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Subsurface Currents
F rom a drug price policy perspective, we might well describe 

the COVID-19 pandemic as an extended period of slack water, a 

prolonged moment unstressed in the tidal stream of price, where there 

appeared no movement in either direction. Beneath the surface, however, 

much was churning. Both Teva Pharmaceuticals and AbbVie withdrew 

membership from the Pharmaceutical Research and Manufacturers of 

America (PhRMA) trade association, which most observers connect to 

passage of the Inflation Reduction Act (IRA) in the United States. This 

legislation slowly phases in Medicare’s capacity to negotiate the prices 

of certain medicines. AbbVie’s CEO, Richard Gonzalez, testified that the 

bill imposes “price controls” rather than allowing negotiations (1). It is 

certainly a debatable point. In his State of the Union speech, President 

Biden emphasized, in particular, efforts to lower the price of insulin to 

help senior citizens, and patients more broadly, by extending a US$35-a-

month cap (€33-a-month). Biden noted that the IRA enacted in 2022 also 

capped annual out-of-pocket drug costs for Medicare patients at US$2000 

(€1890) a year and predicted that the drug price negotiation provision in 

that legislation will further reduce Medicare outlays for medicines (2).

Somewhat foreshadowing the optics of all this, in an expansion of 

the company’s “an Accord for a Healthier World” programme (which 

is aimed at increasing access to innovative treatments in some of the 

world’s poorest countries), Pfizer said it will now offer a total of 500 

products, its full portfolio of drugs, including off-patent medicines such 

as chemotherapies and oral cancer treatments, on a not-for-profit basis 

to 45 low-income countries (3).

An equally important undercurrent potentially unobserved, might 

be Mark Cubans’ Cost Plus Drug Company (MCCPDC). Their consumer 

pricing model is elegantly simple: manufacturing costs + 15% margin 

+ $3 (€2.8) charge for pharmacy fulfilment. MCCPDC has their 

own Pharmacy Benefits Manager division that negotiates with the 

manufacturers of approximately 1000 generic drugs. They have a mail-

order pharmacy that fulfils prescriptions for generic drugs and sells 

them direct-to-consumer. And they’ve built a manufacturing facility 

where MCCPDC can take pharmaceutical formulations for generic drugs 

and become their own suppliers. With vertical integration, this company 

offers drugs at a huge discount (4). That wave beginning to crash over 

PhRMA’s gunwales may well emanate from a startup mindset, rather 

than Big Pharma or government policy pundits.
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EDITOR’S COMMENT

Feeling the Pinch
D espite March bringing in the start of the 

meteorological spring, northern Europe has 

been subjected to a late wintery surge, with falling 

temperatures and cold Arctic air mass (1). This 

latest drop in temperature is adding to the regional 

anxiety over soaring energy prices and shortages 

that have been impacting households, businesses, 

and industry since 2021 and exacerbated by the Russian invasion of 

Ukraine in 2022. 

Some companies within the European bio/pharmaceutical 

industry, such as German behemoth Bayer, are being forced to 

reactivate the use of fossil fuels as a contingency should they be 

unable to fulfil the heating needs for production (2), even though 

plans were set out previously to move entirely to renewable energy 

sources. These types of ‘backward steps’ in terms of energy 

consumption will be a thorn in the side of the European Commission, 

which has hopes, as per its Green Deal (3), for the European Union 

(EU) to be climate neutral by 2050.

And these increasing energy cost pressures could not have come 

at a worse time, as companies are struggling with other challenges, 

including the rising demand for medicines, increasing instances of 

drug shortages, and expanding expenditures in other areas, such as 

for raw materials, logistics, and regulatory compliance. The generic-

drug sector is particularly feeling the pinch, as highlighted by the open 

letter submitted to EU member states’ energy and health ministers in 

September 2022 by Medicines for Europe on behalf of its members, 

iterating the drastic price hikes some companies are facing—10-fold 

rise for electricity and between 50–160% rise for raw materials (4).

As alluded to by Richard Ettl, CEO of Swiss logistics company 

SkyCell, in an interview with Pharmaceutical Technology Europe® 

(which can be found on pages 25–26 of this issue), “Global businesses 

are entering what some are calling the ‘VUCA’ world—volatility, 

uncertainty, complexity, and ambiguity.” How should companies 

respond to these unsure times? They should be gaining visibility 

throughout the supply chain and taking action as soon as possible (5).
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EMA Guidance  
on Paediatric 
Investigation Plans 
Stepwise paediatric investigation plans aim to  
boost the development of medicines for children.

O n 6 Feb. 2023, the European Medicines 

Agency (EMA) issued new European Union (EU) 

guidance for drug developers regarding the conduct 

of paediatric investigation plans (PIPs), particularly 

when clinical information is limited (1). EMA defines 

a PIP as “a research and development programme 

aimed at ensuring that the necessary data are 

generated determining the conditions in which a 

medicinal product may be authorized to treat the 

paediatric population” (1). Ideally a PIP should be 

submitted to the Paediatric Committee (PDCO) at 

the EMA following pharmacokinetic studies in adult 

humans and are reviewed under regulation (EC) No 

1901/2006 (Paediatric Regulation) (2) and regulation 

(EC) No 19032/2006 (Paediatric Regulation) (3).

In 2017, the European Commission (EC) published 

its 10-year report on the implementation of 

paediatric regulation where it highlighted five 

areas that remained a challenge or lagged behind 

adult regulations. These included identifying 

paediatric medical needs, strengthening of 

cooperation of decision makers, ensuring timely 

completion of PIPs, improving the handling of PIP 

applications, and increasing transparency around 

paediatric medicine (4).

Steps taken to address  
shortfall in paediatric regulation 
To address these issues, the European Federation of 

Pharmaceutical Industries and Associations (EFPIA) 

and European Forum for Good Clinical Practice 

(EFGCP) organized a multi-stakeholder workshop 

with EMA in 2019 to help define paediatric unmet 

medical needs (5). Furthermore, Accelerate, in 

collaboration with EMA, held various meetings 

on topics related to children and adolescent 

therapies (6), and the results of these interactions 

were published in the scientific literature to 

raise awareness.

Similarly, EMA’s Paediatric Committee (PDCO) 

strengthened its collaboration with the Clinical 

Trials Coordination Group (CTGC) and improved 

harmonization of pedantic regulations through 

EMA/US Food and Drug Administration cluster 

activities (7) and establishing the EMA/PDCO PIP 

assessment process. The European network of 

paediatric research and EMA (Enpr-EMA) also 

established an international working group to work 

on a white paper to provide recommendations on 

international standard for sustainable paediatric 

clinical trial sites (8).

In terms of ensuring timely completion of PIPs, 

EMA published a reflection paper in 2018 on 

the use of extrapolation in the development of 

medicines for paediatrics (9) and the Enpr-EMA 

published a framework about paediatric clinical 

trial preparedness in 2020 (10). This framework 

provided developers with further clarity around the 

extrapolation of data and additional guidance on the 

implementation of paediatric clinical trials. 

Piloting of stepwise PIP approach
To improve the handling of PIP applications, the 

EMA/PDCO has developed a framework for a 

“stepwise PIP” (sPIP) approach, which aims to  

simplify the administration of PIP submissions and 

procedural aspects of PIP compliance and allows 

changes to be made to PIPs as more evidence 

becomes available (1). 

On 6 Feb. 2023, EMA launched the sPIP pilot 

programme, and eight sPIPs are due to be adopted 

and opinions gathered to help mould the process 

and inform decision-making for its future use. 

At the current time, EMA does not anticipate a 

sPIP approach will be warranted in most cases, 

but a dedicated pre-submission meeting with the 

Paediatric Medicines (PME) Office is recommended 

to determine if an sPIP approach is justified (1).
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European Regulatory Watch

However, a sPIP submission may be justified in 

cases where there is limited scientific knowledge, for 

instance, the development of a first-in-class drug to 

treat a rare paediatric disease, when the mechanism 

of action of a drug is not fully characterized and may 

impact ontogeny-related changes in an individual or a 

medicine addresses significant unmet needs in several 

indications where adult data are lacking. Applicants may 

participate in the sPIP pilot programme on a voluntary 

basis and may consider this option if the study design, 

population, and main objectives of a study are not 

well-defined (1).

 When a developer chooses to submit a sPIP they do 

so using the same template as a conventional PIP but 

the content included in part B and D will differ. 

Part B includes: 

• a valid scientific justification to support 

a sPIP approach in the development in all 

paediatric ages or in certain age subgroups 

• information and explanation regarding 

information gaps and why some studies 

cannot be planned or aspects of the clinical 

studies cannot be determined or estimated 

at the time of the initial application

• a detailed discussion on existing information  

(or lack thereof).

Part D includes:

• a high-level, overall plan and strategy for 

paediatric development (e.g., the condition, 

preliminary outline of planned studies based on 

available evidence and a PIP completion date) 

• milestones/timelines for subsequent PIP 

modification(s) and outline of how the missing data 

will be generated and the PIP fully completed 

• open sections to discuss and agree future 

modification procedures to develop the final full PIP.

If additional information becomes available during the 

sPIP, the application can be modified via the established 

modification procedure used in the traditional PIP 

approach. Not all elements need to be modified at the 

same time, but multiple modifications should be avoided 

and streamlined/or bundled where appropriate. If 

applicable, timelines/milestones can be updated during 

the modification procedure. In cases where significant 

updates to the sPIP are requested, a pre-submission 

meeting with the PDCO assessment team is strongly 

recommended. The same compliance checks apply to 

sPIPs as conventional PIPs.

The EMA is also working to increase transparency 

around paediatric medicines and is updating the 

Community Register of medicinal products with 

paediatric information and a public register regarding 

paediatric trials is under development.

Future implications
It is clear that EMA has taken great strides to address 

the challenges and areas of paediatric medicines that 

lagged behind adult medicines. The implementation 

of sPIPs is one way to promote paediatric drug 

development and better aligns the data requirements 

between decision-makers and the regulators. The sPIPs 

should enable developers to move paediatric medicines 

forward with a minimum set of data and allow sPIPs to 

be refined as more data becomes available.

Overall, the EMA-EC paediatric plan taken together  

with the Orphan Drug Regulation should help to   

provide a framework to improve the implementation 

of Paediatric Regulation where all stakeholders can 

collaborate and help to improve the efficiency of  

the process so that developers continue to target  

areas of high unmet medical need and increase the 

number and speed to market of paediatric medicines  

that can benefit future generations.
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https://www.ema.europa.eu/en/documents/other/fda/ema-common-commentary-submitting-initial-paediatric-study-plan-ipsp-paediatric-investigation-plan_en.pdf
https://www.ema.europa.eu/en/documents/other/fda/ema-common-commentary-submitting-initial-paediatric-study-plan-ipsp-paediatric-investigation-plan_en.pdf
https://www.ema.europa.eu/en/documents/other/fda/ema-common-commentary-submitting-initial-paediatric-study-plan-ipsp-paediatric-investigation-plan_en.pdf
https://www.ema.europa.eu/en/partners-networks/networks/european-network-paediatric-research-european-medicines-agency-enpr-ema
https://www.ema.europa.eu/en/partners-networks/networks/european-network-paediatric-research-european-medicines-agency-enpr-ema
https://www.ema.europa.eu/en/documents/scientific-guideline/adopted-reflection-paper-use-extrapolation-development-medicines-paediatrics-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/adopted-reflection-paper-use-extrapolation-development-medicines-paediatrics-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/adopted-reflection-paper-use-extrapolation-development-medicines-paediatrics-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/other/preparedness-medicines-clinical-trials-paediatrics-recommendations-enpr-ema-working-group-trial_en.pdf
https://www.ema.europa.eu/en/documents/other/preparedness-medicines-clinical-trials-paediatrics-recommendations-enpr-ema-working-group-trial_en.pdf
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and therapeutic benefits of a drug. The aim of 

[pharmacovigilance] monitoring during the clinical 

trials is to demonstrate that the therapeutic 

benefits outweigh the risk (severe side effects), 

and if proven, the respective data is submitted to 

regulatory agency (i.e., FDA) to gain approval to 

commercialize the drug,” says Dr. Foram Vaishnav, 

head of the North American pharmacovigilance and 

risk management team at Dr. Reddy’s Laboratories. 

Gathering and reporting safety data to regulators 

is part of the responsibility of drug sponsors to 

ensure the safety of the products they manufacture 

and distribute. “Each sponsor is legally required to 

manage adverse events based on specific guidelines 

by territory. A sponsor with authorization to run 

clinical trials for a product will need to collect and 

report all adverse events per study protocol, with a 

subset requiring expedited reporting,” says Sharmila 

Sabaratnam, senior director, Vault Safety strategy at 

Veeva. “The most considerable volume of adverse 

event reports occurs post-market and can present 

challenges if sponsors don’t have the right systems, 

processes, and talent in place. In pharmacovigilance, 

you need this foundation to ensure patient safety, 

scientific rigor, and data integrity.” 

Use of artificial intelligence (AI) in the 

monitoring and reporting of drug safety data is 

T he World Health Organization defines 

pharmacovigilance as “the science and activities 

relating to the detection, assessment, understanding, 

and prevention of adverse effects or any other 

medicine/vaccine related problem” (1). Drug safety 

includes quality control during the development and 

manufacture of a drug and monitoring the safety of 

the drug post-approval when it is in the market and 

being used by patients.

