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Background

Legislation in the European Union (EU) and the United States (US) promoting the development of
paediatric medicines has contributed to new treatments for children. This study explores how such
legislation responds to paediatric health needs in different country settings and globally, and whether
it should be considered for a wider implementation.

Methods

195 medicines developed under paediatric legislation in the EU and US were sampled from publicly
available regulatory databases. Of these, 187 medicines could be systematically mapped to the burden
of the target disease for six study countries (Australia, Brazil, Canada, Kenya, Russia, South Africa) and
globally, using Disability Adjusted Life Years (DALYs). In addition, all medicines were screened for
inclusion on the World Health Organisation Model List of Essential Medicines (EML) and the EML for
children under 13 years (EMLc).

Results

We found that medicines developed under paediatric legislation were disproportionately focused on
non-communicable diseases, which represented 68% of medicines and 21% of global paediatric DALYs.
On the other hand, we found 28% of medicines for communicable, maternal, neonatal and nutritional
disorders, representing 73% of global DALYs. Neonatal disorders, and malaria were mapped with 2
medicines, tuberculosis and neglected tropical diseases with none. The gap between medicines and
paediatric DALYs was greater in countries with lower income. Still, 34% of medicines are included in
the EMLc and 48% in the EML.

Conclusions

Paediatric policies in the EU and US are only partially responsive to paediatric health needs. To be
considered for wider implementation, paediatric incentives and obligations should be more targeted
towards paediatric health needs. International harmonisation of legislation and alignment with global
research priorities could further strengthen its impact on child health and support ongoing efforts to
improve access to medicines. Furthermore, efforts should be made to ensure global access to
authorised paediatric medicines.
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What is already known on this topic

Paediatric legislation in Europe and the United States has stimulated research and development of
medicines for children. According to impact assessments, the availability of paediatric medicines in
these countries has benefited. However, there are no studies to assess the potential impact on the
childhood burden of disease beyond these countries and globally.

What this study adds

While the resulting treatments are not well aligned with the burden of disease profile globally and in
low- and middle-income countries, there is a positive effect for some diseases and a substantial
contribution to the WHO essential medicines lists. To achieve a better public health impact paediatric
legislation should be expanded internationally, harmonised and tailored to global research priorities
in children.

How this study might affect research, practice or policy

The study informs ongoing and future regulatory reform processes and especially the current revision
of the EU Paediatric Legislation, to support the development of more impactful policies.

Keywords: access to medicines, paediatric legislation, unmet needs, burden of disease

Introduction

Access to medicines remains a key priority of the United Nations Sustainable Development Goals
(SDGs) aiming to secure healthy well-being (1). The SDGs recognise the need to promote research and
development (R&D) of missing medicines and vaccines, especially for low- and middle-income
countries (LMICs) (2). Children are particularly affected by the continuing lack of R&D and quality, safe
and effective medicines globally (3-5). To improve paediatric care, the European Union (EU) and the
United States (US) introduced paediatric medicines legislation in 2007 and 1997, respectively. This
legislation is based on a combination of obligations and incentives. Pharmaceutical companies are
required to conduct paediatric investigations for novel medicines including those intended for use in
adults, receiving patent extensions in return (6-7). Research has shown that there has been an increase
in paediatric labelling and formulations in both regions since the legislation was introduced (8-10).
These findings suggests that similar legislation may be used to improve paediatric medicines
availability and access in other regions.

However, one concern regarding EU/US paediatric legislation is that the paediatric R&D it encourages
may not meet paediatric needs, thus limiting its practical benefits for paediatric care (9). Exploring the
responsiveness of paediatric legislation to the health needs of children globally and in different
countries is therefore crucial for understanding its potential for wider implementation. To our
knowledge, there have been no systematic comparisons between paediatric medicines and paediatric
needs in relation to paediatric legislation so far. Addressing this gap, we map the spectrum of novel
paediatric medicines developed under paediatric legislation in the EU and US to the burden of the
target diseases in six countries of diverse income levels (Australia, Brazil, Canada, Kenya, Russia, South
Africa) and globally. As a measures of disease burden, we use Disability Adjusted Life Years (DALYs),
which quantify the loss of health by combining years of life lost plus years lived with disability (11). In
addition, we assess the inclusion of the studied medicines in the World Health Organisation (WHO)
Model List of Essential Medicines (EML) as an indicator of their relevance to paediatric health needs
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relative to existing medical products. Based on this assessment, the paper examines the role of
paediatric legislation for paediatric care in the international context.

Methods
Study context

This analysis is part of a larger study of paediatric regulatory policies and their implications for universal
access. Australia, Brazil, Canada, Kenya, Russia and South Africa were selected for analysis to account
for differences in regulatory systems, economic development, and due to data collection
considerations as discussed in the previous publication (12).

Sample of medicines developed under paediatric legislation

This study analyses a sample of medicines from the European Medicines Agency (EMA) and Food and
Drug Administration (FDA), as described in detail elsewhere (12). In summary, paediatric medicines
approved in the EU or US between 2007 and 2018, and not withdrawn for safety reasons were
considered for inclusion. For this paper we reviewed 158 paediatric investigation plans (PIPs) from the
EU. Deviating from the original sampling process, 22 additional EU PIPs were excluded due to absence
of paediatric indication and 9 were aggregated for analysis as they belonged to the same medicine.
This resulted in a total of 127 EU medicines sampled. The US sample remained unchanged and included
a random sample of 22% of all paediatric labels (12). The total sample was 195 medicines, 127 from
the EU and 68 from the US.

Indicators of the public health relevance

To assess the responsiveness of the EU/US paediatric legislation to paediatric health needs, we 1)
mapped the sampled medicines to the DALYs of the target condition(s) and 2) reviewed their EML
status.

The burden of disease assessment was based on DALY data from the 2019 Global Burden of Diseases
(GBD) results published by the Institute for Health Metrics and Evaluation (IHME) (13). The GBD results
are organised hierarchically with mutually exclusive diseases or conditions that cause death or
disability referred to as “DALY cause”. There are 4 hierarchical levels of DALY causes, starting with
three categories at the first level: (1) communicable, maternal, neonatal, and nutritional causes
(CMNN); (2) non-communicable diseases (NCDs); and (3) Injuries. The fourth level includes individual
conditions or pooled categories as the most detailed causes. As example, see the levels for “typhoid
fever” provided in the “GBD concepts and terms defined”: “Level 1: CMNN; Level 2: enteric infections;
Level 3: typhoid and paratyphoid; Level 4: typhoid fever” (14).

The responsiveness to paediatric health needs considering existing treatments was assessed by
reviewing medicines” status in the WHO EML and the and EML for children under 13 years of age
(EMLc). Both EMLs have a core and a complementary list, representing the needs of basic and
specialised healthcare systems respectively (15).

Data analysis

The sampled medicines were matched to the International Classification of Disease code
corresponding to the target diseases using the online electronic International Statistical Classification
of Diseases and Related Health Problems 10t Revision (ICD-10) (16). Code matching was based on the
approved indication with the ICD-10 code specification up to the first three or four characters.
Medicines with more than one indication were matched with multiple ICD-10 codes.
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The codes obtained were mapped to the most detailed DALY causes in children (0 — 14 years, total
DALYs and rate) for each country and globally. Mapping was done using the online IHME tool (17). The
mapping process is shown in Figure 1. The mapping results to the most detailed DALY causes can be
found in supplement 1.

For analysis and reporting, the mapping results were aggregated to DALY cause level 2. For relevant
compound level 2 categories, level 3 DALY causes were used instead to ensure sufficient detail (see
Table 1).

Table 1: Overview of compound level 2 DALYS causes and corresponding Level 3 DALYS causes
utilised for mapping

Compound Level 2 DALY causes Level 3 DALY causes utilised for mapping

Other non-communicable diseases congenital birth defects; urinary diseases and ma

immune disorders (“EMBI”); hemoglobinopathies
haemolytic anaemias

le

infertility; gynaecological diseases; sudden infant death
syndrome; oral disorders; endocrine, metabolic, blood and

&

Respiratory infections and tuberculosis | Respiratory infections excl. TB;

(TB) Tuberculosis
Neglected tropical diseases (NTDs) and | NTDs excl. malaria;
malaria Malaria

HIV/AIDs and other sexually transmitted | STDs excl. HIV/AIDS;
diseases (STDs) HIV/AIDS

Maternal and neonatal disorders Maternal disorders;

Neonatal disorders

Results were calculated as percentages (proportions) according to the rounding rules and organised
according to the level 1 DALY causes (Tables 2-4). The colour code was generated automatically using
the XLS function of conditional formatting.

Mutually exclusive thematic categories were developed for medicines mapped with <0,05 DALYs to
distinguish between global or national lack of measurable burden (Table 5).

The INN search of the full sample was performed in the 23 EML and the 9% EMLc. To account for the
difference in the paediatric population between the EMLc (up to 13 years) and paediatric legislation
(up to 18 years), and to capture essential medicines for adolescents, we included the EML in our
review. When the EMLs included the Anatomical Therapeutic Chemical (ATC) subgroup as a
therapeutic alternative, it was searched using the online ATC database (18). Assignment to the core or
the complementary list was recorded.

