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Healthcare

approved product information (PI) on
prescription medicines. Unfortunately,
both in Australia1 and overseas,2-4 many
PIs lack information concerning use in
children. This is not a new issue.
Indeed, it was more than 30 years ago

to determin
the availab

Methods: 
of Medical 
categorised
patients we
MJA Vol 179 18 August 2003
ABSTRACT
Objectives:  To review the approved product information (PI) of prescription medicines 

e the extent and nature of information available on paediatric dosing and 
ility of paediatric dosage formulations in Australia.

 The PIs for all prescription medicines listed in the Australian Monthly Index 
Specialties (MIMS) were reviewed. Dosing information for each PI was 
 according to age groupings. PIs claiming suitability for use in paediatric 
re reviewed for information on the availability of paediatric dosage forms.

Main outcome measures:  Proportion of PIs providing paediatric dosing information; 
availability of dosage forms suitable for children.

Results:  A total of 1497 PIs were reviewed. The proportions, for each age group, 
of PIs with inadequate paediatric dosing information were: < 1 month (80.5%), 1–3 
months (79.1%), 3 months–2 years (77.5%), 2–6 years (73.2%), and 6–12 years 
(71.6%). The proportions, for each age group, of PIs that gave specific paediatric 
dosing information but did not provide a paediatric dosage form were: < 1 month 
(26.5%), 1–3 months (25.1%), 3 months–2 years (23.3%), 2–6 years (21.9%), and 
6–12 years (24.0%).

Conclusions:  The PIs for many prescription products listed in MIMS do not 
adequately detail paediatric doses. Many medicines for which specific paediatric 
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dosing information is given are not available in dosage forms appropriate for children.
IN AUSTRALIA, sources such as the
Monthly Index of Medical Specialties
(MIMS) are commonly consulted for

that Shirkey first referred to paediatric
patients as “therapeutic orphans”,5

highlighting the widespread use of dis-
claimers and absence of guidance
regarding drug use in children.

Dose information is of utmost impor-
tance in treating children, who have
differing pharmacokinetic and pharma-
codynamic profiles.6 In Australia, an
audit of the 1994 MIMS showed that
PIs for 72% of prescription medicines
either provided no information about
paediatric use or contained a partial or
general disclaimer about use in chil-
dren.1 Methodological details for this
audit are scant, and no formal studies in
Australia have quantified the amount
and type of paediatric dosing informa-
tion provided in PIs.

In addition to dose information, clini-
cians require medicines to be in forms
that are suitable for administering to
children of different ages. For some
medicines, although paediatric dosing
information is provided, there is no
commercially available paediatric dos-
age formulation.7,8 The proportion of
medicines in this category is unknown.

Using MIMS drug references, we
investigated the extent to which infor-
mation is currently available on paediat-
r i c  dosing ,  the nature of  th is
information, and the availability of pae-
diatric dosage forms in Australia.

METHODS
We reviewed the PIs for all prescription
medicines contained in the 1999 Aus-
tralian MIMS annual9 for information
on paediatric use. We defined paediatric
patients as children less than 12 years of
age.6 To bring the 1999 data up to date,
we used cumulative lists from MIMS
bimonthly issues (December 1998/Jan-
uary 1999 to August/September 2001)
to identify new products, revised PIs,
deleted and reinstated products and
presentations, and scheduling changes.
New or revised PIs were reviewed using
E-MIMS.10

Age groups

In collecting data on dosing informa-
tion, we initially chose age groups based
on physiological characteristics: neonate
(< 1 month), infant (1 month to < 2
years), child (2 years to < 12 years),
adolescent (12 years to < 18 years) and
adult (> 18 years).11 We later subdi-
vided the infant group (1 month to < 3
months, 3 months to < 2 years) and the
child group (2 years to < 6 years, 6 years
to < 12 years), as dosing information
contained in MIMS was often catego-
rised in this manner.

