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Alan Hennessy

Alan Hennessy has been the Discovery and Exploratory Research

Team Lead at GARDP since June 2023. Prior to this, Alan was head

of lead generation and group leader at Syngenta, UK. During this time,

several of the research projects he led successfully transitioned into

development. Metproxybicyclone is the most advanced compound

from these projects and is now in late development.

Alan also worked in anti-bacterial research for almost 10 years at

GSK, leading diverse medicinal chemistry teams. He is an inventor on

over 50 published patents including the key patent for GSK’s Phase III

clinical candidate gepotidacin. He received his BSc and PhD from

University College Dublin, Ireland and completed his postdoctoral

research at Imperial College London, UK.
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Antibiotic Research
- a medicinal chemistry viewpoint



Half of all antibiotics used 

today were discovered over 60 

years ago.

Since then, R&D has slowed, 

whilst drug-resistant infections 

continue to increase

Antibiotic R&D 
has fallen behind



Best Practices in Medicinal Chemistry (efmc.info)

➢ An overview of antibacterial discovery

➢ Examples of the discovery approach for 

products, clinical compounds etc.

➢ Recent trends in antibacterial discovery

Outline

https://www.efmc.info/best-practices


Research stages of the antibacterial journey

➢ Attrition rates are extremely high for innovative approaches (1)

➢ In 2022, 90% of pre-clinical compounds were estimated to be discontinued (2)

➢ An IND application was only submitted for 0.6% discovered compounds; this includes NCEs 

discovered in academia that are undeveloped (3)

➢ To populate the preclinical and clinical pipelines there needs 1000s NCEs discovered and >100 

projects/candidates in the preclinical phase and to ensure that sufficient enter clinical 

development and eventually come to market (4)

(1) Bradford (ex-AZ, Novartis and Wyeth); (2) Farrell et al., J Antimicrob Chemother, 2018; (3) WHO, 2019



Hutchings et al., Current Opinion in Microbiology, 2019

Timeline of discovery of major antibacterial classes



Shi et al., Molecules, 2023

Limited innovation in modern era

WHO, 2023 Antibacterial agents in clinical and preclinical 

development



Project Selection



➢ Defining your optimal Target product profile (TPP)

➢ Since many features will be unknown until much later in 

development a Target Candidate Profile (TCP) 

indicates the idealized profile of a future preclinical 

candidate

➢ Process builds increasing knowledge on key features of 

project across multiple areas

Target product profiles for needed antibacterial agents: WHO website

Starting with the desired outcome:



Project options

WHO bacterial priority pathogens list

WHO antibacterial preclinical pipeline review

➢ Positioning of project versus 

current preclinical pipeline

➢ Which pathogens to focus 

upon to align to TPP?



➢ For antibacterials, especial consideration can be given 

to resistance, market, dosing, safety, cost of goods, 

activity translation.

➢ Critical to think about biology, chemistry, toxicology in 

a holistic way from the outset.

Miethke et al, Nature Reviews Chemistry, 2021

Discovery Cascade



Blasco et al., EBioMedicine, 2024

Phenotypic screening



➢ Opportunities for hit finding on novel targets and optimization of existing chemotypes 

active against novel targets

Target based screens:

Theuretzbacher et al., Nat Rev Drug Discov., 2023

‘Quantification’ of gene essentiality based on 

Gene-Environment and Gene-Gene 

interactions 

Hogen et al., FEMS Microbiology Reviews, 2022



Examples of discovery 
approaches



Marketed antibacterials of synthetic origin

Hit Identification strategy – phenotypic screening 

Structure of example 

Product

Product, organisation, 

year of disclosure
Sulfamethoxazole, Shionogi, 

1957

Target Dihydropteroate synthetase

Structure of Hit

Organisation, year of 

disclosure
Prontosil, Bayer, 1932

Type of screen  / 

approach used to 

discover

Testing thousands of compounds 

related to azo dyes.



