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Abstract
Aim: The safety of clinical trials in children has not been previously studied. We aimed to identify how

safety is monitored and the extent of adverse drug reactions (ADRs).

Methods: A literature review of the Medline Database for therapeutic clinical trials involving oral and

intravenous medicines in children from 1996 to 2002. Papers were read to determine the safety

monitoring and the presence of adverse events (AEs) or ADRs.

Results: Seven hundred thirty-nine trials were identified. Thirteen (2%) had safety monitoring

committees (SMCs). Five hundred twenty-three (71%) trials reported AEs and 151 (20%) of these

trials reported a serious AE. ADRs were present in 270 (36.5%) trials, with 80 (11%) of trials having

a moderate or severe ADR. Six clinical trials were terminated early because of significant drug toxicity.

All of these had SMCs. There were deaths in 83 (11%) trials. In the majority of trials, mortality was

thought to be unrelated to the investigational drug; however, in two trials mortality was higher in the

treatment group.

Conclusions: About 11% of trials have a moderate or severe ADR. All paediatric clinical trials should have a SMC.

INTRODUCTION
The need for clinical trials of medicines in children is now
well established. Many studies have shown that significant
numbers of medicines used for paediatric patients of differ-
ent ages, both in hospital and in primary care, are either
unlicensed or off label (1–3). Studies have shown that the
use of off label and unlicensed medicines may be associated
with a greater risk of drug toxicity (4).

In order to improve the situation, legislation has been in-
troduced in the United States (5). This provides a financial
incentive to the pharmaceutical industry to perform paedi-
atric trials. Similar legislation has recently been approved
by the European Parliament for adoption by member states
in 2007 (6). There is general agreement by paediatric health
professionals, regulatory authorities and the pharmaceutical
industry as well as politicians and parents that clinical trials
of medicines in paediatric patients are essential in order to
improve drug therapy.

One of the reasons for performing clinical trials is to im-
prove the safety of medicines. It is recognized that conditions
such as the grey baby syndrome induced by excessive doses
of chloramphenicol in the neonatal period would have been
prevented by appropriate clinical trials (7). Similarly it has
been argued that a carefully conducted clinical trial would
have prevented the propofol infusion syndrome resulting in
the deaths of numerous children (8). Unfortunately, recent
experience in the United States has shown that clinical tri-
als can sometimes be associated with significant morbidity
and mortality (9). We have previously identified the nature
and extent of clinical trials of medicinal products in children
over a 7-year period (10). We wished to evaluate the extent
of drug toxicity in association with these clinical trials.

METHODS
The methodology for establishing the published clinical tri-
als has been described previously (10). Briefly it involved a
literature search on Medline to identify therapeutic clinical
trials involving oral and intravenous medicines in children
from 1996 to 2002. The search was limited to those studies in
which an English language version was available. The areas
of oncology and HIV were excluded as there had been pre-
vious reviews in these areas and the morbidity and mortality
of the underlying conditions is significantly high (11,12).

All the papers were carefully read to determine whether
there was a safety monitoring committee (SMC) and if any
adverse events (AEs) were detected. An AE was defined as
any untoward occurrence that may present during treatment
with a pharmaceutical product, but which does not neces-
sarily have a casual relation to the treatment (13). AEs were
then further classified by using The European Agency for the
Evaluation of Medicinal Products (EMEA) and ICH Guide-
line on Clinical Safety Data Management, Definitions and
Standards for reporting AEs in clinical trials (14). The defi-
nitions used were:

A ‘serious AE’ is any untoward medical occurrence that
at any dose: results in death, is life threatening, requires
inpatient hospitalization or prolongation of existing hos-
pitalization, results in persistence or significant disabil-
ity/incapacity, or is a congenital anomaly or birth defect (14).

‘Other significant AEs’ are defined as haematological and
other laboratory abnormalities and any AE that led to an
intervention, including withdrawal of drug treatment, dose
reduction or significant additional concomitant therapy (14).

