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EDITOR’S COMMENT

T he number of 

cell and gene 

therapies (CGT) that 

are commercially 

available has seen 

stable growth in recent 

years. As technological 

advances continue 

to allow scientific breakthroughs and 

development pipelines in CGT become 

more saturated, Europe must start to 

tackle some of the manufacturing and 

talent gaps that could impede the market 

in the future.

In a recent McKinsey insights article, 

the authors noted that the unmet need 

for CGTs in Europe exceeds that of the 

United States and the region’s regulatory 

authorities are keen to support new 

therapies that target underserved disease 

areas, but the CGT industry in Europe is 

faced with specific challenges (1). Funding, 

a more risk-averse ethos, payer costs, and 

a fragmented market are all specified as 

unique challenges to the European market, 

in addition to a lack of manufacturing 

capacity and expertise (1).

Recent investment
However, the dawning of 2021 has seen 

a flurry of investment happening in the 

European CGT space. In January 2021, 

Polyplus-transfection unveiled plans for 

a new facility in France that will provide 

additional manufacturing capacity for 

ex-vivo and in-vivo therapy products. 

Construction of the facility is already 

underway, and it is expected to be 

operational in the third quarter of 2021 (2).

Rentschler Biopharma is also boosting 

the CGT ecosystem in Europe, with the 

establishment of manufacturing capability 

for advanced therapy medicinal products 

(ATMPs) at the CGT Catapult site in 

Stevenage, UK (3). “This [investment] 

will build new capacity to benefit the 

international ATMP supply chain and 

meet growing academic and commercial 

demand across the industry,” said 

Matthew Durdy, CEO of the CGT Catapult, 

in a press release (3).

In Spain, gene transfer technologies 

contract development and manufacturing 

organization (CDMO), VIVEbiotech, 

is expanding its lentiviral-vector 

manufacturing capabilities with new 

facilities (4). “The continued expansion 

of the gene and cell therapy sector has 

resulted in an increase in the number of 

clinical trials, as well as additional trials 

moving into later-stage development. In 

turn, this has led to a continued increase 

in the demand for both lentiviral vectors, 

as well as expertise in their use and 

application,” said Gurutz Linazasoro, CEO 

of VIVEbiotech, in a press release (4). “This 

demand for lentivirals is increasing for 

therapies throughout the clinical stages 

and into commercialization.”

The skills gap
Increasing manufacturing capacity for 

CGTs and advanced therapies is of limited 

use if there is insufficient talent with the 

skills necessary to actually manufacture 

the innovative treatments at scale. In the 

United Kingdom alone, CGT companies, 

who participated in a 2019 survey, 

specified that manufacturing posed the 

greatest concern in terms of skills gap 

for the future and could delay future 

company expansions (5).

These skills shortages concerns are 

by no means limited to the UK either; 

they are being raised as global issues 

that must be addressed immediately. 

According to Ronald Rader, there may 

even be a worsening of staff shortages 

due to the retirement of the ‘baby boomer’ 

generation and the acceleration of CGT 

development pipelines from research to 

clinical and commercial production (6).

There are already some initiatives 

underway, such as the bespoke course 

launched by CGT Catapult in partnership 

with the University of Hertfordshire on 

aseptic manufacturing of CGTs in line with 

European regulatory guidance (7), but much 

more work in this area is needed to ensure 

demand for talent can be met and industry 

growth across the region is not hindered.
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Adapting Regulations Post-Brexit
The UK government is taking advantage of the new regulatory flexibility,  
afforded by Brexit, to boost the country’s competitiveness in pharma.

O n 1 Jan. 2021, the United Kingdom formally left 

the European Union to become a third country 

and no longer a member of the Union’s single market 

and customs union. But what the country has lost after 

more than 40 years of membership, the UK government 

believes it can make up—at least in life sciences—with 

the increased competitiveness generated by the country 

being able to develop its own regulations and drug 

evaluation methods.

A key objective of the UK government is to use the 

country’s clout as one of Europe’s biggest research 

centres for pharmaceuticals and related products 

to speed up the development and approval of new 

medicines so that they reach patients more quickly. 

Giving patients quicker access to innovative drugs is also 

a key priority for the EU over the next several years.

Trade agreement in principle
On 24 Dec. 2020, a few days before the Brexit deadline, 

the UK and EU agreed to a 1000-page EU-UK Trade 

Co-operation Agreement, which effectively eliminated 

tariffs and quotas on their goods. But in principle, it 

allowed the UK to erect its own non-tariff barriers, 

although the EU reserved the right to retaliate with 

its own measures if it considered that the UK was 

threatening its competitiveness. 

The UK has, for example, decided to draw up its own 

version of the EU chemicals legislation—called REACH 

(Registration, Evaluation, Authorization, and Restriction 

of Chemicals)—which sets technical standards for 

chemical ingredients for medicines (1).

Because the UK is a separate legal entity—a third 

country—the UK’s excipient producers and their raw 

material suppliers have started to be concerned about 

procedures like customs declarations and rules of origin. 

An unusual feature of the trade deal, covering the four 

nations of England, Wales, Scotland, and Northern Ireland 

on the UK side, was the creation of a customs border 

within the UK’s boundaries (2). This runs through the Irish 

Sea to avoid the necessity for a ‘hard’ border between 

the Irish Republic, an EU member, and Northern Ireland.

Under the agreement, Northern Ireland has to have 

its own EU-UK border, because it is subject to EU single 

market and customs union rules, unlike the rest of 

the UK. By late February 2021, the arrangement was 

having to be re-negotiated with the EU accused of being 

‘legalistic’ in ways the border was being applied. Other 

sections of the agreement were also already looking 

likely candidates for re-negotiations as well.

In the first two months of the year, medicines 

and related products seemed to flow without much 

disruption between the UK and the EU. This could 

have been due to the setting up of protected shipping 

and freight routes for pharmaceuticals and other 

essential products (3).

Also, the EU-UK trade deal managed to avoid the 

setting up of major technical barriers to medicinal 

products (4). There has been, for example, mutual 

recognition of each other’s good manufacturing practice 

(GMP) inspections (4).

Boosting UK pharma
Meanwhile, UK government officials have been working 

on a strategy aimed at boosting the competitiveness of 

its pharmaceuticals sector by making the country a focal 

point for investment in drug development within Europe.

One means of boosting competitiveness has been 

ensuring that the country’s regulatory system and 

drug evaluation procedures provide relatively rapid 

pathways to the market. This regulatory change is 

being implemented despite the handicap of no longer 

being part of the EU’s medicines licensing network with 

the European Medicines Agency’s (EMA) centralized 

system for EU-wide authorizations and the decentralized 

procedure for national approvals. The UK tactic seems to 

be to exploit gaps and loopholes in existing EU legislation.

Even before the UK formally left the EU when it was 

obliged to obey EU legislation, the country demonstrated 

some success with this approach when it surged ahead 

of its European rivals in the roll-out of the two main 

COVID-19 vaccines launched by Pfizer and AstraZeneca.

During a transition period ending with Brexit on 1 Jan. 

2021, the UK was obliged to obey EU legislation but 

not non-regulatory initiatives. When the remaining 27 

member states voluntarily agreed in June 2020 on a 

collective arrangement for the joint procurement and 

approval through EMA of the new COVID-19 vaccines, 

the UK opted out.

Sean Milmo is a 

freelance writer based in 

Essex, UK, seanmilmo@

btconnect.com.
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European Regulatory Watch

Both regions approved the vaccines under a 2010 EU 

directive (5), but while the EU-27 chose the longer route 

of a conditional authorization, the UK selected the quicker 

alternative of a temporary approval. As a result, by 18 Feb. 

2021 the UK had vaccinated 26% of its population versus 

8% in Denmark—the leading EU country for vaccines 

availability—6% in Germany, and 5% in France (6).

Areas being prioritized by the UK government in its post-

Brexit plans are those where the country has research 

advantages and opportunities to adjust its regulations so 

that they are more in line with the needs of the market. 

With the continuous manufacturing of pharmaceuticals, for 

example, the EU and the rest of Europe has been making 

slow progress on the approval of continuous production 

processes. This slow progress stems partly from a lack 

of agreement on issues like the definition of ‘continuous’ 

and ‘quality management standards’, which will have to be 

consistent with those for batch processing.

At Strathclyde University, Scotland, CMAC Future 

Manufacturing Research Hub, which is funded by the UK 

government and by international drug companies with 

operations in the country, aims to make personalized 

products through digitalized supply chains. In February 2021, 

it held an international conference to push for an integrated 

approach to the adoption of continuous manufacturing and 

other advanced manufacturing technologies (7).

“Continuous manufacturing needs to be recognized more 

as a simplified but sophisticated production technique 

for solving many of the quality issues with medicines 

production,” Paul Hodges, chairman of NiTech Solutions, told 

Pharmaceutical Technology Europe.   

Medicines Manufacturing Industry Partnership (MMIP), 

representing international drug manufacturers with 

operations in the UK, has been working closely with 

government ministries and agencies, and the research-

orientated Association of the British Pharmaceutical Industry 

(ABPI), to maintain the UK’s strong position in continuous 

production and digitalization (8). One of the agencies has 

been the drug authorization body Medicines and Healthcare 

products Regulatory Agency (MHRA).

“ABPI and MMIP are supportive of work that shows how 

advanced digital technologies and continuous manufacturing 

can improve efficiency in all types of medicines 

manufacturing, across traditional small molecules, biologics, 

and complex medicines including cell and gene therapies,” an 

ABPI spokesperson told Pharmaceutical Technology Europe. 

“These advances require close collaboration with regulators 

(i.e., MHRA in the UK) for smooth implementation.”

Other areas of importance—not just to the government 

but industry and academia as well—in UK research in the 

post-Brexit era will be genomics, artificial intelligence (AI), 

early-stage diagnostics, and big data.

NICE needs to change
Industry believes that the National Institute for Health and 

Care Excellence (NICE), the government’s health technology 

assessment (HTA) body, is being too restrictive with its 

evaluation of digitalization products, which ultimately sets 

the price paid by the government for them (9).

“Those medicines for rarer conditions—in fact, precisely 

the sort of medicines that are enabled by developments in 

genomics, AI, and big data happen to be the medicines that 

tend to systematically have a harder time getting through 

(the evaluation process) than many others,” Richard Torbett, 

ABPI’s chief executive, told a conference in November 2020 

on a NICE review of its appraisal methods (9). 

“We have to have a system that is fair across all 

disease areas, and we believe that there’s increasingly 

strong evidence to suggest that there are certain types of 

medicines that typically have a harder time than others,” 

he said. “(We have proposed) some modifications in 

the methods that will allow particularly rarer diseases 

to be on a level playing field with diseases in other 

therapeutic areas.”

In its own proposals for modifications to its appraisal 

methods, which are subject to consultation until 15 April 

2021, NICE acknowledges the need for change (10). NICE 

has suggested that there should be more opportunities 

for patients to have access to promising new technologies 

despite deficiencies in clinical outcome data. These 

products would be available on the market on condition 

that their suppliers filled the evidence gaps within a fixed 

time period.

Linking HTAs with drug licensing procedures shows how 

Brexit has given a new flexibility to UK drug regulators and 

medicine evaluators. If the government’s ultimate aim of 

attracting new investment is successful, the UK’s approach 

may soon spread to other parts of Europe.
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to Charles Christy, head of commercial solutions for 

the Ibex Dedicate at Lonza, to effectively treat global 

diseases and eradicate disease burden, or even 

eliminate diseases (polio, smallpox). 

The immune response is triggered immediately 

with this type of vaccination; however, the body 

also has to fight the full viral or antigen load, which 

may facilitate adverse effects (e.g., feeling under the 

weather following the flu vaccine), notes Thomas 

Becker, site quality director for Recipharm.

Challenges with traditional vaccines
The potential exists for adverse effects because live 

viral vaccines are attenuated by genetic mutation 

of the wild-type, disease-causing virus, either by 

passaging the virus through cells, eggs, or animals 

or purposeful deletion of sections of the viral 

genome, explains Kelly Lyn Warfield, vice president of 

vaccines research and development within Emergent 

BioSolutions’ Vaccines Business Unit. “For selection 

and use of live, attenuated viral vaccines, caution 

must be applied due to potential safety issues in 

immunocompromised individuals (i.e., primary 

immunodeficiencies, patients on immunosuppressant 

treatment, HIV-infected people, and sometimes the 

very young or old), since this type of vaccine has 

the potential to replicate in an uncontrolled manner, 

F or a vaccine to be effective, the components of 

the disease of interest that provide protection 

from disease (an antigen) must be incorporated or 

present in the candidate and induce a strong and 

appropriate immune response in the vaccine. Viral 

vaccines specifically can be classified into ‘classic or 

traditional vaccines’ and include attenuated/killed 

virus. Recombinant vaccines include subunit, virus-like 

particle (VLP), conjugate, and viral-vectored vaccines. 

Genetic vaccines include messenger RNA (mRNA)/DNA. 

Alternatively, vaccines can be classified into live and 

non-live vaccines, which is important when considering 

safety profiles.

Traditional vaccines and viral subunit/proteins 

directly elicit an immune response without the need 

for cellular transcription and/or translation of genetic 

material. Genetic vaccines use part of the virus’ own 

genetic code (either mRNA or DNA) to instruct cells 

to make a viral antigen that will stimulate an immune 

response. Viral-vectored vaccines allow selection 

of a non-disease causing, and in some cases, a 

replication-deficient virus to be used to carry and 

deliver the antigen of interest to the vaccine and offer 

a mixture of advantages and disadvantages of live and 

non-live vaccines. 

Traditional vaccines have a long track record of 

safety and efficacy. They have been shown, according 

In a pandemic, genetic vaccines offer several 
advantages over traditional approaches. 

Genetic Vaccine 
Platforms Demonstrate 

Their Potential

Cynthia A. Challener, 
PhD, is a contributing 

editor to Pharmaceutical 

Technology Europe.
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Cover Story: Pandemic Response

development of novel, improved 

delivery formulations such as more 

effective lipid nanoparticles.

Importantly, although they are 

considered genetic vaccines, 

the DNA of the human cell is not 

impacted by the vaccine, and Becker 

notes that antigen production only 

continues for a short duration 

before the RNA or viral vector are 

eliminated from the body. As a 

consequence, though, the immune 

reaction (and potential adverse 

effects) occurs in a more modulated 

and delayed manner, Becker 

asserts. “As a result, to achieve 

complete immune protection and to 

increase its duration, a prime boost 

dosing regimen in two consecutive 

vaccinations with the same or a 

different vaccine may be applied, 

which is what we’re seeing in the 

mRNA COVID-19 vaccines,” he says.

Indeed, while genetic vaccines 

hold much promise, they have not 

yet been widely commercialized. This 

situation has started to change with 

the US Food and Drug Administration 

(FDA) granting Emergency Use 

Authorizations to the mRNA vaccines 

from Pfizer-BioNTech and Moderna 

for COVID-19 in late 2020; the 

European Medicines Agency granted 

conditional approval for the Pfizer-

BioNTech vaccine in late 2020 and 

the Moderna vaccine in early 2021. 

