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Abstract

Introduction Concerns over serious respiratory depression in children led to two European Union (EU) referral procedures
(in 2013 and 2015) to review the benefit—risk balance of codeine in this population when used for pain relief, cough or cold.
Consequently, codeine should no longer be used in children aged < 12 years and restrictions were introduced for treatment
in children > 12 years.

Objective This multinational collaborative study aimed to assess the effectiveness of these risk minimisation measures by
evaluating changes in prescribing of codeine and alternative treatments.

Method Children under 12 and 12-18 years old were followed between 2010 and 2017 to analyse quarterly trends in pre-
scribing of codeine and alternative treatments in electronic health records from France, Germany, Norway, Spain and the
United Kingdom using interrupted time series analysis.

Results Overall prescribing of codeine in children decreased in all five countries, reaching near zero prevalence in children
under 12 years of age. This was accompanied by an increase in use of other opioid analgesics in France (from 0.15 to 0.56
prevalence per 100 person-years immediately after the first referral), Norway (from 0.0006 to 0.0013 at the end of the study),
the United Kingdom (from 0.018 to 0.05 at the end of the study), and an increase in non-opioid analgesics in Norway (from
0.045 to 0.075 at the end of the study) after the referral on pain relief indication. The referral on cough/cold indication led
to a decrease in use of opioid and non-opioid antitussives in children aged < 12 years in France (from 10 to 7 and 20 to 16,
respectively) and had no impact in other countries. Overall prescribing trends for codeine and alternatives were similar across
both age groups within each country.

Conclusion The decrease in use of codeine shows that healthcare professionals followed the adopted measures and switched
prescribing practices for pain management in children aged < 18 years towards opioid or non-opioid analgesics depending
on national clinical and reimbursement settings. Whist the magnitude of the first referral on pain differed between countries,
the second referral on cough/cold had only a minimal impact on the use of codeine and antitussives.

P4 Kelly Plueschke
Kelly.plueschke @ema.europa.eu

European Medicines Agency, Domenico Scarlattilaan 6,
1083 HS Amsterdam, The Netherlands

Medicines Monitoring Unit, University of Dundee, Dundee,
UK

3 EPI-PHARE, French National Agency for Medicines
and Health Products Safety (ANSM), French National Health
Insurance (CNAM), Saint-Denis, France

Norwegian Medicines Agency (Legemiddelverket), Oslo,
Norway

Agencia Espafiola de Medicamentos y Productos Sanitarios,
Madrid, Spain

A\ Adis


http://orcid.org/0000-0002-1824-4148
http://crossmark.crossref.org/dialog/?doi=10.1007/s40264-022-01214-y&domain=pdf

1070

K. Plueschke et al.

Reports of serious and sometimes fatal respiratory
depression in children associated with codeine when
used for pain relief, cough or cold led to the imposition
of risk minimisation measures in the European Eco-
nomic Area through two European Union referrals in
2013 and 2015, including contraindications and restric-
tions of use of this substance in particular in children
under 12 years of age.

This study aimed at analysing prescribing patterns of
codeine and alternative medicines in children in France,
Germany, Norway, Spain and the United Kingdom
before and after the referrals using interrupted time
series analysis.

Whilst the use of codeine in children dropped in the five
countries until reaching near zero prevalence by the end
of the study period, an increase in prescribing of certain
alternative analgesics for pain management could be
observed in some participating countries, revealing a
heterogenous impact of the risk minimisation measures
linked to different national clinical and reimbursement
practices.

1 Introduction

Codeine-containing products have been authorised nation-
ally in Europe for decades (the European Union reference
date for codeine is September 1954 [1]) for the manage-
ment of pain in adults and children, and in some countries
for cough, either on prescription or over the counter. The
substance is commonly combined with other analgesics such
as non-steroidal anti-inflammatory drugs and non-opioid
analgesics with the aim of increasing the analgesic effect
due to the different modes of action of the individual drugs.
The pharmacological effect of codeine on pain is due to its
conversion into morphine by an enzyme called CYP2D6 [2].

