were assessed using
Pearson’s (or Spearman’s, as appropriate) correlation coeffi-
cient for quantitative variables and ¢-test (or Wilcoxon test,
as appropriate) for categorical variables. For comparison of
the mean value of the implementation duration across
more than two groups, one-way ANOVA was performed.
Independent prognostic factors of implementation duration
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were assessed using a multivariable mixed linear model,
with the random effect of the year of grant [41]. A random
effect was included to adjust for potential residual cluster-
ing of data within the year of the grant. Pharmaceutical fac-
tors were explored as part of a subgroup analysis restricted
to the studies involving drug therapy. For all multivariable
regression models, p < 0.20 was used for the variable entry
criteria. Then, a stepwise selection procedure was applied.
Given that the statistical analyses were essentially explora-
tory, factors associated with the considered outcome with
p < 0.10 were kept in the final model. Variables dropped
at earlier stages were re-evaluated for inclusion in the final
model. Normality of residuals and absence of heterosce-
dasticity were checked.

All tests were two-sided. Statistical analysis was per-
formed using the R package Version 2.10 [42] and SAS
9.2 software (SAS Institute, Cary, NC, USA).

Results

Description of the studies

We identified 145 pediatric studies sponsored by the
AP-HP between 2002 and 2008. Six were excluded since
they stopped before the first inclusion (Table 1). Among
them, 2 were observational studies (33 %), 3 were inter-
ventional studies without drug therapy (50 %), and 1 was
an interventional study involving drug therapy (17 %). A
total of 139 studies were analyzed. Seventy-two (52 %)
were observational studies, 32 (23 %) were interventional
without drug therapy, and 35 (25 %) were interventional
involving drug therapy (Table 1).

The studies mainly focused on rare and chronic dis-
eases. There was no particular trend regarding the num-
ber of studies granted per year. The main source of
funding in observational studies and in interventional
studies without drug therapy was governmental (n = 39/
72, 54 % and n = 20/32, 63 % respectively), whereas
studies involving drug therapy more often involved ex-
ternal funding (n = 14/35, 40 %). There were more
monocentric studies among studies involving drug ther-
apy (p = 0.01), and studies involving drug therapy almost
exclusively included a pediatric population (p = 0.003).

Exploration of factors associated with study
implementation duration

Figure 1 shows the probability over time to include the
first patient (the confidence interval of the probability
appears as a gray cloud). The median implementation
duration was 17.1 months (95 % CI [15.6;19.9] months),
ranging from 0.9 to 55.3 months. The univariate analysis
of factors determining the implementation duration is
presented in Table 2. The funding mechanism, type of
study, and rare disease were associated with the imple-
mentation duration. The implementation duration
tended to increase over time (p = 0.01).
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Table 1 Characteristics of the hospital-based pediatric studies sponsored by the Assistance Publique-Hopitaux de Paris between

2002 and 2008

Observational
studies (n = 72)

Characteristics
drug therapy (n = 32)

Interventional studies without Interventional studies involving p-value Excluded studies (n = 6)

drug therapy (n = 35)

NA
Funding mechanism 0.07 5
Government 39 (54) 20 (63) 12 (34) 1(100)
External 20 (28) 4(13) 14 (40) 0(0)
Internal 13 (18) 8 (25) 9 (26) 0 (0)
Year of grant - 0
2002 17 (24) INE) 3(9) 1(17)
2003 5(7) 2 (6) 3(9) 4 (67)
2004 9(13) 2(6) 5(14) 1(17)
2005 15 (21) 1) 7 (20) 0
2006 6 (8) 5(16) 6 (17) 0
2007 12.(17) 12 (38) 9 (26) 0
2008 8 (1) 9(28) 2(6) 0
Coordinator center 031 0
Pediatric hospital 28 (39) 15 (47) 19 (54) 6 (100)
General hospital 44 (61) 17 (53) 16 (46) 0 (0)
Number of centers 6 [2;16] 512:16] 3 [1:15] 0.78 1[1:1] ]
Monocentric study 12 (17) 5(15.6) 14 (40) 0.01 4 (80) 1
International study (1) 0 (0) 4(11) 0006  0(0) 0
Rare disease 50 (69) 20 (63) 27 (77) 043 4 (67) 0
Chronic disease 60 (83) 22 (69) 26 (74) 022 4 (67) 0
Study population 0.003 0
Pediatric 30 (42) 19 (59) 27 (77) 6 (100)
Mixed (children and adults) 42 (58) 13 (41) 8 (23) 0(0)
Number of patients to include 150 [82;388] 128 [66;240] 60 [36;100] 0.12 20 [20;25] 3
Length of participation, months 0.2 [0.03;12] 4102:17] 8 [0.5;24] 061 0.1 [0.03;2] 2
Referenced in ClinicalTrials.gov 21 (29) 32 (100) 24 (69) <0.001 1(17) 0

Values shown are median [25™ percentile; 75™ percentile] and number (percentage)

The multivariable mixed linear model analysis showed
that government funding and interventional studies,
both involving or without drug therapy, were signifi-
cantly associated with delayed implementation, and an
increasingly number of centers tended to be associated
(Table 3).