Additionally, both agencies approved 

the viral-vector vaccine for Ebola 

from Janssen (Ad26.ZEBOV) followed 

by a second dose of MVA-BN-Filo 

from Bavarian Nordic, in 2020. 

Development and 
manufacturing advantages 
for genetic vaccines
What makes genetic vaccines 

so attractive is the potential to 

establish platform solutions that 

allow the rapid development of a 

range of vaccines against emerging 

infectious diseases based on a 

scalable novel core technology 

platform. “The process to develop 

and produce genetic vaccines 

is highly similar from one to the 

next, so we have already a lot of 

spread to other individuals due to 

shedding of the vaccine, or revert to 

a virulent (disease-causing) form,” 

she says. “Care must be taken, 

therefore, to select a candidate 

that has an appropriately balanced 

replication profile to maintain an 

acceptable safety profile but that 

can also induce a potent immune 

response,” Warfield adds. 

To modulate the immune response 

and to increase the duration of the 

immunization, Becker says that 

the entire vaccination programme 

may have to be applied in several 

doses, which can be inconvenient for 

patients. Live viral vaccines may also 

be challenged with stability issues 

and require frozen temperatures to 

remain viable and potent. 

Similarly, a viral vector-based 

vaccine can cause an immune 

response to the viral vector itself in 

addition to the antigen of interest 

for which it is delivering the nucleic 

acid, according to Gregory Bleck, vice 

president of research and development 

at Catalent Biologics. “This issue can 

make repeated dosing difficult, since 

with additional dosing, the patient’s 

immune system may clear the viral 

vector before it has an opportunity to 

insert the nucleic acid into a cell for 

antigen production,” he observes.

There are a multitude of approaches 

for non-live viral vaccines that 

can be based on whole, killed 

organisms; purified or recombinant 

proteins; VLPs; or genetic vaccines, 

notes Warfield. “In contrast to 

live vaccines,” she comments, 

“non-live vaccines pose no risk to 

immunocompromised individuals and 

cannot spread or potentially cause 

disease.” Development of purified 

or recombinant proteins, VLPs, and 

genetic vaccines, however, requires 

knowledge of the protective antigens, 

including their identities and possibly 

structures, to ensure proper and 

robust immune responses, she adds. 

In addition, some protein-, VLP-, and 

killed virus-based non-live vaccines 

require addition of an adjuvant to 

improve their immunogenicity due to 

their non-replicating nature. 

Spotlight on genetic vaccines
Genetic vaccines are different 

because they contain only a small 

part of the virus’ genome and 

cause cells to produce the desired 

antigen(s). Typically, the RNA or 

DNA sequence that instructs the 

human cell to produce the viral 

antigen(s) intended to trigger an 

immune response is formulated in 

a lipid nanoparticle that can enter 

the human cell after vaccination, 

according to Becker. He adds that 

because the human cell produces 

the antigen itself in order to produce 

the immune response, a smaller 

dose of vaccinating agent is required 

for genetic vaccines when compared 

with traditional vaccines.

Some people consider viral-vector 

vaccines, in addition to those based 

on DNA and RNA, to also be genetic 

vaccines, because the genome 

fragment is embedded within a virus 

that usually cannot multiply itself in 

the human body, but once inside the 

cell directs the cell to produce the 

viral antigen.

In the case of DNA-based 

vaccines—either plasmid/naked 

DNA- or viral-vector-based—explains 

Bleck, the cell that takes up the DNA 

will transcribe the DNA into mRNA, 

and then the mRNA will be translated 

into the protein-of-interest, which 

will be an antigen from the virus. 

In the case of mRNA vaccines, 

the transcription step is already 

completed, so the cells that take up 

the mRNA only need to transcribe 

the mRNA sequence into the protein-

of-interest. Viral vector-based 

vaccines utilize the engineered virus 

to insert the nucleic acid encoding 

the viral antigen into the cell, where 

that molecule is then subsequently 

transcribed to mRNA and translated 

into the protein-of-interest.

DNA- and RNA-based genetic 

vaccines have been impeded by 

the ability to appropriately deliver 

the nucleic acids intact and to the 

correct site within the body or a 

particular cell type, according to 

Warfield, but this issue has more 

recently been overcome with the 
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information from other vaccine 

projects that have used the same 

platform. This saves valuable time 

and energy when starting the 

development of a vaccine against a 

new disease,” explains a company 

spokesperson from Janssen 

Infectious Diseases & Vaccines. 

The design and development of 

traditional vaccines is fairly complex. 

Most importantly, the best way to 

propagate the virus or its antigen 

needs to be newly developed in each 

and every case, Becker stresses. 

For killed or attenuated viruses, a 

mechanism must be explored and 

established that kills or lowers the 

infectious potential of the virus, 

without destroying it, so that the 

ability to generate the immune 

response remains. If this is not 

achievable, the traditional vaccine 

route is blocked for these viruses. 

For conjugated or VLP vaccines, the 

appropriate carrier substance or 

partner molecules also need to be 

explored and then combined with the 

antigen in the formulation process.

“While historical knowledge can 

be applied in the attenuation or 

formulation process, each case 

requires developmental activities to 

some extent. The more similar the 

new virus is to existing organisms, 

the easier it will be to use existing 

processes, reducing the amount of 

development time required. This 

is particularly true when creating 

vaccines for new mutations of 

known and treatable viruses such as 

flu,” Becker remarks.

“Traditional vaccines can take 

years to develop because they rely 

on the actual virus or viral proteins 

grown within eggs or cells,” Bleck 

agrees. “Viral proteins are developed 

and manufactured in cell-based 

expression systems, and they require 

time to generate a clonal cell line 

expressing the protein-of-interest 

and then optimize the manufacturing 

process so that it can be reliably 

scaled-up to clinical and commercial 

scale.” Traditional vaccines based on 

cell culture are also manufactured 

using large stainless-steel 

equipment, which is slower to scale 

up and requires longer construction 

timelines, Christy adds.

In addition, traditional vaccines 

are usually ranked as requiring 

an elevated biosafety level, and 

manufacturing facilities therefore 

need to comply with a higher level 

of biosafety requirements. “Such 

capacities may be limited worldwide, 

especially in pandemic situations, 

and facilities that are usually used 

for the manufacturing of ‘normal’ 

drug products cannot be used. 

Moreover, the virus propagation or 

the production of the antigens are 

biochemical processes that need to 

be run under controlled conditions 

and that may take a long time (weeks 

to months),” Becker observes. 

Genetic vaccines, on the other 

hand, can be designed more rapidly 
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are already developed and set. Often, 

long lead-time items with long expiry 

dates can also be held in stock, 

decreasing the time necessary to 

order, release, and supply material 

to the manufacturing or QC [quality 

control] suites,” he says. 

However, Becker points out, genetic 

vaccines are a much younger class of 

drug product compared with traditional 

vaccine techniques. “The knowledge 

level for some of the required 

production techniques, such as the 

formulation of lipid nanoparticles, is 

still limited within the pharmaceutical 

industry. We can expect to accrue even 

more valuable knowledge over time to 

further enhance the effectiveness and 

efficiency of these vaccines,” he states.

Easy to modify in response  
to virus mutations
Viruses naturally mutate, and the 

longer they are in circulation and 

the more transmission that occurs, 

the more opportunities they have 

to develop mutations that enable 

resistance to established antigens. 

Depending on the mutations, the 

impact can range from minimal to 

substantial for traditional vaccines, 

according to Welch. Traditional flu 

vaccines offer an existing case where 

the seasonal variation has minimal to 

no impact on the production process. 

However, substantial mutations or 

changes in strains with increased 

potential for infection can result in 

substantial changes. 

“If the mutation or shift in strains 

cannot be produced using the existing 

process, such as an avian flu not being 

able to be produced in eggs, then 

inactivated and attenuated vaccines 

could potentially require completely 

new starting strains or production 

platforms, which would essentially 

require anything from substantial 

to complete redevelopment and 

validation of the manufacturing 

process for the new strains,” he says. 

The same could hold true for protein-

based or recombinant protein-based.

Because genetic vaccines 

trigger their immune response via 

a fragment of the virus genome, 

and deployed as soon as the genetic 

sequence has been identified. 

The DNA product can be quickly 

expressed and scaled-up to clinical 

or commercial scale, Bleck adds. In 

the case of mRNA vaccines, the DNA 

precursor can then be transcribed 

in an in-vitro process that does not 

require the same long development 

timelines; for viral vector-based 

vaccines, the base systems are 

already established and the gene 

that encodes the antigen of interest 

only needs to be substituted into 

the vector backbones to start the 

process. Subsequent engineered viral 

production is performed using well-

established manufacturing techniques.

As an example, Christy notes 

that Moderna went from sequence 

selection to shipping the first 

manufactured batch of the clinical 

drug product in 42 days. In addition, 

Lonza was able to scale up, build, 

and commercialize the Moderna 

vaccine in its Visp, Switzerland 

facility in only eight months, 

compared to the two to three years 

(or more) usually required to build a 

new cell-culture facility. This speed 

was also made possible by Lonza’s 

pre-investment Ibex Dedicate in 

a manufacturing complex and 

supporting infrastructure that was 

pre-primed and ready for fit-out, 

according to Christy. 

“Part of the reason for this speed 

is that no cell bank or viral seed bank 

needs to be developed; this time-

consuming task is often required 

for traditional vaccines,” says 

Christy. “Secondly,” he continues, 

“the dose for genetic vaccines is 

very low compared to traditional 

vaccines; an mRNA dose of 30–100 

µg is being utilized. Such low doses 

require smaller facilities, which can 

be equipped with single-use (SU) 

technology, resulting in a faster 

scale-up and facility implementation.” 

Similarly, viral vaccines can be 

produced in small SU bioreactors, 

with 1000-L vessels sufficient for 

producing millions of doses.

“Theoretically,” adds Richard 

W. Welch, vice-president of 

development services for Emergent 

BioSolutions’ CDMO Business Unit, 

“once a process and testing have 

been developed for a genetic or 

platform-based vaccine, that same 

process and the majority of the 

release assays can be used for 

any vector or antigen. For more 

traditional vaccines, each process 

and set of release assays must be 

developed separately.”

More specifically, the level 

of development effort required 

for platform-based vaccines is 

often substantially less than for 

more traditional vaccines from 

a chemistry, manufacturing, 

and controls perspective, Welch 

explains. “This decreased level of 

process and method development 

results in a substantial reduction 

in cost, and more importantly 

during a pandemic, the time from 

determination of identity and 

sequence of the target antigen 

or antigens sequence to clinical 

production and release of clinical 

trial material.”

Moreover, the biosafety level 

category for genetic vaccines usually 

is lower than for traditional vaccines. 

“The majority of these vaccines may 

not even require biosafety measures 

during production at all, merely the 

same techniques as those used for 

other biopharmaceutical products,” 

notes Becker. As such, facilities that 

produce “normal” biopharmaceutical 

drug products can be used also for 

the manufacturing of these vaccines.

In addition, Welch observes that a 

genetic- or platform-based approach 

can also avoid other potential delays 

for clinical production. “If a site has 

already manufactured, tested, and 

released that type of genetic or 

platform vaccine, then the equipment 

is in place and qualified for any 

vaccine that platform can support. 

Materials and suppliers are already 

qualified, and materials specifications 

Production knowledge 
for genetic vaccines is 
limited but is expected to 
increase rapidly.
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they will continue to provide an effective immunization route as 

long as the gene sequences in those particular fragments remain 

unchanged or display minimal mutations, according to Becker.

If the mutation is more significant, genetic vaccines also have 

the advantage of being extremely easy to modify. “That is the 

beauty of genetic vaccines; they represent a platform approach 

with a central technology (adenovirus, liposome particle mRNA, 

or other) that can be readily modified by inserting a new genetic 

sequence for rapidly response to virus mutations or even novel 

viruses (e.g., other coronaviruses),” Christy asserts. 

The DNA template just needs to be modified to encode the new 

variants, and manufacturing of the updated vaccine can typically 

continue with very few, or no modifications to the process, Bleck notes. 

The existing body of knowledge about related virus strains facilitates 

the location and isolation of the relevant gene sequence, Becker says. 

Bleck adds, however, that the new vaccines still need to be evaluated 

in detailed clinical studies to confirm that the new mutated epitopes do 

not elicit unwanted immune responses in patients. 

Still scaling challenges 
Like with traditional vaccines, developers of genetic vaccines must 

ensure sufficient process and product understanding to meet FDA, 

European Medicines Agency (EMA), and other regulatory guidelines, 

and they face scalability issues moving from early clinical phase 

to late clinical phase and commercial. “One key difference for 

genetic vaccines,” asserts Welch, “is that if the technology is a true 

platform approach, these issues only have to be worked out once 

for multiple indications.”

Companies, however, still need to define how much volume 

should be manufactured in order to meet demand and ensure 

that they—or their manufacturing partners—have the capacity to 

scale-up operations to meet the necessary peak volume. Genetic 

vaccines, while faster to develop than proteins, are still biologic 

products that require cell culture and sophisticated technology for 

development and manufacturing at both clinical and commercial 

scale, according to Bleck.

In a pandemic, adds Christy, the key challenge is manufacturing 

at risk during ongoing clinical trials. Further, the production 

scale-up to deliver hundreds of millions (if not billions) of doses 

places an enormous strain on the supply chain. Becker points out 

that currently there is only limited global capacity for biopharma 

production, some of which is required for existing drug and vaccine 

products. In addition, both traditional and genetic vaccines require 

filling under aseptic conditions, further reducing global capacity.

Stability and delivery hurdles
Genetic vaccine approaches have been contemplated for nearly 30 

years, but until recently, Warfield says, they had been challenged 

by the need for large doses to induce mild to moderate immune 

responses, the instability of the nucleic acids (particularly with RNA 

candidates), and the inability to efficiently deliver the nucleic acids 

to targeted tissues or cells.

The recent success of the Pfizer-BioNTech and Moderna mRNA 

vaccines demonstrates that these issues have been overcome at 

least to some degree, but Warfield believes further improvements 

will need to be made for continued and future success of this 
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will typically expand the scope of 

stability studies required. 

The shortened timelines for 

manufacturing of genetic vaccines, 

Becker comments, also means that 

with currently accepted analytical 

methods, analysis results for 

intermediate production materials, 

such as formulated bulk product or 

product in filled but unlabeled vials, are 

not available at the time of processing. 

“This situation results in an increased 

risk that non-conforming product 

may undergo further value-adding 

manufacturing steps before being 

identified and discarded,” he says.

Formulation improvement
Because genetic vaccines are still a 

relatively new class of treatments, 

there is significant potential for 

further development. Primary 

opportunities revolve around the 

selection of more appropriate 

excipients, observes Welch. Work 

is ongoing to improve the target 

product profiles of genetic vaccines 

to improve their stability, Christy 

adds. “Formulation development 

with a range of stabilizers offers 

the potential to improve both the 

temperature stability and the shelf 

life of such vaccines,” he states.

