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Background: Optimal drug therapy in children relies on the availability of pediatric-specific information. We aimed to describe the
current status of pediatric pharmacotherapy data in monographs of new drugs approved by Health Canada.

Methods: In this descriptive analysis, we reviewed the quality and quantity of monographs of new drugs approved by Health Can-
ada between Jan. 1, 2007, and Dec. 31, 2016. We excluded drugs withdrawn from the Canadian market and drugs with primary
indications irrelevant to pediatrics. We determined the percentage of included drug monographs that listed pediatric-specific

information.

Results: During this study period, Health Canada approved 281 drugs, 270 of which met our inclusion criteria. Pediatric-specific
information and indication were present in 127 (47.1%) and 75 (27.8%) of the drug monographs, respectively. Of all pediatric age
groups, neonates had the lowest number of indications listed in the product monographs (7, 2.6%). Only 9 (60%) oral drugs indicated
for children 6 years of age or younger were available in child-friendly, age-appropriate dosage forms.

Interpretation: Most of the new drugs approved by Health Canada do not contain pediatric or neonatal indications in their product
monographs, and therefore, are used “off-label.” Regulatory mechanisms are required to promote both neonatal and pediatric drug
development and submission of available pediatric data by manufacturers to Health Canada.

ptimizing pharmacotherapy in children has been

the goal of many American and European legislative

initiatives. These initiatives have been introduced to
mandate or incentivize pharmaceutical companies to con-
duct pediatric drug studies and provide equally rigorous
therapeutic information for children as for adults.!”

In the United States, the Best Pharmaceuticals for Children
Act (BPCA; 2002) and the Pediatric Research Equity Act (PREA;
2003) are some of the acts that encourage pediatric drug
development. The Food and Drug Administration Safery and
Innovation Act (2012) made the BPCA and PREA into law,
including amendments such as a requirement for submission
of pediatric study plans by pharmaceutical companies. More
recently, in 2017, the Food and Drug Administration Reauthori-
zation Act was signed into law to facilitate the development of
drugs and devices for pediatric populations.* In the European
Union, the Pediatric Regulation came into force in 2007, and
aimed to stimulate the development of pediatric medicines.™®
These regulatory initiatives have resulted in pediatric drug tri-
als, with subsequent labelling changes providing additional
pediatric data.’
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In Canada, the only legislative initiative to include chil-
dren in drug development, the Pediatric Extension, was
implemented in 2006.% This regulation applies only to inno-
vative drugs, and grants a 6-month extension to the 8-year
period of market exclusivity to manufacturers upon the provi-
sion of pediatric pharmacotherapy evidence within the first 5
years of drug approval.® This increasing gap in regard to
pediatric pharmacotherapy legislative frameworks developed
in Canada, as compared with jurisdictions like the US and
Europe,”! can potentially impede the availability of evidence-
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based drug therapy for Canadian children.”!* Our aim was to
characterize the current availability of pediatric-specific data
in Canadian monographs of new drugs approved between
2007 and 2016.

Setting and design

This study was a descriptive analysis of publicly available
pediatric-specific information in recently approved Canadian
drug monographs.

Data sources

We identified new active substances (NASs) approved by
Health Canada between Jan. 1, 2007, and Dec. 31, 2016,
using the Annual Drug Submission Performance reports
(accessed from Health Canada upon e-mail request). New
active substances represent new chemicals or biological sub-
stances that have not been approved previously for sale as a
drug in Canada. We excluded NASs that were withdrawn
from the Canadian market or were irrelevant to pediatric
pharmacotherapy (Appendix 1, available at www.cmajopen.
ca/content/8/3/E522/suppl/DC1). Oncology drugs were
deemed irrelevant to pediatric pharmacotherapy if their
molecular targets were listed in the US Food and Drug
Administration (FDA)’s Pediatric Molecular Target List as
irrelevant to pediatrics'? (Appendix 2, available at www.
cmajopen.ca/content/8/3/E522/suppl/DC1). For nononcology
drugs, we excluded those that were indicated for adult-specific
conditions (Appendix 1).