Marketed antibacterials of synthetic origin

Hit Identification strategy – phenotypic screening 

Structure of example 

Product

Product, organisation, 

year of disclosure
Sulfamethoxazole, Shionogi, 

1957
Moxifloxacin, Bayer, 1993

Target Dihydropteroate synthetase DNA gyrase, topoisomerase IV

Structure of Hit

Organisation, year of 

disclosure
Prontosil, Bayer, 1932

Nalidixic acid, Sterling-

Winthrop, 1962

Type of screen  / 

approach used to 

discover

Testing thousands of compounds 

related to azo dyes.

Nalidixic acid discovered as a 

chloroquine synthetic by-

product.



Marketed antibacterials of synthetic origin

Hit Identification strategy – phenotypic screening 

Structure of example 

Product

Product, organisation, 

year of disclosure
Sulfamethoxazole, Shionogi, 

1957
Moxifloxacin, Bayer, 1993

Tedizolid phosphate, Dong-A Pharm, 

2005

Target Dihydropteroate synthetase DNA gyrase, topoisomerase IV Protein synthesis inhibitor (50S subunit)

Structure of Hit

Organisation, year of 

disclosure
Prontosil, Bayer, 1932

Nalidixic acid, Sterling-

Winthrop, 1962
DuPont, 1978

Type of screen  / 

approach used to 

discover

Testing thousands of compounds 

related to azo dyes

Nalidixic acid discovered as a 

chloroquine synthetic by-

product.

Testing racemic oxazolidinones invented by 

plant disease researchers.



Beta-lactamase inhibitors

Hit Identification strategy – multiple origins

Structure of example 

Product/Lead

Product, organisation, year of 

disclosure
Enmetazobactam, Orchid, 2008

Target Beta-lactamases

Structure of Hit

Organisation, year of 

disclosure
Clavulanic acid, Beecham, 1974, 

Type of screen  / approach 

used to discover

Natural product isolation and 

testing (Streptomyces 

clavuligerus)



Beta-lactamase inhibitors

Hit Identification strategy – multiple origins

Structure of example 

Product/Lead

Product, organisation, year of 

disclosure
Enmetazobactam, Orchid, 2008 QPX7728, Qpex, 2020

Target Beta-lactamases Serine and metallo-beta-lactamase inhibitor

Structure of Hit

Organisation, year of 

disclosure
Clavulanic acid, Beecham, 1974, University of Oxford,1978

Type of screen  / approach 

used to discover

Natural product isolation and 

testing (Streptomyces 

clavuligerus)

Basic biochemical research – UK and 

Hungary. 



Beta-lactamase inhibitors

Hit Identification strategy – multiple origins

Structure of example 

Product/Lead

Product, organisation, year of 

disclosure
Enmetazobactam, Orchid, 2008 QPX7728, Qpex, 2020 ETX0462, Entasis, 2021

Target Beta-lactamases Serine and metallo-beta-lactamase inhibitor PBP2

Structure of Hit

Organisation, year of 

disclosure
Clavulanic acid, Beecham, 1974, University of Oxford,1978

Hoechst Marion Roussel (HMR), 

1990s

Type of screen  / approach 

used to discover

Natural product isolation and 

testing (Streptomyces 

clavuligerus)

Basic biochemical research – UK and 

Hungary. 

Researchers proposed that DBOs 

might act to acylate nucleophilic 

enzymes in a manner analogous to 

β-lactams. 



➢ Multiple hit finding strategies have been successful in finding initial hits that eventually 

result in a product(s).

➢ The organization that finds the hit is not always the one that develops the product. 

➢ Similarity of original hit to product is variable but thousands of compounds are designed, 

synthesized, tested and analyzed in iterative cycles to develop candidates from initial hits.

➢ There is high attrition in such projects – only showing successful outcomes!

