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Of Mice and Men 
and Armadillos
N  o matter how busy or complicated life becomes, science news 

can occasionally stop us in our tracks. Science news can be 

just so weird, or weirdly useful, that everything else recedes as we 

ponder whether it is true and what consequences it might bring.

For example, the armadillo is the only known host for the leprosy 

bacterium other than humans. Unimpressed? What if I told you this 

bacterium has the power to convert one type of bodily tissue into 

another? Results from a recent study show that the liver nearly 

doubles in size in armadillos infected with the leprosy bacterium (1). 

This kind of growth on the surface looks destined to be defective or 

even cancerous (inherent to some cell and gene therapy approaches) 

but the livers in the infected animals were found to be both healthy 

and functional, including the full complement of blood vessels, 

enzymes, and bile ducts that would be found in a normal liver. 

Professor Anura Rambukkana, who led the study, heads a group 

in regenerative medicine at the University of Edinburgh, that for 

the last decade has been pioneering an approach around cellular 

reprogramming. The leprosy causing bacterium hijacks the plasticity 

of adult tissue niche Schwann cells, reprogramming them to modified 

stem cells, weirdly, to simply have more tissue to feed off. 

There may be several practical outcomes from elucidating this 

mechanism. The leprosy bacterium practices this biomolecular 

“alchemy” at a relatively slow and natural pace, largely outflanking 

paths typically understood to also promote cancer growth. Because 

the bacterium is doing this for reasons of prosecuting its plans to 

“infect” its host, understanding details here may well lead to new 

avenues to treat or inhibit infectious disease and related pathologies 

such as inflammation. On his university webpage, Rambukkana 

states, “We are also studying how these reprogrammed progenitor/

stem cells can be combined with endogenous innate immune cells 

with natural regenerative properties to promote repair processes in 

demyelinating neurodegenerative, neuromuscular, and liver diseases 

in varying model systems” (2). 

It feels odd to say it, but I am now genuinely looking forward to 

hearing more about what leprosy can do for us in the future. Science, 

or knowledge of how the natural world works, is full of unexpected 

twists and turns, heroes and villains, saints and sinners. If we can 

turn the tables and make a villain a hero—how wonderful will that be! 

References
1. S. Hess, et al., Cell Rep. Med. 3 (11) 100820 (2022).
2. The University of Edinburgh, Anura Rambukkana, Profile, ed.ac.uk 
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EDITOR’S COMMENT

The Next Blockbuster
T he festive time of year is fast approaching once 

again when many of us will be enjoying a period 

of being cosy indoors and, perhaps, over-indulging on 

rich, delicious food. For those with younger members 

of the family too, it can be a time where there is eager 

anticipation for a rather rotund—some might say obese—

gentleman to pay a visit, via the chimney, to deliver gifts. 

Leaving the presents in the very capable hands of Santa, Big Pharma 

have their eyes set on a different prize, namely the anti-obesity drug 

market. According to research from Morgan Stanley, anti-obesity 

drugs may offer companies the next blockbuster opportunity, with the 

weight-management medicines market forecasted to reach a value of 

US$54 billion (€52.1 billion) over the next 10 years (1). 

Despite obesity being recognized by the World Health Organization 

(WHO) as a chronic disease back in 1997 (2), it wasn’t until 2013 when the 

American Medical Association officially classed obesity as a disease (3), 

and even later still, in June 2021, when the European Commission 

followed suit (4). As a result of the differing stances on obesity over 

recent years, there has been a lack of harmonization from the part of 

policy makers and researchers.

However, the tides are changing and as the medical understanding 

of obesity broadens around the world, so too have research efforts. A 

key player in the arena is Novo Nordisk, who gained regulatory wins for 

its new generation weight loss drug, Wegovy (semaglutide), in 2021 (5). 

Closely following Novo’s tailwinds is Eli Lilly with Mounjaro (tirzepatide), 

which recently received fast-track designation from the US Food and 

Drug Administration (6). Both these products are glucagon-like peptide-1 

agonist drugs that target the patient’s appetite regulation in the brain.

As other big companies also start to ‘weigh’ in on the anti-obesity 

field, such as Pfizer and AstraZeneca, in addition to other smaller 

biotechs, the market projections seem to be well-founded and likely to 

come to fruition. Perhaps by 2030, Santa will no longer be getting stuck 

up the chimney and instead will be enjoying a slimmer frame.

References
1. Morgan Stanley, “Why Obesity Drugs May be a New Blockbuster Pharma 

Category,” Research, 19 Aug. 2022.
2. WHO, Obesity: Preventing and Managing the Global Epidemic, Report of a 

WHO Consultation on Obesity (Geneva, Switzerland, 3–5 June 1997), who.int, 
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contract development and  
manufacturing organization  
production capacity for 
COVID-19 vaccines. The 
machine is capable of reaching a production capacity of 
6000 pieces per hour and was specifically developed for 
injectable drugs. It is equipped with four peristaltic pumps 
to allow for infinite filling capacity and 100% check-weighing. 
The machine can handle glass vials from 2 mL to 100 mL, 
and can also handle plastic vials via a format change. 

The double-wall isolator is included to guarantee sterility 
throughout the aseptic filling process, minimizing the risk 
of product contamination. Once vials are capped, they are 
moved via conveyor belt into a printer where every cap is 
marked with the relative batch details for tracking purposes.
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www.steriline.it

CO2-based Cleaning Jets
ACP Systems’ quattroClean snow 
jet technology is a cleanroom-
compatible cleaning process that 
is dry and uses liquid, climate-
neutral carbon dioxide (CO2). 
Upon impact with the surface 
that is to be cleaned, the four 
effects (thermal, mechanical, 
solvent, and sublimation) of the technology are designed to 
remove filmic contaminants and particles to the sub-micron 
range effectively and consistently. Additionally, because 
the crystalline CO2 sublimates completely during cleaning, 
the surfaces or parts are dry following the process.

ACP tailors the process for full-surface or partial cleaning in tests 
at companies’ technical centres based on factors such as device 
application, material properties, the type of contamination, and 
cleanliness specifications. This testing influences various process 
parameters, including volume flows for compressed air and CO2, the 
number of nozzles, the area to be jet-cleaned, and the jet time. 

During cleaning, end-to-end process monitoring is used to validate 
the cleaning via specific process parameters. Media preparation 
equipment is used to prevent cross- and re-contamination of surfaces.

ACP Systems 
www.acp-systems.com 
 
 
 

Environmental 
Control Software
Linkam Scientific Instruments’ 
NEXUS software is used 
to precisely control and 
record all aspects of heating, 
cooling, vacuum, humidity, 
and other environmental 
conditions in Linkam 
stages. NEXUS Core is the main NEXUS platform, which includes 
various specifications to enable a greater degree of experimental 
control. The software features a live display, allowing for real-
time observations, adjustments, and precise synchronization 
between samples in parallel with a real-time temperature chart.

In addition to the CORE platform, optional modules also exist. The 
NEXUS Image Capture Module, for instance, facilitates automatic 
image capture during experiments. Each image can be stamped 
with current temperature and other parameters, and the device 
also has rewind and review capabilities that can be used during live 
data recording. Other modules include the Extended Measurements 
module, the Reporting module, the Thermal Analysis by Surface 
Characterization (TASC) module, and the 21 CFR 11 compliance module.

Linkam Scientific Instruments 
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EUROPEAN REGULATORY WATCH
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Overhauling the  
Human Medicines  
Directive and Regulation 
The European Human Medicines Directive and Regulation is due to  
be updated by the end of 2022, but what changes are on the cards?

T he current European Union (EU) regulatory 

system was established in 1995, and the 

European Medicines Agency (EMA) works with the 

European Commission (EC) across 27 member states 

to ensure the efficacy and safety of human and 

veterinary medicines across Europe and to promote 

research and innovation in the development of 

medicines. New medicines are reviewed through 

either a centralized procedure or by national 

competent authorities, through a mutual recognition, 

decentralized, or national procedure, mainly through 

the Directive 2001/83/EC (1) and Regulation (EC) No. 

726/20049 (2). However, over time the EU regulatory 

framework has become complex and inefficient and is 

now in need of an overhaul (3). 

New EU framework fit-for-purpose
On 25 Nov. 2020, the EC published the 

Pharmaceutical Strategy for Europe (4) outlining 

a new regulatory framework based on a set of 

four pillars, to promote research and technologies 

(Figure 1). Work is already underway to revise 

the legislation on rare/orphan disease (5) and 

paediatrics (6). The Structured Dialogue initiative 

was launched on 26 Feb. 2021 to address security 

of medicine supply (7), and further amendments to 

the Human Medicines Directive and Regulation are 

anticipated later this year.  

On 1 March 2021, the EC published its roadmap to 

revise the general pharmaceutical legislations building 

on lessons learnt from the COVID-19 pandemic to 

ensure that the future regulatory framework is fit-

for-purpose and crisis-resistant (3). Since the EC 

published its strategy roadmap, it has conducted a 

series of consultations and has proposed a series of 

amendments to:

• ensure access to affordable medicines

• foster innovation, including in areas of 

unmet medical need

• improve security of supply

• adapt to new scientific and technological 

developments

• reduce red tape (8).

The Regulatory Scrutiny Board (RSB), an 

independent body within the EC that undertakes 

impact assessments and evaluation fitness checks, 

has reviewed the proposal and drafted a number 

of negative opinions. These issues will need to 

be addressed, and the draft report reviewed and 

resubmitted to the RSB before the proposal can 

proceed and be accepted by EU policymakers (9). In 

2020, the RSB initially rejected the proposal on the 

legislation on medicines for children and rare disease, 

but following resubmission, it was accepted (10). 

Feedback from the EC regulatory reform was 

planned for the fourth quarter of 2022 (8), but given 

the RSB rejection, it is anticipated this feedback will 

Ensuring access to affordable medicinesSearch for available
translations of the preceding  for patients, and addressing 
unmet medical needs (in the areas of antimicrobial resistance 
and rare diseases, for example)

Supporting competitiveness, innovation and sustainability 
of the EU’s pharmaceutical industry and the development 
of high quality, safe, effective and greener medicines 

Enhancing crisis preparedness and response mechanisms, 
diversified and secure supply chains, and address 
medicines shortages

Ensuring a strong EU voice in the world, by promoting 
a high level of quality, efficacy and safety standards

Source: modified from EC, 2020 (4).

Figure 1: Four pillars outlined in the 
Pharmaceutical Strategy for Europe (4).
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European Regulatory Watch

be delayed until 2023 or further, given that European 

Parliament elections take place in 2024. However, a delay 

gives the EC more time to review the pharmaceutical 

landscape and take on board the RSB comments and 

other organizations such as European Federation of 

Pharmaceutical Industries and Association (EFPIA), which 

has been very vocal in this area.

The time to act is now
A report by Charles River Associates (CRA) undertaken on 

behalf of the EFPIA highlights the lack of competitiveness 

in Europe which has led to a decline in pharmaceutical 

R&D investment, clinical trials, and manufacturing 

output in recent years (11). Another report published by 

the Centre for Innovation in Regulatory Science (CIRS), 

highlights that EMA’s timeline for regulatory review lags 

behind other regulatory agencies (12).

According to EFPIA, the overall goal of the new 

regulations should be to reinforce expertise-driven 

assessment and enable a more agile centralized 

authorization framework by facilitating member states 

and removing unnecessary, burdensome interfaces 

between committees and the EC (Figure 2). To achieve 

this goal, EFPIA has proposed a number of radical changes 

which include:

• Implementing high-quality assessments by revising the 

governance framework, to encourage experts from 

EU member states to contribute, where appropriate

• Establishing an agile system and rethinking 

outdated committees and working parties’ 

structure to improve agility and efficiency

• Identifying and resourcing gaps based on 

current and future workload and implementing 

forward-looking strategies regarding funding and 

resourcing mechanisms for EMA and the Network.

More haste, less speed
EMA and its member states have been collaborating for 

more than 27 years and the pharmaceutical regulations 

have evolved to meet scientific and regulatory demands. 

Push back from the RSB has given the EC time to reflect 

on its reform package and make sure the new regulatory 

framework is fit-for-purpose and meets the goals laid out 

in the Pharmaceutical Strategy for Europe and roadmap. 

It also enables the EC to take into account the lessons 

learnt from the COVID-19 pandemic, environmental 

challenges, and to reassess new opportunities presented 

by the digitalization of healthcare data. More haste and 

less speed may be necessary to ensure that the EU and 

its member states are in a strong position to compete in 

the global arena and attract future investment so it can 

deliver safer, better medicines to patients, faster. 
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Source: modified from EC, 2020 (4).

Figure 2: Building blocks for a new regulatory framework. 

