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EDITOR’S COMMENT

A  s 2020 is coming 

to its end, 

Europe braces itself 

for the finalization of 

the Brexit transition 

period. On 1 January 

2021, the United 

Kingdom will leave 

the European Union single market and 

customs union, which will impact many 

sectors throughout the region, including the 

bio/pharma industry.

The negotiations between the UK and 

EU have encountered some difficulties, and 

at the time of writing, it is looking more 

likely that the UK will leave without a deal 

in place, which means it will move forward 

in 2021 under the rules of the World Trade 

Organization (WTO). However, Northern 

Ireland, which is included in the UK, will 

continue to follow certain EU rules as a 

result of the Northern Ireland protocol—

presented to the European Council in 

October 2019 (1). 

Bio/pharma companies working in the 

European region with a presence in Great 

Britain (England, Scotland, and Wales) and 

Northern Ireland, are, therefore, calling for 

clarity on what the end of the transition 

period will mean for the lawful movement 

of goods and continuation of compliance 

across the UK.

Concerns with compliance
In written evidence, submitted to the UK 

parliament’s Committee on the Future 

Relationship with the European Union 

inquiry, Bristol Myers Squibb (BMS) 

highlighted concerns around access to 

medicines in Northern Ireland as a result of 

potential packaging compliance issues (2). 

BMS wrote, “Currently we are concerned 

that UK packs of medicines supplied to 

Northern Ireland may not be compliant with 

EU regulations after the end of the transition 

period, meaning companies are at risk of 

not being able to lawfully dispense them in 

Northern Ireland.”

BMS specified that part of the concern 

is in relation to the Falsified Medicines 

Directive (FMD), which is an EU regulation 

set out to protect patients from counterfeit 

medicines (3). “Critical questions remain 

including whether packs of medicines may 

be moved from Great Britain to Northern 

Ireland and dispensed lawfully, if there 

will be access in Northern Ireland to the 

relevant FMD databases to track and 

release medicines, and how medicines 

for the Northern Ireland market should be 

packaged,” BMS wrote (2).

Affirming the concerns raised by BMS, the 

global trade body, International Hologram 

Manufacturers Association (IHMA), issued 

a statement urging pharmaceutical 

manufacturers to review anti-counterfeiting 

plans in the case of a no-deal scenario (4). 

“Failure to secure a Brexit deal could leave 

the door wide open to crafty criminals, 

who are infiltrating global supply channels, 

deploying scams and counterfeiting 

measures to trick consumers and damage 

manufacturers,” said Paul Dunn, chair of 

IHMA (4). 

Additionally, COVID-19 is providing further 

opportunities for counterfeiters as more 

people seek medicines and drugs from 

online sources due to increased demand and 

shortages, IHMA stated (4).

Potential scenarios
There are three possible scenarios facing the 

UK and EU following the transition period—

no-deal, a simple free-trade agreement 

(FTA), or an FTA that includes a mutual 

recognition agreement (MRA). According to 

research commissioned by the European 

Federation of Pharmaceutical Industries and 

Associations (EFPIA), the latter scenario is in 

the best interest of European pharma (5).

“There is a clear choice available to the 

EU which mitigates the impact of changes 

to the EU-UK relationship and supports the 

region’s resilience and economic recovery,” 

said Nathalie Moll, EFPIA director general, 

in a press release discussing the research 

results (6). “If we fail to get the relationship 

right then Europe will continue to lose ground 

to other regions … A free-trade agreement 

with the inclusion of an MRA is the best way 

to protect our global competitiveness, our 

resilience, and our economic recovery.”

For further discussion on the topic 

of Brexit, including the Northern Ireland 

protocol, and its impact on the bio/pharma 

industry, take a look at “Dealing with No 

Deal” on pages 37–39. And stay alert, stay 

safe, stay healthy.
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Double Planetary Mixer
The ROSS Double Planetary 
Mixer from Charles 
Ross & Son Company is 
available with an optional 
weighing system for 
precise measurements 
throughout the batching 
procedure. The turnkey 
system (pictured) comes 
equipped with a mixer, weighing scale, and discharge system on mobile 
benches, with the ability to attach to one another, and to transfer 
carts of the same height. V-groove tracks allow easy movement of the 
Double Planetary Mixer vessel to the weighing station, and on to the 
discharge press for direct filling of syringes, tubes, or other containers.

Charles Ross & Son Company

www.mixers.com

 

Syringe Filling and 
Assembly System 
TurboFil Packaging Machines 
introduced the SimpliFil 
Syringe Filling & Assembly 
System for the automated 
production of syringe formats. 
Suitable for small to medium 
batches, the new system 
can fill up to 36 syringes per minute while accommodating syringes 
with tips for press-on caps, luer caps, and safety caps for oral syringes.

The machine comes equipped with a walking beam indexing 
configuration for recipe-based changeover, an optional labeller 
to wrap syringes with pre-printed labels, an automatic syringe 
loading system, and a volume and vision system. Additionally, the 
system features a CompactLogix PLC, a 7-inch colour touchscreen 
HMI, which can store recipes for streamlined repeatability.

TurboFil Packaging Machines

www.turbofil.com

Tubing Support System for 
Single-Use Manufacturing
The new line of Defined 
Tubing Routing (DTR) from 
High Purity New England 
is a flexible tubing support 
system for single-use 
biopharmaceutical 
manufacturing. The system 
is available in a 2.9 m length 
that fits a variety of clips and standard tubing sizes from 6 mm–19 mm. 

DTR works to hold silicon tubing securely while eliminating 
and preventing dips in unsupported pressurized lines. It comes 
with colour-coded rigid supports for visual identification of tube 
connections, and clips and routes that mount to brackets for 
support. The portable mounting panels can be formulated to 
get tubing off the floor without damaging cleanroom walls.

High Purity New England

www.hp-ne.com 

The HFC Disconnect 
Series for Cell and Gene 
Therapy Manufacturing
The HFC Disconnect 
Series from CPC (Colder 
Products Company) 
provides sterile 
disconnection of tubing 
used for single-use 
biopharma and cell and 
gene therapy manufacturing systems. With the ability to fit 1/4-inch, 
3/8-inch, and 1/2-inch inner diameter tubing, the series are available 
as separate connector bodies and inserts or as ready-to-install sets. 

The disconnects feature a protective latch cover for the prevention 
of accidental disconnection and laser-etched item and lot numbers for 
traceability. The series is also specifically equipped for disconnection 
of f lexible tubing used with storage/mixing tanks, single-use 
bioreactors, transfer lines, chromatography skids, filters, sampling, and 
freeze/thaw bags.

CPC 
www.cpcworldwide.com
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• HEPA Filter cabinet
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CUSTOM DOCUMENTATION
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CLEANPRINT 10
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and integrity features
•  RFID Technology available
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EUROPEAN REGULATORY WATCH
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COVID-19 Stresses  
EMA Resources    
The agency is balancing a variety of important issues including the review of COVID-19 vaccines. 

F or Europe’s regulatory authorities, particularly 

the European Medicines Agency (EMA) which 

coordinates the European Union’s medicines licensing 

network, COVID-19 has necessitated a massive 

diversion of resources. 

EMA pointed out in its mid-year report, issued in 

September 2020 (1), that due to the additional work 

of dealing with the pandemic it has had to shelve 

plans for returning its operations to normality this 

year following the completion of its relocation to 

Amsterdam from London in 2019. The move, which 

was prompted by the United Kingdom’s exodus from 

the European Union following a referendum in 2016, 

had caused a severe disruption of EMA’s activities.

The pandemic had altered the agency’s role—as 

well as that of the national medicines authorities 

in the EU’s 27 member states. “The COVID-19 crisis 

has changed the landscape in which the agency 

operates,” the report said (1).

With the rest of the European Medicines Regulatory 

Network (EMRN), the agency now had the task, for 

example, of creating the right regulatory conditions 

for the rapid development of pioneering vaccines that 

will be administered to unprecedented numbers of 

people across Europe and the rest of the world.

But these new responsibilities are stretching its 

resources to an extent that the full resumption of 

its operations to levels before its relocation could 

be even more difficult. EMA has pleaded with the 

European Commission (EC) for more funds to finance 

the costs of its increased duties (2).

“It is critical that extra resources are urgently made 

available to EMA to allow the agency to fulfil its public 

health mandate and respond to patient needs in all 

disease areas,” according to a statement by EMA’s 

management board after its October meeting (2).

Challenge of COVID-19 vaccines
Perhaps one of the biggest new jobs being 

undertaken by EMA is a pharmacovigilance scheme 

for monitoring a range of COVID-19 vaccines likely to 

be launched across Europe in 2021. 

EMA will be in charge of the scheme in the EU as 

it seeks to ensure the quality, safety, and efficacy of 

vaccines among millions of Europeans. But the agency 

will be involved in the surveillance of COVID-19 vaccines 

elsewhere in Europe and the world through a special 

pharmacovigilance network being set up through 

the International Coalition of Medicines Regulatory 

Authorities (ICMRA), in which EMA is a leading player.

EMA, which acts as the contact point for ICMRA, 

co-chaired in October 2020 an ICMRA meeting on 

surveillance of COVID-19 vaccines and sharing of 

experience on observational studies. The organization 

currently has a membership of authorities from around 

25 different countries, most of them European but 

also the US Food and Drug Administration (FDA) and 

agencies in Canada, Japan, Australia, and South Korea.

A consensus has emerged in the ICMRA membership 

that with COVID-19 vaccines and treatments, post-

authorization data from real-world evidence and 

observational studies data should be collected centrally 

and pooled internationally. Even the analysis of the data 

could be done on an international level.

Pharmacovigilance of COVID-19 vaccines is likely to 

be different from that of other products because of the 

high probability of links between adverse reactions and 

defects in vaccine manufacture. Thirty-three COVID 

vaccines are currently in clinical trials out of 321 under 

development, according to the latest study by the 

journal Nature Reviews Drug Discovery (3). 

The relationship between adverse effects and 

production deficiencies is a characteristic of 

vaccines in general. “Variability and small changes 

in the manufacturing process, new components, 

new production and administration technologies 

may impact safety and these may require specific 

pharmacovigilance systems,” warns EMA’s guideline 

for good pharmacovigilance practices (GVP) on 

prophylactic vaccines (4).

In addition, like with the majority of modern 

vaccines, COVID-19 vaccines will be mostly biologicals, 

which carry the risk of unpredictable variabilities even 

within the same production process. 

Sean Milmo is a 

freelance writer based in 

Essex, UK, seanmilmo@

btconnect.com.
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European Regulatory Watch

“As with other biological products, the safety, quality, and 

efficacy of vaccines are as dependent on product-specific 

manufacturing process as on the inherent profile of active 

antigens and excipients,” says the GVP vaccines guideline (4).

With COVID-19 vaccines, post-authorization problems 

with production processes could be more prevalent, 

because with some of the leading candidates for mass 

deployment, particularly those based on RNA/DNA 

particles, they employ new technologies.

In addition, the scale of vaccination programmes covering 

ultimately billions of people is unparalleled in scale, requiring 

networks of sub-contracted manufacturers, which may 

lead to inconsistencies in quality. A major challenge is the 

surveillance of quality standards in the production of sterile 

vaccine vials and the maintenance of sterility levels during 

filling and distribution. Vials design and production have also 

been benefitting from new technologies, such as the use 

of plastic on the vial exteriors and glass linings inside as a 

barrier against gases and other potential contaminants.

“The GMP standards will be applied to the manufacture of 

sterile vials for the vaccines as per standard requirements, 

regardless of location,” said a spokesman for the Medicines 

and Healthcare products Regulatory Agency (MHRA) of the 

UK, where a COVID-19 vaccine being jointly developed by 

AstraZeneca and Oxford University is considered likely to be 

among the first to gain authorization for mass distribution.

“All sites that produce sterile vaccines would be subject to 

[good manufacturing practice] GMP inspection procedures 

and require valid GMP authorizations to be in place,” 

the spokesman told Pharmaceutical Technology Europe. 

However, other agencies may have to resort to remote GMP 

certification of sub-contracted vial filling sites.

Manufacturers of vaccines and their containers could be 

subject to two waves of standards-checking inspections—

one for GMP and the other for pharmacovigilance. Because 

the latter will be the most extensive covering, for example, 

requiring surveillance quality systems in all the operations 

of a business, a manufacturer that is considered to be 

compliant with pharmacovigilance standards is unlikely to be 

breaching GMP rules. Non-compliance with GMP standards 

would be considered to be a pharmacovigilance failure.

A strain on resources
The extra work being taken on by EMA and the other EMRN 

agencies to prepare the pharmacovigilance scheme and 

to deal with other COVID-19-related responsibilities is 

requiring staff to be transferred from normal regulatory 

tasks. In EMA, personnel amounting to 40 full-time 

equivalents (FTEs) have been switched to new roles.

At the same time, the agency’s usual activities are 

expanding. Requests that medicine under development 

be classified as advanced therapy medicinal products 

(ATMP) has doubled in the past three years, EMA’s 

management board was told at its October 2020 

meeting (2). One of the biggest tasks facing the agency 

is the implementation of plans for its Big Data project, 

DARWIN EU or Data Analytics Real World Interrogation 

Network. EMA is having to negotiate with the EC for help 

in funding what will be the EU platform for accessing 

healthcare data from across the EU.

Due to the pressures on its operations, the agency has 

had to prioritize its activities with the highest importance 

being attached to core business activities, especially 

those that ensure a stable income for the agency, carrying 

out of legal obligations, and IT applications for corporate 

communication for enabling EMA to continue operations.

Other priorities include the work of key working parties 

and groups, drawing up of certain guidelines, the fight 

against anti-microbial resistance (AMR), co-operation with 

health technology assessment (HTA) bodies, innovation 

(especially in emerging therapies), clinical data publication, 

and international co-operation.

But not all aspects of priority areas are being given 

preferential treatment. Some innovation activities are 

being reduced or suspended. These include innovation 

workshops and science collaborations with HTAs. Some 

work on the issue of pharmaceuticals in the environment 

has been delayed, which affects action on AMR. 

International co-operation has been cut back, with 

EMA contributions to guideline work at the Geneva-based 

International Council for Harmonization of Technical 

Requirements for Pharmaceuticals for Human Use 

being reduced.

Yet the agency points out that with more funds from the 

EC there could be a better balance between performing 

EMA’s core work in public health, the expansion of normal 

tasks such as ATMP classification, and the additional 

burdens stemming from COVID-19.

“EMA has informed the EC that it needs additional staff 

with specialized scientific and technical competencies to 

respond to the COVID-19 crisis,” an agency spokesperson 

told Pharmaceutical Technology Europe.

This includes personnel for additional scientific 

evaluation work, increased safety monitoring, support 

on medicine shortages, increased transparency and 

publication of clinical data, public health information, and 

communication.

“The agency also needs additional staff to manage 

the non-COVID-19 application-driven workload, which 

has increased by 35% since 2014, and for the work on 

the implementation of new pieces of legislation,” the 

spokesperson added.

EMA expects to receive an answer on its requests for 

extra money before the end of December 2020. The future 

scope of its activities could well depend on it.
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Automation is driving improvement, according to 

Joe Makowiecki, director of business development 

for Cytiva’s FlexFactory and KuBio product lines. He 

sees the benefits becoming more visible as pharma 

moves to more real-time monitoring and control, and 

to applying the principles of Pharma 4.0. Automation 

will lead to development of processes that are 

manufacturing-ready in less time, he says. “As they are 

scaled up, processes will yield much more information, 

especially about the interdependency between 

process parameters, allowing development to move 

faster and to focus only on experiments that will add 

the most value,” Makowiecki adds.

Preventing data overload
Technology vendors are incorporating automation and 

adopting new approaches to help companies achieve 

these goals. However, they must be careful to balance 

the need for more data with the need to keep systems 

from becoming too complex, says Loe Cameron, 

director of analytics & controls at Pall Biotech.

“Like many others in the industry, Pall is on a Pharma 

4.0 journey, assembling solutions and assessing the 

impact. Our research is focused on how we can provide 

tools in a way that does not negatively impact the 

usability of our systems, and we work closely with 

users of these systems to reach that goal,” Cameron 

F or years, pharma’s key opinion leaders have 

emphasized the need for deep process knowledge 

to inform new product and process development. 

The concept may have taken some time to catch on, 

but today, more biopharmaceutical development 

and manufacturing programmes are showing what is 

possible when ideas such as pharmaceutical quality 

by design (QbD) are combined with better analytics 

and automation, as well as with equipment that 

reflects the principles of process intensification. 