Hits to Products

Take-home messages



Leads against novel targets

From phenotypic screening of synthetic compounds

Structure of Lead

Organisation, year of 

disclosure
Astra-Zeneca, 2014

(Zoliflodacin)

Target Gyrase and TopoIV

Structure of Hit

Organisation, year of 

disclosure
Pharmacia, 2008

Type of screen  / 

approach used to 

discover

High-throughput MIC screens of 

the (~250,000 compounds)



Leads against novel targets

From phenotypic screening of synthetic compounds

Structure of Lead

Organisation, year of 

disclosure
Astra-Zeneca, 2014

(Zoliflodacin)
Achaogen, 2018

Target Gyrase and TopoIV Biotin Carboxylase

Structure of Hit

Organisation, year of 

disclosure
Pharmacia, 2008 Pfizer, 2009

Type of screen  / 

approach used to 

discover

High-throughput MIC screens of 

the (~250,000 compounds)

High-throughput screen of a membrane-

compromised, efflux pump-deficient strain 

of E. coli



Leads against novel targets

From phenotypic screening of synthetic compounds

Structure of Lead

Organisation, year of 

disclosure
Astra-Zeneca, 2014

(Zoliflodacin)
Achaogen, 2018 Uppsala University, 2024

Target Gyrase and TopoIV Biotin Carboxylase LpxH

Structure of Hit

Organisation, year of 

disclosure
Pharmacia, 2008 Pfizer, 2009

Astra-Zeneca 2015, Uppsala University, 

2024

Type of screen  / 

approach used to 

discover

High-throughput MIC screens of 

the (~250,000 compounds)

High-throughput screen of a membrane-

compromised, efflux pump-deficient strain 

of E. coli

Merging screening hits from a TolC-E. coli 

screen and reporter-based screen



Leads against novel targets

From target-based screening of synthetic compounds

Structure of Lead

Organisation, year 

of disclosure
Duke University, 2023

Target LpxC

Structure of Hit

Organisation, year 

of disclosure
Merck, 1996

Type of screen  / 

approach used to 

discover

Measuring LPS synthesis by monitoring 

incorporation of radiolabeled galactose 

into a galE Salmonella mutant



Leads against novel targets

From target-based screening of synthetic compounds

Structure of Lead

Organisation, year 

of disclosure
Duke University, 2023 Debiopharm, Uni of Illinois, 2021/2022

Target LpxC FabI

Structure of Hit

Organisation, year 

of disclosure
Merck, 1996 GSK, 2001

Type of screen  / 

approach used to 

discover

Measuring LPS synthesis by monitoring 

incorporation of radiolabeled galactose 

into a galE Salmonella mutant

HTS campaigns with SmithKline Beecham 

compound collection (260,000+ 

compounds) - S. aureus FabI.



Leads against novel targets

From target-based screening of synthetic compounds

Structure of Lead

Organisation, year 

of disclosure
Duke University, 2023 Debiopharm, Uni of Illinois, 2021/2022 Astra-Zeneca, 2014

Target LpxC FabI GyrB – A-Z fragment

Structure of Hit

Organisation, year 

of disclosure
Merck, 1996 GSK, 2001 Astra-Zeneca, 2012

Type of screen  / 

approach used to 

discover

Measuring LPS synthesis by monitoring 

incorporation of radiolabeled galactose 

into a galE Salmonella mutant

HTS campaigns with SmithKline Beecham 

compound collection (260,000+ 

compounds) - S. aureus FabI.

Fragment-based approach targeting the ATP 

binding site of bacterial type II 

topoisomerases – related to clorobiocin



Leads against novel targets

From phenotypic screening of natural products

Structure of Lead

Organisation, year of 

disclosure
Bayer, 2006

Target Acetyl-CoA carboxylase

Structure of Hit

Organisation, year of 

disclosure
Andrimid, Suntory institute and 

others, 1987

Type of screen  / 

approach used to 

discover

Isolated from of an intracellular 

symbiont (Enterobacter) present in the 

eggs of the brown planthopper

2



Leads against novel targets

From phenotypic screening of natural products

Structure of Lead

Organisation, year of 

disclosure
Bayer, 2006 G0775, Genentech, 2018

Target Acetyl-CoA carboxylase LepB (Type I signal peptidase)