The European Medicines Agency (EMA) states 

that European Law requires a pharmacovigilance 

system be operated by EMA, the national competent 

authority, and the market authorization holder to 

monitor medicines throughout their use for adverse 

side effects that may occur (2). In the United States, 

the US Food and Drug Administration’s (FDA’s) 

Adverse Event Reporting System database support’s 

the agency’s post-marketing safety surveillance 

programme and contains adverse event reports, 

medication error reports, and quality complaints. 

Reports sent to FDA by drug manufacturers and 

healthcare professionals are used by the Center 

of Drug Evaluation and Research and the Center 

for Biologics Evaluation and Research to track the 

safety of a drug (3). 

“Pharmacovigilance activities start with 

clinical trials to provide information on the safety 

Susan Haigney
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The ability of artificial intelligence to process large amounts of diverse 
data cleanly creates more accurate reports for improved drug safety. 

Harnessing Technology  
to Ensure Drug Safety
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AI can also help sponsors 

with drug development by using 

data to choose which products 

are worth developing further, 

according to Dr. Vaishnav. “From 

[a] pharmacovigilance perspective, 

if the drug does not meet efficacy 

criteria, or demonstrates unusual 

and unexpected side effects 

during drug development, using 

AI supported data analysis, drug 

manufacturers can focus on 

redirecting resources towards 

developing and delivering 

medications that could have a 

positive impact on patient life,”  

says Dr. Vaishnav. 

Srinivasan agrees that AI can 

be used to improve decision 

making. “One can use AI for natural 

language understanding and image 

recognition to improve the quality 

of data received from drug studies,” 

she says. “This, combined with 

the current developments in big 

data analytics and cloud-based 

pharmacovigilance platforms 

will enable more sophisticated 

analysis of large datasets from real-

world experiments.” AI can also 

reduce human error, speed up risk 

assessments, and identify patterns 

and trends in data, adds Srinivasan.

Post-marketing use of AI
AI can help pharmaceutical 

companies study, learn, and predict 

needed changes for products already 

on the market based on safety 

information attained post approval 

to protect patients. “The findings can 

provide signals around the effects of 

long-term use of medicines that are 

unknown and help drive changes in 

either dosage or patient instruction,” 

says Sabaratnam.

When it comes to post-marketing 

safety data, Vaishnav states that 

AI and machine learning assist 

drug sponsors to collate data and 

develop solutions to practical adverse 

events. “Computer-assisted coding 

a tool companies can utilize to 

assist them in this process. “AI 

assists companies by automating 

information capture, yielding 

quick output, limiting errors, and 

helps to understand and classify 

clinical documentation,” says Aloka 

Srinivasan, PhD, principal and 

managing partner at RAAHA LLC. 

“With the evolution of safety 

technology, AI is more commonly 

leveraged in case processing for 

intake, validation, and coding 

to assist case processors or 

automatically process cases,” 

says Sabaratnam. “AI can help 

extract and aggregate large data 

sets, applying natural language 

processing (NLP) to automate  

case intake. Accelerating the 

capture of cases drives earlier 

analysis so companies can report 

issues and make preventative 

changes. These AI technologies 

also significantly reduce data 

entry associated with case intake, 

lowering overhead costs.”

“Given the short time frame 

in which adverse events must 

be collected, evaluated, and 

reported to regulatory agencies, 

pharmaceutical safety teams are 

forced to deal with increasingly 

large volumes of data (due to an 

increase in safety data sources, 

including social media, online 

forums, and physical documents) 

that must be processed quickly,” 

says Updesh Dosanjh, practice 

leader, Pharmacovigilance 

Technology Solutions, IQVIA. “Not 

only does AI-driven automation 

expedite the process by supporting 

or replacing manual activities; it 

often does a more thorough job 

than manual reviewers facing 

deadline pressure in far shorter 

timescales, minutes vs. hours 

… AI tools can analyze both 

structured and unstructured data 

in real-time. [Pharmacovigilance] 

query tools automate the 

reporting and management of 

case documentation, while NLP 

tools analyze complex narratives, 

including patient charts, social 

media posts, articles, and other 

unstructured data.”

AI in drug development
The importance of AI in drug 

development is seen in the way it 

can run multiple analytical methods 

in real-time and evaluate data 

from different angles, according to 

Dosanjh, giving an organization a 

“richer picture of the data.”

AI serves a variety of purposes 

in safety evaluations during 

drug development, confirms 

Dr. Vaishnav, including clinical, 

administrative, and research areas. 

However, Dr. Vaishnav warns, 

use of AI comes with challenges. 

“AI-enabled products, for example, 

have sometimes resulted in 

inaccurate, even potentially harmful, 

recommendations for treatment. 

These errors can be caused by 

unanticipated sources of bias in the 

information used to build or train 

the AI, inappropriate weight given 

to certain data points analyzed by 

the tool.” Vaishnav continues that 

while AI cannot replace clinical 

trials, “the machine learning 

software can run faster and more 

accurately to analyze the data 

generated from these clinical trials, 

producing results that, again, are 

checked by experts to see if the 

software is properly evaluating the 

data to generate insights that help 

drug manufacturers make better-

informed decisions.” 

Mark Moorman, vice president  

of Artificial Intelligence, TCG 

Digital and Analytics Business 

Development, LabVantage Solutions, 

states that a lack of data is a concern 

in drug development. “A better AI/

predictive model for drug safety and 

vigilance would be a quantitative 

model which uses expert guidance,” 

he says. “With qualitative models, 

you can guide the learning with an 

expert’s opinion on what could or 

should happen. This can provide 

more insight when real data is 

limited, and it would be a good way 

of carrying out pharmacovigilance  

in the early stages.”

Artificial intelligence 
can be used to improve 
decision making.
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(CAC) of International Council for 

Harmonisation Medical Dictionary for 

Regulatory Activities (MedDRA) code 

adverse events mentioned in product 

labels [can be used]; however, they 

must be collected and stored in a 

way that streamline processes and 

introduce efficiencies into manual 

review processes and enable the 

tools to convert them to real-world 

data (RWD). This analysis of RWD 

produces real-world evidence (RWE), 

which is clinical evidence that can 

provide information about the usage 

and potential benefits or risks of a 

drug product,” says Vaishnav.

AI and computational linguistics 

methodologies are also used in 

the reporting of adverse events to 

regulators by using NLP techniques, 

according to Vaishnav. But there 

are limitations to the use of AI, 

Vaishnav warns, such as “difficulties 

with language learning, arising 

from the need to understand 

context and interpret ambiguities, 

particularly affecting translation, 

and inadequacies of databases. 

These limitations require careful 

curation of adverse event data for 

accurate submissions.”

“Qualitative models use expert 

opinions (often reflected in rules 

or significant factors) to aggregate 

events as meaningful or not. For 

post-approval changes, causal 

models may be a better fit because 

they help identify the root cause 

of events and whether it leads to 

meaningful events, such as side 

effects. A causal analysis run by 

a machine/AI can look at all the 

events that happened post-approval 

and potentially identify problems 

that need to be reported to the 

FDA,” says Moorman.

AI provides higher quality data 

for submission to regulatory 

agencies, according to Dosanjh, 

by asking smarter questions. “This 

allows cleaner data to be easily 

sent in an ingestible format to the 

internal teams allowing them to 

focus on analysis rather than data 

collection and extraction. AI can 

detect potential signals earlier in 

the reporting process, again giving 

analysis teams more time to make the 

right determination,” says Dosanjh. 

“The biggest risk organizations run 

today is the very real reality that 

a human processer has missed 

an event and the risk profile of my 

product is incomplete or consistent. 

AI offers a consistent analysis of data 

that significantly reduces these risks.”

AI tech advances
AI applications used in 

pharmacovigilance include optical 

character recognition (OCR), which 

converts handwritten and typed 

text into machine-readable text; 

RPA; autonomous software; desktop 

automation; NLP; speech to text 

conversion; and Natural Language 

Understanding (NLU). According to 

Srinivasan, these are used to collect 

data on adverse drug reactions 

(ADRs) and improve accuracy, speed, 

and scalability, as well as reduce 

costs. Some of the neural networks 

and deep learning models used to 

create real-world data from ADRs, 

according to Srinivasan, include 

FastText, long short-term memory 

recurrent neural network (LSTM), and 

convolutional neural network (CNN). 

“By using different combinations 

and integrations of  these available 

technologies, there is apotential to 

simplify and standardize the intake of 

ICSR [Individual Case Safety Report] 

data into [a pharmacovigilance] 

system,” says Srinivasan.

Sabaratnam points to the 

automation of pharmacovigilance 

tasks such as rule-based robotic 

process automation (RPA) or 

lookups, cognitive machine learning 

and chatbots, and orchestration 

of workflows or blockchain. “Both 

regulators and life sciences are 

on a learning curve to determine 

appropriate use cases, GxP 

validation, and quality assurance 

in a highly regulated environment,” 

Sabaratnam says. 

“Most of the AI technologies 

available now aren’t providing 

scientific judgement. They allow 

pharmacovigilance teams to filter 

information to identify trends and 

deliver signals. For example, AI is 

helping identify the right patient 

populations for treatments that 

perform within that demographic. 

In areas like oncology, this is a 

critical factor.” 

While the application of AI in 

drug safety operations is evolving, 

according to Vaishnav, using AI for 

the analysis of big data can assist 

sponsors to make drug-event 

associations and help anticipate 

benefits or adverse reactions when 

performing risk-benefit assessments. 

“These signals provide valuable 

real-world intelligence which cannot 

be determined by mining data from 

controlled clinical trials. Similarly, 

[NLG] technologies can be applied 

to generate aggregate reports, or 

its basic framework, which can 

help with human  experts freed 

up to provide further analysis 

and finalization.”

Natural language processing. 

NLP applications are used in 

pharmacovigilance to understand 

and classify post-marketing 

adverse events information from a 

variety of sources such as patients, 

healthcare providers, and clinical 

trials, explains Vaishnav. “NLP 

systems can analyze unstructured 

clinical notes on patients, giving 

incredible insight into understanding 

quality, improving methods, 

and better results for patients,” 

says Vaishnav.

Moorman stresses the benefits 

of NLP because of the textual or 

unstructured data involved in drug 

safety. “This area of AI continues to 

develop, but it is showing real-world 

usage and is ready to be applied to 

medical documents around adverse 

Contin. on page 24

Artificial intelligence 
provides higher 
quality data.

Artificial intelligence 
can assist in making 
drug-event associations.
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active competitors according to data 

published by Tracxn Technologies (4).

Diseases and 
conditions linked to 
the human microbiome
Research shows that imbalances 

within the gut microbiome may be 

associated with a wide range of 

medical ailments ranging from acute 

intestinal infections such as those 

caused by the bacterium C. difficile, 

to complex chronic conditions like 

inflammatory bowel disease and 

colorectal cancer (5). However, it 

is thought that modulation of the 

microbiome offers an exciting and 

largely unexplored therapeutic 

avenue to treating an array of 

infectious intestinal diseases and 

Multidrug Resistant Organism 

(MDRO) infections, as well as 

conditions linked to the brain and 

liver, metabolic diseases, and those 

in immuno-oncology. 

EnteroBiotix, therefore, believes 

that one of the best established and 

most powerful means of modulating 

the microbiome is through Intestinal 

Microbiota Transfer (IMT), which 

involves the transfer of microbiome 

communities from a healthy 

person into the intestinal tract of 

another person suffering from a 

microbiome mediated condition (6). 

The company produces capsules 

that contain diverse ecosystems of 

microbiota obtained from healthy 

and rigorously screened donors, 

which provide a compositionally 

consistent, safer, and non-invasive 

alternative to current methods for 

transferring microbiota from donors 

to patients (1). 

Clinical efficacy of IMT
IMT is a gold-standard therapeutic 

intervention for patients suffering 

from recurrent C. difficile infection 

(rCDI) and has shown promise in 

other diseases areas associated 

with substantial unmet clinical 

need (7). For example, this has also 

been demonstrated in indications 

that affect the liver such as liver 

cirrhosis, hepatic encephalopathy, 

I   t has been reported that interest in the gut microbiome and its 

relevance to human health has increased significantly over the 

past decade (1). As noted in a recent article by James McIlroy—who 

has been cited on the Forbes 30 Under 30 Europe Healthcare and 

Science list (2)—founder and CEO of EnteroBiotix, a clinical stage 

microbiome therapeutics company, “Instead of viewing bugs as bad, 

we’re embracing them as being part of a symbiosis”(1).

Harnessing the power of the microbiome
EnteroBiotix is a clinical-stage microbiome therapeutics company 

which leverages the gut microbiome to develop novel medicinal 

products that restore health and prevent disease, with a specific 

focus on drug-resistant bacterial infections and gastrointestinal 

conditions. Established in 2017, EnteroBiotix is headquartered in 

Glasgow, United Kingdom, and operates research laboratories and 

Medicines and Healthcare products Regulatory Agency (MHRA)-

licensed good manufacturing practice (GMP) pharmaceutical 

manufacturing sites in Glasgow and Aberdeen, UK. 

The company has developed a differentiated platform 

manufacturing technology that has broad potential applicability 

across the spectrum of microbiome therapeutic approaches. 

EnteroBiotix have created a trademark-protected donor brand  

and online portal called the ‘Number 2 Donor Programme’ for 

recruiting healthy donors (3). The company’s MHRA-licensed 

cleanroom facility in Aberdeen ensures that starting material is 

accepted, tested, and processed in a regulatory compliant manner. 

The platform delivers investigational medicinal products that  

contain diverse and viable communities of donor-derived 

microorganisms which target multiple functional pathways.

