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Phoebe Williams

Phoebe Williams is a Consultant Paediatrician who completed her medical training 

at The University of Sydney and Sydney Children's Hospital, as well as undertaking 

further subspecialty training in Infectious Diseases following the completion of 

undergraduate studies in development economics. Phoebe subsequently completed 

a Diploma of Child Health, Masters of Global Health Science and a PhD with the 

Nuffield Department of Medicine at The University of Oxford (UK). Her PhD was on 

the topic of paediatric clinical infectious diseases and was undertaken at The 

University of Oxford's Tropical Medicine Network Unit in Kilifi, rural Kenya.

Phoebe has worked as a Paediatrician in urban and rural health settings throughout 

Australia, as well as frequently working in East Africa. She continues to work closely 

with a number of hospitals in low-income countries and is passionate about global 

health issues. In 2021, Phoebe will commence an NHMRC Fellowship aimed at 

addressing antimicrobial resistance in neonates in low- and middle-income settings, 

with a particular focus on the South East Asian region.
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Globally, why do children <5 years die?



Global Causes of 
Under-5 Deaths

Liu et al. Lancet 2016. Global, regional, and national causes of under-5 mortality in 2000–15: an updated systematic analysis with implications for the Sustainable Development Goals



Antimicrobial Resistance (AMR) 
and Neonatal Mortality

• Multidrug-resistant (MDR) pathogens (harbouring
extended-spectrum beta-lactamases, ESBLs & 
carbapenemases) account for 30% of all global neonatal 
sepsis mortality

• Low- and middle-income countries are most significantly 
affected by increasing AMR:

• Higher burden of infectious diseases

• Weaker health-care systems, over-crowding

• Insufficient access to effective antibiotics

Laximarayan et al. Access to Effective Antimicrobials: A Worldwide Challenge. Lancet 2016



Estimated annual neonatal sepsis deaths caused by bacteria 
resistant to first-line antibiotics in 5 high-burden countries

Laximarayan et al. Access to Effective Antimicrobials: A Worldwide Challenge. Lancet 2016



Characterisation and 
antimicrobial resistance 
of sepsis pathogens in 
neonates born in 
tertiary care centres in 
Delhi, India: 
A cohort study 

DeNISCollaboration 
The Lancet, 2016.



Williams et al Antimicrobial Resistance among Children in sub-Saharan Africa; Lancet Inf Dis 2017

There are high rates of resistance to first-line antibiotics 
(amp/gent/ceftriaxone) amongst many pathogens causing 

sepsis in neonates and children





AMR is a Risk 
Factor for 
Neonatal 
Mortality

 First line antibiotics were often ineffective in patients with healthcare-
associated infections (HAIs) caused by MDR pathogens →Delayed appropriate 
treatment

 “The absence of effective drugs in cases resistant to all tested substances 
contribute to the increased mortality in our cohort, since empiric treatment might 
fail due to antibiotic resistance”.

Peters et al. Multiple antibiotic resistance as a risk factor for mortality and prolonged hospital stay: A cohort study among neonatal intensive care patients with hospital-acquired infections caused by 
Gram-negative bacteria in Vietnam. Plos One 2020.



AMR is Increasingly 
Affecting High-Income 
Health Settings

European AMR Surveillance network:

• Burden of infections due to 
multidrug-resistant organisms 
(MROs) has increased significantly 
in the past decade

• Carbapenem-resistance: 

18% in 2007 → 28% in 2015

• Each year: ~700,000 infections with 
MROs; ~33,000 deaths

• DALYs* for infections with MROs 
(170 per 100,000 population) = the 
combined burden of influenza, 
tuberculosis and HIV (in Europe)

Cassini et al Attributable deaths and disability-adjusted life-years caused by infections with antibiotic-resistant bacteria in the EU and the European Economic Area in 2015 LID 2019* DALY - Disability-adjusted life years 



Even in High-Income 
Health Settings, 

the AMR Burden is 
Highest in Infants

Cassini et al Attributable deaths and disability-adjusted life-years caused by infections with antibiotic-resistant bacteria in the EU and the European Economic Area in 2015 LID 2019





What 
Antibiotics Are 
Available for 
Treating 
Children and 
Babies?



