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ABSTRACT

Cutaneous adverse drug reactions (CADRs) are the most prevalent adverse drug reactions (ADRS) in
hospitalized children, with an estimated rate of 2-3%. The Canadian Pharmacogenomics Network for
Drug Safety (CPNDS) is a pan-Canadian active surveillance network identifying genomic biomarkers of
risk for serious ADRs. The purpose of this paper is to describe the characteristics of paediatric CADR
cases reported to the CPNDS from February 2005 to December 2008. The CPNDS database was mined
and details of CADRs and key clinical data from cases were extracted. Reports were individually
analyzed and classified in two main groups: severe and non-severe CADRs, with subcategories. In total,
326 CADR cases were included in the study; 214 (65.6%) severe and 112 (34.4%) non-severe CADRSs.
Overal L-asparaginase (n=56, 16%), amoxicillin (n=29, 8.3%), cotrimoxazole (n=25, 7.2%),
carbamazepine (n=17, 4.9%) and lamotrigine (n=13, 3.7%) accounted for 40% of all suspected
medications. We have demonstrated the ability to comprehensively collect clinical data on a wide range
of severe and non-severe CADRSs to drugs commonly used in the care of children. Our study provides
additional rea world evidence to promote the proactive detection, collection, reporting and assessment of
CADRsin children.
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the reason for therapy discontinuation.>® Several

An adverse drug reaction (ADR) is an
studies have found CADRs to be the most

unintended and noxious response to a drug

that occurs at doses normally used in humans.
ADRs are a major cause of morbidity and
mortality, accounting for up to 7% of all hospital
admissions and rank as the fifth leading cause of
death in the western world.** Children are
particularly at risk, with estimates suggesting that
as much as 16.6% of hospitalized children
experience ADRs, with nearly 30% of these being
severe.®*

Cutaneous adverse drug reactions (CADRYS)
are the most common ADRs and are frequently
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prevalent ADRs in hospitalized children, with an
estimated rate of 2-3%."™ The majority of
CADRs in children are not considered serious,
athough they do account for a substantial
proportion of clinical visits with an estimated 2%
being severe and life threatening.*>*®

While surveillance systems have been
established for worldwide reporting of ADRs
they rely primarily on spontaneous, voluntary
reporting from health care professionas and are
thus considered passive. These systems are
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designed to detect signals for new, rare and
serious ADRs! Few systems exist that
encompass an active methodology, whereby a
trained surveillance team works in conjunction
with health care professionals to target and report
specific ADRs to develop drug safety initiatives
for patients.

The Canadian Pharmacogenomics Network
for Drug Safety (CPNDS) was established in
2005."% |t is a pan-Canadian active surveillance
network consisting of trained surveillance
clinicians in ten pediatric teaching hospital s across
Canada, serving >75% of Canada’s children. The
goal of the network is to improve the safe use of
prescription medication by identifying genomic
biomarkers of drug risk for serious ADRs.
CADRs were one of severa targeted ADRs of
interest to the research team.

CPNDS  surveillance  clinicians  are
exclusively dedicated to identify and report ADRs
through active collaboration with physicians,
pharmacists and nurses at each surveillance site
across Canada. Following patient enrollment into
the study, patient ADR reports are completed by
surveillance clinicians and sent electronically to
the CPNDS master database in Vancouver.

The purpose of this paper is to describe the
characteristics of paediatric CADR cases reported
to the CPNDS from February 2005-December
2008.

METHODS

The CADR report data was obtained from the
CPNDS master database, which holds all reports
of ADRs reported to the network. The master
database was mined using more than 40 different
terms from the literature to identify reports of
CADRs reported to CPNDS from February 2005-
December 2008. Search terms included rash,
urticaria, hives, blister, oedema, alergy,
hypersensitivity, erythema multiforme,
anaphylaxis, Stevens-Johnson syndrome, among
many others. Information taken into consideration
from reports included the following: patient’s sex
and age at the time of the reaction, diagnosis or
description of the CADR, details of drug
exposure, tests to confirm the CADR, patient’s
outcome attributable to the CADR and causality
of the CADR. Additiona information like
ancestry  (geographic  origin  of the four
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grandparents of the child, reported by the parents),
as well as presence of interacting diseases, other
drugsor clinical conditions (i.e. infections, cancer,
asthma, concomitant drugs, food or drug allergies)
at time of the reaction, was also available from the
database.