Enterobiotix’s competitors include Evolve Biosystems Inc. (United 

States), Ilya Pharma AB (Sweden), Novome Biotechnologies Inc. (US), 

and RedHill Biopharma (Israel). EnteroBiotix ranks 19th among 169 

Bianca Piachaud-
Moustakis is lead 

writer at PharmaVision, 

Pharmavision.co.uk.

Frontrunner in 
Microbiome Therapeutics
EnteroBiotix is harnessing the power of the microbiome to target an array of diseases.
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and hepatitis (6). Globally, more 

than 90 randomized controlled trials 

(RCTs) investigating the therapeutic 

utility of IMT have been conducted in 

a wide array of patient populations 

suffering from extra-intestinal and 

intestinal diseases, all of which have 

consistently reported good efficacy 

and safety supporting this route 

of treatment (8). 

Investor interest 
in EnteroBiotix
EnteroBiotix has raised total funding 

of US$24 million (€22.5 million) 

over four rounds (4). In September 

2021, the company secured 

US$21.5 million (€20.3 million) in a 

series A financing round to advance 

a pipeline of drugs targeting the 

microbiome (9). The funding round 

was led by Scottish investment firm 

Thairm Bio with investments from 

Scottish Enterprise, SIS Ventures, 

and US-based Kineticos Ventures. 

With these funds, EnteroBiotix will 

expand its headcount to 50, and 

advance its pipeline for multiple 

disease areas, as well as develop its 

in-house manufacturing capabilities. 

According to data derived from 

Crunchbase, venture capitalists 

invested US$1 billion (€94.3 million) 

into microbiome start-ups between 

2015 to 2020 (10).

Granting of IMP licensure
In October 2022, EnteroBiotix 

announced that it had been granted 

a manufacturer’s licence for 

Investigational Medicinal Products 

(IMP) by the MHRA to manufacture 

microbiome product candidates 

for clinical trials (11). Located at 

the Strathclyde Business Park 

in Glasgow, the 20,000-square-

foot facility incorporates an 

in-house quality control (QC) hub 

and analytical department that 

is designed to meet regulatory 

biologics requirements and product 

analysis while providing the 

company end-to-end control of its 

supply chain (12).

EnteroBiotix’s manufacturing 

capabilities include its novel 

proprietary AMPLA platform that 

enables the rapid preparation of 

dry powder from hydrated starting 

material at static temperature (11). 

The company believes this 

technology has potential applicability 

across the entire spectrum of 

microbiome therapies that are 

currently dried using traditional 

methods, including lyophilization, 

making this approach superior to 

others being currently pursued. 

The GMP-certified manufacturing 

facility is the most advanced of its 

kind in Europe and is designed to 

operate as a flexible and scalable 

manufacturing centre. According to 

Douglas Thomson, non-executive 

chairman at EnteroBiotix, “The board 

has backed the vision of establishing 

control of the supply chain and to 

develop in-house manufacturing and 

analytical capabilities as a strategic 

asset” (13). Looking ahead, the 

company is aiming to initiate a  

Phase II clinical trial for its lead 

microbiome therapeutic asset,  

EBX-102, in patients with liver 

cirrhosis by the end of 2022. 

Partnership with 
Imperial College London  
In November 2022, EnteroBiotix 

entered into a collaboration with 

Imperial College London (ICL) 

to assess the potential of IMT 

administration in patients with 

blood cancer prior to bone marrow 

transplant as a means of altering 

their gut microbiome with the aim of 

achieving improved outcomes. The 

Phase IIa, investigator-initiated  

trial, will evaluate how EBX-102 

impacts the outcomes of bone 

marrow transplant patients with 

blood cancer. This trial forms part  

of the Microbiota Transplant Prior  

to Allogeneic Stem Cell 

Transplantation study, that is 

being conducted across six of the 

UK’s leading blood cancer centres 

including, Imperial College, University 

College London Hospitals, the Royal 

Marsden, King’s College London, 

Leeds Teaching Hospitals, and 

University Hospitals Birmingham (14). 

According to Professor Julian 

Marchesi of ICL, Department 

of Metabolism, Digestion and 

Reproduction, “Patients with blood 

cancers are a group whose gut 

microbiome is particularly under 

attack … as they often receive 

strong chemotherapy, which has 

side effects of mouth ulcers and gut 

inflammation” (14). These patients 

receive antibiotics frequently due 

to their high rate of infections, with 

many inevitably being colonised 

with antibiotic-resistant bacteria. 

As a result, patients are at high 

risk of getting an infection which is 

untreatable. The products developed 

by EnteroBiotix hold the promise of 

manipulating the gut microbiome in 

such patients, thereby reducing the 

need for antibiotics and improving 

health outcomes.

The clinical trial, which is funded 

by the Medical Research Council and 

supported in-kind by EnteroBiotix, 

will build on Imperial’s successful 

pilot study (in the same patient 

population) which demonstrated 

preliminary data suggesting that 

IMT can reduce complications 

and improve survival rates (14). 

Through this partnership, Imperial 

will increase its exploration into 

the efficacy of this approach for 

a range of diseases and will aim 

to strengthen the pathway to 

commercialization through the 

conduct of systematic research. 

The future of 
microbiome therapeutics
In addition to helping explore the 

safety, tolerability, and efficacy 

of IMT-based drugs for a range of 

conditions, the partnership between 

Imperial and EnteroBiotix is expected 

to help place microbiome research 

onto a sounder footing, supported 

by systematic learning about the gut 

microbiome and the very specific 

mechanisms that make microbiome 

treatments work in patients with 

variable gut ecologies. Microbiome 

therapeutics have the potential to 

Contin. on page 15
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The effect/side effect ratio of a 

large number of drug substances 

can be significantly improved when 

delivered directly to the site of action. 

Administration by injection will play 

a key part here, alongside other 

delivery routes—topical, pulmonary, 

and ophthalmic, for example. 

Integration of dosing with smart 

devices will also be a major theme 

in the coming decade as a means 

of increasing patient adherence. By 

monitoring biodata, such as blood 

glucose, these systems can provide 

both patient and HCP [healthcare 

professional] with valuable 

information to ensure that medication 

is used optimally to meet the unique 

needs of individual patients. 

It is expected that the next decade 

will see advances allowing oral delivery 

of a greater number of biologic 

formulations. Efforts are already 

being made to develop a platform 

technology to support absorption 

of orally administered biopharma 

treatments, with exciting potential to 

further improve patient convenience. 

Market drivers
PTE: Could you elaborate on any of 

the market factors that are driving 

growth in the alternative drug 

delivery formulation sector?

Gren (Recipharm): Rising demand 

for new biologics has created the 

need for special formulations for 

these treatments. It is important 

to note that the term ‘biologics’ 

refers to a large number of different 

modalities, from monoclonal 

antibodies, nucleotides, CAR-T 

[chimeric antigen receptor T] cells, 

and microbiome products. These 

all have their specific scientific 

challenges, each requiring a different 

formulation approach. 

Interest in improved treatment for 

small indications has also contributed 

to greater demand for alternative 

drug delivery, as these often call for 

some special drug delivery solutions.

PTE: How have these drivers 

changed over recent years? 

Hanenberg (Recipharm): The 

trend toward more advanced 

T   here are myriad factors influencing the drug delivery market, 

such as the rising prevalence of chronic conditions, an ageing 

population, and technological advancements in drug development, 

leading analysts to predict continued growth in the sector at a 

compound annual rate of 3.7% between 2022 and 2030 (1). A 

significant driver of growth within drug delivery has been highlighted 

as the advancement of the biopharmaceutical industry, which is 

giving rise to new and innovative drugs for previously untreatable or 

incurable diseases and, hence, the need for ways to deliver these 

novel therapies.

To learn more about influential drug delivery trends, market 

drivers, aspects of drug delivery that require greater research, and 

how partnering with an outsourcing company can help in this sector, 

Pharmaceutical Technology Europe® spoke with Torkel Gren, senior 

director, science and technology officer, and Uwe Hanenberg, head of 

product development, Oral Solid Dose, both at Recipharm.

Developments and trends
PTE: Over the past decade, what, in your opinion, have been the most 

influential developments in alternative drug delivery formulation? 

Gren (Recipharm): The most influential development in recent 

years has been the advance in solid lipid nanoparticles that allowed 

the development of mRNA [messenger RNA] vaccines to tackle 

COVID-19. [This advancement] opens up the opportunity to develop 

many new pharmaceutical products with increased efficacy in the 

future. There is plenty of potential to harness mRNA technology to 

create exciting new vaccines and other therapies to tackle previously 

untreatable conditions over the next decade.  

PTE: What trends in alternative drug delivery formulation do you 

think may be seen during the next decade? 

Hanenberg (Recipharm): There will be increasing investment in 

new delivery technology for targeted and or simplified drug delivery. 

Felicity Thomas

Influencing Change 
in Drug Delivery
Advancements in therapeutic modalities are necessitating change in drug 
delivery to help negate some of the expense of development and manufacturing.
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biological treatments with a higher 

potential to cure the disease 

rather than just its symptoms has 

implications for drug delivery. 

Technologies that ensure an effective 

treatment by improving the stability 

of the active ingredient and that can 

be administered easily (e.g., orally) 

are drivers and will enhance patient 

compliance This could increase the 

demand for specialized drug delivery 

solutions in the coming years.

Areas that need work
PTE: Are there any areas in 

alternative drug delivery formulation 

approaches that still require a 

significant amount of research?  

Gren (Recipharm): [There have 

been] impressive developments 

in new biological medicines in 

recent years, with a number of new 

therapies entering the global market. 

However, the cost of these products 

has undermined their impact on 

public health and wellbeing. More 

work needs to be done to reduce 

development and manufacturing 

costs of these biopharma treatments 

while optimizing their efficacy. 

New drug delivery technology may 

help solve this problem in the future. 

Better formulation approaches, 

for example, have the potential to 

improve stability, resulting in longer 

shelf life and reduced need for cold 

storage. This can cut distribution 

costs significantly, especially in 

countries with warm climates and 

limited infrastructure. Currently, 

biologics that have exceeded their 

shelf life or been transported outside 

their allowed temperature interval 

have to be disposed of—which is 

also very costly.  

The fact that most biologics 

today need to be administered by 

injection is also contributing to their 

relatively high overall treatment cost, 

as this usually means they must be 

administered to patients by HCPs. 

There is some interesting work on 

alternative administration routes 

(orals, buccal, and pulmonary, for 

example), but it is likely that injection 

will continue to dominate in the 

future, due to the unique stability 

and absorption characteristics 

of biopharma. Injectable delivery 

systems, such as auto-injectors, 

which allow self-administration by 

the patient in the home, can help 

reduce costs by eliminating the need 

for a trip to a clinic to be treated by 

a HCP. Depot formulations allowing 

monthly dosing instead of daily 

injection can also reduce the burden 

on HCPs and clinics. 

A smoother journey
PTE: What is the role of an 

outsourcing partner in the alternative 

drug delivery formulation market? 

Hanenberg (Recipharm): 

Many different types of drug 

delivery technologies will be 

needed for different modalities, 

administration routes, and markets. 

As such, it is almost impossible 

for pharmaceutical companies 

to fill all their needs in-house. 

Outsourcing drug development 

and manufacturing to contract 

development and manufacturing 

organization partners can address 

this issue. By working with partners 

that have experience in a particular 

alternative technology, companies 

can benefit from specialist expertise 

and infrastructure, helping to smooth 

their development journey. 
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T 
here are some interesting points to consider in pro-
cess validation of oral solid dosage (OSD) forms. 
The typical example is the case for those formula-
tions greater than 25mg/25% threshold (i.e., greater 

proportion) where weight variation (WV) is suggested as 
an alternative to the content uniformity (CU) method. Ex-
cerpted from the monograph (1) is the following:

• The uniformity of dosage units can be demonstrated by 
either of two methods: CU or WV. 

• The CU method may be applied in all cases.
• The test for WV is applicable for the following dosage 

forms, which, as noted by the author here, are tabu-
lated into four categories—(W1), (W2), (W3), and 
(W4). (W4) comprises hard capsules, uncoated tablets, 
or film-coated tablets containing 25 mg or more of a 
drug substance comprising 25% or more, by weight, of 
the dosage unit or, in the case of hard capsules, the cap-
sule contents, except that uniformity of other drug sub-
stances present in lesser proportions is demonstrated by 
meeting the requirements for CU. 

Although the WV method is allowed by the monograph 
for the greater proportion as discussed previously, it still 
needs to be demonstrated in process validation (PV) batches 
that WV can replace the CU method. 

This article is focused on evaluation of paired CU and 
WV data sets using F and T tests (i.e., already available sta-
tistical techniques) as appropriate to ensure that the routine 
batches will meet the compendial WV requirements. 

F test, T test, and limits for validation data
In principle, variances and means are compared using F 
and T tests, respectively, to see whether or not their pop-
ulation variances and means are equivalent. Tables I and II 
summarize the brief definitions, formulae, and statistical 
conditions (e.g., sample sizes, pairs of data, limits, etc.) for 
F and T tests applied in this article (2). 

Submitted: 3 Jan. 2023
Accepted: 25 Jan. 2023

Justification of Using Weight 
Variation Instead of Content 
Uniformity for Release 
of Relevant OSD Forms

The United States Pharmacopeia General Chapter 
<905>, “Uniformity of Dosage Units,” describes 
requirements for oral solid dosage formulations 
greater than 25mg/25% threshold. This chapter 
shows that it may be risky to release routine 
batches using weight variation (WV) instead of 
the content uniformity (CU) method; although, 
it is allowed by the monograph. To prevent risk 
to quality, justification of WV data quality in 
process validation (PV) batches is necessarily 
required to ensure that each of the routine 
batches released by WV meets the monograph 
requirements. A practical approach to using 
available statistical techniques for demonstration 
of interchangeability between CU and WV 
data in the same PV batches is introduced. 