Data collection

The most recent versions of drug monographs were obtained
from Health Canada’s Drug Product Database.!? We
reviewed each monograph for the availability and quality of
pediatric-specific clinical and dosing information, specifically
the presence of pediatric indications, dosing, safety, pharma-
cokinetic data and the availability of child-friendly oral dosage
forms (Appendix 3, available at www.cmajopen.ca/content
/8/3/E522/suppl/DC1). Pediatric, term and preterm neonatal
indications were defined as an approved use in populations
17 years of age or younger, 27 or fewer days of life, and less
than 37 weeks of gestation, respectively, in accordance with
Health Canada’s pediatric population age cut-off.!*> We
defined pediatric information as the presence of any data per-
taining to the use of a particular medication in children, and
we defined safety information as pediatric-specific warnings,
contraindications or adverse effects.

Drug formulations included those specifically designed
for pediatric use, such as oral liquids, granules, mini-tablets,
dispersible tablets or chewable tablets, as these formulations
better enable age-appropriate oral drug delivery.'® This defi-
nition excludes tablets and capsules that pediatric popula-
tions may be unable to swallow.

We classified drugs into 19 therapeutic categories accord-
ing to their primary indication and mechanism of action."”
For monographs that included pediatric data, we recorded
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the study type, design and population from the data source
(e.g., published study).

Two authors (A.P. and P.R.) and 2 independent reviewers
extracted the data and entered the information into a RED-
Cap database. To ensure accuracy of the collected data, the
first 10 drugs reviewed by each abstractor (z = 40) and a ran-
dom sample (10%) of all remaining drugs (z = 23) were
reviewed, and modified if necessary, by an independent
reviewer and the most senior reviewer (P.R.). Discrepancies
were discussed among 2 authors (S.S.-Z. and P.R.) undl a
consensus was obtained.

Statistical analysis

We used counts with percentages and means with standard
deviations to report the characteristics of the included NASs.
We calculated the percentage of NASs with pediatric indica-
tions and the associated confidence intervals. We used the
Cochran—Armitage test for trend to assess the differences in
the percentage of NASs with a pediatric indication by age
group and by year of approval. We reported data for all NASs
and for the subgroups of nonbiologic and biologic drugs. We
used R Version 3.6.0 (R Foundation for Statistical Comput-
ing) to perform the analysis and p < 0.05 as the criterion for
statistical significance.

Ethics approval
Ethics approval was not required for this study as all data col-
lected are publicly available and not patient-specific.

Health Canada approved a total of 281 new drugs between
2007 and 2016. We included 270 of these drugs, excluding 2
with the same medicinal ingredient (nitisinone), 4 that were
withdrawn from the Canadian market (ezogabine, sitaxsentan,
daclizumab and idebenone) and 5 that were irrelevant to pedi-
atric pharmacotherapy (degarelix, a gonadotropin-releasing
hormone receptor antagonist; abiraterone and enzalutamide,
androgen biosynthesis inhibitors; rivastigmine for Alzheimer
disease; and bazedoxifene-conjugated estrogens for vasomotor
symptoms associated with menopause). The years with the
lowest and highest number of approvals were 2008 and 2013,
with 16 and 39 drug approvals, respectively. Duplicated data
collection for the random sample completed by an indepen-
dent reviewer and author (P.R.) had a discrepancy rate of 4%.

Of all monographs, 265 (98.0%) listed an adult indication.
The 5 monographs with only pediatric indications were 3 bio-
logical products (10-valent adsorbed pneumococcal conjugate
vaccine, meningococcal group B vaccines [Neisseria menin-
gitidis group B NZ98/254 strain, recombinant Neisseria menin-
gitidis group B NHBA fusion protein, recombinant Neisseria
meningitidis group B NadA protein or recombinant Neisseria
meningitidis group B fHBP fusion protein], an oral vaccine
(human rotavirus RIX4414 strain) and 1 drug for the treatment
of attention-deficivhyperactivity disorder (guanfacine).