Source: Modified from EFPIA, 2022 (1)
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https://health.ec.europa.eu/medicinal-products/orphan-medicinal-products_en
https://health.ec.europa.eu/medicinal-products/medicines-children_en
https://health.ec.europa.eu/medicinal-products/pharmaceutical-strategy-europe/structured-dialogue-security-medicines-supply_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12963-Revision-of-the-EU-general-pharmaceuticals-legislation_en
https://ec.europa.eu/info/sites/default/files/rsb_report_2020_en_1.pdf
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system still operates. Lower value more commodity-

oriented products are produced on less expensive 

equipment, which is less well supported by the original 

equipment manufacturers (OEM) and sell into a more 

relaxed regulatory environment. These types of OEM 

equipment often come from Asia. Higher performance, 

higher cost equipment caters to a different type of 

customer with more stringent contract times, with far 

less flexibility regarding potential machine failures and 

project delays. This has been the case for many years 

and is not expected to change anytime soon. 

What might be less visible surrounding this equipment 

is the emergence of the “junior” sized enterprise—big 

enough to have deep industry know how, but small 

enough to act decisively when unmet opportunity 

presents itself. This development is truer for contract 

manufacturing organizations (CMOs), contract 

development and manufacturing organizations (CDMOs), 

raw material suppliers, and analytical tool providers, 

than equipment manufacturers per se. But the trend is 

proliferating generally. 

Rapidly changing patient expectations combined 

with increasing biological complexity drives some 

of this trend because large-scale legacy enterprises 

find adaption an inherent challenge. The need for 

speed is obvious and can sometimes trump a strong 

preference to have only one external manufacturing 

I  t’s a useful end-of-year exercise to take stock of our 

industry—and more specifically the stock of the 

publicly traded companies that comprise what must, 

by now, approach US$6 trillion (€5.77 trillion) in stock 

value (Table I) (1). The ‘From the Editor’ commentary 

on page 10 of our sister publication Pharmaceutical 

Technology, reveals that the value of messenger RNA 

(mRNA) publicly traded companies shot past the 

US$300 billion (€288.26 billion) mark in a little over 12 

months from around US$15 billion (€14.21 billion) in 

2019 (2). Within the same layer of financial intensity sit 

cell and gene therapies, clustered regularly interspaced 

short palindromic repeats (CRISPR), and other gene 

editing approaches.

Interestingly, the lion’s share of the growth in value 

has been somewhat democratized (Figure 1) (1) since 

the golden awakening and acceleration of biotech. Next 

year, follow up on early conversations about organ-

on-a-chip approaches will gain coverage, as these 

approaches are likely to shorten both cost horizons 

and shrink drug development timelines, amounting to 

getting better working drugs to market faster, with less 

cost and unintended side effects. 

Equipment conversations
On the machine side of things conversations at CPHI in 

Frankfurt made clear that a long standing dual tiered 

Chris Spivey
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Overall industry growth conceals growing numbers of  
smaller, faster-paced, adaptable corporate structures.

Shining a Light on  
Junior Pharmaceuticals
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their drug candidates. This shift has led 

to an increased demand for outsourced 

R&D and manufacture with mid-sized 

organizations who can help them both 

though clinical phases and full-scale 

manufacturing as quickly as possible.”  

Marching to the same drummer 

as Mohler, Marc Sauer, chief science 

officer, at BioVectra, comments that 

“many large CDMOs have facilities 

spread all over the globe, which 

can require external technical 

transfers, depend on a vulnerable and 

widespread supply chain, and slow 

down production.” 

As a very new entity ten23 health 

has been gaining both traction and 

visibility for handling an array of 

challenging fill/finish assignments. 

Swiss business consultant Michael 

Petersen describes ten23 health 

as being focused on development 

and flexible clinical manufacturing 

offering agility and flexibility. “They 

have examples of customers 

receiving material within a few weeks 

after signature [through] flexible 

changes in the production schedule 

based on customer requirements.” 

He continues they can be proud 

of “resolution of unexpected 

observations and root cause 

investigations by inhouse experts—

because the whole team is one 

purpose-driven company  

and not split up in business units  

and departments.”

partner who can take a project the 

full distance through approval and 

ahead into commercialization and 

distribution. Most companies prefer 

to deal with only one other company, 

if at all possible, but will jettison that 

requirement if substantial speed 

advantages are included in discussions. 

And this is where a junior pharma 

company can often shine.  

Demand for agility
“Across various product groups, 

we have seen the demand for agile 

suppliers who can customize raw 

materials in a timely fashion. For this 

reason, finished drug manufacturers 

are looking to mid-sized organizations 

to supply such materials with the 

scale and quality standards of a large 

organization, but with the agility of 

a small organization.  This level of 

service is critical to help meet their 

commercialization objectives 

and ensure they are first-to-market,” 

says Paul Staunton, communications 

manager at Actylis.  

When specifically discussing APIs, 

Scott Mohler, director of Business 

Development at Actylis, points out, 

“While many of the top pharmaceutical 

companies run their own operations 

to develop and manufacture the APIs 

for their own approved drugs and 

drug candidates, they only account 

for roughly one-third of all New 

Drug Applications (NDAs) (3). The 

trend, especially for clinical phases, 

continues to skew toward smaller 

biopharmaceutical developers who 

don’t have the full internal teams and 

facilities to develop and manufacture 

Figure 1. Changing nature of composition of pharmaceutical industry (1).

Table I. Industry breakdown of publicly traded companies (1).

Rank Sector
Public market value

(US$ Trillions)

1 Banks, Insurance and Finance US$18.5

2 E-commerce + Internet Services US$6.0

3 Pharmaceuticals (public companies only) US$5.65

4 Software US$4.2

5 Integrated Oil and Gas US$3.6

6 Technology Hardware US$2.9

7 Semiconductors US$2.4

8 Electric Utilities US$2.4

9 Integrated Telecom Providers US$2.2

10 Automobile Manufacturers US$2.0

Note: This table shows the aggregate market value of all publicly-traded global companies by S&P market group in the world’s 
top 20,000 traded companies by market as of 6 Sept. 2020.

Source: S&P CapitallQ, Torreya analysis.

TA
B

LE
 IN

FO
R

M
AT

IO
N

 A
N

D
 F

IG
U

R
E

 C
O

U
R

TE
S

Y
 O

F 
TO

R
R

E
YA

.



Pharmaceutical Technology Europe DECEMBER 2022    13

Cover Story: Trends in Drug Development

Similarly, Sauer goes on to highlight 

the way in which BioVectra functions, 

which is with all the facilities operating 

within the same region. “This localized 

form of operations means that all the 

facilities can share a single system 

for quality management, document 

control, inventory, procurement 

finance, and ERP [Enterprise Resource 

Planning]. Therefore, thanks to this 

way of operating, the company 

can decrease decision time and be 

nimble when moving processes from 

chemistry into biologics, or combining 

chemical synthesis with fermentation,  

without needing to adapt any of  

the processes or documentation,” 

Sauer specifies.

Furthermore, Sauer stresses that the 

entirety of the company’s increase in 

size has stemmed from organic growth, 

without acquisition of target companies 

as a path to business growth, one of 

the typical means through which big 

companies just keep getting bigger.  

“Over the 50 years since we first 

started manufacturing small molecules 

and enzymes for diagnostic reagents, 

we have steadily grown into new 

markets, including complex chemical 

synthesis, the production of highly 

potent APIs and PEGylation reagents, 

microbial fermentation of biologic drug 

substances, and drug product  

manufacturing capability. For more 

than 20 years we have been capable 

of all the upstream and downstream 

processing requirements and 

the purification of biologic drug 

substances. Our clients are pleasantly 

surprised, for example, when we 

onboard them for a large molecule 

fermentation, and they learn that we 

also have extensive chemical synthesis 

capabilities. They realize that we can 

make custom mPEGs and linkers for 

conjugation with their biologic, we can 

ferment small molecule metabolites 

for their process, or we can synthesize 

lipids for their lipid nanoparticles—all 

using GMP,” says Sauer.

A similar account about the state 

of the market is pointed to by Gearoid 

O’Rourke, VP of Global Marketing, 

Actylis. “In the biologics market, with 

high demand for critical raw materials 

with low impurity levels, there is a 

need for mid-sized organizations to 

fill the void that currently exists for 

such products,” he states.  

O’Rourke reveals that for 

biopharmaceutical applications it 

is common to find that many of the 

existing product monographs require 

additional endotoxin and bioburden 

testing be performed. “Many such 

[large-molecule] products are used 

in smaller quantities than with 

small-molecules, thus the need for 

alternative mid-size manufacturers 

with the capability to GMP-

manufacture in specific packaging 

formats with additional testing 

requirements,” he says. 

“There is also a trend for outsourcing 

of downstream buffers, where there is 

a large number of buffers required for 

one finished drug product,” O’Rourke 

continues. “Some buffers will be large 

volume, but some will be quite small 

and may not fit a large manufacturer’s 

business/profitability strategy.” 

Summary
Instead of the traditional role 

of producing large amounts of 

drug product for one-size-fits-all 

medications, many biologic drugs, for 

example, require smaller doses for 

a limited number of patients or even 

a single patient. These drugs need 

to be made and shipped much more 

quickly because the turnaround from 

diagnosis to treatment is measured 

in weeks, not the usual months. Now, 

modalities are calling for entirely 

new skill sets, the types of skills and 

organizational structure that allow 

performance at junior pharmaceuticals 

to shine. 
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mRNA instability  
particularly challenging
DNA-based oligonucleotide drug 

substances, such as AAV vectors and 

plasmid DNA, share the relatively 

stable characteristics of DNA, 

Mochayedi notes. The stability of 

shorter chemically synthesized 

RNAs such as ASOs and siRNA can 

be improved through chemical 

modifications during synthesis. 

Particularly long biologically 

synthesized mRNA molecules, 

however, are inherently unstable, and 

thus require additional management 

during manufacturing. 

All nucleic acid-based platforms, 

however, must be formulated using 

delivery technologies that protect the 

therapeutic from degradation. Unique 

solutions such as LNPs help ensure 

stability in the patient setting, API 

stability and, ultimately, the efficacy 

of the therapeutic approach.

There are several reasons why 

mRNA is inherently unstable. The 

physiochemical properties of single-

stranded mRNA molecules that lead 

to their instability include their very 

large size, high negative charge, 

sensitivity to rapid degradation 

by omnipresent enzymes such as 

endonucleases, shear sensitivity, and 

high viscosity through the formation 

of secondary structures in solution, 

according to Mochayedi.

Manufacturing strategies for 
managing mRNA instability
One of the main culprits causing 

mRNA degradation is the enzyme 

RNase. Avoiding it is difficult, 

however, because this enzyme 

is ubiquitous. “It is very difficult 

for mRNA to move freely in the 

environment,” Christian Cobaugh, 

CEO and founder of Vernal 

Biosciences, comments. “Extreme 

precautions must therefore be taken 

to avoid introducing this enzyme into 

manufacturing spaces or enclosures,” 

he stresses. This issue can often, he 

O   ligonucleotide drug substances generally are unstable at room 

temperature, and some are also degraded in the presence 

of certain enzymes. That is why, in part, they are formulated using 

special delivery solutions such as lipid nanoparticles (LNPs). (These 

delivery technologies also facilitate entry of nucleotide APIs into 

target cells.) Degradation can occur via loss of terminal nucleotides 

or certain functional groups, oxidation, and other mechanisms. 

Oligonucleotide–oligonucleotide interactions that can occur at higher 

concentrations are an added concern. These instability issues must be 

managed throughout the entire manufacturing process. 

The challenges are particularly great for messenger RNA (mRNA), 

which can be degraded by enzymes found commonly in the 

environment, temperature, and overall shear sensitivity of the long-

chained molecule.

Variety of oligonucleotide drug substances
The landscape of nucleotide-based therapeutics is based on more 

than half a century of research and development in these modalities, 

according to Julian Mochayedi, strategic marketing manager for mRNA 

solutions with MilliporeSigma, the Life Science business of Merck 

KGaA, Darmstadt, Germany. This knowledge translates to the clinic and 

beyond, with several approved therapeutic products on the market. 

The different types of nucleotide-based therapeutics can be 

broadly classified by the type of nucleic acid, Mochayedi continues, 

such as those with DNA or RNA as a basis. Alternatively, they can 

be differentiated by their functional design, which determines the 

mode of action. “One can cite DNA-based adeno-associated virus 

(AAV) vectors for gene delivery, antisense oligonucleotides (ASOs), 

small-interfering RNAs (siRNAs) for gene expression disruption, and 

most recently, mRNA to express a protein of interest such as for 

immunization purposes, as the successful mRNA-based COVID-19 

vaccines have demonstrated,” he explains.

Cynthia A. Challener
is a contributing editor to 

Pharmaceutical Technology 

Europe.

There are several  
reasons why mRNA is 
inherently unstable.