In some cases, Welch believes 

that the use of existing or novel 

drying technologies will improve 

the stability of genetic vaccines. 

Becker agrees that transferring 

liquid formulations into lyophilized 

products can potentially improve 

thermal stability and reduce the need 

for cold-chain handling. Recipharm’s 

site in Wasserburg, Germany, for 

instance, successfully developed 

and implemented a lyophilization 

cycle that can freeze-dry a COVID-19 

mRNA vaccine. “Initial results indicate 

that the lyophilized product has 

a significantly improved thermal 

stability profile in comparison to the 

liquid formulation,” Becker says. 

The need for formulation 

improvement, however, creates its 

own challenges for vaccines being 

used to treat emerging infectious 

diseases, especially in the case 

vaccines will progress through a 

maturation curve. Equipment and 

production processes must be 

optimized and standardized so 

processes can be made robust and 

scalable and global supply can be 

achieved at acceptable costs. He 

also stresses that the human capital 

factor must not be neglected. “The 

availability of trained, regulatory-

compliant GMP manufacturing 

staff and quality control and quality 

assurance personnel is a critical 

success factor,” he says. Much 

investment in facilities will be needed 

as well, which during the COVID-19 

pandemic been supported by 

numerous government and  

private partnerships.

Additional genetic  
analysis requirements
A similar challenge common to all 

vaccines is the delivery of a safe 

and efficacious dose to patients. 

“Full focus on SISPQ (safety, identity, 

strength, purity, and potency) is 

common to all medicines. However, 

for genetic vaccines, this means 

developing a whole new battery of 

analytical methods, especially around 

purity and potency,” Christy states. 

“Methods exist, but these generally 

are research-based techniques (such 

as sequencing, infectivity, transfection 

assays), and they need to be fully 

developed to be robust, validatable, 

GMP-compliant, and able to be 

routinely implemented across multiple 

sites (globally for both drug substance 

and drug product),” he says.

Methods for genetic sequencing 

and product release, adds Bleck, 

require specialized expertise and 

equipment not required for traditional 

vaccines. In addition, he notes that 

for mRNA-based vaccines, their 

instability relative to most proteins 

class of vaccines. She highlights a 

need for the reduction of costs for 

raw materials and manufacturing 

processes and improvements in 

stability to reduce the need for 

storage at low or extremely low 

temperatures, which can create 

supply-chain challenges. 

“The lower stability of 

genetic vaccines is definitely 

the major challenge when it 

comes to widespread adoption 

of this new technique,” Becker 

agrees. Formulation of the lipid 

nanoparticles required to protection 

of mRNA vaccines from degradation 

can be challenging, however; the 

correct ratio of lipids, proteins and 

nucleic acids is needed to form 

the nanoparticle, in addition to any 

additional excipients, adjuvants, etc., 

according to Bleck. 

In addition, genetic vaccines 

may only undergo a limited number 

of freeze-thaw cycles, and thus 

the bulk vaccine should be filled 

into vials immediately after the 

formulation process is completed. 

In addition, he notes that the 

filling process should be followed 

immediately by visual inspection and 

label and pack operations. “With this 

in mind, the size of a batch, which is 

processed in one run, may be limited 

in order to shorten the exposure of 

the vaccine to room temperature,” 

he comments. 

Because genetic vaccines are so 

new, there is also a need for careful 

short- and long-term monitoring and 

understanding of side effects to assist 

in the development of next-generation 

candidates that are potentially safer 

with less untoward effects, Warfield 

adds. “Achieving understanding and 

approval of the safety and efficacy 

profile of genetic vaccines by the 

general public, and especially amongst 

those with existing vaccine hesitancy, 

will be required for efficient and broad 

acceptance of genetic vaccines in the 

future for a larger set of pathogens 

outside the current COVID-19 

pandemic,” she continues.

Overall, Christy observes that as 

with any new technology, genetic 

While much was 
accomplished in 
developing genetic 
vaccines on a short 
timeline, additional  
work is needed to 
fine-tune analysis and 
formulation steps.
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regulations will evolve over the next 

several years,” says a company 

spokesperson from Janssen Infectious 

Diseases & Vaccines.

As more genetic vaccines become 

available, Welch envisions a shift to 

their use not only for pandemics, 

but also for existing and emerging 

infectious diseases. “Such as 

shift could enable companies to 

decrease time and cost, at least for 

manufacturing development, from 

inception to market,” he notes.

New advances in mRNA vaccines 

and other novel vaccines may indeed 

mean that we are entering into 

a new “golden age” for vaccines, 

according to Christy, but with the 

caveat that important work remains 

to be done to ensure global access, 

adequate capacity, and ease of 

administration, as well as education 

to ensure widespread uptake. He 

also notes that effective vaccines 

have yet to be developed for many 

well-known viruses, and more than 

80 emerging viruses have been 

identified since 1980, with two 

novel viruses appearing every year. 

“Despite recent successes, much 

remains to be achieved to protect 

humanity,” he insists. 

In addition to novel genetic vaccine 

technologies, Christy is excited about 

mucosal vaccines that aim to boost 

local immune memory and effector 

responses at the point of entry of 

pathogens and mRNA vaccines in 

development as cancer vaccines, 

intra-tumoral immune-oncology 

therapies, and localized regenerative 

therapies. Other cancer and T-cell 

vaccine are in development to treat 

antibody evasive viruses, and  

existing vaccines are being 

re-developed to provide better 

protection and coverage.

“Ongoing global pre-investment by 

governments, private foundations, 

and other groups will be needed 

to drive further advances in 

technology, manufacturing capacity, 

and infrastructure that will enable 

effective response to epidemics/

pandemics going forward,” Christy 

concludes. PTE

combination of vaccination agents 

for different diseases, which may not 

be possible for genetic vaccines for 

the foreseeable future, as they are 

less robust. “With this in mind,” he 

says, “traditional vaccines may be 

more appropriate not only to address 

a wider variety of mutations of one 

virus type in one vaccination, but 

for routine vaccination programmes 

against different diseases.”

Finally, Warfield notes that killed 

virus, protein, and VLP vaccines 

potentially have the advantage 

of more temperate storage 

requirements compared to some live 

virus- and genetic-based vaccines, 

which can be particularly important 

in remote areas and developing 

countries that lack the necessary 

cold-chain infrastructure.

But genetic vaccines are 
creating real excitement
The arrival of the new class of genetic 

vaccines heralds an exciting time in 

vaccine development, asserts Becker. 

“This new technology offers a number 

of promising routes to help us not 

only enhance infectious disease 

prevention, but to progress the fight 

against other serious diseases, such 

as cancer,” he says. The fact these 

vaccines can be manufactured in 

standard multi-product facilities, 

rather than on specialist sites, 

will also enhance efficiency for 

pharmaceutical companies and offers 

greater scope for maximizing vaccine 

production capacity in the event of 

future pandemics.

Process and product regulations 

for genetic vaccines and viral-

vectored vaccines still have to 

mature, however, as the technologies 

thus far have only recently produced 

commercially viable products that 

have been approved by stringent 

regulatory agencies like FDA and 

EMA. “Our expectation is that both 

technology regulations and platform 

of pandemics, where speed is of 

the essence, according to Welch. 

“Opportunities to increase stability 

that involve substantial revision of 

the final formulation may require 

additional and extensive clinical trials 

to establish efficacy and safety along 

with revalidation of the drug product 

production process.”

Still a place for  
traditional vaccines
While there are many advantages 

to genetic vaccines, there are also 

many reasons why traditional vaccine 

approaches will continue to be used. 

“Traditional vaccines have been on 

the market much longer than genetic 

vaccines and, in most cases, can 

currently be made at a significantly 

lower cost,” says Bleck. “Over time,” 

he adds, “these technologies have 

evolved to adapt to changes in the 

viruses that they protect against. 

In addition, if necessary, multiple 

antigenic proteins in certain ratios 

and configurations can be expressed 

to get the correct epitopes produced 

for a neutralizing immune response, 

which is currently difficult to 

achieve in genetic vaccine formats. 

Furthermore, getting adjuvants 

to work effectively with genetic 

vaccines can also be difficult.”

Traditional approaches might 

be preferential when preclinical 

animal studies indicate that an 

effective vaccine requires the 

presentation of an antigen or 

antigens in a complex structure 

that cannot be engineered or can 

only be effectively and reproducibly 

done using the entire infectious 

agent, a company spokesperson 

from Janssen Infectious Diseases 

& Vaccines says. In addition, when 

the protective antigens are not 

known for an emerging pathogen, 

traditional approaches incorporating 

the entire pathogen (live or killed viral 

vaccines) may be required until a firm 

understanding of protective immune 

responses are established, Warfield 

notes. 

Furthermore, Becker points out 

that traditional approaches allow the 

Excitement about 
genetic vaccines must be 
supported by additional 
research and investment.
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despite the variety of approaches 

available and the indication from 

several studies that functional 

excipients can have a beneficial effect 

on the bioavailability of APIs, there 

were also some clinical limitations. 

When evaluating specific excipient 

groups, such as pH-adjusting 

excipients, there were limited in-vivo 

and clinical data available, and mostly, 

the studies only evaluated one poorly 

soluble API, demonstrating a clear 

need for further research (4).

However, it is patently clear that 

excipients are rightfully considered 

as more than an ‘inert’ vessel in drug 

delivery. As the complexity of drug 

development has increased, so too has 

the requirement for more sophisticated 

excipients to manipulate the properties 

of the final product, for example, 

multifunctional (co-processed) and high 

functionality excipients, which are able 

to fulfil multiple roles in performance 

improvement of a dosage form (4).

Specifically focusing on amorphous 

solid dispersions (ASDs), there 

are several specific excipient 

functionalities that should be 

considered. These considerations 

include the solubilizing effect of 

the excipient, the capability of the 

excipient to provide a strong molecular 

interaction with the API, whether 

the excipient exhibits thermoplastic 

behaviour, and if the excipient 

displays a broad range of dissolution 

behaviours. Critically, the API and the 

polymer systems in ASDs must have a 

strong affinity for one another, and if 

the solubilization of the API within the 

polymer is done properly, it is possible 

to gain a thermodynamically stable 

end product (5).

Despite the capability of ASDs to 

improve solubility and bioavailability of 

drug products, there are complexities 

to overcome to ensure commercial 

success. In seeking to provide a greater 

understanding of the mechanisms 

underlying how ASDs improve 

bioavailability, Schittny, Huwyler, 

and Puchkov performed a literature 

review of all available research in 

2019. Reflecting on both theoretical 

considerations and experimental data, 

O  ral solids remain the most widely used dosage forms for 

pharmaceuticals to date, namely as a result of the convenience the 

form offers developers, manufacturers, and patients. Despite significant 

industry growth being witnessed in the area of large-molecule drugs, 

the oral solid dosage (OSD) pharmaceutical formulation market is 

anticipated to be worth more than US $926.1 billion (€763.6 billion) by the 

end of 2027 (1).

However, it is also extensively reported that a sizable proportion of 

drug candidates in development are poorly water-soluble, an aspect 

that can contribute to higher attrition rates and is directly related to 

poor oral bioavailability. Low bioavailability is a frequent cause of failure 

in drug development (2) and is known to lead to high variability and poor 

control of therapeutic effects (3). 

Oral bioavailability of a drug product can be affected via several 

factors, such as poor solubility, gastrointestinal degradation, and 

high first-pass metabolism rates. Aqueous solubility and membrane 

permeability have been identified as key influencers of oral 

bioavailability of drug products (4). Strategies employed to overcome 

the challenges that result in low oral bioavailability include manipulation 

of drug properties or methods to interfere with physiological barriers to 

drug absorption (3). 

Research and review
Drug properties can be altered via formulation strategies, 

manufacturing processes, or by modifying physicochemical properties 

to improve solubility and, hence, bioavailability. Many techniques 

have been well documented and researched over the years, providing 

valuable insight into the mechanism of action of various strategies and 

pathways for potential future advancement. 

A review paper, authored by van der Merwe et al. in 2020, provided 

a comprehensive overview of selected excipients suitable for use to 

improve oral bioavailability. In their review, the authors noted that 

Felicity Thomas

Reviewing Recent 
Bioavailability Research
Various strategies to improve bioavailability are being continuously  
evaluated, affording greater commercial prospects for the future.
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the authors’ literature review led them 

to the conclusion that dissolution of 

an ASD can be attributed to three 

main mechanisms—carrier controlled, 

dissolution controlled, and drug 

controlled—and that dissolution is 

influenced by drug load, homogeneity 

of the solid ASD, interactions 

between the polymer and the drug, 

and surfactants (6). 

Other key findings from the research 

included the fact that the dissolved 

states of ASDs are in a dynamic 

equilibrium; the higher drug absorption 

of ASDs can be mainly credited to 

the increased concentrations of 

molecularly dissolved API and is aided 

by diffusion by drug-rich particles. 

Additionally, it was found that, 

although polymers have the capacity 

to stabilize supersaturated solutions, 

they can also lower the amorphous 

solubility, and surfactants, although 

useful for enhancing dissolution 

properties, can not only stabilize 

but also destabilize supersaturated 

solutions. Furthermore, translational 

studies, moving from in-vitro to in-vivo 

performance, are limited (6).

An investigation by Wilson et al. 

in 2020 was aimed at evaluating 

the in-vivo absorption performance 

following oral dosage of a high-drug 

load formulation. The researchers 

evaluated enzalutamide in particular, 

as it is a lipophilic compound, 

Biopharmaceutics Classification 

System class II, that has low drug 

loading in its current commercially 

available formulation. As a result of 

low drug loading, the pill burden for 

patients is high, and, therefore, there 

is a desire to increase the drug loading 

without compromising absorption of 

the API (7).

Choosing two newly synthesized 

cellulose derivatives for ASD 

formulation, Wilson et al. determined 

that it is important for the polymer 

used in ASD formulations to have 

the correct balance of hydrophilic 

and hydrophobic substituent groups 

to be effective. Ultimately, after 

performing both in-vitro and in-vivo 

tests, the authors discerned that 

ASD formulation with the cellulose 

derivative, CPHPC-106, provided a 

five-fold improvement in enzalutamide 

absorption relative to crystalline 

control. Conversely, the polymer 

that was more effective an inhibiting 

crystallization yielded minimal 

improvements in oral absorption, 

highlighting the fact that ASD 

performance is a “complex interplay of 

drug and polymer properties” (7).

Another research paper on ASDs, 

published in 2020, detailed the 

possibility of reducing tablet mass 

using novel architecture. Compared 

with a typical ASD formulation, 

in which the dispersion polymer 

allows for physical stability of the 

solid-state and the maintenance of 

dissolution rate in the gastrointestinal 

tract, the novel high loaded dosage 

form (HLDF) architecture combines 

two different polymers to achieve 

physical stability and dissolution. 