It was not always possible, by the reporting in the papers,
to determine whether the AE was due to an investigational
drug. Therefore, it was noted whether the incidence of AEs
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Table 1 Adverse events in trials

Grade No of trials % of total no of trials

Serious 151 20
Significant 203 28
Other 169 23
Nil 58 8
Unable to assess 158 21
Total 739 100

were greater in either drug group (that is the experimen-
tal drug or conventional drug group) or in comparison to
placebo. If this was the case then the AE was regarded as an
adverse drug reaction (ADR).

Additionally, all papers with AEs classified as serious were
reviewed by two paediatric clinical pharmacologists sepa-
rately. Agreement was then reached as to if the AE was con-
sidered an ADR. ADRs were then classified by severity as
severe, moderate or mild (4):

1. Severe: fatal or potentially life threatening or causing
permanent disability;

2. Moderate: requiring treatment or prolonging stay in hos-
pital; and

3. Mild: no treatment required and no effect on length of
stay in hospital.

The most severe AE/ADR in each trial was noted. This was
then used to classify each trial, that is a trial with serious and
significant AEs was recorded as a trial with serious AEs.

RESULTS
Seven hundred thirty-nine trials were identified over the
7-year period. This includes three trials which were not ini-
tially identified (10). Seven hundred eighteen (98%) were
randomized clinical trials, with the remainder being phar-
macokinetic studies. Over half (396, 54%) compared a drug
with a placebo. Over one third of trials (256, 35%) involved
a new medicine. A smaller number (193, 26%) involved a
direct comparison between two established drugs. Disease
areas most frequently studied included neurology and de-
velopmental disorders (148, 20%), general paediatrics (118,
16%), infectious diseases excluding HIV (109, 15%) and
neonatal diseases (99, 13%). Five hundred forty-nine (74%)
trials mentioned within their methods how safety monitor-
ing was performed during the study. Only 13 (2%) trials
had SMCs. Five hundred twenty-three (71%) trials reported
AEs and 151 (20%) of these trials reported a serious AE
(Table 1).

Following evaluation of the papers, it was felt that ADRs
were present in 270 (36.5%) trials. In the majority of cases,
the ADRs were mild, but 80 (11%) of the trials were judged
to have contained a moderate or severe ADR (Table 2). The
severe ADRs reported ranged from acute problems (apnoea,
hypotension, gastrointestinal haemorrhage and sepsis) to
long-term effects (left ventricular hypertrophy, renal calculi,
ototoxicity and visual field defects). The ADRs are shown in

Table 2 Adverse drug reactions in trials

Severity No of trials % of total no of trials

Mild 190 25.5
Moderate 43 6.0
Severe 37 5.0
No ADR 212 28.5
Unable to assess 257 35.0
Total 739 100.0

Tables S1, S1 and S1 (Tables S1, S2 and S3 in Supplementary
Material on line).

Six clinical trials were terminated early because of signif-
icant ADRs (15–20). In two trials (15,16), both in neonatol-
ogy, mortality was found to be higher in the treatment group.
These trials are presented as the first two entries in Table S1
(Table S1 in Supplementary Material on line) and both had
SMCs that called a halt to recruitment. There were two trials
where one of the investigational drugs was removed from
the protocol because of safety concerns in that particular
arm of the randomization (21,22). These drugs were pheno-
barbitone and pindolol. One trial (20) was terminated early
due to evidence that was published in the literature during
the trial raising concerns about the investigational drug vi-
gabatrin causing visual field defects. One trial was halted not
because of drug safety issues but because of trial design.