Table 1 lists the NASs categorized in 19 therapeutic
classes. The classes with the greatest number of drugs were
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oncology (57, 21.2%), infectious disease (39, 14.3%) and
hematology (26, 9.5%). The routes of administration were
oral (138, 51.2%), intravenous (107, 39.5%) and topical (23,
8.6%). At the time of data abstraction, 248 (91.9%) NAS
monographs had been revised since the original approval of
the drug, with most (223, 82.6%) being revised between
2016 and 2018.

Pediatric information, including pediatric-specific indica-
tions, dosing or safety information, was available in 127
(47.1%) drug monographs. Pediatric indications were listed
in 75 (27.8%) monographs. The 4 therapeutic classes with
the highest number of drugs with pediatric indications were
infectious disease (18 of 39, 46.2%), hematology (11 of 26,
42.3%), allergy or immunology (10 of 17, 58.7%) and endo-
crine or metabolic (10 of 24, 41.5%). None of the drugs in
anesthesia or analgesia, dermatology, urology or toxicology
had pediatric indications (Table 1).

Across all therapeutic classes, pediatric dosing informa-
tion, when present, was most often available for the adoles-
cent age group (12-17 yr). No pediatric indications were
included in the monographs of drugs approved for critical

conditions such as pulmonary arterial hypertension, diabe-
tes, hepatitis C and invasive systemic infections (Table 2).
All 127 monographs with pediatric indications provided
pediatric dosing recommendations; however, most of the
pediatric indications and dosing information pertained to
the adolescent age group (12-17 yr; 68 of 75, 90.5%) and
decreased by age, with only 6 of 75 (8.0%) and 1 of 75
(1.4%) monographs providing indication and dosing recom-
mendations for term and preterm infants, respectively (Fig-
ure 1). Of 31 drugs formulated for oral use in pediatric pop-
ulations, 15 drugs were indicated for children 6 years of age
or younger. We found that only 9 of these 15 drugs (60.0%)
were available in a child-friendly oral dosage form.
Pediatric-specific safety information was included in 98
(36.3%) drug monographs. Specifically, pediatric-specific
adverse effects, warnings and contraindications were present in
74 (27.3%), 63 (23.4%) and 14 (5.0%) monographs, respec-
tively. The source of pediatric information was from studies
in exclusively pediatric populations (71, 55.9%), mixed pedi-
atric and adult populations (35, 27.6%), animals (13, 10.3%)
and studies on different drugs in the same class (7, 5.6%). In

Table 1: Pediatric-specific indication and child-friendly, age-appropriate oral dosage forms for new drugs, by therapeutic drug class
No. (%) of NASs
Pediatric Nonbiologics
Approved indication approved, Pediatric indication Child-friendly oral
Therapeutic class n=270 (all)* n=198 (nonbiologic)t dosage formt
Oncology 57 (21.1) 4/57(7.0) 39 (19.6) 1/39 (2.4) 0
Infectious disease 39 (14.4) 18/39 (46.1) 33 (16.6) 12/33 (36.2) 3/21 (14.2)
Hematology 26 (9.6) 11/26 (42.3) 12 (6.0) 2/12 (16.5) 1/10 (10.0)
Endocrine or metabolic 24 (8.8) 10/24 (41.6) 16 (8.0) 4/16 (25.0) 3/13 (23.0)
Cardiology 20(7.4) 3/20 (15.0) 17 (8.4) 2/17 (11.6) 1/15 (6.6)
Allergy or immunology 17 (6.2) 10/17 (58.8) 4 (2.0) 1/4 (25.0) 1/3 (33.3)
Neurology 15 (5.6) 4/15 (26.6) 14 (7.0) 4/14 (28.9) 3/10 (30.0)
Pulmonology 15 (5.6) 5/15 (33.3) 13 (6.4) 5/13 (38.3) 1/6 (16.6)
Gastrointestinal 12 (4.4) 3/12 (25.0) 11 (5.6) 2/11 (18.2) 1/8 (12.5)
Ophthalmology 10 (3.7) 2/10 (20.0) 8 (4.0) 2/8 (25.0) 0
Psychiatry 10 (3.7) 2/10 (20.0) 10 (5.0) 2/10 (20.0) 0
Rheumatology 8(2.9) 1/8 (12.5) 4 (2.0) 0 0
Obstetrics or gynecology 5(1.8) 1/3 (33.3) 3(1.5) 1/3 (33.4) 0
Anesthesia or analgesia 3(1.1) 0 3 (1.5) 0 0
Dermatology 3(1.1) 0 3(1.5) 0 0
Diagnostic imaging 3(1.1) 1/3 (33.4) 3(1.5) 1/3 (33.4) 0
Urology 3(1.1) 0 3(1.5) 0 0
Nephrology 2(0.7) 1/2 (50.0) 2 (1.0) 1/2 (50.0) 1/2 (50.0)
Toxicology 0 0 0 0 0
Total 270 75 198 40 15
Note: NAS = new active substance.
*Percentage expressed of all NAS in therapeutic class.
tPercentage expressed of all nonbiologic NAS in therapeutic class.
tPercentage expressed of all drugs which were available in oral dosage forms.
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Table 2: Availability of pediatric information in drug monographs by therapeutic class and indications