Adopt AWaRe
classification 

Sharland et al. 
Classifying antibiotics in the WHO Essential Medicines List for optimal use: be AWaRe. Lancet 2018



ACCESS 
ANTIBIOTICS:

-Narrow-spectrum

-Low toxicity risk

-Should account for 
60% of total 
antibiotic 
consumption



WATCH 
ANTIBIOTICS:

-Increased toxicity 
concerns and 
resistance potential



RESERVE 
ANTIBIOTICS: 

-Last-resort options

-For life-threatening 
infections due to 
multidrug-resistant 
organisms



2019 EMLc

Sharland et al. 
Encouraging AWaRe-ness and discouraging inappropriate antibiotic use: the new 2019 Essential Medicines List becomes a global antibiotic stewardship tool. Lancet 2019.

• 3 new antibiotics 
included in Reserve 
group, some removed

• All antibiotics classified 
into AWaRe groups to 
encourage optimal use: 
• 37 essential 

antibiotics
• 180 total antibiotics



Overuse of 
’Watch’ and 
’Reserve’ 
antibiotics will 
exacerbate 
antimicrobial 
resistance

Hsia et al. Lancet Global Health 2019



The Antibiotic 
Development 
Pipeline: 
2014-2018

PEW Charitable Trusts, 2020



What are the 
Barriers to 
Paediatric 
Drug 
Development?

 Paediatric drug development is particularly slow: on average, the 
licensing of medications for use in children typically lags adult licensing 
by one decade, due to:

 Poor  financial incentives from the market → less trials overall 

 Greater liability risk → deters industry from sponsoring trials

 Higher risk of experiencing adverse events

 Complex regulatory frameworks:

Pasquali, et al. Status of the pediatric clinical trials enterprise: an analysis of the US ClinicalTrials.gov registry, Pediatrics 2012..



What are the 
Barriers to 
Paediatric 
Drug 
Development?

 Ethical challenges:
 Inherently vulnerable population

 High risk of mortality and morbidity

 Difficulties in obtaining parental 
consent

 Technical challenges:
 Blood volume collection, including 

impact on blood volume

 Monitoring required

 Divergent physiology
 Children possess a unique and 

constantly evolving set of 
physiological characteristics

 Affects drug absorption, volume of 
distribution, serum concentrations 
(due to protein binding ability and the 
impact of  immature elimination 
pathways)

Chiarettinin et al. Challenges in paediatric clinical trials How to make it feasible. 2018.
Sivanandan, S. et al., Journal of Perinatology 2019.



The use of 
off-label 
(unlicensed) 
prescribing in 
children is 
therefore  
widespread

 Nearly half of all paediatric medicines in Europe are 
prescribed off-label

 Prescribing in a manner different to that recommended in the 
product license (different dose, different frequency, different 
route, different age group)

 Due to minimal efficacy and safety data in children

 Particularly a problem in neonates
 However, there is a growing necessity to conduct all stages of drug 

development trials in neonates, as many disease conditions are 
specific to this population and drugs have variable 
pharmacokinetic/pharmacodynamic (PK/PD) and safety profiles



Off-label drug 
use is common

Hoon et al. Trends in off-label drug use in ambulatory settings: 2006-2015. Pediatrics 2019.



Aguilera-Alonso et al. Carbapenem-resistant Gram-negative Bacterial Infections in Children. AAC 2020.



What legacy 
agents are 
available for 
treating Gram-
negative MRO 
infections in 
children?

 Polymixins (polymyxin B, colistin [polymyxin E])
 Many reports of efficacy when used to treat MRO infections in children 

 Limited by their high rates of adverse effects (nephrotoxicity in 22%)

 Unclear dosing regimens: divergent case reports in the literature

 Resistance is increasing (linked to animal sources – high usage in agriculture and 
veterinary sciences)

 Fosfomycin 
 Phosphonic acid derivative

 Best used in combination for invasive infections, due to concerns regarding resistance 
emerging

 Aminoglycosides, Fluoroquinolones
 In many health settings, MRO infections in children retain amikacin and/or 

fluoroquinolone susceptibility

 Aztreonam, Tigecycline:
 Recently removed from the essentials medicines list

Aguilera-Alonso et al. Carbapenem-resistant Gram-negative Bacterial Infections in Children. AAC 2020.

Tamma PD et al. The use of intravenous colistin among children in the U.S: results from a multicenter case series. PIDJ 2013.



What newer 
agents are 
available for 
treating Gram-
negative MRO 
infections in 
children?