The drug product evaluated was 

erlotinib, which is a rapidly crystallizing 

drug with a low glass transition 

temperature, formulated as an ASD 

with Eudragit L100 as the dispersion 

polymer and hydroxypropyl methyl 

cellulose acetate succinate as the 

concentration-sustaining polymer. The 

authors found that by using the two 

different polymers—one inside the 

ASD and the other outside—it was 

possible to achieve equivalent in-vitro 

performance as a single dispersion 

polymer ASD with a reduced dosage 

form size by 40% (8).

This brief review of some of 

the recent work being performed 

to assess various strategies to 

improve bioavailability demonstrates 

significant advances in mechanistic 

understanding and developments 

to approaches. Furthermore, thanks 

to research being undertaken in this 

area, commercial opportunities to 

improve dosage forms for patient 

convenience and reduce development 

attrition rates of poorly-water soluble 

compounds are coming to the fore.
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Glatt Pharmaceutical Services and Aprecia have announced a collaboration 
to advance manufacturing solutions for oral pharmaceutical design 
challenges that are not addressed by conventional oral solid-dosage 
manufacturing (1).

The partnership will involve the expanded use of Glatt’s multiparticulate 
technologies through Aprecia’s ZipDose technology for 3DP manufacturing. 
Existing products for modified-release brand-line extensions and new 

chemical entities will be targeted initially.
“The purpose of this agreement is to provide our clients more design 

options, which provide benefits such as modified release, bioavailability 
enhancement, taste masking, improved solubility, or API stabilization in 
a patient-preferred dosage form,” said Aprecia CEO, Chris Gilmore, in a 
press release (1). 
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he authors have developed XEN496, a  granular formu-
lation of ezogabine (1–6) suitable for administration to 
children, including newborns. They used a modified 
quality-by-design (QbD) approach, as well as a risk-

based matrix, to guide development of various prototypes of 
this Biopharmaceutical Classification System (BCS) Class 2 
drug. First, they established excipient compatibility for ezoga-
bine through an accelerated-condition stability study of binary 
mixtures of ezogabine and excipients at 40 °C and 75% relative 
humidity. Subsequently, lead blends within the compatibility 
space were designed and their in vitro dissolution profiles de-
termined. Blends with the most promising dissolution profiles 
were then dry granulated and re-tested for dissolution prior to 
stability assessment. 

The authors also assessed the impact of drug loading 
on dissolution performance, along with the potential for 
non-specific binding to occur with common plastics, such 
as those used in feeding bottles and nasogastric (NG) feed-
ing tubes. Rat pharmacokinetic (PK) studies were then per-
formed to confirm the candidate formulation’s biopharma-
ceutical performance in vivo, after which it was evaluated for 
taste/mouth feel and placed on long-term stability studies. 

This article describes the overall process taken to design 
and test prototype paediatric formulations of ezogabine, 
which led to the identification of XEN496. Data so far sug-
gest that granules containing ezogabine show rapid dissolu-
tion, good polymer compatibility and stability, suitable par-
ticle size distribution, and ease of dosing on a body weight 
basis, without requiring extemporaneous compounding. 
In addition, the final product shows a neutral taste profile, 
which could potentially enhance both patient and caregiver 
convenience and patient compliance.

Materials and methods 
Ezogabine was synthesized by a qualified good manufactur-
ing practice (GMP) facility and re-crystallized to a chemical 
purity of 99.88% a/a. The crystalline form was determined 
to be Form A (i.e., the same form that had previously been 
used in the manufacture of Potiga) (7). A number of ex-
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Using Modified QbD to 
Develop a Novel Paediatric 
Formulation of Ezogabine

An adult tablet formulation of ezogabine 
(retigabine) (i.e., Potiga [also known as Trobalt]) was 
developed and marketed by GlaxoSmithKline (GSK), 
as an adjunctive treatment for focal-onset epilepsy 
in adults. Ezogabine is a potassium channel opener 
and primarily works by activating the voltage-
gated potassium channels in the brain. Ezogabine 
was shown to be an effective treatment for many 
patients, however; under certain conditions, it 
could generate cyclized dimers, some of which have 
been implicated in pigmentation abnormalities in a 
subset of patients. Even though these abnormalities 
were reversible and had no toxic effects, they may 
have played a part in the decision to withdraw 
the drug from the global market in 2017. 
Potiga had never been studied in a formal clinical 
trial in young children, but crushed and/or 
compounded Potiga tablets have been used, off-
label, to treat children affected by developmental 
and epileptic encephalopathy, often with 
favourable outcomes. The efficacy of this off-label 
treatment has highlighted a need for clinical testing 
of ezogabine in the paediatric population. The first 
step is developing a suitable paediatric formulation 
of ezogabine (XEN496). A formulation has been 
developed that is compatible with a range of food 
matrices, chemically stable, bioequivalent to Potiga 
in a rat model, compatible with feeding bottle 
plastics, and has a pleasant taste and mouth feel.

Matthew D. Tandy, Jay A. Cadieux, and Rostam Namdari
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cipients were then selected for evaluation: Hydroxypropyl 
methylcellulose (Dow, Midland, MI); Starch 1500 (Colorcon, 
Stoughton, WI), Butylated hydroxytoluene (BHT) (Spec-
trum Labs, New Brunswick, NJ); Microcrystalline cellulose 
(FMC, Philadelphia, PA); and Copovidione (Ashland, Mill 
Creek, WA). To determine the bioequivalence (BE) of the 
new formulation, male Sprague-Dawley rats were used for 
pharmacokinetic (PK) evaluation of XEN496 and Potiga.

High-pressure liquid chromatography (HPLC) chemical purity. Anal-
ysis was performed using an HPLC device (Shimadzu LC-
20ADXR) equipped with an auto-sampler and a 150 x 4.6-
mm, 2.7-µm column (Advanced Materials Technology Halo 
C18). The sample was analyzed using a gradient method 
with 0.1% H3PO4 in water v/v as mobile phase A and aceto-
nitrile as mobile phase B. The run time was 28 minutes, and 
the column temperature was 30 °C with an injection volume 
of 10 µL per sample and a 1 mL/min flow rate. 

Analyte detection was carried out by performing UV 
analysis at 254 nm with a 4 nm bandwidth. This method 
was developed and fully validated for use with ezogabine 
and its formulated products. Using this method, the parent 
peak for ezogabine was well resolved. However, the dimers, 
although observed, were not fully resolved and are (along 
with certain other impurities) deemed to be related sub-
stances for this product.

Excipient compatibility. The excipient compatibility screen 
was performed with samples consisting of ezogabine me-
chanically admixed with excipients in proportions typically 
employed in solid oral dosage products. Samples were stored 
at 40 °C and 75% relative humidity for four weeks before 
being analyzed by HPLC for changes in total related sub-
stances (TRS).

Formulation development. The excipient compatibility data 
were used to design a series of prototype formulations pre-
pared by dry granulation to create immediate release (IR) 
dosage form prototypes. Each of these prototypes consisted 
of a combination of ezogabine, binders, fillers, antioxidants, 
and disintegrants in ratios designed to promote an optimal 
release profile of ezogabine along with a minimum degree 
of degradation caused by interactions with the excipients.

Dissolution. Dissolution testing was performed using an 
dissolution testing system (Agilent 708-DS) with 0.1 M HCl 
as the dissolution medium as n=6 samples at 37 °C ± 0.5 °C. 
The dissolution equipment was set up as per United States 
Pharmacopeia (USP) <711> as Apparatus 2 (paddles) with 
a paddle speed of 50 rpm and sampling points at 5, 10, 15, 
30, 45, and 60 minutes, after which time the paddle speed 
was increased to 200 rpm. The last sampling time point was 
taken at 75 min. At each time point, 1 mL of the media 
was sampled, filtered using a 0.45-µm polypropylene filter 
and analyzed by HPLC (Shimadzu LC-20ADXR) equipped 
with an auto-sampler and a 150 x 4.6 mm, 2.7-µm column 
(Advanced Materials Technology Halo C18). The sample 
analysis was performed using a gradient method with 0.1% 

formic acid in water v/v as mobile phase A and 0.1% formic 
acid in acetonitrile v/v as mobile phase B. The run time was 
28 minutes and the column temperature was 37 °C with an 
injection volume of 10 µL per sample and a 1 mL/min flow 
rate. Ezogabine detection was carried out by UV analysis at 
254 nm with a bandwidth of 4 nm.

Particle size distribution (PSD). A PSD analyzer (Malvern 
Mastersizer 3000) equipped with a micro tray accessory 
(Malvern Aero S) was used for dry powder dispersion anal-
ysis. The sample was analyzed using 0.5 bar pressure with 
a feed rate of 60%, which gave a laser obscuration of 0.14% 
over a 30 second measurement time. Data analysis was per-
formed using Mie theory (i.e., based on the scattering of 
electromagnetic waves). No particle size data were gathered 
for most of the formulations prepared, because dissolution 
was the key parameter for this product. Additional work is 
planned in the future, to formally explore the relationship 
between particle size and biopharmaceutical performance 
for XEN496 as it progresses through development.

Bioequivalence (BE) study. Male Sprague-Dawley rats (7–8 
weeks old, N = 6/group) were used for BE evaluation. Rats 
were dosed at 10 mg/kg via oral gavage; blood samples were 
collected via jugular vein at specific time points: 0.25, 0.5, 
1, 2, 4, 8, and 24 hours, and processed to plasma by centrif-
ugation at ~4 °C and 3200 g for 10 min within 30 min of 
collection, and kept frozen at -70 °C – 10 °C. The samples 
were then analyzed for ezogabine levels using a validated 
method combining liquid chromatography with tandem 
mass spectrometry. Plasma concentration-time data were 
analyzed via a non-compartmental model using Phoenix 
WinNonlin 6.3 software (Pharsight Corporation).

Taste testing. A taste test was performed on the lead pro-
totype formulation (Blend B or XEN496) of the granulated 
material. Two healthy adult human subjects each took a 
sub-therapeutic dose of XEN496 in a test designed to en-
sure that the formulation had a neutral character and to 
determine its mouth feel. 

Non-specific binding. Ezogabine non-specific binding to 
glass, along with three of the most common materials used 
in feeding bottles and NG tubes (polyether sulfone, polyphe-
nyl sulfone and polypropylene), was tested by preparing a 
stock solution of the API in purified water at a concentration 
of 0.025 mg/mL and transferring aliquots to feeding bot-
tles made of the different materials. The bottles were hand 
shaken for one minute before 1-mL aliquots were tested by 
HPLC and the amount of material recovered calculated. 

Granulation. Samples were blended using a blender (Nan-
Tong Beite Pharmaceutical Machinery Co., Ltd. HTD-200), 
then processed in a roller compactor (Alexanderwerk WP 
120), after which granulate was sieved using a vibratory sieve 
shaker (Fritsch Spartan).

Results
Excipient compatibility. Paediatric formulation development 
of ezogabine began by testing the stability of the API in the 
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presence of a range of excipients. The goal was a formulation 
with minimal degradation (i.e., no inherent instability due 
to unfavourable interactions with inactive ingredients). 

The excipient compatibility screen results are presented in 
Table I. This screen was performed with samples consisting 
of the API mechanically admixed with excipients in propor-
tions typically employed in solid oral dosage products. Many 
of the samples showed limited or no change in total related 
substances readings after storage at 40 °C and 75% relative 
humidity for four weeks compared to Day 1. A number of 
excipients were determined to be potentially suitable for use 
in the formulation development with ezogabine. 

Formulation development. The main prototype formulations 
prepared for ezogabine at different drug loads are presented 
in Table II. Based on the projected clinical dosing regimen for 
various paediatric age ranges, a relatively wide range of drug 
loads (ranging from 5% to 20% w/w ezogabine) was evaluated 
by dry granulation to create immediate-release (IR) dosage 
form prototypes. Each of these prototypes consisted of a com-

bination of the API, binders, fillers, antioxidants, and disinte-
grants in ratios that aimed to afford an optimal release profile 
of ezogabine along with a minimum degree of degradation 
caused by interactions with the excipients (Table II). 

Dissolution. To compare formulations based on ezogabine 
release under simulated gastric conditions, dissolution 
tests were performed as described. The resulting dissolu-
tion profiles are presented in Figure 1, with target criteria 
being a repeatable dissolution profile with Not Less Than 
Q+5 (Q=75%) at T=15 minutes for the blend. The optimum 
blends were designated as the lead (Blend B, XEN496) and 
back-up (Blend I) formulations for subsequent development. 
The lead formulation showed in-vitro dissolution profiles 
(both pre- and post-granulation) consistent with an IR prod-
uct (e.g., 91.2 ± 1.2% released after 10 minutes, 99.1 ± 1.0% 
released after 45 minutes). 

Analysis of the formulations between 10–60 minutes in 
the dissolution profile gave no clear impression of function/
property relationships for the excipient types used. For ex-

Table I. Excipient compatibility screen as binary mixtures with ezogabine. TRS is total related substances.

Excipient Appearance
Change in 

TRS
Excipient Appearance

Change in 
TRS

Ezogabine White powder 0.03% Butylated hydroxytoluene (BHT) White powder 0.07%

Microcrystaline cellulose (MCC) White powder 0.25% Croscarmellose sodium (CCNa) White powder 0.07%

Erythritol White powder 0.60% Polyplasdone White powder 0.03%

Hypromellose (HPMC)  White powder 0.08% Colloidal silicon dioxide Pink powder 2.51%

Starch 1500 White powder 0.07% Cellulose, powdered White powder -0.01%

Ethylcellulose White powder 0.07% Sodium starch glycolate White powder 0.08%

Talc White powder 0.20% StarCap1500 White powder 0.06%

Sodium Stearyl fumarate White powder -0.01% Leucine White powder -0.06%

Silicon dioxide White powder 1.84% Calcium phosphate tribasic Yellow powder 0.36%

Sodium alginate White powder -0.04% Methylcellulose White powder -0.03%

Table II. Formulation design. HPMC is HPMC is Hypromellose or hydroxypropyl methylcellulose; MCC is
microcrystalline cellulose; BHT is butylated hydroxytoluene.

Formulation API (%) Excipient 1 Excipient 2 Excipient 3 Excipient 4 Excipient 5 Excipient 6

Blend A 5 HPMC 5% BHT 0.01% Starch 1500 42.49% MCC 42.5% CCNa 5% N/A

Blend B 20 HPMC 5% BHT 0.01% Starch 1500 19.99% MCC 45% Polyplasdone XL 10% N/A

Blend C  5 HPMC 5% BHT 0.01% Starch 1500 24.99% MCC 25% Lactose 40% N/A

Blend D 5 HPMC 5% BHT 0.01% Starch 1500 59.99% MCC 30% N/A N/A

Blend E 6.98 HPMC 6.98% BHT 0.01% Starch 1500 79.05% CCNa 6.98% N/A N/A

Blend F 10 HPMC 5% BHT 0.01% Starch 1500 29.99% MCC 45% Polyplasdone XL 10% N/A

Blend G 10 HPMC 5% BHT 0.01% Starch 1500 29.99% MCC 45% Polyplasdone Ultra 10% N/A

Blend H 10 HPMC 5% BHT 0.01% Starch 1500 42.49% MCC 45% N/A N/A

Blend I 20 HPMC 5% BHT 0.01% Starch 1500 37.49% MCC 37.5% N/A N/A

Blend J 10 HPMC 5% BHT 0.01% Starch 1500 19.99% MCC 40% Lactose 20% CCNa 5%

Blend K 5 HPMC 5% BHT 0.01% Starch 1500 44.99% MCC 45% N/A N/A

Blend L 5 HPMC 20% BHT 0.01% Starch 1500 37.49% MCC 37.5% N/A N/A

N/A: Not applicable

Peer-Review Research
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ample, Starch 1500 is used in these formulations as a binder 
between 19.99–79.05%. While the formulation with the op-
timum dissolution rate had the lowest binder level, other 
formulations with the same percentage of binder had only 
moderate dissolution rates, approximating those of formu-
lations with the highest level of binder. 