These concepts are most notable in process 

development, which has become inextricably linked 

with scale-up. More development projects now start 

off with clear scalability goals in mind. Developers 

are collaborating more closely with technology 

vendors, contract development and manufacturing 

organizations (CDMOs), and suppliers to achieve 

these goals. Among the greatest challenges that 

CDMOs and technology developers agree on are:

• Reduced project timelines and the need to 

reduce costs

• Increased numbers of more complex 

biotherapies

• Widepread adoption of single-use equipment at 

all phases of product development

• The need for cell-line optimization at the earliest 

phases.

More collaboration and a knowledge-based approach, driven by better  
analytics and high-throughput system integration, are reducing the risk of failure.

Making Key Connections 
in Process Development

Agnes Shanley
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improve critical quality attributes,” 

McMahon says.

Process understanding
“Understanding how the process will 

impact the product is very powerful,” 

he says, recalling a biosimilars 

development project that Cytiva had 

worked on with a client, which used 

predictive modelling to understand 

critical quality attributes (CQAs) 

such as glycosylation patterns, and 

better correlate them with critical 

process parameters (CPPs), earlier 

in development. As a result of these 

efforts, the team improved the 

glycosylation pattern and charge 

variance profile, yielding a molecule 

with quality attributes more similar to 

those of the innovator molecule. 

Currently, early stage automation 

supports the generation of high 

producing clones capable of producing 

optimum quality molecules, says 

McMahon. In general, the use of 

automation not only improves the 

overall development process, but also 

clinical and commercial manufacturing. 

“Improved early small-scale process 

models have become increasingly 

important, and tools to improve the 

insight we get from these and provide 

data earlier in the development 

timeline are proving vital to de-risk 

early decisions,” says Colin Jaques, 

technical director of R&D for Lonza 

Pharma & Biotech. 

Catalent uses its proprietary GPEx 

and GPEx Boost cell line development 

technologies to generate high yielding 

clones, Morris explains. “While clone 

selection is typically based on yield, we 

have matrixed in processes to evaluate 

clones for both yield and robustness. 

This approach combines the cell line 

technology with the ambr15/ambr250 

bioreactors, and our advanced 

analytics to support a robust scalable 

strategy,” he says. 

Morris recalls one programme in 

which multiple high-yielding clones 

came off the Berkeley Lights Beacon 

clonal selection system. “We were 

able to take many of those clones 

into our microbioreactors. However, 

if we had picked candidates solely 

says. Pall has installed automation 

systems in its process development 

labs that mimic many of the functions 

found in full-scale manufacturing. “This 

capability allows customers to project 

the future of their process as it scales 

more effectively,” says Cameron. 

“We have connected this system 

to a centralized historian database 

which has allowed us to more deeply 

explore how solutions such as soft 

sensors, modelling, and advanced 

process controls can improve viral 

vector processes at each scale, and 

over the full life of the process,” she 

says. However, Cameron notes, it is 

important to remember that this has a 

cascading effect. “As we install more 

sensors to support the automation 

of our processes, so much data are 

then created that the analysis must be 

automated as well,” she says. 

Changes in approach 
Those involved in process development 

say they are approaching projects quite 

differently from the way they might 

have tackled them a few years ago. 

Broadly, the need for speed (if not to 

market, then to the next milestone or 

stage) and early-stage robustness are 

key drivers, says Patrick McMahon, 

global operations manager for Fast Trak 

integrated services at Cytiva. 

Biopharmaceutical process 

development teams are linking the 

drug discovery phase to process 

development and scalability early on, 

leveraging platforms and predictive 

technology, says McMahon. “This 

allows them to reduce project timelines, 

drive in quality and robustness, and 

reduce the need for repeat work and 

comparability for process or analytical 

changes,” McMahon explains. 

Process development specialists 

see efforts as becoming increasingly 

collaborative. “Across the industry, 

we see more and more companies 

working together to overcome 

challenges. CDMOs are performing 

a wider range of services, and 

equipment manufacturers and media 

suppliers are also contributing to 

process development efforts,” says 

Jean-Christophe Drugmand, senior 

bioprocess architect at Univercells 

Technologies. He recalls working on 

projects where media optimization 

studies were subcontracted to the 

media supplier, and some QbD studies 

were also handled by specialists in 

that area to accelerate the overall 

project execution. 

One fairly recent, and fundamental, 

challenge to bioprocess development 

has been the increasing complexity 

of biotherapies, as more companies 

pursue gene and cell therapies and 

multi-specific antibodies. “Historically, 

process development followed the 

philosophy that more product equates 

to a better process, but as molecular 

complexity (and with it, sensitivity) 

has increased, we must think about 

the balance between productivity and 

quality,” says Timothy Morris, group 

leader of manufacturing process 

development at Catalent Biologics. In 

this new environment, Morris says, 

process development teams must think 

about cell culture as the product of 

both the molecule and the bioreactor. 

For example, he explains, increased 

antibody sialylation is viewed as being 

representative of increased residence 

time in the body. 

“Complex bioproducts require a 

different approach when it comes 

to developing robust and scalable 

processes, and we must focus on 

developing processes and analytical 

methods based on the particular 

characteristics of a molecule,” says 

Atul Mohindra, senior director for 

biomanufacturing, R&D, Lonza Pharma 

& Biotech. Companies are moving to 

reducing the risk of failure as early in 

process development as possible. Cell 

line development is becoming a critical 

area of focus, McMahon says. This had 

often been a problem in the past, as 

development efforts sped quickly only 

to find that the cell line selected simply 

did not work. “Optimizing cell lines 

reduces risk early on. It also forces 

the focus from the immediate task at 

hand, whether feasibility or a clinical 

milestone, to longer-term success for 

scalability and regulatory compliance 

with foresight built in. Using the best 

quality cell culture media helps further 
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based on yield, the third-ranked clone 

would have been missed, even though 

it increased its yield at the current 

good manufacturing practices (CGMP) 

scale. This clone has been robust in 

our failure mode process, whereas the 

top two showed sensitivity to known 

failure modes that may not occur in 

the CGMP process,” he says. As this 

case clearly shows, a robust process 

relies on a robust clone, so selection is 

crucial, Morris adds.

High-throughput analytics makes key 

data (e.g., CQAs) available for decisions 

at this stage of cell line construction. 

“Mathematical models are essential in 

dealing with the volume of data arising 

from high throughput scale down 

systems,” Jaques explains. During the 

early stages of process development, 

more high-throughput screening 

(HTS) and design-of-experiment (DoE) 

approaches are being integrated, says 

Drugmand. He sees more process 

development teams leveraging 

mathematical modelling and advanced 

analytical technologies. “This approach 

helps increase our understanding of 

the process and reduce costs while 

contributing to better process control,” 

he says. 

In addition, Drugmand says, 

process development teams are 

routinely using statistical analysis 

and process analytical technologies 

(PAT) to review processes and results. 

“It’s now a common component of 

process development initiatives, 

which is a change from the past,” 

he says. Process modelling tools are 

also being explored for scalable DoE 

options, and scale-down models are 

being used to streamline process 

development and scale-up. 

Catalent’s bioprocess development 

team has created many product 

specifications based on historical 

information on the molecule or type of 

molecules involved, says Morris. “We 

take in-process samples to ensure that 

we understand how process changes 

affect the product,” he says, noting 

use of systems such as ambr 15 and 

ambr 250, which allow the team to 

perform a DoE to reduce the chances 

of failure early in the development 

process. “The availability of high 

throughput, high-fidelity, small-scale 

bioreactor models has facilitated the 

use of response surface optimization 

approaches to process and medium 

development,” says Jaques. 

“Improvements in high-throughput 

product characteristics assays have 

enabled optimization techniques to 

be broadened out to more process 

outputs,” he adds, “while response 

surface methodology allows 

propagation-of-error techniques to be 

used to improve process robustness in 

those platforms.”

Lonza’s team routinely uses small-

scale ambr systems, Tecan robots, 

and high throughput analytics to 

select clones, screen purification 

resins and to identify optimal 

conditions, adds Mohindra. In 

addition, the company is installing 

Scale-up and process development are becoming 
interdependent and more closely linked than ever before. 
Both activities are changing in response to more advanced 
analytics and automation, the use of high-throughput 
systems, and single-use technology. In biopharma, adoption 
of single-use systems has offered savings, but posed some 
scale-up challenges. “We have had to develop new scale-up 
paradigms to deal with single use bioreactors,” says Colin 
Jaques, technical director of R&D at Lonza Pharma & Biotech. 
As a result, cell culture characterization has become much 
more important. Lonza has moved to using multivariate 
data analysis methods such as principle component analysis 
(PCA) and projection to latent structures (PLS) to compare 
culture performance across scales and between vessel 
types, Jaques says.

Scale-up is becoming increasingly data-driven. As analytical 
instrumentation collects more data, and better models are 
developed for scale-down and other efforts, developers 
can apply enhanced process knowledge to improve results. 

“Historically, we would have only applied engineering 
principles when scaling processes up to bioreactors larger 
than 250 L, but now we add insight from all our data and 
experience in the large-scale and small-scale relationships,” 
says Timothy Morris, group leader of manufacturing process 
development at Catalent Biologics. 

In the small-molecule world, Catalent’s approach to 
scale-up has evolved over the years, although it has 
kept close to the core scale-up principles and the United 
States Food and Drug Administration’s (FDA’s) Scale-Up 
and Post-Approval Changes (SUPAC) guidance, says 

Ariana Low, principal formulation science in Catalent’s 
process development division. For solid-dosage form 
pharmaceuticals, the evolution of process scale-up involves 
the application of modelling or use of process analytical 
technology (PAT) at lab- or pilot-scale equipment for 
processes such as tabletting or roller compaction. This helps 
to estimate more accurate process parameter ranges to 
be evaluated during the design-of-experiments (DoE) stage 
and aids in the preliminary identification of critical quality 
attributes, says Low. There has also been greater emphasis 
on the application of pharmaceutical quality-by-design (QbD) 
principles, with material and process risk assessment started 
at a much earlier stage in the product development process, 
(i.e., beginning before the first experiments are performed). 
This leads to the definition of normal operating range (NOR)/
proven acceptable range (PAR) and design space before 
process performance qualification  batches and positions 
the process and product for success.

With the emergence of new technologies that allow in-situ 
modelling, scale-up is now much faster and more efficient. 
Technologies such as roller compaction simulation allow early 
material and process understanding before DoE is executed 
on the roller compactor, Low says. She expects use of PAT 
to continue to grow, because it allows the monitoring and 
controlling of manufacturing processes that would otherwise 
take multiple technical batches to assess. Process modelling 
will also only grow in importance in future, she predicts, 
because it can help mitigate risks for common situations (e.g., 
when like-for-like equipment is not available during scale-up).

                              — Agnes Shanley

Lonza and Catalent Share Glimpses into Scale-Up and Process Development Synergy
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stream going into and coming out of 

the downstream process.

Clearly, bioprocess development 

has become more complex and 

challenging for the scientists and 

engineers who drive these efforts. 

However, new technologies, acquired 

process experience, and better 

access to relevant historical data are 

allowing biopharma teams to make 

the overall operation more systematic 

and less risky. PTE

more in-line process measurement 

technology, which he expects to 

further improve process control. 

Single-use systems
Process development specialists 

note a trend toward greater use of 

single-use technologies. “Biologics 

manufacturers are looking to 

these technologies to reduce 

capital expenditures and utilities 

consumption, increase flexibility, 

and reduce changeover times,” says 

Mohammed Elfar, product innovation 

manager at Univercells Technologies. 

Elfar notes that use of continuous 

processing is also increasing, as a 

way to help increase productivity and 

reduce of goods sold. 

Yet the move to single-use unit 

operations has introduced technical 

challenges to process developers and 

scale-up teams. “Many modern sites 

can’t handle hot feed preparations, 

which can lead to challenges in 

developing concentrated feeds,” 

Jaques explains. “Furthermore, 

single-use bioreactors are often 

underpowered and undersized for 

gas flow, requiring that compromises 

be adopted for gassing strategies,” 

he says. 

Downstream focus
As high titres have become the rule 

upstream, recent years have brought 

a shift in focus from upstream to 

downstream process development. 

“Whole process considerations 

(instead of a focus on cell culture only) 

are helping to streamline efforts,” 

says Drugmand. “Unit operations are 

being intensified and integrated to 

optimize upstream and downstream 

work in parallel for overall process 

optimization,” he adds.  

“Process development scientists 

and engineers are being challenged 

to cope with larger harvests. This 

is especially true in the case of 

monoclonal antibodies, where 

dramatic titer increases have been 

observed over the years,” says Elfar

There is also a greater emphasis 

on the interface between upstream 

and the downstream processes, 

says Jaques. “Perversely, this trend 

has led us away from small-scale 

high-throughput models for platform 

process development because 

there are no representative primary 

recovery or purification tools at that 

scale,” Jaques says. This shift has 

involved measuring more biological 

properties of the harvest materials 

and the development of models 

to understand the impact of the 

parameters on the quality of the feed 

www.huber-online.com
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to Martinelli. Operators benefit from 

safer work environments, and drug 

makers avoid issues associated with 

the use and production of hazardous 

materials. Fermentation facilities and 

equipment may also be less costly to 

build and install.

Synthetic biology can in some cases 

also provide access to molecules that 

cannot be produced via traditional 

synthetic organic chemistry. “While this 

concept is not novel per se, over the 

last several decades, the development 

of improved tools and understanding 

have also enabled greatly increased 

yields and decreased development 

costs and risks,” Martinelli states. He 

points to steroids, analgesics, opioids, 

and some anti-cancer drugs. Similarly, 

he observes that some phytochemicals 

that cannot be practically extracted 

from plant sources may also be 

produced via fermentation.

There are also decades of 

fundamental research and proven 

manufacturing success supporting 

the growing interest and application 

of synthetic biology and fermentation 

for chemical API production, Krumov 

asserts. “The expression systems 

are well known, studied, and 

characterized, and the processes are 

well understood and controllable, 

facilitated by the development and 

improvement of precise monitoring 

tools,” he explains. 

The key to realizing all of these 

benefits, however, Martinelli stresses, 

is to recognize when synthetic 

biology provides the optimum 

solutions—either by providing access 

to novel structures or higher yields/

selectivities—and when organic 

chemistry is the best approach. 

Natural and  
engineered host strains
AMRI breaks down microorganisms 

useful for fermentation into two 

classes: natural, classic producers 

and engineered host strains 

(genetically modified organisms). 

Classic microorganisms widely 

used in biotechnology processes 

include bacteria (Streptomyces sp., 

Mycobacterium sp., Paracoccus sp.) 

T he pharmaceutical industry is no stranger to fermentation. 

Synthetic biology has been used for the production of both 

biologic and chemical APIs for decades. While it has not been the 

predominant method in either sector, the greater sustainability and 

ability to access novel structures provided by fermentation processes 

are driving greater interest, particularly for small molecules.  

Synthetic biology “will propel companies that understand the 

right strategy for the distinct value propositions it offers at each step 

in the production life cycle,” said Gihan Hewage, previously a Lux 

Research analyst, in a press release (1). “Companies with products 

in the ideation and early development stages will differentiate most 

from flexible production and the ability to create novel products, 

whereas products in later stages of development can leverage the 

environmental and marketing benefits of the technology,” he added.

Many advantages of fermentation
Cell culture, while often more suited for the production of biologics, 

such as proteins and monoclonal antibodies, is more expensive and 

often more complex. Microbial fermentation tends to be, according to 

Jose Luis Barredo, biotechnology business director with AMRI, more 

straightforward and scalable. One key reason is that the organisms 

have faster and more stable growth patterns and lower intrinsic 

metabolic burden, notes Filippo Giancarlo Martinelli, head of global 

industrial partnerships development at Abolis.

In addition, fermentation often involves the conversion of cheap and 

readily available raw materials (sugar or other cheap substrates) into 

high-value products with high yields/titers, ensuring the commercially 

viable manufacture of high-quality products, observes Nikolay Krumov, 

senior project leader, upstream development microbial at Lonza. 

Processes typically proceed at room temperature and ambient 

pressure in water, avoiding the use of harmful or toxic solvents or 

chemical raw materials and production of dangerous waste, according 

Cynthia A. Challener, 
PhD, is a contributing 

editor to Pharmaceutical 

Technology Europe.