Pramote Cholayudth
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Simulation study
Justification for using 95% joint confidence interval (95% JCI) 
rather than 95% confidence interval (95% CI) is demonstrated 
by a simulation study using the XLSM Excel program. In the 
study, two sets of data (i.e., paired data with n1 = n2 = 30) 
are normally and simultaneously generated using the same 
population mean (μ) and standard deviation (σ) equal to 100 
and 5, respectively (in fact any values of μ and σ may be used if 
justified). F data (value) are generated (computed) from each 
set of the paired data by the program with trial size (number 
of data set) equal to 1.2 million while T data (value) are gen-
erated by a separate trial of the same size. 

Both generated F and T data are plotted against the cal-
culated data (theoretical) as illustrated in Figures 1a and 1b, 
respectively, where the corresponding acceptance limits 
are specified at 95% CI. However, in Table II, it is found in 
a separate study that the probability of both F and T val-
ues successfully passing their limits is 90.24% (averaged 
from 90.23%, 90.22%, and 90.28%; i.e., three trials of size 
150,000 each) while the calculated probability is 90.25%. 
In fact, such a probability is the joint confidence interval 
(JCI). When JCI is aimed at 95%, Figures 2a and 2b and Table II 
demonstrate how to calculate F and T limits such that JCI 
is 95%. The simulated probability result is 94.98% (averaged 
from 94.94%, 95.06%, and 94.95%; three trials of size 150,000 
each) where it does support the calculation concept. 

F and T limits for verification data
In legacy products released by WV method, its justification 
may be demonstrated in routine batches planned for the 
continued process verification (CPV) exercise (5,6,7). In 
addition to the WV data (n = 10), the CPV batches are also 
tested with the CU method using the same samples. From 
the two sets of data (WV and CU), the F and T values are 
calculated where the upper control limits are 4.98 and 2.44, 
respectively (Figure 3b). Figures 3a and 3b show the critical F 
and T values at various joint confidence intervals for sample 
sizes 30 and 10, respectively. Those critical F and T values 
at 95% JCI are tabulated in Table III. 

Case study: PV batches
The case study relates to PV of a capsule product with 
500 mg active substance. Three PV batches are produced  
where CU and WV data (n = 30) are obtained (tabulated 
in Table IV). In the table, F and T values are computed (in 
addition to mean, variance, and process capability index 
[CpK]) according to those formulae described in Table II. It 
is found that the T value in batch 1 exceeds the limit (see 
discussion section). The three PV batches may be acceptable 
based on CU data where CpK in batch 1 (the lowest) is still 
greater than 1.33 (i.e., 1.76). 

CpK is the ratio of specification range to process range 
to indicate the degree of conformance to the specification. 
The conventional acceptance limit is 4sigma/3sigma or 1.33 
where 4sigma and 3sigma are specification and process 

ranges, respectively, and the higher CpK, the higher degree 
of specification conformance.

Discussion
To make it easier to understand this article, additional de-
tails and comments are summarized as follows: 

• Product detail in the case study: capsule product (cap-
sule size #0) with 500 mg active ingredient, 600 mg 
target fill weight (83.33%), and averaged empty capsule 
weight of about 96.47–98.83 mg/capsule. 

Table I. F test and T test definitions.

Definitions for F test and T test:  
for evaluation of two independent sets of data

F test (compare variances) T test (compare means)

F test is a statistical tool used 
to evaluate the equality of 

variances of two populations. 

T test is a statistical tool used 
to evaluate the equality of 
means of two populations. 

It can be used to answer 
whether or not the two samples 

come from populations with 
equal variances (3). 

It can be used to answer 
whether or not the two sam-
ples come from populations 

with equal means (4). 

In this article passing the two tests simultaneously will 
demonstrate that content uniformity and weight variation data 
are interchangeable. 

Table II. F and T formulae and limits: condition:  
n1 = n2 = 30 and expected that .

Application for CU vs. WV data:  
n1 = n2 = 30 and expected that .

F formula and limit (2, 3)
T formula (properly derived)  

and limit (2, 4)

 
Table III. F and T formulae and limits: condition: n1 = n2 = 30 and expected that s12 = s22. 

Application for CU vs. WV data: n1 = n2 = 30 and expected that ss12 == ss22 
F formula and limit (2, 3) T formula (properly derived) and limit (2, 4) 

F!",!" = MAX(F$, F!) = MAX(s$!/s!!, s!!/s$!) T%& = |x.$ − x.!|/0(s$! + s$!) 30⁄  

Degree of freedom (df) = (n1-1) = (n2-1) = 29 Degree of freedom (df) = (n1-1)+(n2-1) = 58 
F limit (using MS Excel) = FINV(1-0.95,29,29) = 
1.86 (where confidence interval = 0.95 = 95% 
(one-sided)) 

T limit (using MS Excel) = TINV(1-0.95,58) = 2.00 
(where confidence interval = 0.95 = 95% (one-
sided)) 

Given that CI for F and T values is 95% independently. Since the maximum F value (F1 or F2) equally 
comes from s12 and s22 (s12 = s22), the calculated probability for both F and T results is 0.95x0.95 or 
90.25%. If joint confidence interval (JCI) at 95% is required, CI for F and T values is the square root of 
0.95 i.e. √0.95 (or 0.95^0.5). JCI at 95% (one-sided) is calculated from CI for F and T values as 
(((0.95^0.5)^0.5)^2)*(0.95^0.5) or 95%. See simulation study described separately below.  
F limit = FINV(1-(0.95^0.5)^0.5,29,29) = 2.34. 
Note: (0.95^0.5)^0.5 or √0.95!  is applied due to CI 
sharing between F1 and F2.  

T limit (Excel) = TINV(1-0.95^0.5,58) = 2.30.  

Note: CU is content uniformity. WV is weight variation.  
 
 
 
 
Table IV. Summary on control limits and control chart factors for F and T values. PV is process 
validation. CPV is continued process verification. 

Parameters Upper limits* Lower limits Applied in 
F29,29 (maximum value) 2.34 0 

PV 
T58 (df1 = df2 = 29) 2.30 0 
F9,9 (maximum value) 4.98 0 

Initial CPV 
T18 (df1 = df2 = 9) 2.44 0 
WV: weight variation, CU: content uniformity, * 95% JCI (one-sided).  

 
 
 
 
Table V. F and T data for three process validation batches: expected that s12 = s22. CU is content 
uniformity. WV is weight value. NMT is not more than. 

Data (n1 = n2 = 30) Batch 1 Batch 2 Batch 3 

CU data 
Mean 102.77 99.30 99.51 
Variance 5.38 0.82 0.55 
CpK 1.76 5.26 6.52 

WV data 
Mean 100.17 99.47 99.40 
Variance 5.27 0.59 0.48 
CpK 2.15 6.28 6.93 

F value (Limit: NMT 2.34) 1.02*, 0.98** 1.39, 0.72 1.15, 0.87 
T value (Limit: NMT 2.30) 4.36 0.78 0.59 
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, the calculated probability for both F 
and T results is 0.95x0.95 or 90.25%. If joint confidence 
interval (JCI) at 95% is required, CI for F and T values is 
the square root of 0.95 i.e. √0.95 (or 0.95^0.5). JCI at 95% 
(one-sided) is calculated from CI for F and T values as 
(((0.95^0.5)^0.5)^2)*(0.95^0.5) or 95%. See simulation study 
described separately below. 

F limit = FINV(1-
(0.95^0.5)^0.5,29,29) = 2.34. 
Note: (0.95^0.5)^0.5 or ∜0.95 
is applied due to CI sharing 
between F1 and F2. 

T limit (Excel) =  
TINV(1-0.95^0.5,58) = 2.30. 

Note: CU is content uniformity. WV is weight variation.
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• T value (for evaluating equality of means) in batch 1 ex-
ceeds the 95% JCI limit (not more than [NMT] 2.30) and 
even the 99% JCI limit (NMT 2.92, see Figure 3a). May 
be the process mean is not properly under control (i.e., 
shifted) while the process variance is under control be-
cause F test results are successful. 

• Because F and T test results in the other two PV batches 
are successful, there must be some special causes of 
variations* (2) during in-process control (IPC) relevant 
to fill weight checking and adjustment (in the first PV 
batch) where it needs to be investigated. *Note: special 
causes of variations are those that, in a process, have 
not been encountered before. They are caused by un-
predictable factors (e.g., in this case, capsule fill weight 
adjustment may not be adequate enough). 

• To continue the justification effort for WV method, 
one or two more PV batches are required as appropri-
ate to fulfill the validation requirements and subse-
quently confirm justification of WV method. During  
the capsule-f il ling step, the IPC will be double  
checked so that the cause of process mean shift can be 
identified and corrected. 

• In PV batches, the T test may be performed just for infor-
mation only in cases such as different sample sizes and/
or different kinds of data (CU vs. dissolution or CU vs. 
weight-corrected data). 

Figure 1. a) F distributions (top) and b) T distributions 
(bottom): theory vs. simulation (n1 = n2 = 30) with 95% 
confidence interval (CI).

A.

B.

Figure 2. a) F distributions (top—the same as Figure 1a) 
and b) T distributions (bottom—the same as Figure 
1b): theory vs. simulation (n1 = n2 = 30) with 95% joint 
confidence interval (JCI).

A.

B.

Figure 3. a) Critical F and T Values vs. JCI relationship: 
n1 = n2 = 30 (top) and b) n1 = n2 = 10 (bottom).
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• What is a weight-corrected (WC) data (8)? Given a 
tablet with analyzed drug substance of 19.4 mg and 
weight of 198 mg, its potency concentration is 9.798%. 
If its label amount is 20 mg per 200 mg tablet or 10%  
concentration, the unit content is (19.4/20)x100 or 97% 
of label claim. WC data may be calculated using either 
(9.798/10)x100 = 97.98% or (97/198)x200 = 97.98% of 
target concentration. 

Similar applications for data other than CU vs. WV
In relevant PV batches, the similar comparison may be ap-
plied to CU vs. WC data, CU data in core and sugar-coated 
tablets, dissolution rate (DR) data in core and film-coated 
tablets, and DR data for intact and split tablets, provided 
that United States Pharmacopeia General Chapter <1705>, 

“Quality Attributes of Tablets Labeled as Having a Func-
tional Score,” is implemented (9). Table V summarizes all the 
test parameters involved in PV and CPV batches.

Dissolution vs. CU data for ongoing CPV batches: to il-
lustrate in F chart (Figures 4a and 4b are for example) that the 
formulation and overall production process does generate a 
statistically under-control relationship between dissolution 
and CU data. It is intended to identify the batch with rel-
atively poor dissolution but excellent CU data (i.e., higher 
and lower variances, respectively).

Conclusion
The WV method is practically applied to those OSD formu-
lations greater than 25mg/25% threshold. From the failure 
(batch 1) and success (batches 2 and 3) results in the case study, 
F and T tests are proven to be the powerful tools for justification 
of WV method. Such a discriminative testing will be effective for 
the formulations just slightly greater than this particular thresh-
old (25mg/25%). In the formulations with other drug substances 
in lesser proportions, CU data for all active substances (includ-
ing the one in greater proportion) are essentially required in PV 
batches because the degree of blend uniformity for the greater 
and lesser proportions is unavoidably different. In this case, jus-
tification of the WV method using F and T tests is required. 

In legacy products, CPV batches (say three or more batches) 
may be planned as appropriate using WV and CU data n = 10. 
In case of F test or T test failure (may be due to the formulations 
marginally greater 25mg/25%), CPV should be continued using 
WV and CU data n = 30 for, say, three or more batches so that 
the WV method can be confirmed.

Table III. Summary on control limits and control chart 
factors for F and T values. PV is process validation. CPV 
is continued process verification.

Parameters Upper limits* Lower limits Applied in

F29,29 (maximum value) 2.34 0
PV

T58 (df1 = df2 = 29) 2.30 0

F9,9 (maximum value) 4.98 0 Initial 
CPVT18 (df1 = df2 = 9) 2.44 0

WV: weight variation, CU: content uniformity, 
* 95% JCI (one-sided). 

Table IV. F and T data for three process validation 
batches: expected that . CU is content 
uniformity. WV is weight value. NMT is not more than.

Data (n1 = n2 = 30) Batch 1 Batch 2 Batch 3

C
U

 d
at

a

Mean 102.77 99.30 99.51

Variance 5.38 0.82 0.55

CpK 1.76 5.26 6.52

W
V

 d
at

a

Mean 100.17 99.47 99.40

Variance 5.27 0.59 0.48

CpK 2.15 6.28 6.93

F value (Limit: NMT 2.34) 1.02*, 0.98** 1.39, 0.72 1.15, 0.87

T value (Limit: NMT 2.30) 4.36 0.78 0.59

* F1 = s12/s22 = 5.38/5.27 = 1.02, ** F2 = s22/s12 = 5.27/5.38 = 
0.98, T=|102.77-100.17|/(√(5.38+5.27)⁄30)=4.36

Figure 4. a) (top) and b) (bottom): F charts reproduced 
from (10) using UCL factor = 3.94. DR is dissolution rate. 
CU is content uniformity. UCL is upper control limit.

A.