What did seem to have a significant effect was the level 
of API in the formulation. Typically, formulations with the 
poorest dissolution have low levels of the API (5%) and the 
optimum formulations for dissolution have the highest per-
centage of API (20%). It can therefore be postulated that 
ezogabine in these granules acts as a disintegrant or disso-
lution enhancer. Future studies are planned to elucidate the 
mechanism underlying this observation.

Stability of selected formulations. The formulations selected 
for advancement on the basis of their dissolution profiles 

(Blends B and I) were re-prepared and placed on stability 
under nitrogen in a potential clinical presentation (i.e., 2 
g of XEN496 in 80 x 80-mm sachets made from a polyeth-
ylene terephthalate/aluminum/polyethylene [PET/Al/PE] 
compound film designed for pharmaceutical packaging). 
The samples were placed under International Council for 
Harmonization (ICH) accelerated conditions (40 °C / 75% 
relative humidity) for 36 weeks, with appearance and HPLC 
purity/related substances evaluated at the time points de-
scribed in Table III. Ongoing stability assessments have shown 
that ezogabine is stable in both the lead and back up formu-
lations under ICH accelerated conditions. 

Bioequivalence studies. Because the molecule had been 
previously marketed, it is was desirable to show there was 
no significant change in oral bioavailability and PK pro-
file between the IR Potiga tablet and the current XEN496 
granule formulation. To mimic the reported off-label use for 
paediatric patients, the Potiga tablets were crushed before 
administration, and these crushed tablets were compared 
head-to-head with the XEN496 granules in a rat PK study. 

The crushed Potiga tablets and the XEN496 granules were 
dosed (10 mg/kg) orally in a rat cross-over PK study. Both 
formulations were dosed as a suspension at a concentration 
of 1 mg/mL in 0.02% w/v aqueous carboxymethyl cellulose 
(CMC); the CMC concentration was selected to match the 
viscosity of infant formula. 

The plasma-concentration curves of the crushed Potiga 
tablets and XEN496 (Figure 2) are virtually superimposed, 
indicating that the granule formulation was equivalent to 
Potiga in terms of biopharmaceutical performance. This was 
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Figure 1: Dissolution profiles of formulations A-L. 

Figure 2: Plasma Concentrations of Ezogabine after Oral Administration of XEN496 Granules and 
Crushed Potiga® Tablets in Rats 
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Figure 2. Plasma concentrations of ezogabine after oral 
administration of XEN496 granules and crushed Potiga 
tablets in rats. 
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confirmed through PK analysis, which showed that the geo-
metric mean ratio and its 95% confidence intervals of the PK 
parameters were within the BE range of 80–125% (Table IV).

Taste testing. Taste is a key parameter in the development 
of medicines for paediatric populations, particularly infants, 
who have functioning taste buds on their tongues, tonsils, 
and at the back of their throats. This makes them more sen-
sitive to bitter and sweet tastes than adults, and they have a 
strong preference for slightly sweeter flavours (8). Because 
infants cannot comment on flavours they find unpleasant, 
they will reject any food which tastes bitter, which, in the 
case of medicines, may cause an under-dose due to incom-
plete intake of the administered dose. Paediatric formula-
tions, therefore, must be designed to be neutral or slightly 
sweet to be accepted by the infants taking the medication.  

An informal taste test was performed on XEN496 (Blend 
B), which showed it to be slightly sweet with a slightly 
grainy texture; however, this test was performed on the 
granulated material, which would be completely or par-
tially dissolved in dosing matrices, hence eliminating or 
mitigating any potential disagreeable mouth feel. It is 
therefore expected that this product will be accepted by 
infants when it is mixed with food. 

Particle size. The dissolution profiles indicate that XEN496 
will dissolve in 0.1 M HCl; however, the dissolution pro-
file in baby formula could not be determined, because this 

medium caused interferences in the UV spectra. Because 
this could, in principle, affect the ability to dose patients 
effectively and accurately, the particle size distribution of 
the granules was carefully controlled so that they could pass 
through the nipple of an infant feeding bottle. 

Laser light scattering was used to determine the particle 
size distribution of the XEN496 granules. It indicated that 
they would be small enough to pass through the nipple of a 
standard baby bottle or paediatric NG tube (i.e., with a d10 
of 13.4 ± 0.4 µm, a d50 of 41.6 ± 1.6 µm, and a d90 of 153 
± 31 µm). By comparison, typical baby bottle nipple aper-
tures are >500 µm and size 4 Fr paediatric NG tubes have 
a 1330-µm inner diameter. Therefore, XEN496 is consid-
ered compatible with paediatric dosing, including common 
feeding devices without the risk of blockages, which may 
impair administration.

Non-specific binding. The effect of polymer binding on drugs 
is well-known (9) and can be extremely beneficial when de-
signing a drug delivery system; however, it can also cause 
undesired effects when polymers trap or adsorb to the API 
so that it cannot be effectively and/or efficiently absorbed. 
Because XEN496 is designed to be added to foods, including 
baby formula, it is important that there be limited polymer 
binding such that the full API dose can be readily available for 
absorption in the body. Glass and three of the most common 
materials used in feeding bottles and NG tubes (polyether sul-
fone, polyphenyl sulfone, and polypropylene) were tested for 
non-specific binding with ezogabine. Analysis showed 100% 
recovery from the glass vessel and minimal binding to each 
polymer, with recoveries of 96.9% for polyether sulfone; 96.7% 
for polyphenyl sulfone; and 96.5% for polypropylene: 96.5%. 
These levels are not expected to affect patient dosing. 

Discussion 
The challenges inherent in this project were threefold: to de-
velop a stable paediatric formulation of ezogabine; to ensure 
that the formulation has adequate PK characteristics and pref-

Table III. Stability study on select formulations. TRS stands for total related substances.

Blend B - Lead Formulation (XEN496) Blend I - Back-Up Formulation

Time Point Appearance Purity% TRS% Time Point Appearance Purity% TRS%

T=0 White granules 99.79 0.21 T=0 White granules 99.82 0.18

T=1 week White granules 99.82 0.18 T=1 week White granules 99.82 0.18

T=2 weeks White granules 99.80 0.20 T=2 weeks White granules 99.81  0.19

T=4 weeks White granules 99.82 0.18 T=4 weeks White granules 99.80 0.20

T=8 weeks White granules 99.81 0.19 T=8 weeks White granules 99.77 0.23

T=12 weeks White granules 99.79 0.21 T=12 weeks White granules 99.78 0.22

T=24 weeks White granules 99.82 0.18 T=24 weeks White granules 99.81 0.19

T=36 weeks White granules 99.80 0.20 T=36 weeks White granules 99.78 0.22

Total change in TRS after 36 weeks: -0.01% Total change in TRS after 36 weeks: 0.04%

Table IV. Plasma concentrations for XEN496. CI is 
confidence interval; AUC is area under the curve, 
related to drug exposure and clearance from the body; 
and Cmax is maximum plasma concentration.

Parameter Cmax AUC0-last AUC0-∞

Lower bound 95% CI 105.4 94.9 94.9

Point estimate of 
geometric mean ratio

115.1 108.0 108.0

Upper bound 95% CI 125.7 122.9 122.9
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erably is bioequivalent to Potiga; and to ensure that the for-
mulation would meet the stringent requirements of paediatric 
dosing yet facilitate preparation and accurate dosing of patients 
without having an unpleasant taste or mouth feel. 

The approach used for this work was, initially, to develop 
a formulation that would allow the API to be dosed in a 
manner suitable for the patient population in a formulation 
that was stable under accelerated conditions. Once a suitable 
formulation was prepared, its properties were controlled 
through particle engineering activities such as microniza-
tion and encapsulation of specific strengths, which can be 
combined to allow for effective and accurate dosing based 
on patients’ weight. The approach used in the development 
of the formulation has proven to meet all design character-
istics established in the initial project plan.

Conclusion
A novel paediatric formulation of ezogabine (XEN496) 
was successfully developed for use in the paediatric pop-
ulation (through dispersal in breast milk, infant formula, 
or soft foods) as granules packaged in a way that would 
allow for highly accurate body weight-based dosing. Blend 
B (XEN496) has shown suitable physiochemical properties 
such as dissolution rate and stability. 

The rat cross-over PK study with XEN496 and Potiga showed 
that these formulations of ezogabine were bioequivalent, which 

makes XEN496 suitable for further clinical development and, 
potentially, for use in paediatric clinical trials in patients with 
KNCQ2-DEE. XEN496 has since been manufactured under 
GMP conditions for Phase I/III clinical studies.
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Enabling precise control over particle structure

In pharma delivery, size matters. So, too, do the intricacies of dosage 
format, active ingredient compatibility, and effective delivery to 
patients—whatever their needs or preferences may be.

Yet standard dosage forms haven’t always provided companies the 
options, flexibility, or performance to bring all those puzzle pieces 
together during therapeutic development.

So it’s a relief to know that things are changing. Advances like 
Precision Particle FabricationTM technology, for example, produce 
uniform microspheres and microcapsules with narrow size 
distribution and precise control over particle structure, making 
the platform versatile enough to accommodate a range of active 
ingredients and delivery formats.

We spoke with Nathan H. Dormer, PhD, Director of Drug Product 
Development at Adare Pharma Solutions, to learn how this new 
technology platform is expanding the frontiers of therapeutic delivery 
and improving patients’ experience in the process.

PHARMTECH: Please tell us about Adare Pharma Solutions and your 
role in the organization.

DORMER: Adare Pharma Solutions is a contract development 
and manufacturing organization (CDMO) focused on providing 
specialized formulation solutions and manufacturing expertise to the 
pharmaceutical and OTC and animal health markets.

At Adare, I’m a Director of Drug Product Development, so I oversee 
non-GMP formulation development activities at our Kansas City 
location. The formulations we develop in Kansas City then go on to be 
tech transferred and scaled up at one of our other GMP sites, either in 
the United States or in Italy. Many great things are happening across 
all our locations, and Kansas City is where a lot of the R&D action has 
been taking place.

PHARMTECH: How does Adare solve formulation and 
manufacturing challenges that other CDMOs can’t solve?

DORMER: What Adare is really proud of is our proprietary 
microencapsulation technologies, by which I mean that these 
aren’t standard tableting or liquid technologies that are freely 
available. They’re patented, and Adare retains the institutional 
knowledge and know-how for operating these technologies and 
formulating with them.

Precision Particle Fabrication For example, Adare has Microcaps®, which is a 
coacervation technology that can directly coat 
drug particles for taste masking or modified 
release. And the acquisition of Orbis added other 
proprietary technologies, like Optimμm® and 
StratμmTM, which are processes that create very 
uniform microparticulates that can be used in many 
different types of solid oral dosage forms.

PHARMTECH: Could you describe Orbis’s platform 
technologies and how those fit into Adare’s portfolio?

DORMER: Adare was traditionally one of the leading 
CDMOs in the microparticulate space, particularly 
in the solid oral space. The company has a handful 
of proprietary technologies that microencapsulate 
drugs and provide taste masking or modified 
release at a size that would be in the millimeter 
range down to fractions of a millimeter. When Adare 
acquired Orbis, what we were able to add is the 
ability to go even further down in particle size than 
before, and with greater uniformity, which translates 
into being able to include those particle sizes in 
different types of dosage forms.

For example, Orbis’s technology Optimμm® is a melt-
spray-congeal technology meant for solid oral-dosage 
forms that can create very uniform microspheres and 
microcapsules a quarter of a millimeter in size or even 
smaller in a single step—which was a range that no 
other technology could get to, and that’s certainly a 
range that Adare is now excited to offer.

With the acquisition, Adare also added Orbis’s 
StratμmTM platform, which is geared mainly toward 
long-lasting injectable microspheres. Prior to the 
acquisition, Adare wasn’t active in the long-acting 
sterile-injectable space, but now they have that 
capability and the institutional knowledge behind it. 

PHARMTECH: Describe a specific case or application 
for each of Orbis’s platform technologies.

DORMER: For Optimμm, Orbis’s solid oral platform, 
we’ve been able to do multiple applications, 
including taste masking, extended release, and 
delayed release. One of the best things that 
Optimμm can do is provide extended release in 
addition to taste masking.

If you look at the market, many of the extended-
release pills that are available are 12-hour pills that 
last all day. And as an analog to that, you’d want to 
find dosage forms that are acceptable for little kids 
to take, or for people with swallowing difficulties. 
Traditionally, that’s meant moving toward a liquid. 

The problem is that long-lasting, 12-hour liquids just 
aren’t freely available. It takes complex technology 
to make them, and the technologies that exist aren’t 
able to serve every molecule.

So with the Optimμm platform, we’ve been able 
to take a 12-hour OTC pill and turn it into a 12-hour 
microparticulate suspension. That’s one of the better 
things about Optimμm—it gives you that format 
flexibility while still maintaining performance.

For Stratμm, our injectable technology, one of 
the most impactful avenues we’re exploring now 
has involved partnering with a women’s health 
company to develop a long-acting contraceptive.

If you look at contraceptive options available for 
women today, you have the daily pill, then you have 
a three-month Depo-Provera injection, and then you 
have implants that start at three years and extend 
longer. There’s really no option between three 
months and three years for patients.

So with Stratμm, we’re working on developing a long-
acting injectable contraceptive that can be used 
over six months or one year, which makes family 
planning a little bit easier for those who are looking 
for intermediate coverage in their contraception.

PHARMTECH: What is your perspective on the 
market for drug delivery technologies and how is 
Adare suited to address them?

DORMER: The trends we see in the industry include 
many pharma companies and therapeutics focused 
on chronic illnesses and diseases that affect a large 
number of patients, and then on diseases that affect 
a small number of patients, but in a very bad way. 

What we have to remember is that when 
therapeutics are developed, companies focus on 
making sure that they have the safety and efficacy 
to address the problem so that patients can take 
them reliably while getting the outcomes they want. 
But sometimes a side effect of that is that these 
therapeutics may not taste very good or be very 
easy to administer, or that the regimens needed to 
administer the drug are less than optimal.