In November 2007, the Medicines and Healthcare prod-
ucts Regulatory Agency (MHRA) issued a Drug Safety
Update on the very rare risk of side effects in breastfed
babies from maternal ingestion of codeine, following a
report of respiratory depression resulting in death in a
breastfed newborn whose mother was a CYP2D6 ultra-rapid
metaboliser [3]. In August 2012 based on further reports
associated with the substance, the United States (US) Food
and Drug Administration (FDA) published a Drug Safety
Communication warning stating that codeine use in certain
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children after tonsillectomy and/or adenoidectomy may lead
to rare but life-threatening adverse events or death [4-6].
The concerned children had evidence of being 'CYP2D6
ultra-rapid metabolisers', meaning that codeine is converted
into morphine in their body at a faster rate than normal,
resulting in high levels of morphine in the blood that can
cause toxic effects such as breathing difficulties. As a result,
the US FDA imposed a boxed warning on the packaging and
a contraindication of US products against the use of codeine
for the post-operative pain management in children after ton-
sillectomy or adenoidectomy, regardless of the metabolic
status.

In light of the above, the Pharmacovigilance Risk Assess-
ment Committee (PRAC) [7] decided to thoroughly evaluate
the issue of serious opioid toxicity in order to determine
whether any risk minimisation measures (RMM) should be
introduced in the European Economic Area (EEA) to ensure
safe use of codeine consistently across its countries. In Octo-
ber 2012, a referral under Article 31 of Directive 2001/83/
EC [8] was initiated to review the benefit—risk balance of
codeine-containing medicinal products (including combina-
tion products) indicated in the management of pain in chil-
dren. The PRAC issued its conclusions in June 2013 based
on all available evidence including pharmacokinetic data,
clinical studies, post-marketing data and published litera-
ture, which were agreed upon by the Coordination Group for
Mutual Recognition and Decentralised procedures Human
(CMDh) [9]. Although morphine-induced side effects may
occur at all ages, the current evidence suggested that chil-
dren aged < 12 years were at special risk of life-threatening
respiratory depression with codeine due to their reduced
ability to metabolise codeine. Moreover, the efficacy of
codeine for pain relief in children was not superior to that
of other analgesics, such as non-steroidal anti-inflammatory
drugs and non-opioid analgesics, although it was considered
that codeine still had a place in the treatment of acute pain
in the paediatric population. To address their concerns over
the risks, the PRAC and CMDh recommended the following
legally binding RMM to be implemented at the national level
in all EEA countries: (i) contraindications in all paediatric
patients (0—18 years of age) who undergo tonsillectomy or
adenoidectomy for obstructive sleep apnoea syndrome, in
children whom respiratory function might be compromised,
and those of any age who are known to be CYP2D6 ultra-
rapid metabolisers, (ii) restrictions of use for the treatment
of acute moderate pain only in patients >12 years of age who
cannot be relieved by other analgesics such as paracetamol
or ibuprofen (alone) and (iii) codeine should be used at the
lowest effective dose for the shortest period of time. A Pub-
lic Health Communication in lay language was published on
the EMA website together with the PRAC assessment report,
PRAC recommendation, CMDh decision and the relevant
annexes including the details of the required amendments to
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the Summary of Product Characteristics (SmPC) of codeine-
containing products, list of products impacted and the time-
table for the implementation of the agreed amendments at
the national level [10]. The Public Health Communication
was translated in all EEA languages and subsequently pub-
lished on the websites of the National Competent Authori-
ties in line with the Guideline on Good Pharmacovigilance
Practices (GVP) Module XV on Safety communication [11]
to ensure consistent messages are addressed to the public in
a timely manner and in the official languages of the countries
where the medicinal products are placed on the market.

As similar risks could apply to the use of codeine for
cough and cold in children, a second EEA-wide review was
launched in April 2014 [12]. In total, 14 cases of codeine
intoxication in children (aged from 17 days to 6 years)
related to the treatment of cough and respiratory infection
were identified in the published literature, four of which had
a fatal outcome. As a consequence, in April 2015, codeine
for cough and cold was contraindicated by the PRAC and
CMDh in children aged < 12 years, and not recommended
in children aged between 12 and 18 years with compromised
respiratory function and/or considered CYP2D6 ultra-rapid
metabolisers. These restrictions were largely in line with the
previous recommendations for codeine when used for pain
relief and a similar public health communication was issued.
The changes applied to the SmPC of codeine-containing
products following both referrals can be found in Table A
of the electronic supplementary material (ESM).