Fermentation Finds  
Fans in Small-Molecule 
API Synthesis 
Biological and analytical advances enable modern fermentation  
processes to deliver safe and effective next-generation medicines.
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and fungi (Aspergillus sp., Penicillium 

sp., Acremonium sp., Tolypocladium 

inflatum, Claviceps purpurea, 

Blakeslea sp., etc.). 

A focused set of yeasts, such as 

Saccharomyces cerevisiae and Pichia 

pastoris (P. Pastoris) and bacteria 

such as Escherichia coli (E. Coli), 

make up the second group, according 

to Barredo. “These host strains are 

selected based on suitability for 

genetic modifications and utility 

to efficiently produce APIs and 

compounds, including many products 

not practical via fermentation 

previously,” says Peter C. Michels, 

head of global fermentation at AMRI.

The majority of developmental and 

commercial processes in the pharma 

industry involve E. coli and P. pastoris 

(Komagataella phaffii), Krumov adds. 

“E. coli is probably the most studied 

and well-known microorganism, a sort 

of work horse for the biotechnology 

industry. It provides simple and 

fast strain development, short 

fermentation times, high cell densities, 

and double-digit titers. P. pastoris 

achieves ultra-high cell densities 

grown on simple and cheap carbon 

sources and also secretes the product 

into the culture medium, delivering a 

highly pure product with decreased 

recovery efforts,” he explains.

New species, Krumov notes, 

including such requiring biosafety 

level 2 handling, are constantly 

evaluated and investigated, and some 

find commercial realization.

Advances in biologic and 
analytical technologies
A primary driver of recent interest in 

fermentation is advances in molecular 

biology and synthetic biology. “These 

advances allow producer strains to be 

engineered with greater understanding 

and effectiveness, which is therefore 

enabling the development of new 

processes,” Michels states. They can 

also be adapted and improved using 

established fermentation process 

knowledge and infrastructure that has 

been built over decades. 

The use of synthetic biology, 

including directed evolution of 

biosynthetic pathways, offers new, 

more specific ways of modifying 

pharmaceutical production, according 

to Michels. “These new innovations also 

allow us to get more out of classical 

fermentation processes. We’ve seen 

really dramatic advances in metabolic 

engineering across a broad spectrum, 

such as directed evolution, that 

allow us to simply and systematically 

evolve the biosynthetic pathways and 

achieve a myriad of advantages—the 

overproduction of APIs, reduction 

of related impurities, shortening the 

fermentation process and making it 

more cost effective, producing new 

compounds, improving process safety, 

and more,” he comments. 

Metabolic engineering, therefore, is 

playing a much greater role because it 

can be applied to many different goals 

for continuously improving practical 

processes. Martinelli agrees that 

metabolic engineering and genetic 

engineering play a key role in the 

development of novel biosynthesis 

processes because they are crucial to 

yield enhancement as well as diversity 

generation. “By rewiring the microbial 

network, it is possible to drastically 

divert the flow of material through 

the cell metabolism and thus achieve 

production of the target molecule at 

the desired scale and cost,” he says.

For Lonza, genetic engineering has 

been most important in its efforts to 

develop processes for the production 

of biotherapeutics. “Technical 

advances in genome editing, next-

generation sequencing, and genomics 

are increasingly important to support 

the design of productive and scalable 

production strains,” asserts Joachim 

Klein, head of strain development 

and cell banking for Lonza’s microbial 

development services.

As well as the development and 

selection of high-performing, stable, 

and productive strains, high-quality 

and high-throughput screening—in 

combination with the development 

of effective analytical methods 

for assessing product quality, 

such as such as post-translational 

modifications of candidates generated 

using candidates identified in the 

screening process—have also been 

important contributors to the greater 

application of fermentation in API 

manufacturing, according to Klein.

Advances in analytical technology, 

particularly mass spectrometry, 

nuclear magnetic resonance (NMR), 

and other analytical techniques that 

increasingly help to elucidate, in 

much greater detail, exactly what is 

going on inside the organisms, have 

a significant impact in driving much 

greater understanding and the more 

efficient design of practical production 

processes, Michels agrees. 

Informatics developments 
Advances in biologic and analytical 

technologies have occurred in 

parallel with similar advances 

in informatics and other digital 

technologies. Dual development has 

been necessary to efficiently process 

the large quantities of data produced 

and ensure data integrity. 

“Informatics and digital 

technologies are valuable in genomics, 

metabolomics, and transcriptomics 

analyses. They help us to know ‘in 

silico’ the modifications in the genome 

of the microorganisms necessary 

for the construction of an improved 

strain,” Barredo states. Special 

software, Krumov adds, are applied 

in the elaboration of process models, 

statistical analysis and predictions, 

parameter screening, and process 

optimization, and to establish more 

precise and agile process control. 

In addition, with the growing 

complexity of target molecules/

metabolites to be produced, it is 

becoming more difficult to design and 

implement a full genetic engineering 

campaign and the corresponding 

large-scale metabolic network rewiring 

needed to achieve the target yield, 

according to Martinelli. “Bioinformatics 

plays a key role in not only the 

discovery of the relevant enzymatic 

and cellular regulatory steps, but 

also in the design of the cloning tools 

required to implement such changes 

and the dosing and fine tuning of the 

changes needed, taking into account 

the implications of the different omics 
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“A longer-term vision,” Barredo 

adds, “might include using new 

competitive fermentation processes 

based on the circular economy, 

where food wastes are used as raw 

materials to design new, sustainable 

processes that contribute to the 

safety and quality of the global 

environment.”

Intensifying the process
Modern fermentation process 

development is, according to 

Krumov, a long, profound process 

that leverages the knowledge 

and experience of generations 

of bioprocess engineers in 

combination with current cutting-

edge technologies and digital tools, 

to deliver the safest and most 

effective next-generation medicines. 

“The steadily increasing worldwide 

demand for microbial fermentation 

production capacities is an indicator 

of the qualities of this biosynthetic 

approach and recognition of its 

potential,” he asserts. Martinelli 

adds that this technology not only 

brings innovation to create new 

entities and new treatments, but to 

limit the environmental impact of 

their production.

One way to reduce development 

timelines, Krumov says, is through 

intensification. “For instance, 

intensification of process 

development will reduce the 

necessary gene-to-vial time through 

application of current design-of-

experiment approaches, soft sensors, 

and data-based process modelling,” 

he says. Ensuring and confirming a 

product’s quality at the very early 

project stages will also be important, 

according to Krumov. Where 

possible, avoiding the use of complex 

compounds will further facilitate the 

development of robust, reproducible, 

and cost-effective fermentation-

based manufacturing solutions. 
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disciplines, such as transcriptomics, 

proteomics, metabolomics, and 

fluxomics,” he asserts. 

“Without digital technologies,” 

Martinelli continues, “it would not 

be possible to operate at the current 

level of complexity at the interface 

between expert scientists and robots.” 

In fact, to make retro-biosynthesis 

more feasible, Abolis has developed 

a proprietary computer algorithm in 

which artificial intelligence is applied to 

bioinformatics for gene and pathway 

selection and manipulation towards 

the biosynthesis of target molecules. 

Control strategies
Advances in process analytical and 

control technologies are also enabling 

improved fermentation processes. 

For instance, new in-process controls 

(IPCs) are being developed to control 

the evolution of raw materials, 

enzymatic activities, product, etc., 

according to Barredo. 

“In addition to more traditional 

temperature, pH, dissolved-oxygen, 

carbon dioxide, and oxygen-

demand sensors, biosensors are 

helping to control the fermentation 

process, and monitoring systems 

for submerged fermentations have 

taken a considerable step forward,” 

Barredo says. He also stresses that 

the availability of reliable sensors that 

are able to provide real-time, non-

sampling-based process monitoring 

of physiologically relevant parameters 

such as cell mass, substrate, and 

metabolite concentration allows for 

automatic control of fermentation 

processes based on suitable process 

models and control strategies.

In particular, Michels notes AMRI 

has found a much broader array of 

practical approaches using NMR, in 

particular development insights and 

quality control, and most notably in 

combination with the use of in-process 

controls and mass spectrometry.

New equipment concepts
While much of the substantial 

capital investments made in the 

pharmaceutical industry for classical 

fermentation can be adapted for 

new synthetic biology processes, 

there are some new developments 

in equipment worth noting. Krumov 

points to new fermentation system 

concepts and designs that enable 

greater automation; intuitive, 

precise, and advanced parameter 

programming; and online monitoring 

of essential quality attributes. 

“New primary recovery equipment 

(separators, filters, membranes) 

also ensures better performance, 

higher productivity, and greater 

process robustness, facilitating better 

purification of the products and 

higher yields,” he adds.

Mobile applications, according to 

Michels, allow remote monitoring and 

control of fermentation parameters 

even from a smart phone and provide 

much better information, while 

parallel fermenter systems provide 

faster and improved development 

arrays for modified strains and 

multiple parameters. He also notes 

that the wider variety of impellers 

available today afford improved 

oxygen availability and mass transfer, 

particularly for the new engineered 

host strains.

Going forward, the focus will largely 

be on downstream processing, which 

according to Martinelli, represents a 

challenge when scalling up production 

of small-molecule intermediates and 

APIs produced via fermentation.

Expecting 
exponential growth
All of these rapid advances in 

molecular biology and engineering 

tools will impact fermentation in the 

pharmaceutical industry over the 

next several years. “We anticipate 

that continued exponential growth 

in molecular biology techniques—

actually editing and designing new 

producer strains at lower cost 

and higher volumes—will have a 

significant impact on the design 

of new biosynthetic pathways in 

a synergistic way with chemical 

synthesis in the years ahead, not only 

in pharma, but in food, agriculture, 

enzymes for biocatalysis, and more” 

Barredo asserts. 
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of ASD products that are now 

commercially available,” she adds.

Foster notes that spray-dried 

dispersions, however, have a 

propensity to exhibit a small particle 

size, poor flowability, and low bulk 

density. “These characteristics 

may require significant effort to 

improve, using suitable excipients 

and processing techniques for the 

conversion of the ASD to the drug 

product,” she asserts.

“Further, due to the hygroscopic 

nature of some of the typical polymers 

used, the formulations can be sensitive 

to heat and humidity, as the moisture 

will reduce the glass transition 

temperature, with possible phase 

separation and recrystallization,” 

Foster says. “Drug-polymer glasses can 

be difficult to process and may require 

significant energy input to convert to a 

processible powder form.”

Additionally, it can be challenging to 

make oral solid dosage forms of high 

doses as only low drug loadings (20–30 

weight percent) are typically achievable 

with ASDs, Foster comments. In cases 

where it is necessary to accommodate 

a high dose strength, for example, the 

resulting tablet will be too large for a 

single-unit dose. Therefore, patient 

compliance can be impacted either by 

the size of the tablet or the fact that 

multiple tablet units would be required 

to deliver the prescribed dose, giving 

rise to a high tablet burden.

Best practices
Despite the effectiveness of ASDs to 

overcome solubility and bioavailability 

challenges with poorly aqueous 

soluble compounds, the perceived 

risks associated with this drug 

delivery solution, such as system 

complexity or stability issues, have 

meant that ASDs are not yet being 

employed to their full potential in 

drug development (1). Hence, early 

development work in predicting the 

behaviour of the drug product and 

its ability to mix with the chosen 

polymer is vital to ensure success (2).

The use of a film casting technique 

enables rapid screening of suitable 

matrices and drug loading for the 

L   ow aqueous solubility and poor bioavailability are common problems 

encountered in the formulation of new chemical entities. Poorly 

soluble drug candidates form a vast proportion of candidates in current 

development pipelines, and these challenging molecules tend to suffer 

from high attrition rates, which is costly for developers.

Oral dosage forms remain the most popular route of administration 

as a result of benefits offered, such as ease of administration, patient 

compliance, and cost-effectiveness. A poorly water-soluble drug being 

developed for oral ingestion will have low or variable bioavailability, which 

must be optimized to ensure the efficacy of the finished drug product.

Improving the solubility of a drug will improve the bioavailability, and 

so multiple techniques have been developed and employed by industry 

to achieve this task. One such technique employed by developers to 

improve solubility is through the use of amorphous solid dispersions 

(ASDs) as a drug delivery solution.

Advantages and disadvantages of ASDs
“An ASD contains the API in a high energy state, allowing supersaturation 

to be achieved in the gut and increasing the absorption rate as the 

apparent solubility is increased,” explains Alison Foster, head of 

technical—pre-clinical, Quay Pharma. However, in a high energy state, 

the API may be unstable and may have a tendency to revert to its more 

thermodynamically stable crystalline form over time or in contact with 

biological fluids, she continues.

“The formulation of ASDs can be achieved using well-characterized, 

off-the-shelf excipients, processes, and screening methods in order to 

differentiate and select formulations according to their in-vitro, and likely 

in-vivo behaviour,” Foster notes. 

Another advantage of using ASDs to improve solubility of a drug is 

that the processes typically used to produce ASDs, such as spray-drying 

and melt-extrusion, are well established and scalable to commercial 

quantities, Foster says. “This benefit is demonstrated by the number 

Felicity Thomas

Improving Solubility  
with Amorphous  
Solid Dispersions
Amorphous solid dispersions are a useful tool in overcoming solubility  
issues, but they have not yet reached full potential in commercial success.
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Development

ASD formulation, highlights Foster. 

“This method reduces the timescale 

to lead candidate identification whilst 

using minimal API during pre-clinical 

and pre-formulation development 

studies,” she says.

“Further, consideration of the 

structural formulae of the polymer or 

co-former compared to the API can 

help identify potential interactions 

(e.g., electrostatic, hydrogen-bonding 

etc.) that may aid stabilization of the 

resulting ASD,” Foster continues.

Typically, outsourcing partners have 

screening platforms that are readily 

available to help customers in the 

selection of formulations or that can 

be used to determine whether ASD is 

a suitable formulation route over other 

alternatives, Foster comments. “In 

addition, outsourcing partners have 

the knowledge and expertise to drive 

an early formulation prototype through 

formulation development and scale up 

to produce the final dosage form,” she 

says. “This development pathway is not 

without its challenges as the poor flow 

of a spray-dried powder, for example, 

can prove problematic during the 

manufacture of a solid dosage form, 

and this is notwithstanding the sizeable 

dosage forms that may result from a 

low API loading in an ASD.”

Additionally, it is important to 

consider the regulatory requirements 

of the polymer or co-former that 

are going to be used in the ASD 

formulation. “Acceptability of the 

polymer or co-former for dosing in 

human (toxicological implication) 

is critical as, depending on the API 

loading, the amount of polymer/

co-former to be dosed can be quite 

high,” Foster explains.

Advancing strategies
Over the years, some strategies have 

advanced to help overcome some of 

the key challenges associated with 

ASDs. Using cellulose derivatives as 

stabilizers with specific pH solubility 

profiles, such as hydroxypropyl 

methylcellulose acetate succinate, has 

helped developers overcome some 

of the inherent drug release issues 

from monolithic products that are 

formulated with hydrophilic polymers, 

Foster explains.

“The hydrophilic polymers tend to 

gel on contact with aqueous solution 

at low pH, thus hindering release of the 

drug,” Foster states. “The cellulosic 

polymers enable the dissolution of 

discrete particles, providing rapid 

achievement of supersaturated 

conditions and reducing inter- and 

intra-patient variability.”

“Co-amorphous systems are 

reported to combine the advantages 

of a co-crystal and solid dispersion 

system with fewer disadvantages,” 

Foster remarks. “The use of 

co-amorphous systems is a relatively 

new technique whereby the 

amorphous drug is stabilized through 

strong intermolecular interactions 

by low molecular weight co-formers 

(amino acids being a typical option).”

As the components utilized in a 

co-amorphous dispersion have low 

molecular weight, the amount of 

co-former required (which stabilizes 

the system) is low, Foster continues. 

Therefore, it is possible to overcome 

common issues, such as over-sized 

dose units and hygroscopicity, which 

are typically seen with polymeric ASDs, 

she says.
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hewable tablets are a widely used dosage form for the 
delivery of pharmaceutical, nutraceutical, and veter-
inary active substances. Some examples of marketed 
products are listed in Table I (1–10). Chewable tablets 

may be defined as tablets that are designed to be processed 
by chewing to facilitate release of the active ingredient(s). 
As a dosage form, chewable tablets have the advantages of 
conventional tablets in terms of manufacturability, dosing 
accuracy, portability, and long-term stability.  Additionally, 
chewable tablets facilitate swallowing as the product is ini-
tially broken down into particles in the oral cavity. This 
is a useful patient-centric advantage for populations such 
as paediatrics for whom swallowing of conventional tablets 
is a concern (11,12,13). As water is not required for their 
administration, there is a benefit of convenience when dos-
ing. Despite the widespread use of chewable tablets, there 
have been few comprehensive publications about them since 
the work of Mendes et al. in 1989 (14). The US Food and 
Drug Administration (FDA) published a guidance in 2018 
on quality attribute considerations for chewable tablets (15). 
These quality attributes are summarized in Table II. This 
paper provides a review and update of formulation aspects 
of importance to chewable tablets. 