With Adare’s proprietary technologies around 
taste masking and modified release, we are well 
positioned to address many of the solid oral-dosage 
form problems that are present in the industry 
today. With the addition of Stratμm, we’ll now 
be able to provide a different play on long-acting 
injectables to help our pharmaceutical customers 
even more.

https://www.adarepharmasolutions.com
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solution for their next formulation 

challenge,” says Valerie Van Hulle, 

global strategic marketing manager, 

Pharma Solutions, at BASF. The 

company continues to update the 

online tools, she reports. 

Quality systems should not be 

separated in “silos” from other 

operations, suggests Matt Lowe, chief 

product officer at MasterControl, 

which released a new version of 

its life sciences QMS software on 

3 Feb. 2020. “Gaining greater visibility 

is the first step toward ensuring 

traceability. Connecting your QMS 

with other systems and stakeholders 

helps provide the necessary visibility 

and transparency to extend a culture 

of quality not only across your 

organization, but also your supplier 

network. With the technology that 

we have today, any company should 

be considering a digital QMS and 

connecting systems in a paperless 

environment.” 

Electronic records
Digitalization for raw materials 

handling can take many forms—from 

online certificates of analysis (CoAs) to 

electronic batch records (EBR). While 

the trend is toward digitalization, 

companies in the pharma industry 

are at various stages in the process, 

with some completely manual, others 

completely automated and paperless, 

and others in between. 

Automated systems for raw 

materials records remove the double 

verification required in manual 

paperwork. “The system virtually does 

the verification for you as it can act as 

a ‘pass or fail’ whereby the system is 

working for you instead of you working 

for the system, which is a time savings 

and results in better compliance,” 

adds Nieuwenhuizen.

“It does take effort and time 

to implement digital systems,” 

Nieuwenhuizen cautions. He notes 

one example in which a company 

implemented a complex vendor 

management system that required a 

dedicated project team. The result, 

however, was the ability to link 

materials management and ordering 

T raceability of the raw materials used in pharmaceutical and 

biopharmaceutical manufacturing is a crucial part of quality 

management. Digital tools offer time savings, better compliance, and 

greater efficiency for all aspects of raw materials qualification and 

handling. 

Supplier and material qualification
Raw material quality begins with raw material suppliers, and supplier 

and material qualification are crucial steps for any drug manufacturing 

process. Quality management systems (QMS) can be useful here, says 

Patrick Nieuwenhuizen, senior manager and consultant at PharmaLex.

PharmaLex introduced a digital tool in November 2020 to help 

companies perform risk assessments of excipient interactions in the final 

drug product, which are required by Europe’s  EudraLex Volume 4, Part 

III guidelines (1). “The SmartRisk tool prompts the user with a series of 

questions to help organize the assessment,” explains Nieuwenhuizen. 

He notes that the commercially available, cloud-based system complies 

with United States Code of Federal Regulations 21 (CFR) Part 11 (2) and 

EudraLex Annex 11 (3), including data integrity protection. 

“Having a robust quality management system with procedures and 

processes for raw material traceability and management supports 

consistency and reliability throughout the supply chain,” adds Jessica 

Cansler, senior quality management specialist for Nutrition & Health, 

North America, at BASF. “Adhering to appropriate quality standards, as 

well as establishing a programme based on risk and application will help 

ensure the appropriate level of review of raw materials.”

BASF’s Virtual Pharma Assistants, introduced in 2019, are digital 

tools for pharmaceutical development. “ZoomLab allows formulators 

to predict their next starting formulation for a pharmaceutical product; 

RegXcellence untangles the complexity of the compliance process 

via instant access to regulatory and quality documentation; and 

MyProductWorld helps customers find the optimal excipient or API 

Jennifer Markarian

Digital Tools Enhance  
Raw Material Traceability 
Integrated, paperless data systems can improve efficiency and quality.
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Event Overview
In today’s hyper-competitive biopharmaceutical industry, 
incremental efficiency gains are not enough to stay ahead of 
the competition in bringing products to market. Although the 
digitalization of the laboratory is well underway, there remain 
opportunities to transform procedures and make step-change gains 
in efficiency.

The advent of the fully digital lab has led to standardized procedures 
and data, simplified workflows, and better collaboration. At the same 
time, organizations have begun to use digital solutions to optimize 
the use of resources and the workloads of scientists in their labs. 
Now, it is possible to directly integrate automated schedule and 
resource optimization with digitalized procedure management and 
execution systems in the lab.

Key Learning Objectives
•  How to optimize schedules among available scientists by 

leveraging resource availability and procedure information
•  How to further streamline lab workflows and remove non value-

added tasks with optimized work schedules
•  How to power the transformation of your lab and gain an edge on 

your competition with this new integration
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Transform Your 
Lab Workflows and 
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Manufacturing

with EBR, which also helped manage 

stock levels. Nieuwenhuizen notes 

that when implementing digital 

systems, it can be challenging and 

potentially counterproductive to 

translate manual workflows directly 

into digital workflows. “It may be 

better to embrace a new way of 

working and look first at how the 

digital tools are designed to be used,” 

he suggests. “The software suppliers 

have the knowledge about the 

benefits of the tool, and they can be 

a resource.” 

Integrating digital systems
Integrating digitalized systems within 

a company eliminates data silos, in 

which data are stored in separate, 

unconnected digital systems. An 

integrated platform makes all the 

data in an organization accessible 

so that data can be analyzed to 

identify trends and make data-based 

business decisions, notes Lowe. For 

example, he says, if raw materials 

supplier data were integrated with 

other quality and manufacturing data, 

a manufacturer would have another 

tool to help better identify the root 

cause of a deviation. 

Integrating QMS and laboratory 

inventory management systems (LIMS) 

is beneficial, adds Nieuwenhuizen. 

“Inventory control systems help with 

QMS. Quality control of materials 

can be linked to LIMS for intake, 

quarantine of problem batches, and 

release or rejection of material. An 

important aspect is that it gives you 

full traceability by batch number,” 

says Nieuwenhuizen. LIMS can then 

be interfaced to inventory control 

systems and to vendor management.

Inventory management and supply-

chain visibility software can help with 

managing complex supply chains. 

“There are more platforms seen in 

the industry to alert when there is 

a possible supply disruption in an 

area due to natural disasters and 

other issues in the region or sourcing 

company,” notes Cansler. 

Although data interfaces 

between raw materials suppliers 

and drug manufacturers are not 

yet widespread, there is a move 

toward sharing information so 

that parties can make informed 

decisions more quickly. Data security 

and confidentiality, however, are 

important. “Use of password 

protection and user vetting helps 

maintain confidentiality,” says Cansler. 

“Confidentiality can be further 

addressed by allowing visibility only 

one level up and down; [users would 

need to] request authorization to 

further review the transparency 

beyond their one level capability.” 

Connecting supply chain 

management systems and QMS 

also improves efficiency of the 

supplier audit process, adds Lowe. 

“Manufacturing organizations need 

to be able to securely track and store 

supplier audit information, reports, 

deviations, supplier corrective action 

requests (SCARs), and more while 

making it easy to find suppliers that 

meet audit requirements.” He notes 

that digital audit tools within quality 

systems connected to supplier 

information allowed remote audits 

to take place during the COVID-19 

pandemic’s travel restrictions. “A digital 

system can even allow you to invite 

suppliers to participate in tasks relevant 

to them, providing a secure, online 

collaboration space and restricted 

access to suppliers for collaboration 

and concurrent engineering efforts. 

For many companies, having this 

technology has impacted their business 

continuity. If there is something good 

that comes from COVID-19, it’s that it 

has illustrated the need for digitization 

to maintain business operations and 

has spurred companies to make the 

digital transition.”

While more companies are now 

embracing these well-established 

digital tools and systems, new 

data analysis tools are also being 

increasingly used. “Machine learning 

(ML) and artificial intelligence (AI) 

are tools that some companies are 

already taking advantage of, and 

I would expect this will be the big 

trend in the coming years,” suggests 

Lowe. “Integrating [supplier, quality, 

and manufacturing] systems to 

share information and using AI/ML 

and natural language processing to 

analyze that data will be a game-

changer for companies.” 
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PCI Pharma Services, a contract development and manu-

facturing organization (CDMO), introduced the pci|bridge 

digital platform in September 2020 to make real-time in-

ventory, production, distribution, and shipping informa-

tion readily accessible to its biopharmaceutical clients. 

“The platform includes data for raw materials received, 

as well as bulk materials, storage-only products, and 

finished goods,” explains Morgan Brandt, director of Dig-

ital Products at PCI Pharma Services. Brandt notes that 

clients appreciate the “self-serve” aspect of the platform 

and the customized reports, and that insights from data 

help clients make more informed decisions. 

The platform is part of PCI’s digital transformation 

strategy. The platform enables digitization of records 

by providing a document repository where electronic 

paperwork can be stored and accessed in one place, 

with signatures secured on the platform. Brandt says 

that cybersecurity was a focus during the development 

of the platform, and that cloud-based storage helps 

ensure data integrity.

Digital platform shares data with CDMO’s biopharmaceutical clients
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the target is imperative, Mahdavi 

continues. “A development 

partner with multiple technology 

capabilities can help bring different 

perspectives and therefore offer 

advantages over single technology 

solution providers,” he notes.

For Ralph Landau, head of 

Development, Drug Product, 

Cambrex, a good CDMO should 

be able to offer a wealth of drug 

delivery expertise. “A CDMO can 

offer deep support in developing 

the right formulations, including 

delivery systems, by balancing 

previous experiences with 

innovative problem-solving to 

decrease complexity and enhance 

quality,” he says. “The right CDMO 

works with customers as a partner 

to transparently fill manpower and 

knowledge gaps. Regardless of the 

size or maturity of the company, 

an outsourced partner offers a 

multitude of benefits that help to 

bring safe, effective drug products 

to the market faster.”

Additionally, advantages can be 

gained in partnering with an expert 

for specialist dosage forms, such 

as topical products for skin, eye, 

airways, or mucosal membranes, 

asserts Lynn Allen, vice-president 

Business Development, MedPharm. 

“To facilitate optimum formulation 

development, unique experience 

and knowledge are required, 

something that most development 

companies lack in-house,” she 

emphasizes. “This is especially 

the case for specialist topical 

products as the requirements for 

delivery are quite different from 

oral and intravenous routes of 

administration.”

Meeting patient needs
“Drug delivery is advancing to 

meet patient needs,” reveals 

Satish Shetty, director of Product 

Development, Cambrex. “Instead 

of a general population approach, 

there are now defined paediatric 

and geriatric patient groups via 

regulatory agencies in the United 

States and Europe. Advances are 

O utsourced services within the bio/pharma industry are 

growing robustly driven by a variety of factors, such as a 

greater emphasis on niche patient-populations and rare diseases, 

a rise in the number of smaller bio/pharma companies, increased 

market fragmentation, and more demand for patient-centric 

solutions. According to market research, the contract development 

and manufacturing organization (CDMO) outsourcing market has 

the potential to increase by US $44.17 billion (€36.3 billion) between 

2020 and 2024 (1).

An aspect of drug development that can be facilitated through 

the use of an outsourcing partner is the development of an 

effective drug delivery solution. “A good outsourcing partner 

can provide drug companies with expert guidance into the most 

effective drug delivery technologies to enable them to successfully 

commercialize their product,” confirms Arul Balasundaram, 

formulation manager at Recipharm’s Queensborough facility (United 

Kingdom). “Such a partner can find the ideal balance between 

ease of formulation, method development, and subsequent 

manufacture.”

Delivering success through expertise
“In the development of a drug delivery system, there are several 

benefits that outsourcing offers that can help drug developers 

gain a competitive advantage,” says Behzad Mahdavi, vice-

president open innovation biologics, cell & gene therapy, Catalent. 

“[Generally], pharma and biotech subject-matter experts are mostly 

limited to evaluating one method of delivery because of limited 

time or other resources, or simply because of a narrowness or 

focused expertise in their own organizations.”

To improve the potential for success in development, having 

knowledge and the ability to assess multiple enabling technologies 

in parallel to target different barriers or formulations to reach 

Felicity Thomas

Delivering a  
Wealth of Expertise
Outsourcing partners can provide a multitude of advantages in the development of  
drug delivery solutions, including those designed for targeted patient populations.
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being made in drug delivery systems 

to circumvent common conventional 

dosage limitations, including poor 

solubility and bioavailability, blood-

brain barrier permeation, GI tract 

degradation, dose-dumping, and 

so on.”

“Drug delivery solutions that 

are easy to use and require less 

frequent administration play a 

major role to achieve better patient 

compliance,” adds Maaike Everts, 

technical marketing leader for 

parenteral drug delivery, Evonik. An 

example of a delivery solution that 

can improve patient compliance 

is a long-acting injectable, such 

as bioabsorbable microparticles 

and implant based on lactide/

glycolide polymers, which reduce 

the frequency of administration, she 

explains. “These formulations can 

deliver peptide and small molecule 

drugs for weeks or months following 

a single administration, replacing 

daily injections and daily oral 

dosing,” Everts says.

Other examples of delivery 

solutions that can be employed 

to boost patient compliance and 

optimize drug performance, include 

microparticle, nanoparticle, implant, 

and in-situ forming technologies, 

Everts continues. “Typically, the 

goal is to address some combination 

of formulation challenges that 

can optimize the release profile, 

reduce frequency or dose volume, 

increase bioavailability, avoid 

toxic side effects, or facilitate 

more efficacious plasma levels,” 

she states.

“A lot of attention is being 

placed on reduced dosing 

frequency, by modifying potency 

and release profiles, which 

increases compliance for all patient 

populations,” concurs Shetty. “This 

includes a focus on minimizing the 

fluctuation of drug concentration 

and maintenance of blood levels 

within a desired range.”

Patient compliance is a significant 

issue in paediatric populations, 

asserts Andrew Parker, director 

Open Innovation, Small Molecules, 

Oral and Specialty Drug Delivery, 

Catalent. “When developing a 

paediatric indication of an existing 

adult formulation, different 

delivery solutions/formats must be 

developed to resolve this issue,” 

he says. “The use of mini-tablets 

has generated increased interest 

in recent years because of their 

ability to be used as sprinkles (as 

considered by the US Food and Drug 

Administration if the mini-tablet 

is less than 2.5 mm in size), and 

so can be dosed with food stuffs 

such as yogurts or porridge. Mini-

tablets also provide an attractive 

solution as potentially being able to 

easily translate the existing adult 

format without significant further 

formulation development.”

Landau highlights the fact that 

drug developers are taking more 

time to review other solid dosage 

forms to determine how the shape 

and size might impact compliance. 

“Mini-tablet forms (tablets ≤2 mm 

in diameter) are helping to increase 

the acceptability of paediatric drugs 

and guidance has been drafted 

by FDA for other solid dosage 

size and shape requirements,” he 

adds. “Studies have been carried 

out to investigate different patient 

swallowing ability profiles by age, as 

well as general patient preferences.”

