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Objectives

 Expert
- to describe the burden of adverse drug
reactions in children
- to identify risk factors for adverse drug reactions
and how they apply to specific groups of children

e Scholar
- to identify new directions in the evaluation and

diagnosis of adverse drug reactions
- to identify new trends in therapeutics and their
potential impact on adverse drug reactions
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* Pediatrics does not deal
with miniature men and
women, with reduced
doses and the same class
of diseases in smaller
bodies, but ... it has its own
iIndependent range and
horizon and gives as much
to gen®ral medicine as it
receives from it

- Abraham Jacobi, 1889




The Ideal Medication

e Effectively treats or prevents disease
 Has no adverse events
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The reality

e Drugs are never safe and effective in all

patients
e Variability in patient response can have serious

consequences




Context

* Drug use in children
e Myths
— Drugs are not commonly used in the care of
children

— When they are used, antibiotics are essentially the
only drugs used
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Some Inconvenient Truths

* Perception - Rare

e Fact- Common

— In an average year, the average Canadian child is prescribed
3.9 prescriptions; the average US child 3.6 prescriptionsin a
year

e Paed Child Health 2003; 8 Suppl A

e Perception - Only antibiotics
e Fact - Many drugs/drug classes

— Among a cohort of 1,000,000 Canadian children in a year,
more than 1,200 different drugs were prescribed
e Paed Child Health 2003; 8 Suppl A

Both sexes / /

Under18vyears ..................... 205 238 247 235 2.4 4.1 4.0 3.6

1844 years. .. ........ ... . ... ...... 31.3 359 374 38.1 5.7 8.4 10.6 9.6

45-64 years. . . ... ... 548 641 652 672 20.0 30.8 35.3 34.7

BSyearsandover ................... 736 847 894 898 35.3 51.8 62.9 64.8
Male CDC Data 2015
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TABLE 1
Distribution of claimants and prescriptions and number of
prescriptions per claimant for selected therapeutic areas

clai t=
man prescriptions —

Mumnber of E‘:E"f Mumber of lshare of total| PeF claimant
Claimants claimants rescriptions | prescriptions

Therapeutic class

dima

780,684  T6% 1,740 446  43% 2.2

182,271  18% 522216  13% 2.9

84,024 8% 116,005 3% 1.4

72504 % 223,700 6% 3.1

40512 4% 194,796 5% 4.8

33882 3% 161,184 4% 4.8

Antidepressants 16,731 2% 64,929 2% 3.9
Antipsychotic agents 3873  0.4% 20,023  0.5% 5.2
Anti-convulsant agents 6409 0.6% 45,261 1% 7.2
Gastrointestinal agents 16267 2% 40,299 1%, 2.5
Antidiabetic drugs 3583  0.3% 41,682 19 1.6
Al drugs (total) 1,031,731 100% 4,028,502  100% 3.9

The sum of claimants by therapeutic class exceeds the total 1.03 million
claimants because some claimants were dispensed drugs from more than
one therapeutic class
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Double Edged Sword

e A blade with two sharp edges

e Aterm used to describe a situationin
which good or bad effects

e Roots from Arabic (sayf du hadayn,
“double-edged sword”) and Biblical
origins as to the Word of God (Hebrews
4:12)” Sharper than any double-edged
sword, it penetrates even to dividing
soul and spirit, joints and marrow”

e Applies to the beneficial and adverse
effects of medication (NEJM)
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Life-Cycle of Product and Knowledge
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Paradox of Drug Development and EBM

1. Clinical trials provide evidence of efficacy and safety at
usual doses in populations

é,

d o N
B

|

2. Physicians treat individual patients who can vary widely in
their response to drug therapy

r S

— —— Efficacious & Safe

N

No Response

Adverse Drug Reaction

Western &



An ADR is an appreciably harmful or
unpleasant reaction, resulting from an
Intervention related to the use of a
medicinal product, which predicts
hazard from future administration and
warrants prevention or specific
treatment, or alteration of the dose

regimen, or withdrawal of the product
 Edwards and Aronson (2000), Lancet, 356(9237):1255-1259
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Adverse Drug Reactions

B 4th leading cause of death in the USA?

E Health care costs: $137-177 billion annually (USA)%3

E Cause 7% of all hospital admissions*

B Cause serious reactions in over 2,000,000 hospitalized
patients (6.7%) each year in the USA?

B Cause fatal reactions in over 100,000 hospitalized patients
each year in the USA!