Formulation
Chewable tablets can be prepared in a variety of shapes. 
Some children’s products come in animal shapes to pro-
vide aesthetic appeal for this specific population.  Because 
chewable tablets are broken down in the mouth before 
swallowing, total tablet weights can be higher than those 
utilized for conventional (swallow) tablets, which are 
usually less than 1000 mg. Antacid tablets, for example, 
often exceed one gram in total weight.  Due to the tablets 
being orally reduced into particles, there is less need to 
use oval or capsule shapes, which are preferred for large 
conventional tablets. 

Many of the formulation requirements for chewable 
tablets are similar to those of conventional tablets. Pow-
der f low, compactibility, content uniformity, and tablet 
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Chewable Tablets: A Review  
of Formulation Considerations

Chewable tablets are a versatile dosage form 
offering several advantages including oral drug 
delivery without the need for water, ease of 
swallowing, the stability advantages of solid 
dosage forms, and patient-centric drug delivery. 
They provide a convenient means of paediatric 
drug delivery and the delivery of nutritional 
products such as chewable multivitamins. 
Chewable tablets have also found application 
in veterinary medicines. This paper reviews 
considerations for the formulation of chewable 
tablets including sensory characteristics, 
chewability assessment, and drug release.

Nasser N. Nyamweya and Samantha N. Kimani
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Table I. Examples of marketed chewable tablet products. (Source: Information sourced from references noted.) 

Product Active ingredient(s)/indication Inactive ingredients Tablet description

Animal Parade 
Kids Immune 
Booster (children’s 
chewable antioxidant 
supplement) (Natural 
Organics) (1)

Vitamin A–5000 IU, Vitamin C–60 
mg, Vitamin E–30 IU Zinc–1.88 mg 
proprietary blend (30 mg) of grape 
juice concentrate, Chinese green tea, 
turmeric, garlic, olive leaf, shiitake 
mushroom, lactobacillus acidophilus 
(4 million viable cells at time of 
manufacture) /dietary supplement

Fructose, natural flavours, 
microcrystalline cellulose, stearic 
acid, magnesium stearate, citric 
acid, natural colour (beet), stevia, 
silica

Various animals shaped 
tablets

Fosrenol 1000 mg 
chewable tablets 
(Shire) (2)

Lanthanum carbonate hydrate/ hyper-
phosphataemia

Dextrates (hydrated), colloidal 
anhydrous silica, magnesium 
stearate

White, round, 22 mm, 
beveled-edge flat 
tablets debossed with 
‘S405/1000’ on one side. 

Isentress 25 mg 
chewable tablets 
(Merck) (3)

Raltegravir potassium/ HIV

Hydroxypropyl cellulose, sucralose, 
saccharin sodium, sodium 
citrate dehydrate, mannitol, 
monoammonium glycyrrhizinate, 
sorbitol, fructose, banana flavor, 
orange flavor, masking flavour, 
aspartame, crospovidone,, sodium 
stearyl fumarate, magnesium 
stearate, hypromellose, PEG 400, 
ethylcellulose, ammonium hydroxide, 
medium chain triglycerides, oleic 
acid, yellow iron oxide

Pale yellow, round, 
chewable tablet with 
MSD corporate logo on 
one side and “473” on 
the other side.

Lipitor 
20 mg chewable 
tablets (Pfizer) (4)

Atorvastatin calcium trihydrate/ 
hyper-cholesterolaemia

Calcium carbonate, microcrystalline 
cellulose, croscarmellose sodium, 
polysorbate 80, magnesium stearate, 
hydroxypropyl cellulose, starch, 
pregelatinised, mannitol, aspartame, 
sucralose, grape flavour 

White to off-white, round 
chewable tablets with 
pink to purple specks 
debossed “20” on one 
side and “LCT” on the 
other measuring 8.7 mm 
in diameter.

Maalox Plus Tablets 
(Sanofi) (5)

Aluminium hydroxide gel (dried) 200 
mg, magnesium hydroxide 200 mg, 
simeticone 25 mg/ antacid

Swiss cream flavor, lemon flavour, 
magnesium stearate, talc, citric acid, 
anhydrous, glucose, anhydrous, 
saccharin sodium, sorbitol, sorbitol 
liquid non-crystallising, iron oxide 
yellow, pregelatinised starch, maize 
starch, sucrose, mannitol

Bi-layered white and 
yellow tablets, 16mm in 
diameter, with ‘Maalox’ 
embossed on 
one side.

Quillichew  
ER extended-release 
chewable tablets
20 mg (Tris Pharma) 
(6)

Methylphenidate hydrochloride/ 
attention deficit hyperactivity 
disorder

Aspartame, cherry flavour, citric 
acid, crospovidone, guar gum, 
magnesium stearate, mannitol, 
microcrystalline cellulose, polyvinyl 
acetate, polyvinyl alcohol, 
povidone, silicon dioxide, sodium 
polystyrene-sulfonate, talc, 
triacetin, xanthan gum

Speckled, off-white, 
capsule-shaped coated 
tablet, debossed with 
“NP 12” on one side 
and functionally scored 
on the other side.

Simparica Trio
(for dogs)
(Zoetis) (7)

Sarolaner (3 Mg)
Moxidectin (0.06 Mg)
Pyrantel (as Embonate) (12.5 mg)/ 
mixed external and internal parasitic 
infestations

Hypromellose, lactose monohydrate, 
sodium starch glycolate, meglumine, 
butylhydroxytoluene, pigment blend 
018, hydroxypropylcellulose, silica, 
colloidal anhydrous, magnesium 
stearate, maize starch, confectioner’s 
sugar, glucose, liquid, pork liver 
powder, hydrolysed vegetable 
protein, gelatin, wheat germ, calcium 
hydrogen phosphate anhydrous

A reddish-brown 
colored, pentagon 
shaped tablet with 
rounded edges. Tablet 
is debossed with the 
sarolaner strength on 
one face of the tablet
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ejection requirements are dependent on the judicious use 
of bulking agents (diluents), binders, glidants, lubricants, 
and anti-adherents. Some diluents such as polyols also act 
as sweeteners. Colouring agents are often used in paediatric 
products to enhance aesthetic appeal, although synthetic co-
lours should be used with caution in this population due to 
adverse effect concerns. The children’s multivitamin prod-
uct listed in Table I addresses this aspect by the use of colours 
derived from natural ingredients (e.g., beet-derived colours). 
A major difference in terms of excipients when chewable 
tablets are compared to conventional tablets is the use of 
ingredients that address sensory characteristics.

Sensory factors and taste-masking
The organoleptic characteristics of chewable tablets that are 
important to consider include taste, after-taste, odour, f la-
vour, texture, mouthfeel, and visual aesthetics of the product. 
The oral processing of chewable tablets makes taste-masking 
a necessity for most formulations. Sweeteners are almost 
always used and represent the simplest means by which to 
address taste concerns.  Combinations of bulk sweeteners 
(e.g., sugars or polyols) with high-intensity sweeteners (e.g., 
aspartame) are common.  The relative sweetness of some 
sweeteners used in chewable tablets is shown in Table III. In 
addition to relative sweetness, the sweetness-response time 
profile should be considered. For example, monoammo-
nium glycyrrhizinate, while having a slow onset, has a 
prolonged sweetness. Blends of sweeteners may therefore 
be used to provide synergistic effects. Some high-intensity 
sweeteners exhibit a bitter taste or aftertaste with increasing 
concentration (16), an effect which can also be mitigated by 
combining two or more sweeteners (17).

Flavours are commonly used in chewable tablets. Mint 
and peppermint f lavours are popular in antacid tablets.  
Paediatric products often use fruit-based and bubblegum 
f lavors. Dry powder forms of f lavours are preferable as 
they avoid the loss of volatile aromatic components during 
drying. For the same reason, direct compression is often 
preferable for chewable tablet manufacturing. In cases 
where wet granulation is used, f lavours should be added 
extra-granularly. Flavours can be further modified by the 
addition of agents such as citric acid.

When the addition of sweeteners is insufficient to ad-
dress taste issues, either due to the high dose of the active 
or its inherent bitterness, other approaches may be used, 
such as coating, ion-exchange resins, or chemical modifi-
cation of the drug molecule. Coating and microencapsu-
lation techniques are based on using polymers or lipids to 
form a physical barrier around particles that prevents un-
pleasant tasting molecules from coming into direct con-
tact with taste receptors in the mouth. Coated particles 
are blended with fillers, disintegrants, and lubricants prior 
to tabletting. Polymers that are insoluble in saliva but dis-
solve in gastric acid (e.g., amino methacrylate copolymer) 
may be used if an immediate-release dissolution profile 
is desired. Particle coating processes may be performed 
using fluid or spouted bed equipment. Coatings must have  
sufficient mechanical f lexibility to withstand both the 
tablet compression process as well the oral chewing pro-
cess after administration.  

Mouth feel factors include sensation and texture. The 
dissolution of polyols is significantly endothermic, which 
leads to a cooling effect. Table III lists the heats of solution 
for some bulk sweeteners. A co-processed microcrys-

Table I (Contin.).  Examples of marketed chewable tablet products (Contin.)  (Source:  Information sourced from references noted.)

Product Active ingredient(s)/indication Inactive ingredients Tablet description

Singulair Paediatric 
5 mg chewable 
Tablets (Merck) (8)

Montelukast sodium/
asthma

Mannitol, microcrystalline 
cellulose, hyprolose, red ferric 
oxide, croscarmellose sodium, 
cherry flavour, aspartame, 
magnesium stearate

Pink, round, biconvex, 
diameter 9.5 mm with 
Singulair engraved on 
one side and MSD 275 
on the other.

Vermox chewable 
500 mg (Janssen) 
(9)

Mebendazole/gastro-intestinal 
infections caused by Ascaris 
lumbricoides (roundworm) and 
Trichuris trichiura (whipworm)

Crospovidone, magnesium stearate, 
microcrystalline cellulose, povidone, 
purified water, strawberry flavour, 
sucralose

Round, flat radius-
edged white to yellowish 
chewable tablets that are 
debossed with “M /500” 
on one side and “J” on 
the other side.

Videx
(didanosine)
chewable/
dispersible 
buffered tablets 
(Bristol Myers 
Squibb) (10)

Didanosine 20, 50, 100, 150, 200 
mg/ HIV

Calcium carbonate, magnesium 
hydroxide, aspartame, sorbitol, 
microcrystalline cellulose, 
polyplasdone, mandarin-orange 
flavour, magnesium stearate

Round, off white to light 
orange/yellow with a 
mottled appearance, 
orange-flavoured, 
tablets embossed 
with “VIDEX” on one 
side and the product 
strength on the other.

Peer-Review Research
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talline cellulose and guar gum excipient (Avicel CE-15) 
has been developed for chewable tablets and is claimed 
to improve mouth feel (18). Grittiness is inf luenced by 
particle size with smaller particles having lower gritti-
ness and being more acceptable. Grittiness can be reduced 
by using powder particle sizes less than 300 µm (19,20). 
Sticking to the teeth, excessive gumminess, or viscosity 
and chalkiness are also undesirable.

Mechanical properties and chewability
The mechanical properties of a tablet are important to ensure 
tablet durability and low friability after compression, during 
packaging, shipping, and handling. For chewable tablets, they 
play a further role as these dosage forms must be readily chew-
able. Tablets having excessively high mechanical strength may 
present a risk to teeth, dentures, or mandibular joints. Only a 
few published studies have investigated the mechanical prop-
erties of marketed chewable tablets (21,22,23).

Chewability may be defined as the ease or difficulty in 
breaking a tablet by mastication. Mechanical tests that 
have been used to indirectly assess chewability include 
tablet breaking force (hardness), tensile strength, and the 
recently developed chewing difficulty index (23). These 
tests can be conducted both before and after a brief expo-
sure to simulated saliva, the latter being applicable because 
many tablets will rapidly soften after being placed in an 
aqueous medium.

The breaking force is widely used in the pharmaceutical 
industry as a measure of the mechanical strength of tab-
lets.  The FDA guidance on chewable tablets recommends 
a breaking force upper limit of 12 kiloponds (kp) (15).  As 
breaking force is dependent on tablet size, larger tablets 
(of similar composition) will have a higher breaking force.

Breaking force measurements may be used for a range 
of tablet shapes provided that the tablets are able to consis-
tently break along a specific axis. For example, Figure 1 shows 
the use of a hardness tester to determine the breaking force 
of a square tablet that breaks along its diagonal axis. 

The tensile strength can be used to normalize for tablet 
size and provide a more fundamental measurement of a 
tablet’s mechanical properties. The tensile strength can 
be determined from diametral compression or f lexure 
(e.g., three-point bending) tests. While tensile strengths 
can be readily calculated for round flat-faced tablets, other 
shapes present a challenge as the required equations are 
more complex.

Tensile strength values for round cylindrical tablets may 
be calculated using Equation 1 (24).  

 

σ =
2 F

π D H

      [Eq.1]
where, σ is the tensile strength, F is the breaking force, D 

is the tablet diameter, and H is the tablet thickness.   

Gupta et al. proposed the use of a chewing difficulty index 
(CDI) to assess tablet chewability.  The CDI is calculated by 
Equation 2 (23).

CDI = F H

      [Eq. 2]
where, F is the breaking force and H is the tablet thickness.  
Nyamweya et al. have determined the CDI values for some 

commercially marketed chewable antacid tablets (25).  These 
values were compared to CDI values from two prior studies 
on other products (21,23). Based on this aggregate data (of 24 
different commercial chewable tablet products), the mean CDI 
obtained was 0.56 Nm (95% confidence interval [CI]: 0.44–0.67 
Nm). For reference, the mean breaking force of the commercial 
products was 11.5 kp (95% CI: 9.9–13 kp), and the mean tensile 
strength was 0.98 MPa (95% CI: 0.85–1.11 Mpa).

Drug release
As for any dosage form, the drug-release characteristics of 
chewable tablets are critical to the bio-performance of the 
active ingredient. Different pharmacopoeia show a large 
degree of variation in the disintegration and dissolution 
requirements for chewable tablets with some monographs 
not having any requirements for drug release testing (26). 
Omitting these tests, however, makes it challenging to eval-
uate the quality of chewable tablets and fails to address the 
question of what happens in the case of individuals who 
swallow chewable tablets whole.

Although rare, the gastro-intestinal impaction of (un-
chewed) chewable tablets in adults leading to hospitalization 
has been reported (27,28). Despite these reports, a study by 
Michele et al. on the safety of chewable tablets in children 
two years of age and older found that these products were 
safe and well tolerated, with medical issues related to chew-
able tablet formulation being extremely rare (29). Several of 
the products listed in Table I have paediatric indications. A 
key aspect to preventing impaction or choking risks is the 
ability of a chewable tablet to either disintegrate or soften 
readily on exposure to saliva.

Ritschel and Koeleman reported that antacid tablets that 
were chewed instead of being swallowed provided faster and 
more effective relief (30). Many chewable tablet products 
do not contain disintegrants or super-disintegrants, which 
may lead to prolonged dissolution if they are not chewed.  
However, disintegration or rapid dissolution are critical to 
address cases in which an individual inadvertently swallows 
a tablet without chewing it.  With regards to administration, 
the products in Table I fall into five categories:

• Tablets that must be chewed
• Tablets that must be chewed or crushed before admin-

istration
• Tablets that can be either chewed or dispersed in water 

before administration
• Tablets that can be either chewed or swallowed whole
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• Tablets with no specific instructions given on chewing.
Therefore, depending on the product, chewing may or 

may not influence in vivo performance. A number of prod-
ucts listed in Table I may be taken without concern for food 
effects.

The QuilliChew ER product (Table I) illustrates the use of 
chewable tablets for sustained-release drug delivery. Like 
many sustained-release products, the potential for in vivo 
dose dumping in the presence of alcohol is highlighted 
in the label. Another product of note is Videx, for which 
thorough chewing or dispersion in water is required to 
release added buffers, which protect the acid labile active, 
didanosine, from gastric acid.