To assess the effectiveness of these RMM, a collabora-
tive study was performed between the European Medicines
Agency (EMA) and three National Competent Authorities
(NCAs) (Agence Nationale de securité du médicament et
des produits de santé [ANSM] in France, Statens Legemi-
ddelverket [NOMA] in Norway and Agencia Espafiola de
Medicamentos y Productos Sanitarios [AEMPS] in Spain).
The objectives were to (i) describe the use of codeine, alter-
native analgesics and antitussives between 2010 and 2017
(included) in patients below 18 years of age in the five par-
ticipating countries and (ii) assess whether the two referrals
were associated with any changes in the use of alternative
treatments in this patient population.

2 Methodology
2.1 Population

This collaborative drug utilisation study aimed to describe
quarterly prescription trends in France, Germany, Norway,
Spain and the United Kingdom (UK) based on electronic
health records from the Systéme National des Données de
Santé (SNDS) [13], IMS® Disease Analyzer Germany (GP
practices and paediatric practices) [14, 15], Norwegian

prescription database (NorPD) [16], Base de Datos para
la Investigaciéon Farmacoepidemioldgica en Atencién Pri-
maria (BIFAP) [17] and IQVIA Medical Research Data
(IMRD-UK) [18], respectively. These databases are further
described in Table B of the ESM.

The study period covered January 2010 to December
2017. The population consisted of children under the age of
18 years, stratified between those aged < 12 years and those
12-18 years of age exposed to codeine, alternative analge-
sics or antitussives as recorded in the databases.

An overview of the different treatments’ indications in the
participating countries is provided in Table C of the ESM.

2.2 Exposure

The following exposure groups were defined in each data-
base: (i) codeine-containing products; (ii) opioid antitus-
sives other than codeine; (iii) opioid analgesics other than
codeine; (iv) non-opioid analgesics and (v) non-opioid anti-
tussives. Table D of the ESM provides further details on the
composition of the exposure groups and related WHO ATC
classification [19].

2.3 Data Management and Analysis

A common protocol, data extraction plan and table shells
were developed and agreed by the participating analysts with
knowledge of the respective databases to ensure a consistent
approach in the data extraction and calculation of exposure
measures [20].

The aggregate table shells were completed by the partici-
pating analysts from ANSM for SNDS, NOMA for NorPD,
AEMPS for BIFAP and EMA for IMS® Disease Analyzer
Germany and IMRD. After validation, the information was
sent to EMA for analysis at a central level.

The quarterly prevalence was calculated as the number
of children with a prescription for a drug of interest (patient
level) in a specific calendar quarter per 100 person-years.
Children contributed to the denominator if they were eligible
to receive a prescription at any time between the first and
last day of the period, therefore observable at any time in the
database. The same analyses were performed at prescrip-
tion level. However, since the results were in line with the
analyses at the patient level, only the latter are described in
this paper.

An interrupted time series (ITS) regression analysis [21,
22] was performed to assess whether the regulatory actions
taken as a result of the codeine referrals in June 2013 (on
pain relief indication, referred to as ‘first referral’) and in
April 2015 (cough or cold indication, referred to as ‘sec-
ond referral’) were associated with statistically significant
changes in the use of these treatments. Models were adjusted
for autocorrelation (i.e. seasonality) [23] if identified with
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the Durban-Watson statistic. Model selection was assessed
through a visual inspection of the white noise and Inverse
Autocorrelation Function (IACF) plots.

Norwegian data were omitted from the analysis on
changes to antitussives prescribing after the second referral
as no codeine-containing products were authorised for cough
or cold in Norway.

2.4 Outcomes

The following coefficients were estimated from the ITS
models: (i) coefficient 3, indicating the pre-referral slope
and interpreted as the change in outcome associated with
a time unit increase, (ii) the change in level from pre- to
post-referral (f,) and (iii) the change in slope from pre- to
post-referral (;). The post-interruption slope can be deter-
mined by summing coefficients 8, and f3; with statistical

significance obtained using post-estimation procedures [24].
Level of significance was set at p < 0.05. All analyses were
performed using SAS.