B.
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Table V. Summary on control limits and control chart factors for F and T values as applicable (each trial size is 1.2 
million). CU is content uniformity. WC is weight-corrected. PV is process validation. CPV is continued process 
verification. RSD is relative standard deviation. DR is dissolution rate.

Test parameters Upper limits* Lower limits Applied in

CU vs. WC data for formulations less than 25mg/25% proportion in PV batches.

F29,29 (maximum value; df1 = df2 = 29) 2.34 0
PV

T58 (df1 = df2 = 29) For information only

CU data for core vs. sugar-coated tablets in PV batches. 

F29,29 (maximum value, df1 = df2 = 29) 2.34 0
PV

T58 (df1 = df2 = 29) 2.30 0

(1) DR data for core vs. film-coated tablets in PV batches. (2) DR data for intact and split tablets. 

F17,17 (maximum value, df1 = df2 = 17) 3.09 0
PV

T34 (df1 = df2 = 17) 2.34 0

If implemented: CU data for dosage units (e.g. tablets, capsules) from QC and stratified in-process sampling in initial (short-term)  
CPV batches (7; Figure 6.4, stage 3.2 modified into n = 20/30). 

Tier 1
F19,19 (df1 = df2 = 19) 2.89 0

Initial CPV
T38 (df1 = df2 = 19) 2.33 0

Tier 2
F29,29 (df1 = df2 = 29) 2.34 0

T58 (df1 = df2 = 29) 2.30 0

DR data for intact and split tablets in initial CPV batches (n1 = 6; intact, n2 = 12; split). 

F5,11 (df1 = 5, df2 = 11) 3.20 0 Initial CPV

Test parameters UCL factors LCL factors Applied in

If implemented: CU data for dosage units (e.g. tablets, capsules) from QC and stratified in-process sampling in ongoing (long-term)  
CPV batches (7; Figure 6.4, stage 3.2 modified into single tier). 

F9,9 (maximum value, df1 = df2 = 9) 3.52 0
Ongoing CPV

T18 (df1 = df2 = 9) 3.36 0

RSD vs. AV data (QC data) for dosage units (e.g. tablets, capsules) from ongoing CPV batches (10). 

Acceptance value (AV; n = 10) 1.72 0.28
Ongoing CPV

RSD (n = 10) 1.72 0.28

DR data for intact and split tablets in ongoing CPV batches (n1 = 6; intact, n2 = 12; split).

F5,11 control chart factor (df1 = 5, df2 = 11) 3.67 0 Ongoing CPV

DR and CU data for dosage units (e.g. tablets, capsules) in ongoing CPV batches. 

F5,9 control chart factor (df1 = 5; DR, df2 = 9; CU) 3.94** 0** Ongoing CPV

* 95% JCI (one-sided), ** Upper and lower control chart limit (UCL and LCL) factors where in (11) use UCL factor = 3.92 (the trial size is 
120K) but in this article using 3.94 is more suitable since the trial size is 1.2M (much larger). CU is content uniformity. DR is dissolution 
rate. PV is process validation. CPV is continued process verification and df is degree of freedom. 
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and manufacturing organization 

(CDMO)—on an US Food and Drug 

Administration-funded project to 

evaluate the RTD approach. “We 

have demonstrated that RTD can 

be implemented in different rigs for 

different products. It is a flexible 

tool,” Muzzio says. 

Faster NIR sensors
The Rutgers research group has 

also evaluated next-generation, 

multi-point NIR spatially resolved 

spectroscopy (SRS) probes and 

found that they provide accurate and 

fast measurement, typically with 

a 3-ms acquisition time, that can 

detect even a single agglomerate 

in a blend, says Muzzio. “We have 

demonstrated that you can measure 

an agglomerate size distribution, 

which enables a more thorough 

characterization of blends. With 

the accuracy and speed of this 

technology, you can get close to 

100% inspection of tablets coming 

through a tablet press at 200,000 

tablets/hr,” he reports. The sensor 

technology is offered by multiple 

vendors and has been integrated into 

commercial tabletting and inspection 

equipment, such as the inspection 

system from Pharma Technology (1). 

Real-time Raman
Adoption of Raman within CM is 

increasing due to its applicability  

and affordability. “Recent 

developments have made Raman 

easier to use, more stable in 

calibration, and smaller in size 

[compared to earlier Raman 

technology]. These innovations  

have also made Raman scalable  

by reducing the cost to acquire  

and implement the technology,” 

explains Brian Marquardt, founder 

and CEO of MarqMetrix. 

Marquardt says that Raman is 

currently used for the real-time 

monitoring of API production 

and for real-time release in final 

drug products. “Raman provides 

immediate chemical feedback for 

the identification of molecules and 

their corresponding concentrations 

A   dvances in process analytical technology (PAT) are enabling 

increased use of in-line PAT instruments for real-time 

measurement in continuous manufacturing (CM) of oral solid 

dosage (OSD) drugs. Broad use of PAT is crucial in development 

stages to build understanding of the product and process. In 

commercial manufacturing, manufacturer’s strategies for how and 

where to use PAT on continuous production lines varies (1), but the 

tools are an essential part of real-time quality control.

Near infrared (NIR) spectroscopy is one of the commonly used 

PAT instruments in OSD CM, typically for measuring the amount 

of API to allow real-time tracking of content uniformity. Raman 

spectroscopy is also finding use for real-time content uniformity 

and other measurements. These in-line spectroscopy tools use a 

probe inserted into the process stream or an interface that views 

the process material through a window to detect the signal to be 

measured. These in-line tools do not need sample collection or 

preparation; they are non-destructive and provide real-time data, 

which can be combined with residence-time distribution (RTD) 

models to allow real-time process monitoring and control.   

“The use of RTD in continuous manufacturing of tablets was 

started at Rutgers more than 15 years ago, and it is now common to 

use this approach,” says Fernando Muzzio, distinguished professor 

at the School of Engineering at Rutgers, The State University of New 

Jersey and member of the Pharmaceutical Technology® Editorial 

Advisory Board. “PAT identifies a disturbance in the process, and you 

then use RTD to define a diversion interval to predict which portion 

of the product stream should be diverted. The RTD is calculated 

from the point where the sensor takes the measurement of the 

perturbation to the point of diversion,” he explains. 

Muzzio’s research group at Rutgers has been working 

with eight industry participants—including pharmaceutical 

manufacturers, equipment suppliers, and a contract development 

Jennifer Markarian
is manufacturing reporter 

for Pharmaceutical 

Technology Europe.

Implementing PAT
Process analytical technology is crucial to process control and  
real-time release in continuous manufacturing of solid-dosage drugs. 
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that must be controlled for API, 

OSD, or other final product quality,” 

he explains. “By understanding 

the composition of the drug 

intermediate and/or final product, 

companies can reduce the 

number of failed batches and 

prevent significant waste, while 

simultaneously reducing costs  

and improving quality.” 

Due to the mechanism of 

measurement, Raman spectroscopy 

is not impacted by common factors 

(such as particle size) that can cause 

variability in API lots. This advantage 

sets Raman spectroscopy apart from 

traditional PAT tools, according to 

Marquardt. Water does not interfere 

with Raman measurements, which 

is a significant benefit given the 

aqueous nature of many pharma 

applications, he adds. He further 

explains that some excipients 

may have fluorescence that can 

interfere with Raman signals and 

that moderate fluorescence can be 

managed mathematically with  

minimal effect on the Raman 

data, but in extreme cases, other 

analytical tools are required.

Improved sample interface 

technology enables reproducible 

measurements of solids, liquids, 

gases, powders, or slurries. In 

addition, new interfaces that can 

be applied in “stand-off mode” 

allow measurement through a 

process window for non-contact, 

in-process measurements. This 

mode can also measure through 

the wall of a package or container, 

which can simplify stability studies 

and avoid impacting sample 

sterility. Raman spectroscopy can 

be used, for example, to measure 

API concentration before tablet 

compression with either a contact 

probe in the powder stream or a 

contact-free interface that measures 

through a sapphire window. Raman 

spectroscopy using a high-volume, 

contactless probe can also be used to 

measure coating thickness on tablets 

inside a coater in real-time (2).

CDMOs implement PAT
Physically integrating the PAT 

probe into the process for accurate 

measurement is important. Effort 

must also be put into connecting 

the instrument to the data 

collection system and to developing 

robust models that can use these 

data to calculate critical quality 

attributes (CQAs). 

Thermo Fisher Scientific is 

working on PAT models for real-

time release (RTR) as the CDMO 

prepares for its client’s expected 

2024 commercial launch of a drug 

using CM. “We are planning for real-

time release and using PAT data as 

part of our models,” explains Doug 

Hausner, senior manager of business 

development for continuous 

manufacturing at Thermo Fisher 

Scientific. “The model for content 

uniformity uses API measurements 

from the NIR in the tablet press 

coupled with the mass of the 

tablets.” The CDMO is integrating its 

existing stand-alone tablet testers 

so that data are connected and 

flow from the test equipment in 

real-time. In addition, microwave 

spectroscopy is used to measure 

moisture content. “This PAT 

instrument is located after tablet 

coating, which occurs in a separate 

suite and is a batch process. These 

data will also become part of the 

electronic batch record and be used 

for RTR,” explains Hausner.

Hausner says that the Thermo 

Fisher team is conducting a wide 

range of experiments up front to 

test how NIR responds to material 

variations so that anticipated 

variability can be built into the 

model to increase its robustness. 

“For long-term commercial use of 

CM, it would be useful to have a 

model-maintenance programme to 

look ahead and identify upcoming 

changes (e.g., an API change) and 

to perform any lab work needed to 

adjust the model,” he suggests. 

CDMO WuXi STA, a subsidiary 

of WuXi AppTec, started up its 

first CM line for oral solid dosage 

drug products at its Wuxi, China 

site, the company announced in 

January 2023 (3). The CM line uses 

continuous direct compression 

for tabletting in both development 

and commercial production and 

incorporates PAT to monitor 

blend uniformity before the 

compression step. 

Continuus Pharmaceuticals has 

been building up its capabilities in 

end-to-end CM and, more recently, 

has been developing its role as a 

CDMO. PAT tools are currently used 

both in development and pilot-scale 

manufacturing, says Qinglin Su, 

associate director of Manufacturing 

Science & Technology at Continuus. 

PAT tools being used include in-line 

NIR, mid-IR, Raman, UV, laser-

based particle sizers, and pH and 

density meters.

“We are designing and building 

‘plug-and-play’ unit operation 

modules to support flexible and 

efficient commercial continuous 

manufacturing, both drug substance 

and drug product. Unit operations 

are being built with ports in 

place for current and future PAT 

implementation,” says Su. 

He explains that incorporating 

PAT into the equipment typically 

requires custom designs. Many of 

the PAT tools are interchangeable 

between development and pilot-

scale manufacturing, but others 

must be designed specifically for 

the scale at which they will be used. 

Implementing PAT for RTR 

requires a strong understanding 

of the PAT tools, adds Su. “To 

best use PAT for developing a RTR 

strategy, I believe we need greater 

understanding and more predefined 

acceptance criteria in the sampling 

Using PAT to predict tablet 
dissolution is an area that 
is moving forward.

Contin. on page 31

These tools are an 
essential part of real-time 
quality control.
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most popular CCI methods, 

but two of the most effective 

scalable technologies.

Best utilized when testing small-

molecule products, vacuum decay 

has cemented itself as a go-to 

method for CCI. Vacuum decay as 

a CCI testing method is recognized 

by ASTM F2338, USP 1207, and is a 

US Food and Drug Administration 

(FDA) consensus standard (2). 

Utilizing a vacuum source, a vacuum 

is applied to a test chamber. 

Vacuum is then held within the test 

chamber for a period of time during 

the equalization stage, and then 

moves into a test stage where the 

loss of vacuum is measured by a 

transducer. Vacuum decay is not 

only suitable for lyophilized products 

with large amounts of headspace, 

but beneficial for liquid leaks as well. 

The difference in headspace versus 

liquid leaks is the amount of vacuum 

required to conduct the test, as well 

as the physical attributes of the 

product inside the package system. 

Headspace leaks are typically tested 

at 500 mbar of vacuum. This allows 

measurement of the gas inside 

the package without evacuating 

the entirety of the volume during 

the evacuation stage. Liquid leak 

detection is conducted at high 

vacuum, less than 5 mbar, where 

the goal is to vaporize liquid and 

measure the change in gas pressure. 

Although suitable with a large 

quantity of applications and product 

types, vacuum decay struggles 

to detect microleaks in packages 

containing large-molecule solutions. 

The issues with vacuum decay are 

not left unsolved with HVLD standing 

at the forefront of CCI methods for 

large-molecule products. 

MicroCurrent HVLD utilizes a high 

voltage and detection probe to scan 

the glass or polymer parenteral for 

potential breaches in sterility. The 

parenteral acting as a capacitor 

is rapidly spun, allowing the liquid 

product to coat the inside walls of the 

parenteral. Defects in the parenteral 

cause a large spike in voltage as liquid 

is detected. Unlike traditional HVLD, 

T   he pre-filled syringe industry is rapidly expanding, with a projected 

compound annual growth rate (CAGR) of 13.9% between 2021 

and 2028 (1). Fill/finish is an intricate process requiring many steps in 

its procedure, from filling and stoppering to labelling and secondary 

packaging. Often, this intricate process is automated and includes 

various inspection methods. Commonly, container closure integrity 

(CCI) testing is left out of the automated process and is either 

conducted manually with outdated, probabilistic methods or not 

conducted at all, increasing risk of error. 