Exploration of factors associated with implementation
duration of studies involving drug therapy

The pharmaceuticals characteristics of the 35 studies in-
volving drug therapy are shown in Table 4. Studies were
mainly randomized (n = 26, 74 %), 16 (46 %) involved
blinded investigators, 17 (49 %) blinded patients, 13 (37 %)
were placebo controlled, and 9 (26 %) involved a drug ther-
apy with an intermediate or inappropriate formulation with
respect to the age of the participants (n = 3,9 % and n = 6,
17 % respectively).

The univariate analysis of factors determining the im-
plementation duration of studies involving drug therapy
is presented in Table 2. The funding mechanism, study
population, randomization, blinded patient and/or inves-
tigator, placebo-controlled study status, and drug formu-
lation were associated with implementation duration.

The multivariable mixed linear model analysis showed
that an exclusively pediatric population, placebo-controlled
study, and inappropriate drug formulation were signifi-
cantly associated with delayed implementation for the stud-
ies involving drug therapy (Table 3). Government funding
tended to be associated with delayed implementation.

Discussion
Main results
Our findings show that implementation duration in-
creased over time, with large fluctuations (ranging from
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Fig. 1 Probability over time to include the first patient

1 to 55 months) depending on the funding mechanism,
number of centers involved, and type of study. There
was no particular trend regarding the number of studies
granted per year.

Government funding was associated with delayed
implementation as compared to external (-7.7 o5 o
c1[-11.9;-3.5] months, p < 0.001) and internal funding
(-5.3 95 o ci[-9.8;-0.8] months, p = 0.02). One main ex-
planation was that the time needed to mobilize resources
is longer for government funding than for the other types
of funding. Indeed, while there is a specific process that
must be undertaken in order to mobilize resources from
the government, money dedicated to internal funding is
held by the AP-HP sponsor and can be immediately mobi-
lized. Similarly, external funding from pharmaceutical
companies, associations, and foundations can be rapidly
mobilized. Furthermore, internal funding provides a lower
overall amount of funding (<100,000 euros) than does
government funding. It is, therefore, dedicated in principle
to smaller studies, and the regulatory process is less com-
plicated than for government funding. This may also ex-
plain why studies with internal funding started earlier
than studies with government funding. Finally, the bene-
fits of sharing expertise, resources and competences in the
context of external funding might reduce implementation
duration as compared to studies with government funding
[12, 43, 44].

Interventional studies started later than observational
studies, which is consistent with the heavier regulatory
requirements to meet before the first inclusion in such
studies. Interventional studies involving drug therapy

were more delayed (6.0 + 2.7 months, p = 0.03) than
interventional studies without drug therapy (3.5 + 1.9
months, p = 0.06). It would be of interest to future stud-
ies to compare the complexity and issues faced by the
different stakeholders when implementing interventional
studies with and without drug therapy.

Multi-center studies tended to include the first patient
quicker than single center studies. Indeed, increasing the
number of centers increases recruitment capacity, and
thus the probability to include the first patient much
earlier. However, involving many sites also results in a
complex study set-up. Therefore, the number of patients
and centers to involve should be considered carefully
and in a well-balanced manner.

With regard to the subgroup of studies involving drug
therapy, our findings again showed that government fund-
ing was associated with delayed implementation as com-
pared to external funding (-6.7 + 3.2 months, p = 0.05).
Among the 35 studies involving drug therapy, 40 % had
an external funding source. Given that external funding in
studies involving drug therapy typically comes from
pharmaceutical companies, this finding might reflect the
benefit of public-private partnerships. The benefit of
public-private partnerships seems even more apparent
since there is no significant difference in the implementa-
tion duration between studies with government funding
and studies with internal funding (-2.9 + 3.4 months,
p = 0.41) in this subgroup of studies.