The results presented in section 3 highlight the statisti-
cally significant changes in the use of codeine and its alter-
native medicines during the study period (i.e. p value <0.05
in Tables 1, 2, 3, 4, 5 6 and Tables 1-6 of the ESM). All
prevalence data are expressed per 100 person-years.

2.5 Ethical Approval

Upon agreement of the common protocol, the analysts
requested ethical approval when applicable. The use of
BIFAP data for this project was approved by the Scientific
Committee of BIFAP (protocol reference: 10/2019) and
an Ethics Committee (CEIM regional de la Comunidad de
Madrid: aprobacién 08-06-2020, acta CEIm 06/20). The use

Table 1 Results of interrupted
time series* analysing for
trends in codeine-containing

Pre-referral slope

Change in level from pre- to Change in slope from
post-referral pre- to post-referral

products in children < 12 years B p value B p value P p value

of age after the pain referral

(June 2013) in France, Norway, France 0.0824 <0.0001 —3.0664 <0.0001 —0.1231 <0.0001

Ggrmany, Spain and the United Norway 0.0004 0.0751 -0.0164 <0.0001 —-0.0013 <0.0001

Kingdom Germany —-0.0108 0.5582 —-0.1265 0.5196 —-0.0977 <0.0001
Spain —0.2659 <0.0001 —0.2395 0.6417 0.2468 0.0040
United Kingdom —0.0089 <0.0001 —0.0151 0.2651 0.0040 0.0091

*Statistically significant increases and decreases are highlighted in bold font

Table 2 Results of interrupted
time series* analysing for
trends in codeine-containing

Pre-referral slope

Change in level from pre- to Change in slope
post-referral from pre- to post-

X . referral

products in children <12 years

of age after the cough or cold N p value B p value B p value

referral (April 2015) in France,

Germany, Spain and the United France —0.1427 0.0087 —-0.1114 0.8612 0.1045 0.4562

Kingdom Germany —0.0470 <0.0001 -0.9776 0.0002 0.0414 0.2090
Spain —0.1855 0.0001 0.3214 0.5810 0.1892 0.1182
United Kingdom —0.0085 <0.0001 0.00001 0.9974 0.0056 0.0144

*Statistically significant increases and decreases are highlighted in bold font

Table 3 Results of interrupted
time series* analysing for trends
in alternative opioid medicines

Pre-referral slope

Change in level from pre- to  Change in slope from
post-referral pre- to post-referral

for treatment of pain in children B p value P p value Bs p value

<12 years of age after the pain

referral (June 2013) in France, France 0.0047 0.3427 0.3773 <0.0001 0.0092 0.1767

Norway, Germany, Spain and Norway 0.00001 0.0057 —0.0001 0.1313 0.0001 0.0027

the United Kingdom Germany ~0.0052 03344 ~0.0076  0.8948 ~0.0112 0.0789
Spain 0.0001 0.0531 0.0005 0.5179 —0.00013 0.1668
United Kingdom 0.0003 0.2978 0.0061 0.0580 0.0010 0.0080

*Statistically significant increases and decreases are highlighted in bold font
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Table 4 Results of interrupted
time series* analysing for

Pre-referral slope

Change in level from pre- to Change in slope from
post-referral pre- to post-referral

trends in alternative non-opioid

medicines for treatment of B p value P p value B p value
pain in children < 12 years

of age after the pain referral France 0.8287 0.0425 —3.8306 0.3618 —1.3088 0.0068

(June 2013) in. France, N orway, Norway 0.0005 0.0333 0.0021 0.3750 0.0009 0.0060

g?rf‘aany’ Spain and the United G5y 0.8637 0.0008 ~5.9269 0.0160 ~0.3321 0.2506

ingdom
g Spain —0.289 0.2833 —2.3838 0.4021 0.1348 0.6595
United Kingdom —0.3039 0.0013 —0.5470 0.5306 —0.1881 0.0272

*Statistically significant increases and decreases are highlighted in bold font

Table 5 Results of interrupted
time series* analysing for trends
in alternative opioid medicines

Pre-referral slope

Change in level from pre-
to post-referral

Change in slope from
pre- to post-referral

for treatment of cough or cold in B p value B p value Bs p value

children < 12 years of age after

the cough or cold referral (April France —-0.0278 0.4313 2.0267 0.0357 —0.3854 0.0071