Additionally, Landau notes 

that there is growth in patient 

administration of drug therapies 

for different disease states, such 

as rheumatoid arthritis, psoriasis, 

diabetes, chronic pain management, 

long-term management of asthma, 

and mental health issues. “With 

the patient in control of staying 

on track with treatments, there 

have been a variety of hurdles to 

compliance,” he says. “Mechanical 

complexity, physical dexterity and 

needle phobias are some of the 

most common challenges that 

cause patients to get off track with 

dosing, which negatively impacts 

treatments.”

Despite the market dominance of 

oral solid dosage, there are some 

drugs that cannot be delivered 

in a conventional way due to 

instability, and to meet rising patient 

expectations, pharmaceutical 

companies are required to make 

more user-friendly forms for these 

products too, Allen specifies. “Many 

patients prefer to use dosage forms 

that positively impact their health 

whilst integrating seamlessly into 

their lifestyles,” she explains. “This 

is especially important with topical 

formulations as the cosmetic and 

aesthetic properties are a critical 

aspect as patient compliance is 

often driven by the ease of use 

and the application experience. 

Using an outsourcing partner that 

understands the end-user’s opinion 

and preferences are crucial from 

the start to ensure these factors are 

incorporated into the product profile 

from the outset of development.”

Critical to success
Employing a drug development 

specialist outsourcing partner can 

provide a sponsor company with 

access to experts with a proven 

track record in selecting the 

optimum delivery solution based 

on the needs of the drug substance 

in question, asserts Balasundaram. 

“A good partner will also be able 

to draw from experience to assess 

risk at every stage of the process, 

can advise on overcoming inherent 

development hurdles, and provide 

the timeliest and most cost-

effective solution for projects,” 

he summarizes. “In doing so, [a 

good partner] can help enhance 

the efficiency of the development 

process and minimize time-to-

market making selection absolutely 

critical to success.” 

Reference
1. Technavio, “Contract Development 

and Manufacturing Outsourcing 
Market by Product and Geography—
Forecast and Analysis 2020–2024,” 
Market Report, April 2020. PTE

Development of an 
effective drug delivery 
solution can be facilitated 
by an outsourcing partner.
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equipment systems that remove 

human beings from the process 

as much as possible. Additional 

challenges include the need to 

coordinate manufacturing activities to 

optimize scheduling, and the flexibility 

to accommodate changes in protocols 

that can be expected in brand-new 

manufacturing processes. 

Scale-up progress 
Progress is clearly being made. At 

the end of 2020, Discovery was in 

final negotiations with potential 

clients, more than half of which are 

focusing on AAV with an emphasis 

on mid-range to high-volume vector 

manufacturing, Emily Moran senior 

director for viral vector manufacturing 

at Discovery Labs told Pharmaceutical 

Technology Europe in December 

2020. “We’re definitely seeing a 

progression in industrialization as we 

know it, and are working to ensure 

diverse offerings to clients. We don’t 

want to limit what needs we are able 

to meet,” she says. 

While Discovery is starting to move 

into lentivirus processing, Moran 

says that most gene therapy projects 

currently underway are processing AAV 

vectors. The CDMO/incubator is working 

with both triple transfection, which is 

feasible up to 500 L, and virus-mediated 

processes, both of which may be better 

suited to a scale-out, rather than a 

scale-up strategy. Standard suspension-

based bioreactors also continue to 

be important, Moran adds, since they 

offer high yield and can also improve 

scaleability downstream, for viral vector 

as well as cell therapy development. 

Discovery has designed its suites to be 

able to accommodate both allogeneic 

and autologous processes. “Allogeneic 

is where a lot of cell therapy should be 

heading, and process development in 

that field is similar to that for vector 

manufacturing,” Moran says. 

The past few years have seen closer 

partnership between developers and 

CDMOs and technology vendors, 

including smaller, specialized 

equipment companies, some of 

which are new to this corner of the 

industry. CDMOs provide a showcase 

C ell and gene therapies (C&GTs) have made huge advances in a few 

short decades. By February 2020, five therapies were on the market 

and the US Food and Drug Aministration (FDA) had approved nine more, 

while 362 treatments were in the pipeline, up 25% from the previous 

year, according to the Pharmaceutical Research and Manufacturers of 

America’s latest survey (1). In September 2020, the first patient was 

dosed with autologous chimeric antigen receptor (CAR-T) lymphoma 

treatment using an automated closed system. “Despite complex and 

mainly manual processes, we can produce these therapies. Now we 

must work on making processes reproducible,” says Joerg Ahlgrimm, 

president and chief operating officer at The Discovery Labs, previously 

head of global C&GT operations at Lonza Pharma & Biotech. 

Significant progress has already been made, he notes. “The fact that 

we can routinely upscale a viral vector to 200–500 L standard represents 

a huge accomplishment. Years ago, we could not even have imagined 

reaching this point. And now, we are approaching 2000-L batch sizes,” he 

adds. The Discovery Labs is building a Centre for Breakthrough Medicines 

to accommodate 80 to 120 C&GT customer development programmes 

at any point in time. For now, the goals are clear, Ahlgrimm says: stable 

cell lines, better scalability, smaller footprints, and better automation. He 

sees autologous therapies dominating with adeno-associated virus (AAV) 

and lentivirus vectors the dominant vehicles for manufacturing. 

Both autologous and allogeneic therapies face steep hurdles to 

commercialization. Where allogeneic therapies are a bit more similar 

to traditional biopharmaceuticals, autologous therapies change 

the manufacturing paradigm completely, adding the extra steps of 

cell collection from patients and transport to and from patients to 

manufacturing, necessitating a just-in-time approach that is new to the 

industry. “On the autologous side, most processes are still extremely 

manual, and they are still coming into the manufacturing space as 

labouratory type setups, so they’re really going fresh from the bench 

to the GMP suite,” says Ahlgrimm, who sees the solution in closed 

Agnes Shanley  

Collaboration Takes 
Cell and Gene Therapies 
Closer to Their Full Potential
Automated and closed processes are becoming critical, especially for  
autologous therapies, preventing contamination as well as operator error.
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and reference and show how their 

technologies can be used. “Upstream, 

many of our suites feature automated 

equipment, including new bioreactor 

technologies,” says Moran. One new 

presence upstream has been Distek, 

which has introduced bench-scale 

bioreactors designed to make scale-up 

or scale-down more efficient, she says. 

Downstream, Moran notes, the 

focus is on recovering the maximum 

amount of full vector particles by 

optimizing chromatography resins, 

materials, and charges. Discovery is 

also planning to have capabilities in 

ultracentrifugation, which can lead 

to a more manufacturable process, 

Moran says. Refractive index is 

being evaluated as a way to improve 

extraction of the material. “It’s a 

bit less manual and can improve 

recovery,” she explains. In formulation, 

she notes, Discovery’s scientists are 

not only focusing on final formulation 

parameters, but also on improving 

buffers. “By optimizing the best salt 

concentration, we can make our own 

buffers rather than buying them.” 

January 2021 brought a major 

vendor-CDMO collabouration, when 

Cytiva and Lonza completed work 

on a new 17,000 m2 modular KuBio 

plant based in Guanzshou, China. The 

facility, which includes both process 

development and manufacturing 

capacity and employs single-use 

technology, can be used for AAV 

production as well as for more 

traditional monoclonal antibodies, and 

has been designed to optimize quick 

scaleup or scaleout. Partners say 

the project took two years, from site 

selection to completion. 

Hurdles in data management
Additional challenges for cell and gene 

therapy developers include the need to 

coordinate manufacturing activities to 

optimize scheduling, and the flexibility 

to accommodate changes in protocols 

that can be expected in brand-new 

manufacturing processes. The 

manufacturing setup for autologous 

therapies is different from anything that 

has existed in the past, says Alberto 

Santagostino, senior vice president 

and head of cell and gene therapy 

manufacturing at Lonza Pharma & 

Biotech, who spoke about these issues 

in a BioPharm International webcast 

(2). “It is important to integrate data 

management, chain of compliance, 

and chain of custody, by tracking every 

single unit operation, every activity, 

every piece of equipment, and every 

operator back to every batch, and 

connecting that data to the external 

supply chain,” he said. 

The company has partnered with 

the software specialist, Vineti, to 

integrate Lonza’s manufacturing 

execution systems and electronic batch 

recordkeeping software with Vineti’s 

supply chain orchestration platform, 

using application programming 

interfaces to feed chain of identity 

and chain of custody data to Lonza’s 

manufacturing floor. From a supply-

chain standpoint, autologous 

treatments pose inherent risk since 

both supply and distribution are traced 

to a single source. “Anything as simple 

as needing to change a time or day for 

cell collection when a patient is ill can 

interrupt cycle times and deliveries,” 

says Mark Sawicki, CEO of Cryoport 

Services, a logistics specialist that is 

working with Lonza and Vineti.  

However, allogeneic therapies pose 

problems of their own, particularly on 

the distribution side, notes Sawicki, 

including a host of shipping and 

distribution issues. An example would 

be performing a drug product label 

verification on a cryogenic product. 

“You can’t pull product out of a 

cryogenic shipping environment to 

verify the label,” he says, noting that 

most third-party logistics providers do 

not currently have the ability to support 

these products to any scale. 

Automation and digitization will 

be key to improving autologous 

manufacturing, reducing error and cost. 

On a fundamental level, Santogostino 

explained, they will ensure patient 

safety, but they also promise to 

reduce costs by eliminating the 

errors caused by manual processes. 

“Robotics is likely to be more dominant 

in autologous C&GT than it might 

have been for biologics or traditional 

biopharmaceutical manufacturing,” 

says Ahlgrimm. In September 2020, the 

first patient was dosed with autologous 

CAR-T therapy using the Cocoon 

platform, a closed and automated 

system developed by Octane Biotech, 

which Lonza acquired an 80% share of 

in 2018 and has helped develop. The 

device features a single-use cassette, 

including process operations, media, 

and consumables. The work took 

place at the Sheba Medical Centre in 

Israel, which boasts an experienced 

cell therapy team and had an ongoing 

CAR-T clinical trial underway, explains 

Matt Hewitt, head of R&D and Clinical 

Development at Lonza.

 Hewitt says similar projects are 

being considered in other parts of 

the world, including the United States 

and European Union, over the next 

12 to 18 months. He sees the project 

proving that onsite, decentralized 

manufacturing at the point of care 

will be possible. “It won’t be the only 

way to do things in the future, but 

will be an option for some facilities,” 

he says. The study also proved the 

technology’s potential effectiveness 

in reducing the cost of goods required 

to manufacture the therapies, Hewitt 

says, by addressing two main cost 

drivers: cleanroom space and skilled 

labour. “A traditional open manual 

process uses Class B cleanroom 

space, where the closed system with 

integrated culturing can run in Class 

C space. Even a back-of-the-napkin 

calculation suggests a 40% reduction 

in costs,” he says. Lonza is now looking 

at ways to integrate manufacturing 

execution systems and electronic 

batch recordkeeping functionality and 

logistics tracking into the software. The 

company is also  exploring the addition 

of beads that would allow for magnetic 

separation as well as the incorporation 

of new sensors (e.g., for glucose) and 

process analytical technology (PAT) 

that would enable setpoint-based 

control, Hewitt says.

Identifying CQAs sooner
More “forward facing” approaches to 

process development and scale-up, 

with Phase III and commercial stages 
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bench to the production floor. As Byron 

Rees, Pall’s senior manager of process 

development services notes, cell and 

gene therapy developers often choose 

to adapt adherent cells to suspension 

for viral vector manufacturing because 

they think this approach will speed 

scale-up. However, that approach can 

add months to process development 

time. As an alternative, he says, iCELLis 

can be used to scale up adherent cell-

based processes to commercial scale 

while cutting process development 

timeframes down to three months. 

Further upstream, the company’s 

nano bioreactor (iCELLis Nano) 

has been designed to optimize 

benchtop-scale (i.e., 0.53 m2– 4 m2) 

work and transfer to the large-scale 

manufacturing bioreactor (iCELLis 500). 

Using the larger bioreactor, customers 

can scale their production from 66 

m2– 500 m2 within the same footprint, 

allowing more manufacturing flexibility 

with the ability to accommodate 

various molecules with different scales 

of demand, says Rachel Legmann, 

director of technical consultancy for 

gene therapy and viral vectors at Pall. 

At Cytiva, equipment lines used 

for traditional biopharmaceutical 

manufacturing are also being 

optimized for use with cell and 

gene therapies. Not only single-use 

process equipment, but harvest 

clarification equipment, affinity 

resins, and low- shear pumps are 

areas of focus, says Joe Makowiecki, 

director of business development for 

FlexFactory and KuBio products. 

Standards setting
Industry standards promise to clarify 

best practices and requirements, 

and help move more cell and gene 

therapies to market. The International 

Organization for Standardization’s 

(ISO’s) Standard 21973 (3) outlines 

best practices for manufacturing and 

distribution, Sawicki told webcast 

attendees (2). Most notable have 

been its provisions for full traceability 

and the management of equipment 

used to ship the therapies, he said. 

“This equipment gets reused, so 

requalification processes are crucial 

firmly in sight, are also boosting 

manufacturing improvements, says 

Thomas VanCott, PhD, global head of 

product development at Catalent Cell 

& Gene Therapy. For example, he says, 

pre-process performance qualification 

activities (e.g., designing target product 

profiles, identifying critical quality 

attributes [CQAs] and critical process 

parameters [CPPs], and considering 

optimal scale-down models) are being 

done earlier in the cycle.

Before any process-development 

effort begins, or any external 

customer process is transferred to 

the company, initial gap analyses 

and risk assessments are done for 

both the process and raw materials 

to determine whether the process 

can be scaled to meet the product’s 

long-term clinical production needs, 

VanCott says. Analytical needs 

must also be determined, to assess 

whether the desired quality attributes 

are being achieved and in evaluating 

any critical raw materials. 

Quality problems can stem from 

manufacturing, when parts of 

the AAV’s native genetic material 

are removed and replaced by a 

transgene, the therapeutic gene 

and genetic elements that support 

the gene’s activity and expression, 

explains Stephen Gacheru, vice-

president at PPD Labouratories GMP 

Lab. For recombinant AAV (rAAV) 

vectors, good quality equates with 

having a high level of capsids that 

contain the full transgene, Gacheru 

explains. Empty and partial capsids 

are considered product-related 

impurities, which can impact product 

efficacy and safety, posing risks 

of increased immunogenicity to 

the therapeutic vector and related 

immune responses, he says. 

At Catalent, assessing the analytical 

requirements for rAVVs at the 

earliest developmental stages has 

led to significant improvements, says 

VanCott, allowing quality deviations 

to be found before scale-up, reducing 

the risk of cost overruns. In addition, 

there is an emphasis on scaling out, 

rather than simply scaling up, VanCott 

explains, and this is true for both 

suspension and adherent viral vector 

manufacturing processes, as well as 

autologous cell therapy production. 