Veterinary products
Chewable tablets also find wide application in veterinary 
products for dogs and cats. An example is presented in 
Table I of Simparica Trio, which contains pork liver powder, 
hydrolyzed vegetable protein, sugars, and gelatin to address 
canine-specific sensory requirements. Due to dietary dif-
ferences between species, some sensory requirements dif-
fer from those of humans. For example, dogs have a prefer-
ence for animal-based proteins. Voluntary acceptance (the 
willingness of the animal to freely consume a product) is a 
desirable feature and may require the use of complex pala-
tants (e.g., mixtures of proteins, sugars, and flavours) (31,32).  
Another important consideration is species differences in 
excipient safety, as observed with xylitol, which while being 
suitable for human consumption is highly toxic to dogs (33).

Conclusion
Chewable tablets are a versatile dosage form that combine 
the manufacturability and stability advantages of solid prod-
ucts while providing favourable organoleptic and adminis-
tration benefits. The increased emphasis on patient-centric 
formulations in drug delivery presents further opportunities 
for the use of chewable tablets in specific populations such 
as paediatrics and differentiated pharmaceutical products 
as well as in other healthcare markets such as nutritional 
products, nutraceuticals, and veterinary medicines.
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Figure 1. Square tablet configuration for breaking force measurement: a) tablet positioning; b) example of a tablet 
after the test. Photos are courtesy of the authors.
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through interventions via the gloves 

attached to the isolator. 

The most important points in the 

draft EU GMP Annex 1 with regard to 

isolators are illustrated in Figure 1. 

The starting point for every CCS is 

the risk observation of the design 

of the isolator system, including 

the installation of equipment in an 

isolator, such as a fill/finish machine 

for vials, syringes, etc. Most of the 

design failures could occur during 

the risk observation of the isolator 

system. The design forms the basis 

for cleaning in order to prevent a 

possible particulate or microbiological 

contamination of the sterile products, 

or to avoid cross-contamination 

in the case of a multi-product 

system. The entire design is also 

important for the subsequent surface 

decontamination with vH2O2. A high 

degree of automation reduces the 

manual interventions in the aseptic 

area through the gloves attached 

to the isolator. If highly active/toxic 

substances are to be manufactured 

in the isolator (or substances with 

an increased bio-safety factor), the 

protection of employees is a further 

important factor.

Consider section 4.3 of the draft 

Annex 1, which says (3): 

Restricted Access Barrier 

Systems (RABS) and isolators 

are benef ic ia l  in assur ing 

the required conditions and 

min imiz ing  the  microb ia l 

contamination associated with 

direct human interventions in 

the critical zone. This use should 

be considered in the CCS. Any 

alternative approaches to the 

use of RABS or isolators should 

be justified.

The document expressly indicates 

that RABS or isolators should be used, 

which means that RABS or isolators are 

the favoured technologies of the future 

for handling sterile products. 

The following differences between 

RABS and isolators should be 

mentioned:

• RABS are installed in a grade 

B room, while isolators are 

installed in a grade D room. The 

T he first draft of the European Union (EU) good manufacturing 

practice (GMP) Annex 1, “Manufacture of Sterile Medicinal Products” 

was published for comment on 20 Dec. 2017 (1) and generated great 

interest internationally, as it was the first adaptation to the full EU GMP 

document on the manufacture of sterile medicinal products since 

20 Nov. 2008 (2). And, as during the creation of the document, the 

Pharmaceutical Inspection Cooperation Scheme (PIC/S) and the World 

Health Organization (WHO) were also involved. The previous applicable 

document of Annex 1 was completely revised and contained many 

changes, adaptations, and new contents, which resulted in a large 

number of comments (6400 in total) to the European Commission. 

The second published draft of the EU GMP Annex 1 appeared just two 

and a half years later, on 20 Feb. 2020 (3). For the new draft version, 

stakeholders such as the International Society for Pharmaceutical 

Engineering (ISPE), Parenteral Drug Association (PDA), and others were 

contacted for comments. The comments on the second publication 

of the draft document concluded in July 2020, and the final version is 

expected to be published in the beginning of 2021.

Barrier systems in Annex 1: RABS and isolators
The expressions “Contamination Control Strategy (CCS)” and “Quality 

Risk Management (QRM)” are mentioned frequently in the document, 

along with barrier systems, such as isolators or restricted access barrier 

systems (RABS). This article describes the impact on isolator design 

for aseptic processing and how contamination control strategies are 

observed in relation to isolators.  

Compared to RABS, isolators have a closed barrier between the 

surroundings and the interior of the isolator in which the sterile product is 

processed. During production, access to the interior of the isolator is only 

possible through validated transfer systems, such as decontamination 

airlocks (e.g., using hydrogen peroxide [vH2O2]), or e-beam, dry heat 

tunnels (i.e., depyrogenation tunnel), rapid transfer ports (RTPs), or 

Richard Denk
is senior consultant for 

Aseptic Processing and 

Containment at SKAN 

in Switzerland and is 

a member of the ISPE 

Commenting Team of the 

new draft of EU GMP Annex.

Understanding the  
Impact of Annex 1  
on Isolator Design
An optimal engineering design  
is crucial for aseptic operation and cleaning.
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installation of an isolator in a 

grade D cleanroom means more 

comfort for the operator when 

wearing the required cleanroom 

clothing. Training employees for 

a grade D cleanroom is also less 

intensive than training them for a 

grade B cleanroom.

• RABS systems are classified into 

the following systems: passive 

RABS, active RABS, or closed RABS. 

Apart from the closed RABS, the 

operator always has access to 

critical areas within the RABS. With 

the isolator, access is only possible 

using gloves at the isolator, just like 

with the closed RABS.

• In most cases, RABS are 

decontaminated via the room. With 

isolators, there is an integrated and 

validated decontamination system, 

for example, with vH2O2.

• With the isolator, the aseptic critical 

zone is self-contained, while with 

most RABS, the aseptic critical 

zone is opened to the surrounding 

room during interventions.

• Isolators are suitable for handling 

highly active, toxic substances 

or for substances that require a 

higher biosafety level, and they 

can also handle substances with 

an extremely low acceptable 

daily exposure (ADE) or 

permitted daily exposure (PDE) 

when further technical measures 

are implemented.

The use of isolators in sterile 

manufacturing, in particular, has rapidly 

increased over the past 10 years. The 

main reasons are the increased safety 

of the product in the isolator, as well 

as the large number of highly active 

substances that have entered the 

market in recent years or are expected 

to do so in the coming years. 

Isolator design
Figure 1 shows that manufacturing 

control starts with the aseptic 

engineering design. The design of 

an isolator system, including its 

installations, is the basis on which 

all further requirements, such as 

cleaning or surface decontamination, 

are built. The design plays an 

important role in a variety of ways. 

Consider section 4.4 of the draft 

GMP Annex 1 (3); the following 

description applies to the interior of 

an isolator:

Grade A zone: The critical 

zone for high risk operations for 

making aseptic connections by 

ensuring protection by first air 

(e.g., aseptic processing line, 

filling zone, stopper bowls, open 

ampoules, and vials). Normally, 

such conditions are provided by a 

localized airflow protection, such 

as unidirectional airflow work 

stations, RABS, or isolators.

The hygienic design plays an 

important role in ensuring this first 

air within the isolator system. No 

installations should be located, and 

no handling carried out, above critical 

operations that could lead to possible 

contamination of the sterile product. 

When observing critical operations, 

consider all transfers, interventions, 

movement sequences in the isolator, 

and so on. The investigation of every 

individual process steps on a GMP 

Annex 1 compliant aseptic hygiene 

design plays an important role here. 

Other important points when 

it comes to aseptic engineering 

design are cleaning and surface 

decontamination. With regard to 

surface decontamination by means 

of vH2O2, all surfaces should be 

structured and designed so that 

the vH2O2 reaches them quickly and 

completely. Dead spaces, areas with 

difficult accessibility, feed-throughs 

from the room into the isolator, 

screw connections, and so on, 

should be avoided.

Cleaning 
The aseptic engineering design also 

plays an important role in cleaning with 

regard to avoiding contamination and 

cross-contamination. Consider section 

Together always one step ahead          www.skan.ch 1
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Figure 1. Contamination control for sterile operation in isolators. H202 is hydrogen peroxide.
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product contacting. A PDA expert 

group, led by the author of this article, 

was established in 2015 to look 

into this topic; the group published 

“Isolator Surfaces and Contamination 

Risk to Personnel and Patient” (5) and 

“Preventing Cross-Contamination 

during Lyophilization: GMP and 

Occupational Cleaning Requirements 

for Nonproduct and Indirect Product 

Contacts Parts” (6) that provide 

recommended limit values for 

cleaning surfaces that do not make 

contact with the pharmaceutical 

product. Table I summarizes some of 

these recommendations.

Conclusion
This article reviewed considerations 

for aseptic design and cleaning. A 

second article to be published will 

consider surface decontamination, 

automation, and considerations for 

environmental health and safety when 

operating isolators.
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5.4 of the new EU Draft GMP Annex 1, 

which says (3): 

The cleaning process should 

be validated to:

i. Remove any residue or 

debris that would detrimentally 

impact the effectiveness of the 

disinfecting agent used.

i i .  M i n i m i ze  c h e m i c a l , 

microbia l,  and par t iculate 

contamination of the product 

during the process and prior to 

disinfection.

In this paragraph, special 

attention should be paid to the 

wording: “The cleaning process 

should be validated.” Many of the 

process systems within an isolator 

are cleaned manually. To be able 

to perform this manual cleaning 

in a validated way, a process and 

system design are required that 

permit validation. In addition, highly 

qualified employees are required 

to carry out this validated cleaning 

process. In the future, the author 

expects that complex and unwieldy 

manufacturing/filling processes 

will be simplified and a suitable 

hygienic design used. A hygienic risk 

assessment is certainly a beneficial 

tool for simplifying the system design. 

An optimal process and isolator 

hygienic design also enables the 

handling of highly active toxic 

pharmaceutical products or 

pharmaceutical products that require 

an increased biosafety level. For 

several years the quantity of these 

substances has been increasing 

steadily. The prognosis for the next 

few years shows that many new 

substances currently in the preclinical 

or clinical phase are being classified 

as highly active, toxic, or with an 

increased biosafety level. As well as the 

process and isolator hygienic design, 

further important aspects play a role in 

the cleaning of these pharmaceutical 

products. It is important to consider 

the following questions:

• Which PDE or ADE limit value is 

required?

• Can the materials that are used 

in the isolator and their surface 

qualities be cleaned to the 

required PDE or ADE, and which 

surface limit values should be 

considered?

Up until a few years ago, there were 

still no cleaning recommendations 

for surfaces that did not come into 

contact with the product, but there 

were already requirements from an EU 

GMP directive. Section 5.21 of Part 1 

of these GMP guidelines (4) mentions: 

D e p e n d i n g  o n  t h e 

contamination risk, verification 

of cleaning of non-product 

contact surfaces and monitoring 

of air within the manufacturing 

area … in order to demonstrate 

e f f e c t i v e n e s s  o f  c o n t r o l 

measures against airborne 

contamination or contamination 

by mechanical transfer. 

Especially in isolators with the 

associated process systems for 

aseptic filling in vials, syringes, etc., 

most surfaces are considered non-

Table I. Limit values for cleaning for surfaces that are non-product contact. In a simplified assumption, to be 
verified by an expert team, the occupational exposure limit (OEL) is estimated as the permitted daily exposure 
(PDE)/10. GMP is good manufacturing practice.

PDE (μg/d)
OEL (μg/m3)

Limit for surface with no 
direct product contact 
inside the isolator (μg/dm2) 
(GMP and operator safety)

Limit for public surface with 
uncontrolled possibility of 
unprotected hand contact 
(μg/dm2) (Operator safety)

Limit for airborne API inside 
of isolator after cleaning 
at product changeover (μg/
dm3) (GMP)

10000 1000 Visually clean Visually clean 10000

 1000 100 Visually clean 100 1000

 100 10 100 10 100

   10 1 10 1 10

    1 0.1 1 0.1 1

  0.1 0.01 0.1 or lower 0.01 or lower 0.1 or lower

Data are from the Parenteral Drug Association expert group (5, 6)
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and documents align with existing 

company audit plans.

Keys to planning success are: 

• Establish project governance with 

representation from business and 

technical resources.

• Develop a project charter with 

stated business objectives and 

targeted timelines.

• Identify risks known at the outset. 

Keep these and future risks 

visible to all parties throughout 

the project.

• Perform the scoping of the 

migration with a budget and 

project plan as major outputs. 

Scoping a migration
Like any other software project, 

success begins with stakeholder 

engagement to accurately size the 

effort according to both business and 

technical requirements. To scope 

well, here are some key questions a 

team should be asking.

Which data should be 

migrated? Consider a scenario in 

which a team will be implementing a 

new document management system 

that supports core manufacturing 

processes. The legacy system being 

replaced is eight years old and holds 

over one million documents. How do 

you determine which and how many 

of these documents should migrate 

to the new system? 

To start, determine the “state” 

of the process with which these 

documents are associated. 

Documents, such as standard 

operating procedures supporting 

active processes will, of course, need 

to be migrated. But what about long-

retired procedures that are no longer 

subject to regulatory inspection? If 

there are no clear needs to access a 

document in near real-time, wouldn’t 

it make more sense to archive that 

document off-line? Similarly, how 

far back will a company need to 

maintain manufacturing logbooks and 

specifications for retired formulations?  

On many levels and for many 

reasons, the amount of data and 

documents that migrates has a 

direct relationship to the cost and 

D ata migration is the unglamorous task of a system 

implementation. And so, life-sciences companies often give short 

shrift to data migrations in comparison to new or upgraded business 

applications. Because a business application is only as good as the 

data upon which it sits, however, it is critical that data migrations 

receive the same level attention as application functionality. Like 

business applications, successful migrations must be measured by 

the extent to which they meet the business needs in a timely, cost-

effective manner that attain the highest level of data integrity. By 

taking proactive steps to fully plan, scope, design, and develop a 

formal quality assurance (QA) approach, a team will be poised to make 

their next migration a great success.

The importance of planning
Due to poor planning, many migration efforts come up short (or fail), 

resulting in project delays, cost overruns, lack of delivery, and bad 

data that compromise system integrity and compliance. Insufficient 

planning often stems from the failure to view data migration efforts 

as distinct projects (as part of a larger project or programme). But 

that is exactly what they are, and as such, are no less deserving of 

meticulous planning, rigorous project management, and adherence to 

a software development lifecycle. 

Migration projects should include all the major constructs of a 

significant application implementation, including dedicated resources 

like business analysts, technical developers, QA analysts, and a 

project manager. They should also include business stakeholder 

engagement, representing both the micro and macro view of the 

migration within the organization. For example, audit trails that 

capture data maintenance of raw materials, components, and 

ingredients must not only migrate in a good manufacturing practice 

(GMP)-compliant manner but should also be audit ready. Toward that 

end, organizations need to consider how the newly housed data 

Art Meisler
is principal consultant, 

Daelight Solutions.

How To Execute  
Successful Data Migrations
Successful migrations require careful planning  
to meet business needs and maintain data integrity.
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effort. For example, because data 

migrations typically require significant 

transformation logic and data 

enrichment, the value of the data 

should be considered in relationship 

to the effort needed to migrate. 

Determining the specific business 

need(s) for legacy documents and 

data will establish a strong foundation 

for all migration activities to follow.

Keys to migration scoping success 

are:

• Identify and engage stakeholders 

to define business requirements 

for the migration, who will need 

the data and for what purposes.

• Use these business requirements 

to understand the locations/

dispositions to which data will 

be migrated (active systems, 

auditable archives, records 

management, or even data 

destruction).

• Leverage the business 

requirements to detail the data 

mapping and transformation 

requirements.

Which entities of data will 

need to migrate? In the example 

above, it is tempting to consider 

only the documents and meta-data 

in its own distinct compartment. 

But what if some of the meta-data 

attributes are elements of enterprise-

wide data entities, such as product, 

indication, vendors/organizations, or 

people? In such cases, a migration 

scope should consider how these 

elements fit into the overall enterprise 

data architecture and, specifically, 

an organization’s master data 

management. 

If a migration contains 

transactional data or documents 

that also introduce new reference 

data records (new organizations, 

people, customers, etc.), it is critically 

important to assess the impact of 

these with the relevant parties early 

in the planning phase of the project. 

Keys to success are:

• Profile the source data and identify 

data elements that may be shared 

across the enterprise.

• Engage with the organization’s data 

governance team and data stewards.