The reports were analyzed by a panel of
experts. Their role was to assess CADR reports
and check for completeness. In instances where a
description of the CADR was reported, the panel
formulated a unique dermatological diagnosis
when possible, based on literature review of the
hallmark features for well-characterized cutaneous
reactions'”? (e.g., hives with swollen lips and
dyspnea became anaphylaxis). If further clinical
data was necessary, the reporting surveillance
clinician was contacted to provide more
information on the report. Reports that did not
have a rating of at least possible on the Naranjo
ADR Probability Scale®® and did not have a
temporal relationship between the drug and the
CADR were excluded from analysis. All reports
on the CPNDS database are assessed for causality
of the suspected ADR using both the Naranjo
scale as well as the causality algorithm of the
WHO Collaborating Centre for International Drug
Monitoring of Uppsala, Sweden® This
information as well as the quality of all CADR
reports were extracted and analyzed. A grading
scheme with 6 levels (grade O to 5) was used to
assess the quality of documentation based on
completeness of information (i.e. available
information on reaction, suspected drug,
demographics, treatment dates, patient outcome,
drug dosage and route of administration) and
quality of the clinical information.

CADRs were classified into severe and non-
severe categories. For the purpose of this analysis,
severe CADRs included anaphylaxis, erythema
multiforme (EM), drug rash with eosinophilia and
systemic symptoms syndrome (DRESS), serum
sickness like reaction (SSLR), Stevens-Johnson
syndrome (SJS) and toxic epidermal necrolysis
(TEN). Cases where the CADR was only ‘rash’
covering greater than or equal to 50% of the body
surface area (BSA)®, as well as other CADRs
with possible life-threatening indicators (i.e. hand-
foot syndrome)’’, were aso included as severe.
All CADRs that did not meet the criteria for
severe were classified as non-severe: CADR cases
where 10 to 40% of the BSA was affected by only
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‘rash’, cases where the cutaneous manifestations
were accompanied by non-life-threatening
systemic symptoms, and ‘rash’ only cases where
the percentage of BSA affected was not specified.
For the classification of cases where ‘rash’ was
the only symptom, we found the skin scoring
method validated by Greinix and cols. to be
appropriate® This scoring system divides patients’
BSA into 10 regions equaling 10% for each region,
was vaidated for cutaneous manifestations of
chronic graft-versus-host disease. Usudly, ‘rash’ is
documented by listing the affected regions of the
body i.e. ‘trunk’, ‘hands’ or ‘neck and arms'.
Therefore, we found the approach of Greinix and
cols. to be more reproducible and suitable to
classify our ‘rash’ cases than other systems (e.g.
the rule of nines.) To classify suspected drugs, we
used the Anatomica Therapeutic Chemical
Classification System (ATC).?

RESULTS

Of the 2060 ADR cases enrolled by the CPNDS
from February 2005 to December 2008, 336 cases
were CADRs according to the search criteria used
to mine the database. After applying the exclusion
criteria only 10 cases were excluded from the
analysis due to lack of information on therapy
dates with the suspected drug and impossibility to
find the information after reviewing the patient
charts again. In total, 326 CADR cases were
included in the study corresponding to 309
patients, since some patients devel oped more than
one CADR event during the reported period of
time. CADR cases were classified in two main
groups. severe (n=214, 65.6%) and non-severe
(=112, 34.4%) cases. Table 1 shows the
demographic and clinica data of al CADR
groups and cases. ‘Rash’ cases affecting 50 to
100% of the BSA and anaphylaxis cases were the
most common severe CADR reports contained in
the CPNDS database, accounting for 27.6% and
19% of the total number of cases of the study,
respectively. 28 SJS cases were found but no TEN
cases were reported to the CPNDS study. ‘Rash’
cases involving 10 to 40% of the BSA accounted
for a 21.5% of the total of CADR cases and were
the most common non-severe CADRs found. 152
(46.6%) of the CADR cases occurred in males and
174 (53.4%) in females; dlight gender differences
were found between the severe (95 male and 119
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female, 44.4% and 55.6% of severe cases,
respectively) and non-severe (57 mae and 55
female, 50.9% and 49.1% of non-severe cases,
respectively) CADR groups.

Andysis of the age digtribution showed, for
both the severe and for the non-severe cases, a
higher incidence of CADRs in children age 2-12
years (n=112, 34.3% severe; n=73, 22.4% non-
severe) followed by adolescents (=62, 19% severe;
n=24, 7.4% non-severe) and infants (n=40, 12.3%
severe; n=15, 4.6% non-severe). No reports of
CADRsin neonates were found in the database.

Reported ancestry of the patients showed a
majority of European origin (n=131, 42.4%).
Canadian origin was reported for 85 (27.5%)
patients and Canada's First Nations origin (pure
and mixed) for 16 (5.2%) patients. 64 (20.7%)
patients were from various origins including
Chinese (n=6, 1.9%), Latin American/Caribbean
(n=6, 1.9%), mixed ancestry (n=15, 4.9%) and
others. For 13 (4.2%) patients, data on ancestry
was hot collected or was unknown (i.e. patient
and/or parents were adopted). 150 (46%) CADR
cases corresponded to patients with cancer, 51
(15.6%) to neurology patients and 125 (38.3%)
cases were being treated for a variety of other
clinical conditions i.e. surgery, otitis media or
respiratory tract infections.

Most of the CADRs both severe and non-
severe occurred while patients were experiencing
politherapy, 136 (41.7%) and 71 (21.8%) cases,
respectively. Cases undergoing  monotherapy
experienced more severe CADRs (n=78, 23.9%)
than non-severe (=41, 12.6%).