Categories of dosing information

Dosing information within the PI was
assigned to one of six categories (Box 1)
for each age group. Dosing information
for a specific age group was considered
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“inadequate” if there was no suggestion
for use of the product in the age group;
disclaimers such as “safety and efficacy
not established” were given; the product
was not approved for use in the age
group; dosing recommendations were
non-specific or incomplete; or usage in
the age group was suggested but no
dosing information was given.

When dosing information did not fit
exactly into the age group, allocation
was made to the next closest age group.
For example, the PI for Codalgin Forte
tablets provides specific dosing informa-
tion for patients � 7 years. In this case,
specific dosing information was allo-
cated to patients aged 12–18 years and
� 18 years. Where generic equivalent
products were available and the PIs of
such products were incomplete, the PI
from the innovator brand was referred
to for information on paediatric dosing.

Paediatric dosage forms

PIs that mentioned use in children were
reviewed for the availability of paediat-
ric dosage forms. Dosage forms consid-
ered suitable for paediatric use were
liquid preparations (eg, suspensions,
elixirs, drops), dispersible tablets, injec-
tion solutions/powders, creams/oint-
ments/lotions, nasal solutions and
drops, inhalation devices and solutions,

1: Categories used to allocate type of

1. Product can be used:
➤ specific* dosing information present for one
➤ complete† dosing information present for on

2. Product can be used:
➤ non-specific‡ dosing information present for
➤ incomplete§ dosing information present for 
➤ use in age group suggested but no dosing 

3. PI states or implies that safety and effectivene
(eg, “not recommended for use”, “limited expe

4. No suggestion that product can be used in ag

5. PI states product not approved for use in age 

6. PI states product contraindicated for use in ag

PI = product information.
* Criteria used for paediatric patients: dose (expressed i
and dosing schedule present. Also allocate this catego
creams, ointments, lotions, nasal solution or drops, inha
eyedrops and ointments, scalp application, rectal prepa
formulas); or (b) medicines with stat dose(s) (eg, as pa
antivenoms).
† Criteria used for adults: dose¶ and dosing schedule p
‡ Criteria used for paediatric patients: dose not express
as dose/weight or dose/BSA) provided but no dosing s
§ Criteria used for adults: dose¶ provided but no dosing
¶ (Dose does not need to be expressed as dose/weigh
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eardrops and ointments, eyedrops and
ointments, scalp applications, rectal
preparations (eg, suppositories), and
powders (eg, powders for reconstitu-
tion, nutritional powders). Criteria used
to judge the suitability of a formulation
for paediatric use were that no dilution
was necessary and that strength
matched dosing instructions.

Independent validation

An independent researcher validated
our categorisation system by reviewing a
random sample of 100 PIs using the
method  desc r ibed  a bove .  T he
researcher was blinded to the original
categorisation. Generation of the ran-
dom sample for validation was under-
taken using MINITAB software.12

Descriptive statistical analysis was car-
ried out using Systat software.13

RESULTS

A total of 1497 PIs from 21 therapeutic
classes were reviewed. About 12%
(181) of PIs contained dosing informa-
tion that did not fit exactly into our
defined age groups and thus had to be
allocated to the next closest age group.
These PIs were included in our data
analysis.

 dosing information

 or more indications; or
e or more indications.

 one or more indications; or
one or more indications; or
information provided.

ss of product not established 
rience with use”).

e group.

group.

e group.

n dose/weight and/or dose/body surface area [BSA]) 
ry if dose¶ and dosing schedule present for: (a) 
lation devices or solutions, eardrops and ointments, 
rations (eg, suppositories), powders (eg, nutritional 

rt of immunisation schedule; some antidotes; some 

resent.
ed as dose/weight or dose/BSA, or dose (expressed 
chedule, or vice versa.
 schedule, or vice versa.
t or dose/BSA.)
Inconsistencies in dosing information 
between generic equivalent products

Of the 133 medicines with generic equiv-
alent products, there were inconsisten-
cies in dosing information for 12.8%
(17) of medicines. For example, paediat-
ric dosing information was given for only
four of the five brands of frusemide
40 mg tablets, although all five brands
are bioequivalent.14 Other medicines
with inconsistent dosing information
included amitriptyline, clonazepam, clo-
miphene, phenoxymethylpenicillin,
amoxycillin, cephalexin and tamoxifen.
The PIs for medicines with inconsisten-
cies in dosing information were included
in our data analysis.