• Define high-level requirements on 

how the legacy data will integrate 

not only into the target system but 

also into the organization’s master 

data repositories and related 

processes.

What characteristics of the 

target environment need to 

be considered? Few business 

applications sit in isolation; they are 

typically part of an overall business 

process supported by both upstream 

and downstream systems that either 

share or pass data to each other.  

Likewise, scoping a migration 

should always consider the overall 

environment (system context) in 

which the target system resides. In 

some cases, the source-to-target 

mapping for a migration may need 

to accommodate the requirements 

for other systems. In other cases, 

interfaces between these systems 

may require modification to 

accommodate new requirements 

arising from a migration. In either 

case, dependencies need to be 

identified and integrated into the 

overall migration plan. 

Keys to success are:

• When scoping a migration, make 

sure to engage with stakeholders 

who have “the big picture” of 

the relevant application and data 

architectures.

• Identify system dependencies 

and develop plans to identify and 

mitigate risks associated with 

these dependencies.

• Leverage the established project 

governance so representatives of 

affected systems keep one another 

informed.

Data transformation
Most migrations involve some 

combination of automated 

transformation and user data 

enrichment. In the business 

requirements phase of a project, 

determining the right mix should be a 

major output.

Some questions to consider:

• How clean is the source data, and 

what will be required to cleanse 

prior to migration?

• What data elements can 

transformation rules be reasonably 

programmatically applied to? 

What effort should be extended to 

accomplish this transformation?

• How much data will users be 

required to manually enrich? How 

many rows? How many columns?

• What toolsets can be enlisted for 

users to easily enrich data?

• Are there any data elements that 

can be transformed post-migration 

without adversely affecting system 

functionality?

All of these questions should be 

answered during the business and 

technical requirements activities 

of the project. Again, by treating 

data and document migration as 

a distinct project conforming to a 

software development lifecycle, a 

team—working with key business 

stakeholders—can develop the most 

effective transformation approach 

that balances budget and human 

resource constraints. 

Keys to success are:

• Define, document, and share 

business requirements.

• Develop multiple enrichment 

scenarios, weighing the pros and 

cons of each, considering data 

integrity and the effort and costs 

needed to attain the desired quality 

threshold.

• Define the technical requirements 

needed to automate data 

transformation versus manual data 

enrichment.

• Update established project plan(s) 

to achieve the desired results.

Quality assurance
A new business application would 

not be deployed without rigorous 

system and user acceptance testing. 

The same principles should apply for 

migration projects.  

Data migration projects 
deserve meticulous 
planning, rigorous  
project management,  
and adherence to
a software  
development lifecycle.
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Effective QA begins well in advance of technical testing. Migrations 

should jumpstart the QA effort by closely examining the business, 

technical, and transformation requirements that have been agreed 

upon. In effect, the requirements are tested as a precursor to testing 

the implementation of the requirements. In addition, because 

migration testing typically involves repeated cycles of moving large 

volumes of data, pay sufficient attention to processing time, overall 

throughput, and the ability to easily refresh target environments. 

Proper planning for migration projects should include 

overarching QA/test plans that detail an overall approach, 

technical requirements, system testing approach and system test 

scripts, user acceptance testing requirements and methodology, 

and post-migration smoke testing.

Keys to success are:

• Define an overall testing strategy as early as possible in the project, 

at minimum when the business and technical requirements are near 

finalized.

• Assign experienced QA resources to review and test business and 

technical requirements.

• Have QA resources work in tandem with business analysts to review 

detailed transformation/mapping specifications.

• Have QA resources meet regularly with the technical team to assure 

alignment of test scripts with the transformation requirements.

• Engage business stakeholders early in the effort to define the user 

acceptance testing approach and testing requirements.

• Develop the technical mechanisms for rapid refresh of target 

environments.

Conclusion
The scope of a data migration must include which data will be 

migrated, how to transform and enrich that data, and how to test the 

business and technical requirements of the project. Because a new 

system implementation can’t happen without migrating data, it is 

critical to treat all migrations as software implementation projects in 

order to achieve desired results. PTE 

Scoping a migration should always consider 
the overall environment, or system context, in 
which the target system resides.
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This type of test is called 

“destructive” because once 

performed, the filter can no 

longer be used. Whenever the 

filter is intentionally exposed 

to a microorganism to test its 

performance, it cannot return to 

service and must be destroyed.

Another goal of destructive 

testing is to provide a correlation to 

a nondestructive test that can be 

performed by an end user. Validating 

a nondestructive integrity test value 

to a destructive test result ensures 

that when the end user performs 

the test before and after using the 

filter, the results will match the 

manufacturer’s claims.

Nondestructive testing: 
ensuring proper filter 
performance
Laboratory end users typically 

rely on nondestructive tests to 

validate the performance of their 

sterility filtration. In reviewing the 

types of nondestructive testing, 

it’s important to understand that 

there are two classes of membrane 

filtration. Hydrophilic membranes 

are water loving while hydrophobic 

membranes are water repellant. 

The type of membrane used 

will determine the appropriate 

nondestructive integrity test.

Hydrophilic membrane 
integrity tests
There are several nondestructive 

tests commonly used to test the 

integrity of hydrophilic membranes: 

the bubble-point test, the forward-

flow test, and the pressure-hold or 

pressure-decay test.

Bubble-point test. This test is 

the most popular for small filtration 

devices, primarily because these 

filters do not usually have the solution 

volume needed to conduct the other 

tests. The bubble-point test can 

be performed manually or with an 

automated device that measures 

the minimum bubble point value. It’s 

important to note that the manual 

test requires well-trained operators 

that can differentiate between 

E   nsuring the performance of sterility filtration is essential in 

research and pharmaceutical laboratory operations. Many 

processes demand that the filtrate is free of biological contaminants 

or else risk downstream contamination, equipment failure, or even 

human health concerns. Sterility performance of a filter must be 

tested to validate that it performs as designed.

Environmental and workflow factors, such as handling of filters, 

particle load, pressure and temperature fluctuations, and chemical 

exposure steps, can cause wear to filter media. A sterilizing filter can 

incur damage in the form of membrane blockage, cracks, and changes 

to pore structure during use. While filter blockages are usually easily 

detected, other damages may be more difficult to recognize.

Integrity tests are the manufacturer’s and end user’s method to 

confirm the structural soundness and performance of a sterility 

filter before and after use as a way to ensure the filter assembly 

remained integral. 

In this article, we review the two types of integrity tests—

destructive and nondestructive—that are commonly used by the 

industry to validate sterility filter performance. It explains the different 

testing methodologies and the reasons why they are critical to 

manage laboratory risks.

Destructive testing: 
validating the manufacturer’s claims
Destructive integrity testing is performed by the filter producer 

during product development and/or as part of manufacturing quality 

controls. The goal is to ensure the filter will function according to 

the manufacturer’s sterility claims and ensure there are no leaks or 

defects in the product. These tests are typically conducted on new 

laboratory filters before a new batch. For sterility filters, the integrity 

test involves introducing a microorganism upstream and ensuring zero 

organisms are recovered post filter. 

Joseph Baaklini
is the director of the 

Scientific and Laboratory 

Services Global Technical 

Support group for Pall 

Corporation and leads the 

Pall Laboratory and Food & 

Beverage technical division 

globally.

Understanding the  
Critical Role of Integrity 
Testing in Laboratory 
Sterility Filtration
Assessing the integrity of filter membranes is critical  
in maintaining sterile filtration operations in laboratories.
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a stream of bubbles versus filter media compression. A bubble-

point test works by thoroughly wetting the membrane, attaching a 

pressure gauge upstream, and applying air pressure to the filter up to 

the point of the minimum bubble-point. If no bubbles are observed up 

to the specified bubble-point value, the filter is considered integral. 

Forward-flow test. This test is more accurate than the bubble-

point method. While it can be used on small, hydrophilic membrane 

filters, it is commonly performed on larger devices. The test injects 

a constant amount of air at a specific flow rate through the wetted 

filter. The volume of air displaced from the upstream side to the 

downstream side is continuously measured. If the volume maintains 

a rate below a certain limit, the filter is integral.

Pressure-hold/pressure-decay test. This test pressurizes 

the upstream side of the wetted filter. When the pressurization is 

stopped, the amount of pressure decay that occurs over time is 

measured. If it is below a certain limit, the filter is integral.

Hydrophobic membrane integrity tests
These three methods can also be utilized to test hydrophobic 

membrane integrity. In addition, laboratory staff can perform a fourth 

method: the water breakthrough/water intrusion test.

Water breakthrough/intrusion test. As we have said, 

hydrophobic membranes repel water. If a small volume of water 

is pushed through a hydrophobic filter at a specific pressure (2 

bar), there should not be a liquid eluting or passing through the 

hydrophobic membrane. If the membrane holds back the water for 

10 to 15 seconds, the filter is integral and ready for use. This test is 

popular because it uses a small amount of water and is quick and 

easy to perform.

Bubble-point and forward-flow tests. Conducting one of these 

tests requires breaking the surface tension of the hydrophobic 

membrane. To do this, typically 100% isopropyl alcohol (IPA), or 

IPA/water solution is used to thoroughly wet the membrane. Then 

the previously discussed bubble-point method can be applied to 

determine the point when a stream of bubbles is visible coming out 

of the filter. Alternatively, the forward-flow test measures the volume 

of solution passing through the filter. The disadvantage of using 

both of these methods is that the filter needs to be dried to remove 

all the water and solvent prior to use. Because of this, the water 

intrusion/ breakthrough test is preferred for hydrophobic filters due 

to achieving test results more quickly.

Testing considerations
Several factors should be considered when conducting tests.

Wetting fluids and gas types. The selection of wetting fluid types 

for non-destructive testing is often overlooked by laboratory end 

users. Water is typically used to test a hydrophilic filter. If testing a 

hydrophobic membrane, the filter must be wetted with 100% ethanol 

or IPA, or a blend of IPA and water example 70/30%, respectively.

The type of testing gas also must be considered. The two popular 

gases are air, or if there is concern about oxidation, nitrogen. Other 
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Conclusion
The goal of filtration integrity testing 

is to ensure performance and 

reduce risk. Manufacturers perform 

destructive tests to validate the 

claims of their filter’s performance. 

But once these products exit the 

companies’ shipping docks, they 

leave controlled environments. There 

are many conditions and events 

between the manufacturer and the 

end user that can affect a filter’s 

sterility performance. Filter can 

sustain damage during shipment and 

installation that can go undetected 

without integrity testing the filter 

before use.

When in use, the solutions that 

enter the filter may have cell debris 

and contaminants that can affect the 

researcher’s work or downstream 

process. The scientist or lab 

technician expects that the liquid 

passing through the filter is a sterile 

solution. Failure to perform a filter 

integrity test can put the laboratory’s 

work and even staff at risk.

The only way the laboratory can 

guarantee the performance of sterility 

filtration is to conduct integrity tests on 

the products, before and after use. PTE

gases are not used due to health and 

safety concerns or the fact they are 

not compressible.

Temperature control. The other 

factor that can be overlooked during 

integrity testing is temperature 

control. Temperature has a strong 

impact on gas expansion. If the 

temperature of the air or nitrogen is 

elevated during integrity testing, the 

result will be higher diffusive flow 

that may skew the test results. If 

the gas is too cold, it may also alter 

the testing outcome. It is critically 

important to maintain ambient 

temperature throughout the testing 

process to get the most accurate 

results. In cases where the end user 

wants to test at a higher temperature, 

the filter manufacturer should be 

queried for values calculated based 

on that temperature.

Optimizing the 
testing workflow
Most laboratories are doing an 

excellent job conducting non-

destructive tests to validate their 

sterility filter’s performance. If a 

lab is not doing this, it is highly 

recommended to implement this 

testing to reduce risk and ensure 

repeatability of their work.

The constant changeover in 

laboratory personnel places a 

need for continuous training, 

particularly on manual bubble-point 

tests, because the results can be 

subjective, and their accuracy is 

based on the user’s technical skills. 

For example, when beginning the 

test, the filter device is pressurized, 

which results in initial compression. 

Trapped gas in the filter will escape 

and those bubbles can be mistaken 

for a minimum bubble-point value.

Another common error is over-

pressurizing the filter. Using the 

example of a filter where the minimum 

bubble-point value is 20 psi, the 

pressure reaches 20 psi, and the user 

does not see a stream of bubbles. 

The tester may continue to raise the 

pressure until bubbles are seen at 

35 psi; however, this is an incorrect 

test procedure. If the minimum 

bubble-value point value is 20 psi, 

there is no need to increase the 

pressure because the membrane 

has passed the test. On the other 

hand, if a stream of bubbles were 

visible at 17 psi, that is below the 

minimum bubble-point value and the 

membrane will have failed the test.

Over-pressurizing the membrane 

in a bubble-point test can result 

in filter damage and invalid data, 

particularly after it has been used and 

may be clogged. Best practice calls 

for performing the test at a slow and 

steady rate to make sure the correct 

amount of pressure is applied.

Another trend is the growth of 

automated integrity testing. Although 

most filtration products are validated 

using the manual bubble-point 

method, the trend is towards more 

automated procedures that require 

less time and remove human error 

while achieving higher productivity.

Most laboratories are 
doing an excellent 
job conducting non-
destructive tests to 
validate their sterility 
filter’s performance. 

New services and products are expected to enhance pharmaceutical R&D 

and analytics. A summary of recent analytical improvements follows.

MilliporeSigma. MilliporeSigma is investing $20 million (EUR 17 million) into 

building a new 12,000-ft2 laboratory facility in Buchs, Switzerland, which is 

expected to be completed in December 2021 and populated in early 2022. 

The facility will include collaborative-friendly laboratory and office space 

while offering a more efficient working environment for current and future 

employees in R&D, analytical production, and quality control (1).

MOBILion Systems. US-based instrumentation company MOBILion Systems 

has begun offering its new ion mobility separations technology, structures 

for lossless ion manipulation (SLIM), for commercial use. The company has 

stated that its SLIMS technology offers efficient separation, identification, and 

analysis of the most challenging, clinically significant molecules that other 

instruments fail to detect. The technology can be integrated with liquid 

chromatography–mass spectrometry workflows and provides more robust 

analytical information (2).

References
1. MilliporeSigma, “MilliporeSigma Invests $20 Million in New Switzerland Laboratory,” 

Press Release, 15 July 2020.
2. MOBILion Systems, “MOBILion Announces First-half 2020 Momentum and Corpo-

rate Achievements,” Press Release, 22 July 2020.

—The Editors of Pharmaceutical Technology Europe

More on R&D and analytics
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PTE: What trends do you see in 

using machine learning or artificial 

intelligence (AI) and real-time 

monitoring of biopharmaceutical 

processes? 

Barnes (Honeywell): We are 

seeing a significant jump in investment 

and capabilities in this space. A 

consistent goal for facilities with 

biopharmaceutical processes is 

faster delivery of medical therapies to 

customers. In order to accomplish this 

result, these process facilities need 

to remain audit-ready and maintain 

compliance across the enterprise. This 

is where data analysis platforms play 

an important role. Advanced analytics, 

AI, and machine learning can minimize 

regulatory risk, increase operational 

efficiencies, and deliver products 

to customers faster while reducing 

rejections and waste of products. 

Advanced AI predictive models can 

predict equipment failures; advanced 

analytics coupled with AI and the 

Industrial Internet of Things (IIoT) can 

provide deeper root-cause-analysis; 

and consolidating compliance-related 

manufacturing data from disparate 

siloed systems enables faster lot 

release and increased inspection 

readiness. 

Modularization
PTE: What do you see as trends in 

modularization? How do modular 

builds affect automation? 

Barnes (Honeywell): As the need 

for speed and agility has become 

increasingly critical, the life-sciences 

industry has seen a rise in modular 

facilities. Modularization is the 

enabler for facilities to serve as multi-

purpose and multi-product facilities, 

which is particularly important for 

biopharmaceutical facilities that 

produce personalized medicine in 

areas such as cell and gene therapy. 

The flexibility of the modular 

approach enables life-science [drug] 

manufacturers to quickly change the 

formulations of the products they 

manufacture and introduce new 

products quicker than ever before. 

As it pertains to automation and 

process control, solution providers 

M any bio/pharmaceutical companies have started digital 

transformation projects in various parts of their companies, 

including manufacturing. Modern manufacturing technologies that 

enhance product quality and process efficiency embrace moving away 

from manual and paper-based processes to automated collection of 

digitized data that can be employed in process analytics and used to 

help improve overall process control. Pharmaceutical Technology Europe 

spoke with Tiffany Barnes, global technical solution consultant in the Life 

Sciences Group for Honeywell Process Solutions, about trends and best 

practices in digitalization of bio/pharmaceutical processes and facilities.

