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Introduction: Antimicrobial resistance (AMR) is one
of the most important challenges in modern clinical
practice. The European regulatory network has a strat-
egy to support prevention of AMR by applying specific
referral procedures. Aim: The aim of this study was to
evaluate post-authorisation changes made in the prod-
uct information of key antibiotics that underwent refer-
ral procedures between 2007 and 2020. Method: In a
comprehensive analysis of the changes made for anti-
biotics, we extracted information on changes from the
European Commission community register of medici-
nal products and the European Medicines Agency’s
database for antibiotics that went through referrals.
Changes made in the specific sections of the summary
of product characteristics of each referral procedure
were scrutinised. Results: We identified 15 antibiot-
ics from seven classes of antibiotics during the study
period. The outcome of all referrals included the restric-
tion of antibiotic use. Therapeutic indications were
revised for all antibiotics, with septicaemia and gonor-
rhoea most common diseases removed. Posology and/
or method of administration was updated for all; the
majority of referrals included adjustment of dosage for
specific populations. Information on contraindication
(most regarding hypersensitivity) and information on
warnings was amended for all referrals. Conclusion:
Our findings highlight the importance of the regulatory
actions. The changes made in the product information
aim to ensure appropriate use. Ongoing harmonisa-
tion activities are likely to lead to further refinements
and restrictions on individual antibiotics in support of
rational use. However, further research is required to
examine the impact of post-referral label changes on
the clinical practice.
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Introduction

Antimicrobial resistance (AMR) is one of the most
important challenges in modern clinical practice [1,2].
It is a multifactorial problem that must be tackled
from different angles [3]. One of these angles pertains
to the domain of medicine regulation. The European
Medicines Agency (EMA) together with European Union
(EU) countries and the European Commission (EC) has
a strategy for AMR that covers also the re-evaluation
of the product information that is available to the
European patients and healthcare professionals. This
process occurs via specific regulatory measures called
referral procedures [4].

Although recent advances have been made in propa-
gating prudent antibiotic use through harmonised
treatment guidance [5-7], historically, differences in
clinical practices exist between EU countries, which is
also reflected in differences in the nationally approved
product information of antibiotics across Europe. As
provided in the EU legislation relating to medicinal
products for human use [8], the referral is a post-
authorisation procedure that may be initiated under
specific conditions such as disagreements among
Member States on the use of the medicine or concerns
relating to the quality, safety or efficacy of a medicine
or a class of medicines. The outcome of a referral may
lead to maintenance or regulatory actions such as revo-
cation, suspension or variation to the terms of the mar-
keting authorisations. A variation may cover changes in
therapeutic indication, dose recommendations or rais-
ing healthcare professionals’ and patients’ awareness
regarding particular risks.

Addressing AMR relies on good antimicrobial steward-
ship and adherence to clinical treatment guidance.
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TABLE 1

Product and referral characteristics of antibiotics that went through referral procedures, European Union, 2007-2020

(n=15)

Type of antibiotics Article Competent authority? Year of EC decision
Cephalosporins

Ceftazidime 30 EC 2011
Cefuroxime axetil 30 EC 2012
Cefuroxime sodium 30 EC 2012
Ceftriaxone 30 EC 2014
Penicillins

Amoxicillin/clavulanic acid 30 EC 2009
Piperacillin/tazobactam 30 EC 2011
Amoxicillin 30 EC 2015
Fluoroquinolones

Ciprofloxacin 30 FR 2008
Levofloxacin 30 EC 2012
Carbapenems

Meropenem 30 EC 2009
Imipenem/cilastatin 30 NL 2011
Glycopeptides

Teicoplanin 30 EC 2013
Vancomycin 31 ES 2017
Polymyxins

Colistin/colistimethate sodium | 31 | EC | 2014
Other antibacterial medicines

Fosfomycin | 31 | DE | 2020

DE: Germany; EC: European Commission; ES: Spain; FR: France; NL: the Netherlands.