Type and extent of dosing information 
for all age groups

Box 2 shows the type and extent of
dosing information available for different
age groups. About 18% of PIs contained
specific dosing information for neonates,
and the proportion of PIs giving this
information rose gradually with age
group to around 27% in children aged 6–
12 years. There was then a marked jump
in the amount of specific dosing informa-
tion available for adolescents (90.5% of
PIs) and adults (97.3% of PIs).

About 0.5% of PIs contraindicated
the use of a medicine in adults, and
2.2% provided inadequate dosing infor-
mation for adults.

For products not contraindicated for
use in neonates, 80.5% of PIs gave
inadequate dosing information. The
proportion of PIs with inadequate dos-
ing information decreased with increase
in age group: 1–3 months (79.1%); 3
months–2 years (77.5%); 2–6 years
(73.2%); and 6–12 years (71.6%).

Therapeutic class and specific dosing 
information

The most frequently reviewed therapeutic
class was medicines for the cardiovascular
system, with about 11% of PIs giving
specific dosing information for paediatric
patients. The therapeutic classes that con-
tained the highest number of PIs with
specific paediatric dosing information
were medicines for immunology (37%–
68% of PIs) and infections/infestations
(35%–52%) (Box 3).
MJA Vol 179 18 August 2003
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Paediatric dosage forms

A substantial proportion of PIs that gave
specific dosing information for paediatric
patients did not have a paediatric dosage
form for the medicine (age group [%
without a paediatric dosage form]): <1
month (26.5%); 1–3 months (25.1%);
3months–2 years (23.3%); 2–6 years
(21.9%); and 6–12 years (24.0%).

The availability of paediatric dosage
forms for medicines varied according to
therapeutic class. Among the 11% of PIs
for cardiovascular system medicines that
provided specific paediatric dosing rec-
ommendations, over 40% did not have
appropriate dosage forms (Box 4). In the
case of propranolol, for example, specific
dosing information was given for treating
children, but only tablets were available.
For the immunology class medicines, a
relatively small proportion of PIs (4.7%–
8.6%) with specific paediatric dosing
information were without a suitable pae-
diatric dosage form (Box 4). Medicines in
this class that were not available in paedi-
atric dosage forms included Typh-Vax
(available only as capsules) and three
generic equivalents of azathioprine (avail-
able only as tablets).

Validation of categorisation system

Of the 100 PIs randomly chosen for
validation, complete agreement in cate-
gorisation occurred for 92% of PIs
(95% CI, 84.8%–96.5%).

DISCUSSION

Our study showed that up to 81% of PIs
for medicines that are available in Aus-
tralia and not contraindicated for use in
children give inadequate paediatric dos-
ing information. This figure is compara-
ble to those found in US studies (78%–
81%),2,3 but slightly higher than the
72% estimated by the Australian Drug
Evaluation Committee.1 Our study
shows that there has been little improve-
ment in dosing information for children
since Shirkey first coined the term
“therapeutic orphan”.5

The lack of adequate paediatric dos-
ing information is not evenly spread
across therapeutic classes: for example,
although cardiovascular system medi-
cines were the most frequently reviewed
therapeutic class, only 11% of PIs for
MJA Vol 179 18 August 2003
these medicines contained specific pae-
diatric dosing information. Paediatric
information was also very inadequate
for medicines relating to the central
nervous system and endocrine disor-
ders. Of the most commonly reviewed
therapeutic classes, medicines for
immunology and infections/infestations
had the highest proportion of PIs with
specific paediatric dosing information
— a not unexpected finding, given that
vaccines and antibiotics are frequently
prescribed for children.