Descriptive tables, figures and statistics were generated using MS Excel.
Patient and Public involvement

Patients or the public were not involved in the design, or conduct, or reporting, or dissemination plans
of our research.

Results:

Burden of disease mapping

https://mc.manuscriptcentral.com/bmjpo
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The 195 medicines were matched with 101 ICD-10 codes, allowing a DALY mapping for 187 medicines.
For 3 ICD-10 codes no DALY cause could be found in the online DALY tool, and 8 medicines were
excluded from the analysis (supplement 2). In total, 61 (21%) of the 293 most detailed DALY causes
were mapped to at least one medicine in the sample. A total of 128 medicines (68%) were mapped to
NCDs which captured 21% of the global disease burden (30 031 DALYs). 52 medicines (28%) were
mapped to CMNN diseases, which captured 73% of the global disease burden (21 915 DALYs). Two
medicines with multiple indications were mapped to both, communicable and non-communicable
disease groups. And lastly, 9 medicines (5%) were mapped to injuries, which captured 6% (1 783 DALYs)
of the global disease burden.

In the following, we present the results of the systematic mapping of medicines to GBD DALYs by the
three level 1 causes CMNN, NCDs and Injuries in order of global disease burden (see Tables 2-4).

Table 2 presents the mapping results for CMNN diseases and includes 52 medicines (28%) of all
mapped medicines, of which 7 were mapped to more than one cause. The CMNN DALY cause with the
highest burden across all countries and globally was “neonatal disorders” with 8883 global CMNN
DALYs (41% of all respective DALYs). It was mapped to 2 (2%) CMNN medicines, both Streptococcus
pneumoniae vaccines. Malaria with 1820 (8%) global CMNN DALYs was mapped to 2 medicines,
tuberculosis with 311 (1%) global CMNN DALYs and neglected tropical diseases with 290 (1%) global
CMNN DALYs was mapped to none. Overall, “other infectious diseases”, “HIV/AIDS” and “respiratory
Infections excl. TB” were each mapped to 15 or more medicines, by far the highest number. “Other
infectious diseases” with 1952 (9%) global CMNN DALYs was mapped to 19 (37%) CMNN medicines.
12 of them were for hepatitis B or C, bacteraemia, cytomegalovirus and invasive fungal infections, 7
were multicomponent childhood vaccines.

The Table 2 also shows that middle-income countries bear a higher burden of infectious diseases,
nutritional deficiencies, and neonatal disorders.

Table 2. Medicines for children (N=52) mapped to communicable diseases, maternal, neonatal
disorders and nutritional (CMNN) diseases, with corresponding disease burden ranked by global
burden.

Page 6 of 26

DALYs per 100 000, 0-14 years, 2019 (% of total burden of Mapped
DALYS attributed to CMNN diseases) Medicines, n
(% of CMNN
mapped
DALY cause AU BR CA KE RU SA | Global | O
. " 1139 5907 1543 9000 1456 10669 8883
Neonatal disorders (69) (66) (76) (34) (52) (45) (41) 2 (4)
Respiratory infections 221 1199 226 3330 543 2687 3360 16 (31)
excl. TB (13) (13) (11) (13) (20) (11) (15)
76 566 139 5238 228 2550 3241
Enteric infections 6 (12
s | © | @ | @0 | ® | ay | s (12)
Other infectious 81 300 71 1856 231 1474 1952 19 (37)
diseases (5) (3) (3) (7) (8) (6) (9)
< 0.05 7 < 0.05 2450 < 0.05 40 1820
Malaria* 2(4
© | © | © | o [ @ | © | ® )
117 601 53 1705 135 1155 1344
Nutritional deficiencies 1(2
@ | o |l @] e | e | e | ® @)
1 37 <0.05 420 2 1321 371
STDs excl. HIV 2(2
@ | o | @ | o | o | © | @ @)
5
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2 79 4 1875 150 3072 338

HIV/AIDS* 15 (29

/ © | o | @ | o | e | wm]| o (29)

1 26 1 220 16 621 311

Tuberculosis* 0(0
@ | | | o | @] e | o .
13 171 4 241 16 96 290

NTDs excl Malaria 0(0
Wl @ ]lo| ol|lwol o] o i

<0.05 3 <0.05 5 <0.05 <0.05 4

Maternal disorders 0(0
© | o] o o @] o]l o =

Total burden 1651 8 897 2041 | 26340 | 2777 | 23685 | 21915

| | |
Lower DALYs Higher DALYs Fewer medicines More medicines
All DALY causes aggregated at the second level unless marked with *
* - DALY causes aggregated to the third level

DALY Source: Institute for Health Metrics and Evaluation. Used with permission. All rights reserved.

Table 3 presents the DALY mapping for NCDs, which includes 128 (68%) of medicines, of which 9 are
mapped to more than one cause. The burden of disease distribution did not reveal striking differences
between the countries or globally. The DALY cause with the highest burden was “congenital birth
defects” with 2394 (38%) NCD DALYs globally. It was mapped to 2 medicines for paediatric glaucoma.
Several high-burden DALY causes were well represented in the sample, such as “skin and subcutaneous
diseases” with 627 (10%) global NCD DALYs and 13 (10%) NCD treatments, “neurological disorders”
with 443 (7%) global NCD DALYs and 15 (12%) NCD treatments. However, most NCD medicines (23%)
were mapped to the DALY cause “EMBI”, which accounted for 3% NCD DALYs globally. The most
targeted “EMBI” indications were anaemia, rare coagulation and metabolic disorders.

For several NCD DALY causes at level 2 and 3, medicines were indicated for a few conditions. For
example, in “musculoskeletal disorders” 7 out of 8 medicines were for juvenile arthritis. In “chronic
respiratory diseases” 8 medicines were for allergic rhinitis and the remaining 5 for asthma. “Diabetes
and kidney diseases” was mapped exclusively to insulins.

Table 3. Medicines for children mapped to non-communicable diseases (N=128) with corresponding
disease burden ranked by global burden.

DALYs per 100 000, 0-14 years, 2019 (% of total burden of Mapped
. Medicines, n (%
DALYS attributed to NCD) of mapped NCD
medicines)
DALY cause AU BR CA KE RU SA Global
Congenital birth 720 3077 809 1734 1108 1653 2394 202)
defects* (18) (41) (21) (34) (27) (35) (38)
Skin & subcutaneous 715 735 759 601 768 504 627 13 (10)
diseases (18) (10) (20) (12) (19) (11) (10)
. 822 766 625 512 491 516 587
Mental disorders (21) (10) (16) (10) (10) (11) ) 8 (6)
Neurological 317 685 330 382 314 391 433 15 (12)
disorders (8) (9) (8) (8) (8) (8) (7)
220 484 251 295 308 173 426
Neoplasms 10 (8
P o | o | & | © | ® | @ | o &)
6
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All DALY causes aggregated at the second level unless marked with *
* - DALY causes aggregated to the third level

. . . 42 195 54 221 115 161 284
Digestive diseases (1) 3) 1) () 3) 3) () 10 (8)
Hemoglobinopathies 12 79 8 189 22 34 280 3(2)
& hemolytic anemias* (0) (1) (0) (4) (1) (1) (4)
Chronic respiratory 479 461 326 273 173 340 267 13 (10)
disease (12) (6) (8) (5) (4) (7) (4)
Cardiovascular 46 222 59 187 76 159 233 7 (5)
diseases (1) (3) (2) (4) (2) (3) (4)
Endocrine, metabolic, 167 161 134 79 154 186 159 .
blood, immune disorders* (4) (2) (3) (2) (4) (4) (3)
. 104 147 72 196 133 197 157
Sense organ diseases (3) 2) 2) () (3) () 2) 12 (9)
Sudden infant death 102 45 68 87 102 135 125 0(0)
syndrome* (3) (1) (2) (2) (3) (3) (2)
Musculoskeletal 126 161 218 80 160 74 123 8 (6)
disorders (3) (2) (6) (2) (4) (2) (2)
Diabetes and kidney 25 92 39 79 61 93 122 5(4)
disease (1) (1) (1) (2) (2) (2) (2)
. 50 55 50 52 57 52 54
Oral disorders* (1) (1) 1) 1) 1) ) ) 1(1)
Urinary diseases and 8 52 9 24 14 11 35 1(1)
male infertility* (0) (1) (0) (0) (0) (0) (0,5)
Gynecological 22 24 23 25 22 22 24 1(1)
diseases* (1) (0) (1) (0) (1) (1) (0,3)
Substance use 8 5 13 2 4 2 3 0(0)
disorders (0) (0) (0) (0) (0) (0) (0)
Total burden 3985 | 7446 | 3847 | 5018 | 4082 | 4704 | 6333
| i |
Lower DALYs Higher DALYs Fewer medicines More medicines

DALY Source: Institute for Health Metrics and Evaluation. Used with permission. All rights reserved.