Monographs presenting pediatric indications, by age group

Therapeutic 12-17 6-11 2-5 28 d- Age not Indications of drugs approved for adults with

class yr yr yr 1yr Neonates Preterm specified Total no pediatric information*

Allergy or 8 7 7 4 0 0 1 10 Crohn disease, plaque psoriasis, seasonal

immunology allergic rhinitis or conjunctivitis, systemic lupus
erythematosus, ulcerative colitis

Anesthesia or 0 0 0 0 0 0 0 0 Intensive care unit sedation, severe pain,

analgesia topical analgesia

Cardiology 2 2 0 0 0 0 0 2 Arrhythmia, atrial fibrillation, dyslipidemia,
familial hypercholesteremia, heart failure,
hypertension, perioperative hypertension,
pulmonary arterial hypertension

Dermatology 0 0 0 0 0 0 0 0 Actinic keratosis, basal cell carcinoma,
eczema, rosacea

Diagnostic 1 1 1 1 1 0 0 1 Hepatic or cardiac vascular imaging

imaging

Endocrine or 10 10 10 8 2 0 0 10 Cushing syndrome, diabetes, lipodystrophy

metabolic

Gastrointestinal 3 2 2 1 1 0 0 3 Chronic idiopathic constipation, cirrhosis,
irritable bowel syndrome, opioid-induced
constipation, nausea or vomiting

Hematology 8 7 7 3 1 0 3 11 Anemia, embolism treatment and
prevention, hemostasis, stroke prevention,
thrombocytopenic purpura, polycythemia
vera

Infectious 17 13 10 7 1 1 0 18 Clostridium difficile infection, hepatitis C,

disease human immunodeficiency virus, intra-
abdominal infections, invasive systemic fungal
infections, methicillin-resistant Staphylococcus
aureus infections, onychomycosis, pneumonia,
skin infections

Nephrology 1 1 0 0 0 0 1 Hyponatremia

Neurology 3 2 2 1 4 Parkinson disease, dementia, partial-onset
seizures, restless leg syndrome, relapsing
remitting multiple sclerosis, reversal of
neuromuscular blockade

Obstetrics or 1 0 0 0 0 0 0 1 Uterine fibroids, vasomotor symptoms

gynecology associated with menopause

Oncology 4 4 3 2 0 0 1 4 Acute lymphoblastic leukemia, breast cancer,
Castleman disease, chronic lymphocytic
leukemia, chronic myelogenous leukemia,
colorectal cancer, gastric cancer,
hepatocellular carcinoma, leukemia,
lymphoma, melanoma, multiple myeloma,
non-small cell lung carcinoma, ovarian
cancer, renal cell carcinoma, soft tissue
sarcoma, prostate cancer