Finally, pharmaceutical factors determining the imple-
mentation duration were identified. Age-inappropriate drug
formulation and placebo-controlled studies significantly
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Table 2 Bivariate analyses of factors associated with the duration of the study implementation: a- all included studies (n = 139),
b- restricted to studies involving drug therapy (n = 35)

a-All studies (n = 139) b-Studies involving drug therapy (n = 35)
Characteristics Implementation duration in p-value Implementation duration in p-value
months, or correlation coefficient months, or correlation coefficient
Grant characteristics
Funding mechanism 0.002 0.007
Government 226 (11.3) 252 [21.2,31.7]
External 153 (9.5 13.7 [11.9,17.3]
Internal 189 (8.9) 18.0 [15.9;31.9]
Year of grant 0.01 0.13
2002 14.9 [11.5199] 17.8 [16.0;32.9]
2003 19.1 [13.1;30.5] 22.8 [14.8,28.0]
2004 174 [125224] 159 [15.2;,17.4]
2005 123 [10.8;16.6] 159 [12.9,17.1]
2006 20.8 [14.527.3] 22.1 [14.527.0]
2007 20.9 [15.530.0] 21.7 [14.0,29.4]
2008 23.7 [15.2;31.0] 36.5 [34.2,38.7]
Methodological characteristics
Coordinator center 0.85 046
General hospital 19.7 (10.9) 17.2 [13.7:24.4]
Pediatric hospital 20.0 (10.7) 194 [15.1,29.6]
Number of centers o =-0.09 032 0 =009 062
Type of study 0.03 -
Interventional involving drug therapy 17.8 [13.9,28.3] -
Interventional without drug therapy 204 [14.830.1] -
Observational 155 [11.0;21.3] -
International study 0.81 0.77
Yes 21.7 [13.822.8] 222 [19.7,25.1]
No 16.5 [12.7;24.3] 17.2 [14.1;30.8]
Rare disease 0.007 030
Yes 211 (120) 194 [13.9;304]
No 16.8 (6.4) 16.6 [15.2,18.1]
Chronic disease 065 031
Yes 196 (10.3) 19.7 [14.1,29.4]
No 20.7 (12.3) 159 [13.3,174]
Study population 034 0.05
Pediatric population 20.7 (10.7) 194 [15.9,29.4]
Mixed population 189 (10.9) 13.9[10.6;17.2]
Length of participation o =008 036 0 =012 049
Pharmaceutical characteristics
Inclusion of children under 6 years old - 0.24
Yes - 159 [134,187]
No - 18.7 [14.2,29.9]
Randomized study - 0.04

Yes - 20.8 [15.4;30.8]
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Table 2 Bivariate analyses of factors associated with the duration of the study implementation: a- all included studies (n = 139),

b- restricted to studies involving drug therapy (n = 35) (Continued)

No -
Duration of treatment, days -
Blinded investigator and/or blinded patient

Yes -
No -
Placebo-controlled study

Yes -
No -

At least a drug of the study not
approved in pediatric population

Yes -
No -
Age-appropriate formulation

Appropriate -
Intermediate at least for one drug of the study -
Inappropriate at least for one drug of the study -
Route of administration

Enterally at least for one drug of the study -

Parenterally -

143 [11.9,174]
- 0 =004 081
006
230 [159313]
164 [12.321.1]
- 001
294 [17.4319]
164 [12.3;19.9]
- 033
174 [14.227.8)
229 [16.3286)
- 005
167 [13.6:25.3]
174 [17.1,187)
307 [24.6328]
037

200 [14.8;304]
17.6 [13.5221.9]

Values of the duration of the study implementation are reported as mean (Standard Deviation) or median [25%™ percentile;75™ percentile]

increased the implementation duration (respectively 6.9 +
3.5 months, p = 0.06 and 6.6 + 2.8 months, p = 0.01). Look-
ing into the order history of these studies and/or meeting
the stakeholders, we discovered that these studies had
faced such issues as unexpected placebo, or problems
with the supply of an age-appropriate drug formula-
tion. In these situations, drug formulation develop-
ment was instead carried out by hospital pharmacies
or subcontractors, which resulted in major delays and
supplementary costs.

Strengths and weaknesses of the study (internal validity)

This study is the first to quantify the implementation
duration of hospital-based pediatric clinical studies and
to identify factors independently related to this duration.
A limitation of the study is that the data were collected
in 2009, which prevented us from describing more re-
cent data. However, the issues highlighted by our study
are not specific to this time period and are still relevant
today. Although it is a retrospective study, there were no
missing data and the sources of data were reliable. It
would have been of interest to analyze the association
between the risk level associated to the studies and their
implementation duration; however, this data was not
available. Nevertheless, the type of study closely reflects
this information since the interventional pediatric stud-
ies are usually classified as high risk and the observa-
tional studies as low risk. Indeed, the regulations are

much more stringent for pediatric populations compared
to adult populations [25].

Strengths and weaknesses of the study compared to
other studies (external validity)

We focused on AP-HP-sponsored studies, and therefore
on a single geographic region (the Paris conurbation),
which may limit the external validity of our findings.
However, the AP-HP is the leading academic sponsor in
France, and the leading research center in Europe [45].
Moreover, the issues highlighted by our study are not
specific to the AP-HP institution.