Managing mRNA Instability 
During Formulation, 
Manufacturing, and Shipment
Unique solutions are required to protect inherently unstable messenger RNA.
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notes, be a barrier to entry into the 

mRNA market for laboratories not 

experienced in mRNA production.

Use of qualified processes, 

including sterile single-use 

technology, should be applied to 

mitigate contamination and carryover 

of endonucleases, Mochayedi says. 

Liberal use of RNase degrading 

chemicals for cleaning equipment 

surfaces, operator gloves, and so on 

is also essential, says Cobaugh. 

The instability of mRNA at 

room temperature creates further 

challenges, as the time available for 

holding generated mRNA sequences at 

room temperature is fairly restricted, 

according to Cobaugh. The drug 

substance must be moved seamlessly 

to downstream purification and 

formulation or quickly frozen. 

“The choice of adopting a seamless 

manufacturing approach or having unit 

operations separated by controlled 

freezing and subsequent thawing 

steps must be considered early on, as 

the decision will impact the design and 

operation of the mRNA manufacturing 

facility, and once implemented, that 

design will essentially be locked in,” 

Cobaugh contends.

“Ideally, it is best to limit the number 

of freezing and thaw steps, as they can 

impact the quality of the mRNA drug 

substance and formulated mRNA-LNP 

products,” Cobaugh adds. Furthermore, 

gentle techniques must be employed. 

Continuous movement of the mRNA 

drug substance to purification and then 

LNP formulation avoids all but the final 

freezing step. “It is possible, though, 

with the right engineering solutions 

and validation procedures to surmount 

the challenges presented by either 

approach to mRNA manufacturing,” 

he concludes.

In addition, stringent optimization 

of reaction conditions and the 

process parameters for key unit 

operations, such as the synthesis step 

(in vitro transcription) and filtration 

(via tangential-flow filtration), can 

overcome viscosity challenges and 

ensure low shear during processing 

to maintain the stability of the mRNA 

at each stage of the manufacturing 

process, Mochayedi remarks. 

“Bespoke process development and 

optimization are necessary for each 

unique mRNA sequence to address 

and overcome the highlighted 

challenges,” he concludes.

Minimizing formulation time
While the concept of leveraging mRNA 

for the prevention or treatment of 

various diseases is straightforward, 

the safe and effective delivery of these 

fragile nucleic acids into cells where 

their message can be translated into 

proteins has proved to be a huge 

challenge, Mochayedi observes. “For 

the COVID-19 mRNA vaccines, the 

solution to this problem came through 

the development of LNPs. These 

particles, typically composed of four 

different lipids (ionizable lipids whose 

positive charges bind to the negatively 

charged backbone of mRNA, 

pegylated lipids that help stabilize 

the particle, and phospholipids and 

cholesterol molecules that contribute 

to the particle’s structure), provide 

a protective bubble for the delicate 

mRNA molecules, enabling their  

safe and efficient delivery into  

cells,” he explains. 

The structure of the nucleotide API 

has a strong impact on the selection 

of the excipients for the formulation. 

The manufacturing process must, in 

addition, be highly controlled. “The 

buffer solution containing the mRNA 

drug substance used to produce 

the LNPs is of low pH (typically 

aqueous sodium citrate) that places 

additional stress on the nucleotide’s 

stability, leading to even more rapid 

breakdown that occurs at neutral or 

slightly basic pH,” Cobaugh says. 

A low pH of approximately 4.5 is 

needed to ionize the mRNA so that 

it forms nanoprecipitates with the 

lipids. The use of stabilizing process 

aids is, Cobaugh adds, generally 

avoided because they would interfere 

with the ionization of the mRNA and 

could also potentially end up in the 

product. Most molecules that would 

stabilize mRNA against pH-mediated 

degradation would, furthermore, 

likely be hazardous chemicals.

The key to successful LNP 

production, therefore, is minimization 

of the time required for LNP 

manufacturing process. That, 

Cobaugh emphasizes, requires 

extensive understanding of the 

process from a quality-by-design 

basis combined with thorough 

Contin. on page 23

Key trends that are predicted to 

be impactful upon pharmaceutical 

formulation development in the 

future are highlighted in an online 

exclusive article on PharmTech.com. 

The article, written by Can Araman 

et al. from MilliporeSigma, the life 

science business of Merck KGaA, 

runs through seven trends with the 

potential to cause a paradigm shift 

in the pharmaceutical landscape.

The seven trends that are 

discussed in the article are 

cont inuous manufactur ing, 

modell ing and predict ive 

approaches, additive manufacturing, 

overcoming solubility challeges, 

improving protein purification, 

subcutaneous application of highly 

concentrated protein formulations, 

and messenger RNA technology. 

For each trend listed, the authors 

provide background information and 

discuss the variety of benefits and 

challenges that may arise.

Looking to the future, the authors 

surmise that the pharmaceutical 

industry’s progress with the 

adoption of newer approaches is 

picking up speed and that the next 

few years will prove to be pivotal 

in unlocking innovation potential.

Reference
1. C .  A raman,  e t  a l . ,  “Seven 

Trends Shaping the Future of 
Pharmaceutical Formulat ion 
Development,” PharmTech.com, 7 
Oct. 2022.

—Felicity Thomas

Highlighting Seven Trends in Future Formulation Development
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action and help identify PK properties 

that can help improve and optimize the 

design of the drug compound (3).

To learn more about the necessity 

of PK/PD studies in early mAb 

development and the most reliable 

ways to conduct these studies 

to generate data compliant with 

investigational new drug application 

(IND) filings, Pharmaceutical 

Technology Europe spoke with Maotian 

Zhou, PhD, Principal Scientist—DMPK 

Services Department, at WuXi AppTec.

PK in early development
PTE: In the early development of a new 

mAb, what role does PK play in the 

development lifecycle? 

Zhou (WuXi AppTec): PK plays 

an important role in the early 

development of mAb therapeutics. 

This is even more apparent when  

the antibody is designed against  

a novel target, or if the antibody  

aims to be a ‘best in class’ drug in  

an already competitive arena with 

well-studied targets (i.e., HER2,  

PD1 [programmed cell death  

protein 1]/PDL1 [programmed  

cell death ligand 1], etc.).

This may differ from past views 

on mAb drug development. It is 

usually assumed that, for humanized 

monoclonal antibodies, the in-vivo/

in-vitro absorption, distribution, 

metabolism, and excretion (ADME) 

characteristics share more significant 

commonality than small-molecule 

drugs. Thus, the importance of PK 

studies in the early phase of mAb 

development is diminished. The 

efficacy (or pharmacodynamics) 

appears to be more significant in the 

leading-candidate mAb selection.

The importance of PK studies 

increases with a better understanding 

of mAb drug mechanisms. Many 

factors can affect mAb exposure–

response relationships in vivo, the 

affinity between the mAb and its 

ligand, the association between the 

mAb and different Fc receptors, and 

the modifications and physicochemical 

characteristics of the mAb. These 

factors form the basis for the 

continuous refinement of current mAb 

A    n understanding of the pharmacokinetics (PK) of monoclonal 

antibodies (mAbs) is important so that potential patient responses 

to treatment can be predicted. Both PK and pharmacodynamic (PD) 

studies are necessary in the development of a new mAb drug candidate.

PKPK/PD modelling is already widely used in pre-clinical and clinical 

drug development; these studies are important for characterizing drug 

candidates quantitatively as well as aiding go/no-go decisions and 

informing future trial design and optimal dosing regimens (1). However, 

what is less well known is that PK/PD modelling can also be an effective 

tool in the earliest stages of drug development, such as in target 

selection and lead candidate selection. The same modelling techniques 

can be used to predict and illuminate the drug candidates that have the 

necessary characteristics for potentially successful development, or, 

conversely, can help pinpoint which drug development programmes may 

be less successful, before too much time and cost are accrued on that 

specific programme.  

In particular, mAbs, which are an important therapeutic class, 

have complex pharmacology and interdependent PK/PD properties. 

Understanding the PK and PD of mAbs and their biological activity as 

well as their mechanisms of action are crucial factors in enabling their 

design and selection. Understanding these factors allows for the design 

of appropriate studies to characterize the mAb’s efficacy and toxicity, 

the translation of PK/PD parameters to humans, and the optimization of 

a dose and regimen for maximizing success in clinical development (2). 

Meanwhile, the practice of characterizing the relationship between 

PK and PD is an important tool in the drug discovery phase. PK/PD 

strategies should be implemented in the early phases of research during 

drug discovery projects because these studies can enable a successful 

transition from discovery phase to development phase (3). An effective 

PK/PD study design, as well as proper analysis and interpretation can 

help researchers characterize the PK–PD relationship. Understanding 

the relationship would enable understanding of the mechanism of drug 

Feliza Mirasol

The Power of PK/PD  
in mAb Development
Although well known in R&D, PK/PD studies are an equally  
powerful tool for promoting successful biologic drug development.
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drugs. The mAb PK properties act as a 

bridge between its design philosophy 

and ultimate efficacy and safety. Fully 

understanding candidate mAb PK 

parameters can provide support for 

leading-mAb drug selection.

In summary, the PK studies 

significantly impact whether a mAb 

moves forward, and should happen 

early in discovery. Pushing a mAb 

toward an IND submission without 

fully understanding its PK could waste 

time and resources and/or result in 

programme failure.

Pairing PK and PD
PTE: I always see the terms PK 

and PD together when discussing 

drug candidate screening or in drug 

discovery. What is the importance of 

both in mAb development, and is it 

necessary to have both PK data and 

PD data (can you have one without 

the other)?

Zhou (WuXi AppTec): Simply put, 

PK is ‘what the body does to the drug’, 

whereas PD is ‘what the drug does to 

the body’.  Explicitly, PK quantitatively 

describes the process of absorption 

and disposition of the drug in the body. 

PD evaluates the time course of the 

pharmacological effects of drugs.

For mAb drug development, the 

PK and PD always communicate, 

because mAb drugs generally have 

long-acting PD effects, and PD will 

have a direct impact on PK. PK and 

PD are mechanistically linked (unlike 

small-molecule drugs). Having both PK 

and PD data for mAb development is 

strongly recommended. PK/PD studies 

serve distinct roles at different stages 

of mAb drug development. 

PTE: What is a ‘best practice’ 

approach to conducting PK/PD  

studies, and do these studies 

necessarily need to be compliant  

with regulatory standards?

Zhou (WuXi AppTec): PK/PD 

studies should adapt to the different 

requirements of each research 

stage. In the discovery phase, the 

PK/PD assessments facilitate an 

understanding of the biology by 

validating and confirming target 

engagement. For the leading-mAb 

selection stage, PK/PD studies should 

help to select the most ‘potential’ 

mAb, along with efficacy and toxicity 

evaluations, to minimize the risk 

of off-targeting. At the IND stage, 

systematic PK/PD studies, along 

with safety studies, play a vital role 

in translating pre-clinical knowledge 

to first-in-human clinic studies. In 

the clinical phase, further in-depth 

PK/PD studies can identify the 

covariates and potential sources of 

population variability, establishing 

exposure–response relationships in 

different cohorts. And finally, these 

studies support proper dose selection, 

regimen optimization, and biomarker 

tools establishment. 

PK/PD studies must comply with 

regulatory guidance, both during 

and after the IND phase of mAb drug 

development. It is also helpful to 

reference the regulatory standards in 

the early phase of drug development. 

Given that regulations are often 

adapted based on the lessons learned 

from many actual drug development 

cases, items rooted in regulatory 

guidance are often representative of 

key points in drug development. For 

example, a mAb PK bioanalysis in 

the discovery phase, using a partially 

validated method (validating specific 

parameters such as selectivity 

and stability) will make the mAb 

quantification more reliable in an 

unconventional matrix.

Data challenges
PTE: What role or impact do PK/PD 

studies have on an IND filing for a 

new mAb?  Are they even relevant 

at that stage?

Zhou (WuXi AppTec): PK/PD 

studies are essential materials for an 

IND filing. PK/PD studies serve the 

following purpose in the IND phase 

for mAb development: integrate 

pharmacology and toxicology data and 

help correlate pre-clinical knowledge 

to first-in-human clinical study; 

bridge toxicology studies to define 

maximum tolerated dose (MTD) and 

select first-in-human dose; design a 

dose escalation scheme; and project 

efficacious dose in clinical.

PTE: What currently are the  

major analytical/technical  

challenges in conducting PK/PD 

studies on new mAbs?

Zhou (WuXi AppTec): Several 

challenges currently exist within PK/

PD studies for mAb drugs. First, the 

assumptions used to simplify the 

exposure–response relationships 

in PK/PD modelling may not always 

be appropriate. For example, in the 

past, the PK/PD model assumed 

the drug concentration in tumor 

cells was related to the cell-killing 

effect. However, in the absence 

of an actual measurement of the 

distribution cascade, the validity of 

this assumption is uncertain.