Table 4 shows the mapping results for the level 1 DALY group “Injuries”, which was mapped with 9

(5%) of all mapped medicines. 8 medicines addressed complications of medical treatment and were
mapped to “unintentional injuries”. One medicine in the “self-harm and interpersonal violence” was
indicated to prevent organ transplant rejection. The DALY distribution for injuries was higher in the

middle-income countries.

by global burden.

Table 4. Medicines for children (N=9) mapped to injuries with corresponding disease burden ranked

DALYs per 100 000, 0-14 years, 2019 (% of total burden of

DALYS attributed to Injuries)

Mapped
Medicines, n
(% of injury

https://mc.manuscriptcentral.com/bmjpo

DALY cause AU BR cA KE RU SA | Global | marrec
Unintentional iniuries 574 838 308 659 851 923 1107 8 (89)
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All DALY causes aggregated at the second level

Transport iniuries 130 371 143 217 258 555 437 0(0)
port il (17) | @5 | @6 | 22 | o | By | @
Self-harm and 70 279 90 133 171 321 240 1(11)
interpersonal violence (9) (29) (27) (13) (13) (18) (23)
Total burden 774 1488 541 1009 1280 1799 1783
| . .
Lower DALYs Higher DALYs Fewer medicines More medicines

DALY Source: Institute for Health Metrics and Evaluation. Used with permission. All rights reserved.

In total, 28 medicines were mapped to DALY causes at the most detailed level that had a negligible
burden of disease (< 0.05 DALYs) (see Table 5). 18 of these medicines targeted conditions uncommon
in children in all studied countries and globally. These were either generally rare diseases (e.g., rare
tumour), diseases that primarily affect the adult population but are uncommon in children (e.g.,

hypertension), and human papilloma virus vaccines.

10 medicines were mapped to diseases with a lack of measurable burden in some countries, namely

in Australia and Canada.

Table 5. Medicines (N=28) for conditions with < 0.05 DALYs (0-14 years) with thematic categories

Thematic e L Medicines with
Paediatric indication S
category respective indication, n
Hypertension 6
Type Il diabetes mellitus 5
No HPV infection 2
measurable
burden in Immediate reduction of blood pressure in hypertensive crisis 1
all StUd.iEd Multiple sclerosis 1
countries
Subependymal giant cell astrocytoma 1
Infantile haemangioma 1
Heavy menstrual bleeding 1
Poliomyelitis 4
No Diphteria 4
measurable
burden in Tetanus 4
some Treatment or prevention of hepatitis B 6
studied
countries Malaria 2
Chronic hepatitis C 1
WHO EMLs review results

Of all 195 sampled medicines 67 (34%) were found in the EMLc and 93 (48%) in the WHO EML (see
Table 6), with most medicines included in the core lists. The largest groups were childhood and
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influenza vaccines, antivirals and antifungals, human immunoglobulins, medicines for blood disorders,
and antiretrovirals. Of the 26 medicines included only in the EML, 7 were for adolescent use for mental
disorders, emergency contraception or HIV/AIDS pre-exposure prophylaxis.

Table 6. WHO Essential medicines list inclusion of sampled medicines for children (N=195)

Page 10 of 26

WHO List inclusion Number of medicines,
n (%)
Medicines included in the EMLc 67 (34)
Out of them:
e Maedicines in the core list 45
Of these, included as therapeutic alternatives 11
e Maedicines in the complementary list 22
Of these, included as therapeutic alternatives 5
Medicines included in the EML 93 (48)
Out of them:
e Medicines in the core list 67
Of these, included as therapeutic alternatives 22
e Medicines in the complementary list 26
Of these, included as therapeutic alternatives 7
Discussion

Our study shows that the sampled medicines developed under paediatric legislation in the EU and US
are a heterogeneous group with a limited responsiveness to children’s health needs. Overall, we found
a disproportionate focus on NCDs, many of which have a high burden in adults but not in children.
Conversely, we found few medicines that address high-burden paediatric diseases, particularly
childhood infections. Still, the inclusion of about a third of the sampled medicines in the WHO EMLc
suggests that there has been a relevant contribution to paediatric care. Finally, the study identified
high-burden diseases with available treatments where access remains limited.

Mismatch between disease burden and spectrum of medicines

Our findings support previous evidence on the limited alignment between R&D and paediatric needs
in the EU and US itself, including the bias towards therapeutic areas with relevant adult indications
(19). Studies conducted after the adoption of the EU/US legislation have shown persisting off-labelling
prescribing across therapeutic areas (20-21). This evidence, together with our study, suggests that
while paediatric legislation may have addressed the needs of children to some extent, significant gaps
remain. The lack of paediatric treatments for poverty-related diseases show that the gap between the
needs and research efforts is most pronounced for children in LMICs.

The focus on areas with adult indications found in our study echoes the fact that paediatric legislation
requires developers to assess the potential of medicines primarily developed for adults for their use in
in children. However, this policy approach is limited by the lack of alignment between research efforts
and health needs of children and adults in general. A study by the US Congressional Budget Office
suggested that instead of health needs, R&D investment decisions are based on expected sales, R&D
costs, and local policies (22). A study analysing the pharmaceutical pipeline from 2006 to 2011 found
that 26% of 2477 medicines were indicated for neoplasms, followed by diseases of the nervous system
and sense organs (13%), infectious and parasitic diseases (11%) and EMBI disorders (9%) (23). These

https://mc.manuscriptcentral.com/bmjpo



Page 11 of 26

oNOYTULT D WN =

BMJ Paediatrics Open

figures are echoed in the distribution of medicines in our study and do not reflect the spectrum of the
global burden of disease, in adults or children (24).

Advancing regulatory policies for children

Our results show that there have been some relevant contributions to paediatric care since the
implementation of the EU/US paediatric policies. As such, paediatric policies may be a promising policy
tool to improve availability of appropriate paediatric medicines, provided they are modified to be more
needs-oriented. Such changes would also be beneficial in regions where paediatric legislation is already
in place. For example, the European Commission has recently proposed variable data protection
periods depending on the unmet needs addressed by the medicine (25). Such measures could
strengthen the responsiveness of paediatric legislation to paediatric health needs and encourage
research into conditions relevant to children. Ideally, the assessment of unmet needs underlying
variable protection periods or other measures tied to paediatric needs should be based on a global
assessment of paediatric needs. In addition, the introduction of paediatric legislation in countries
outside of the EU and US should include the harmonisation of regulatory obligations and rewards to
enhance compliance and impact (26). Nonetheless, fostering needs-driven R&D for paediatric
medicines requires complementary financing mechanisms directed at the development of original
paediatric medicines beyond the scope of paediatric legislation. Efforts to define missing medicines
were undertaken in the past (27-28) and could serve as a sound basis for policy development in this
area.

Our study also highlights that successful drug development does not always result in practical use. For
example, Australia and Canada were the only countries with a negligible burden of vaccine-preventable
diseases in our study. These findings underscore the relevance of health system and other barriers that
affect access to existing medicines, particularly in LMICs (29). Public health efforts aimed at securing
access to available treatments need to continue.

Strengths and limitations

Our study provides important insights into the responsiveness of paediatric legislation to paediatric
health needs countries with diverse disease burden and globally. The study is the first to systematically
compare paediatric R&D to paediatric health needs, despite more than a decade since the
implementation of paediatric legislation. It offers relevant and novel insights into the potential gains
and limitations of paediatric legislation and can support policy-making decisions in the EU and beyond.

This study has several limitations. The exclusion of contraceptives and symptomatic treatments, i.e.
pain killers, from the DALYs mapping may have underestimated the responsiveness of the studied
medicines sample to paediatric needs. Some DALY causes, such as injuries, frequently require non-
pharmaceutical interventions or surgeries, which may explain the small number of medicines in the
sample for such causes. Medicines approved after 2018 were not analysed. The EU/US orphan drug
legislation (30-31) may have contributed to the high number medicines for low-burden diseases,
obscuring the relationship to paediatric legislation. Moreover, while our results examine the scope of
medicines developed under the paediatric legislation, the lack of a comparison to paediatric R&D
before policy implementation limits our ability to assess the direct effect of the legislation. Finally,
limitations associated with the use of DALYS apply (32).