Academic research faces several obstacles for the imple-
mentation of their studies [5, 33], which result in imple-
mentation delays that have been quantified in our study.

A major issue in the implementation of studies is the
regulatory burden. It is widely described in the literature
[5, 46, 47] and highlighted in a qualitative study previ-
ously conducted by our group [25]. The present study
shows that while there was no particular trend regarding
the number of studies granted per year, the implementa-
tion duration increased over time. The increasing imple-
mentation duration over time might be related to an
increasing regulatory burden. Osuntokun described this
increasing regulatory burden over time, and discussed
the difficulty for academic structures to apply the
pediatrics regulations [5]. Indeed, these regulations are
specifically targeted at pharmaceutical companies, and
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Table 3 Analysis of factors associated with the implementation duration using multivariable regression: a- all included studies

(n = 139), b- restricted to studies involving drug therapy (n = 35)

a) All studies, multivariable mixed linear model with a random intercept for year of grant (n = 139)

Variable

Intercept

Funding mechanism (ref. = Government)
External

Internal

Number of centers®

Type of study (ref = Observational)
Interventional involving drug therapy

Interventional without drug therapy

b) Studies involving drug therapy, using multivariable linear regression (n = 35)

Variable

Intercept

Funding mechanism (ref. = Government)

External

Internal

Study population (ref. = Mixed population)
Pediatric population

Placebo-controlled study

Age-appropriate formulation (ref. = Appropriate)
Intermediate at least for one drug of the study

Inappropriate at least for one drug of the study

Coefficient (95 % Cl) p-value
223 (18526.1)
<0.001
-7.7 (-11.9;-3.5) <0.001
-53(-9.8-0.8) 0.02
-0.1 (-0.2,0.02) 0.07
0.003
6.0 (0.7,11.3) 0.03
3.5(-03;7.3) 0.06
Coefficient (95 % ClI) p-value
14.9 (6.9;22.9)
0.08
-6.7 (-13.2-0.2) 0.05
-29 (-98;4.0) 041
0.01
7.8 (1.1,14.5)
6.6 (0.9;12.3) 0.01
0.05
-36 (-13.0,5.8) 0.44
6.9 (-0.2,14.0) 0.06

For an increase of 1 centre

For all multivariable regression models, P < 0.20 was used for the variable entry criteria. Then, a stepwise selection procedure was applied. Because the statistical
analyses were essentially exploratory, factors associated with the considered outcome with P < 0.10 were kept in the final model. Variables dropped at earlier

stages were re-evaluated for inclusion in the final model

Values shown are coefficient, 95 % confidence interval (95 % Cl). Individual p-value for each category of the variables are shown (in italics), as well as the global

p-value of the variable (in bold)

slow down academic research [24, 38]. The upcoming
European Clinical Trial Regulation should be a major
determinant regarding this issue, particularly via the
risk-proportionate approach.

Studies involving drug therapy faced supplementary de-
lays of implementation. Indeed, the complexity introduced
by the pharmaceutical issues in the implementation of
these studies should not be neglected [5, 37, 48]. However,
this complexity is often unanticipated and impacts both,
the investigators and pharmacists [25]. Indeed, due to the
underestimation of pharmaceutical issues, there is often a
delayed involvement of pharmacists in trial implementa-
tion [3, 5, 48]. The logistical issues associated with the
supply of an appropriate drug formulation with regards to
age and route of administration of drug therapy, and/or of
placebo, are frequently underestimated, and can result in
unexpected costs and delays [3, 32, 48-51]. In our study,
one study out of three faced age-related drug formulation
issues, and an age-inappropriate formulation led to signifi-
cantly increased implementation duration. Thus, because

it is not unusual and can increase the implementation
duration, the need of an age-appropriate formulation, as
well as the need for a placebo, should be underscored.
The establishment of a relationship between the pharma-
ceutical companies and the public sector, specifically in
the context of the pediatric research, is not always possible
[49], particularly due to the lack of financial rewards for
the pharmaceutical industry [6, 23]. As a consequence, the
pharmaceutical burden can be increased, and if it is not
anticipated, delays and financial needs might increase in
such a way that it could strongly hamper the course of the
study [37].

Meaning of the study results and implications for
policymakers

This study identifies and characterizes issues that may
be generalizable on a global scale, and would therefore
be of value to the academic pediatric research commu-
nity at large.
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Table 4 Pharmaceuticals characteristics of studies involving
drug therapy (n = 35)

Pharmaceutical characteristics Studies involving drug

therapy (n = 35)

Inclusion of children under 6 years old 26 (74)
Randomized study 26 (74)
Duration of treatment, days 60 [5;365]
Blinded investigator 16 (46)
Blinded patient 17 (49)
Control group

Standard treatment 10 (29)
Placebo 13 (37)
No control group 12 (34)
At least a drug of the study not approved 10 (33)
in pediatric population

Age-appropriate formulation

Appropriate 26 (74)
Intermediate at least for one drug of 39
the study

Inappropriate at least for one drug of 6 (17)
the study

Route of administration

Enterally at least for one drug of the study 19 (54)
Parenterally 16 (46)

Values shown are median [25™ percentile; 75™ percentile] and
number (percentage)

Our findings show that the implementation of inter-
ventional hospital-based studies with government fund-
ing face the most delays.