Second, the translation from  

animals (pre-clinical) to humans 

(clinical) based on PK/PD modelling is 

also challenging. Furthermore, existing 

PK/PD modelling assumptions are 

usually based on prior experience, as 

such studies are needed to understand 

the applicability of new mAbs. 

Third, the reliability of PK/PD 

data depends on the selection of a 

proper analytical method/platform, 

which may be a challenge in some 

instances. The bioanalysis should 

always follow a fit-for-purpose 

principle. Based on the ligand 

properties (such as solubility and 

endogenous concentrations), the 

availability of critical reagents, and 

desired sensitivity, a suitable assay 

format needs to be designed.

There is an ongoing effort 

regarding PK/PD analytical strategy 

optimization. The ability to accelerate 

research and develop safe and 

effective mAbs rely less on tools 

and more on an investigator’s skills, 

knowledge, and expertise. Drug 

developers and sponsors that do not 

have the time, capacity, or expertise 

to conduct these investigations 

in-house should consider working 

with a testing partner. 
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insulin injection products to achieve 

effective treatment over different 

time periods for diabetic patients.”

In concurrence, Michael 

Morgen, R&D director, Lonza Small 

Molecules, stresses the importance 

of remembering the wide variety 

of activities that are incorporated 

in particle engineering. “[Particle 

engineering] is a broad and varied set 

of capabilities for drug development 

used to solve some of the more 

difficult problems,” he says. “This 

makes it a valuable toolbox of 

solutions for a pharma company or 

CDMO [contract development and 

manufacturing organization] to have.” 

“From a high-level perspective,” 

Morgen continues, “[particle 

engineering] is an enabling capability 

to control the size, morphology, 

composition, [and] activity of 

particles to address various drug 

delivery challenges. Among other 

things, one potential goal is to 

control particle size and morphology 

to control in-vivo distribution (such 

as to the lung) or control dissolution 

rate. Another is to control the drug 

activity, as seen in spray dried 

dispersions.”

Even more recently, York points 

out that the goal of particle 

engineering has broadened further 

so that developers can deal with 

challenging chemicals. “The concept 

of engineering drug particles has 

catalyzed the evolution of alternative 

strategies, new technologies and 

analytical methods,” he says.  

Building an understanding
The introduction of the 

Biopharmaceutics Classification 

System (BCS) was pivotal to 

particle engineering as it provided 

recognition of the two key properties 

of drugs that were dominating 

bioperformance, explains York. 

“This classification emerged 

from the growing awareness of 

the increasing frequency of poor 

aqueous solubility of the majority 

of new drug substances, many also 

exhibiting poor oral absorption 

profiles,” he says.  

P   article engineering is a tool that has been employed within the 

pharmaceutical industry for some time as a way of manipulating 

the properties of particles to aid in effective delivery of drugs. 

“Particle engineering, in essence, is not a recent phenomenon,” 

confirms Peter York, chairman and chief scientist, CrystecPharma. 

“The idea of ‘particle engineering’ originates from many centuries 

ago in early Greek, Egyptian, and Roman times as well as later 

with the apothecaries in the Middle Ages who would use mortar 

and pestles to grind and blend their ‘concoctions’ to generate fine 

powders, generally botanical and mineral substances, for preparing 

their various medicines.”

A valuable toolbox
Putting it in layman’s terms, Salvatore Mercuri, associate director, 

NPI & MSAT, Lonza Small Molecules, remarks that particle 

engineering is a means of reducing the particle size of a drug 

substance so that the surface area can be increased. “Now, the 

reason for reducing the size can vary depending on the target drug 

product profile,” he says. “Among those reasons can be to enhance 

the solubility and bioavailability of a small molecule, bring it down to 

a specific size to optimize it for a delivery format like a dry powder 

inhaler or improve content uniformity.”

Controlling the properties of drug particles for the purposes of 

delivery was established in the mid 20th century, York continues, 

when products such as metered dose inhalers and dry-powder 

inhalers were introduced. “Here, the key requirement was to 

produce formulations containing micron-sized drug particles, or 

which generated liquid aerosol droplets of similar size, which are 

required to deposit a drug for localized treatment in the lungs,” 

he notes. “Similar concern for particle size control, as well as the 

different dissolution characteristics of crystalline and amorphous 

forms, had already been recognized at this time for the range of 

Felicity Thomas

Putting a Spotlight  
on Particle Engineering
Opportunities and developments in particle engineering are providing  
developers with the tools to advance drug candidates successfully.
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“The reduction of particle 

size of these drugs has, in many 

cases, aided the formation of 

effective, efficacious, and quality 

medicines,” York adds. “Within this 

field other important aspects of 

the properties of challenging drug 

substances have been recognized, 

such as variety in the solid-state 

properties (e.g., polymorphism, 

crystallinity, bioavailability) issues 

and drug targeting, as well as dealing 

with the increasing number of 

biotherapeutic agents.”

Building an understanding of the 

impact of particle properties and 

process variables on critical quality 

attributes of a drug product can 

be challenging, asserts Mercuri. 

“This understanding is important 

in characterizing the mechanical, 

physical, and/or chemical events 

taking place during particle 

formation,” he notes. “However, 

identifying the optimal processes for 

a specific API by experimentation 

can be very costly and time 

consuming. Especially for small- and 

mid-sized pharmaceutical companies 

with limited resources, these 

inefficiencies can be a huge setback 

in their commercialization strategy.”

When dealing with advanced drug 

delivery applications, a balance 

between two things needs to be 

made, Morgen specifies. “First, 

you must achieve the desired 

in-vivo bioperformance by using 

the right particle architecture and 

formulation compositions, which 

may be very difficult to design. 

Then, the formulation must also 

meet the required stability and 

manufacturability for a commercial 

drug product, including scalability,” 

he explains. “Balancing performance, 

manufacturability, and stability is not 

always easy—but doable with the right 

subject matter experts and facilities.”

Common approaches
“The two most commonly used 

particle engineering platforms are 

micronization and amorphous solid 

dispersion (ASD),” emphasizes 

Mercuri. “Choosing the right 

technology will be determined 

by the API and the target drug 

product profile.”

ASDs find particular use in 

enhancing bioavailability and solubility 

of oral small-molecule drugs, states 

Morgen. This bioavailability and 

solubility enhancement is achieved 

through the conversion of the 

crystalline drug to the amorphous 

form using spray drying or hot-melt 

extrusion, he reveals.

“Amorphous drugs can provide 

[approximately] 2–100-fold higher 

dissolved drug levels than the 

crystalline solubility due to its higher 

free energy, making it a technology 

of choice for many compounds,” 

Morgen asserts. “Recent advances in 

ASD formulation architecture, such 

as Lonza’s high loaded dosage forms, 

reduce dosage form burden of ASD 

drug products, making them easier 

for patients to take.”

However, there are challenges 

associated with this approach, 

including the prevalence of 

high-melting point ‘brick dust’ 

compounds, Morgen warns. “[These 

compounds] require novel process 

approaches for formulating as 

ASDs by solvent-based or thermal 

processes,” he explains. “A number 

of recent process innovations 

have been devised for spray drying 

these compounds, including heated 

solvents and processing aids.”

Micronization is well-known and 

has an established track record, 

confirms Mercuri. “The process 

involves using a jet mill to reduce 

the particle size of APIs down to a 

few micrometers, thus improving 

solubility, dissolution rate, or 

processing,” he says.

The manufacturing process is 

required for dry powder inhaler 

applications, which has specific size 

requirements to enable drug delivery 

to the lungs and central airways, 

Mercuri adds. Beyond inhalation 

applications, micronization also finds 

use in other types of treatments. 

“Furthermore, it is highly flexible, 

can be easily scaled up, is good 

for substances with poor thermal 

stability and is easily applicable 

to different chemical properties,” 

Mercuri notes.

“A particular challenge [with 

micronization] is that the properties 

of the micronized material are 

different from those of non-

micronized material; the increased 

surface area can result in poor flow 

and cause electrostatic charge 

to build up,” Mercuri specifies. 

“Inadequate flow can cause handling 

problems in downstream processes, 

which means that excipients (such 

as glidants, binders, and lubricants) 

may be required to improve flow 

properties. Material can also 

become more hygroscopic, so 

storage conditions may require 

humidity control. To solve these 

challenges, it’s important to optimize 

working conditions with critical 

process parameters.”

In addition to the issues of 

static, aggregation, and poor flow 

of materials, York also notes that 

changes in crystallinity of the drug, 

batch-to-batch variation, and loss 

of materials are also frequent 

occurrences with the ‘top down’ 

approach of micronization. “Over the 

“The concept of 
engineering drug 
particles has catalyzed 
the evolution of 
alternative strategies, 
new technologies and 
analytical methods.”

—Peter York,  
CrystecPharma

Development

“Balancing performance, 
manufacturability, and 
stability is not always 
easy—but doable with 
the right subject matter 
experts and facilities.”

—Michael Morgen,  
Lonza Small Molecules
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been observed within and between 

individual solid dose units from the 

same manufactured batch. It is clear 

that information from these ‘under 

surface’ studies will provide useful 

insight for the design of future, 

optimized solid dosage forms as well 

as guiding the design of engineered 

particles,” he specifies.

“Although [particle engineering] is 

an established technique, there are 

always opportunities for innovation,” 

asserts Mercuri. “Advances in 

computing power may help us 

develop more accurate models to 

predict gas flow or better study 

particle behaviour. In addition, 

improved design, automation, and 

[artificial intelligence] could be 

applied to make the process more 

predictive and reliable.”

Morgen adds that enabling 

particle engineering approaches 

are key to advancing early-phase 

compounds from the preclinical 

stages to commercialization. “Having 

broad capability to do a broad range 

of engineering and to scale these 

processes is a valuable asset in 

partnering with drug innovators,” 

he emphasizes.

“In coming years, it is important 

that the benefits of drug products 

containing engineered particles 

which demonstrate targeted 

improvements in drug delivery are 

applied to address wider issues 

of improving global health care,” 

York concludes. “The successful 

technologies will be those which can 

operate at all scales following facile 

tech transfer, are inexpensive in cost 

and operation, are single step, green, 

and provide high reproducibility.” PTE

last couple of decades, these limiting 

factors have generated interest 

in both deeper understanding of 

the solid state of pharmaceutical 

materials, drugs, and excipients, 

and alternative approaches to size 

reduction,” he says.

“The important technologies that 

have emerged to date operate on a 

‘bottom up’ principle, where the final 

particle is prepared from a solution 

feed—essentially drying operations. 

These processes include spray 

drying, freeze drying, supercritical 

fluid (SCF) antisolvent precipitation, 

and more recently, other approaches 

have been introduced such as 

spray freezing, homogenization, 

liposome structures, the formation 

of co-crystals, as well as a number 

of technologies generating 

nanoparticles,” York asserts. 

“With an increasing number 

of biopharmaceuticals being 

introduced as therapeutic agents 

requiring particle engineering to 

achieve particulates suitable for 

drug delivery, suitable adaptions to 

existing processes have been made 

and other approaches introduced 

such as microfluidics.”

York singles out SCF antisolvent 

technologies as an approach that has 

proved successful for CrystecPharma 

in delivering engineered particles. 

He states that the process, which is 

controllable and ‘tunable’, enables 

the production of particles with 

the desired physicochemical and 

biopharmaceutical characteristics 

at high yield in a single-step 

scalable process. “The process 

can operate successfully for both 

biopharmaceuticals and organic 

chemical entities,” York says. “In 

addition, preparing composite 

particles containing drug(s) and 

functional excipients provide 

opportunities for ‘in-particle design’ 

with uniform particle composition.”

Additionally, as the awareness 

of the importance of particle 

engineering in drug delivery has 

grown, the understanding of the 

solid state of pharmaceuticals has 

deepened, York continues. “It is now 

important for full characterization 

of polymorphic/solvate/hydrate 

states, levels of amorphous content, 

and methods to control these 

characteristics to be understood to 

meet regulatory requirements in this 

field,” he emphasizes.

Exciting developments
For York, the opportunity for 

‘in-particle design’ is an exciting 

development in particle engineering 

as it extends the drug delivery 

prospects across a range of solid 

drug products and routes of 

delivery. “For example, it is possible 

to consider the assembly of the 

‘designer’ particles in an appropriate 

package, such as a hard capsule, 

as the final product. Reduced 

complexity in formulation and 

manufacture coupled with reduced 

costs,” he says. “New thinking in 

particle engineering, underpinned 

by an increasing flow of knowledge 

on the solid state of pharmaceutical 

materials, will continue to address 

current and emerging challenges in 

formulation and drug delivery.”

A recent development has been the 

study of the internal structure of solid 

dosage forms containing assemblies 

of drug particles and formulation 

excipients, and engineered particles, 

York continues. “Recent studies 

using high energy X-ray beams in 

Synchrotron facilities and advanced 

computational procedures have 

provided comprehensive visualization 

of the internal architecture of 

various solid dosage forms, together 

with corresponding chemical 

profiles of constituents,” he says. 