Trends
PTE: What trends do you see in digitalization? 

Barnes (Honeywell): Digitalization of biopharma processes/facilities 

is an interesting topic because traditionally, once a facility underwent 

a preapproval inspection, the goal was to keep it running as long as 

possible without making changes (other than like-for-like maintenance). 

Unfortunately, this conventional approach left facilities frozen in time for 

fear of having to rework and revalidate. Only more recently are we seeing 

that the regulators are recognizing these unintended consequences. As 

an example, the US Food and Drug Administration has stated that they 

are committed to supporting and enabling pharmaceutical innovation 

and modernization because they firmly believe that embedded in that 

transformation are benefits to both industry and patients (1). And in part 

because of this support, we are slowly seeing cutting-edge and forward-

thinking organizations begin to digitally transform their enterprise. As 

more organizations become a part of this transformation and their 

stale documents become actionable data, we see a large uptick in data 

integrity and a downtick in human error. What this change translates to 

are organizations which can begin to quantify improvements in product 

quality, product yield, and acceleration of new product introductions—all 

while maintaining regulatory compliance.

Jennifer Markarian

Adopting Digitalization  
in Biopharma Facilities
Consider modular automation and cybersecurity  
when modernizing manufacturing processes.
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must also incorporate modularity 

and flexibility throughout their 

process architectures, which means 

that change is also needed in the 

automation and process control 

industry. If solution providers can 

simplify their control system design, 

implementation, and lifecycle 

management, then new technologies 

can deliver the infrastructure for 

modular engineering that capitalizes 

on the flexibility inherent to modular 

manufacturing.

PTE: What are the primary 

challenges for automation of modular 

processes?

Barnes (Honeywell): In general, 

traditional automation did not support 

modular processes as effectively. It 

is the modular processes and need 

for agility that have been pushing 

the automation providers to become 

more flexible in their solution 

architecture. For example, the days 

of tightly bound physical relationships 

between controllers and input-output 

(IO) devices are becoming a thing of 

the past. Realistically, automation 

solution providers must break free 

of those legacy constraints, begin 

looking at their existing technologies, 

and make significant investments in 

solutions that intrinsically support 

modular engineering. There has 

been a significant step change with 

new innovations in cloud computing, 

technologies that decouple control 

from the physical platform, and the 

use of simulation environments with 

virtual systems. These advancements 

are also critical in supporting the 

biopharmaceutical industry as a whole 

as they adopt workflows that heavily 

leverage contract manufacturing 

organizations who often need to 

supply different products for their 

clients. Automation solutions that 

are leveraging these technologies are 

on the path to building a necessary 

foundation to implement modular 

engineering strategies that meet ever-

changing sector demands. 

PTE: What options are available for 

automation of modular processes? 

Barnes (Honeywell): There are two 

main approaches for implementing 

automation solutions for modular 

processes. One is the traditional 

approach, where there is a one-

to-one relationship between IO and 

controllers. Another is decoupling 

control from the physical platform.

The traditional approach is not 

conducive for modular facilities that 

require agility. The rigid architecture 

reduces engineering flexibility and 

increases overall cost as hardware is 

often fixed. An automation solution 

that has the capability to decouple 

the controls from the physical thrives 

in a highly adaptive environment. This 

approach would usually require an 

information technology infrastructure 

to support a data centre or 

virtualization technology where 

controls and IO can move effortlessly. 

This [approach] brings elasticity to 

the control system architecture by 

enabling manufacturers to change the 

IO footprint when adding or moving 

equipment. In effect, IO becomes an 

extension of the equipment that can 

be managed independently of the 

control system infrastructure. 

Data security
PTE: What are the concerns with 

data integrity and security when 

connecting equipment via the IIoT, 

and how can these concerns be 

addressed? What are the primary 

concerns for data security/data 

integrity for modular processes in 

particular? 

Barnes (Honeywell): As 

the industry heads into digital 

transformation, inevitably there is an 

increase in connectivity across the 

enterprise. With respect to an IIoT 

device, data can exist in motion, at rest, 

and in process. When data integrity 

is compromised, this not only means 

that an IIoT device cannot operate 

correctly, but it can also mean that the 

device is now open to being exploited 

as a potential launching point for 

other attacks within the enterprise. 

Modular process managers must be 

cognizant of these risks because there 

is a potential for more touchpoints and 

insertion opportunities. Traditionally, 

security has been viewed as a cost 

centre but, in reality, it is a competitive 

advantage as systems remain up and 

running and unplanned downtime is 

eliminated. Facilities need to manage 

the risk that comes up at different 

stages in the cybersecurity lifecycle. 

To do so, security must come to the 

forefront and organizations must apply 

the right technology and best practices 

at both the device and platform level. 

PTE: Can you comment on what 

the biopharma industry could learn/

adopt from other industries regarding 

these technologies?

Barnes (Honeywell): There is a 

lot to be gained in the biopharma 

industry by both learning and 

adopting processes and best 

practices for IIoT and cybersecurity 

from other industries. Refineries, 

chemical plants, and other automated 

industries have a long history of 

mitigating safety and security risks. 

Often, risk in those industries can 

result in devastating human loss in 

addition to the impact on production. 

Over the years, those industries have 

found that security and safety are 

tightly integrated with more than 

just technology—that people and 

the work process contribute to the 

overall data integrity of the facility. 

Therefore, though there are many 

lessons learned, one of the important 

concepts that the biopharma industry 

should adopt is an integrated 

safety and security approach that 

includes what other industries 

refer to as layers of protection. This 

comprehensive approach begins with 

understanding pertinent regulations 

and standards and how they affect 

the various layers of protection. 

Then it looks to incorporate the work 

process and practices that make 

use of and maintain the technology 

as well as the people that interact 

with the technology and work 

practices. Looking at how to maintain 

data integrity holistically is key to 

formulating successful safety and 

security philosophies.

Reference
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preparations, to ensure continued 

business and supply of medicines?

Maxwell (PharmaLex): No-deal, 

or the most likely deal scenarios 

at the end of this post-Brexit 

transition period, would mean the 

end of the free movement of goods 

and services between the EU/EEA 

[European Economic Area] and Great 

Britain. Drug developers should be 

preparing for the following: customs 

and tariff arrangements, potential 

delays due to customs checks, and 

revised regulatory considerations.

In the event of a no-deal and the 

UK operating under WTO terms, 

the Tariff Elimination Agreement 

would mean no cost implications 

for finished medicines. However, 

tariffs would apply to UK export 

of APIs and excipients, which are 

currently charged at approximately 

4–6% across the EU. Similarly, for a 

UK manufacturer wishing to import 

API or excipients, these would be 

subject to the new UK Global Tariff 

list currently charged at 6%. 

Delays at ports are now looking 

possible for the foreseeable future, 

as EU customs officials would be 

obliged to inspect consignments 

coming from the UK in the same way 

as any other non-EU country. Drug 

companies should expect the flow 

of goods to be impacted particularly 

at the Dover/Folkestone (UK ports) 

pinch point.

Perhaps the biggest hurdle would 

be the regulatory considerations; 

however, both UK and EU 

pharmaceutical manufacturers and 

distributors have been preparing 

for this hurdle for some time. 

Separate UK and EU marketing 

authorizations (MAs) have been 

developed with different packaging, 

serialization, testing, and release 

arrangements to comply with EU 

directives and regulations. UK 

manufacturers required new stock 

keeping units (SKUs) and MAs and 

have had to prepare for the day that 

the medicines they produce are 

treated as third country imports. 

This has meant setting up remote 

access to the National Medicines 

O n 1 January 2021, the Brexit transition period will officially end, 

and the United Kingdom and European Union will enter a new 

relationship. Essentially, there are two potential pathways that the new 

relationship can take: either both sides enter 2021 with a new deal in 

place (both agreed and ratified), or the UK exits the EU without any deal 

in place under the rules of the World Trade Organization (WTO). 

At the time of writing, the negotiations on a potential deal have 

stalled, with the UK’s Prime Minister, Boris Johnson, specifying that the 

UK should be prepared to trade in 2021 without an agreement in place 

(1). In response to Johnson’s comments, Richard Torbett, chief executive 

of the Association of the British Pharmaceutical Industry (ABPI) said, 

“No deal is not in the interest of the patient, the pharmaceutical 

industry, or the economies of the UK and the EU. As long as a window 

of opportunity remains, negotiators must keep talking and agree a 

comprehensive deal. [The negotiators] must ensure medicines supplies 

are uninterrupted and that a way forward for patients in Northern 

Ireland is urgently found” (2).

However, deals with non-EU countries are also in the process of 

being negotiated by the UK’s government as a way of securing future 

investment. So far, one trade deal has been agreed in principle between 

the UK and Japan (3). Any deals between the UK and non-EU countries 

can only start from 1 January 2021, as that is the date that the UK will 

have left the EU customs union.

To learn more about the impact of a no-deal Brexit, the fast-

approaching end of the transition period, the Northern Ireland protocol, 

and other trade deals on the pharma industry, Pharmaceutical 

Technology Europe spoke with Charley Maxwell, director QMC/senior 

consultant at PharmaLex.

No-deal preparations
PTE: Could you highlight some of the key aspects of a no-deal 

scenario that drug developers should be focusing on, in terms of 

Felicity Thomas

Dealing with No Deal 
Bio/pharma continues preparations for a no-deal scenario  
as time for the UK and EU to agree upon a new deal runs out.
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Verification Systems (NMVS) for 

the country of import/release and 

making sure batch control testing 

and QP [qualified person] release 

arrangements have been put place 

in an EU/EEA country.

Stockpiling supplies
PTE: What are the major challenges 

facing drug makers trying to build 

up stockpiles again (as advised by 

regulatory and governmental bodies) 

that have perhaps been depleted as 

a result of the current pandemic?

Maxwell (PharmaLex): 

Stockpiling has been put forward as 

a short-term solution by both the 

Medicines and Healthcare products 

Regulatory Agency (MHRA) and 

the Health Products Regulatory 

Authority (HPRA) to avoid any initial 

disruption to supply chains when 

or if additional border checks come 

into force from 1 January 2021.

In Ireland, HPRA issued a letter 

to marketing authorization holders 

(MAHs) on 3 July 2020 to promote 

addressing regulatory gaps should 

there be a no-deal scenario (4). 

Their advice is that up to 10 weeks 

supply of medicines should be made 

available at primary wholesalers 

in Ireland on 31 December 2020 

to ensure adequate supplies are 

available post-transition. 

The UK Department of Health 

and Social Care advised medicine 

and medical product suppliers in a 

letter on 3 August 2020, that there 

will likely be disruption at the UK-EU 

border for six months following the 

transition period (5). There is some 

practical support proposed such 

as express freight arrangements 

using specialist logistic companies; 

however, the advice is for six weeks 

supply to be stockpiled on UK soil 

and to be prepared for possible 

future supply chain delays. 

This sort of stockpiling will 

provide a short-term solution 

and contingency planning for 

replenishing of stock in the event of 

longer-term disruption is advised to 

enable continuity of supply. 

One of the major challenges with 

stockpiling for a lot of companies is 

of course capacity constraints and 

the added costs incurred in holding 

stock for prolonged periods of time. 

Additionally, another challenge 

is that the delays right now are 

unknown, therefore it is difficult 

for distributors to gauge how far in 

advance they need to place orders 

to still receive the medicines they 

require on time.

The Northern Ireland protocol
PTE: Could you elaborate on how 

the Northern Ireland protocol may 

affect both UK businesses and EU 

businesses in pharma? Are there 

any preparations that companies 

should be putting in place to avoid 

difficulties relating to this protocol?

Maxwell (PharmaLex): In August 

2020, the UK government issued 

guidance based on the Protocol on 

moving goods to and from Northern 

Ireland (6). In this guidance, it is 

stated that there will be no change 

in how goods will flow between 

Northern Ireland and EU Member 

States, including the Republic of 

Ireland. It is specified that this 

would mean no new paperwork, 

tariffs, quotas, checks on rules of 

origin, or barriers to movement 

within the EU Single Market for 

goods in free circulation in Northern 

Ireland. Therefore, Northern Ireland 

would operate as if they were a 

member of the free trade area, with 

the added benefit of also having 

unrestricted access to Great Britain.  

This unchanged flow of goods 

is also reflected in the European 

Medicines Agency’s (EMA’s) notice 

to stakeholders published in March 

2020 where they specified, ‘The IE/

NI Protocol provides that insofar as 

EU rules apply to and in the United 

Kingdom in respect of Northern 

Ireland, it is assimilated to a 

Member State’ (7).

However, when moving goods 

from Great Britain (England, Scotland, 

and Wales) to Northern Ireland, it is 

not as straightforward. The Northern 

Ireland protocol will require HM 

[Her Majesty’s] Customs to apply 

EU customs rules and regulatory 

standards to all goods entering 

Northern Ireland, ensuring that tariffs 

are not paid on trade within the UK 

and that goods going onward to the 

Republic of Ireland pay tariffs and 

meet regulations when required.  

For compliance with regulatory 

standards, UK companies that 

manufacture and distribute products 

for their domestic market and who 

also supply EU markets, this should 

not be an issue as they can divert 

the EU compliant goods to Northern 

Ireland. However, for those who 

only import or manufacture for their 

domestic market, as many generic 

medicine suppliers do, this would 

require manufacture/import for Great 

Britain (GB) and then also the setup of 

separate EU compliant arrangements 

for supply to Northern Ireland.

Products previously imported to 

GB from the EU and destined for 

Northern Ireland would have to be 

managed via different supply routes 

as product entering Northern Ireland 

will need to have an active unique 

identifier as per EU regulations. 

Those manufactured in GB destined 

for Northern Ireland would need 

to be serialized in accordance with 

EU requirement and then have the 

unique identifiers activated at the 

point of entering Northern Ireland.

“In the event of a no-deal 
and the UK operating 
under WTO terms, 
the Tariff Elimination 
Agreement would mean 
no cost implications for 
finished medicines.”

—Charley Maxwell, 
PharmaLex

“Northern Ireland will 
be regulated by MHRA 
but will need to remain 
compliant with EU/
EEA regulations to have 
unrestricted access to the 
EU/EEA markets …”

—Charley Maxwell, 
PharmaLex
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Therefore, current negotiations 

and the establishment of a mutual 

recognition arrangement and 

frictionless trading arrangement 

between the UK and EU should be 

the priority in the coming months.
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Northern Ireland will be regulated 

by MHRA but will need to remain 

compliant with EU/EEA regulations 

to have unrestricted access to 

the EU/EEA markets as promised 

in the Northern Ireland protocol. 

Therefore, Northern Ireland 

manufacturers would need to 

arrange for future EU competent 

authority inspections to obtain 

the required good manufacturing 

practice (GMP) certificates and 

Northern Ireland importers and 

distributors would need retain 

remote access to another EU27 

National Medicines Verification 

System (NMVS) to be able to carry 

out verification checks when moving 

from non-designated wholesalers 

and when decommissioning 

serialized prescription medicines. 

These potential requirements 

are all assuming that a mutual 

recognition agreement is not put 

in place; if one can be agreed in 

a reasonable timeframe, it would 

make a lot of these arrangements 

much simpler.

Published guidance
PTE: Are there specific guidance 

documents that companies should 

be following to effectively prepare 

for 1 January 2021?

Maxwell (PharmaLex): Both 

EMA and MHRA have recently 

issued guidance. On 1 September 

2020, MHRA published guidance 

explaining how medicinal products, 

medical devices, clinical trials, and 

pharmacovigilance will be regulated 

after the Brexit transition period 

expires on 1 January 2021 (8). In 

March 2020, EMA issued a notice 

to stakeholders (7) and updated 

EMA/478309/2017 (9). Both sets of 

guidance contain practical steps 

that pharma companies need to 

take for whatever outcome on 

1 January 2021.

Securing deals
PTE: What are the major pros and 

cons of trade deals, such as the one 

agreed in principle between Japan 

and the UK?

Maxwell (PharmaLex): The 

UK–Japan comprehensive economic 

partnership agreement is agreed in 

principle and awaits publishing and 

ratification. Assuming that this deal 

will be agreed and ratified it would 

be a step in the right direction, 

and in principle will replicate the 

favourable arrangements already in 

place between the EU and Japan.