In any manufacturing process, there is risk. Equipment issues  

and human error are unavoidable at times. In pharmaceutical 

production, this error equates to potential safety issues for the 

patient. Quantitative and deterministic CCI test methods aim to  

find these errors before reaching the patient, and further mitigate 

risks to patient safety.

Breaches in sterility come with many different defect profiles. 

Commonly, crack defects appear near the neck or heel of vials from 

impact or excessive crimping. Prefilled syringe defects form where 

the needle is fused to the glass or cracks in the barrel. Sterility 

breaches occur in the stopper/plunger area when moulded poorly, 

or debris, such as a fiber, is present. These defects may allow 

bacteria and microbial ingress into the product, voiding sterility and 

increasing patient risk.

Biologics are typically high risk, costly, and created in small 

batches. Along with being parenteral-based products, biologics’ 

sensitive nature requires CCI to avoid recalls, product loss, and life-

threatening patient risk. 

Proper CCI testing of biologics must be non-destructive, 

quantitative, deterministic, scalable, and capable of detecting 

defects per manufacturer risk assessment. Adhering to these 

requirements leaves few CCI testing methods. Vacuum decay  

and MicroCurrent high voltage leak detection (HVLD) are not only the 

Tyler Harris
is an applications  

engineer at PTI. 

Automated Inspection of 
Pre-filled Syringes and 
Biologics During Fill/Finish
Shifts in pharmaceutical packaging have spurred  
tremendous growth in the pre-filled syringe fill/finish industry. 
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MicroCurrent HVLD utilizes less than 

50% voltage and produces nearly no 

ozone. These innovations combined 

with extremely low current electricity 

prevent the breakdown of biologic 

products. Given that defects are 

detected through a liquid path, large-

molecule and viscous products are 

able to be tested.

Both previously mentioned test 

methods can be used as benchtop 

technologies or can be fully automated 

into production lines. Although scalable, 

deterministic, quantitative, and non-

destructive, they each have their 

limitations. MicroCurrent HVLD requires 

the parenteral to be cylindrical, glass or 

plastic, and have a minimum of a 30% 

liquid fill. Vacuum decay is typically only 

suitable for small-molecule products 

and may have longer testing times than 

HVLD. Both of these technologies are 

capable of testing a variety of products 

despite their limitations which accents 

their scalable nature. 

These scalable technologies can be 

semi- or fully-automated for statistical 

analysis or 100% inspection of pre-

filled syringes or other parenterals. 

When conducting CCI testing, 

scalability is a necessity. In-depth 

analysis and laboratory-based testing 

should match inline testing. Using the 

same validation ensures automated 

systems are working in a robust, 

repeatable, and reliable manner. 

Scalability can be broken down into 

three main categories: laboratory, 

semi-automated/automated statistical 

sampling, and 100% inline testing. 

The difference between these three 

methods of scalability is the frequency 

of testing. High-testing frequency 

ultimately reduces risk of not only 

recall, but potential patient harm. 

The European Union’s Annex 1’s 

2022 revision aims to increase testing 

frequency for products with high 

defect rates (3). The revision specifies 

all fusion sealed, small-volume 

parenterals must be subjected to 

100% CCI testing with a deterministic 

method. The regulatory agency 

notes that visual inspection is not an 

approved deterministic inspection 

method. This new guidance has 

driven the need for automated 

and semi-automated inspection 

during times of high labour costs  

and labour shortages. 

Automated systems host a 

multitude of benefits, but greatest of 

all is their ability to increase testing 

frequency and limit human interaction.  

Limiting human interaction assists 

in mitigating human error. As the 

technology advances, risk decreases, 

providing a higher quality product and 

a safer pharmaceutical industry. The 

industry cannot exceed its current 

state without keeping the science of 

quality in mind.
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events. Nearest Neighbour models 

could also be used to categorize 

adverse effects and associate with 

either treatment, demographics, 

disease anomalies, personal 

information, etc. Also, the causal 

and qualitative models bring a lot of 

value—they are getting better and 

better every day.”

Additional tools. There are 

new modelling techniques for 

visual/image classification being 

developed as well, Moorman points 

out. “So, all in all, there’s been  

some incredible work on purifying 

natural language and image 

classification modelling that 

could prove very useful for drug 

development and safety.”

Post-marketing surveillance 

(PMS) or signal detection is used in 

the ongoing monitoring of adverse 

events. “PMS depends on analysis 

of data from sources such as 

medical assessment of spontaneous 

AEs, medical literature, regulatory 

agency databases, and clinical 

trial data, along with ‘real-world 

evidence’ such as electronic health 

records, medical device data, and 

data from social media and other 

online sources,” says Vaishnav.

The future of AI in 

pharmacovigilance may be found 

in new AI tools such as data hubs 

and medical evaluation support, 

confirms Dosanjh. Data hubs allow 

for the collation and sharing of 

information in real time across 

an organization, allowing for the 

combination of data across teams 

and a full view of the data. AI-driven 

medical evaluation support can 

also provide a more holistic view of 

the data and connect similar and 

relevant cases based on structured 

and unstructured data, according 

to Dosanjh. “An evaluator can 

compare their decision against an 

AI tool that has scanned the entire 

history of the product or similar 

events reported in all similar classes 

of products. This will bring a new 

dimension to evaluation and should 

support doctors in making better 

informed decisions,” says Dosanjh.

“As AI tools are used and have 

more data for the entire life cycle 

of an adverse event, we can extend 

data analytics capabilities and allow 

AI tools to not just identify potential 

issues, but also the mitigations 

that proved most successful, then 

suggesting those with smaller 

datasets in a far quicker manner 

than organizations can today,” 

says Dosanjh. “This will increase 

mitigations’ effectiveness and 

help organizations enact them 

quicker, reducing patients’ potential 

exposure to future [adverse events] 

or even preventing them.”
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Prolonged lockdowns in countries 

like China and India that are largely 

responsible for the raw material 

supply of pharma products is 

now having a whiplash effect. 

Intermediary stocks meant that it 

took a while for severe disruption to 

appear, but as critical supplies have 

now fallen dangerously low in stock, 

a delayed effect from the COVID-19 

pandemic is starting to be felt 

around the world.

Avoiding uncertainty
PTE: How can industry adapt to the 

evolution of the European pharma 

supply chain?

Ettl (SkyCell): Generally speaking, 

countries are becoming more 

accepting of superior margins and 

associated costs in the pharma 

industry to continue to fund the 

R&D of new drugs, and also of 

the costs required to ensure the 

continuous supply of pharma 

products. The recent stockouts are 

attracting the attention of regulators 

to investigate shortcomings in 

the system. Previously, there has 

been an overreliance on ‘fast and 

cheap’ when it comes to pharma 

production. Now, best-in-class 

pharma companies are focusing  

on reliability and resilience in the 

supply chain—if they can’t make  

a product or deliver a product on 

time, a patient is not served, and  

no sale is made.

However, pharma supply chains 

continue to grow even more complex 

as products are harder to make and 

require more stringent protection 

and transportation methods. And, 

at the same time, supply chains are 

becoming more unreliable. 

Global businesses are entering 

what some are calling the ‘VUCA’ 

world—volatility, uncertainty, 

complexity, and ambiguity—a 

concept derived from the military 

and now being applied across many 

industries including pharma. Pharma 

companies are adjusting well after 

COVID-19, but the new normal is 

not yet what it was prior to the 

pandemic. The pharma industry is 

T   he global pharmaceutical supply chain has been under 

unprecedented stress for a number of years, with events such 

as the COVID-19 pandemic and the war in Ukraine causing major 

disruptions, further heightened by surging winter sickness. Within 

Europe, region-wide measures have been put in place to try to 

mitigate issues arising from medicines shortages. For example, the 

European Commission has been stockpiling drugs and demanding 

that manufacturers guarantee supplies (1).

To find out more about the supply chain challenges impacting 

Europe, how companies can overcome associated difficulties, 

what potential trends might happen in the near future, and ways 

to future-proof supply chains, Pharmaceutical Technology Europe® 

spoke with Richard Ettl, CEO of SkyCell—a Swiss-based logistical 

solutions provider.

Current situation
PTE: Could you provide a brief overview of the current state of 

European pharmaceutical supply chains, highlighting any major issues 

causing difficulties for companies in the region?

Ettl (SkyCell): In Europe, countries such as Germany, France, and 

Italy are running short of even simple pharmaceutical products like 

antibiotics, painkillers, and antipyretics. This supply issue is something 

that developed countries have not experienced in the last few 

decades. As pharmaceutical products are usually produced at various 

different sites and locations to ensure a consistent supply, even if 

production at one site is interrupted, there is usually little to no effect 

to the consumer. 

The root cause of current stock issues comes down to lean supply 

chains in good times getting into trouble very quickly when there are 

multiple sustained disruptions globally. The core disruption we are 

currently seeing is due to challenges in the production and logistics of 

products along the pharma value chain.

Felicity Thomas

Keeping Europe’s 
Medicines Stocked
Technological advances will help ease pressure on pharma 
supply chains, allowing for greater visibility and less uncertainty. 
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still not enjoying the high logistics 

reliability, low shipping costs, and 

high predictability of demand and 

supply from previous years.

The answer to uncertainty, 

however, is visibility and automation. 

Many problems in supply chains can 

be dealt with or even avoided with 

the right information—IoT [Internet 

of Things] provides visibility along 

the supply chain, in close to real 

time. Yet, information is only half the 

equation, action is what makes the 

difference. Some have reacted by 

building or contracting supply chain 

control towers, but the highest value 

can be gained by automating through 

software. People can scale to a 

certain degree but scaling by a factor 

of 100 is not possible with people in 

a short period of time and does not 

deliver on economies of scale. It is in 

these areas where companies should 

be placing greater attention.

Looking ahead
PTE: Are there any potential trends 

that will be impactful on the 

European pharma supply chain over 

the next five to 10 years?

Ettl (SkyCell): Looking ahead, 

new technologies or the evolution 

of technology will make the lives of 

supply chain teams easier, faster, 

and more cost efficient. Machine 

learning will help businesses that 

have automated their supply chains 

and can execute changes faster.

Sustainability will also become 

a key issue as most pharma 

companies are not focused on 

their CO2 footprint from scope 3 

emissions. It is estimated that more 

than 80% of pharma companies’ 

CO2 footprint is in scope 3, 

which includes the delivery of its 

products to patients (2). If this is 

not being considered, then we 

are missing a huge amount of 

emissions that can make supply 

chains more sustainable and 

reduce the CO2 footprint of the 

pharma industry. 

Today, 70% of pharmaceutical 

products are shipped internationally 

in one-way shipping solutions. These 

are incinerated or sent to landfill in 

the vast majority of cases. This has 

not gone unnoticed by governments 

and investors. 

The early movers here are 

the European Union, and island 

countries in APAC [Asia-Pacific] such 

as Japan. Governments are working 

on landfill fees that will go to 

hundreds of euros which will make 

one-way solutions more expensive 

than reusable systems. This will 

drive up the quality of reusable 

solutions and fewer products will 

be lost along the supply chain. 

Pharma companies are also 

issuing ‘green bonds’ where 

investors can expect the 

contribution of capital to improve 

the company’s sustainability. 

The cost to ‘go green’ is usually 

massively overestimated—or in 

simple words, lower than everyone 

thinks. The World Economic Forum 

has worked with the Boston 

Consulting Group and McKinsey 

to find what the costs are to go 

green for the consumer (3,4). They 

found that there would only be a 

1–4% price increase for the average 

product. For pharma companies, our 

estimate around €0.6 or 3% increase 

on a €20 vaccine vial, or 0.01% 

of a cancer drug costing €12,000 

per treatment. 

Future proofing
PTE: What preparations should be 

made or put in place to ensure future 

readiness for any potential crises 

that may occur in the coming years?

Ettl (SkyCell): The next level is 

to combine visibility, automation, 

and simulation. At SkyCell, for 

example, this combination is called 

S+O [simulated and operational] 

data, when operational data—IoT, 

logistics milestones are overlaid with 

simulated data—where something is 

and should be. More importantly it is 

about what the risks will be, options 

and solutions going forward at that 

moment in time as real life is usually 

different from the planned version. 

Imagine you are driving to see 

family in a different city and a tunnel 

is blocked by an accident, the earlier 

you have the information, the better 

the alternative plans that will be. On 

top of that, imagine a system that 

alerts you the evening before that 

there will be a lot of traffic and also 

adds a one-hour safety margin—this 

is simulation data.

By combining S+O data, supply 

chains can cope with disruption. Put 

simply, without effectively managing 

the supply chain, products would not 

reach patients.
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“New technologies 
or the evolution of 
technology will make 
the lives of supply 
chain teams easier, 
faster, and more cost 
efficient.” 

—Richard Ettl,  
SkyCell

“Pharma supply 
chains continue to 
grow even more 
complex as products 
are harder to make 
and require more 
stringent protection 
and transportation 
methods.” 

—Richard Ettl,  
SkyCell
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been defined. The verification 

acceptance criteria in these situations 

can be derived from validation 

or system suitability criteria. The 

principles in Stage 3 of USP <1220> 

can therefore equally be applied to 

procedures that have been formally 

designed/developed (where an ATP 

exists) via an enhanced approach as 

well as procedures where a minimal 

approach was taken. For high-risk 

analytical procedures (see later 

section for how risk is determined), 

control-chart monitoring of selected 

performance data, generated during 

routine use of the procedure, can 

provide early warning of changes in 

performance. These data could be 

direct measures of accuracy and 

precision (e.g., through the analysis of 

a quality control sample) or indirect 

measures (e.g., chromatographic 

resolution between peaks, signal 

to noise response, peak tailing 

factor, etc.). Where the risk is low, 

performance verification may simply 

involve monitoring of  atypical results 

and/or system suitability failures.