“This approach, termed Structure 

Pharmaceutics, has revealed that the 

supposed uniformity ‘beneath the 

surface’ is, in many cases, not the 

observed situation.”  

So, through this novel approach, 

it has been possible to identify 

different mechanisms and rates 

of drug dissolution at different 

locations in tablets, York explains. 

“For coated products and matrix-

based controlled release products, 

alternative dissolution patterns have 

“Although [particle 
engineering] is an 
established technique, 
there are always 
opportunities for 
innovation.”

—Salvatore Mercuri,  
Lonza Small Molecules
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Developers have been refining 

pharmaceutical 3D printers for 

several years, and several types 

of GMP printers and systems have 

become available. 

Material extrusion 3DP
FabRx, created by University 

College London researchers to 

develop pharmaceutical 3D printing, 

launched the M3DIMAKER GMP 

printer in 2020 (1). The printer is 

designed to prepare personalized 

medicine in hospitals and pharmacies 

or to manufacture small batches 

for preclinical or clinical trials, says 

Alvaro Goyanes, CEO and co-founder 

of FabRx. He says that the printer is in 

use in several clinical trials around the 

world, including one in the Gustave 

Roussy hospital in France, a centre 

for cancer research in Europe. 

The M3DIMaker is a material 

extrusion type of 3D printer that 

melts a material and deposits it 

in layers on the printing bed to 

build up the desired structure. 

The machine has three different 

types of printheads that can be 

used, depending on the form of the 

input material. In fused deposition 

modelling (FDM) the API and other 

ingredients are combined in an 

extruder and formed into a filament 

in a separate manufacturing step, 

and then the filament is melted and 

deposited in the FDM printer. In direct 

powder extrusion (DPE), ingredients 

in powder form are fed directly into 

the 3D printer. Semisolid extrusion 

(SSE) extrudes a gel or paste from 

a syringe under pressure (2). SSE 

operates at a lower temperature than 

FDM or DPE, which makes it suitable 

for thermosensitive drugs. 

GMP features of the M3DIMAKER 

include in-line quality control 

procedures and camera monitoring 

of the process. “These are tools 

that are controlled by our software 

to assure that each ‘printlet’ 

(3D-printed tablet) contains the dose 

that it should have. It is based on 

the use of balances, cameras, and 

near-infrared (NIR) spectroscopic 

methods,” explains Goyanes.

A   dditive manufacturing, which is commonly called three-

dimensional printing (3DP), offers the potential for 

manufacturing specialty dosage forms and personalized medicine  

in either a centralized, industrial environment or in distributed,  

point-of-care supply. The recent development of small-footprint,  

good manufacturing practice (GMP) 3D printers using various types 

of 3D-printing technologies further opens the possibility of portable 

and flexible point-of-care manufacturing, which could include 

in-hospital clinical trials. 

Interest in 3DP technology for point-of-care supply is growing, 

says Thomas Kipping, head of Drug Carriers, Life Science business of 

Merck KGaA, Darmstadt, Germany. GMP equipment for distributed 

manufacturing should be simple to use, require low maintenance, 

and have easily cleaned, interchangeable product-contact parts, 

he suggests. Advances in automated quality control are especially 

beneficial for GMP manufacturing. “Visual tools confirming the right 

geometry of the prints combined with enhanced analytical technology 

are already available, leading to 100% in-process control [and] resulting 

in higher safety for patients,” says Kipping. 

New materials designed for 3DP could help advance 3DP technology 

adoption. “Standard polymer grades are often used as a basis for 

formulation development. These excipients are, in most cases, initially 

developed for other application fields and can only provide limited 

design space for developers,” Kipping points out. He says Merck KGaA 

is investigating the requirements for polymeric excipients and particle 

design for different types of 3DP technologies, including melt-drop 

deposition and selective laser sintering approaches. 

As 3DP technologies are moving quickly from concept stage 

to industrial use, attention to quality controls is crucial. “Close 

collaboration between regulatory bodies, engineers, formulation 

developers, and respective quality functions is required to ensure a 

successful implementation,” concludes Kipping.

Jennifer Markarian is 

manufacturing reporter for 

Pharmaceutical Technology 

Europe. 

Moving Forward  
with GMP 3D Printing  
for Drug Products
Unique dosage forms, personalized medicine,  
and flexible manufacturing are possible with 3DP. 
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Melt extrusion deposition 
Triastek, a 3D-printing technology 

platform company based in China, 

invented a melt extrusion deposition 

technology, trademarked as MED, for 

pharmaceutical manufacturing. MED 

technology continuously converts 

powder into a softened, molten 

state, which is then deposited layer-

by-layer to produce objects with 

well-designed geometric structures, 

explains Xiaoling Li, chief scientific 

officer at Triastek and professor 

at the University of the Pacific in 

California. He says it can be used to 

process thermosensitive APIs and 

print tablets at room temperature. 

The technology can be used to solve 

drug-delivery challenges. “Using MED 

technology, combinations of complex 

drug release profiles can be accessed 

by varied, layered structural designs 

and high-precision processing,” 

says Li. “Tablets can be precisely 

delivered to a specific, hard-to-reach 

gastrointestinal region to release APIs 

at the designed onset time, release 

rate, and specific amount.”

Two of Triastek’s own 3D-printed 

drug products, T19 (for rheumatoid 

arthritis) and T20 (for cardiovascular 

and clotting disorders), have received 

US Food and Drug Administration 

(FDA) approval under investigational 

new drug applications, and the 

company has started pharmacokinetic 

(PK) study trials with a clinical 

contract research organization. “The 

results of these pilot PK trials will help 

guide the formulation optimization 

to establish the to-be-marketed 

formulation. Once the formulation is 

finalized, Tristek will perform large-

scale production for pivotal clinical 

studies to support NDAs [new drug 

applications],” explains Li. 

Triastek announced a partnership 

with Eli Lilly in July 2022 to use 

3D-printing technology to create a 

structure that permits targeted and 

programmed release of drugs in the 

gastrointestinal tract (3). MED has 

the ability to create a multi-layered 

tablet with controlled release of  

each layer. The joint research  

project will study how excipient 

properties and process parameters 

impact drug chemical and physical 

stability, which influence the release 

profiles of APIs. 

The company’s GMP, mass 

production-scale MED 3D printing 

system uses a 32 printing-nozzle 

array design that is capable of 

manufacturing 3D printed tablets 

with three different materials at a 

production rate of approximately  

132 kg/72 hours, which is similar to 

the production rate of manufacturing 

a 150-kg batch of coated tablets. 

The array design enables mass 

production using multiple materials 

to fabricate complex structures. “The 

design enables scale-up to meet 

the manufacturing demands of a 

blockbuster product, or scale-down 

to manufacture a smaller quantity of 

a rare disease product,” says Li. 

The small-footprint GMP MED 

3D printer can also be used for 

clinical-trial manufacturing and for 

personalized medicines. “We see  

a future with our technology  

where patients can follow directions 

to print their own customized 

tablets,” says Li. 

All GMP MED equipment integrates 

process analytical technology 

(PAT) to provide digital detection of 

product quality related attributes, 

says Li. NIR is used to measure 

mixture homogeneity, and a 

photographic monitoring system 

identifies the physical properties of 

the tablets; nonconforming tablets 

can be automatically eliminated. 

In-blister printing
Aprecia Pharmaceuticals has launched 

a small-footprint 3DP technology that 

uses binder jetting to form 3D-printed 

tablets directly in blister packaging 

cavities. Z-Form technology expands 

the formulation capabilities of Aprecia’s 

original ZipDose technology, which is 

used to make the FDA-approved rapidly-

disintegrating Spritam (levetiracetam) 

using open-bed binder jetting 

3D-printing equipment. Z-Form enables 

formulations with multiple powder 

and liquid blends, multiple APIs, micro 

doses of API, particles engineered to 

enhance solubility and bioavailability, 

particles coated to modify the drug 

release profiles, and special markings 

for anticounterfeiting, says Kyle Smith, 

president and chief operating officer of 

Aprecia. A patent-pending containment 

system enables use of highly potent 

compounds. The Z-Form Flex printing 

system can produce a range of finished 

dose formulation options, such as orally 

disintegrating, sublingual, buccal,  

and swallow-intact formulations. 

Forming the tablet directly in 

the blister packaging offers several 

benefits, one of which is the ability 

to eliminate material waste and 

produce yields of 99%, reports  

Smith. Another benefit is flexibility—

each individual blister cavity can 

have a custom formulation and  

tablet volume/size.    

“Z-Form Flex allows researchers 

to produce small batches of tablets 

with different formulations or the 

same base formulation in different 

strengths,” explains Smith. “Rapid and 

efficient drug prototyping enables 

faster entry into first-in-human studies 

with a close-to-commercial dose form. 

This [technique] enables speedier 

transition to proof-of-concept trials or 

facilitates a quicker failure to conserve 

valuable time, money, and resources. 

The flexibility to modify formulations 

quickly and accurately through 

customized, layer-by-layer precision 

dosing at the individual blister cavity 

level better supports dose ranging and 

adaptive clinical trials.” 

Traceability features—barcodes 

on the blister cards and a QR code on 

each cavity—facilitate both clinical 

development and personalized drug 

delivery. “This digital fingerprint enables 

precise chain of custody throughout 

the supply chain,” explains Smith.  

The small footprint of the Z-Form 

Flex—approximately 4 ft. by 10 

ft.—lowers costs and environmental 

impact of construction and operation, 

says Smith. In addition, the GMP 

equipment is designed for easy 

cleanability and quick changeovers 

of less than eight hours for better 

efficiency with small-batch production. 

The Z-Form Flex platform is designed 
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technology,” concludes Chris Gilmore, 

CEO of Aprecia. He says that Aprecia 

continues to search out companies 

with the “appetite and vision to be 

market disruptors”. 

Gilmore believes the ongoing 

platform innovations at Aprecia 

are quickly advancing small-scale 

customization and personalization 

while also establishing a solid 

foundation for addressing unmet need 

in large-scale, mass production.
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for a wide range of production 

volumes, from one blister pack up to 

2000 to 3000 finished blister package 

units/hr, with minimal to no scale-up. 

Aprecia plans to further refine 

the platform by scaling it down to a 

laboratory version (Z-Form Lab) and 

up to high-volume GMP commercial 

production (Z-Form Pro). Both systems 

are currently in the design phase of 

development, and the intent is for 

Z-Form Pro to match the serial output 

of conventional process trains. 

The platform’s PAT architecture 

uses non-destructive, in-line analytical 

assessment of product and process 

quality attributes. PAT data will be used 

in product and process development, 

and to establish in-process controls 

and product specifications that will 

enable real-time release. 

“In terms of large-scale 

manufacturing, Z-Form Flex sets 

up the potential for continuous 

CGMP manufacturing and real-time 

release,” contends Smith. “Many 

of the discrete steps involved in 

conventional manufacturing, such as 

granulation, drying, and compression/

encapsulation, are now contained 

within a small, compact footprint 

and occur within the blister cavity. 

Deployment of a revolutionary  

planar motion system enables all  

units of operation to happen 

simultaneously, so 3D-tablets are 

formed within three minutes. While 

drying times are product-dependent, 

the primary package is often 

completed within 60 minutes from 

start to finish, including final inspection 

and blister card lidding.” 

“Aprecia is already performing 

feasibility studies with pharmaceutical 

companies using development-

scale versions of the Z-Form Flex 

machine. We are now reaching an 

inflection point of adoption for our 

process validation. “It is absolutely 

essential to have a deep awareness of 

what levers can be pulled from both 

process and engineering perspectives 

to minimize the time for all aspects of 

the formulation process,” he states.

Rapid fill/finish important too
With respect to fill/finish of mRNA 

therapeutics and vaccines, the strategy 

is generally no different than that of 

any other biological API, according to 

Mochayedi. The goal, agrees Cobaugh, 

is to fill the product—whether drug 

substance in sterile single-use plastic 

bags and containers or formulated drug 

product into sterile glass vials and then 

freeze them—as rapidly as possible but 

in a controlled manner. In this case, the 

challenges are largely engineering and 

equipment-related.

Maintaining the cold chain
For storage and shipment of mRNA, 

the requirement to maintain the cold 

chain to ensure its stability and integrity 

all the way to the patient is of utmost 

importance, Mochayedi says. “Central 

storage is usually performed at very 

low temperatures (-80 °C). Similarly, 

formulations containing nucleotides 

require shipment at low temperatures, 

which is typically achieved using dry-ice 

packaging,” he notes. In some cases, 

mRNA drug products may require 

the addition of a cryoprotectant to 

protect the particles. The adjustment of 

excipients to protect the nanoparticles 

may also enable some formulations to 

be shipped at approximately 4 °C.