Ophthalmology 2 2 2 1 0 0 0 2 Actinic keratosis, age-related macular
degeneration, ocular pain, open angle
glaucoma, postoperative inflammation

Psychiatry 2 0 0 0 0 0 0 2 Anxiety, maintenance of alcohol abstinence,
antipsychotics, major depressive disorder

Pulmonology 5 3 2 0 0 0 0 5 Chronic obstructive pulmonary disease,
chronic bronchitis, emphysema, asthma,
idiopathic pulmonary fibrosis

Rheumatology 1 1 1 0 0 0 1 Gout, psoriatic arthritis, rheumatoid arthritis

Urology 0 0 0 0 0 Benign prostatic hyperplasia, overactive
bladder

Total 68 55 47 27 7 1 6 75

*For no. of drug monographs that do not present pediatric indications (per therapeutic class), see Table 1.
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Figure 1: Age-specific pediatric indications for 270 new drugs approved by Health Canada (2007—2016). Note: The percentage of all drugs with
a pediatric indication in each age category are shown. Cochran—Armitage test for trend p < 0.001.

addition, in one drug monograph, pediatric information was
based on studies exclusively in adults.

Of all NASs, 198 (73.4%) were nonbiologics. In this sub-
group of drugs, 83 (42.0%) and 40 (20.1%) monographs con-
tained pediatric information and indications, respectively. The
safety information and child-friendly oral formulations were
similar to the total NASs (32% and 9%, respectively). Avail-
ability of dosing information for different pediatric age groups
also followed the same pattern as the total NASs (Figure 1).
Of the 72 biologic products, 35 (48.7%) included a pediatric
indication in their most recent labelling, 9 (25.8%) of which
were vaccines. The nonvaccine biologic products with pediat-
ric indications belonged to hematology (z = 9), infectious dis-
ease (n = 1), endocrine or metabolic disease (7 = 6), allergy or
immunology (z = 5), oncology (# = 2), cardiology (# = 1), gas-
trointestinal (z = 1) and rheumatology (z = 1) classes.

The annual percentage of drugs with pediatric indications
listed in the most recent drug monographs did not show any
clear pattern of improvement over the 10-year period of the
study (Figure 2).

Our findings show that less than one-third of drugs approved by
Health Canada over a recent 10-year period contain a pediatric
indication in their most recent monographs and less than half
include any pediatric information. Furthermore, when a drug
monograph was found to include a pediatric indication along
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with dosing information, it was most often for the adolescent
age group (1217 yr), leaving out children, infants and neonates.
Our study included new drugs approved after the implementa-
tion of Health Canada’s Pediatric Extension legislation, with
most included drugs having been given between 3 and 5 years to
include pediatric information in their monographs.

We did not observe any clear pattern of improvement over
the study period regarding the presence of pediatric indica-
tions in the newly approved drugs, reflecting either the lack of
pediatric efficacy and safety data or failure of manufacturers to
submit existing pediatric information to Health Canada. Both
possibilities suggest that the market exclusivity incentive alone
may be insufficient in Canada’s small pediatric market and
underline the importance of a Canadian regulatory framework
that promotes availability of pediatric data in monographs.

Aside from a lack of indications, 40% of the drugs with
oral dosage forms that were indicated for children 6 years of
age or younger had unmet needs for pediatric formulations.
The lack of available pediatric formulations leads to manipu-
lation of adult pharmaceutical forms for use in children,
which can cause medication errors as well as safety and tox-
icity problems.'® Child-friendly, age-appropriate drug for-
mulation is an essential part of pediatric pharmacotherapy,
and the new pediatric regulatory environment in the US and
Europe has resulted in a global collaboration to strengthen
its development."”