The downside is that total trade 

with all non-EU trading partners does 

not equal that of the EU, and many 

have argued that the most important 

deal to secure for the UK is the one 

with their closest neighbours.

Total trade between Britain 

and Japan was worth around 

£29.5 billion (€32.5 billion) in 2018, 

eclipsed by nearly £700 billion 

(€770.6 billion) of exports and 

imports between Britain and the EU.
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“Current negotiations 
and the establishment 
of a mutual recognition 
arrangement and 
frictionless trading 
arrangement between 
the UK and EU should be 
the priority in the coming 
months.”

—Charley Maxwell, 
PharmaLex

https://www.hpra.ie/docs/default-source/publications-forms/guidance-documents/hpra-brexit-guidance---human-and-veterinary-medicines.pdf?Status=Master&sfvrsn=67
https://www.hpra.ie/docs/default-source/publications-forms/guidance-documents/hpra-brexit-guidance---human-and-veterinary-medicines.pdf?Status=Master&sfvrsn=67
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OptiForm® Solution Suite

When developing a new therapy, challenges 
often arise during the early stages of 
development. The path to first-in-human 
needs to be as fast and efficient as 
possible, but improper candidate selection, 
poor formulations, and gaps in clinical 
dose strategy can lead to inadequate 
preclinical and clinical data; often 
extending timelines and increasing cost.

To ensure the greatest chances of 
success and overcome these challenges, 
Catalent has developed OptiForm® Solution  
Suite, a comprehensive programme 
that seamlessly integrates candidate 
selection, optimal dosage form 
assessment, bioavailability enhancement, 
and CGMP clinical materials delivery.

OptiForm Solution Suite is fast, flexible 
and fact-based, to deliver data to allow 
the right decisions to be made at each 
stage of development and accelerate 
molecules to Phase 1 clinical trials. It 
combines a comprehensive range of 
screening tools, ADME considerations, 
and in silico DMPK modelling, plus 
bioavailability enhancing tools, providing 
materials for CGLP toxicological 
studies, on to first-in-human studies

more products. better treatments. 
reliably supplied.™

Catalent

www.catalent.com

solutions@catalent.com

Insourcing Services

Eurofins PSS Insourcing Solutions® (PSS) 
is a global, award-winning insourcing 
solution that places our people at 
your site dedicated to running and 
managing your laboratory services while 
eliminating headcount, co-employment 
and project-management worries.

We infuse our nearly 60-year track record 
of scientific and laboratory operations 
expertise to recruit, hire, train and manage 
highly qualified scientists to perform 
laboratory services at your site, using your 
quality systems and equipment. Our teams 
will help you set up your laboratory and 
validate equipment according to your SOPs 
and Lean laboratory practices as needed.

Eurofins PSS Insourcing Solutions 
employs and manages full-time employees 
and provides a comprehensive benefits 
package, as well as training, development, 
and career advancement opportunities. 
Offering these additional benefits allows 
us to attract, retain, and motivate high-
calibre employees to serve you. Our 
on-site dedicated leaders manage our 
full-time employees and provide you 
with scientific insourced services free 
from co-employment. PSS is not staff 
augmentation, so it solves the challenges 
associated with the EU Temporary 
Agency’s Workers Directive 2008/104.

Eurofins PSS Insourcing Solutions®

www.Eurofins.com/PSS 

pharma@eurofins.com

Small-Molecule Drug 
Development Services

Cambrex is the leading small-molecule 
company that provides drug substance, drug 
product, and analytical services across the 
entire drug lifecycle. With 13 locations across 
North America and Europe, the company 
employs over 2000 experts providing 
customers with an end-to-end partnership 
for the research, development, and 
manufacture of small-molecule therapeutics. 
With over 35 years of experience, 
Cambrex is a trusted partner in branded 
and generic markets for API and dosage 
form development and manufacturing.

Its drug substance services include 
API development, scale-up, technology 
transfer, and manufacturing, as well as 
specialist technologies and capabilities 
such as biocatalysis, continuous flow, 
controlled substances, solid-state science, 
and handling highly potent APIs.

The company also offers expertise in 
drug product formulation and development 
of conventional and specialist dosage 
forms including oral solids, semi-solids, and 
liquids; as well as fixed-dose combinations, 
paediatric, bi-layer tablets, stick packs, 
topical, and sterile and non-sterile ointments.

Cambrex

www.cambrex.com 

info@cambrex.com

https://www.cambrex.com
https://www.catalent.com
https://www.eurofins.com/pss
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MALDImini-1

The first-of-its-kind MALDImini-1 digital 
ion trap mass spectrometer targets 
comprehensive structural analyses 
applications. It is the only device 
capable of MALDI-MSn on the compact 
footprint of an A3-sized paper.

The DIT technology is a useful tool 
in inferring the structure of unknown 
compounds with MS/MS and MS3 analysis. 
For example, this covers protein digests, 
peptides, peptides with posttranslational 
modifications, and glycans. The  
MS/MS and MS3 functionality of the digital 
ion trap allows researchers to carry out 
analysis with ease. The MALDImini-1 
enables ion trapping up to 70,000 Da.

For seamless analysis, the software 
provides switching quickly between 
MS, MS/MS and MS3 modes. The 
system’s simple setup allows for a more 
convenient workflow. Its space-saving 
lightweight design fits anywhere. 

The MALDImini-1 benefits research 
facilities, educational organizations 
and private businesses. 

Shimadzu Europa GmbH

www.shimadzu.eu 

shimadzu@shimadzu.eu 

SMA MicroParticle ICSTM

VAI is pleased to announce the addition of 
the SMA MicroParticle ICS line of non-viable 
particle counters to our contamination 
control portfolio. The units utilize the 
latest innovation in particle counting 
technology and have several features 
not found in other Particle Counters.

Multi-Processing—can simultaneously 
process, perform tasks, and log data 
without interrupting sampling.

• Real-Time Meter—displays particles 

counted per second, per channel, for 

pinpointing sources of contamination

• Annotations—allows users to add 

notes to data records during sampling

• Advanced Power Management—

have advanced power management 

features, including the industry’s 

first sleep mode, and over 

10 hours of battery life

• Sampling—can store up to 

45,000 comprehensive data 

records for each sample

• Reporting—produces reports that 

comply to ISO 14644-1, EU GMP 

Annex 1, and Federal Standard 209E
  Annex 1, and Federal Standard 209E
Available in three models: HandHeld, 

Table Top, and Wall Mount. Remote 
models are also available for integration 
into facility monitoring systems.  

Veltek Associates, Inc.

www.sterile.com

vai@sterile.com

Piccolo Chiller Without 
Refrigerants

Huber Kältemaschinenbau presents  
an ultra-compact laboratory chiller  
without refrigerants.

Ultra-compact, easy to handle and 
versatile—the new Piccolo chiller convinces 
entirely with state-of-the-art thermoelectric 
Peltier technology. This technology enables 
accurate and rapid heating or cooling, 
entirely without refrigerant, which is a 
clear benefit for the environment. Further-
more this model is maintenance-free. 

With working temperatures of 4 to 70 °C 
and cooling capacities up to 280 W at 20 °C, 
the new Piccolo model is extremely versatile, 
for example in analysis, quality control, 
research laboratory, and material tests.

Thanks to modern fan technology, the 
Piccolo chiller is extremely quiet in operation 
and hardly requires any floor space. The 
device impresses with small dimensions, 
but also with low weight and intuitive 
operation via the new OLÉ controller. 
Equipped with OLED display, USB and RS232 
interface, the Piccolo is also capable of 
demanding tasks. As a factory fitted option 
a Pt100 sensor connection can be installed. 
This permits the display (not control) e.g. 
of an external process temperature. 

Product Video: https://youtu.be/Iy9ZTZJzKgM

Peter Huber Kältemaschinenbau AG

www.huber-online.com 

sales@huber-online.com

https://www.youtube.com/watch?v=Iy9ZTZJzKgM&feature=youtu.be
https://www.huber-online.com/en/index.aspx
https://www.shimadzu.eu
https://sterile.com
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Q..We are a manufacturer of prescription 

pharmaceuticals, and we experienced 

many disruptions to our operations because of the COVID-19 

restrictions. This made it difficult to fully comply with current 

good manufacturing practices (CGMPs). Is there a regulatory 

agency expectation by when we need to be back in compliance?

A.During the current pandemic, manufacturers have 

encountered difficulties in continuing operations while 

staying in compliance with regulations. Although there is a lot 

of talk about the “new normal”, when it comes to CGMP, there 

is no such thing, because the regulations have not changed, nor 

were they suspended. So, the question is not when you need to 

be back in compliance, but when you can resume normal oper-

ations in compliance. 

In September 2020, the US Food and Drug Administration 

(FDA) published the Guidance for Industry, Resuming 

Normal Drug and Biologics Manufacturing Operations During 

the COVID-19 Public Health Emergency (1), in which FDA 

acknowledges that deviations from established CGMP activities 

have likely happened and provides guidance on how to address 

these issues. FDA writes, “This guidance describes how to 

evaluate and prioritize the remediation of CGMP activities that 

were necessarily delayed, reduced, or otherwise modified 

during the public health emergency in order to maintain 

production and the drug supply” (1).

A risk-based approach to remediating is necessary, as resources 

are strained, be it for employee illness and absenteeism, travel 

restrictions, site closures, social distancing measures, or supply 

chain disruptions (including services). Despite these difficulties, 

FDA reminds industry of their obligation to provide necessary 

medicines to patients and to maintain compliance with the 

regulations (i.e., to prevent disruptions to the supply chain, 

especially of medically necessary products) (2), or the release of 

products that would be considered adulterated. FDA emphasizes 

that, “CGMP requirements remain in effect during the COVID-19 

public health emergency” (1).

With the COVID-19 pandemic, the supply of any type of drug, not 

just medically necessary drug products, is at risk. FDA therefore 

requests that, “A drug manufacturer whose manufacturing 

operations have been disrupted by the COVID-19 public health 

emergency should follow an established plan, which includes 

returning to normal CGMP operations, with consideration 

given to when there is a reasonable expectation that normal 
operations will be maintainable for an extended period of 
time” [emphasis added by author] (1). In other words, companies 

must have a plan (e.g., based on a business continuity plan) on how 

to get back to normal operations on a continuous basis.

Before companies reach that situation, they may have departed 

from established CGMP activities. FDA requests that in these 

circumstances drug manufacturers perform the following (1):

• Identify these deviations and any necessary remediation 

actions.

• Evaluate these actions as part of their risk management 

approach. 

• Prioritize resumption activities based on the results of the 

evaluation. 

FDA explains that, “Where critical CGMP activities were 

delayed, interrupted, or reduced in frequency, the batch should be 

quarantined and the decision to approve the batch delayed until 

remediation activities ensuring drug quality are completed. Such 

activities include, for example, critical quality attribute testing, 

investigations of critical deviations, and evaluation of unapproved 

changes to critical operations or materials. Drugs not manufactured 

in a manner that ensures their quality must not be distributed” (1).

The guidance document includes examples of areas where 

remediation may be needed. This section reminds drug 

manufacturers to be extra vigilant with regards to the supply chain 

(e.g., look out for economically motivated adulteration or changes 

to established logistics or transportation systems). 

FDA points out in the guidance that a resumption plan, 

preferably in conjunction with an emergency plan, requires 

management leadership for successful execution and that such 

a plan should be based on a risk management approach. The 

concern must be the patient (i.e., the assurance of supply of drugs 

of the right quality). To come back to your question, this guidance 

document provides a wealth of information for manufacturers like 

yourself and you are well-advised to study it carefully.
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OPTIMIZED DRUG SOLUBILITY AND STABILITY
Captisol is the trade name for Ligand’s solvent-free processed modifi ed cyclodextrin preparation. 

Captisol is a patent-protected mixture of chemically modifi ed cyclodextrins with a modifying 

structure to optimize drug solubility and stability. Captisol was invented and developed 

by scientists at the University of Kansas’ Higuchi Biosciences Center specifi cally for drug 

development and formulation. 

Captisol overcomes solubility and stability hurdles faced during each phase of development. 

Captisol can make a substance more soluble and an agent more stable. Captisol can convert 

a solid to a liquid or an oil to an aqueous solution. Combinatorial chemistry, high throughput 

screening (HTS), and molecular genetics have led to an increase in the number of insoluble and 

unstable molecules, peptides, and proteins being investigated for their therapeutic activity. There are 

currently more than 50 Captisol-enabled products in clinical development. This unique technology 

has enabled several FDA-approved products, including Amgen’s KYPROLIS®, Baxter International’s 

NEXTERONE®, Gilead’s VEKLURY®, Acrotech Biopharma L.L.C.’s and CASI Pharmaceuticals’ 

EVOMELA®, Melinta Therapeutics’ BAXDELA™ and Sage Therapeutics’ ZULRESSO™. There are 

many Captisol-enabled products currently in various stages of development. 

SEAMLESS TRANSITION TO CLINICAL TRIALS
Captisol may increase systemic exposure for toxicology studies of investigative compounds 

and has a proven clinical safety record. In early development, Captisol formulation can lead 

to a seamless transition from nonclinical safety to clinical trials. Captisol-enabled products are 

approved in more than 60 countries.

MULTIPLE ADMINISTRATION ROUTES ENSURE 
TARGETED DELIVERY
Captisol’s chemical structure was designed to create new products by improving solubility, 

stability, bioavailability, and dosing of active pharmaceutical ingredients. Routes of 

administration investigated include parenteral, oral, ophthalmic, nasal, topical, and inhalation 

products. Once inside the body, Captisol releases the drug agent, which then travels to its 

target. The interaction between Captisol and the agent is not permanent, and Captisol is safely 

expressed from the kidneys.

PATENTED AND VALIDATED MANUFACTURING
Of all modifi ed cyclodextrins, Captisol is an ingredient in the most approved products in the U.S.

Manufactured under cGMP, at multiple locations, using a patented and validated all-aqueous

process, annual manufacturing capacity is being increased to 500 MT. Captisol is supplied in ultra-

low endotoxin, ultra-low bioburden, low-chloride forms in 100g, 1kg, 5kg and 20kg packages for 

R&D use. Commercial pack sizes include 1kg, 5kg, and 20kg, with the ability to fi ll metric-ton orders.

Captisol, 
A Ligand 

Technology
3911 Sorrento Valley Road

Suite 110
San Diego, CA 92121

877-575-5593
cdinfo@captisol.comcdinfo@captisol.comcdinfo@captisol.com
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FORMULATION DEVELOPMENT IS SCIENCE 
DELIVERING OPTIMAL CANDIDATE FASTER TO CLINIC IS ART.

Successful clinical candidates are built on the science of PBPK modelling, molecule characterization and 
advanced formulation technologies, and the art of accelerated technology selection and optimization.

OptiForm® Solution Suite (OFSS) is an integrated solution that utilizes above science to select, assess, 
formulate and deliver the right drug from candidate to clinic with minimal API, applying 5 advanced 
technologies in an accelerated optimization process. Coupled with comprehensive testing, optimal 
formulation technology and pk prototypes all in 12 weeks, OFSS can help turn your science into the 
optimal clinical candidate fast.

5 advanced technologies | parallel screening | prototypes in 12 weeks | pbpk modelling | dedicated science advisor

WHERE SCIENCE 
MEETS ART.™ 

PT.indd   1PT.indd   1 10/21/20   11:51 AM10/21/20   11:51 AM

https://www.catalent.com/oral-dose/development-bioavailability/preclinical-development/optiform-solution-suite/

	PTE1120_001_Cover
	PTE1120_Ads_COV2
	PTE1120_003-005_MastheadTOCFTE
	PTE1120_006_ProductSpotlight
	PTE1120_Ads_07
	PTE1120_008-009_RegWatch_Milmo
	PTE1120_010-013_CoverStory_ProcessDevelopment_Shanley
	PTE1120_014-016_Development_Fermentation_Challener
	PTE1120_017-018_Development_Solubility_Thomas
	PTE1120_Ads_19
	PTE1120_020-025_PeerReview_Tablets_Nyamweya
	PTE1120_026-028_Manufacturing_Aseptic_Skan
	PTE1120_029-031_Manufacturing_DataIntegrity_Daelight
	PTE1120_032-033_Analytics_FilterIntegrity_Pall
	PTE1120_035-036_Operations_Honeywell
	PTE1120_037-039_EuropeSpecific_Brexit_Thomas
	PTE1120_040-041_CompanyProfiles
	PTE1120_042_AsktheExpert
	PTE1120_Ads_COV3
	PTE1120_Ads_COV4