Looking to lyophilization
The production of mRNA-LNP 

formulations that are stable at 

warmer temperatures is a key 

focus of developers of candidate 

therapeutics and vaccines. One 

approach noted by Cobaugh involves 

the development of higher-quality 

DNA templates that are free of breaks 

(commonly referred to as nicks) that 

result in the shorter, more unstable 

mRNA sequences. Mochayedi points 

to new types of modified nucleotides 

and new capping technologies to 

physically altered forms of mRNA, 

such as circular RNA. “These new 

approaches may overcome some 

of the stability issues and enable a 

broader application of mRNA as a 

technology platform,” he believes.

Lyophilization of mRNA products 

as an alternative to freezing is the 

other main area of investigation. 

“Theoretically, there is no reason why 

freeze-dried mRNA products cannot 

be stored at room temperature 

as long as water is kept out of 

the storage containers,” Cobaugh 

says. He notes that there has been 

preliminary success in this area and 

he is hopeful that lyophilization will 

be applicable for mRNA products in 

the not-too-distant future.

Mochayedi agrees, noting that 

significant investigations into 

formulation optimizations to 

overcome the ultra-low temperature 

requirements of mRNA drug products 

during shipment and storage are 

underway across the industry, with 

lyophilization of formulated mRNA-

LNPs as an extremely promising 

alternative for liquid-based products. 

“The complete drying of formulations 

afforded by freeze-drying would 

unlock the possibility of much more 

easily providing mRNA therapeutics in 

countries with higher temperatures,” 

he remarks. PTE

Development  —  
Contin. from page 15
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Ecoslide-OTC for over-the-counter 

medicines as well as its signature 

Ecoslide-RX pack for prescription 

drugs, the sustainable package 

platform reduces the amount of 

disposable plastic needed for peel/

push CR blisters (3).

Blister cards themselves also 

are becoming more sustainable. 

TekniPlex Healthcare has launched 

a fully transparent, recyclable, mid-

barrier blister package. Certified via 

third-party testing, the recyclable 

polypropylene (PP)/cyclic olefin 

copolymer/PP base material with 

barrier PP lidding is said to be a first 

in the healthcare industry. From a 

manufacturing standpoint, initial 

machinability analyses have been 

positive, with large-scale tests 

scheduled. TekniPlex Healthcare 

also has premiered a fully recyclable 

polyester mono-material blister. It’s 

suitable for products that do not 

require barrier protection (4). 

Recycled content
Incorporating post-consumer-

recycled (PCR) content in packaging 

is viewed as highly desirable by the 

industry and consumers, but can 

pose challenges due to supply chain 

and quality issues. Avient’s PCR Color 

Prediction Service for polyolefins 

and polyethylene terephthalate (PET) 

resins and Cesa Nox A4R Additives 

for Recycling eliminate the trial-and-

error of adopting PCR content and 

associated color choices. The PCR 

Color Prediction Service helps brand 

owners understand what colors are 

achievable based on the amount 

of PCR used. Proprietary software 

determines—through prior colour 

matching—what colours are feasible  

in an application that incorporates 

PCR content. It also calculates how 

much PCR content can be added 

without affecting the package’s 

signature colour. The faster 

evaluation process is particularly 

helpful if it becomes necessary to 

switch sources of PCR material (5). 

The Cesa Nox A4R Additives for 

Recycling protects PCR polyolefins 

against oxidation, which can lead to 

C  onsumers favour sustainable products. A survey by Shorr 

Packaging shows that 76% of shoppers surveyed have made a 

conscious effort to purchase more sustainable products in the past 

year. An even stronger majority, 86%, are more likely to purchase 

a product from a brand or retailer if the packaging is considered 

sustainable. Additionally, 77% expect more brands/retailers to offer 

100% sustainable packaging for their products soon (1).

When shopping, 64% of the consumers surveyed consider whether 

the packaging can be recycled; 60% look for packaging with recycled 

content; 60% seek source-reduced designs (no overpackaging); 45% 

want biodegradable packaging; and 28% like paper-based packaging. 

Approximately 68% are open to switching to a brand that offers 

sustainable packaging. This is particularly true of younger consumers (1). 

A report from Euromonitor International comes to the same conclusion, 

noting Millennials and Generation Z feel they can make a difference 

through their choices. This largest spending cohort of the future will rely 

on tech tools, such as digital product labelling and mobile tracking apps, 

to check environmental claims and ensure minimal climate impact (2). 

Clear labelling of sustainability attributes also is important, 

with 69% saying they are more likely to purchase a product when 

there’s clear language/symbols on the packaging that states it uses 

sustainable materials (1). With recyclability, recycled content, and 

biodegradability top-of-mind, paper-based packaging ticks all the 

boxes and is favoured by almost one-third of the consumers in the 

Shorr Packaging study. 

To meet this demand, Keystone Folding Box has completed a 

US$5 million (€4.8 million) upgrade that boosts capacity by 20% for 

its product line that includes secondary blister packages made from 

recyclable and compostable paperboard. Its Ecoslide Series of blister 

packs features a safety feature that provides the most stringent F=1 

child resistance while eliminating the need for a two-step “peel/push-

through foil,” which many consumers find difficult to open. Including 

Hallie Forcinio is 

packaging editor for 

Pharmaceutical Technology 

Europe. 

Consumers Seek 
Sustainable Products
Pharma companies set goals and adopt more sustainable alternatives.
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PCI Pharma Services is a global integrated 
CDMO providing end-to-end services, including 
drug development and manufacture, clinical trials supply 
and commercial launch.

Address:  
PCI Tredegar: 23–24 Tafarnaubach Industrial Estate, 
Tredegar, Wales, UK, NP22 3AA
PCI Rockford: 4545 Assembly Drive, Rockford, IL 61109, USA
Telephone:  
US +1 779-208-1819 or UK & EU +44 1495 713 633
Email: talkfuture@pci.com
Website: www.pci.com

YOUR BRIDGE BETWEEN LIFE-CHANGING THERAPIES AND PATIENTS

OUTCOME
PCI’s high potent manufacturing capabilities, combined with 
the global commercial packaging network, resulted in the client 
appointing PCI as their dual source partner to ensure supply 
continuity for this critical drug product. All scenarios were 
addressed by PCI’s integrated, end-to-end solutions, reducing 
vendor management complexity to one dual source partner.

Manufacturing would be handled at the Tredegar facility in 
the United Kingdom, with commercial packaging into bottles 
for the US market handled by the Rockford, IL facility. PCI 
Tredegar was also appointed as back-up supplier for EU blister 
packaging requirement, as well as being the contingency back 
up for PCI Rockford, IL providing a holistic solution.

The partnership today includes PCI manufacturing and 
packaging a guaranteed minimum number of batches each year. 
An additional capacity reservation fee model is in place, should 
further batches be required in the event of increased demand to 
fully mitigate any perceived risk in the supply chain and ensure a 
continuity of supply of this critical therapy for patients globally.

The client required a global contract development and manufacturing organization (CDMO) with specialist highly potent 
commercial manufacturing and packaging capabilities operating to the highest standards of health and safety. The CDMO 
needed to guarantee capacity and provide the flexibility to absorb up to 100% of their annual demand, to confidently mitigate 
all potential supply chain risk scenarios posed. There were also strict manufacturing requirements due to the highly potent 
nature of the drug product.

A key consideration was PCI’s purpose-built Contained Manufacturing Facility (CMF), which utilizes the very latest in 
contained engineering technology, combined with over 35 years’ experience in the processing of highly potent drug products. 
The CMF is able to safely process drug products with an occupational exposure limit (OEL) down to 0.01 µg/m3, and provides 
the added flexibility of reserved capacity for both increased demand and/or failure to supply from their primary source.

SOLUTION

A global biopharmaceutical company with a high value, highly potent drug product for a rare disease indication approached 
PCI as part of an internal strategy to secure the supply of one of their life-changing commercial drug products. Having 
classified this drug product as a critical therapy within their portfolio, they required a dual sourcing strategy to ensure 
absolute supply chain security for their patients. The client also required an integrated, end-to-end service solution for             
and providing flexibility to deliver a comprehensive risk mitigation strategy.

CHALLENGE

About the author:  
Rob Jones joined PCI (then Penn) 
in 2004 and is executive director 
of Business Development  
for PCI’s development and 
manufacturing services  
for EMEA and Asia Pacific.ROB JONES, EXECUTIVE DIRECTOR,  

BUSINESS DEVELOPMENT

CASE STUDY:  
RISK MITIGATION WITH A  
DUAL SOURCING STRATEGY: 
PCI’S END-TO-END SOLUTION 

https://pci.com
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defects like black spots, gels, and 

discoloration. The antioxidant  

can be added to PCR content  

early in the recycling process or 

incorporated in virgin resin to  

prepare it for future recycling (5).

More sustainable  
labels and tubes
Schreiner MediPharm has set goals to 

increase its use of recycled/renewable 

materials, including the simplification 

of disassembly for recycling and 

reducing carbon dioxide emissions. As 

a result, it recently introduced more 

sustainable options of its Pharma-Tac 

label for infusion bottles and its 

Autoinjector-Label. Both new designs 

rely on film materials that are either 

recycled or produced from renewable 

raw materials. Extensive in-house 

testing shows the more sustainable 

materials perform as reliably as 

conventional substrates. For example, 

the Pharma-Tac label passed load and 

gravitational trials, and both the hanger 

label and Autoinjector-Label passed 

tests for adhesion, ink adhesion, print 

durability, and laser marking viability (6).

More sustainable tube options 

also are available. Hoffmann Neopac 

now offers Neopac mono-material 

barrier tubes, which are recyclable in 

the polyethylene (PE) or PP material 

stream. Neopac’s Polyfoil MMB mono-

material barrier tubes have undergone 

successful testing by RecyClass, 

an initiative of Plastics Recyclers 

Europe. MMB structures, with and 

without thin film metallization, met 

recycling requirements set by the 

US-based Association of Plastic 

Recyclers (7). The MMB tube can 

reduce packaging carbon footprints 

by up to 38% compared to traditional 

laminated tubes. The tube body is 

made possible through a first-of-its-

kind adhesive-laminated process, an 

alternative to conventional blown-

film and extruded-film methods. Key 

advantages include advanced barrier 

and aesthetic options in the tube 

body. The tube’s shoulder and cap 

are made with low-melt-flow-index 

high-density PE and only 2% foreign 

material (8). 

However, the majority of tubes 

used in Europe are aluminum barrier 

laminates (ABLs). These multi-

material tubes currently cannot be 

industrially separated and recycled in 

existing recycling facilities. To solve 

this problem, Hoffmann Neopac has 

partnered with Saperatec, which has 

developed washing technology and 

established a pilot plant to separate 

the PE and aluminum for recycling 

in existing facilities. A laboratory 

study at Saperatec in spring 2021 

with various ABL tubes from Neopac 

showed that its Polyfoil tubes can be 

completely separated (8). 

“In addition to the already 

existing environmentally friendly 

and recyclable tubes from our 

EcoDesign portfolio, we are 

committed to a recycling solution 

for our conventional Polyfoil ABL 

tubes,” said Peter Bossert, head of 

materials development at Hoffmann 

Neopac. “With this new initiative, 

we will offer our customers the best 

possible balance between product 

safety and sustainability. As early 

as this year, we will make a portion 

of our production waste available 

to Saperatec to demonstrate its 

recyclability on an industrial scale, 

per the promising laboratory tests 

that have been performed. With the 

pending recycling of ABL tubes, we 

are closing a recycling gap in our 

portfolio.” After testing the separation 

of production waste, Neopac and 

Saperatec plan to study the possibility 

of using the separated materials in 

the production of new tubes (8). 

Saperatec began construction 

of its industrial separation facility 

in December 2021 in Dessau, 

Germany. Scheduled to start up 

in mid-2023, the plant will recycle 

composite packaging waste made 

of aluminum, plastic, and paper. The 

process will be further developed 

by refining technologies such as 

digital watermarking, eddy-current 

detection, and near-infrared 

detection to enable intelligent 

sorting of ABL packaging into an ABL 

packaging material stream. “With 

the construction of the first recycling 

plant for composite materials made 

of plastic, paper, and aluminum, we 

aim to produce high-quality, film-

ready plastic recyclates for packaging 

applications while returning the 

recovered aluminum to the material 

cycle,” concluded Thorsten Hornung, 

managing director of Saperatec (8).

Beyond products
Members of the pharmaceutical value 

chain are looking beyond product 

development to meet sustainability 

goals. Schreiner MediPharm, for 

example, is a founding member 

of the Alliance to Zero, a non-

profit partnership dedicated to 

enhancing sustainability throughout 

the pharmaceutical supply chain. 