E95% of all ADRs are unreported

1. Lazarou et al, JAMA, 1998 .
2. Johnson et al, Arch Intern Med1995 4.Pirmohamed et al, BMJ, 2004
3. Ernst et al, J. Am. Pharm. Assoc. 2001 5. MjoErndal et al, EACPT3, 1999
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Yet nowhere is this reported
Why?

Nosology



e 6 year old child presents with
nephroblastoma; following surgery undergoes
chemotherapy including ifosfomide

 During chemotherapy it is noted that there is
evidence of renal injury including
aminoaciduria

* Over the next 10 years following therapy there
is no evidence of tumour recurrence
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* During these 10 years there is progressive
decline in renal function to the point where

dialysis is needed

 While waiting renal transplant the patient
expires of complications of end-stage renal
failure

e Cause of Death?
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Nephroblastoma

 This seems somewhat paradoxical as the tumour
had been, by all accounts, successfully eradicated

e |t would be reasonable to assume that the
treated team of oncologists did not desire or plan
for this outcome

* This nosological anomaly is one of the reasons
that ADRs are under-estimated in their impact on
child health

— N Engl J Med 2006; 355:1522-1523
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Cultural Issues




Risk Factors for ADRs

e History of a previous ADR
e Large drug doses
e Polypharmacy

* Impairment of the organs of excretion (hepatic or
renal dysfunction)

e Extremes of age
* Female sex
e Specific genetic polymorphisms

e General Anaesthesia
e Pediatr Clin North Am 2012
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1 Are ADR Rates in Children
4 Difference than those in Adults?

e Has been relatively little data with respect to ADRs in
children compared to adults

e What data is present suggests that overall rates may be
similar

e |n some circumstances, controversy as to whether risks
may be lower or in fact may be higher; despite the

impression, when actual data is reviewed risks are
never lower and often higher

* |n some groups of children and for some conditions,
the risk of an adverse drug event is nearly 100%

— BMC Med 2013 Nov 7;11:237
— Clin Pharmacol Ther 2017 Mar 13. doi: 10.1002/cpt.677




Drug Safety

 For many years pharmacovigilence was
conducted using passive surveillance involving
data capture by regulatory agencies

* This approach resulted in serious adverse
events being recognized by regulatory
authorities many years after they had been
recoghized in the peer reviewed literature

e This approach also is associated with serious
under-reporting of adverse drug events
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Tragedies Over Time

i’h‘ (|
P T wr f" i)
i Y q’ e,/ OB

this =

child’s life ’1 / e
_L |

may depend on the safety of ‘Distaval’

Comabler Ul Dasstlbli « ins wobi Uik Dl Eh DRl
S , Bha 5 e

Western &



Pemoline Induced Hepatic Injury

e Pemoline is a CNS stimulant used in the
therapy of ADHD

e Entered the US market in 1975
e Withdrawn 30 years later

e However, an active search of the literature
clearly demonstrated increased risk for
hepatic injury — as early as 1978

— Drug Safety 2008;31(2):169-80.
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Progress Over Time

e There has been slow but steady progress on
improving drug dosing and drug safety in
children, largely in the area of dosing and largely
driven by academic investigators and enhancing
our understanding of developmental
pharmacology

— Once-daily gentamicin in NICU

— ldentification of unique risks in children

e Valproic acid hepatotoxicity

e Cefaclor serum sickness like reactions
— Drug News & Perspectives 2010, 23(7)
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At-Risk Populations

 Neonates, especially premature neonates
e Chilc
e Children with complex chronic disease
 Children in the PICU

e Toddlers
— Eur J Clin Pharmacol 2012;68(5):801-10

ren with cancer
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Incidence unknown
1:1000 - 1:10,000

2

Hypersensitivity
reactions (DHRs)

ADRs Classification &
Epidemiology

oo om

Type A 4
(Augmented) Phase | and/or
20-90% plmu_l
E Eauses g metabalism
ADRs abnormalities
Lol Pharmacokinetics
Type B :
(Bizarre) Pharmacodynamic
10-20% .
Genetic
“If definite immunological
Drug Allergic mechanism, either [g [-iu' T-

Reactions cell, is demonstrated™

“If clinically resemble an
allergy . but immun. Process
is not proven”

Committee of the World Allergy Organization: Non-immune

DHRs

According to the Nomenclature Review [ DH RS ]
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Special Cases in Children

 Drug Substitution

e 10 fold errors
— Unique problem in Paediatrics

— More common among certain staff
— May be addressed by EMRs

* Drug Errors
— Probably more common in children than adults
— Again, may be more common among certain staff

— May be addressed by EMRs but there is no data that
EMRs actually make drug therapy safer for children