 Carbapenems
 Particularly for ESBL-producing organisms; and some carbapenem-resistant 

Enterobacteriaceae (CREs)

 Monte Carlo simulations suggest high doses as extended-infusions most helpful 

 Ceftazidime-avibactam (BL/BLI)
 Approved by FDA for children >3/12 with complicated intra-abdominal infections 

(with anaerobic cover) and UTIs

 Meropenem-vaborbactam (BL/BLI)
 Phase I trial underway

 Imipenem-cilastatin-relebactam
 Clinical trials underway; may be a potential treatment option for MDR 

Pseudomonas aeruginosa infections

 Ceftolozane-tazobactam (BL/BLI)
 Helpful in drug-resistant Pseudomonas aeruginosa infections

 Pharmacokinetics and safety analysis currently underway in children

 Cefiderocol
 Novel siderophore cephalosporin

 Phase 2 trial for children >3mo recruiting

Aguilera-Alonso et al. Carbapenem-resistant Gram-negative Bacterial Infections in Children. AAC 2020.



 There is increasing AMR globally, particularly impacting children (neonates)

 Access  to effective ACCESS antibiotics and usage concordant with the AWaRe categorisation is vital

 Antibiotic stewardship programmes to protect WATCH and RESERVE antibiotics are necessary

 To ensure efficacious treatment options remain available for children, the licensing process must be streamlined



Irja Lutsar

Irja Lutsar is a Professor in Clinical Microbiology and head of department at the 

University of Tartu, Estonia. She gained her medical and PhD degree at the 

University of Tartu and is a qualified pediatric infectious diseases specialist. 

Between 1995 and 1998 she was a research fellow in paediatric infectious diseases 

at the Southwestern Medical School in Dallas, USA and from 1999 to 2004 she 

worked as a director in clinical development at Pfizer Ltd, UK. 

Her research interests include antibiotic pharmacokinetics/dynamics, neonatal 

infections, fungal infections and antibiotic resistance. She has been leading 

investigator in more than 20 clinical trials in children including studies evaluating 

pharmacokinetic properties of antibiotics in premature neonates. Irja has published 

more than 150 publications in peer reviewed international journals and about 10 

book chapters in various areas of the pediatric infectious diseases. She is a member 

of the Pediatric Committee at the European Medicines Agency since 2007 and has 

been active member of ESPID since 1993 being a board member in 2010-2012. She 

has received numerous research grants at national and international level.



Clinical 
development of 
antibiotics in 
paediatrics
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UNIVERSITY OF TARTU
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How to start paediatric drug development?

• FIRST STEPS

Is the new agent/antibiotic needed in paediatrics?

Is the indication in adults also a paediatric indication?

Is the new treatment „me too“ or unmet medical need?

Is the new antibiotic needed in all age groups or only in some?

• NEXT STEPS

Has the PK/PD target been characterised and defined?

Do we need to know the efficacy and safety in adults?

04 November 2020 Drug development in Infectious Diseases 38



Paediatric drug develpoment: antiinfectives

Paediatric drug 
development

Full programme

Disease different in children from 
adults

PK/PD

Efficacy & 
safety

Limited programme

Children similar to 
adults

PK/PD & safety 
extrapolation

39PK- pharmacokinetics, PD- pharmacodynamics



Full programme: 
only or predominantly for childhood infections

• Full development requested in (target) paediatric 
population

• PK studies should be conducted first

• Efficacy & safety studies with adequate power

• Tolerability studies in adults before embarking to 
paediatric development

• Parallel development to adults may be accepted

• Staggered approach not always justified

04 November 2020 40



Examples for full development
• CAP (community-acquired pneumonia) – 15% of cases caused by bacteria 

or virus+bacteria, remaining by viruses (N Engl J Med 2015;372:835-845)

• VAP (ventilator-associated pneumonia) – mostly caused by S.aureus, 
P.aeruginosa but is very rare

• AOM (acute otitis media) – is not an adult disease

• GABHS (group A beta-haemolytic streptococcus) tonsillitis – efficacy in 
children is worse than in adults

• Neonates –
• mainly infection without source (neonatal sepsis)

• are immunotolerant and require higher antibiotic exposure than adults

PK/PD based extrapolation or extrapolation of efficacy is not feasible



Extrapolation

04 November 2020 Drug development in Infectious Diseases 42



Extrapolation of efficacy

Concept Paper on extrapolation of efficacy and safety in medicine 
development (EMA/129698/2012)

Rationale of extrapolation: 

• To avoid unnecessary studies

• To allocate resources to areas where studies are the most needed

• To conduct studies in situations where the feasibility of studies is restricted

04 November 2020 Drug development in Infectious Diseases 43



Possibilities for extrapolation

• Extrapolation efficacy from studies conducted in adults
• Adult drug exposure = paediatric drug exposure

• PK/PD-based extrapolation
• Probability of target attainment (PTA) modelled in paediatric patients

04 November 2020 Drug development in Infectious Diseases 44



Extrapolation efficacy from studies conducted
in adults

• Assumptions
• Infecting organisms in adults and children are the same

• Disease process in adults and children is the same

• Extrapolation

• PK studies should be conducted

• Efficacy will be extrapolated from adult studies provided that the exposure is the same (AUC)

• Safety studies should be conducted
• Is the safety in children different of that in adults?