2: Type and extent of dosing informat
prescription medicines, by age grou

PI = product information.
* Products contraindicated for use in adults include pali
range of diphtheria/pertussis/tetanus products. Medicin
adults, imply lack of safety and effectiveness for use, pr
in adults but do not provide dosing information include 
vaccines for Haemophilus influenzae type b, some vacc
therapy for neonatal respiratory distress syndrome, and
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The reasons for the continued lack of
dosing information for children are
unclear. This issue has been previously
raised in Australia, most recently in a
1997 report of an Australian Drug
Evaluation Committee working party.1

Companies seeking registration of
medicines do not regard drug testing in
children as an attractive, viable or prof-
itable option,15 presumably because a
plethora of ethical and logistical dilem-
mas is associated with clinical studies
in children. Can invasive monitoring

ion available in MIMS 9 for 1497 
p*

vizumab injection and ribavirin inhalation, and a 
es with PIs that do not suggest use of the product in 
ovide incomplete dosing information, or suggest use 
medicines used exclusively in children, such as 
ines for diphtheria/pertussis/tetanus, surfactant 

 therapy to close a patent ductus arteriosus.

Specific/complete dose information

Non-specific/incomplete dose
information/suggests use in age group
but no dosing information provided

Safety and efficacy not established

Contraindicated for use in age group

No suggestion for use in age group

Not approved for use in age group

� 18 y

Type of dosing information
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techniques that are of no direct benefit
to the child’s current therapy really be
justified? How many children with “the
illness” need to be recruited to produce
the required endpoint? What about
adherence? And costs?

Inconsistencies in dosing information
between generic equivalent products
occurred in about 13% of medicines.
Given that PIs are frequently used by
clinicians for drug information, this
presents a major problem, as inconsist-
ent information could have a direct
impact on patient treatment.

A medicine with dosing information
for paediatric patients should be availa-
ble in a suitable paediatric formula-
tion.16 Our study revealed numerous
instances in which this was not the case
and also showed that the absence of
paediatric dosage forms is not evenly
distributed across therapeutic classes. It
is alarming that 22%–27% of medicines
for which specific paediatric dosing
information is given are not available in
a paediatric dosage form. The absence
of paediatric dosage forms may lead to
problems such as higher rates of medi-
cation errors resulting from dilution of
adult dosage forms and lack of stability
associated with liquid formulations that
are prepared by pharmacists from solid-
dose forms.

There have been attempts to rectify
the lack of paediatric drug information
and dosage forms. Legislative changes
in the United States have included the

4: Proportion of PIs for medicines with
specifying paediatric dosing inform
reviewed therapeutic classes and p

PI = product information.
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FDA Modernisation Act, the “Pediat-
ric Rule”, and the Best Pharmaceuti-
cals for Children Act. In Europe, the
European Medicines Evaluation
Agency published its Note for guidance
on clinical investigation of medicinal prod-
ucts in the paediatric population17 to
encourage the pharmaceutical industry
to perform appropriate testing of prod-
ucts likely to be of benefit to children.
The Therapeutic Goods Administra-
tion (TGA) in Australia has adopted
these guidelines, as well as a number of
other mechanisms such as monetary
incentives, priority attention to sub-
missions, and allowing the use of pub-
lished literature to support submissions
to the TGA (www.health.gov.au/tga/
docs/pdf/litbsubs.pdf) to encourage
greater submission of data on paediat-
ric patients.18

Regulatory authorities need to intro-
duce a mandatory requirement that all
medicines with a potential use in chil-
dren have paediatric dosing information
and are available in appropriate dosage
forms. Strong strategic partnerships are
needed between the pharmaceutical
industry, regulatory authorities, aca-
demic institutions and practitioners to
bring about the necessary changes.15,19

The support of consumers will also be
critical.19 It will be important to assess
the impact of these initiatives in a few
years’ time. Until then, it is likely that
paediatric patients will continue to be
“therapeutic orphans”.
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