2 Competent authority starting the procedure.

However, up-to-date product information such as a
summary of product characteristics (SmPC) based on
the available scientific evidence may also be crucial to
sustain safe and effective use of the available antibi-
otics. Within a referral procedure, all available scien-
tific evidence is reviewed. Typically, the outcome of a
referral is an amended product information for health-
care professionals and patients reflecting a consensus
on product characteristics (i.e. regarding therapeutic
indication, dosage, contraindications, adverse events,
warning and precautions) that ideally reflects the cur-
rent state of knowledge and science. The underlying pol-
icy strategy is that EU-wide harmonised and adequate
instructions for healthcare professionals and patients
reduce inappropriate use of antibiotics, thereby con-
tributing to a solution for the AMR emergency.

There are several types of referrals in the European
regulatory system. AMR-related concerns are mainly
addressed under Article 30 and Article 31 of Directive
2001/83/EC [8]. These procedures may concern a spe-
cific medicinal product, a range of medicinal products
(all containing the same active substance) or a thera-
peutic class of medicinal products and can be initiated
by the EC, one of the EU Member States or the market-
ing authorisation holders of the concerned medicinal
product. It can be triggered in the following specific

cases: Article 30, when Member States adopt divergent
decisions concerning the authorisation of medicinal
products or to promote harmonisation of authorisa-
tions for medicinal products. The re-assessment of a
medicinal product under Article 30 can be applied to
a medicinal product that is approved for different indi-
cations in different Member States. Instead, an Article
31 referral can be triggered where the interest of the
EU is involved. The term ‘interest of the Union’ refers
particularly to the interests of public health related to
medicinal products in the EU in light of quality, safety
and efficacy data and related to the free movement of
products within the EU [9].

The SmPC is an integral part of a marketing authorisa-
tion (license) of any medicinal product [10]. It is a docu-
ment that describes the properties of a medicine, the
officially approved therapeutic indications, information
on dosing, safety warnings and directions for appropri-
ate use. It is updated throughout the life cycle of the
medicinal product as new data relevant to the benefit
and risk become available and/or results of studies
that may potentially have an impact on the market-
ing authorisation. A referral procedure may result in
adjustments to the SmPC. The SmPC gives essential
information for healthcare professionals on how to
prescribe the medicinal product safely and effectively.
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The package leaflets (PL) that are intended for patients
are drawn up in accordance with the SmPC. Changes
in the SmPC and the PL as a result of a European refer-
ral procedure need to be implemented nationally by
the Members States. The aim of the current study was
to evaluate such post-authorisation changes made
between 2007 and 2020 in the product information of
a number of key antibiotics as a result of completed EU
referral procedures.

Methods

Data source

We performed a comprehensive analysis of the changes
made for a number of antibiotics that went through
Article 30 and Article 31 referral procedure between
2007 and June 2020. Publicly available information on
regulatory procedures and assessment reports from
the EC Union register of medicinal products [11] and the
EMA database [12] were used to identify products that
went through Article 30 and 31 during the study period.
The EC Union register contains, among others, the EC
decisions with annexes after the referral procedures.
For this study, we used Annex Il that summarises sci-
entific conclusions and grounds for the variation to
the terms of the marketing authorisations. The study
includes all antibiotics that were re-assessed between
2007 and 2020 as a part of the European strategy to
support the prevention of AMR.

Referrals that were triggered following safety con-
cerns of the antibiotics were excluded, such as the
quinolone- and fluoroquinolone-containing medicinal
products referral finalised in November 2018. This pro-
cedure was initiated because of serious, disabling and
potentially permanent side effects of quinolone and
fluoroquinolone antibiotics.