• Problem

• Paediatric and adult indications for antimicrobial use might be different

04 November 2020 Drug development in Infectious Diseases 45



PK/PD based extrapolation: 
PTA modelled in paediatric patients
• Assumption

• Infecting organisms are different or have different resistance

• The minimum inhibitory concentrations (MICs) of paediatric microorganisms are known

• Disease process is different

• PD targets of studied population are defined (e.g. AUC/MIC)

• Extrapolation studies
• PK studies in target population

• MCS* using the most likely microorganism with the highest susceptible MIC value and maximal PD 
index 

• Problem
• Do all patients need so high doses?

• Safety is of concern and should be tested

46
* MCS – Monte-Carlo Simulation



Children may require different PK/PD targets

• Immune system is underdeveloped
• Neonates are immunotolerant

• Genetic syndromes often associated with immune function deficiencies

• PK parametes in children are different from adults
• Prolonged vs short infusions of beta-lactams

Higher antibiotic exposure has been more effective in adults requiring intensive care



Population pharmacokinetics of the piperacillin component of 
piperacillin/tazobactam in paediatric oncology patients with 
fever and neutropenia

Pediatric Blood & Cancer 2014; 62: 477-482



Paediatric development in cases of limited 
development in adults 

• Antimicrobials that cover multi-resistant organisms or are for rare 
infections

• PK and limited safety data is required for children

• Efficacy can be extrapolated from adults

04 November 2020 Drug development in Infectious Diseases 49



Establishing safety

• Safety cannot always be extrapolated from adults
• Overall safety of antibiotics is predictable (Drugs 2018; 78: 231–244)

• Studies are requested by FDA and EMA

• Comparative studies are preferred (not necessarily 1:1)

• Still under discussion

- a single comparator (ideal)

- several predefined comparators

- site/country/ investigator’s selection?

• What is sufficient number of patients?

• Registries/clinical databases could be used

04 November 2020 Drug development in Infectious Diseases 50



Antiinfectives for neonates: 
Neonatal bacterial infections

51
* EOS – early-onset sepsis, LOS – late-onset sepsis, UTI – urinary tract infetions, cSSTI – complicated skin and soft tisuse infections



Causative pathogens of LOS (age >72h)

Early Human Development 88S2 (2012) S69–S74* CoNS – Coagulase-negative staphylococci



Characteristics of neonatal development
PK studies are requested

-in term and preterm neonates

Condition for neonatal studies

-suspected or proven late-onset sepsis regardless of adult indication

Characteristics of PK studies

-add-on therapy

-sparse or semirich sampling

-microsampling assays

Staggered approach

-delays availability of new drug to neonates

-in well tolerated agents may not be justified

Safety in limited number of subjects

04 November 2020 Drug development in Infectious Diseases 53



Acadaemia & not-for-
profit organisations

Identify paediatric needs

Design of studies

Conduct of studies

Industry

Develop new agents for 
paediatrics

Child-friendly formulations

Timely conduction of paediatric 
studies 

Regulators

Accommodate regulatory 
requirements to paediatric 

needs 

Stakeholders 

04 November 2020 Drug development in Infectious Diseases 54
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Join us for our next webinars

Registration links and more 

information available on: 

revive.gardp.org/webinars 

17 November, 17:00-18:30 CET

Discovery of new antibacterials using artificial 

intelligence (computational chemoinformatics)

Speakers:

James Collins (Broad Institute)

Cesar de la Fuente (University of Pennsylvania)

Henriette Willems (University of Cambridge)

Fredrik Svensson (UCL Drug Discovery Institute)

Moderator: Laura Piddock (GARDP)

20 November, 10:30-12:00 CET

Saving childrens’ lives – treating neonatal sepsis

Speakers:

Hanan Balkhy (WHO)

Manica Balasegaram (GARDP)

Dhanya Dharmapalan (Pediatric Infectious Disease Society) 

Borna Nyaoke (DNDi/GARDP Kenya)

Moderator: Peter Beyer (WHO)

revive.gardp.org/webinars


Thank you for joining us

Visit now revive.gardp.org/webinars to find 

more webinars about antimicrobial drug R&D

revive.gardp.org/webinars