In addition to ensuring that the 

analytical procedure is fit for purpose 

during routine use, ongoing verification 

can also be used to evaluate the impact 

of any changes (9) to the procedure 

across the lifecycle and ensures that 

the performance of the procedure 

is maintained at an acceptable level 

over the procedure lifetime. Ongoing 

verification can also act as a preventive 

measure by providing an early 

indication of potential performance 

issues or adverse trends and aids in 

identifying required changes for the 

analytical procedure. 

Determining  
performance monitoring  
via risk assessment 
The performance of all analytical 

procedures used in the product control 

strategy should be assessed across the 

lifecycle of the product to ensure they 

T   he principles of quality by design (QbD) and life cycle 

management, as outlined in International Council for 

Harmonisation (ICH) Q8–Q12, can equally be applied to the 

development, validation, and ongoing verification of analytical 

procedures. The first publicly available drafts of ICH Q14 (1) and 

Q2(R2) (2) issued in March 2022 cover the lifecycle management  

of analytical procedures and provide guidance on the development 

and validation stages of the lifecycle. There is little mention, 

however, of the ongoing procedure performance verification  

stage. United States Pharmacopeia’s (USP’s) general chapter 

<1220>, entitled “Analytical Procedure Life Cycle” (3), which 

became official in May 2022, holistically pulls together the  

design, qualification, and ongoing performance verification of 

analytical procedures in a single document via a three-stage 

approach similar to US Food and Drug Administration's (USFDA’s) 

lifecycle-based process validation guidance (4).

The focus of USP <1220> is to ensure that the analytical 

procedure is fit for purpose across the entirety of the analytical 

procedure’s life cycle. The requirements that the analytical 

procedure have to meet can be defined using the analytical target 

profile (ATP) (a concept explained in both USP <1220> and ICH 

Q14 as well as in the literature [5–8]). The ATP is a prospective 

description of the desired purpose and performance of an 

analytical procedure that is used to measure a quality attribute 

and defines the required quality of the reportable value produced 

by the procedure (3). In Stage 3 of USP <1220>, the ATP can also 

be used to determine the acceptance criteria needed to verify 

the performance of the analytical procedure during routine use 

(e.g., through a system suitability test [SST] or verification criteria 

applicable to procedure changes and transfers) and to ensure 

that the procedure continues to be fit for purpose. Performance 

verification can still take place even if an ATP hasn’t previously 
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Analytical procedure performance can be continually  
verified by risk-based monitoring of performance related data.

Ongoing Analytical Procedure 
Performance Verification—
Stage 3 of USP <1220>

Performance verification 
can still take place even  
if an ATP hasn’t previously 
been defined.
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remain fit for their intended purpose. 

This assessment should include routine 

monitoring (for prioritized procedures) 

as well as the evaluation of changes 

made to procedures. The extent of the 

routine monitoring required can be 

defined using a risk-based approach 

(10). It is important to consider 

which measures of analytical 

procedure performance or risk are 

readily available as inputs to a risk 

assessment. Two risk assessment 

approaches are described below.

Simple risk assessment. 

This approach may focus only 

on the type and complexity of 

the analytical procedure and 

its intended use. This approach 

would enable the establishment 

of a platform risk assessment per 

analytical procedure (technique) 

type. A complexity factor can be 

used to ensure that any unusually 

complex procedures are  

not underestimated. Analytical 

procedures that do not form a 

critical part of the control strategy 

can be treated as low risk by 

default.

Data driven risk assessment. 

This approach may include 

an assessment of the current 

performance of the manufacturing 

process (which includes variability 

from the product and the analytical 

procedure) through an assessment 

of process performance (Ppk [11]) 

if enough representative batches 

of the manufacturing process 

(and analytical procedure) are 

available. A more involved risk 

assessment approach may include 

an assessment of the capability 

(precision) of the specific analytical 

procedure relative to the product 

specification or ATP. Precision 

to tolerance ratio (P/TOL [12]) 

and Z-score (13) are metrics that 

can be calculated to aid such 

an assessment. Conformity and 

validity rates and/or procedure 

robustness and reproducibility can 

also be used. Where procedures 

have been shown to be sensitive to 

changes (e.g., analyst, equipment, 

environment, reagent lots, or small 

changes in procedure parameters), 

this sensitivity presents a higher 

risk. Figure 1 depicts sources of 

variability associated with Ppk and 

procedure capability metrics (such  

as P/TOL and Z-score).

Manufacturing process 

performance assessment through 

Ppk. Ppk (11) is a process performance 

index and can be used as a worst-

case surrogate measure for 

analytical procedure precision. 

It represents a combination 

of manufacturing process and 

analytical procedure variability over 

the long term. If a drug product has 

a good overall process capability 

(Ppk) for a particular quality attribute 

(i.e., if the test results show little 

variation versus the specification), 

then it can be assumed that the 

analytical procedure precision is 

good (see Equation 1).

NOTE: 3 Equations in total 

(1) 

P!" = min &
USL − 𝜇𝜇
3𝜎𝜎#$%&'((

,
𝜇𝜇 − LSL
3𝜎𝜎#$%&'((

/ 

(2) 

P/TOL)*+,-%- = minimum	of	
3𝜎𝜎'

(USL − process	mean)

	or	
3𝜎𝜎'

(process	mean − LSL) 

(3) 
Z = ǀ(SL – μ)ǀ/σa

[Eq. 1]

where USL is the upper 

specification limit, LSL is the  

lower specification limit, μ is 

process mean, and σoverall is  the 

combined process and analytical 

procedure standard deviation. 

Analytical procedure 

performance assessment through 

P/TOL or Z-Score. P/TOL  is described 

by Chatfield and Borman (12), and it 

is defined as shown in Equation 2:

NOTE: 3 Equations in total 

(1) 

P!" = min &
USL − 𝜇𝜇
3𝜎𝜎#$%&'((

,
𝜇𝜇 − LSL
3𝜎𝜎#$%&'((

/ 

(2) 

P/TOL)*+,-%- = minimum	of	
3𝜎𝜎'

(USL − process	mean)

	or	
3𝜎𝜎'

(process	mean − LSL) 

(3) 
Z = ǀ(SL – μ)ǀ/σa

[Eq. 2]

where σa is the analytical procedure 

standard deviation. Low P/TOL values 

are desirable.

The Z-score (13) is similar to P/TOL as 

it is defined as the number of analytical 

procedure standard deviations between 

the process mean and the nearest 

specification limit (see Equation 3):

NOTE: 3 Equations in total 

(1) 

P!" = min &
USL − 𝜇𝜇
3𝜎𝜎#$%&'((

,
𝜇𝜇 − LSL
3𝜎𝜎#$%&'((

/ 

(2) 

P/TOL)*+,-%- = minimum	of	
3𝜎𝜎'

(USL − process	mean)

	or	
3𝜎𝜎'

(process	mean − LSL) 

(3) 
Z = ǀ(SL – μ)ǀ/σa

[Eq. 3]

Figure 1. Product and analytical procedure sources of variability. 
P/TOL is precision to tolerance ratio.
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The performance of  
all analytical procedures 
used in the product
control strategy  
should be assessed 
across the lifecycle.
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tailored procedure performance 

indicators can then be documented 

for further consideration (and 

potentially taken forward for inclusion 

in the monitoring plan).

Both USP <1220> and ICH Q14 

describe the use of Ishikawa or 

fishbone diagrams (11) for risk 

identification. These are highly useful 

tools for collectively brainstorming 

potential sources of variability 

associated with a procedure. Gembas 

(11) (or “procedure walk-throughs” 

used in the implementation of lean 

principles) are also very important 

for this activity, and the analysts that 

are most familiar with the procedures 

should be included. It can also 

be useful to include independent 

experienced analytical scientists who 

are not familiar with the particular 

procedure under assessment and/

or technique subject matter experts. 

Augmented reality technology can be 

a useful way to orientate all meeting 

participants with the procedure under 

assessment and to demonstrate 

any particularly problematic steps. 

Once sufficient analytical procedure 

platform knowledge has been 

acquired, creation of generic Ishikawa 

diagrams and process maps can 

prove useful starting points and 

serve to significantly accelerate this 

step. As it is not practical to monitor 

all potential sources of variability, it 

is important to prioritize the most 

value-adding procedure performance 

indicators for the monitoring plan.

A PPC&ER can be performed 

for new high-risk procedures that 

have been developed following the 

guidance in Stage 1 of USP <1220> 

or ICH Q14 (as part of procedure 

development) and a monitoring plan 

where SL is the nearest 

specification limit to the process 

mean (μ). High Z-scores are 

desirable.

A data-driven risk assessment  

that considers both process and 

analytical procedure capability is 

shown in Table I.

When performing a risk 

assessment, it is possible that 

a low-risk procedure could 

become a high-risk procedure 

during a subsequent periodic risk 

assessment due to changes in 

the manufacturing process that 

impact the process mean, or 

changes to specification limits, 

despite the analytical procedure 

precision (σa) remaining constant. 

In such cases it may not be 

possible/practical to improve the 

procedure performance to reduce 

the risk of out-of-specification 

data, but it may be appropriate to 

consider manufacturing process 

improvements or review of the 

specification limit(s).

Development of  
risk-based performance-
monitoring plans 
Three types of procedure performance 

indicators categorized by Ermer et al. 

(10) are described below:

• Conformity: the number of 

out-of-specification results 

with analytical procedure root 

cause in a given time period. 

The number and types of 

analytical procedure errors 

will provide information on 

the reliability of the analytical 

procedure. 

• Validity: the number of invalid 

test results due to failures 

of system suitability criteria 

(established during Stage 1 

of the lifecycle approach) in a 

given time period. 

• Measurements collected 

during each analytical 

procedure test occasion 

monitored using control 

charts: these measurements 

could be critical analytical 

procedure attributes or 

parameters specified in the 

analytical procedure with 

well-defined acceptance 

criteria or ranges, 

respectively, or attributes or 

parameters selected due to a 

potential link with procedure 

performance.“Conformity” 

monitoring is usually sufficient 

for low-risk analytical 

procedures, whereas for high-

risk procedures “validity” 

monitoring and monitoring 

of informative analytical 

procedure attributes and/or 

parameters can provide early 

warning of potential changes 

in procedure performance. 

A useful mechanism to identify 

the most value-adding performance 

attributes or parameters to monitor 

for high-risk procedures is to 

perform a procedure performance 

cause-and-effect review (PPC&ER). 

This review provides the analytical 

team with an understanding of 

likely root causes of any high risks 

identified from the risk assessment. 

Potential improvement ideas and 

Table I. Data-driven risk assessment for identification of high-risk analytical procedures.  
P/TOL is precision to tolerance ratio.

Process performance (Ppk)
Analytical procedure capability  

(e.g., P/TOL or Z-score)
Risk level

Low PpK (batch data variation takes up most of the 
specification window)

High P/TOL or low Z-score (significant proportion 
of the variation is likely to be attributed to the 

analytical procedure)
High

High Ppk (batch data takes up very little of the  
specification window)

Low P/TOL or high Z-score (analytical procedure 
variation is well understood and known to be 

acceptable)
Low

Opportunities for 
improvement can be 
considered as a part  
of periodic review.
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developed at the same time as design 

of the analytical procedure control 

strategy. For established analytical 

procedures where USP’s Stage 1 

was not followed/documented, 

then a new PPC&ER can be a good 

first step towards the design of a 

monitoring plan. Once the procedure 

performance indicators for routine 

monitoring have been selected, a 

decision on the most appropriate 

method of monitoring can be taken. 

The use of control charting in a 

similar fashion to statistical process 

control (SPC) should be considered 

to facilitate the identification of any 

drifts in performance of high-risk 

analytical procedures over time. The 

authors recommend the adaptation 

of SPC (14) tools and have termed 

this “Statistical Analytical Procedure 

Performance Control (SAPPC).” Well 

established SPC control chart types 

such as Shewhart, cumulative sum 

(Cusum), and exponentially weighted 

moving average (EWMA) (14) can be 

applied to analytical procedures. 

Performance data compiled over time 

allows for the calculation of average 

parameters, for example repeatability 

from replicate sample preparations 

or intermediate precision from 

control sample analysis. Such 

average parameters are very 

reliable estimates of the long-term 

performance (10) and facilitate the 

identification of atypical results.

Continuous improvement 
during USP <1220> Stage 3
Analytical procedure performance 

monitoring will enable opportunities 

for proactive improvement of 

procedure performance to be 

identified over time. Improvements 

could be relatively small, such as 

updating training plans or changing 

wording in method documentation 

to improve clarity and consistency of 

procedure operation.

Improvements could relate to 

instrument or reference standard 

management, or sometimes more 

fundamental procedure changes that 

require regulatory pre-approval action 

(e.g., changes to critical analytical 

procedure parameters or analytical 

technology).

Opportunities for improvement 

can be considered as a part of 

periodic review (e.g., reviews may 

occur during scheduled revisits 

of the analytical procedure 

risk assessment and PPC&ER 

or in response to a procedure 

performance trend alert during 

routine performance monitoring). 