Conclusion

Medicines developed under the paediatric legislation in the EU and US are only partially responsive to
paediatric health needs and exhibit a disproportionate focus on NCDs. To be considered for wider
implementation, paediatric incentives and obligations should therefore be more targeted towards
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paediatric health needs. International harmonisation of legislation and alignment with global research
priorities could further strengthen its impact on child health and support ongoing efforts to improve
access to medicines. Furthermore, efforts should be made to ensure global access to authorised

paediatric medicines.
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Figure 1 Process steps of medicines mapping to the Disability Adjusted Life Years with an illustrative example
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Supplement 1: All Disability Adjusted Life Years causes with mapped sampled medicines

DALYs (0-14 years old, both sexes, rate), 2019
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Cirrhosis and other chronic liver diseases due to alcohol use

Cirrhosis and other chronic liver diseases due to hepatitis B
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6 Osteoarthritis hand 0
7 Osteoarthritis hip 0
g Osteoarthritis knee 0
10 Osteoarthritis other 0
1 Other benign and in situ neoplasms 2
12 Other cardiomyopathy 0
13 Other cardiovascular and circulatory diseases 0
1;‘ Other chromosomal abnormalities 112 178 166 59 78 127 95 0
16 Other chronic respiratory diseases 13 30 14 34 13 38 32 8
17 Other congenital birth defects 132 659 170 519 320 561 589 2
18 Other digestive diseases 3 11 4 16 9 11 16 1
19 Other drug use disorders 0
;? Other gynecological diseases 1
2 Other hemoglobinopathies and hemolytic anemias 3
23 Other intestinal infectious diseases 4
24 Other leukemia 3 20 11 38 5 25 43 0
25 Other malignant neoplasms 56 108 76 82 73 48 120 1
;? Other mental disorders 3 1 3 1 1 1 2 1
28 Other musculoskeletal disorders 7 15 65 2 3 2 10 1
29 Other neglected tropical diseases 10 53 4 42 14 33 101 0
30 Other neonatal disorders 0
31 Other neurological disorders 1
32 Other non-rheumatic valve diseases 0
:z Other nutritional deficiencies 0
35 Other oral disorders 1
36 Other pharynx cancer 0
37 Other pneumoconiosis 0
:g Other sense organ diseases 15 15 13 15 13 15 14 10
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)

Other skin and subcutaneous diseases 23 24 23 20 22 22 23
Other unspecified infectious diseases 37 70 26 104 93 290 138
Other urinary diseases 3 4 3 17 4 7 11
Other vision loss 5 8 4 4 4 3 5
Otitis media 26 49 26 57 46 55 51
Ovarian cancer 1 2 1 1 2 2 2
Pancreatic cancer

Pancreatitis

Paralytic ileus and intestinal obstruction

Paratyphoid fever

Parkinson's disease

Peptic ulcer disease

Periodontal diseases

Peripheral artery disease

Polycystic ovarian syndrome

Premenstrual syndrome

Prostate cancer

Protein-energy malnutrition 10 194 10 1188 36 802 555
Pruritus 4 5 5 8 5 7 5

Psoriasis 52 32 41 6 13 9 15
Pyoderma 6 24 2 23 5 15 21
Rabies 3 21
Refraction disorders 46 54 27 17 39 18 31
Rheumatic heart disease 2 28 1 38 2 32 36
Rheumatoid arthritis 1

Scabies 76
Schistosomiasis 14
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2

3

4

5

6 Schizophrenia 2 2 1 2 2 2 2 5
7 Seborrhoeic dermatitis 2 2 2 3 1 3 3 0
g Self-harm and interpersonal violence 70 279 90 133 171 321 240 1
10 Sickle cell disorders 0
1 Sickle cell trait 0
12 Silicosis 0
12 Stomach cancer 0
15 Subarachnoid hemorrhage 3 21 5 4 6 3 18 0
16 Sudden infant death syndrome 102 45 68 87 102 135 125 0
17 Syphilis 0
13 Tension-type headache 0
20 Testicular cancer 0
21 Tetanus 4
22 Thalassemias 0
23 Thalassemias trait 0
;g Thyroid cancer 1
26 Tracheal, bronchus, and lung cancer 0
27 Trachoma 0
28 Transport and other unintentional injuries 0
29 Trichomoniasis 0
N Trichuriasis 4 4 | 4 | o
32 Turner syndrome 0
33 Typhoid fever 0
34 Upper respiratory infections 132 154 144 154 100 106 114 0
gg Urinary tract infections and interstitial nephritis 5 48 5 7 10 4 23 0
37 Urogenital congenital anomalies 28 84 29 33 25 26 50 0
38 Urolithiasis 0
39 Urticaria 71 80 88 80 133 81 80 2
40

41

42
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Uterine cancer

Uterine fibroids

Varicella and herpes zoster

Vascular intestinal disorders

Viral skin diseases

Visceral leishmaniasis

Vitamin A deficiency

Whooping cough

Yellow fever

Zika virus
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Supplement 2. Paediatric indications not mapped with Disability Adjusted Life Year cause

daily, around the-clock, long-term opioid
treatment in pediatric patients 11 years and
older

N Approved indication in EU/US Assigned ICD 10 classification
1 Maintenance of anesthesia in non-intubated
patients
2 Adjunct to general anesthesia
3 Contrast agent for intravenous use with Z00-Z13  Persons encountering health
magnetic resonance imaging services for examination and investigation
4 Diagnostic evaluation of tissue pathologies
with contrast-enhanced magnetic resonance
imaging
5 Emergency contraception within 120 hours (5
days) of unprotected sexual intercourse or
contraceptive failure 230 Contraceptive management
6 Oral contraception
7 Management of mild to moderate pain and the
management of moderate to severe pain as an
adjunct to opioid analgesics, and for the
reduction of fever in pediatric patients 6
months and older R52 Pain, not elsewhere classified
8 Management of pain severe enough to require
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Background

Legislation in the European Union (EU) and the United States (US) promoting the development of
paediatric medicines has contributed to new treatments for children. This study explore show such
legislation responds to paediatric health needs in different country settings and globally, and
whether it should be considered for wider implementation.

Methods

We searched EU and US regulatory databases for medicines with approved indications resulting from
completed paediatric development between 2007 and 2018. Of 195 medicines identified, 187 could
be systematically mapped to the burden of the target disease for six study countries (Australia, Brazil,
Canada, Kenya, Russia, South Africa) and globally, using Disability Adjusted Life Years (DALYs).All
medicines were also screened for inclusion on the World Health Organisation Model List of Essential
Medicines (EML) and the EML for children under 13 years (EMLc).

Results

The studied medicines were disproportionately focused on non-communicable diseases, which
represented 68% of medicines and 21% of global paediatric DALYs. On the other hand, we found 28%
of medicines for communicable, maternal, neonatal and nutritional disorders, representing 73% of
global paediatric DALYs. Neonatal disorders, and malaria were mapped with 2 medicines,
tuberculosis and neglected tropical diseases with none. The gap between medicines and paediatric
DALYs was greater in countries with lower income. Still, 34% of medicines are included in the EMLc
and 48% in the EML.

Conclusions

Paediatric policies in the EU and US are only partially responsive to paediatric health needs. To be
considered for wider implementation, paediatric incentives and obligations should be more targeted
towards paediatric health needs. International harmonisation of legislation and alignment with global
research priorities could further strengthen its impact on child health and support ongoing efforts to
improve access to medicines. Furthermore, efforts should be made to ensure global access to
authorised paediatric medicines.
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What is already known on this topic

Paediatric legislation in the European countries and the United States has stimulated research and
development of medicines for children. According to impact assessments, the number of paediatric
medicines in these has increased. However, there are no studies to assess the potential impact on
the childhood burden of disease beyond these countries and globally.

What this study adds

Emerging treatments do not reflect the disease burden in high-income countries and diverge even
further from the needs in resource-constrained settings. Nevertheless, they offer more treatment
options for select high-burden conditions, such as universally occurring infections and debilitating
non-communicable diseases. They are also important contributors to the WHO lists of essential
medicines. To achieve a better public health impact paediatric legislation should be expanded
internationally, harmonised and tailored to global research priorities in children.

How this study might affect research, practice or policy

The study informs ongoing and future regulatory reform processes and especially the current revision
of the EU Paediatric Legislation, to support the development of more impactful policies.

Keywords: access to medicines, paediatric legislation, unmet needs, burden of disease

Introduction

Access to medicines remains a key priority of the United Nations Sustainable Development Goals
(SDGs) aiming to secure healthy well-being (1). The SDGs recognise the need to promote research
and development (R&D) of missing medicines and vaccines, especially for low- and middle-income
countries (LMICs)(2). Children are particularly affected by the continuing lack of R&D and quality,
safe and effective medicines globally (3-5). To improve paediatric care, the European Union (EU) and
the United States (US) introduced paediatric medicines legislation in 2007 and 1997, respectively.
This legislation is based on a combination of obligations and incentives. Pharmaceutical companies
are required to conduct paediatric investigations for new medicines including those intended for use
in adults, receiving patent extensions in return (6-7). Research has shown that there has been an
increase in paediatric labelling and formulations in both regions since the legislation was introduced
(8-11). These findings suggest that similar legislation may be used to improve paediatric medicines
availability and access in other regions.

However, one concern regarding EU/US paediatric legislation is that the paediatric R&D it encourages
may not meet paediatric needs, thus limiting its practical benefits for paediatric care (9). Exploring
the responsiveness of paediatric legislation to the health needs of children globally and in different
countries is therefore crucial for understanding its potential for wider implementation. To our
knowledge, there have been no systematic comparisons between paediatric medicines and
paediatric needs beyond the implementing regions in relation to paediatric legislation so far.
Addressing this gap, we map the spectrum of new paediatric medicines developed under paediatric
legislation in the EU and US to the burden of the target diseases in six countries of diverse income
levels (Australia, Brazil, Canada, Kenya, Russia, South Africa) and globally. As a measures of disease
burden, we use Disability Adjusted Life Years (DALYs), which quantify the loss of health by combining
years of life lost plus years lived with disability (12). In addition, we assess the inclusion of the studied
medicines in the World Health Organisation (WHO) Model List of Essential Medicines (EML) as an
indicator of their relevance to paediatric health needs relative to existing medical products. Based on

https://mc.manuscriptcentral.com/bmjpo
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this assessment, the paper examines the role of paediatric legislation for paediatric care in the
international context.