Special Issues

* Much of the ADR literature in children has
focused on adverse events related to ontogeny

* |tis well appreciated that premature infants are
at a substantially increased risk for adverse
events compared to older children and adults

e What is less appreciated is that some activation-
induced events occur at substantially higher rates
in toddlers and pre-school children

— Clin Pharmacol Ther 2017 Mar 13. doi:
10.1002/cpt.677
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Off-Label Use

e Many studies on off-label/unlicensed use of
drugs in children

e Almost all of them are incidence or utilization
studies

e Off-label drug use is actually quite common,
even among adults

* However, off-label drug use in adults is often
guided by evidence
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Table 5 ADR risk factors assessed by multivariate analysis

Covariate HR (95% Cl) p-value

Gender Female 1 0-152
Male 0-896 (0-770, 1-042)

Age on admission (years) 1-036 (1-021, 1-052) <0-001

Received a GA No 1 <0-001
Yes 5-295 (4-417, 6-349)

Oncology No 1 0-655
Yes 0-926 (0-661, 1-298)

Number of authorised medicines 1-217 (1-171, 1-263) <0-001

Number of off-label and/or unlicensed medicines 1-267( 1-201, 1-336) <0-001

Number of uncategorised medicines 1-138 (0-969, 1-338) 0-116

Western &




Paediatric Investigation Plans

Data on efficacy, safety and quality (formulation, dosage form),
Timelines (ref ICH guideline E11)

In practice, discussion on potential paediatric use and unmet
needs to decide on the development and formulation for each
age group, from birth to 18 years

Form-
ulations

FDA Guidance for Pediatric Studies

Pediatric Study Decision Tree - Integration of PKAP

Reasonable to assume (pediatrics vs. adults)
*Similar disease progression?

*Similar response to intervention?

YESTOBOTH

*Conduct PK studies
* Conduct safety/efficacy trials

Reasonable to assume similar
concentration-response {C-R)

=

=]
2
[=]

in pediatrics and adults?
NO
Is there a PD measurement that : -
can be used to predict efficacy? * Conduct PK studies to achieve
levels similar to adults
YES * Conduct safety trials
* Conduct PK studies to get
C-R for PD measurement
* Conduct PK studies to achieve
target concentrations based
onC-R
* Conduct safety trials Guidance for Industry: Exposure-Resp Relationships — Study
15 Design, Data Analysis, and Regulatory Applications, April 2003.
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Pediatric Pharmacology Research
Network (PPRU)

Kansas City, MO Det:

- ¥
[ ] - Houston, TX
Dallas, TX

LEGEND
% GATC Active Surveillance
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ADR Case Detection

Biologically plausible mechanism

|

, Temporal Response \

Dose-response Relationship¢a=) Clinically detectable effect

ADR Probability
-possible, probable, definite (using WHO scale)

-Naranjo scale
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- Cardiotoxicity highest in first year but continues

R G — to increase over time in high risk groups
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Pathophysiology of DHRs — The Reactive metabolite Hypothesis

Prohapten
(e.g., CBZ)

Hapten

Necroptosis
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Medified from: Elzagallaai et al., J Popul Ther Clin Pharmaco, 2011
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TABLE 6
Rate of use of the new drugs in the therapeutic area for
both paediatric and adult claimants

Rate per 1000 active claimants
Paediatric Claimants Adult Claimants
27 210

Celecoxib

Citalopram 59 93
Rofecoxib 17 207
Bupropion 85 162
Montelukast sodium 49 45
Formoterol fumarate 4 19
Levofloxacin 1 10
Tazarotene 6 10
Zarfirlukast 2 14



Pre-clinical studies Clinical trials
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Big Data in Life Sciences*

Sequencing and gene
expression data

Drug data (pathways,
structure etc.)

Clinical Trial & Hospital : o
Electronic Record data ig Data Analytics
In vitro diagnostics

& X-ray results

Patient self-reported and

social media data

Telemedicine data

*This and the following nine slides contributed by Edward Currie, AVP Life Sciences, Infosys
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Identify
otherwise
unreported
drug side-
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Prescription (Rx) data

Social media analytics

Drug safety

BIG DATA ANALYSED

INSIGHT DELIVERED STRATEGY ENABLED
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Size & Complexity — Small Molecule Drugs & Proteins

Small ) _
Molecule Large Molecule Drug Large Biologic
b IgG Antibody

} atoms

o

~ 3000 atloms
Aspirin
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Business Jet
Car ~ 30,000 bs (without Tuel)
Bike ~ 3000 Ibs
~ 20 Ibs
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