Details about possible interacting diseases
(i.e. infections, skin diseases) a time of the
reaction were documented for 51 (15.6%) severe
and for 26 (8%) non-severe CADR reports. A
total of 38 cases, 28 (8.6%) severe and 10 (3.1%)
non-severe, reported drugs possibly interacting
with the culprit drug. 66 (20.2%) severe and 36
(11%) non-severe cases occurred in patients with
an allergy or history of alergies in their families
i.e. to drugs, vaccines, food or environmental
components. Asthmatic patients or patients with
family history of asthma represented 15 (4.6%) of
the severe and 11 (3.4%) of the non-severe CADR
cases.
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TABLE 1 Demographic and clinical characteristics of CADR cases in each group

Severe CADRs (n=214, 65.6%)

Non-severe CADRs (n=112, 34.4%)

ANAPH EM DRESS SSLR SIS Rash 50- Other severe | Rash 10-40% | Rash % BSA Other non-
100% BSA | CADRS BSA unknown | severe CADRS’

No. Cases 62 7 8 9 28 20 10 70 36 6
(% of total) (19%) (2.1%) (2.5%) (2.8%) (8.6%) (27.6%) (3.1%) (21.5%) (11%) (1.8%)
Age group distribution®®
Imoto<2y 5 4 0 3 3 25 0 11 3 1
2to<12y 33 1 3 6 18 46 5 45 24 4
12t0 19y 24 2 5 0 7 19 5 14 9 1
Gender®
Male 25 2 4 4 13 44 3 37 18 2
Femae 37 5 4 5 15 46 7 33 18 4
Ancestry®
European 27 0 3 0 11 30 4 39 12 5
Canadian 7 6 1 5 8 32 3 14 9 0
First Nations 3 1 1 0 2 5 0 4 0 0
Other? 13 0 3 3 6 18 3 8 9 0
Unknown 2 0 0 0 1 2 0 5 2 1
Type of patient at time of the reaction®
Oncology 51 0 0 0 1 35 2 39 19 3
Neurology 0 0 4 1 13 16 1 12 3 1
Other 11 7 4 8 14 39 7 19 14 2
Details of therapy at time of the reaction®
M onotherapy 6 7 6 7 11 38 3 22 16 3
Politherapy 56 0 2 2 17 52 7 48 20 3
Diseases' 5 1 3 7 14 20 1 17 9 0
Drugs 8 1 1 0 9 9 0 7 3 0
Other patient characteristics at time of the reaction®
Allergies 22 4 3 2 5 28 2 21 15 0
Asgthma* 4 1 1 1 2 5 1 9 2 0

Abbreviations: ANAPH, anaphylaxis;, EM, erythema multiforme; DRESS, drug rash with eosinophilia and systemic symptoms syndrome; SSLR, serum sickness like reaction; SJS, Stevens-Johnson
syndrome; BSA, body surface area; mo, months; y, years.
& CADRs that could not be classified in any well-characterized cutaneous disease but for which possible life-threatening systemic symptoms were identified i.e. rash and high fever. ®CADR descriptions
including cutaneous manifestations as wel| as non-life-threatening systemic symptomsi.e. two hives on back and chills. © Age groups were defined as following: neonates 0to>1 mo; infants 1 moto <2y;
children 2 to <12y; adolescents 12 to 19y. 9Based on total number of CADR cases. ®Based on total number of patients, n=309 patients. f Group includes pure First Nations natives as well as mixed.

9 Group includes various pure and mixed ancestries. h Interacting diseases at time of the reaction i.e. bacterial or viral infections, skin diseases. ' Drugs reported as possibly interacting with the suspected
drug at time of the reaction. ! Reported known allergies to drugs, food, environment, of family history of allergies. K Asthmatic patient or family history of asthma.

el09

J Popul Ther Clin Pharmacol Vol 18 (1):e106-e120; March 21, 2011
© 2011 Canadian Society of Clinical Pharmacology and Therapeutics. All rights reserved.




Cutaneous adverse drug reactions in children: an analysis of reports from the Canadian Pharmacogenomics Network for Drug Safety (CPNDS)