Structure of Hit

Organisation, year of 

disclosure
Andrimid, Suntory institute and 

others, 1987

Arylomycin A-C16, University of Tübingen, 

2002

Type of screen  / 

approach used to 

discover

Isolated from of an intracellular 

symbiont (Enterobacter) present in the 

eggs of the brown planthopper

Detected in the extracts of Streptomyces

strain from Ghana, then isolated and tested

2



Leads against novel targets

From phenotypic screening of natural products

Structure of Lead

Organisation, year of 

disclosure
Bayer, 2006 G0775, Genentech, 2018 HIPS, 2023

Target Acetyl-CoA carboxylase LepB (Type I signal peptidase) BamA (outer membrane protein)

Structure of Hit

Organisation, year of 

disclosure
Andrimid, Suntory institute and 

others, 1987

Arylomycin A-C16, University of Tübingen, 

2002

Darobactin, Northeastern University and 

others, 2019

Type of screen  / 

approach used to 

discover

Isolated from of an intracellular 

symbiont (Enterobacter) present in the 

eggs of the brown planthopper

Detected in the extracts of Streptomyces

strain from Ghana, then isolated and tested

Screening Photorhabdus isolates (nematode 

symbionts)

2



➢ Similar hit-finding strategies continue to deliver innovative starting points.

➢ Opportunities to optimize phenotypic screening of both synthetics and natural products as 

well as target-based screening.

➢ Need to increase these efforts substantially to refill pipeline

➢ Can this be done more efficiently than in the past?

Hits to Leads for novel targets

Take-home messages



Selected recent trends in 
antibacterial discovery



Richter et al., Ann N Y Acad Sci., 2019

➢ Advances in understanding and measuring 

accumulation and then formalizing strategies to 

enhance it in Gram-negative bacteria have been 

transformational. 

Physical property understanding

➢ Conversion of Gram-positive-only compounds 

into broad-spectrum antibiotics by applying the 

eNTRY rules:

RB = rotatable bonds

Glob = globularity

eNTRY Rules

Nitrogen (1° > 2° > 3° amine)

Three-dimensionality (Glob ≤ 0.25)

Rigidity (RB ≤ 5)



➢ Libraries of unconventional small 

molecules (macrocycles, peptides...)

enable identification of interesting new 

antibacterial clinical candidates –

Zosurabalpin

➢ Integrated drug discovery process

Zampaloni et al., Nature, 2024

Synthetic compounds with natural product features



AI/ML for discovery

Examples of utilization for both hit finding and AI generative chemistry 
for optimization of hits

Liu et al., Nat Chem Biol, 2023 Dias Santos-Júnior et al., Cell, 2024



2023 Antibacterial agents in clinical and preclinical development: an overview and analysis (who.int)

Non-traditional approaches

Non-traditional antibacterials in the clinical pipeline

https://www.who.int/publications/i/item/9789240094000


➢ There is a critical need for innovative antibacterial products but also a well documented lack 

of such options in the pipeline.

➢ Recent products and leads show a diversity in their initial discovery approach but all required 

extensive optimization of chemistry, microbiology and toxicology.

➢ Early discovery continues to provide new options but this process needs to be accelerated,

and these later assets need to be carefully nurtured.

Conclusion:



Mo Yin

Mo Yin is an Infectious Diseases physician and a clinician scientist

based at the National University Hospital in Singapore. Her research

interests include antimicrobial resistance and emerging infectious

diseases. Mo designs and leads large multinational clinical trials

which focus on pragmatic clinical solutions. In addition, Mo has

expertise in mathematical modelling, statistics, bioinformatics and

qualitative research.

She is the deputy director of the ADVANCE-ID, a large clinical trial

network consisting of over 60 hospitals globally. She has served as

an external consultant to the World Health Organisation and Public

Health England. Mo Yin obtained her MBBS from the National

University of Singapore and doctorate degree from the University of

Oxford, UK.