Methods
Study context

This analysis is part of a larger study of paediatric regulatory policies and their implications for
universal access. The selection of countries aimed for variability in geographical context, economic
development, as well as regulatory and health systems. The selection was constrained by data
collection considerations of the wider project, such as the availability of open access data on
medicine labelling (for more information, see (13)). After an initial assessment, Australia, Brazil,
Canada, Kenya, Russia and South Africa were selected for analysis. For the present paper, we applied
a systematic mapping approach to ensure rigour, reduce bias, and to gain a comprehensive overview
over the medicine development landscape under the EU/US legislation.

Sample of medicines developed under paediatric legislation

The medicines included in this review were identified from the open access databases of medicines
maintained by the Food and Drug Administration (FDA) and the European Medicines Agency (EMA)
(14-15). The databases were downloaded and filtered for all medicines with approved indications
resulting from paediatric development completed betweenl January 2007 and 31 December 2018.
Paediatric development was indicated by completed Paediatric Investigations Plans (EMA) or
approved paediatric labelling (FDA). The variables required for this study (approved indications,
approved formulations) were included in the FDA database, so no additional data extraction was
necessary. For the EMA database, information regarding these variables had to be extracted by hand
from the individual medicine’s entry on the EMA website (16). Data used for this analysis was cross-
checked with other sources to ensure reliability. Lastly, medicines withdrawn for safety reasons,
duplicates and medicines without an approved indication were excluded, and database entries that
belonged to the same medicine were consolidated (for more information, see (13)). For the present
analysis, the sampling included medicines authorised in any EU country as opposed to only those
approved in all EU countries, resulting in a larger sample than in (13). For the included medicines
from the FDA, a random sample of 22% was drawn. The total sample comprised 195 medicines, 127
from the EU and 68 from the US.

Indicators of the public health relevance

To assess the responsiveness of the EU/US paediatric legislation to paediatric health needs, we 1)
mapped the sampled medicines to the DALYs of the target condition(s) and 2) reviewed their EML
status.

The burden of disease assessment was based on DALY data from the 2019 Global Burden of Diseases
(GBD) results published by the Institute for Health Metrics and Evaluation (IHME) (17). The GBD
results are organised hierarchically with mutually exclusive diseases or conditions that cause death or
disability referred to as “DALY cause”. There are 4 hierarchical levels of DALY causes, starting with
three categories at the first level: [1] communicable, maternal, neonatal, and nutritional causes
(CMNN); [2] non-communicable diseases (NCDs); and [3] Injuries. The fourth level includes individual
conditions or pooled categories as the most detailed causes. As example, see the levels for “typhoid
fever” provided in the “GBD concepts and terms defined”: “Level 1: CMNN; Level 2: enteric
infections; Level 3: typhoid and paratyphoid; Level 4: typhoid fever” (18).
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The responsiveness to paediatric health needs considering existing treatments was assessed by
reviewing medicines” status in the WHO EML and the and EML for children under 13 years of age
(EMLc). Both EMLs have a core and a complementary list, representing the needs of basic and
specialised healthcare systems respectively (19).

Data analysis

The sampled medicines were matched to the International Classification of Disease code
corresponding to the target diseases using the open access online electronic International Statistical
Classification of Diseases and Related Health Problems 10t Revision (ICD-10) (20). Code matching
was based on the target disease in the approved indication with the ICD-10 code specification up to
the first three or four characters. Medicines with more than one indication were matched with
multiple ICD-10 codes.

The codes obtained were mapped to the most detailed DALY causes in children (0 — 14 years, total
DALYs and rate) for each country and globally. Mapping was done using the online IHME tool (21).
The mapping process is shown in Figure 1. The mapping results to the most detailed DALY causes can
be found in supplement 1.

For analysis and reporting, the mapping results were aggregated to DALY cause level 2. For relevant
compound level 2 categories, level 3 DALY causes were used instead to ensure sufficient detail (see
Table 1).

Table 1: Overview of compound level 2 DALYS causes and corresponding Level 3 DALYS causes
utilised for mapping

Compound Level 2 DALY causes Level 3 DALY causes utilised for mapping

Other non-communicable diseases congenital birth defects; urinary diseases and male
infertility; gynaecological diseases; sudden infant death
syndrome; oral disorders; endocrine, metabolic, blood and
immune disorders (“EMBI”); hemoglobinopathies &
haemolytic anaemias

Respiratory infections and tuberculosis | Respiratory infections excl. TB;

(TB) Tuberculosis
Neglected tropical diseases (NTDs) and | NTDs excl. malaria;
malaria Malaria

HIV/AIDs and other sexually transmitted | STDs excl. HIV/AIDS;
diseases (STDs) HIV/AIDS

Maternal and neonatal disorders Maternal disorders;

Neonatal disorders

Results were calculated as percentages (proportions) according to the rounding rules and organised
according to the level 1DALY causes (Tables 2-4). The colour code was generated automatically using
the XLS function of conditional formatting.

Mutually exclusive thematic categories were developed for medicines mapped with <0,05 DALYs to
distinguish between global or national lack of measurable burden (Table 5).

The INN search of the full sample was performed in the 23" EML and the 9" EMLc from 2023. To
account for the difference in the paediatric population between the EMLc (up to 13 years) and
paediatric legislation (up to 18 years), and to capture essential medicines for adolescents, we
included the EML in our review. When the EMLs included the Anatomical Therapeutic Chemical (ATC)

4
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subgroup as a therapeutic alternative, it was searched using the online ATC database (22).
Assignment to the core or the complementary list was recorded.

Descriptive tables, figures and statistics were generated using MS Excel.
Patient and Public involvement

Patients or the public were not involved in the design, or conduct, or reporting, or dissemination
plans of our research.

Results:

Burden of disease mapping

The 195 medicines were matched with 101 ICD-10 codes, allowing a DALY mapping for 187
medicines. For 3 ICD-10 codes no DALY cause could be found in the online DALY tool, and 8
medicines were excluded from the analysis (supplement 2). In total, 61 (21%) of the293 most
detailed DALY causes were mapped to at least one medicine in the sample. A total of 128 medicines
(68%) were mapped to NCDs which captured 21% of the global disease burden (30 031 DALYs). 52
medicines (28%) were mapped to CMNN diseases, which captured 73% of the global disease burden
(21 915 DALYs). Two medicines with multiple indications were mapped to both, communicable and
non-communicable disease groups. And lastly, 9 medicines (5%) were mapped to injuries, which
captured 6% (1783 DALYs) of the global disease burden.

In the following, we present the results of the systematic mapping of medicines to GBD DALYs by the
three level 1 causes CMNN, NCDs and Injuries in order of global disease burden (see Tables 2-4).

Table 2 presents the mapping results for CMNN diseases and includes 52 medicines (28%) of all
mapped medicines, of which 7 were mapped to more than one cause. The CMNN DALY cause with
the highest burden across all countries and globally was “neonatal disorders” with 8883 global CMNN
DALYs (41% of all respective DALYs). It was mapped to 2 (2%) CMNN medicines, both Streptococcus
pneumoniae vaccines. Malaria with 1820 (8%) global CMNN DALYs was mapped to 2 medicines,
tuberculosis with 311 (1%) global CMNN DALYs and neglected tropical diseases with 290 (1%) global
CMNN DALYs was mapped to none. Overall, “other infectious diseases”, “HIV/AIDS” and “respiratory
Infections excl. TB” were each mapped to 15 or more medicines, by far the highest number. “Other
infectious diseases” with 1952 (9%) global CMNN DALYs was mapped to 19 (37%) CMNN medicines.
12 of them were for hepatitis B or C, bacteraemia, cytomegalovirus and invasive fungal infections, 7
were multicomponent childhood vaccines.

The Table 2 also shows that middle-income countries bear a higher burden of infectious diseases,
nutritional deficiencies, and neonatal disorders.

Table 2. Medicines for children (N=52) mapped to communicable diseases, maternal, neonatal
disorders and nutritional (CMNN)diseases, with corresponding disease burden ranked by global
burden.