TABLE 2 Medicationsassociated with CADRsin the study

Severe CADRs (n=227 meds, 65%) Non-severe CADRs (n=122 meds, 35%)
Other Other non-
ATC class’ ANAPH EM DRESS | SSLR SIS 153;‘ BSgA severe RashB:LSOA-40% Rﬁk(ﬁ\?’nsp‘ severe
CADRS CADRS
d 65 7 8 9 31 97 10 77 39 6
No. meds (% of total) 186%) | (2%) | 23%) | 26%) | 89%) | (278%) | (2.9%) (22.1%) (11.29%) (1.7%)
A Alimentary tract and metabolism
AQ03 Drugs for functional 1 ) ) i i 2 ) ) i )
gastrointestinal disorders
B Blood and blood for ming organs
BO1 Antithromboticagents | - | - | - [ - [ - ] - | - | 1 | - | -
D Dermatologicals
D10 Anti-acnepreparations | - | - | - | - | - | 1 | - | - | 1 | -
H Systemic hor monal preparations
HO2 Corticosteroids for systemic ) ) ) i i ) i ) 3 )
use
J Antiinfectives for systemic use
JO1 Antibacterialsfor systemic use 8 7 3 9 13 51 4 29 23 1
JO2 Antimycotics for systemic use 1 - - - - 1 - - - -
JO5 Antivirals for systemic use - - - - - - - 2 - -
L Antineoplastic and | mmunomodulating agents
L01 Antineoplastic agents 48 - - - - 16 3 28 9 2
L 04 Immunosupressants 1 - - - - - 1 - - -
M Musculo-skeletal system
MO01 Antiinflammatory and
antirheumatic products L ) ) i 2 2 L ) L )
MO04 Antigout preparations 1 - - - - - - - - -
N Nervous System
NO1 Anesthetics - - - - - 1 - 2 - -
NO2 Analgesics 1 - - - - 5 - 2 - 2
NO3 Antiepileptics 2 - 5 - 15 16 1 12 2 1
NO6 Psychoanal eptics - - - - 1 1 - - - -
Other 1 - - - - 1 - 1 - -

Abbreviations: ANAPH, anaphylaxis;, EM, erythema multiforme; DRESS, drug rash with eosinophilia and systemic symptoms syndrome; SSLR, serum sickness like reaction; SJS, Stevens-Johnson
syndrome; BSA, body surface area; ATC class, Anatomical Therapeutic Chemical classification class; meds= medications.

& ATC class: anatomical main groups and therapeutic subgroups are shown. P CADRSs that could not be classified in any well-characterized cutaneous disease but for which possible life-threatening
systemic symptoms were identified i.e. rash and high fever. © CADR descriptions including cutaneous manifestations as well as non-life-threatening systemic symptomsi.e. two hives on back and chills.
9 Based on total number of culprit medications.
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TABLE 3 Most common drugsimplicated in CADRSs of the study

Severe CADRs (n= 227 meds) No. cases
Anaphylaxis (n=65)
L -asparaginase PEG 22
L-asparaginase E. coli, etoposide 9 each
L -asparaginase Erwinia, cefprozil 3 each
EM (n=7)
Amoxicillin 3
Cotrimoxazole 2
Clindamycin, minocycline 1 each
DRESS (n=8)
Carbamazepine 2
Cotrimoxazole, sulfazalazine, lamotrigine, phenobarbital, clindamycin, 1 each
phenytoin
SSLR (n=9)
Amoxicillin 6
Penicillin G, cefprozil, cotrimoxazole 1 each
SIS (n=31)
Carbamazepine 7
Amoxicillin, cotrimoxazole, clarithromycin 4 each
Lamotrigine 3
Ibuprofen, phenytoin, oxcarbazepine 2 each
Zonisamide, fluoxetine, sulfazalazine 1 each
Rash 50-100% BSA (n=97)
Cotrimoxazole 10
L -asparaginase PEG 7
Amoxicillin, carbamazepine 6 each
Phenobarbital, azythromycin 4 each
Lamotrigine, piperacillin 3 each
Other severe CADRs (n=10)
Amoxicillin, methotrexate 2 each
Ceftriaxone, vancomycin, azathioprine, ibuprofen, phenytoin, L- 1 each
asparaginase PEG

Non-sever e Cutaneous ADRSs (n= 122 meds)
Rash 10-40% BSA (n=77)

Methotrexate 8
Lamotrigine 6
L -asparaginase PEG, cotrimoxazole 5 each
Amoxicillin, L-asparaginase E.coli 4 each
Bleomycin, piperacillin 3 each
Thiotepa, vancomycin, 6-mercaptopurine, phenytoin, cytarabine, 2 each

cephalexin, carbamazepine, cefprozil

Rash % BSA unknown (n=39)
Amoxicillin, erythromycin 3 each
L -asparaginase PEG, L-asparaginase E.coli, cotrimoxazole, penicillin G, 2 each
cefaclor, bleomycin, dexamethasone

Other non-severe CADRs (n=6)
Bleomycin, morphine, phenobarbital, amoxicillin, codeine, L -asparaginase 1 each
PEG
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TABLE 4 Patient outcome and causality assessment of the CADR reports of the study

Severe CADRs (n=214, 65.6%) Non-severe CADRs (n=112,
34.4%)
Resn50- | Other | oo, | Rashop | OF
ANAPH EM DRESS SSLR SIS 100% severe o BSA
BSA CADRS 40%BSA unknown severe
CADRS’