Phase 1 - 3 trials for 
Antibiotic Development

Mo Yin
MBBS, DPhil
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Overview

• Introduction to Phase 1– 3 trials for novel antibiotics 

• Antibiotic-specific challenges
• Methodology considerations 

• Regulatory / approval issues



Introduction to Phase 1– 3 
trials for novel antibiotics 



JACC: Basic to Translational Science, 2016

https://www.sciencedirect.com/journal/jacc-basic-to-translational-science


Phase I – Safety and Tolerability

• Healthy volunteers, small sample size <100

• Open label, single/few centres, quick  

• Pharmacodynamics 
• Biological and physiological effects on humans, mechanisms of action 

• Pharmacokinetics 
• Half life, plasma concentration 

• Dose-Escalation Study Design 
• Receive increasing dose until a maximum tolerated dose is identified

• Early signals of efficacy





Phase II – Efficacy and Safety 

• Diseased patients >100

• Phase II A
• ”Proof-of-concept" - explore efficacy in a relatively small group of patients

• Preliminary dose-response relationship 

• Surrogate or exploratory end points 

• Dose ranging

• Phase II B 
• More rigorous - confirm efficacy at doses to be used in phase III trials 

• Definitive endpoints aligned with phase III 

• Critical in making “Go/ No go” decision for phase III 





Phase III – Efficacy and approval 

• Diseased patients, large sample size, multicentre

• Blinding 
• May not be feasible 

• Definitive clinical end points 

• For regulatory approvals 













Antibiotic-specific challenges 
for clinical trials



U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, 2022



U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, 2022

Ceftaroline

Tedizolid

Oritavancin

Omadacycline

Dalbavancin

Delafloxacin

Ceftazidime-avibactam



U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, 2022

Cost of developing an antibiotic is 
~2X less than an oncology drug, 
but the returns are ~10X less than 
an oncology drug in the first year.



Lancet, 2022

MRSA

3rd gen 
cephalospori

n resistant 
E coli

Carbapenem 
resistant 

A. baumanii

Antimicrobial 
resistance 3rd cause of 
death in global disease 
burden in 2019



Antibiotic R&D 

• Since 1990, antibiotic development shifted from large pharmaceutical companies 
(18 → 4) to smaller companies

• Investments from governments, philanthropy, global health bodies in the recent 
years offset a large portion of R&D expenditures incurred by the developers



Downstream challenges persist..



Implementation challenges in enrolling infected 
patients into trials - Antibiotic

Lack of standard-of-care



Antibiotic resistance mechanisms are complex

• Example: Carbapenem-resistance 

• Mechanisms: 
• Carbapenamase production 

• Others in combination: 
• extended spectrum β-lactamases, overexpression of ampC

• loss of porin channels

• efflux pumps



Implementation challenges in enrolling infected 
patients into trials - Host

- Site(s) of infection 
- Major organ functions 
- Allergies 



Implementation challenges in enrolling infected 
patients into trials - Pathogen

- Resistance emergence – short term 
within-host selection / increase 
transmissibility vs longer term de 
novo mutations

- Differentiation of colonisers vs true 
pathogens 



Implementation challenges in enrolling infected 
patients into trials – System / infrastructure

- Mismatch between disease 
burden and clinical trial capacity 

- Lack of antibiotic stewardship / 
infection prevention and control 

- Unreliable diagnostics  
- Lack of surveillance data to inform 

study site selection
- Skepticism for research in general 

public 



1. Shared Resources 

2. Protocol Standardisation

3. Patient Recruitment

4. Data and Results Sharing



Non-inferiority vs Superiority trials 

• Most phase 3 trials for novel antibiotics are of non-inferiority in 
design 

• Unethical to conduct placebo-controlled trials for antibiotics

• Existing antibiotics are efficacious

‘not too bad’



Easier to show non-inferiority when trials are 
poorly performed 

Mo, BMJ 2022



How to conduct superiority trials for novel 
antibiotics?