DALYs per 100 000, 0-14 years, 2019 [% of total burden of Mapped
DALYS attributed to CMNN diseases] Medicines, n
[% of CMNN
DALY cause AU BR CA KE RU SA | Global | ™PPed
medicines]
Neonatal disorders* Lk 5907 1543 9000 1456 10669 8883 2
[69] [66] [76] [34] [52] [45] [41] [4]
5
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Respiratory infections 221 1199 226 3330 543 2687 3360 16
excl. TB [13] [13] [11] [13] [20] [11] [15] [31]
Enteric infections 76 566 139 5238 228 2550 3241 6
[5] [6] [7] [20] (8] [11] [15] [12]
Other infectious 81 300 71 1856 231 1474 1952 19
diseases [5] [3] [3] [7] [8] [6] [9] [37]
. <0.05 7 <0.05 2450 <0.05 40 1820 2
Malaria*
[0] [0] [0] [9] [0] [0] (8] [4]
Nutritional deficiencies 117 601 53 1705 135 1155 1344 1
[7] [7] [3] (6] [5] [5] (6] [2]
1 37 <0.05 420 2 1321 371 2
STDs excl. HIV
[0] [0] [0] [2] [0] [6] [2] [2]
2 79 4 1875 150 3072 338 15
HIV/AIDS*
[0] [1] [0] [7] [5] [13] [2] [29]
Tuberculosis* 1 26 1 220 16 621 311 0
[0] [0] [0] [1] [1] [3] [1] [0]
13 171 4 241 16 96 290 0
NTDs excl Malaria
[1] [2] [0] [1] [1] [0] [1] [0]
Maternal disorders <0.05 3 <0.05 5 <0.05 <0.05 4 0
[0] [0] [0] [0] [0] [0] [0] [0]
Total burden 1651 8 897 2041 26340 2777 23685 | 21915
| T
Lower DALYs Higher DALYs Fewer medicines More medicines
All DALY causes aggregated at the second level unless marked with *
* - DALY causes aggregated to the third level

DALY Source: Institute for Health Metrics and Evaluation. Used with permission. All rights reserved.

Table 3 presents the DALY mapping for NCDs, which includes 128 (68%) of medicines, of which 9 are
mapped to more than one cause. The burden of disease distribution did not reveal striking
differences between the countries or globally. The DALY cause with the highest burden was
“congenital birth defects” with 2394 (38%) NCD DALYs globally. It was mapped to 2 medicines for
paediatric glaucoma. Several high-burden DALY causes were well represented in the sample, such as
“skin and subcutaneous diseases” with 627 (10%) global NCD DALYs and 13 (10%) NCD treatments,
“neurological disorders” with 443 (7%) global NCD DALYs and 15 (12%) NCD treatments. However,
most NCD medicines (23%) were mapped to the DALY cause “EMBI”, which accounted for 3% NCD
DALYs globally. The most targeted “EMBI” indications were anaemia, rare coagulation and metabolic
disorders.

For several NCD DALY causes at level 2 and 3, medicines were indicated for a few conditions. For
example, in “musculoskeletal disorders” 7 out of 8 medicines were for juvenile arthritis. In “chronic
respiratory diseases” 8 medicines were for allergic rhinitis and the remaining 5 for asthma. “Diabetes
and kidney diseases” was mapped exclusively to insulins.

Table 3. Medicines for children mapped to non-communicable diseases (N=128) with
corresponding disease burden ranked by global burden.

DALYs per 100 000, 0-14 years, 2019 [% of total burden of Mn?:’i::: .
DALYS attributed to NCD] [% of mapped
NCD medicines]

6
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DALY cause AU BR CA KE RU SA Global
Congenital birth 720 3077 809 1734 1108 1653 2394 2
defects* [18] [41] [21] [34] [27] (35] [38] [2]
Skin & subcutaneous 715 735 759 601 768 504 627 13
diseases [18] [10] [20] [12] [19] [11] [10] [10]
Mental disorders 822 766 625 512 491 516 587 8

[21] [10] [16] [10] [10] [11] [9] (6]
Neurological 317 685 330 382 314 391 433 15
disorders [8] [9] [8] [8] [8] (8] [7] [12]
Neoplasms 220 484 251 295 308 173 426 10
[6] [7] [6] [6] (8] [4] [7] [8]
Digestive diseases 42 195 54 221 115 161 284 10
[1] (3] [1] [4] [3] (3] [4] [8]
Hemoglobinopathies 12 79 8 189 22 34 280 3
& hemolytic anemias* | [0] (1] [0] [4] [1] [1] [4] [2]
Chronic respiratory 479 461 326 273 173 340 267 13
disease [12] [6] [8] [5] [4] [7] [4] [10]
Cardiovascular 46 222 59 187 76 159 233 7
diseases [1] (3] (2] [4] [2] [3] [4] [5]
Endocrine, metabolic, 167 161 134 79 154 186 159 9
blood, immune disorders* [4] [2] [3] [2] [4] [4] [3]
Sense organ diseases 104 147 72 196 133 197 157 12
[3] [2] [2] [4] [3] [4] [2] [9]
Sudden infant death 102 45 68 87 102 135 125 0
syndrome* [3] [1] [2] [2] [3] [3] [2] [0]
Musculoskeletal 126 161 218 80 160 74 123 8
disorders (3] (2] (6] [2] [4] [2] [2] [6]
Diabetes and kidney 25 92 39 79 61 93 122 5
disease [1] [1] [1] [2] [2] [2] [2] [4]
Oral disorders* 50 55 50 52 57 52 54 1
[1] [1] [1] [1] [1] [1] [1] [1]
Urinary diseases and 8 52 9 24 14 11 35 1
male infertility* [0] [1] [0] [0] [0] [0] [0,5] [1]
Gynecological 22 24 23 25 22 22 24 1
diseases* [1] [0] [1] [0] [1] [1] [0,3] [1]
Substance use 8 5 13 2 4 2 3 0
disorders [0] [0] [0] [0] [0] [0] [0] [0]
Total burden 3985 7 446 3847 5018 4082 4704 6333

| . T

Lower DALYs Higher DALYs Fewer medicines More medicines

All DALY causes aggregated at the second level unless marked with *
* - DALY causes aggregated to the third level

DALY Source: Institute for Health Metrics and Evaluation. Used with permission. All rights reserved.

Table 4 shows the mapping results for the level 1 DALY group “Injuries”, which was mapped with 9
(5%) of all mapped medicines. 8 medicines addressed complications of medical treatment and were
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1
2
3 mapped to “unintentional injuries”. One medicine in the “self-harm and interpersonal violence” was
g indicated to prevent organ transplant rejection. The DALY distribution for injuries was higher in the
6 middle-income countries.
; Table 4. Medicines for children (N=9) mapped to injuries with corresponding disease burden
9 ranked by global burden.
10
11 DALYs per 100 000, 0-14 years, 2019 [% of total burden of Mapped
. R Medicines, n
12 DALYS attributed to Injuries [% of injury
13 mapped
14 DALY cause AU BR CA KE RU SA Global -
medicines]
15
16 Unintentional injuries 574 838 308 659 851 923 1107 8
17 [74] [56] [57] [65] [67] [51] [62] [89]
18 Transport iniuries 130 371 143 217 258 555 437 0
19 portiny [17] [25] [26] [22] [20] [31] [25] [0]
20 Self-harm and 70 279 90 133 171 321 240 1
;; interpersonal violence [9] [19] [17] [13] [13] [18] [13] [11]
23 Total burden 774 1488 541 1009 1280 1799 1783
24
25
26 E T
27 Lower DALYs Higher DALYs Fewer medicines More medicines
28
29 All DALY causes aggregated at the second level
30 DALY Source: Institute for Health Metrics and Evaluation. Used with permission. All rights reserved.
31
32 In total, 28 medicines were mapped to DALY causes at the most detailed level that had a negligible
33 burden of disease (< 0.05DALYs) (see Table 5). 18 of these medicines targeted conditions uncommon
34 in children in all studied countries and globally. These were either generally rare diseases (e.g., rare
;2 tumour), diseases that primarily affect the adult population but are uncommon in children (e.g.,
37 hypertension), and human papilloma virus vaccines.
gg 10 medicines were mapped to diseases with a lack of measurable burden in some countries, namely
40 in Australia and Canada.
2; Table 5. Medicines (N=28) for conditions with < 0.05 DALYs (0-14 years) with thematic categories
43
44 Thematic e L Medicines with
Paediatric indication S
45 category respective indication, n
46 -
47 Hypertension 6
48 Type Il diabetes mellitus 5
49
50 No HPV infection 2
51 measurable i - - i —
52 burden in Immediate reduction of blood pressure in hypertensive crisis 1
>3 all studied Multiple sclerosis 1
54 countries
55 Subependymal giant cell astrocytoma 1
56
57 Infantile haemangioma 1
58
59 Heavy menstrual bleeding 1
60 No Poliomyelitis 4
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measurable Diphteria 4

burden in
Tetanus 4

some

studied Treatment or prevention of hepatitis B 6

countries
Malaria 2
Chronic hepatitis C 1

WHO EMLs review results

Of all 195sampled medicines 67 (34%) were found in the EMLc and 93 (48%) in the WHO EML (see
Table 6), with most medicines included in the core lists. The largest groups were childhood and
influenza vaccines, antivirals and antifungals, human immunoglobulins, medicines for blood
disorders, and antiretrovirals. Of the 26 medicines included only in the EML, 7 were for adolescent
use for mental disorders, emergency contraception or HIV/AIDS pre-exposure prophylaxis.