2015) in France, Germany, Germany —0.1069 <0.0001 0.2281 0.2502 0.1035 0.0009

Spain and the United Kingdom ¢, ~03128 0.0001 0.4197 0.7030 03604 0.0929
United Kingdom —0.0200 <0.0001 0.0661 0.1100 0.0111 0.0636

*Statistically significant increases and decreases are highlighted in bold font

Table 6 Results of interrupted
time series* analysing for

Pre- referral slope

Change in level from pre- to Change in slope from
post- referral pre- to post- referral

trends in alternative non-opioid

medicines for treatment of 5 p value B p value P p value
cough or cold in children < 12
years of age after the cough or France —-0.1609 0.0031 3.5102 0.0120 —-0.4108 0.0383
cold referral (April 2015) in Germany —0.4987 0.0036 1.2935 0.7561 —-0.0715 0.9053
France, Germany, Spainand the g, ~0.9250 0.0005 0.7129 0.8215 1.0568 0.1252
United Kingdom . .

United Kingdom —0.0262 0.0230 —0.0226 0.8406 —0.0208 0.3582

* Statistically significant increases and decreases are highlighted in bold font

of IMRD-UK was approved by the Scientific Review Com-
mittee under the reference number 19THINOS8O.

3 Results

3.1 Overall Trends in Codeine Prescribing
in Children Below 12 Years of Age

A decreasing trend in the prevalence rate in children was
visible in Spain and the UK prior to the first referral (from
4.63 to close to 0 and 0.26 to 0.15, respectively). Despite a
slight increase pre-referral in France (from 2.84 to 3.82),
the prevalence rate dropped immediately afterwards in this
country (—3.15) and in Norway (—0.017) (Fig. 1, Table 1).
A decrease in post-referral trend was then continuously
observed, except in Spain and the UK, reaching near zero
use by the time of the second referral in the five countries

(Fig. 2, Table 2). A slight increase in trend could be seen in
the UK post-second referral.

3.2 Overall Trends in Alternatives to Codeine
Prescribing in Children Below 12 Years of Age

For other opioid analgesics, there was an immediate increase
in use after the first referral in France (from 0.15 to 0.56),
and a trend increase in Norway (from 0.0006 to 0.0013) and
the UK (from 0.018 to 0.05). For non-opioid analgesics, an
immediate decrease in use was visible in Germany, whereas
a trend decrease appeared in France and the UK, and a trend
increase in Norway (from 0.045 to 0.075) (Figs. 3a, b and
4, Tables 3, 4).

As shown in Table E of the ESM, tramadol (including
in combination with non-opioids products) was the most
prescribed alternative opioid analgesic across all coun-
tries, while prescribed ibuprofen (Norway, Germany and
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Fig. 1 Quarterly (n = 32) trends for codeine-containing products in children < 12 years of age in France (a), Norway (b), Germany (c), Spain (d)
and the United Kingdom (e) between 1 January 2010 and 31 December 2017, in relation to the first referral on pain relief indication (June 2013)

Spain) and paracetamol (France and the UK) appeared to
stand out as non-opioid analgesics.

Following the second referral, an immediate increase
in use of opioid and non-opioid antitussives in France
changed into a decrease in trends over time (from 10 to
7 and from 20 to 16, respectively). No changes were vis-
ible in the three other countries immediately nor later
post-second referral (only an increasing trend of opioid
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antitussives in Germany which remained extremely close
zero use) (Figs. 5, 6, Tables 5, 6).

3.3 Overall Trends in Children Aged 12 Years
and Above

Codeine prescribing trends in children aged > 12 years in
relation to the first referral were rather similar to those for
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Fig.2 Quarterly (n = 32) trends for codeine-containing products in children <12 years of age in France (a), Germany (b), Spain (c) and the
United Kingdom (d) between 1 January 2010 and 31 December 2017, in relation to the second referral on cough or cold indication (April 2015)

children aged < 12 years, with a decrease in use in France,
Norway and the UK (Fig. 1, Table 1 of the ESM). A decreas-
ing trend was visible just before the second referral in Ger-
many, Spain and the UK, but only perdured after the second
referral in France and the UK (Fig. 4, Table 4 of the ESM).