• Target patients with extensively resistant infections e.g. carbapenem-
resistant Gram-negative bacterial infections 

• Innovative designs 
• Ranking instead of comparisons based on arbitrary p values 

• “PRACTical” design

• Incorporate categorical outcomes instead of just mortality 
• DOOR/ RADAR, win ratio 

• Combinations of old and new 



Conclusion 

• Despite market failures, novel antibiotics are being developed with 
joint incentivisation

• However, funding limited for phase 3/ 4 trials

• Antibiotic access in LMICs 



Food for thought… 



THANK YOU

mdcmy@nus.edu.sg



Herbert Wetli

Herbert Wetli is head of Pharmaceutical Development at GARDP, in

this role he is responsible for the assessment of new drug product

opportunities, as well as the coordination of all chemistry, manufacturing

and controls (CMC) activities across the lifecycle of drug products.

Herbert has over 20 years of professional experience in the

pharmaceutical development and manufacturing arena across all stages

of development. He has a master's degree in pharmaceutical sciences

from the University of Basel and a doctorate degree in analytical

chemistry and pharmacology from the University of Bern, Switzerland.



The important role that CMC plays throughout 
the development and commercialization of a 
pharmaceutical product

Chemistry, Manufacturing and 
Controls (CMC) in Drug Development



“CMC” is a group of integrated functions that are collectively responsible 
for delivering an acceptable product to the patient 

What is Chemistry, Manufacturing and 
Controls (CMC)?

API

• Active 
Pharmaceutical 
Ingredient

Drug Product

• A solid oral or 
a sterile dosage 
form

Analytical

• In-process testing

• Final release 
testing

Quality

• Adherence to 
GMPs

Packaging

• Clinical supplies

• Primary

• Secondary

Manufacturing

• Lab scale

• Pilot plant

• Commercial

Regulatory

• Health 
authority filings

• Updates



Key CMC activities along the drug development path

MarketingDiscovery Pre-clin. Ph 1 Ph 2a Ph 2b Phase 3 File

First-in-

Human

Proof of 

Concept

Approval

“Late Discovery” “Early Development” “Late Development” “Lifecycle”

• Aid in the 
selection of a 
developable 
drug candidate

• Pre-clinical and 
clinical supply 
manufacture

• Focus on speed to 
enable quick go/no-
go decision-making

• API synthesis, 
clinical formulation 
and analytical 
methods are 
“enabling”

• Clinical supply manufacture

• Commercial process development – robust, 
safe, economically viable, efficient, 
sustainable

• Tech transfer to commercial manufacturing 
site(s)

• Final process, final site product included in  
Phase 3 trials

• Process validation

• New market 
introductions

• Possible new 
indications and 
dosage forms

• Process (cost) 
improvements



Late Discovery and  
Early Development

Selecting a developable drug candidate and building a body of 
CMC knowledge and understanding



Selection of the Active Pharmaceutical Ingredient (API)

API salt 

form(s)

Drug candidate/API
Salt selection is a key 

development decision

• Defines the physical and 
chemical properties of 
the API
• Solubility, stability, 

hygroscopicity, etc.

• Affects bioavailability

• Impacts developability

• Offers patentability

A drug candidate is selected based on 

its activity against a biological target

However, if salt formation is possible, a 

salt screen must be done:



API Synthesis in Early Development

https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcRH2718oQAEU_zDutN4rgT2cgW9i71prRLYSWcIQ2SPhsUqRhVKV9TyEJE

starting materials intermediates final API

Drug development cannot begin until API becomes available (on critical path) – and API 
lead times can be 3 to 12+ months, depending on synthetic complexity!