Changes in the summary of product
characteristics following a referral procedure
We analysed in detail the changes made in the SmPCs
and the overall outcome of the procedures concerning
the benefit-risk balance. A change was defined as any
modification made as a result of the referral procedure
in the relevant sections of the SmPCs: section 4.1.
therapeutic indications, section 4.2. posology (dos-
age) and method of administration, section 4.3. con-
traindications and section 4.4. special warnings and
precautions for use. For section 4.1., a change was fur-
ther defined as a number of indications (including pro-
phylactic and non-prophylactic treatment) deleted or
added by the European regulators or withdrawn by the
marketing authorisation holder; for section 4.2., modi-
fications in posology and method of administration
were defined as a number of amendments in posol-
ogy, adjustments of dosage for specific populations
and amendments in the methods of administration;
for section 4.3., modifications in contraindication, i.e.
harmonisation or deletion, were assessed and for sec-
tion 4.4., any amendments including harmonisations of
warnings were registered.
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Data analysis

We report descriptive data for each antibiotic including
the type of antibiotic, the type of referral (Article 30
or 31), the competent authority starting the procedure
(EC, Member State) and the period of completing the
EC decision (2007-12, 2013-20). The evaluated antibi-
otics represented seven different classes of antibiotics
based on the anatomical therapeutic chemical (ATC)
classification system [13]: cephalosporins (ATC Jo1DC
or Jo1DD), penicillins (ATC Jo1CA or Jo1CR), fluoroqui-
nolones (ATC JoiMA), carbapenems (Jo1DH), glycopep-
tides (ATC Jo1XA or Ao7AA), polymyxins (ATC Jo1XB)
and other antibacterial medicines (ATC Jo1XX).

Results

Identification of products

We identified 15 antibiotics for which there had been
a referral procedure during the study period 2007 to
2020, representing seven classes of antibiotics (Table
1, Supplementary table S1). Four referrals related to
cephalosporins, three to penicillins, two each to fluo-
roguinolones, carbapenems and glycopeptide and one
each to polymyxins and other antibacterial medicines.
Most of the regulatory actions (n = 12) were Article 30
Directive 2001/83/EC and only three were Article 31 of
Directive 2001/83/EC. Only four referral procedures
were triggered by a Member State (France, Germany,
the Netherlands and Spain), others (n = 11) were initi-
ated by the EC.

Changes in the summary of product
characteristics following regulatory referral

A summary of the changes in the SmPC as a result of
referral procedures is presented in Table 2. The outcome
of all 15 referrals included the restriction of antibiotic
use. The amendments such as deletion and addition of
an indication per medicinal product in the section 4.1
varied from two for meropenem up to 16 for fosfomy-
cin. The outcomes of 13 referrals included deletion of
therapeutic indication that involved non-prophylactic
and prophylactic treatment. Only one referral included
deletion of both a prophylactic and a non-prophylactic
treatment for a single indication (amoxicillin used for
endocarditis). Meropenem and colistin/colistimeth-
ate sodium were the only antibiotics where a referral
did not result in deletion of therapeutic indication, but
involved restriction of use. For meropenem there was
one addition in the therapeutic indication statement
regarding the paediatric population, i.e. 3 months as
the lower age limit for treatment of bronchopulmonary
infections in cystic fibrosis and complicated urinary
tract infections. For colistin/colistimethate sodium the
section was revised as follows: colistin/colistimeth-
ate sodium are now indicated in adults and children
including neonates for the treatment of serious infec-
tions with selected aerobic Gram-negative bacteria in
patients with limited treatment options. The majority
(13/15), of referral procedures resulted in a deletion
of at least two therapeutic indications in section 4.1.
(Supplementary table S2). Septicaemia was the most
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TABLE 2

Changes in different sections of the summary of product characteristics of antibiotics as a result of referral procedures,
European Union, 2007-2020

Summary of product characteristics section Referrals
4.1 Therapeutic indications 15
Addition/revision 2
Deletion 13
Deletion of: group of indication, a disease specific indication, treatment use and prophylactic use 5
Deletion of a disease specific indication, group of indication and treatment use 5
Deletion of a disease specific indication, treatment use and prophylactic use 1
Deletion of a disease specific indication and treatment use 1
Deletion of group of indication and treatment use 1
4.2 Posology and method of administration 15
Modification in posology 3
. i Paediatric patients 5
ggLuuSlg:}g?]t of dosage for specific Paediatric patients and patients with reduced renal function 1
Paediatric patients and patients with reduced renal and hepatic function 1
Changes in the method of administration 1
Changes in the method of administration and adjustment of dosage for patients with reduced renal function 1
Changes in the method of administration and adjustment of dosage for paediatric patients 1