Table 6. WHO Essential medicines list inclusion of sampled medicines for children (N=195)

Page 10 of 27

WHO List inclusion Number of medicines,
n [%]
Medicines included in the EMLc, 2023 67 [34]
Out of them:
e Medicines in the core list 45
Of these, included as therapeutic alternatives 11
e Medicines in the complementary list 22
Of these, included as therapeutic alternatives 5
Medicines included in the EML, 2023 93 [48]
Out of them:
e Maedicines in the core list 67
Of these, included as therapeutic alternatives 22
e Maedicines in the complementary list 26
Of these, included as therapeutic alternatives 7
Discussion

Our study shows that the sampled medicines developed under paediatric legislation in the EU and US
area heterogeneous group with a limited responsiveness to children’s health needs. Overall, we
found a disproportionate focus on NCDs, many of which have a high burden in adults but not in
children. Conversely, we found few medicines that address high-burden paediatric diseases,
particularly childhood infections. Still, the inclusion of about a third of the sampled medicines in the
WHO EMLc suggests that there has been a relevant contribution to paediatric care. Finally, the study
identified high-burden diseases with available treatments where access remains limited.

Mismatch between disease burden and spectrum of medicines

Our findings support previous evidence on the limited alignment between R&D and paediatric needs
in the EU and US itself, including the bias towards therapeutic areas with relevant adult indications
(23). Studies conducted after the adoption of the EU/US legislation have shown persisting off-
labelling prescribing across therapeutic areas (24-25). This evidence, together with our study,
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suggests that while paediatric legislation may have addressed the needs of children to some extent,
significant gaps remain. The lack of paediatric treatments for poverty-related diseases show that the
gap between the needs and research efforts is most pronounced for children in LMICs.

The focus on areas with adult indications found in our study echoes the fact that paediatric
legislation requires developers to assess the potential of medicines primarily developed for adults for
their use in in children. However, this policy approach is limited by the lack of alignment between
research efforts and health needs of children and adults in general. A study by the US Congressional
Budget Office suggested that instead of health needs, R&D investment decisions are based on
expected sales, R&D costs, and local policies (26). A study analysing the pharmaceutical pipeline from
2006 to 2011 found that 26% of 2477 medicines were indicated for neoplasms, followed by diseases
of the nervous system and sense organs (13%), infectious and parasitic diseases (11%) and EMBI
disorders (9%) (27).These figures are echoed in the distribution of medicines in our study and do not
reflect the spectrum of the global burden of disease, in adults or children (28).

Advancing regulatory policies for children

Our results show that there have been some relevant contributions to paediatric care since the
implementation of the EU/US paediatric policies. As such, paediatric policies may be a promising
policy tool to improve availability of appropriate paediatric medicines, provided they are modified to
be more needs-oriented. Such changes would also be beneficial in regions where paediatric
legislation is already in place. For example, the European Commission has recently proposed variable
data protection periods depending on the unmet needs addressed by the medicine (29). Such
measures could strengthen the responsiveness of paediatric legislation to paediatric health needs
and encourage research into conditions relevant to children. Ideally, the assessment of unmet needs
underlying variable protection periods or other measures tied to paediatric needs should be based
on a global assessment of paediatric needs. In addition, the introduction of paediatric legislation in
countries outside of the EU and US should include the harmonisation of regulatory obligations and
rewards to enhance compliance and impact (30). Nonetheless, fostering needs-driven R&D for
paediatric medicines requires complementary financing mechanisms directed at the development of
original paediatric medicines beyond the scope of paediatric legislation. This could be particularly
relevant for off-patent medicines where the incentives of the EU legislation were shown to be
insufficient (23). Efforts to define missing medicines were undertaken in the past (31-32) and could
serve as a sound basis for policy development in this area. Finally, alongside with regulatory policies,
global initiatives and research collaborations such as the Global Accelerator for Paediatric
Formulations Network (GAP-f) and the International Neonatal Consortium will continue to play a
critical role in facilitating development and access to paediatric medicines (33-34).

Our study also highlights that successful drug development does not always result in practical use.
For example, Australia and Canada were the only countries with a negligible burden of vaccine-
preventable diseases in our study. These findings underscore the relevance of health system and
other barriers that affect access to existing medicines, particularly in LMICs (35). Reducing access
barriers and increasing coverage of approved medicines is therefore critical. The same applies to
access to surgery, mental health services, and other non-pharmacological interventions, which may
be required to address some of the included paediatric conditions, such as injuries, congenital birth
defects or mental disorders. Our findings also underscore the relevance of diseases related to poor
living conditions and unhealthy environments, including enteric infections and nutritional
deficiencies. Addressing these requires the provision of access to safe water and sanitation, food
security, and health education. Public health interventions beyond pharmaceutical policies thus
remain indispensable in reducing paediatric disease burden and need to continue (36-37).
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Strengths and limitations

Our study provides important insights into the responsiveness of paediatric legislation to paediatric
health needs countries with diverse disease burden and globally. The study is the first to
systematically compare paediatric R&D to paediatric health needs, despite more than a decade since
the implementation of paediatric legislation. It offers relevant and novel insights into the potential
gains and limitations of paediatric legislation and can support policy-making decisions in the EU and
beyond.

This study has several limitations. The exclusion of contraceptives and symptomatic treatments, i.e.
pain killers, and the paediatric age group from 15 to 18 years of age from the DALYs mapping may
have underestimated the responsiveness of the studied medicines sample to paediatric needs. Some
DALY causes, such as injuries, frequently require non-pharmaceutical interventions or surgeries,
which may explain the small number of medicines in the sample for such causes. Medicines approved
after 2018 were not analysed. The EU/US orphan drug legislation (38) may have contributed to the
high number medicines for low-burden diseases, obscuring the relationship to paediatric legislation.
Moreover, while our results examine the scope of medicines developed under the paediatric
legislation, the lack of a comparison to paediatric R&D before policy implementation limits our ability
to assess the direct effect of the legislation. Finally, limitations associated with the use of DALYS
apply (39). Research in other geographical regions is recommended to further refine policy
recommendations.

Conclusion

Medicines developed under the paediatric legislation in the EU and US are only partially responsive
to paediatric health needs and exhibit a disproportionate focus on NCDs. To be considered for wider
implementation, paediatric incentives and obligations should therefore be more targeted towards
paediatric health needs. International harmonisation of legislation and alignment with global
research priorities could further strengthen its impact on child health and support ongoing efforts to
improve access to authorised treatments. Finally, health interventions beyond improving access to
medicines are needed to achieve a global reduction of paediatric disease burden.

Figure 1 Process steps of medicines mapping to the Disability Adjusted Life Years with an illustrative
example
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Figure 1 Process steps of medicines mapping to the Disability Adjusted Life Years with an illustrative example
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Supplement 1: All Disability Adjusted Life Years causes with mapped sampled medicines

DALYs (0-14 years old, both sexes, rate), 2019

South Sampled
Australia | Brazil | Canada | Kenya | Russia Africa Global | medicines,
N

Acne vulgaris 65
Acute glomerulonephritis 3
Acute hepatitis A 59
Acute hepatitis B 22
Acute hepatitis C 4
Acute hepatitis E 3
Acute lymphoid leukemia 66
Acute myeloid leukemia 30
Adverse effects of medical treatment 21 40 17 51 25 46 61

African trypanosomiasis

Age-related and other hearing loss

Age-related macular degeneration

Alcohol use disorders

Alcoholic cardiomyopathy

Alopecia areata

Alzheimer's disease and other dementias

Amphetamine use disorders

Anorexia nervosa

Anxiety disorders

Aortic aneurysm

Appendicitis
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Ascariasis n “ 1 22 0
Asthma 455 416 301 212 148 274 210 5
Atopic dermatitis 250 208 183 80 396 96 160 1
Atrial fibrillation and flutter 0

Attention-deficit/hyperactivity disorder

65 37 42 12 21 11 21

Autism spectrum disorders

Benign and in situ cervical and uterine neoplasms

Benign and in situ intestinal neoplasms

Benign prostatic hyperplasia

Bipolar disorder

Bladder cancer

Brain and central nervous system cancer

Breast cancer

Bulimia nervosa

Cannabis use disorders

Caries of deciduous teeth

Caries of permanent teeth

Cataract

Cellulitis

Cervical cancer

Chagas disease

Chlamydial infection

Chronic kidney disease due to diabetes mellitus type 1

Chronic kidney disease due to diabetes mellitus type 2

Chronic kidney disease due to glomerulonephritis

Chronic kidney disease due to hypertension

Chronic kidney disease due to other and unspecified causes
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Chronic lymphoid leukemia
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Chronic myeloid leukemia

Chronic obstructive pulmonary disease

Cirrhosis and other chronic liver diseases due to alcohol use

Cirrhosis and other chronic liver diseases due to hepatitis B

Cirrhosis and other chronic liver diseases due to hepatitis C

Cirrhosis and other chronic liver diseases due to NAFLD

Cirrhosis and other chronic liver diseases due to other causes

Coal workers pneumoconiosis

Cocaine use disorders

©0 [~
—

oo [~
~
(IR
(IR
(0]
w| o

Colon and rectum cancer 1 2 1 1 1 2 2
Conduct disorder 193 181 157 194 187 193 172
Congenital heart anomalies 172 1185 197 546 369 415 866
Congenital musculoskeletal and limb anomalies 90 103 75 106 83 144 107
Contact dermatitis 2 4 16 4 16 4 5

Cutaneous and mucocutaneous leishmaniasis

Cystic echinococcosis

Cysticercosis

Decubitus ulcer

Dengue

Diabetes mellitus type 1

Diabetes mellitus type 2

Diarrheal diseases

Dietary iron deficiency

Digestive congenital anomalies

Diphtheria

Down syndrome

Drug-susceptible tuberculosis
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1

2

3

4

5

6 Dysthymia 0
7 Ebola 0
g Edentulism 0
10 Encephalitis 9 28 9 19 60 15 121 1
11 Endocarditis 1 15 1 5 3 5 10 0
12 Endocrine, metabolic, blood, and immune disorders 167 161 134 79 154 186 159 29
E’l Endometriosis

15 Esophageal cancer

16 Extensively drug-resistant tuberculosis

17 Female infertility

18 Food-borne trematodiases

19 .