Speed is of the essence:

• Use enabling chemistry (safe, reproducible and scalable) to prepare Phase 1 and 2 API

• Limited process development at this stage

• If possible, “lock” the final chemical and isolation step to assure consistent API quality

• Progressive scale-up to move off critical path:
• ~100-500 g non-GMP (lab) → use for API characterization, analytical and formulation dev., Tox studies

• ~1-5 kg GMP (pilot plant) → use for drug product scale-up, First-in-human supplies 

*GMP = Good Manufacturing Practices

http://www.google.com/url?url=http://chem103csu.wikispaces.com/Baking%2BPowder&rct=j&frm=1&q=&esrc=s&sa=U&ei=og5uVJLRO-_8sATXj4GQDQ&ved=0CBwQ9QEwAw&usg=AFQjCNEY9FYA6pnAOMH25bDJkSODQAuFDg


Analytical requirements for the API

In-process testing
• Methods to support the API synthesis and manufacture

API Analysis

• API Characterization

• Purity, impurities (may require chiral methods)

• Residual solvents, H2O; residual heavy metals

• Stability indicating methods

• Every unique lot of API needs to be placed on stability

• Release specifications and a justification of specifications

• Reference standard

• Container closure system specified (bag + secondary package, bottle, etc.)



Drug product considerations in Early Development

Formulatio

n and 

excipients

Drug product

• Affects bioavailability

• Use animal 
pharmacokinetic (PK) 
models

• Impacts dissolution, 
stability

Food 

effects

• Affects 
bioavailability

• Based on clinical 
data

As with API, key aspects of the 

formulation must be considered and 

managed early on



Quality considerations 

ICH Q10 Pharmaceutical Quality System

Pharmaceutical 

Development

Technology 

Transfer

Commercial 

Manufacturing

Product 

Discontinuation

Investigational 

products GMP

Management Responsibilities 

Knowledge Management 

Quality Risk Management 

Process Performance & Product Quality Monitoring System

Corrective Action / Preventative Action (CAPA) System

Change Management System

Management Review 

Enablers 

PQS 

Elements 



Specific considerations for beta-lactams

Regulatory situation

• Many antibiotics contain a beta-lactam moiety and can lead to 

drug-induced anaphylaxis

• Pharmaceutical technologies to develop and manufacture beta-

lactam antibiotics are the same as for non-beta-lactam APIs, 

but:

• Major regulatory agencies require that beta-lactams and 

pharmaceutical products containing beta-lactams are 

manufactured in dedicated and segregated facilities, separated 

from non-beta-lactam products

• An official license to handle beta-lactams is required from local 

governments

An amide contained within 

a four-membered ring



The Target Product Profile as a development roadmap

A Target Product Profile (TPP) is a regulatory (FDA) expectation in drug development. At 
the same time, it can serve as an important internal “contract” to align on CMC-related 
expectations and final deliverables.

Attribute Essential (required) Ideal (desired)

Administration Intramuscular (IM) Oral

Treatment regimen* Two tablets, twice-a-day dosing (BID) Single tablet, once-a-day dosing (QD)

Palatability Acceptable taste (including pediatric patients) No taste or pleasant taste

Packaging 30 count bottles in US, 28 count blisters in EU 90 count bottles worldwide

Shelf life 18 months at refrigerated conditions 3 years at room temperature

…

Sample CMC TPP:

* Also dependent upon dose/efficacy



Development risks and trade-off decisions

To stay off critical path, CMC work needs to occur one phase ahead of clinical 
development. This will require at-risk investments and trade-off decisions.

Continue with enabling technologies? Invest in process development?

Prepare clinical material in advance? Wait for a positive pre-clinical/clinical result?

Time Cost, resources



Late Development and  
Lifecycle Management

Developing commercially viable manufacturing processes and 
supporting new markets, indications and product requirements



Preparing for commercialization and market approval

MarketingDiscovery Pre-clin. Ph 1 Ph 2a Ph 2b Phase 3 File

Proof of Concept Approval

A positive Proof-of-concept result is an inflection point in drug development

The probability of clinical and regulatory success has now increased significantly

CMC development shifts towards commercialization and launch readiness



API Commercial process development

Key API activities:

• Final process development – robust, safe, cost effective, sustainable (i.e., Green 

Chemistry). Lead time can be 2-3+ years.