Changes in the method of administration, adjustment of dosage for paediatric patients and patients with reduced renal

function

4.3. Contraindications 15
Harmonisation 11
Hypersensitivity 9
Use during pregnancy and in patients with G6PD? 1
Hypersensitivity and children under 12 years 1
Deletion 2
Unchanged 2
4.4. Warnings 15
Amendment/harmonisation 15

2 Patients with glucose-6-phosphate dehydrogenase deficiency.

common disease removed from the SmPC section 4.1.
of the antibiotics included (ciprofloxacin, amoxicillin/
clavulanic acid, cefuroxime sodium and teicoplanin),
followed by community-acquired pneumonia (ceftazi-
dime, cefuroxime axetil and fosfomycin), gonorrhoea
(cefuroxime axetil, cefuroxime sodium, amoxicillin),
bone and joint infections (piperacillin/tazobactam,
imipenem/cilastatin and cefuroxime sodium) and
uncomplicated skin and soft tissue infections (levo-
floxacin, teicoplanin, ceftriaxone). Meningitis (imi-
penem/cilastatin and cefuroxime sodium) ranked at
an equal rate with urethritis (cefuroxime axetil and
amoxicillin), gynaecological infections (piperacillin/
tazobactam and cefuroxime sodium), upper respira-
tory tract infections (cefuroxime sodium and fosfomy-
cin) and lower respiratory tract infections (ceftazidime
and imipenem/cilastatin). There were also several dis-
eases or groups of infections that were deleted from
section 4.1. for a single referral procedure. For instance
the following indications were removed (antibiotics
between brackets): sinusitis (ceftriaxone), tonsillitis
(amoxicillin/clavulanic acid), asymptomatic bacteriuria
and acute cystitis during pregnancy (fosfomycin tro-
metamol oral solution), hospital-acquired pneumonia

(levofloxacin), bronchitis (@moxicillin) or Clostridioides
difficile infection (vancomycin oral route).

All referrals resulted in a change in section 4.2. (posol-
ogy and method of administration). A change in posol-
ogy was observed for all antibiotics included in this
study. For some antibiotics (piperacillin/tazobactam,
cefuroxime sodium, ceftriaxone, teicoplanin and colis-
tin/colistimethate sodium), the amendments applied
to the method of administration. There were several
adjustments of dosage and/or period of treatment for
specific populations such as the paediatric population
(meropenem, amoxicillin/clavulanic acid, piperacillin/
tazobactam, imipenem/ cilastatin, cefuroxime axetil,
teicoplanin, ceftriaxone, amoxicillin, vancomycin, and
colistin/ colistimethate sodium, fosfomycin), patients
with reduced renal function (@moxicillin/clavulanic acid,
cefuroxime sodium, teicoplanin, ceftriaxone, amoxicil-
lin, vancomycin, colistin/colistimethate sodium and
fosfomycin) or patients with reduced hepatic function
(amoxicillin/clavulanic acid, cefuroxime sodium, ceftri-
axone, and colistin/colistimethate sodium).
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Among all referral procedures, 11 concluded with a
harmonisation of section 4.3. on contraindications.
The majority of the harmonised contraindications were
regarding information on hypersensitivity (meropenem,
amoxicillin/clavulanic acid, piperacillin/tazobactam,
ceftazidime, imipenem/cilastatin, cefuroxime axetil,
teicoplanin, ceftriaxone, amoxicillin, fosfomycin). One
involved harmonisation of levofloxacin with regards
to use during pregnancy and in patients with glucose-
6-phosphate dehydrogenase (G6PD) deficiency and
one concerned oral formulation of fosfomycin in chil-
dren younger than 12 years. Moreover, two of the 15
referral procedures had a contraindication deleted: for
cefuroxime sodium in patients with hepatic dysfunc-
tion (lack of evidence) and for colistin/colistimethate
sodium-containing products in patients with myasthe-
nia gravis (replacement with a warning in section 4.4).