With regards to interventional studies involving drug
therapy, public-private partnerships appear valuable.
However, pharmaceutical companies are not always re-
sponsive to requests’ partnerships, mainly due to the
lack of return on investment [6, 23]. Academic stake-
holders must then grapple with the complexity of
pediatrics regulations, which are actually targeted at the
pharmaceutical industries. They then face the methodo-
logical, ethical, and technical requirements of pediatric
clinical trials, often with limited financial resources
[5, 38]. The upcoming European Clinical Trial Regu-
lation should be a major determinant regarding this
issue, particularly via the risk-proportionate approach.

Finally, documentation of pharmaceutical feasibility
should be a prerequisite to any grant allocation. The
difficulties in the supply of drugs and placebo in age-
appropriate dosages and appropriate route of administra-
tion formulations should be particularly evaluated. This
measure would ensure adequate funding for the pharma-
ceutical component and would avoid allocating grant
funding to projects that eventually face insurmountable
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pharmaceutical obstacles. Raising awareness for stake-
holders around this topic, as well as the development and
validation of pharmaceutical feasibility evaluation tools,
would be a judicious axis for improvement [48].

Conclusion

More pediatric hospital-based studies are needed to ad-
dress the lack of pediatric research. However, the imple-
mentation of such studies faces delays, mainly due to
regulatory and pharmaceutical issues. Regarding clinical
trials, these delays have the potential to decrease with
the upcoming European Clinical Trial Regulation. Al-
though the involvement of the pharmaceutical industry
usually reduces implementation delays, such collabora-
tions are not always possible. In addition, difficulties in
the supply of drugs and placebo in age-appropriate dos-
ages and appropriate route of administration formula-
tions result in delayed studies. Pharmaceutical issues
should, therefore, be anticipated earlier. We encourage
the development of a “Research Pharmacist” specifically
trained in providing early pharmaceutical expertise, and
in developing recommendations consistent with the
methodological constraints of studies.

Additional file

Additional file 1: French hospital-based Biomedical Research System.
(DOCX 14 kb)

Competing interest
The authors declare that they have no competing interests.

Authors’ contributions

DG participated in the study design, designed the data collection instruments,
collected the data, carried out the data analysis and interpretation, and drafted
the manuscript. AT, HA, SPL, and OB participated in the study design, revised
the data collection instruments, revised the data interpretation, and critically
reviewed the manuscript. FB participated in the study design, and critically
reviewed the manuscript. CA participated in the study design, revised the data
collection instruments, revised the data interpretation, contributed to the draft
and critically reviewed the manuscript. All authors have read and approved the
final manuscript.

Acknowledgments

We thank Céline Feger, Karine Landgren-Hugentobler, and Maya Dorsey for
language editing, and the Clinical Trial Units, particularly Dr. Caroline Elie, for
helping us to collect the data.

This work was supported by a research grant from the Département de la
Recherche Clinique et du Développement, Assistance Publique-Hopitaux de
Paris (RSR08001). The funding agency was not involved in the study design,
data analysis, or manuscript preparation.

Author details

"Université Paris Diderot, Sorbonne Paris Cité, UMR-1123 ECEVE, F-75019
Paris, France. AP-HP, Hopital Robert Debré, Unité d'Epidémiologie Clinique,
F-75019 Paris, France. 3Inserm, U1123 and CICEC 1426, F-75019 Paris, France.
“University of Basel, University Children’s Hospital (UKBB), Basel, Switzerland.
Université Paris Descartes, Sorbonne Paris Cité, F-75270 Paris, France.
SDépartement d’Essais Cliniques, AP-HP, Agence Générale des Equipements
et Produits de Santé, F-75013 Paris, France. “AP-HP, Hopital Robert Debré,
Pharmacie & Usage Intérieur, F-75019 Paris, France. ®Department of Paediatric


dx.doi.org/10.1186/s12874-016-0138-y

Meier-Girard et al. BIC Medical Research Methodology (2016) 16:36

Pulmonology, University Children’s Hospital Basel (UKBB), Spitalstrasse 33,
4056 Basel, Switzerland.