ADR Causality®
Certain | 8 | o0 | o | o | o | 3 | 0 | 3 | 2 | 0
Probable/Likely 45 5 8 7 21 57 9 31 18 3
Possible 9 2 0 2 7 28 1 34 15 3
Unlikely 0 0 0 0 0 2 0 2 1 0
Conditional/Unclassified No case reports with this status were identified.
Unassessible/Unclassifiable No case reports with this status were identified.
ADR I mputability®
Definite 6 0 0 0 0 3 0 2 1 0
Probable 36 3 3 6 14 42 8 29 16 3
Possible 20 4 5 3 14 45 2 39 19 3
Doubtful Case reports scored as ‘ doubtful” were excluded from the study (see Methods section).
ADR Outcome
Death 0 0 0 0 0 0 0 0 0 0
Life-threatening 5 0 0 0 4 0 0 0 0 0
Disability 0 0 0 0 0 0 0 0 0 0
Admitted 12 1 4 2 10 8 3 7 0 0
Hospitalization prolonged 9 1 3 0 1 9 2 4 1 0
Require intervention to prevent 26 5 1 7 13 16 3 12 9 1
damage/permanent impairment
Other 10 0 0 0 0 57 2 47 26 5

Abbreviations: ANAPH, anaphylaxis, EM, erythema multiforme; DRESS, drug rash with eosinophilia and systemic symptoms syndrome; SSLR, serum sickness like reaction; SJS, Stevens-Johnson
syndrome; BSA, body surface area.

& CADRs that could not be classified in any well-characterized cutaneous disease but for which possible life-threatening systemic symptoms wereidentified i.e. rash and high fever. ® CADR descri ptions
including cutaneous manifestations as well as non-life-threatening systemic symptoms i.e. two hives on back and chills.® Based on the WHO Collaborating Centre for International Drug Monitoring
causality assessment algorithm [25]. 4 Based on Naranjo ADR Probability Scale [24].
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A totad of 349 medications were implicated
as the suspected drug with 12 CADR cases having
2 suspected drugs. Table 2 shows the total number
of culprit medications for both, severe and non-
severe CADR cases, classified by ATC class.
Antibacterials  (n=95, 41.8%), antineoplastic
agents (n=67, 29.5%) and antiepileptic drugs
(n=39, 17.2%) were the most common cause of
severe CADRs. Non-severe CADRs were mostly
caused by the same drug classes. antibacterias
(n=53, 43.4%), antineoplastics (n=39, 32%), and
antiepileptics (=15, 12.3%).

Overdl in the study, L-asparaginase (total

n=56: n=38 for PEG, n=15 for E. coli, n=3 for
Erwinia), amoxicillin (n=29), cotrimoxazole
(n=25), carbamazepine (n=17) and lamotrigine
(n=13), accounted for 40% of al suspected
medications. Table 3 shows the 5 more common
suspected drugs for each group of CADRs. Severe
CADRs were mostly caused by L-asparaginase
PEG (n=30, 13.2%), amoxicillin (n=21, 9.3%),
cotrimoxazole (n=18, 7.9%), carbamazepine
(n=15, 6.6%), and lamotrigine (n=7, 3.1%).
The most common culprit drugs for non-severe
CADRs were methotrexate (n=8, 6.6%),
amoxicillin (n=8, 6.6%), L-asparaginase PEG
(n=8, 6.6%), and cotrimoxazole (n=7, 5.7%).

In the CPNDS database 2 methods to assess
causality of al CADR reports were used.
Application of the algorithm of the WHO
Collaborating Centre for Internationa Drug
Monitoring” resulted in the majority of the
reports rated as ‘probable or likely': 152 (46.6%)
for severe and 52 (16%) for non-severe CADRSs.
49 (15%) reports for severe and 52 (16%) for non-
severe CADRs were rated as ‘possible’ (Table 4).
Analysis of causality using the Naranjo scale®
resulted in 160 (49.1%) reportsrated as ‘ probable
(n=112, 34.4% for severe; n=48, 14.7% for non-
severe CADRs) and 154 (47.2%) reports rated as
‘possible’ (n=93, 28.5% for severe; n=61, 18.7%
for non-severe CADRS).

No CADR case resulted in death. 40 (12.3%)
severe and only 7 (2.1%) non-severe cases
resulted in hospital admission. Intervention was
required for 71 (21.8%) severe and 22 (6.7%)
non-severe cases in order to prevent damage.
‘Other’ was a common reported outcome (n=69,
21.2% for severe; n=78, 23.9% for non-severe
CADR reports) chosen when drug was
discontinued and/or switched to a different drug,
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or when doses of the culprit drug were held but
premedication (i.e. with antihistamines) was
needed for safe administration of following doses.

Overal, 294 (90.2%) of al reports on CADR
cases achieved completeness of information, 199
(93%) severe and 95 (85%) non-severe CADR
case reports had a quality grade of 5.