Thirty-seven papers reported other clinical trials with se-
vere drug toxicity (Tables S2 and S3 in Supplementary Ma-
terial on line). Eleven of these papers involved neonates and
these are summarized together in Table S2. Three of these
papers however related to one clinical trial comparing dex-
amethasone to placebo in the prevention of chronic lung
disease in neonates (23–25). The numbers varied with each
paper but there was significant overlap in the trial design and
reported ADRs. The three papers are therefore summarized
as one clinical trial. The 26 clinical trials with severe drug
toxicity in paediatric patients are shown in Table S3.

There were deaths in 83 (11%) trials. In the majority of
trials, mortality was thought to be unrelated to the inves-
tigational drug. Mortality was greatest in trials involving
neonates, where 55 (56%) of the 99 trials reported a death.
There was a trend to higher mortality (8 patients vs. 2,
p = <0.1 but >0.05) in one trial comparing midazolam to
diazepam for status epilepticus (26). The other major spe-
cialities in which deaths were reported were infectious dis-
eases (12 [11%] of 108 trials), neurology (7 [11%] of 62 trials)
and respiratory (3 [5.5%] of 55 trials and renal (2 [25%] of
8 trials).

DISCUSSION
Clinical trials in children are essential for the development
of medicines and provide evidence for the best treatment
strategies for specific conditions. It is therefore not an op-
tion to not test medicines within the paediatric age group.
This would lead to their introduction unsupervised in an off
label or unlicensed manner which can lead to increased drug
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toxicity (4). What we therefore need to ensure is that these
trials are conducted in a safe manner.

Our results have shown that 11% of trials have a moderate
or severe ADR taking place within them. It is important to
note that this is not 11% of children taking part within clin-
ical trials experiencing an ADR. Parents being approached
for consent for a clinical trial involving their child need to
be aware of the risk of an ADR occurring. The background
ADR rate in hospitalized children is 9.5% with severe ADRs
accounting for 12.29% of them (27). For outpatient children,
the total incidence fell to 1.46%.

We excluded trials in the clinical areas of HIV and oncol-
ogy as we felt these would have a high mortality rate from the
inherent diseases. It has previously been shown that paedi-
atric patients being treated on a haematology-oncology unit
have an incidence rate of ADRs of 56% (28). Therefore, it
is likely that the ADR rate within trials may be higher, al-
though this has not specifically been studied. A weakness of
our current study is the use of only one database to identify
trials.

The risk and benefit of the disease, and the treatment,
within a trial are all important influences on a parent when
making a decision to consent to a clinical trial (29). Dis-
cussion about the potential for ADRs should be part of the
consent process along with the rationale for carrying out the
trial. Within our sample neonatology was the speciality with
both the highest number of trials with severe ADRs and the
highest number of trials containing children who died. The
latter was most often linked to the natural mortality seen in
the speciality.

Two studies were noted to have a higher mortality within
the investigational drug treatment group (15,16). If these
drugs had been introduced into clinical practice without a
randomized controlled trial taking place, then this rise in
mortality may not have been noticed for a longer time. Both
trials had SMCs which halted the trials as soon as a dif-
ference was noted. Therefore, overall when significant drug
toxicity is demonstrated within a clinical trial, this is an ad-
vantage as it prevents future drug toxicity for the population
as a whole.

Of surprise was the small number of trials that docu-
mented that they had SMCs. As clinical trials are invaluable,
an independent monitor who has the ability to swiftly ques-
tion any ADRs or inequalities in morbidity and mortality is
essential. The number of people required for a SMC is small,
but they need to have appropriate expertise and to be com-
pletely independent of the trial in question (30). There is a
trend within the United Kingdom for more paediatric clin-
ical trials to have a SMC. It is also important that whilst a
trial is taking place that the investigators monitor other ev-
idence that is being published from other trials within their
area. The importance of this was shown in the trial that was
halted early because of vigabatrin visual field toxicity shown
in another trial (20).

In conclusion, clinical trials within the paediatric popula-
tion are essential. There is however a risk of ADRs occur-
ring within these clinical trials. SMCs provide independent
monitoring and allow for early detection of ADRs. We feel

therefore there is a strong argument for all paediatric clinical
trials to have a SMC. During the consent process it is im-
portant that all parents are made aware of the potential for
an ADR and the mechanisms that will be used to safeguard
their child.