The section 4.4 on special warnings and precautions
for use was updated/harmonised in all 15 referral pro-
cedures. For example, in order to mitigate the well-
known risks of using vancomycin, warnings against
the potential for systemic absorption, nephrotoxicity,
ototoxicity, drug integrations, development of drug-
resistant bacteria and recommendations for regular
monitoring of renal function were included. For colis-
tin or colistimethate sodium, in addition to myasthenia
gravis mentioned above, a warnings advising against
concurrent administration of nephrotoxic and/or neu-
rotoxic medicinal products were introduced as well
as recommendations to perform regular monitoring of
renal function, mentioning the potential correlation
with cumulative dose and treatment duration. For fos-
fomycin, two warnings were included, one regarding
the need for combination therapy to reduce the risk
of emerging resistance and the second concerning the
risk of hypernatraemia and the need to monitor sodium
and potassium level because of the risk of sodium
overload related to infusion of intravenous fosfomycin.

Discussion

We have provided an analysis of all antibiotics that were
included in the EMA, Member States and EC harmoni-
sation strategy between 2007 and 2020 to address
inappropriate use of frequently used, mostly ‘old’, anti-
biotics. We found that 15 referral procedures were trig-
gered; for all of them a positive benefit-risk balance
was confirmed. The therapeutic use was restricted for
all included antibiotics. Cephalosporins and penicil-
lins were the two most represented classes of antibiot-
ics in the study. According to the European Centre for
Disease Prevention and Control annual report on anti-
microbial consumption from 2017, those two classes
(together with macrolides and tetracyclines) are among
the most consumed of the EU antibacterial medicines
for systemic use [14]. Since 2013, the European regula-
tory network has moved from Article 30 to Article 31
of Directive 2001/83/EC because of, among others, the
complexity of engaging with multiple marketing author-
isation holders. This has not let to major differences in
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the outcome of the Article 30 compared with the Article
31.

We assessed changes that were made during the reas-
sessment of product information provided to health-
care professionals and patients. The antibiotic with
the highest number of changes following the referral
finalised in June 2020 was fosfomycin, where changes
applied to all SmPC sections assessed in this study.
In total, 17 indications were removed for fosfomycin
(including community-acquired pneumonia, acute
uncomplicated urinary tract infections in children and
periprocedural prophylaxis). It should also be noted
that the benefit-risk balance of fosfomycin for intra-
muscular use and fosfomycin 2 g granules for oral solu-
tion was considered negative.