DISCUSSION

To the best of our knowledge thisis the first study
based on an active surveillance approach reporting
on both severe and non-severe CADRS, to a wide
variety of drugs used in children. Most of the
literature is composed by studies presenting
results on al types of ADRs in children®®?;
studies focused on paediatric CADRs but based

on voluntary reporting systems®®; results from

questionnaires sent to childrens” parents®®; or
studies based on active surveillance methods
focused primarily on severe CADRSs in children.®
There is a paucity of documentation of the
prevalence and types of CADRs associated with
commonly used drugs in paediatric patients.

Since most CADRs are relatively rare, it has
been stressed the importance of building up multi-
centric and multinational collaborations to allow
for more accurate and standardized identification
of higher numbers of cases.® Such a strategy will
assist in identifying the mechanisms and risk
factors (i.e. genetic predisposition) implicated in
the development of CADRs. Networks focused on
paediatric ADRs can aso work in accordance
with national and international authoritiesin order
to provide rea world evidence of the safety of
new aswell as old drugs used in children. To date,
successful research network initiatives have been
collecting and analyzing data specific to CADRSs.
Multi-national drug safety networks investigating
CADREs, such as the European Registry of Severe
Cutaneous Adverse Reactions (RegiSCAR;
originally started as the EuroSCAR and the SCAR
studies) have greatly contributed to the knowledge
and understanding of conditions like EM, SJS and
TEN.** The European Network for Drug
Allergy (ENDA) is also one of severa networks
embedded in the Globa Allergy and Asthma
European Network (GAZLEN).® The ENDA
project aims to optimize diagnosis and reporting
of alergy/hypersensitivity ADRs as well as other
pharmacovigilance activities.

J Popul Ther Clin Pharmacol Vol 18 (1):e106-e120; March 21, 2011

© 2011 Canadian Society of Clinical Pharmacology and Therapeutics. All rights reserved.



Cutaneous adverse drug reactions in children: an analysis of reports from the Canadian Pharmacogenomics Network for

Drug Safety (CPNDS)

The CPNDS is a multi-centre cross-Canada
network that uses an active surveillance systemin
Canadian tertiary child headth care centres to
identify severe ADRs and to further study the
genetic determinants of these events®® The
CPNDS has initially focused on ADRs in the
paediatric oncology population. Although not an
initial focus, we aso found a number of severe as
well as non-severe drug-induced CADRs. This
report is a summary of a 4-year experience of
active surveillance for drug-induced cutaneous
reactionsin children as of December 2008.

We believe it is critical to record complete
clinical descriptions on all CADRSs that occur in
children in order to better understand the
aetiology of ADRs and identify patients for
further studies (e.g. pharmacogenomic studies).

We classified the CADR cases retrieved from
the CPNDS database in severe and non-severe
based on the presence of life-threatening
indicators i.e. facia edema, mucous membrane
erosions, arthralgias or hypotension.***” Our
active surveillance method allowed us to collect
amost twice as many severe than non-severe
CADR cases without a reporting bias for severe
CADRs, since the study was not focused on
CADRSs and because we collect al information on
potential ADRs available from patients” charts.
This method has allowed us to identify drug-
matched control patients whose DNA samples
were aso collected for further pharmacogenomics
studies.

There were no cases identified of TEN. At
the time, the surveillance system did not cover
Burn Units, and as it is usual Canadian practice to
admit TEN cases to Burn Units, this is not
unexpected.

At the beginning of the CPNDS project, three
ADRs were targeted for surveillance: cisplatin-
induced hearing impairment; anthracycline-
induced cardiotoxicity; and codeine-induced
infant mortality in breastfed infants. These ADRs
were chosen because of their serious long-term
morbidity and/or mortality; their high burden of
illness on families; and because they likely had a
genetic contribution.™® For that reason, the bias of
this study resided in the collection of a high
number of ADR cases from pediatric oncology,
which accounted for 41.6% and 54.5% of al the
severe and non-severe CADR cases, respectively.
This predominance of patients with cancer in our
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study, predominantly acute lymphoblastic
leukemia (ALL), resulted in the high prevalence
of antineoplastics as the culprit drugs (i.e. L-
asparaginase, methotrexate and bleomycin), which
has not been reported by other pharmacovigilance
studies on CADRs. Few studies have reported on
the most common drugs triggering ADRs in
paediatric oncology patients when focusing on
ADRSs in genera.** Despite the frequency of
CADRs with chemotherapeutic agents and the
stark visibility of these toxicities, there is a
scarcity in the literature of large-scale
pharmacovigilance studies focusing on this type
of ADRsin paediatric oncology.®