Launched in June 2021 and based in 

Switzerland, the initiative is designed 

to support pharmaceutical and 

biotech companies in their transition 

to net-zero emissions in line with the 

Paris Climate Agreement (9).

The Alliance to Zero pursues 

the goal of launching net-zero 

pharmaceutical products in regulated 

markets by 2030 at the latest. To 

achieve this, the founding members 

have committed to developing a joint 

net-zero offering by 2026 to provide 

pharmaceutical companies with 

enough time to finalize their overall 

product on this basis. 

The Alliance has developed a 

roadmap for a net-zero emissions 

concept for pharmaceutical production 

and the supply chain. Currently, 

necessary steps and a harmonized 

language are being developed, and 

principles are being defined for 

evaluating and monitoring the entire 

emissions footprint of pharmaceutical 

end products. In addition, the Alliance 

is planning to collaborate with 

academic and non-profit organizations 

pursuing similar goals. 

Dr. Thomas Schweizer, president 

of Schreiner MediPharm, emphasized 

the importance of the company’s 

membership in the Alliance: “For 

Schreiner MediPharm, as a pioneer 

in the production of innovative 

Contin. on page 33



Pharmaceutical Technology Europe DECEMBER 2022    27

Si
am

 -
 S

to
ck

.a
do

be
.c

om

the capabilities of what can be done 

[in dissolution testing],” he said. 

A prime example of how 

instrumentation is being 

updated could be seen within 

the modernized CoE facility 

(Figure 1), which incorporates 

multiple systems that have been 

designed to work with novel 

formulations, such as nanoparticles. 

Novel formulations can pose 

challenges when using standard 

apparatus; nanoparticles, for 

example, are not necessarily 

sufficiently separated from the 

dissolution medium with standard 

techniques. Therefore, modification 

of the instrumentation, such as that 

found in Agilent’s NanoDis system, 

is required to ensure an accurate 

prediction of in-vivo performance of 

the drug product can be made.

Additionally, in instances where 

medical device companies need 

to perform dissolution testing, 

challenges can be encountered as a 

result of a lack of knowledge about 

the sample preparation technique—

such companies can be unfamiliar 

with dissolution—Spisak continued. 

“We often encounter ‘homemade’ 

devices being used in the laboratory 

which can be very labour-intensive 

and difficult to transition into a 

quality control environment,” he 

stated. “Agilent has developed 

the 400-DS model specifically 

for these types of products. This 

instrument complies with United 

States Pharmacopeia and is ideal 

for products delivering small 

amounts of drug over weeks or even 

months, such as drug-coated stents 

or implants.”

D   issolution testing is an integral part of pharmaceutical 

development, providing drug companies with the analytical 

ability to determine the efficacy, bioequivalence, and bioavailability 

of the active drug substance, as well as control quality, stability, 

and consistency of the final drug product. “Dissolution is a 

very controlled, very precise, and required sample preparation 

technique,” specified Dan Spisak, marketing manager for the 

Dissolution Division at Agilent Technologies, during an interview 

with Pharmaceutical Technology Europe at the opening of the 

company’s Dissolution Centre of Excellence (CoE) facility in Craven 

Arms, United Kingdom (see Sidebar). “The dissolution test is not 

going away; it is a required test in the pharmaceutical industry. 

Everyone making pharmaceutical products needs to run dissolution 

tests on their products prior to release.” 

Modifying capabilities
Thanks to a variety of market drivers, dissolution testing is, in some 

respects, undergoing change. Some of the expansion and refresh of 

instrumentation within the area of dissolution testing is being seen 

as a result of reshoring, a trend that has picked up over the past 

few years, Spisak stated. “This reshoring helps protect companies 

from unexpected issues—like pandemics—that could affect critical 

parts of the supply chain and drug release process,” he said.

But the generics sector is driving the bulk of growth in the field, 

Spisak stressed. “The lower-cost generics increase the level of 

healthcare to address the needs of the growing ageing population, 

especially in emerging markets,” he noted. 

However, there is also a shift in focus to more novel and 

personalized dosage forms that is happening within the bio/pharma 

industry, requiring modifications to many different areas of drug 

development and manufacturing, including dissolution testing, 

Spisak added. “For that reason, it is becoming necessary to modify 

Felicity Thomas

Building Up to  
a Bright Future
Dissolution testing is experiencing a  
refresh thanks to a variety of market drivers.

“[…] it is becoming 
necessary to modify 
the capabilities of 
what can be done [in 
dissolution testing].”

—Dan Spisak,  
Agilent Technologies
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Automating processes
Looking at the overarching 

dissolution environment, there is the 

obvious trend of automation, Spisak 

noted. In a dissolution lab, there 

are typically entry-level chemists at 

work, and so, automating processes 

can ensure that potential errors are 

avoided, he explained. 

A primary aim for Agilent 

Technologies is to create a digital 

lab, free of paper and pens and, 

ultimately, easier to use while also 

limiting errors, Spisak asserted. 

“Then, on the back end, for the 

lab in general, there are data and 

traceability for all the actions 

performed,” he said. “So, when 

it comes to data integrity and 

compliance, when the lab gets 

audited for example, everything is 

readily available.”

Another facet to consider is 

the efficiency that automation 

Agilent Technologies opened the doors of its new 

Dissolution Centre of Excellence (CoE) based in Craven 

Arms in the United Kingdom on 12 Oct. 2022 (1). The 

facility, which has been modernized, will house the 

company’s dissolution activities under one roof.

Under one roof
The new CoE will be Agilent’s hub for dissolution 

testing. “The company is bringing all the business 

functions back under one roof,” said Dan Spisak, 

marketing manager for the Dissolution Division 

at Agilent Technologies, during an interview with 

Pharmaceutical Technology Europe at the opening of 

the company’s Dissolution CoE facility. “With a lot of 

investment happening in the dissolution business, it 

just makes sense right now.”

In terms of geographical location, the UK provides 

access to multiple different time zones, remarked 

Steve O’Donohue, director of Agilent Technology’s 

Craven Arms site, in the interview. It is possible to 

connect with the United States, Europe, and Asia, with 

reasonable ease, for example. “Apart from the time 

zone benefit, then the choice of location comes down 

to the expertise of the staff,” O’Donohue continued. 

“There are many centres of excellence within 

Agilent,” added Tom Van de Goor, director R&D, Agilent 

Technologies during the interview. “Each product family 

has some home somewhere in the world. It is more that 

all these functions are together in one place because 

that’s where the centre of knowledge is and that is 

where decisions can be made on these products.”

Plans for growth and sustainability
Infrastructure has been put in place at the new facility 

in Craven Arms to facilitate expansion. “We’ve got 

the expansion space for production, and we’ve got 

lots of expansion space to house R&D and support 

staff required to bring that full centre of excellence 

together,” stated O’Donohue. 

However, a key area that needs to be considered from 

day one of any new facility design is how to make the 

facility more sustainable, O’Donohue emphasized. “Facility 

design has definitely moved on from product-centred 

initiatives to now have sustainability considerations built 

into the concepts of new designs,” he said.

And sustainability is also driven by the customer who is 

asking more questions of companies on their initiatives in 

this area, explained Van de Goor. “The whole sustainability 

topic, environmental sustainability, is going to play a big 

role in the coming years,” he summarized.

Reference
1. Agilent Technologies, “Agilent Opens Center of Excellence 

for Dissolution Products,” Press Release, 12 Oct. 2022.

—Felicity Thomas

Agilent Sets Up Dissolution Testing Hub in UK

Figure 1: Dissolution lab at the new Agilent Dissolution Centre of 
Excellence in the UK.
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“It’s not that each 
business needs to 
invent the wheel again, 
but to build upon the 
infrastructure and 
automate the workflows 
already available.”

—Tom Van de Goor,  
Agilent Technologies
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can offer; although, this aspect is 

certainly not unique to dissolution, 

emphasized Tom Van de Goor, 

director R&D, Agilent Technologies 

during the interview. “It’s not that 

each business needs to invent the 

wheel again, but to build upon the 

infrastructure and automate the 

workflows already available,” he 

said. “This work is something that 

Agilent feels is very important 

because not only are customers 

asking for it, but if a company is 

not participating in automating 

processes, then at some point in 

time they will be left behind.”

A virtual reality
Engagement with customers on 

a virtual platform has certainly 

become more acceptable in recent 

times, perhaps a change that has 

been accelerated as a result of 

the COVID-19 pandemic and the 

resultant necessity to continue 

operations in a virtual capacity. 

What virtual opportunities allow is 

for instantaneous connection, not 

just for sales, but also in instances 

where issues may arise and an 

expert can help to troubleshoot, 

explained Spisak. 

“Even before COVID, Agilent had a 

very strong initiative to offer remote 

training and knowledge sharing,” 

said Steve O’Donohue, director of 

Agilent Technology’s Craven Arms 

site, during the interview. Through 

using a video room and virtual 

communication platforms, it is 

possible to improve efficiencies and 

share knowledge with the customer 

base, he stated.

“COVID has been a world leveller,” 

asserted O’Donohue. There was so 

much innovation being driven within 

Europe to tackle COVID that the 

region was able to advance forward 

in the ‘driving seat’, which has 

possibly left the region in a better 

place than some others to continue 

that momentum, Steve added. 

“The pandemic was a driver for 

developments that would have taken 

much longer normally,” added Van 

de Goor. “New tools have come into 

play; in some areas, virtual reality 

is being used for demos or there 

are maybe more configurators for 

instrumentation. So, these things 

were more or less born in this time; 

although, they were probably in the 

planning already for a longer period of 

time but were accelerated because 

those were the tools needed to 

continue interacting with customers. 

A very positive outcome of this 

pandemic has been the acceleration 

of this whole digital transformation of 

how we work.” PTE

“Even before COVID, 
Agilent had a very  
strong initiative to offer 
remote training and 
knowledge sharing.”

—Steve O’Donohue,  
Agilent Technologies
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in practice to a firm’s management, 

trace its evolution, and explain the 

benefits of adopting it.

What is QMM? 
According to FDA, QMM is the state 

attained when drug manufacturers 

have consistent, reliable, and robust 

business processes to achieve 

quality objectives and promote 

continual improvement (2). FDA 

mentioned QMM in its 2019 report, 

Drug Shortages: Root Causes and 

Potential Solutions, which pointed to 

a lack of manufacturer incentives to 

improve their quality management 

beyond the minimum required for 

current good manufacturing practice 

(CGMP) compliance (3). 

In an earlier article, FDA officials 

noted: “A drug manufacturer is 

responsible for implementing 

dependable daily operations that 

assure consistent drug quality. 

Management’s daily decisions on 

myriad issues involving equipment, 

materials, maintenance, staff 

qualifications, supervision, process 

control, and investigations will 

ultimately determine the quality of 

the drugs that are shipped from a 

given facility” (4). 

In other words, site management’s 

proficiency in governing a site’s 

business processes as well as their 

level of integration with quality 

objectives, influence the performance 

of the quality management system 

and technical processes involved 

in developing a product and, 

therefore, impacts product quality 

and availability. 

In a competitive market, reliable 

delivery of high quality product and 

reduced quality-related shortages 

sustainably over the long-term—the 

essence of QMM as identified by 

FDA—is a management concern in 

all industries, in which their lessons 

learned are also applicable to pharma. 

Shabas researched the pharma 

and other industries to identify key 

foundational competencies (“four 

pillars”) that undergird QMM for an 

organization aspiring to be “quality 

management mature”:

I  n recent months, US Food and Drug Administration (FDA) has begun 

championing Quality Management Maturity (QMM), a new quality 

surveillance initiative intended to raise awareness at all levels of 

management in the pharmaceutical industry as to how to best achieve 

quality objectives and improve manufacturing site quality and supply 

chain reliability in drug manufacturing processes. QMM follows a 

maturity modelling paradigm first developed and adopted by other 

high technology industries. The nexus between a clearly articulated 

mature quality culture, technical processes, and corporate-wide 

business practices that are integrated with quality objectives has 

crystallized into a viable roadmap for enhancing a drug manufacturer’s 

operations, while satisfying patient needs and corporate goals.   

Since first introducing the proposed initiative, FDA has conducted 

two QMM pilots to measure quality management maturity levels at 

an establishment—one for domestic finished-product manufacturing 

sites and another aimed at overseas API manufacturing sites. 

Shabas Solutions LLC (Shabas) was selected to run the QMM pilot for 

overseas API manufacturers in which eight sites—of various sizes, 

location, age, and product focus—participated voluntarily (1). The 

Shabas team (including the authors of this article) collaborated with 

FDA to develop a comprehensive QMM assessment tool to inform 

FDA’s vision for the QMM programme. The tool is characterized by 

four pillars and 15 practice areas, more than 60 QMM questions with 

accompanying interview guides, a 5-level rating system, and a scoring 

and reporting process.