The most notable referral procedure was on colistin/
colistimethate sodium. These antibiotics belong to the
class of polymyxins that is currently listed among the
highest priority critically important antimicrobial medi-
cines [15]. The usage of colistin was minimal because
of its nephrotoxicity and neurotoxicity, however, it
was reintroduced during the last years as a result of
the emergence of multidrug-resistant microorganisms
[16]. Several publications in the scientific literature
claim that owing to limited therapeutic options against
serious infections with Gram-negative bacteria, colis-
tin usage has increased considerably in the last years
[17-19]. Therefore, it is crucial that the most up-to-date
scientific evidence is included in the SmPC of this
class of antimicrobials. During the referral procedure
for colistin/colistimethate sodium, the therapeutic
indications were restricted to serious infections with
selected aerobic Gram-negative bacteria in patients
with limited treatment options. This approach is in line
with current evidence which shows that polymyxins
have assumed an important role as salvage therapy for
otherwise untreatable Gram-negative bacterial infec-
tions, most notably multidrug-resistant and extensively
drug-resistant strains of Pseudomonas aeruginosa,
Acinetobacter baumannii and Enterobacteriaceae [20].
Several therapeutic indications were deleted in line
with the national guidelines. For instance, ceftriaxone
should not be used for the treatment of pharyngitis
and amoxicillin/clavulanic acid should not be used for
tonisillitis [21]. In addition, important changes in SmPC
were also made with regard to treatment options for
therapeutic indications of respiratory tract infections,
including deletion of bronchitis from the amoxicillin
SmPC and lower respiratory tract infections from the
ceftazidime and imipenem/cilastatin SmPC. According
tothe literature, acute bronchitis is the most common of
lower respiratory tract infections. Despite well-known
scientific data that the majority of acute bronchitides
in healthy adults are caused by viral infections, anti-
biotics are still being prescribed [22,23]. Deleting
acute bronchitis from therapeutic indications (sec-
tion 4.1. of the SmPC) for amoxicillin is the first step
to decrease usage of these antibiotics. The most com-
mon disease removed from the SmPC of four referral
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procedures (ciprofloxacin, amoxicillin/clavulanic acid,
cefuroxime sodium, teicoplanin) was septicaemia.
This very complex disease triggers sepsis that causes
between 6 and 9 million deaths every year worldwide
[24]. Immediate selection of the appropriate antibiotic
treatment is essential [25]. Septicaemia was removed
from the SmPC mainly owing to insufficient data pro-
vided to support this indication. In addition, it was not
considered to represent correct therapeutic indication
and was replaced with bacteraemia, however we would
expect this replacement to have a minimum impact on
antimicrobial stewardship.

All referral procedures updated the SmPC with the lat-
est scientific knowledge available at the time of referral
on the use of antibiotics for specific population such
as children. Not only is it important to select the appro-
priate antibiotic when treating children, but also to
administer the correct dose, taking into account poten-
tial differences in pharmacokinetics [26]. Adjustment of
dosage for paediatric patients was found in the major-
ity of referral procedures. The European Committee
on Antimicrobial Susceptibility Testing (EUCAST) rec-
ommends updates on dosing recommendations every
year, often increasing the doses [27]. Our current study
shows that the vast majority of antibiotics had diver-
gent SmPC at the national level. The overall outcome of
regulatory actions ensures that these antibiotics which
have been on the market for several decades, continue
to be relevant antimicrobial medicines. The harmonisa-
tion of information available to EU healthcare profes-
sionals and citizens is an important step in ensuring
an appropriate use of antibiotics and at the same
time addressing AMR. The SmPCs provide up-to-date
scientific knowledge that should encourage rational
and sustainable use of antibiotics. Whether clinical
practice will adopt and implement the new updated
evidence-based product information and enforce these
recommendations in daily clinical practice remains to
be evaluated. Restriction of use or posology adjust-
ment may also have yet unforeseen consequences to
clinical practice. The impact of post-referral prescrib-
ing trends for various medicines has been assessed
in a study on the impact of the EU label changes for
systemic diclofenac after referral procedure [28]. We
acknowledge that the impact of referral procedures is
likely to differ between primary and secondary care.
Our future research will aim to look closer at the impact
of the regulatory changes described here on antimicro-
bial clinical practice.

To our knowledge, our study was the first to provide
a comprehensive analysis of the changes made during
the referral procedures on antibiotics.

Conclusion

Our findings highlight the importance of the European
regulatory actions, i.e. referral procedures over the last
decade, on updating product information of key antibi-
otics as laid down in the SmPC and PL. The majority of
the referrals’ outcomes can be linked to restriction of

use (i.e. the indication) and therefore can be consid-
ered as an important step against AMR. Inappropriate
and unjustified use of antibiotics remains a critical
determinant of AMR. Further studies on antibiotic utili-
sation, clinical practice changes and AMR epidemiology
should provide more insight into the real public health
impact, both positive and negative, of these regula-
tory measures. We expect more ongoing harmonisation
activities from the EU regulatory network in order to
restrict the use of antibiotics further. Therefore, further
research is needed to understand better the relation-
ship between the regulatory actions and antimicrobial
use, which will be the focus of our future work.
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