• Identification of commercial manufacturing site(s) and technology transfer

• Final process, final site API included in Phase 3 trials

• Decisions on the filed regulatory steps (health authority discussion)

• Data generation (batch data, specs, stability, etc.) for regulatory filings

• Process validation prior to launch (typically 3 batches)

Regulatory 

starting 

material
final API

A B C D

Regulatory steps



Sustainability

Sustainability concepts offer environmental and economic benefits. Considerations 

include:

• Following the 12 Principles of Green Chemistry

• Yield optimization and maximization

• Solvent/volume efficiency (increased reaction concentrations)

• Use of alternate solvents (e.g., water)

• Flow chemistry, continuous manufacturing

• Heavy metal reduction/avoidance

• Less energy intensive processing (lower reaction temperatures)

• Reduction/elimination of toxic waste streams

• For antibiotics, pre-treatment of waste streams



Drug product commercial process development

Key formulation activities:

• Final formulation and process development – meeting TPP requirements (lead time can 

be 1-2+ years)

• Demonstration of bioequivalence

• Identification of commercial manufacturing site(s) and technology transfer

• Final process, final site drug product included in Phase 3 trials

• Data generation (batch data, specs, real-time stability, etc.) for regulatory filings

• Process validation prior to launch (typically 3 batches)



Considerations in CDMO selection and partnering

Without internal manufacturing capabilities, effective partnering with Contract Development 
Manufacturing Organizations (CDMO) is essential for a successful commercial product

Considerations and expectations:

• Expect to work with more than one CDMO (no “one size fits all”)

• Geographic location (trouble-shooting, inspections, audits, Market access, etc.)

• Where will the technical oversight and support come from?

• Access to manufacturing documentation and technical reports

• Develop a good relationship with your CDMOs (expect to manage your partner to your 

desired endpoints and deliverables)

• Release testing – at the CDMO, in-house or other?

• As the sponsor, you will be accountable for the quality of the product



Post-approval, lifecycle management

After the primary market approvals and launch, CMC support (and possibly additional 
new development) will be required throughout a product’s life

Possible lifecycle activities include:

• Launching the product in secondary markets

• New presentation (e.g., long-acting)

• New indication(s) requiring a change in formulation (e.g., new dosage strength, fixed-dose 

combination)

• Regulatory file updates (e.g., minor process changes, shelf-life extensions)

• 2nd Generation process improvements

• Supply chain changes (e.g., adding/removing a CDMO)



Key CMC development takeaways

•With advance planning and at-risk investment, CMC can avoid being on 
critical path

•There are important CMC decisions that need to be carefully considered and 
taken early to allow for successful drug development

•Trade-off decisions (balancing time, resources and expense) will be required 
and are unique to each product and the business environment 

•Speed is the driver in Early development, to support rapid decision-making. 
Late development focus is directed towards optimization and 
commercialization.

•Quality underpins all CMC activities throughout a product’s entire life



Thank you
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How to submit your questions

The presentation will be 

followed by an interactive 

Q&A session.

If your question is 

addressed to a specific 

speaker, please include 

their name when 

submitting the question.

Please submit your 

questions through the box 

provided after clicking the 

‘questions’ button. We will 

review all questions and 

respond to as many as 

possible after the 

presentation.



Mo Yin

Consultant, ADVANCE-ID

National University Hospital (Singapore)

Today’s speakers

An introduction to antibiotic research and 

development (R&D)

Alan Hennessy

Discovery & Exploratory Team Lead

GARDP (Switzerland)

Moderator:

Rosemary Dorrington

DSI/NRF SARChI Professor: 

Marine Natural Products Research

Rhodes University (South Africa)

Herbert Wetli

Head of Pharmaceutical Development 

GARDP (Switzerland)





The next REVIVE webinar will be 

announced soon! 

Be the first to hear the latest REVIVE updates

On the REVIVE website (revive.gardp.org/webinars)

Subscribe to our newsletter

On X (@gardp_amr) and LinkedIn



Thank you for joining us
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