The overall prescribing trends for both opioid and non-
opioid alternatives were similar across both age groups
within each participating country over time (Figs. 2, 3, 5, 6
and Tables 2, 3, 5, 6 of the ESM).

4 Discussion

This study was conducted to assess changes in prescribing
of codeine and alternative medicines authorised for pain
relief and cough or cold indications in children following
restrictions on use of codeine imposed at the EU level. The
results are in line with another European multicentre drug
utilisation study on the impact of the first referral on pre-
scribing of codeine for pain in children [25]. The present
study, however, goes further as it looks at a longer period

including the second referral on cough or cold indication and
extends the drug utilisation analysis to alternative analgesics
and antitussives.

4.1 Observations on Prevalence of Use
and Prescribing Trends Across Age Groups
and Countries

Whilst the use of codeine decreased throughout the study
period in the five participating countries until reaching
extremely low (or no) use in children aged < 12 years, the
decrease could be observed prior to the first referral in Spain
and the UK. At the end of the study period, an extremely
small increase could be seen in the UK. However this is
qualified as minimal considering the overly low prevalence.

The use remained higher in children aged 12 years and
above, and was highly variable between countries, hinting at
different national clinical practices. For example, in Decem-
ber 2017 the prevalence rate was 0.11 per 100 person-years
in Norway compared with 6.14 in Spain. In line with the use
of codeine, the use of alternative opioid analgesics remained
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Fig.3 Quarterly (n = 32) trends for alternative opioid medicines for
treatment of pain in children <12 years of age in France (a), Norway
(b), Germany (c), Spain (d) and the United Kingdom (e) between 1

higher in older children, while the use of non-opioid analge-
sics was higher in children aged < 12 years throughout the
study period in all countries. The use of non-opioid alter-
natives remained overall higher than opioid alternatives in
both age groups in most countries (apart for antitussives in
Spain and in children aged > 12 years in France and the UK).
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Important differences in patterns of use of alternative
treatments could be observed between the two age groups
and between countries. In France, for example, the preva-
lence rate for non-opioid analgesics at the end of the study
was 140 in children aged < 12 years and 80.75 in children
aged > 12 years, while in Norway, the rate was <1 in both
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Fig.4 Quarterly (n = 32) trends for alternative non-opioid medicines
for treatment of pain in children <12 years of age in France (a), Nor-
way (b), Germany (c), Spain (d) and the United Kingdom (e) between

age groups. Similar observations hold for the other alterna-
tive medicines analysed in this study.

4.2 Switching to Alternative Treatments

Changes to prescribing trends of alternative medicines fol-
lowing the referrals led to assumptions on switching patterns
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1 January 2010 and 31 December 2017, in relation to the first referral
on pain relief indication (June 2013)

towards the use of opioid analgesics in France, Norway and
the UK, and towards the use of non-opioid analgesics in
Norway for pain management in children under 12 years of
age. As the study did not aim to assess the prescribing trends
at an individual substance level, it is difficult to point out
which of the substances were prescribed instead of codeine.
However, as shown in Table E of the ESM, tramadol
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Fig.5 Quarterly (n = 32) trends for alternative opioid medicines for
treatment of cough or cold in children <12 years of age in France (a),
Germany (b), Spain (c¢) and the United Kingdom (d) between 1 Janu-

(including in combination with non-opioids products) was
the most prescribed alternative opioid analgesic used across
all countries. As for non-opioid analgesics, ibuprofen was
the most prescribed in Norway, Germany and Spain, while
paracetamol was the most prescribed in France and the UK.
Considering that the overall use of alternative opioid antitus-
sives decreased or flattened over time after the second refer-
ral in line with the use of codeine, it can be assumed that no
switching towards these substances occurred, however this
was not tested.

4.3 Contextualisation of the Results

The variability in prescribing trends of alternative medicines
across countries and across the two age groups might have
been influenced by national reimbursement status and/or
clinical guidelines or recommendations. In France, market-
ing of the only plain codeine-containing product authorised
for pain relief in children (Codenfan®) was ceased by the
Marketing Authorisation Holder (MAH) in 2013, justifying
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ary 2010 and 31 December 2017, in relation to the second referral on
cough or cold indication (April 2015)

the immediate drop in use of codeine-containing products
after the first referral. This was associated with an increase
in use of other opioid analgesics such as tramadol (from 3
years of age) or even morphine according to certain condi-
tions as recommended by French guidelines for the manage-
ment of intense pain in children [26, 27].