References

1. Conroy S, Choonara I, Impicciatore P, Mohn A, Henrik A,
Rane A, et al. Survey of unlicensed and off-label drug use in
paediatric wards in European countries. BMJ 2000; 320:
79–82.

2. Conroy S, McIntyre J, Choonara I. Unlicensed and off label
drug use in neonates. Arch Dis Child Neonatal Ed 1999; 80:
F142–5.

3. Mcintyre J, Conroy S, Avery A, Corns H, Choonara I.
Unlicensed and off label prescribing of drugs in general
pratice. Arch Dis Child 2000; 83: 498–501.

4. Turner S, Longworth A, Nunn AJ, Choonara I. Unlicensed and
off label drug use in paediatric wards: prospective study. BMJ
1998; 316: 343–5.

5. Spielberg S. Therapeutics in the USA, internationally and
unparalled opportunity. Paediatr Perinat Drug Ther 2000; 4:
71–4.

6. Saint Raymond A, Seigneuret N. Medicines for children: time
for Europe to act. Paediatr Perinat Drug Ther 2005; 6: 142–6.

7. Choonara I, Rieder MJ. Drug toxicity and adverse drug
reactions in children – a brief historical review. Paediatr
Perinat Drug Ther 2002; 5: 12–8.

8. Choonara I. Clinical trials of medicines in children. BMJ 2000;
321: 1093–4.

9. Roberts R, Rodriguez W, Murphy D, Crescenzi T. Pediatric
drug labeling: improving the safety and efficacy of pediatric
therapies. JAMA 2003; 290: 905–11.

10. Sammons HM, Choonara I. Clinical trials of medication in
children. Eur J Clin Pharmacol 1996–2002; 61: 165–7.

11. Hargrave DR, Hann IM, Richards SM, Hill FG, Lilleyman JS,
Kinsey S, et al. Progressive reduction in treatment related
deaths in Medical Research Council childhood lymphoblastic
leukaemia trials from 1980 to 1997. Br J Haematol 2001; 2001:
293–99.

12. Nolan ML, Greenberg AE, Fowler MG. A review of clinical
trials to prevent mother-to-child HIV-1 transmission in Africa
and inform intervention strategies. AIDS 2002; 16: 1991–9.

13. Edwards SD, Mcnamee MJ. Ethical concerns regarding
guidelines for the conduct of clinicalresearch on children. J
Med Ethics 2006; 31: 351–4.

14. European Medicines Evaluation Agency. Note for guidance on
structure and content of clinical study reports.
CPMP/ICH/137/95.

15. Kennedy CR, Ayers S, Campbell MJ, Elbourne D, Hope P,
Johnson A. Randomized, controlled trial of acetazolamide and
furosemide in posthemorrhagic ventricular dilation in infancy:
follow up at 1 year. Pediatrics 2001; 108: 597–607.

16. Schmidt B, Gillie P, Mitchell L, Andrew M, Caco C, Roberts R.
A placebo-controlled randomized trial of antithrombin
therapy in neonatal respiratory distress syndrome. Am J Resp
Crit Care Med 1998; 158: 470–6.

17. Vaughn PR, Townsend SF, Thilo EH, McKenzie S, Moreland
S, Kawato K. Comparison of continuous infusion of fentanyl
to bolus dosing in neonates after surgery. J Pediatr Surg 1996;
31: 1616–23.

18. Splinter WM, Rhine EJ, Roberts DW, Reid CW, MacNeill HB.
Preoperative ketorolac increases bleeding after tonsillectomy
in children. Can J Anaesth 1996; 43: 560–3.

C©2008 The Author(s)/Journal Compilation C©2008 Foundation Acta Pædiatrica/Acta Pædiatrica 3



Safety in paediatric clinical trials Sammons et al.