Received: 22 July 2015 Accepted: 18 March 2016
Published online: 29 March 2016

References

1. Caldwell PHY, Murphy SB, Butow PN, Craig JC. Clinical trials in children.
Lancet. 2004;364:803-11.

2. McIntosh N, Bates P, Brykczynska G, Dunstan G, Goldman A, Harvey D,
Larcher V, McCrae D, McKinnon A, Patton M, Saunders J, Shelley P.
Guidelines for the ethical conduct of medical research involving children.
Royal College of Paediatrics, Child Health: Ethics Advisory Committee. Arch
Dis Child. 2000,82:177-82.

3. Steinbrook R. Testing medications in children. N Engl J Med. 2002;347:1462-70.

4. Sung NS, Crowley Jr WF, Genel M, Salber P, Sandy L, Sherwood LM, Johnson
SB, Catanese V, Tilson H, Getz K, Larson EL, Scheinberg D, Reece EA, Slavkin
H, Dobs A, Grebb J, Martinez RA, Korn A, Rimoin D. Central challenges
facing the national clinical research enterprise. JAMA. 2003;289:1278-87.

5. Osuntokun B. Clinical trials in pediatrics: The drug delivery dimension. Adv
Drug Deliv Rev. 2006;58:90-105.

6. LiJS, Eisenstein EL, Grabowski HG, Reid ED, Mangum B, Schulman KA,
Goldsmith JV, Murphy MD, Califf RM, Benjamin Jr DK. Economic return of
clinical trials performed under the pediatric exclusivity program. JAMA.
2007;297:480-8.

7. Cohen E, Uleryk E, Jasuja M, Parkin PC. An absence of pediatric randomized
controlled trials in general medical journals, 1985-2004. J Clin Epidemiol.
2007;60:118-23.

8. Thomson D, Hartling L, Cohen E, Vandermeer B, Tjosvold L, Klassen TP.
Controlled trials in children: quantity, methodological quality and
descriptive characteristics of pediatric controlled trials published 1948-2006.
PLoS ONE. 2010;5

9. Focus sur les principales mesures du réglement pédiatrique européen -
ANSM : Agence nationale de sécurité du médicament et des produits de
santé [Internet]. Available from: http://ansm.sante.fr/Activites/Medicaments-
en-pediatrie/Reglementation-relative-aux-medicaments-pediatriques/Liens-
utiles/Focus-sur-les-principales-mesures-du-reglement-pediatrique-europeen.
[Accessed 23 Mar 2016].

10.  Regulation 1901/2006 of the european parliament and the council of
december 12, 2006, on medicinal products for paediatric use and amending
regulation [Internet]. Available from: http://eceuropa.eu/health/files/eudralex/
vol-1/reg_2006_1901/reg_2006_1901_en.pdf. [Accessed 23 Mar 2016].

11, Best Pharmaceuticals for Children Act Pediatric Research Equity
Act [Internet]. Available from: http://www2.aap.org/advocacy/washing/
therapeutics/docs/bpcapreasidexside.pdf. [Accessed 23 Mar 2016].

12. Pons G. European network for investigation of medicinal products in
children (Medichildren). Arch Pediatr. 2006;13:631.

13. Regulation (EC) No 726/2004 of the european parliament and of the council
of 31 March 2004 laying down Community procedures for the
authorisation and supervision of medicinal products for human and
veterinary use and establishing a European Medicines Agency [Internet].
Available from: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J.L:
2004:136:0001:0033:en:PDF. [Accessed 23 Mar 2016].

14.  Directive 2001/83/EC of the european parliament and of the council of 6
november 2001 on the community code relating to medicinal products for
human use [Internet]. Available from: http://www.ema.europa.eu/docs/en_
GB/document_library/Regulatory_and_procedural_guideline/2009/10/
W(C500004481.pdf. [Accessed 23 Mar 2016].

15.  Directive 2001/20/EC of the european parliament and of the council of 4
April 2001 on the approximation of the laws, regulations and administrative
provisions of the member states relating to the implementation of good
clinical practice in the conduct of clinical trials on medicinal products for
human use [Internet]. Available from: http://www.eortcbe/services/doc/
clinical-eu-directive-04-april-01.pdf. [Accessed 23 Mar 2016].

16.  Auby P. Pharmaceutical research in paediatric populations and the new EU
Paediatric Legislation: an industry perspective. Child Adolesc Psychiatry
Ment Health. 2008;2:38.

17. Olski TM, Lampus SF, Gherarducci G, Saint Raymond A. Three years of
paediatric regulation in the European Union. Eur J Clin Pharmacol. 2011,67:
245-52.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 10 of 11

Milne C-P, Davis J. The pediatric studies initiative: after 15 years have we
reached the limits of the law? Clin Ther. 2014;36:156-62.

Corny J, Lebel D, Bailey B, Bussiéres J-F. Unlicensed and Off-Label Drug Use
in Children Before and After Pediatric Governmental Initiatives. J Pediatr
Pharmacol Ther. 2015;20:316-28.