We observed that despite clear advancement in therapeu-
tic options for critical conditions like psychotic disorders,
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Figure 2: Percentage of new drugs approved by Health Canada with a pediatric indication (2007—2016) for (A) all new drugs (p value for trend
=0.94), (B) nonbiologics (p value for trend = 0.94) and (C) biologics (p value for trend = 0.25). Note: Error bars show the 95% confidence inter-

val. p values from Cochran—Armitage tests for linear trend.

invasive systemic fungal infections, hepatitis C, methicillin-
resistant Staphylococcus aurens infections or pulmonary hyper-
tension for adults, the monographs of only a few of these
newly approved therapies contained pediatric indications
and none had any neonatal information. This finding is con-
cerning as such health conditions are associated with major
morbidity, death and a substantial financial burden on neo-
natal and pediatric health care.?® The lack of information in
monographs pertaining to the neonatal population calls for
action, as critically ill infants admitted to neonatal intensive
care units are exposed to a large number of medications,
most of which do not have safety, efficacy and dosing infor-
mation for this age group.?!?

For almost all drugs with pediatric indications, we found
an overlapping adult indication, reinforcing the available evi-
dence that new drug approvals are mainly driven by adult
standards,'” leaving Canadian children as therapeutic orphans.

We observed that except for 5 drugs, all drugs that were
newly approved during the period of study were either
approved for conditions that could occur in a pediatric popu-
lation or had a molecular target (oncology drugs) substandally
relevant to the progression of a pediatric cancer. As per the
Research to Accelerate Cures and Equity for Children Act in the
US, the pediatric applicability of new molecular entities for
oncology should be reviewed based on their molecular target
rather than the pediatric relevance of their adult indication, as
this can accelerate pediatric oncology drug development.?**
Since the first pediatric drug development regulatory ini-
tiative was enacted by the US FDA in 1997, more than 1200
pediatric studies have been submitted to the FDA, and 700
drug labels have been revised.” The extent to which these data
have been translated to Health Canada’s approved drug
monographs is unknown. There is evidence for a systematic
delay of up to 2 years in submission of new drugs to Health
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Canada compared with regulatory authorities in the US and
Europe.!! The delay in submission of pediatric trial data by
pharmaceutical companies means these data are not readily
accessible in Canada. Furthermore, given the observed pau-
city of pediatric indications in our studied drugs, it is unclear
to what degree the available pediatric information ultimately
reaches the Canadian drug monographs. This delay in the
new drug submission is largely a result of Canada’s small mar-
ket share.!' Authorizing Health Canada to proactively man-
date the submission of pediatric data from manufacturers,
combined with incentives, may rectify this situation.

The past 20 years have shown the clear advancement of
pediatric drug development worldwide.? Regulatory authori-
ties in the US and Europe and the pharmaceutical industry
collaborate closely to ensure appropriate assessment of drug
safety and efficacy in children across all age groups.” The
American and European governmental initiatives, which man-
date and monitor pediatric medicine research, can provide a
useful framework for Canadian legislators.” As the drug
approval process in Canada is primarily industry driven, regu-
latory mandates for pediatric drug development should come
into force to increase the data contained in regulatory submis-
sions when use in children is expected."”

Limitations

A limitation of this study is the potential for errors in data
extraction and coding. We analyzed only the pediatric data
included in the most recent drug monograph, not at the time
of initial approval. However, this provided us with the most
current information available for Canadian children. Lastly,
our study reviewed the availability of pediatric information
specifically in drug monographs and did not review existing
Canadian or global pediatric trial data. A comparison of trial
data with that available in Canadian drug monographs would
offer a valuable perspective.

Conclusion

Newly approved drugs in Canada lack important pediatric
information, perpetuating “off-label” use in this vulnerable
population. To provide Canadian children with safe and effec-
tive drug therapy, regulatory mechanisms are needed to
ensure submission of pediatric data by manufacturers when
use in children is anticipated. Such regulations will help pro-
mote pediatric drug studies and enhance the inclusion of
existing pediatric information in Canadian drug monographs,
all of which will contribute to optimal pediatric pharmaco-
therapy in Canadian children.
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