CADRs attributable to chemotherapy can
result in patient morbidity and alteration of the
treatment plan.** For example, hypersensitivity
reactions to L-asparaginase, one of the
cornerstones of ALL treatment in children, may
have huge impact in the success of the therapy
and leukemia-free survival of patients. It has been
shown that formation of anti-asparaginase
antibodies might reduce its half-life and thus its
antileukemic effect through deposition of antigen-
antibody complexes in the reticuloendothelial
system and prevention of its absorption after
intramuscular injection.® From these findings,
intensive surveillance of CADRs due to
asparaginase becomes more relevant in order to
assess the burden of these reactions, to optimize
their management and prevention (i.e
premedication or desensitization protocols), and to
investigate the causative mechanisms of
asparaginase-induced CADRs. Pegylated L-
asparaginase (L-asparaginase PEG) was initialy
prepared to provide a long-duration form of the
drug as well as to provide a form which would be
less likely to cause hypersensitivity reactions in
comparison  with  E.coli and  Erwinia
preparations.®® Interestingly, L-asparaginase PEG
was the most common culprit drug overall in our
study, causing mainly severe (i.e. anaphylaxis and
rashes affecting 50-100% of patients BSA) but
also non-severe CADRSs. L -asparaginase PEG was
first approved to treat ALL patients who were
hypersensitive to the native form of E. coli-
asparaginase. Today, however, ALL treatment
protocols have extended its indication to the
treatment of newly diagnosed patients, at least in
parts of the world where its availability is not
limited by its cost.”® Patients who developed a
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CADR to L-asparaginase PEG in our study were
either premedicated for further doses or
subgtituted with Erwinia or E.coli preparations.
Pharmacoepidemiologic data from large-scae
scientific studies on asparaginase-induced CADRs
and their overall implications in antileukemic
treatment safety and effectiveness remain to be
further investigated.

Cutaneous reactions are the most common
form of adverse drug-induced reactions.”” This is
also true for paediatric ADRs and it has been
demonstrated in studies worldwide, 328293141480

Practically any drug can cause a CADR.
Moreover, one drug can cause different clinica
patterns i.e., amoxicillin can cause rash, EM,
SSLR or SIS The existence of a “multiple
drug alergy syndrome”, specificaly a “multiple
antibiotic sensitivity syndrome” in children, has
also been suggested and may also be associated
with the presence of infections.”>® These findings
suggest the need for drug-specific and CADR-
specific large-scale studies in order to further
investigate the pathophysiological mechanisms
and the risk factors for these reactions.

Our results regarding the most common
suspected drug classes are in agreement with other
studies in terms of the identification of
antibacterials and antiepileptics as major
triggering factors leading up to severe®**’ as
well as to non-severe®>***® CADRs in children.

Non-severe CADRs (i.e. rashes) to
antibiotics have generally been reported to occur
most often with sulfonamides and penicillins. It
was estimated that more than 7% of paediatric
patients prescribed oral amoxicillin or penicillinin
a private practice setting developed rashes.®
Amoxicillin  and cotrimoxazole have been
reported to be the most common suspected drugs
for awide variety of skin reactions.*>> These two
drugs were the most common culprit antibacterials
in our study causing non-severe and severe rashes,
EM, DRESS, SSLR and SJS.

Rashes are dso a common side effect
associated with antiepileptic drug use and in adult
patients rash rates are higher with phenytoin,
lamotrigine and carbamazepine.®® In children
phenobarbital, carbamazepine, and lamotrigine are
strongly associated with the risk of severe CADRs
like SIS and TEN.* In our study, carbamazepine
(2 DRESS cases, 7 SIS cases, 6 severe and 2 non-
severe rashes) and lamotrigine (1 DRESS case, 3
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SIS cases, 3 severe and 6 non-severe rashes) were
the antiepileptic drugs most commonly termed as
suspected drugs to CADRs. Other studies in
children have also found antiepil eptics as the most
frequently incriminated drugs in EM, SIS and
TEN.”

63.5% of our CADR cases were undergoing
polytherapy at the time of the reaction.
Polypharmacy is a well-known predictor of ADRs
in children and adults®® and other studies in
paediatrics have also reported that patients taking
more than one drug are at a higher risk of
experiencing CADRs.”

Interacting diseases should also be taken into
consideration. It has been reported that EM and
SJS are mostly triggered by infectious agents in
children.”® In our group of 28 SJS cases 8 of them
were reactive for M. pneumoniae IgM, 3 were
positive to herpes simplex virus type 1 (HSV-1), 2
were positive to Epstein-Barr virus (EBV) and 1
to methicillin resistant Saphylococcus aureus
(MRSA). In our severe and non-severe rash
groups throat infection due to Streptococcus was
the most common infective disease interacting
with the suspected drug. Since the mechanisms of
drug-disease  interactions  require  further
investigation, unnecessary  prescription  of
antibiotics for vira illnesses in children should be
avoided.>

Asthmatic patients are also at higher risk of
hypersensitivity reactions as well as patients with
dlergies (i.ee drug alergies, food or
environmenta allergies) or whose parents have a
true drug alergy.”** Only 8% of the CADR cases
in our study occurred in asthmatic patients, but
alergies seemed to be an important factor
associated with certain CADRs. Our findings
show that 35% of anaphylaxis cases; 57% of EM
cases; 18% of SIS cases; and 34% of non-severe
rashes occurred in patients with documented
alergies or family history of alergies. This
potential risk factor remains to be explored in
further studies.