19. Kishiyama JL, Valacer D, Cunningham-Rundles C, Sperber K,
Richmond GW, Abramson S, Glovsky M, et al. A multicenter,
randomized, double-blind placebo-controlled trial of high dose
intravenous immunoglobulin for oral corticosteroid-dependent
asthma. Clin Immunol 1999; 91: 126–33.

20. Lindberger M, Alenius M, Frisen L, Johannessen SI, Larsson
S, Malmgren K, Tomson T. Gabapentin versus vigabatrin as
first add-on for patients with partial seizures that failed to
respond to monotherapy: a randomized, double-blind, dose
titration study. Epilepsia 2000; 41: 1289–95.

21. de Silva M, MacArdle B, McGowan M, Hughes E, Stewart J,
Neville BGR, Johnson AL, et al. Randomised comparative
monotherapy trial of phenobarbitone, phenytoin,
carbamazepine or sodium valproate for newly diagnosed
childhood epilepsy. Lancet 1996; 347: 709–13.

22. Buitelaar JK, van der Gaag RJ, Swaab-Barneveld H, Kuiper M.
Pindolol and methylphenidate in children with attention
deficit hyperactivity disorder. Clinical efficacy and side effects.
J Child Psychol Psychiatry 1996; 37: 587–95.

23. Romagnoli C, Zecca E, Vento G, De Carolis MP, Papacci P,
Tortorolo G. Early postnatal dexamethasone for the
prevention of chronic lung disease in high risk preterm infants.
Intensive Care Med 1999; 25: 717–21.

24. Romagnoli C, Zecca E, Vento G, De Carolis MP, Papacci P,
Tortorolo G. Effect on growth of two different dexamethasone
courses for preterm infants at risk of chronic lung disease.
Pharmacology 1999; 59: 266–74.

25. Yeh TF, Lin YJ, Hsieh WS, Lin HC, Lin CH, Chen JY, Kao
HA, et al. Early postnatal dexamethasone therapy for the
prevention of chornic lung disease in preterm infants with
respiratory distress syndrome: a multicentre clinical trial.
Pediatrics 1997; 100: E3.

26. Singhi S, Murthy A, Singhi P, Jayashree M. Continuous
midazolam versus diazepam infusion for refractory convulsive
status epilepticus. J Child Neurol 2002; 17: 106–110.

27. Impicciatore P, Choonara I, Clarkson A, Provasi D, Pandolfini
C, Bonati M. Incidence of adverse drug reactions in paediatric

in/out-patients: a systematic review and meta-analysis of
prospective studies. Br J Clin Pharmacol 2001; 52: 77–83.

28. Collins GE, Clay MM, Falletta JM. A prospective study of the
epidemiology of adverse drug reactions in pediatric
hematology and oncology patients. Am J Hosp Pharm 1974;
31: 968–75.

29. Tait AR, Voepel-Lewis T, Malviya S. Factors that influence
parents’ assessments of the risks and benefits of research
involving their children. Pediatrics 2004; 113: 727–32.

30. van den Ouweland FA, Brown E, Carr DJ. Data monitoring
committees in paediatric research. Paediatr Perinat Drug Ther
2004; 6: 81–8.

Supplementary material
The following supplementary material is available for this
article:

Table S1 Clinical trials that were terminated prematurely or
underwent significant modification due to drug toxicity
Table S2 Neonatal clinical trials with severe drug toxicity
Table S3 Paediatric clinical trials with severe drug toxicity

This material is available as part of the online article from:
http://www.blackwell-synergy.com/doi/abs/10.1111/j.1651-
2227.2007.00676.x
(This link will take you to the article abstract).

Please note: Blackwell Publishing is not responsible for the
content or functionality of any supplementary materials sup-
plied by the authors. Any queries (other than missing mate-
rial) should be directed to the corresponding author for the
article.
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