Bourgeois FT, Olson KL, loannidis JPA, Mandl KD. Association between
pediatric clinical trials and global burden of disease. Pediatrics. 2014;133:78-87.
Boots I, Sukhai RN, Klein RH, Holl RA, Wit JM, Cohen AF, Burggraaf J.
Stimulation programs for pediatric drug research—do children really benefit?
Eur J Pediatr. 2007;166:849-55.

Yang CP, Veltri MA, Anton B, Yaster M, Berkowitz ID. Food and Drug
Administration approval for medications used in the pediatric intensive care
unit: a continuing conundrum. Pediatr Crit Care Med. 2011;12:¢195-9.
Milne C-P, Bruss JB. The economics of pediatric formulation development
for off-patent drugs. Clin Ther. 2008;30:2133-45.

Osborne JP, O'Callaghan FJK. Running an international paediatric non-
commercial clinical trial. Arch Dis Child. 2009,94:729-33.

Girard D, Bourdon O, Abdoul H, Prot-Labarthe S, Brion F, Tibi A, Alberti C.
How to improve the implementation of academic clinical pediatric trials
involving drug therapy? A qualitative study of multiple stakeholders. PLoS
One. 2013:8, e64516.

Gordon BG, Kessinger A, Mann SL, Prentice ED. The impact of escalating
regulatory requirements on the conduct of clinical research. Cytotherapy.
2003;5:309-13.

Berlin Jr CM. Challenges in conducting pediatric drug trials. J Allergy Clin
Immunol. 2000;106(3 Suppl):S125-7.

Henry A, Corvaisier S, Blanc S, Berthezene F, Borson-Chazot F, Broussolle E,
Ryvlin P, Touboul P. Perceptions of patients and physicians involved in
clinical trials: an overview of the literature. Therapie. 2006,61:425-37.
Kemper EM, Merkus M, Wierenga PC, Van Rijn PC, Van der Werff D, Lie-A-
Huen L, Offringa M. Towards evidence-based pharmacotherapy in children.
Paediatr Anaesth. 2011;21:183-9.

Schirm E, Tobi H, de Vries TW, Choonara |, De Jong-van den Berg LTW. Lack
of appropriate formulations of medicines for children in the community.
Acta Paediatr. 2003;92:1486-9.

Nunn T, Williams J. Formulation of medicines for children. Br J Clin
Pharmacol. 2005;59:674-6.

Zajicek A. The National Institutes of Health and the Best Pharmaceuticals for
Children Act. Paediatr Drugs. 2009;11:45-7.

Zannad F, Plétan Y. Difficulties with conducting clinical trials in France.
Therapie. 2001;56:341-7.

Lader EW, Cannon CP, Ohman EM, Newby LK, Sulmasy DP, Barst RJ, Fair
M, Flather M, Freedman JE, Frye RL, Hand MM, Jesse RL, Van de Werf F,
Costa F. The clinician as investigator: participating in clinical trials in the
practice setting: Appendix 1: fundamentals of study design. Circulation.
2004;109:2302-4.

Ward M. Myths and realities in clinical research. J Gastroenterol Hepatol.
1996;11:887-91.

Campbell EG, Weissman JS, Moy E, Blumenthal D. Status of clinical research
in academic health centers: views from the research leadership. JAMA. 2001;
286:800-6.

Dainty K, Karlsson J. Factors to consider in determining the feasibility of
randomized clinical trials. Arthroscopy. 2003;19:882-4.

Welzing L, Harnischmacher U, Weyersberg A, Roth B. Consequences of
Directive 2001/20/EC for investigator-initiated trials in the paediatric
population-a field report. Eur J Pediatr. 2007;166:1169-76.

Proposition de réglement européen et du conseil relatif aux essais cliniques
de médicaments a usage humain et abrogeant la directive 2001/20/

CE [Internet]. Available from: http://ec.europa.eu/health/files/clinicaltrials/
2012_07/proposal/2012_07_proposal_fr.pdf. [Accessed 23 Mar 2016].
Home - ClinicalTrials.gov [Internet]. Available from: https://clinicaltrials.gov/.
[Accessed 23 Mar 2016].

Hemingway H, Riley RD, Altman DG. Ten steps towards improving
prognosis research. BMJ. 2009;339:b4184.

Development Core Team. R: A language and environment for statistical
computing. Austria: R Foundation for Statistical Computing V; 2008. ISBN 3-
900051-07-0, URL http://www.R-project.org.

Demotes-Mainard J, Canet E, Segard L. Public-private partnership models in
France and in Europe. Therapie. 2006;61:325-34. 313-323.