The pilot programme yielded findings that helped FDA and industry 

participants better understand what impact the QMM initiative might 

have to enhance quality management for a drug manufacturer, both at 

its corporate level and specific manufacturing site, and how adoption 

of QMM could eventually benefit the industry.   

In this article (first of a multi-part series), the authors leverage 

insights gained from the FDA QMM pilot to explain what QMM means 

Somnath Mishra, 

is president, Somnath.

mishra@shabas.net, 

William Hauck, 

is senior associate, 

Zachary Royal, is 

senior consultant, and 

Robert Michalik, 

is advisor (Quality and 

Corporate Compliance), all 

at Shabas Solutions LLC.  

Disclaimer: This 

article was not written 

by the US Food and Drug 

Administration, and it does 

not necessarily reflect the 

views of the agency.

Introduction to  
Pharmaceutical QMM Model: 
QMM Assessment to  
Promote Pharmaceutical 
Operational Excellence
QMM is an evolutionary advancement in USFDA’s quality management  
maturity initiative that provides industry with a viable methodology  
to assess and improve manufacturing quality and supply chain reliability.
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Beginning in the late 1980s and 

into 1990s, the US Department of 

Defense and military contractors 

engaged with the Carnegie Mellon 

Software Engineering Institute 

to propose a Capability Maturity 

Model assessment tool (now, CMM-

Integration [CMMI] with 5-level 

maturity scale) to illuminate subtle 

issues at the senior management 

level which stymied TQM 

effectiveness (9). CMM assessments 

enabled management at companies 

in high-tech industries to discern 

whether its quality mission statement 

was effectively being communicated 

throughout the organization (10). In 

2017, FDA’s Center for Devices and 

Radiological Health endorsed CMMI 

for their Voluntary Manufacturing  

and Product Quality Pilot 

Program aimed at medical device 

manufacturers (11,12). 

Given the success of quality 

maturity modeling assessments 

seen in other high-tech industries—

and driven by FDA’s Congressional 

enabling legislation (13) and its own 

policy initiative to address drug 

supply chain problems—in 2016 (3), 

FDA sponsored researchers at the 

University of Gallen’s Institute of 

Technology Management to conduct 

a study of Operational Excellence 

(OPEX) metrics to identify root causes 

of quality system problems that could 

lead to drug shortages for vulnerable 

patient populations.

A series of three reports issued 

by St Gallen Pharma OPEX Study 

demonstrated a remarkable correlation 

between the “assessed” level of quality 

management maturity and quality 

system effectiveness, or “operational 

excellence” (14). It addressed an 

important question: “To what extent 

does a pharmaceutical manufacturer’s 

quality management maturity affect 

its ability to convey a culture of quality 

throughout its organization?”

Not surprisingly during the QMM 

pilot assessment, sites that received 

higher QMM scores generally 

performed well in similar key 

performance areas as noted by Juran 

in 1946 (corporate culture, quality 

• Compliance management: 

ability to consistently meet 

and/or exceed compliance 

with applicable laws, 

regulations, and industry 

best practices

• Risk management: ability 

to identify and manage 

organizational risks and 

build resilience 

• Quality culture: ability to 

develop and maintain an 

organizational mindset 

and behaviours that 

value continuous learning 

and improvement, and 

customer satisfaction 

• Sustainability: ability to 

successfully secure and 

manage appropriate 

technology, infrastructure, 

human capital, suppliers, 

customers, institutional 

knowledge, and other 

resources to sustain 

the operations.

Achieving site QMM starts with 

understanding where an organization 

is in terms of QMM—thus the need 

for an assessment. Increased site 

maturity would be evident through 

improved quality metrics and other 

relevant, but carefully, chosen 

indicators. But a prerequisite to 

achieving an optimized site maturity 

is for site management to invest in 

establishing systematic business 

processes that are well integrated 

with quality objectives and committing 

to developing the culture—the two key 

facets of an “operations excellence” 

programme. Such a demonstrated 

intent of management’s willingness 

could serve as useful evidence to a 

QMM assessor. 

By integrating continuous 

improvement in the business 

processes as the focus of the 

organization as QMM seeks to do, 

management may successfully realize 

the potential of achieving long-term 

growth in line with corporate strategy. 

A QMM assessment is not an FDA 

quality audit of an organization’s 

quality management system or 

products but should rather be 

viewed as an alignment check 

between an organization’s planned 

strategy and its actual execution. 

An independent pharmaceutical 

site QMM assessment would 

therefore inform site management 

with a “snapshot in time” as to its 

institutional capacity, culture, and 

knowledge related to manufacturing 

medicines, how well the organization 

is able to leverage them to guide the 

design and governance of the site 

business processes to produce high 

quality medicines reliably, and how 

committed the site management is to 

institutionalize a quality culture.

Brief history of quality  
management and its maturity
The fundamentals of modern quality 

management practices can be traced 

to innovative principles developed 

by Joseph Juran and Edward Deming. 

Juran’s model of quality, referred to 

as Total Quality Management (TQM), 

focused on prospective quality 

practices employed throughout 

a manufacturing process, rather 

than reactively weeding out 

non-conforming products during 

finished product quality control 

(QC) inspection (5).  

By the 1960s and 1970s, 

manufacturers and regulators in 

various industries began to take notice 

of the impact that TQM practices 

were having on product quality and 

productivity in Japan (6). In 1978, 

FDA embedded TQM principles into 

GMP regulations (e.g., prospectively 

defined product and process 

specifications driven by written 

standard operating procedures 

[SOPs]). Globally, TQM practices 

were adopted by International 

Organization for Standardization 

(ISO 9000 series) and International 

Council for Harmonisation (ICH) in 

their pharmaceutical best practices 

related to technical and quality 

standards (Q, S, E, and M series). 

By 2000s, ICH became a leading 

standards organization for the 

development and manufacture of 

pharmaceuticals globally (e.g., Q7 

through Q12 guidance) (7,8). 
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messaging, and communication 

throughout the organization).

Today, with the advent of the digital 

revolution and artificial intelligence 

(AI) machine learning capabilities, the 

quality landscape is once again being 

transformed. Conducting a QMM 

assessment becomes more critical 

than ever as a means to inform site 

management of their organization’s 

current maturity level and its ability to 

integrate changes.  

QMM—the next  
quality gap to fill
Site management decisions related 

to various business processes 

often create a de facto quality 

culture that impacts product 

quality and availability. While FDA 

provides oversight of the site quality 

management processes and product 

quality via CGMP inspections and 

other surveillance methods, there are 

currently no comparable regulatory 

tools that examine a site’s business 

processes and how well they are 

integrated with quality objectives. 

QMM fills that much needed gap, as 

illustrated by Figure 1. 

In a future article, the authors will 

cover typical symptoms of low and 

high QMM that were encountered 

while conducting the FDA QMM pilots.  

Corporate benefits  
from QMM  
Based on the authors’ experience 

from administering the FDA QMM 

foreign pilot, industry participants of 

any company size would benefit from 

adopting QMM by moving toward 

greater systemization and optimization 

of their business processes and their 

integration with quality objectives. 

This will result in improved investment 

decisions, risk-based redundancies, 

and enhanced operations in terms of 

resiliency, workforce efficiency and 

collaboration, customer and supplier 

relationships, management oversight of 

quality, and ultimately a robust quality 

culture at the site thereby paving the 

way to achieve targeted strategic 

objectives. As an example, the QMM 

assessment tool developed by Shabas 

demonstrated to the pilot participants 

how systemization can provide greater 

visibility of business processes and 

remove barriers to collaboration 

between different functional areas, 

ways to improve supplier and customer 

collaboration processes, and how to 

progressively fit quality into a site’s 

strategic plan. 

Conclusion 
The QMM initiative is squarely 

aimed at operationalizing the vision 

laid out in the FDA’s report on 

Pharmaceutical Quality for the 21st 

Century: “a maximally efficient, 

agile, flexible manufacturing sector 

that reliably produced high-quality 

drug products without extensive 

regulatory oversight” (7). It is a 

logical evolution in the history of 

pharma quality management to adopt 

principles of operations excellence 

to systematically link management 

proficiency, business process 

maturity including digitalization, 

corporate culture, and continuous 

improvement ethos to achieving 

long-term growth, quality goals and 

strategic corporate objectives.
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and management consulting services 

to multiple US federal government 

agencies. Our experts and staff 

members bring decades of experience 

in Defense and Health Supply Chain 

Management, Pharmaceutical Quality 

Management, Pharmaceutical 

Research and Development, Federal 

Policy and Regulatory Operations, and 

Technology Integration. 
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functional labels, sustainability starts 

as early as in product development 

that considers all life cycles to achieve 

a reduced environmental footprint. 

For us, co-founding the Alliance to 

Zero means another important step 

toward holistic sustainability. We are 

convinced that, together with the 

other Alliance partners, we will be able 

to drive the development of net-zero 

pharmaceutical products.” 

The Alliance to Zero encompasses 

component suppliers, machine 

manufacturers and assembly/

manufacturing service providers, 

manufacturers of primary and 

secondary packaging, and companies 

responsible for final product assembly 

or handling products that have been 

returned after use. Other founding 

members include Dätwyler, Harro 

Höfliger, HealthBeacon, Körber 

Pharma, SCHOTT, Sharp, and 

Ypsomed. The close collaboration 

across traditional company 

boundaries, as well as the specialized 

expertise of each partner, will result in 

the development of holistic solutions 

that will move the pharmaceutical 

industry closer to net zero. 
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Q.What is a master batch record (MBR)?

A.The MBR is the controlling document for product 

manufacturing. It contains the instructions and specific 

manufacturing processes needed to produce a particular 

product. The MBR ensures the ingredients needed to produce 

a product are correct; added in the correct order; and the 

mixing, stirring, or other activities used to produce the product 

are conducted in the correct sequence. For example, the MBR 

would list an ideal ingredient amount for the product, while the 

completed batch record would indicate the actual amount 

used for the individual batch. Batch records are a requirement 

of US 21 Code of Federal Regulations (CFR) 211.188, Batch 

Production and Control Records. 

Q.Who is responsible for issuing the batch  

record to production?

A.Most companies have a document control department 

that is responsible for issuing the MBR to production. 

This department may or may not report to the quality 

department. The most important item to remember about 

releasing the batch record to manufacturing is that it needs to 

be tied to an actual production run. The link that ties the MBR 

to the completed batch record is the lot number assigned to 

the product being manufactured. Each manufacturing run must 

have a different lot number for traceability and recall purposes. 

Q.Can I release a batch record that has open investigations/

deviations associated with it?

A.The regulation, US 21 CFR 211.22(a), states, “There shall 

be a quality control unit that shall have the responsibility 

and authority to approve or reject … drug products, and the 

authority to review production records to assure that no errors 

have occurred or, if errors have occurred, that they have been 

fully investigated” (1). The errors referred to include errors that 

occur during the manufacturing process. If you are releasing 

a product that has a batch record associated with an open 

deviation/investigation then, in my opinion, the “error” has not 

been thoroughly investigated. The bottom line is, I would not 

recommend this practice. In my opinion, there is too much 

risk associated with releasing a product to the field with open 

investigations or deviations because, if the investigation result 

indicates the product has not achieved the specified quality 

attributes, by releasing it you have not only risked patient 

safety but you are facing a recall situation. 

Q.In what order should I review batch record information?

A.I think we need to be clear on what we are discussing 

when releasing the batch record. It includes a review of 

the incoming raw materials that include the active ingredient(s), 

excipients, primary packaging, and labelling. The batch record 

process should verify these items were properly received, 

sampled, and put into quarantine until the incoming quality 

group established their suitability for use. This includes testing 

of the water that might be used in manufacturing the product. 

The review should confirm that all the materials used were 

appropriately discharged using calibrated equipment in a 

suitable environment and that the manufacturing rooms were 

properly cleaned and cleared before the start of the batch. The 

main focus of the picture should be the details of the batch 

manufacturing itself. Attention needs to be paid to make sure 

that any deviations during this phase of production have been 

resolved. It is also important to make sure that operators 

signed (this could be electronically) in the appropriate places 

indicating they performed the work. If required, there should 

also be an indication that another employee or a supervisor 

witnessed the work. This is particularly important when 

verifying the right ingredients were discharged to the line to 

make the right product with the right dosage amount. Many 

companies use a checklist to make sure all the elements of 

the master batch record are included in the product batch 

record. This is an acceptable practice and, when coupled with a 

thorough review of the contents of those elements, you should 

confidence in releasing product batches.

Reference
1. US 21 CFR 211.22(a). PTE

Frequently Asked Questions  
about Batch Records

Susan J. Schniepp, distinguished fellow for Regulatory Compliance Associates,  
provides simple answers to frequently asked questions regarding batch records.

Your opinion matters.
Have a common regulatory or compliance question?  

Send it to shaigney@mjhlifesciences.com, and 
it may appear in a future column.
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