Among other factors that may increase the
risk of CADRs, female gender has been one
recent controversy. Females within all age groups
are at higher risk for ADRs in general but no
single risk factor has been identified.*"%** Bighy
and cols. reported a 35% higher rate of CADRs
among female than male hospitalized patients.™
Naldi et a. aso reported a remarkable
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preponderance  of femaes with CADRs
(female/male ratio of 1.58) from spontaneous
reportsin Italy.® In their study, groups of children
aged under 10 years did not show this
phenomenon (female/male ratio of 0.9). Antibiotic
rashes in children were found to be more common
in girls than in boys older than 9 years old.* Our
study shows dlight differences in gender for the
severe (female/male ratio of 1.3) but not for the
non-severe (female/male ratio of 1.0) CADR
cases. Particularly, in the anaphylaxis, EM and
other severe CADRSs groups these differences
were more evident.

We have also found that children (2 to 12
years old) had the majority of the CADRs. Age
has been suggested as a risk factor associated with
CADRs, but a careful correlation needs to be
determined. Factors such as medication use and
incidence of certain infections (i.e. bacterial and
viral) in certain age groups may confound a
possible association. Khoo and Giam found a
mean age of 5.7 years in their study of drug
eruptions in children.* Hypersensitivity reactions
and drug eruptions (i.e. morbiliform eruptions,
fixed drug eruptions or SSLR) may appear at any
age but are rare in infants under 6 months of
age.®® The fact that our study included a high
number of children with cancer, most of them
with ALL, may have dso influenced the
prevalence of CADRs in children older than 2
years since the incidence of ALL is greater in
children 1 to 5 and 7 years old® A clear
correlation between gender and age and the risk of
developing ADRs, specifically CADRs, remains
to be established.

Research on ethnicity and genetic
predisposing factors for CADRs may provide new
insights for the prompt identification of patients at
risk and the optimization of management and
prevention. It has been suggested that the ultimate
determinant of success of genetic studies is the
identification and careful phenotyping of patients
with CADRs.*® The CPNDS study has enrolled
Canadian paediatric patients with a high degree of
ethnic diversity and information on ancestry was
collected. The vast mgjority of our CADR cases
were from European ancestry under the
assumption that the group described as “Canadian’
is most likely to be composed of individuals of
European origin. This assumption has been
supported by a study from our network on
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principal component analysis applied to the
detection and correction for genetic ancestry
differences in a sample of CPNDS patients.”’
Hypersensitivity reactions to drugs like abacavir
and carbamazepine have shown to be influenced
by ethnicity.®*® However, data on self-reported
ancestry obtained from patients needs to be
complemented with a validated test to determine
the patients” real ancestry if pharmacogenomics
studies on CADRs are to be peformed and
provide evidence for association between a
particular genotype and a certain ancestry.®® For
the CPNDS project, the detailed characterization
of our patients including their reported ethnicity,
is particularly important in order to help the
network in deciding on future target drug-ADR
associations. In  addition, such  patient
characterization may be useful in recruiting patients
of a specific ethnic group to correct for population
dratification in our future pharmacogenomics
studies.

Pharmacovigilance agorithms have not
shown to be accurate for the diagnosis of drug
hypersensitivity reactions®, and our study also
showed discrepancies after assessing all CADR
cases with 2 different algorithms. While using the
WHO causdlity agorithm 63% of the reports were
probable and 31% possible. The agorithm of
Naranjo resulted in 49% of the reports being
probable and 47% were rated as possible. Lack of
information in reports is the main problem when
scoring causality through these algorithms but our
study found the vast majority of the reports had a
quality grade of 5. This implies that all the
information needed to assess imputability was
available. We also obtained details on the
outcome of the CADR for all our cases, and our
active surveillance approach has alowed us to ask
surveillance clinicians at each hospital site to
update any missing information from patients’
charts into the CPNDS database. We are
proactively enrolling drug-matched control groups
for further risk factor association studies i.e.
genetic predisposing factors. Limitations of our
study rely on the nature of the CADR case
descriptions in patients” charts, which sometimes
do not contain al the details of the ADR. There
are instances where non-severe CADRs are not
assessed by dermatologists or clinics when they
occur either within the community or in the
hospita setting. The consequence of thisisthat no
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forma diagnosis is provided and their
documentation may be anecdotal and inaccurate.
The challenge remains for clinics and hospital
institutions to better document CADRs and our
network can serve as a promoter for such
optimization.

CONCLUSIONS

We have demonstrated the ability to
comprehensively collect, in a short time frame,
clinical data on a wide range of severe and non-
severe CADRs to a wide variety of drugs used in
the care of children. Our study provides additional
rea world evidence to promote the proactive
detection, collection, reporting and assessment of
CADRs in children. After this epidemiologic
analysis, we anticipate that our future genetic and
follow-up studies will provide us with many new
insights into the pharmacogenomics,
pathophysiology and determinants of drug-
induced CADRs.
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