Martin JB, Kasper DL. In whose best interest? Breaching the academic-
industrial wall. N Engl J Med. 2000;343:1646-9.


http://ansm.sante.fr/Activites/Medicaments-en-pediatrie/Reglementation-relative-aux-medicaments-pediatriques/Liens-utiles/Focus-sur-les-principales-mesures-du-reglement-pediatrique-europeen
http://ansm.sante.fr/Activites/Medicaments-en-pediatrie/Reglementation-relative-aux-medicaments-pediatriques/Liens-utiles/Focus-sur-les-principales-mesures-du-reglement-pediatrique-europeen
http://ansm.sante.fr/Activites/Medicaments-en-pediatrie/Reglementation-relative-aux-medicaments-pediatriques/Liens-utiles/Focus-sur-les-principales-mesures-du-reglement-pediatrique-europeen
http://ec.europa.eu/health/files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.pdf
http://ec.europa.eu/health/files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.pdf
http://www2.aap.org/advocacy/washing/therapeutics/docs/bpcapreasidexside.pdf
http://www2.aap.org/advocacy/washing/therapeutics/docs/bpcapreasidexside.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2004:136:0001:0033:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2004:136:0001:0033:en:PDF
http://www.ema.europa.eu/docs/en_GB/document_library/Regulatory_and_procedural_guideline/2009/10/WC500004481.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Regulatory_and_procedural_guideline/2009/10/WC500004481.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Regulatory_and_procedural_guideline/2009/10/WC500004481.pdf
http://www.eortc.be/services/doc/clinical-eu-directive-04-april-01.pdf
http://www.eortc.be/services/doc/clinical-eu-directive-04-april-01.pdf
http://ec.europa.eu/health/files/clinicaltrials/2012_07/proposal/2012_07_proposal_fr.pdf
http://ec.europa.eu/health/files/clinicaltrials/2012_07/proposal/2012_07_proposal_fr.pdf
https://clinicaltrials.gov/
http://www.R-project.org

Meier-Girard et al. BIC Medical Research Methodology (2016) 16:36

45.  La recherche, un enjeu majeur pour I'AP-HP [Internet]. Available from:

http://rechercheclinique.aphp.fr/La-recherche-un-enjeu-majeur-pour-I-AP-HP.

htm?article&lang=fr&dir=ltr.

46.  Schlaff WD, Zhang H, Diamond MP, Coutifaris C, Casson PR, Brzyski RG,
Christman GM, Barnhart KT, Trussell JC, Krawetz SA, Snyder PJ, Ohl D,
Santoro N, Eisenberg E, Huang H, Legro RS. Increasing burden of institutional
review in multicenter clinical trials of infertility: the Reproductive Medicine
Network experience with the Pregnancy in Polycystic Ovary Syndrome
(PPCOS) I and Il studies. Fertil Steril. 2011,96:15-8.

47. Wasserman R, Bocian A, Harris D, Slora E. Limited capacity in US
pediatric drug trials: qualitative analysis of expert interviews. Paediatr
Drugs. 2011;13:119-24.

48.  Rocchi F, Tomasi P. The development of medicines for children. Part of a
series on Pediatric Pharmacology, guest edited by Gianvincenzo Zuccotti,
Emilio Clementi, and Massimo Molteni. Pharmacol Res. 2011;64:169-75.

49, Pandit S, Shah U, Kirby DJ, Nunn T, Tuleu C. Inappropriate oral formulations
and information in paediatric trials. Arch Dis Child. 2010;95:754-6.

50. Ivanovska V, Rademaker CMA, van Dijk L, Mantel-Teeuwisse AK. Pediatric
Drug Formulations: A Review of Challenges and Progress. Pediatrics. 2014.

51. Ernest TB, Craig J, Nunn A, Salunke S, Tuleu C, Breitkreutz J, Alex R,
Hempenstall J. Preparation of medicines for children - A hierarchy of
classification. Int J Pharm. 2012;435:124-30.

Page 11 of 11

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central



http://rechercheclinique.aphp.fr/La-recherche-un-enjeu-majeur-pour-l-AP-HP.html?article&lang=fr&dir=ltr
http://rechercheclinique.aphp.fr/La-recherche-un-enjeu-majeur-pour-l-AP-HP.html?article&lang=fr&dir=ltr

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Ethics statement
	Selection of studies
	Data collection
	Statistical analysis

	Results
	Description of the studies
	Exploration of factors associated with study implementation duration
	Exploration of factors associated with implementation duration of studies involving drug therapy

	Discussion
	Main results
	Strengths and weaknesses of the study (internal validity)
	Strengths and weaknesses of the study compared to other studies (external validity)
	Meaning of the study results and implications for policymakers

	Conclusion
	Additional file
	Competing interest
	Authors’ contributions
	Acknowledgments
	Author details
	References