20 Fungal skin diseases

21 G6PD deficiency

22 G6PD trait

23 Gallbladder and biliary diseases

24 Gallbladder and biliary tract cancer

;2 Gastritis and duodenitis

27 Gastroesophageal reflux disease

28 Genital herpes

;g Genital prolapse

31 Glaucoma

32 Gonococcal infection

33 Gout

34 Guinea worm disease

22 Hemolytic disease and other neonatal jaundice

37 HIV/AIDS

38 Hodgkin lymphoma

39 Hookworm disease

40

41

42
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Hypertensive heart disease
Idiopathic developmental intellectual disability 16 20 27 41 25 20 81 0
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Idiopathic epilepsy

89 167 64

207

183

180

Inflammatory bowel disease

Inguinal, femoral, and abdominal hernia

Interstitial lung disease and pulmonary sarcoidosis

Intracerebral hemorrhage

Invasive Non-typhoidal Salmonella (iNTS)

lodine deficiency

Ischemic heart disease

Ischemic stroke

Kidney cancer

Klinefelter syndrome

Larynx cancer

Latent tuberculosis infection

Leprosy

Lip and oral cavity cancer

Liver cancer due to alcohol use

Liver cancer due to hepatitis B

Liver cancer due to hepatitis C

Liver cancer due to NASH

Liver cancer due to other causes

Low back pain

Lower respiratory infections

Lymphatic filariasis

Major depressive disorder

Malaria

Male infertility

https://mc.manuscriptcentral.com/bmjpo




Page 23 of 27 BMJ Paediatrics Open

Volodina et al., Public health relevance of medicines developed under paediatric legislation in Europe and the United States: a systematic mapping study

1

2

3

4

5

6 Malignant skin melanoma 1
7 Maternal disorders 0
g Measles 0
10 Meningitis 7
11 Mesothelioma 0
12 Migraine 3
13 Motor neuron disease 0
1:’ Multidrug-resistant tuberculosis without extensive drug resistance 0
16 Multiple myeloma 0
17 Multiple sclerosis 1
18 Myelodysplastic, myeloproliferative, and other hematopoietic

19 neoplasms 0
;? Myocarditis 0
22 Nasopharynx cancer 0
23 Near vision loss 0
24 Neck pain 0
;2 Neonatal encephalopathy due to birth asphyxia and trauma 0
27 Neonatal preterm birth 0
28 Neonatal sepsis and other neonatal infections 33 1077 68 1621 288 1157 1093 2
29 Neural tube defects 79 324 60 258 76 146 383 0
:? Non-Hodgkin lymphoma 0
32 Non-melanoma skin cancer (basal-cell carcinoma) 0
33 Non-melanoma skin cancer (squamous-cell carcinoma) 0
34 Non-rheumatic calcific aortic valve disease 0
35 Non-rheumatic degenerative mitral valve disease 0
g? Onchocerciasis 0
38 Opioid use disorders 0
39 Orofacial clefts 0
40

41

42
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Osteoarthritis hand

Osteoarthritis hip

Osteoarthritis knee

Osteoarthritis other

Other benign and in situ neoplasms

Other cardiomyopathy

Other cardiovascular and circulatory diseases

Other chromosomal abnormalities 112 178 166 59 78 127 95
Other chronic respiratory diseases 13 30 14 34 13 38 32
Other congenital birth defects 132 659 170 519 320 561 589
Other digestive diseases 3 11 4 16 9 11 16

Other drug use disorders

Other gynecological diseases

Other hemoglobinopathies and hemolyticanemias 4

Other intestinal infectious diseases 1

Other leukemia 3 20 11 38 5 25 43
Other malignant neoplasms 56 108 76 82 73 48 120
Other mental disorders 3 1 3 1 1 1 2

Other musculoskeletal disorders 7 15 65 2 3 2 10
Other neglected tropical diseases 10 53 4 42 14 33 101

Other neonatal disorders

Other neurological disorders

Other non-rheumatic valve diseases

Other nutritional deficiencies

Other oral disorders

Other pharynx cancer

Other pneumoconiosis

Other sense organ diseases

15

15

13

15

13

15

14
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1

2

3

4

5

g Other sexually ransmitted infections o [ o o [ o Jo [ o [0 | 2 |
/ Other skin and subcutaneous diseases 23 24 23 20 22 22 23 1
g Other unspecified infectious diseases 37 70 26 104 93 290 138 6
10 Other urinary diseases 3 4 3 17 4 7 11 1
1 Other vision loss 5 8 4 4 4 3 5 2
12 Otitis media 26 49 26 57 46 55 51 2
12 Ovarian cancer 1 2 1 1 2 2 2 0
15 Pancreatic cancer 0
16 Pancreatitis 0
17 Paralytic ileus and intestinal obstruction 0
12 Paratyphoid fever 0
20 Parkinson's disease 0
21 Peptic ulcer disease 0
22 Periodontal diseases 0
23 Peripheral artery disease 0
;g Polycystic ovarian syndrome 0
26 Premenstrual syndrome 0
27 Prostate cancer 0
28 Protein-energy malnutrition 10 194 10 1188 36 802 555 1
29 Pruritus 4 5 5 8 5 7 5 0
:? Psoriasis 52 32 41 6 13 9 15 2
32 Pyoderma 6 24 2 23 5 15 21 4
33 Rabies 3 21 0
34 Refraction disorders 46 54 27 17 39 18 31 0
:2 Rheumatic heart disease 2 28 1 38 2 32 36 0
37 Rheumatoid arthritis 1 7
38 Scabies 76 0
39 Schistosomiasis 14 0
40

41

42
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Schizophrenia 2 2 1 2 2 2 2
Seborrhoeic dermatitis 2 2 2 3 1 3 3
Self-harm and interpersonal violence 70 279 90 133 171 321 240

Sickle cell disorders

Sickle cell trait

Silicosis

Stomach cancer

Subarachnoid hemorrhage

18

Sudden infant death syndrome

102

Syphilis

Tension-type headache

125

Testicular cancer

Tetanus

Thalassemias

Thalassemias trait

Thyroid cancer

Tracheal, bronchus, and lung cancer

Trachoma

Transport and other unintentional injuries

Trichomoniasis

Trichuriasis

Turner syndrome

4 4 | 4 |

Typhoid fever

Upper respiratory infections 132 154 144 154 100 106 114
Urinary tract infections and interstitial nephritis 5 48 5 7 10 4 23
Urogenital congenital anomalies 28 84 29 33 25 26 50

Urolithiasis

Urticaria
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71 80 88 80 133 81 80
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Uterine cancer

Uterine fibroids

Varicella and herpes zoster
Vascular intestinal disorders
Viral skin diseases

Visceral leishmaniasis
Vitamin A deficiency
Whooping cough

Yellow fever

Zika virus
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Supplement 2. Paediatric indications not mapped with Disability Adjusted Life Year cause
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daily, around the-clock, long-term opioid
treatment in pediatric patients 11 years and
older

N Approved indication in EU/US Assigned ICD 10 classification
1 Maintenance of anesthesia in non-intubated
patients
2 Adjunct to general anesthesia
3 Contrast agent for intravenous use with Z00-Z13  Persons encountering health
magnetic resonance imaging services for examination and investigation
4 Diagnostic evaluation of tissue pathologies
with contrast-enhanced magnetic resonance
imaging
5 Emergency contraception within 120 hours (5
days) of unprotected sexual intercourse or
contraceptive failure 230 Contraceptive management
6 Oral contraception
7 Management of mild to moderate pain and the
management of moderate to severe pain as an
adjunct to opioid analgesics, and for the
reduction of fever in pediatric patients 6
months and older R52 Pain, not elsewhere classified
8 Management of pain severe enough to require
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