Case study 1: quantification  
of API polymorphic purity 
Barry et al. (15) describe how 

ongoing verification of a solid-

state nuclear magnetic resonance 

(ssNMR) procedure used to quantify 

polymorphic purity of an API enabled 

an unusual effect relating to a 

standard used in the procedure to be 

identified and remediated promptly 

through a detailed PPC&ER. The level 

of an unwanted Form (Form 3) in the 

standard was observed to gradually 

increase over time. Following a 

thorough PPC&ER, corrective actions 

were implemented that resulted in the 

variability of the procedure due to the 

standard being significantly reduced 

with an acceptable range of ±1%. 

Following implementation of remedial 

actions, it was agreed to routinely 

monitor the amount of Form 3 as part 

of the routine procedure performance 

monitoring plan to ensure the integrity 

of the standard was maintained.

Case study 2: ion 
chromatography procedure 
performance monitoring 
Ion chromatography instrument 

failures were observed for the 

same analytical procedure at 

two independent quality control 

laboratories after years of normal 

operation. These failures resulted 

in lengthy investigations, system 

downtime, and wasted resources. A 

PPC&ER determined the root cause 

to be an aging component within 

the ion chromatography system. 

As the aging of the instrument 

component led to a slow decline 

in procedure precision over time, 

calibration standard injection % RSD 

and % sample duplicate difference 

have now been added to the routine 

procedure performance monitoring 

plan for this procedure to provide an 

early detection mechanism. 

Figure 2 provides examples of 

how these procedure performance 

indicators are trended. Drift in 

performance can be identified and 

the aging component replaced before 

batch results are impacted, and 

before system failure occurs.
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Figure 2. Drift in precision detected over time for an ion  
chromatography procedure. RSD is relative standard deviation.

The extent of monitoring 
should be risk-based.
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Conclusion
Ongoing analytical procedure 

performance verification can be 

used to ensure that procedures 

continue to be fit for their intended 

purpose across the lifecycle of 

their use. It can be equally applied 

to analytical procedures that have 

been developed via an enhanced 

approach (where an ATP has been 

created) as well as established 

procedures where USP <1220> Stage 

1 was not followed/documented. 

The extent of monitoring should 

be risk-based, and the assessment 

of both the manufacturing 

and analytical capability is 

recommended to determine which 

analytical procedures carry the 

greatest risk. A detailed procedure 

PPC&ER employing tools such as 

fishbone diagrams and gembas can 

be used to identify the most value-

adding performance attributes or 

parameters to monitor (control 

charting is recommended for  

high-risk procedures). Performance 

verification can provide an early 

indication of potential performance 

issues and highlight opportunities to 

improve procedures. It can also  

be used to assess any changes 

made to analytical procedures  

over the lifecycle.
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rate/size/accuracy/precision of PAT 

tools for measurement of critical 

quality attributes (CQAs),” he says. 

“Better models for how in-process 

testing results and critical process 

parameters (CPPs) can be used 

to predict CQAs and release 

specifications are needed for RTR.  

Demonstrating comparability for in/

online testing versus off-line testing 

is another challenge.”

Moving forward
Using PAT with models to predict 

tablet dissolution is another area 

that is moving forward. “PAT data 

on tablet composition, along with 

weight and size data collected 

at the tablet press, can be used 

to predict dissolution for many 

formulations. We’ve developed 

dissolution models in the lab for 

both prescription and over-the-

counter formulations,” says Muzzio. 

“These models, combined with RTD, 

enable prediction of dissolution for 

real-time release.” 

Regulators are taking note of the 

work being accomplished in PAT for 

CM. For example, the International 

Council for Harmonisation 

Q13 guidance for continuous 

manufacturing, published 6 Jan. 

2023 (4), points out that PAT is 

well-suited for CM (e.g., for process 

monitoring and control or material 

tracking and diversion), notes Su. 

“I believe this guidance will assure 

the pharmaceutical manufacturing 

industry of the full support of the 

regulatory agencies. Regulatory 

agencies will also start to expect  

to see PAT implementation for  

CM,” Su concludes. 

Regulations, however, are not 

yet taking full advantage of the 

progress of PAT technology, says 

Muzzio. “Technology has advanced 

to the point of allowing 100% quality 

assurance—which could be used 

for either continuous or batch 

processes—but the regulatory 

framework still requires the old 

methods of sampling in the approval 

process. Eventually, PAT technology 

could drive a change both in quality 

assurance and in the way drugs are 

approved,” he concludes.   
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in biologics outsourcing, and much 

more on the topic.

The importance of flexibility
When speaking with Møller, the core 

mantra that he repeatedly stressed 

was that biologics CDMOs need to 

be flexible. Because outsourcing 

companies are working with various 

companies on wildly different biologics 

requiring often disparate approaches—

for instance, the needs of mammalian-

derived therapeutics are different than 

those of microbial-derived proteins—

versatility must be built into the 

framework of one’s solutions.

“Flexibility is key to adding value 

to each project and within each 

modality, facility, and manufacturing 

line,” said Møller. “Longer-term 

planning for projects can help address 

[this problem], but potentially more 

important is the use of flexible 

technology systems. With single-use 

technology and materials, it is possible 

to change the configuration of a 

manufacturing line, exchange or add 

unit operations, and cover various 

scales of operation.”

In Møller’s case, AGC Biologics 

developed “the 6-Pack single-use 

manufacturing concept,” which helps 

vary batch sizes within the same 

manufacturing line. This is achieved 

through combining harvests of parallel 

2000-L single-use bioreactors, allowing 

the company to run anywhere from 

2000-L–12,000-L batches at a time. 

Varied batch sizes allow customers to 

scale at their own pace, providing more 

time to evaluate product demand.

Møller also noted that this flexibility 

should also extend manufacturing 

agreements. For instance, in cases 

where high capacity is needed but 

the timing is uncertain, customizing 

a deal to provide a fully dedicated 

line, a partially dedicated line, or a 

line based off of a “rolling forecast” 

where products can be exchanged 

and manufacturing slots moved via 

a forecasting mechanism (Møller 

likened the last one to commercial 

manufacturing), can be helpful for 

fulfilling customer expectations while 

maintaining peak operational efficiency.

B io/pharmaceutical companies operate in an industry known for 

its rigorous, exacting standards; companies place significant, 

implicit trust in any outside party they involve in their supply chain. 

Consequently, one could be forgiven for thinking that outsourcing 

materials for biologics production, which by design are much more 

complex than their small-molecule counterparts, would be infrequent 

because of concerns regarding quality control.

However, biologics outsourcing is a major industry that is, in 

concert with the rising demand for biologics throughout the industry, 

poised for rapid growth. A market report from IQ4I Research & 

Consultancy forecasted that this niche is expected to grow at a 

double-digit compound annual growth rate from 2022 to 2030. 

Additionally, the authors anticipated the industry reaching a $106.7 

(€100.7) billion valuation by 2030 (1).

Outside of the growing demand for biologics, one can 

point to various reasons for this rise. For one, building a new 

biopharmaceutical manufacturing facility takes, on average, 5–10 

years before it is operational, and can cost up to $2 (€1.89) billion 

(2). For small-to-mid-sized organizations, this cost is already an 

untenable expense, especially for products that are still in early-

to-mid development phases. That said, even companies who have 

their own manufacturing facilities tend to dabble in outsourcing, as it 

allows them to leverage a contract manufacturing and development 

organization’s (CDMO’s) existing knowledge and experience with 

biologics production—for many companies, this is uncharted waters. 

In this vein, outsourcing can ultimately smooth out production 

irregularities and reduce time-to-market.

This begs the question: what is the state of this emergent  

industry? Pharmaceutical Technology Europe® spoke with Kasper 

Møller, chief technical officer at AGC Biologics, a CDMO specializing  

in protein-based biologics and advanced therapies, to outline the 

keys to a successful outsourcing platform, explore ongoing trends 

Grant Playter

The Logistics of 
Outsourcing Biologics
The trends shaping the growth of the  
biologics outsourcing industry demand attention.
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How demands  
shape businesses
While biologics come in many 

forms—vaccines, recombinant 

proteins, gene therapies, etc.—Møller 

emphatically stated that he believes 

protein therapeutics will continue 

to be the top dog for years to come. 

Monoclonal antibodies (mAbs) in 

particular, he stressed, are something 

that AGC is focused on supporting, 

which the company facilitated by 

expanding its existing facilities in 

Copenhagen, Denmark in 2021 (3). 

According to Møller, this investment 

doubled their mammalian single-use 

system capacity at the site, adding 

a new manufacturing line with eight 

2000-L single-use bioreactors for 

mammalian protein projects, a new 

500-L perfusion bioreactor, and 

two downstream purification lines. 

Similarly, the company acquired a 

commercial-grade large-scale 20,000-L 

mammalian protein manufacturing 

facility in Boulder, Colo., in 2020 (4).

However, while mAbs are the 

king of the hill, they are not without 

competition. A key area of growth 

that Møller identified was cell and 

gene therapies, particularly in 

North America. In 2022 alone, the 

US Food and Drug Administration 

approved five novel cell and gene 

therapies, including Zyntelgo 

(betibeglogene autotemcel), Hemgenix 

(etranacogene dezaparvovec), Skysona 

(lisocabtagene maraleucel), Adstiladrin 

(nadofaragene firadenovec), and 

Carvykti (ciltacabtagene autoleucel); 

these 2022 approvals comprise 

roughly one-fifth of the total number 

of FDA-approved cell and gene 

therapies to date (5).

Møller’s observations are mirrored 

by many others in the industry: in 

PharmTech’s annual survey of bio/

pharma workers, approximately half 

of them felt the biggest opportunity 

in the entire industry lay in cell and 

gene therapies (6). As companies 

race to compete in this rapidly 

growing niche, biologics-oriented 

CDMOs such as AGC will move to 

accommodate them. In the case of 

AGC, one such decision the company 

made was the acquisition of a of 

an established Italian cell and gene 

company, MolMed, in 2020 (7), as well 

as a Colorado facility containing viral 

vector and cell therapy production and 

manufacturing capabilities in 2021 (8).

Tips for CDMO partners
While the exact needs of any 

company are typically unique in 

some form or fashion, Møller noted 

that are two core themes he finds 

himself telling his potential partners. 

“Two of the biggest considerations 

AGC Biologics focuses on with drug 

developers of any size is reducing 

cost and process robustness,” he 

said. “As an outsourcing partner, 

these are key areas that we advise 

our customers to watch closely.”

While few skimp on the actual 

development of the treatment, 

according to Møller, companies 

often neglect the design of robust 

manufacturing processes and 

analytical methods in the early stages 

of development in an effort to reduce 

costs and hasten time-to-market. 

However, this short-term outlook can 

present problems down the line.

Regardless of a treatment’s 

effectiveness, if there isn’t a scalable 

manufacturing process associated 

with it, there will almost certainly 

be delays when the time comes 

for commercialization. By taking 

the time to consider the design 

of manufacturing processes early 

on, companies can ultimately save 

themselves time and money. 
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Q.We are a manufacturer of pharmaceutical 

drug substances and drug products. We 

understand that good manufacturing practices (GMP) apply, 

but we have now been informed that the good distribution 

practices (GDP) apply too. Can you explain why?

A. It is correct that GDP applies to your operations as GDP 

covers the transport and storage (in transit) of raw 

materials, intermediates, excipients, drug substances (DS), 

and drug products (DP). Even if you are not the responsible 

party for shipping your DS and DP (perhaps because you are 

a contract manufacturer), you will most certainly receive raw 

materials, intermediates, or excipients from your suppliers. 

It is your responsibility to assure these have been shipped 

and stored in accordance with the specifications, such as 

temperature and humidity. 

You may ask: when were the GDP regulations put in place, 

given that the GMP regulations were published decades ago? 

They were already part of the GMP regulations under the title of 

holding and distribution of DS and DP. However, the regulators 

realized securing the supply chain required more specific 

regulatory guidance and oversight (e.g., US Food and Drug 

Administration’s Safety and Innovation Act [FDASIA] of 2012) (1). 

The aims of GDP go beyond assurance of appropriate 

physical storage and distribution; they also cover supply chain 

security (i.e., the prevention of theft or the introduction of 

falsified [counterfeit] medicines). For that reason, you need to 

be familiar with and adhere to the requirements of the relevant 

regulations applicable to you. In Europe, this is Directive 

2011/62/EC, the “Falsified Medicines Directive” published 

in 2011 (2). In 2016, Commission Delegated Regulation (EU) 

2016/161 was published, laying down detailed rules for DP 

safety features, particularly serialization (3).

As a purchaser of goods that impact the quality of the DS or 

DP, or as the party responsible for shipping DS or DP, you need 

to assure compliance with the GDP regulations. That means 

that you need to have technical/quality agreements in place 

with your suppliers and that you need to have appropriate 

oversight, including supplier audits. Such oversight can include 

the review of dataloggers from the shipment, checks that seals 

on the vehicles are undamaged, to name some of the routine 

activities. Much more detail on goods receipt verification 

can be found in Good Distribution Practice: A Handbook for 

Healthcare Manufacturers and Suppliers (4). To determine what 

type of audit will be required, you need to assess the criticality 

of the shipment (i.e., the material shipped [e.g., its value]), the 

shipping route (e.g., wide temperature variations), the transport 

company (e.g., specialized in pharmaceutical shipments or not), 

and the logistics provider. The resulting audit requirements 

can range from performing a search of publicly available 

information to an on-site audit. 

The GDP regulations are often so embedded in the 

regulatory framework of a jurisdiction that the term GMDP for 

Good Manufacturing and Distribution Practices has become 

commonplace, as in the European Union’s GMDP database (5). 
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