In Spain, a change in national reimbursement status
became effective on September 1, 2012 [28] for certain
medicinal products indicated in a wide range of minor
symptoms like cough or cold. Most of the products excluded
from reimbursement concerned those categorised in groups
1 (codeine-containing products), 2 (opioid antitussives) and
5 (non-opioid antitussives) (Table D of the ESM). Conse-
quently, prescriptions in these groups dropped by 64%, 93%
and 89%, respectively.

In the UK, codeine and antitussives use started to
decrease before 2013 while a steep increase was visible
for opioid analgesics in children aged <12 years after the
pain referral. It can be assumed that patients were switched
from codeine to these medications. This behaviour might
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Fig.6 Quarterly (n = 32) trends for alternative non-opioid medicines
for treatment of cough or cold in children <12 years of age in France
(a), Germany (b), Spain (c¢) and the United Kingdom (d) between 1

have been triggered by the earlier warning of the harm of
codeine-containing products in 2009 [3]. In addition, back
in 2010, the UK Commission on Human Medicines advised
that over-the-counter (OTC) liquid medicines containing
codeine should not be used for cough suppression in people
aged < 18 years [29], which might have also contributed to
the early decrease in use of these products.

5 Opportunities and Limitations
5.1 Opportunities

Three NCAs participated with EMA in the study. The
whole process worked well thanks to very good interac-
tions between the parties and strong expertise regarding the
characteristics of the national datasets. The common data
extraction plan was consistently used by the participants,
allowing the data to be retrieved in a structured format, and
simplifying data pooling and analysis centrally by EMA.
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5.2 Limitations

The impact of the two referrals is difficult to compare across
countries due to different baseline prescriptions prevalence.

As the study was performed in prescription and dispensa-
tion databases, the results do not take account of OTC medi-
cations intake, when these can be sold directly to a consumer
without a prescription from a healthcare professional, which
can be substantial for these indications. The OTC status is
regulated at a national level, and can therefore vary across
countries [30]. The use of non-opioid medicinal products
is as a consequence most probably underestimated, and the
decrease in the use of codeine could have led to an increase
in use of OTC non-opioid medicines that cannot be meas-
ured in this study.

The specific indications for which codeine was prescribed
were not considered in the analysis, nor was the prevalence
of use of individual alternative substances. It is therefore
difficult to ascertain which substances were precisely used
instead of codeine.
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Whilst Annex IV of each of the referrals’ documents [10,
12] provide a timetable for the language translations of the
regulatory agreements and for the subsequent submission of
the appropriate variations by the MAHs to NCAs, the time to
implementation of the regulatory actions may vary between
countries. This depends on various aspects, including the
type of variation submitted for each codeine-containing
product based on the changes to the SmPC required [31],
on the time needed for the relevant authorities to integrate
the measures into local prescribing policies, and on varying
levels of awareness and communication of the underlying
clinical issue prior to and after the referrals. These could all
act to confuse any trends in the time series.

Most data sources have some form of blinding of dates
of birth, typically rounding off to the nearest month,
6 months or year. This will lead to the misclassification of
age for some subjects at some time points and in turn will
lead to some 11-year-old children being classified as aged
12-18 years and vice-versa. If prescribing varies with age,
such misclassification could result in spurious seasonality,
but would not change yearly prescribing patterns.

6 Conclusion

This study shows that the RMM introduced following the
first referral procedure (2013) on the pain indication in chil-
dren had different impacts across the participating countries
on the use of codeine-containing products and alternative
treatments. While a significant drop in codeine use is visible
after the referral in France and Norway, prescriptions started
to decrease before the regulatory intervention in Spain and
the UK. Mindful of the safety risk potentially caused by
codeine, healthcare professionals switched prescribing pat-
terns for pain management in children towards alternative
opioid analgesics like tramadol in France, Norway and the
UK, and towards the use of non-opioid analgesics like pre-
scribed ibuprofen and paracetamol in Norway. The RMM
recommended in the frame of the second codeine refer-
ral (2015) did not impact the trends in the use of opioid
and non-opioid antitussives, apart from France where the
use decreased for both types of products in children under
12 years.
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