There may be an evolution in 

approaches to scaling up allogeneic 

therapies, he says. Currently, larger 

scaleup has been precluded by the 

absence of stable producer cell lines 

and transient transfection processes 

in viral vector manufacturing. “For 

gene therapies, scaling out and 

combining multiple upstream runs into 

downstream processes has been more 

common,” notes VanCott.

Perfusion and lyophilization
For the viral vectors used to make gene 

therapies, use of perfusion, seeding, 

and intensification has been less 

critical than it is for some traditional 

biologics because of unique processes 

associated with the transient 

transfection process used to produce 

viral vectors, VanCott says. However, 

perfusion is an advantage for other viral 

vectors such as the baculovirus/Sf9 

platform, he says. 

In addition, lyophilization strategies 

are being explored because liquid 

formulations require storage below  

-20 °C, posing challenges for 

formulation and vial composition. 

Formulation research projects are 

underway to address these challenges, 

VanCott says. Stable producer cell 

lines for AAV production will be key to 

reducing costs and improving scale-up 

(e.g., by obviating the need for clinical-

grade plasmid DNA for transient 

transfection processes), he says. 

New equipment designs are 

helping to advance scale-up goals. 

For example, Univercells Technologies 

recently commercialized a platform 

(NevoLine Upstream) that enables viral 

manufacturers to chain, integrate, 

and intensify processes, explains 

Mohammed Elfar, product innovation 

manager at the company, while the 

company’s fixed-bed bioreactors 

(scale-X) have been improved to 

enable linear scalability from the 

bench to the plant. 

Similarly, Pall Corp.’s fixed-bed 

bioreactors (iCELLis) have been 

optimized to improve scale-up from the 
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to preventing product failures from 

occurring,” he told webcast attendees. 

Sawicki expects future work to 

focus on cleaning recommendations 

to reduce risk of cross contamination. 

One area that regulators may need 

to address is establishing universal 

conventions around label templates, 

said Vineti CEO Amy DuRoss. “Different 

labelling conventions in different 

markets introduce unnecessary risk,” 

she said on the BioPharm International 

webcast (2), noting a need to move to 

on-demand printing capability.

Quality testing
There will also be a need to optimize 

analytical testing to ensure quality 

control with cell and gene therapies. In 

January 2020, FDA released preliminary 

guidance clarifying some aspects 

of this problem. Various analytical 

methods have been developed 

to determine an rAAV product’s 

composition of full vs. empty/partial 

capsids, says Gacheru, including 

analytical ultracentrifuge, transmission 

electron microscopy, spectroscopy 

(A280/260 ratio), anion-exchange high-

performance liquid chromatography, 

size-exclusion chromatography with 

multi-angle light scattering, and 

capillary isoelectric focusing assays. 

Efforts are underway to make these 

methods faster and easier to use for 

release testing, says Gacheru. Cleaning 

validation also needs to be optimized 

for cell and gene therapies. Based on 

traceability requirements mandated 

in Australia, Cryogen developed 

a specialized cleaning validation 

approach for cell and gene therapies, 

as well as a customized shipping 

container to move C&GT products. 

Future developments
New technologies promise to 

bring additional improvements to 

innovative therapy development 

and manufacturing. Ahlgrimm sees 

artificial intelligence playing a key role 

and notes that digital technologies, 

such as augmented and virtual 

reality, are already being used to help 

Discovery Labs improve employee 

onboarding. The new industry faces 

a lot of questions. Will production 

become decentralized and move 

entirely to healthcare centres or points 

of treatment in the future? DuRoss 

doesn’t expect that shift to be possible 

for at least another 15 to 20 years. As 

the market grows, every new C&GT 

submission and product in development 

will continue to educate the industry 

and regulators. “We can only expect 

that more will be learned and that 

requirements will change as the field of 

C&GTs matures,” Ahlgrimm says. 
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in 2015 as an example. “The team 

members on this product included 

our head of process development 

who brought experience in scale-up 

and scale-down. Now we can scale 

up directly from 3-L bench-scale to 

2000-L commercial scale. We can 

save two months by not having to do 

an engineering run at intermediate 

scale (100–500 L), and we optimize 

our use of good manufacturing 

practice (GMP) suites.”

Since 2020, EMD Millipore has 

been hard at work supporting 

developers of treatments for 

COVID-19. In one example, the 

CDMO worked with an innovator of 

an antibody that needed to speed 

the development process. “We 

reinvented the process development 

template and went from DNA to 

final drug substance in nine months, 

when a more typical timeframe 

is 15 months. We could do this 

because of the close connection 

between our process developers 

and the EMD Millipore equipment 

business,” says Ribault. The product 

is now moving through tech transfer 

to GMP production. “This new 

way of process development took 

into account expectations from 

regulators and also adapted to 

quality requirements. The use of pre-

packed purification columns instead 

of manually assembled is one good 

example to speed up processes 

through the use of products that 

did not exist years ago. It is faster 

to implement, easier to use, and 

eliminates a sometimes-difficult 

packing step,” he says. 

In the fast-growing cell and gene 

therapy area, projects are also 

moving quickly. “Clients want to get 

to first-in-human stages quickly,” 

says Ribault. “The process needs 

to be developed to allow rapid 

advancement to clinical stages 

that match with the regulatory 

framework that will be needed to 

move to GMP manufacturing.” 

While cell and gene therapy has 

been more research-oriented, it now 

needs to move to a focus on robust, 

reproducible processes, says Ribault. 

P rocess development is moving at unprecedented speed 

as manufacturers race to produce COVID-19 vaccines and 

treatments and the products needed to make them, such as viral 

vectors, as well as keep up with the burgeoning cell and gene 

therapy sector. Optimizing single-use bioprocessing equipment, 

including both upstream and downstream equipment as well as 

consumables and starting materials, is a crucial piece of process 

development. Knowledge of the equipment, the process, and the 

product are paramount, and successful projects rely on experts 

embedded throughout the supply chain. Close cooperation between 

equipment suppliers and the users of the equipment is a key to 

success, as the industry seeks to address the expanding need for 

process development, manufacturing capacity, and training. 

Inter-company collaboration  
spurs innovation and speed
At EMD Millipore, the Life Science business of Merck KGaA 

(operating as MilliporeSigma in the United States and Canada), 

process development is provided through the company’s contract 

development and manufacturing organization (CDMO). The CMDO 

works closely with the other parts of the company’s business, 

including the consumable products businesses, such as filters and 

media, and the company’s bioprocessing equipment business, says 

Sébastien Ribault, vice-president and head of end-to-end CDMO 

Services, Process Solutions at Merck Life Science. As users of the 

equipment, the CDMO gives feedback to the equipment business.  

“When we have an idea at the bench or in the manufacturing 

area, where we see we could manufacture faster, cheaper, with 

higher quality, or with fewer mistakes by users, we reach out to 

our equipment and product suppliers so that they can translate 

these ideas into new products,” says Ribault. He points to a 2000-L 

bioreactor that MilliporeSigma’s equipment business introduced 

Jennifer Markarian

Equipment Suppliers 
and CDMOs Advance 
Process Development
Rapid growth in biopharma is driving faster process development,  
more efficient manufacturing, and increased manufacturing capacity.
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“Here is where a connection between 

the equipment developers and the 

process developers is key to make a 

templated approach and create the 

equipment,” he notes. Automation is 

becoming a more visible part of cell 

and gene therapy processes. “For 

some, the importance of automation 

is that it eliminates the risk of error. 

For others, automation is key for 

gaining throughput and allowing 

the process to run continuously,” 

explains Ribault. 

Equipment builder  
expands development 
resources
Cytiva has long offered its Fast Trak 

process development services to 

customers developing processes 

using the company’s bioprocessing 

equipment. The company’s seven 

Fast Trak centres—in Korea; Japan; 

Cambridge, UK; Uppsala, Sweden; 

Shanghai; Toronto; and Marlborough, 

MA—house processing equipment 

that can be used for training, 

development, and manufacturing. In 

December, Cytiva announced that it 

had expanded its services at several 

of the sites, so that all now offer 

process development, media and 

assay development, and contract 

development services. The expansion 

supports the cell and gene therapy 

industry and small to mid-sized 

biotech companies in particular. 

“Start-up biotech companies that 

can’t yet afford space, labour, and 

time until they have clinical data are 

benefiting greatly from this initiative,” 

says Shannon Eaker, Cell and Gene 

Therapy’s FastTrak leader at Cytiva. 

He adds that large pharma companies 

with large product pipelines can also 

benefit from the company’s process 

development services. “Companies 

are looking to expand their pipelines. 

Starting with Cytiva’s platform 

processes, which have supported 

the cell therapy field for many 

years, Fast Trak saves customers 

time and money in doing the R&D 

work. Starting with Cytiva’s platform 

processes, which have supported 

the cell therapy field for many 

years, saves the customer time and 

money in doing the R&D work,” says 

Eaker. A key area of development is 

developing scalable processes that 

are flexible for multiple cell types and 

processes, such as both autologous 

and allogeneic therapies, notes Eaker.

Consortium  
expedites vaccine project
Pall Biotech supplies single-use 

biopharmaceutical manufacturing 

equipment and also has a process 

development services team that 

designs processes and performs 

tech transfer to GMP manufacturing; 

the group has developed more than 

30 viral vector-based processes in 

the past three years. In April 2020, 

Pall joined a consortium started 

by Oxford University and funded 

by the government of the United 

Kingdom (UK) to develop Oxford’s 

COVID-19 vaccine candidate based 

on its adenoviral vector vaccine 

platform. The consortium included 

the University of Oxford Jenner 

Institute, University of Oxford Clinical 

Biomanufacturing Facility, UK non-

profit Vaccines Manufacturing and 

Innovation Centre, Pall Corporation, 

Oxford Biomedica, Cobra Biologics, 

and Halix. The group was joined in 

late April by AstraZeneca, when the 

company partnered with Oxford 

University’s vaccine developers and 

licensed the vaccine technology. As 

of early January 2021, the vaccine 

being marketed as COVID-19 Vaccine 

AstraZeneca (formerly AZD1222) was 

authorized for use in the UK, India, 

and others and was in the midst of a 

large Phase III clinical trials in the US. 

The consortium members 

worked closely together to develop 

and enable manufacturing of the 

vaccine in record time, says Clive 

Glover, director of strategy at Pall 

Corporation and the lead on the 

vaccine project. He noted that 

Pall designed the commercial 

manufacturing process and installed 

the equipment at a contract 

manufacturing partner within two 

months, breaking Pall’s previous 

record of nine months. 

One of the keys to this success 

was starting with a standard 

manufacturing process. Glover 

suggests that for viral vector-based 

therapeutics, such as this vaccine, 

80% of the manufacturing process 

is standard—the same no matter 

what the product—and the remaining 

20% needs to be tailored. “The 

process can vary in several ways,” 

explains Glover. “For example, on the 

upstream, each process will rely on 

different cell lines, each of which may 

have slightly different growth rates, 

which will drive different feeding 

strategies. On the downstream 

side, viral vector products will vary 

in their physical properties and 

so require optimization of each 

downstream step to affect stability 

and ability to be concentrated. Finally, 

different products will need to be 

put into different concentrations for 

administration to patients,  

[which] has to be customized to  

each process.” 

With Pall’s standard manufacturing 

process and the University of Oxford’s 

research as starting points, the 

consortium collaborated to optimize 

the process. “Decisions around the 

process were data-driven, based on 

initial pilot scale runs done by the 

University of Oxford,” notes Glover. 

“This process was then recreated 

by the Pall team at our Process 

Development Services laboratory in 

Portsmouth, UK, and developed into 

a small-scale process. [The process] 

was designed as a scaled-down 

model of a commercial process, 

and it allowed us to determine the 

specific parameters that would work 

at larger scale. Following successful 

runs at the small scale, we then 

did commercial runs to ensure the 

process was fit for purpose, before 

transferring that process to the 

various contract manufacturing 

organizations (CMOs). It’s important 

to note that the whole time we were 

doing these scale-up runs, we were 

constantly collecting data that helped 

with filing of the CMC [chemistry, 

manufacturing, and controls] section 

for the regulatory authorities.”
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and therapies, is creating a greater 

need for training and education as 

companies add staff who need to  

learn how to use the equipment. 

Training in automation and digital tools 

is also key.

For new therapeutics, equipment 

suppliers play a crucial role because 

of their detailed knowledge of 

process technologies. “Unlike 

more established therapeutics like 

monoclonal antibodies, with many 

of the novel therapeutics, such as 

viral vectors, there is not yet a critical 

mass of knowledge on how to design 

and run large-scale commercial 

processes,” notes Glover. “Over time, 

manufacturers will have much greater 

expertise on their specific therapeutic 

and manufacturing process, but even 

then, they [can benefit from] the depth 

of knowledge that we have as an 

equipment supplier. This [knowledge] 

is why we build long-term partnerships 

with customers in this space, because 

we can add real value to them 

throughout the whole process.” PTE

Because rapid scale up to high 

volumes of commercial product 

were needed, AstraZeneca called on 

multiple CMOs for production. Glover 

notes that, through the consortium, 

the CMOs worked to each use as 

similar a process as possible, which 

simplified the supply chain for 

equipment and raw materials. 

A challenge Pall faced was 

supplying equipment in the short 

time that was required to set up 

the manufacturing process. “We 

did this by working very closely 

with our manufacturing sites and 

manufacturing some units at risk  

in order to compress timelines,”  

says Glover.

Another challenge addressed by 

a team of 20 that Pall had dedicated 

to the project was tech transfer. 

“Ensuring that the process is well 

characterized is critical for a smooth 

tech transfer. Given that speed 

was critical in the case of COVID-19 

vaccines, we sent Pall personnel 

who were involved in the process 

development onsite to the CMOs for 

their initial runs to make sure that 

everything went smoothly,” reports 

Glover. 

In addition to the efforts of Pall 

personnel, keys to the record speed 

of process development included 

“a combination of ground-breaking 

innovation, secure funding streams, 

relentless effort from some of the 

greatest scientific minds on the 

planet and, crucially, a consortium-

wide commitment to the principles 

of lean process development and 

production,” concludes Glover. 

Building industry capabilities
Although different ways of 

collaborating are being employed,  

the need for a growing body of  

experts with the knowledge and  

ability to move manufacturing 

processes into commercialization  

is crucial for all. The rapid growth of  

the cell and gene therapy industry, 

as well as biopharmaceutical 

manufacturing for COVID-19 vaccines 
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Eatmon points out that lyophilized 

and liquid biologic drug product vials 

are both filled in a similar manner, but 

the different formulations do pose 

different processing challenges. “The 

hold times during compounding of a 

lyophilized product are typically shorter 

than those of a liquid product and affect 

the production timeline and planning 

that must be done in advance of the API 

addition,” she says.

A major difference regarding these 

two types of formulations for biologic 

drug products, Eatmon points out, is 

the varying fulfillment times for each 

project. For instance, liquid products 

require less time for development and, 

thus, have shorter lead times. On the 

other hand, she emphasizes, the lead 

time for lyophilized products must 

incorporate the freeze-drying cycle 

and characterization of that cycle. 

“Characterization is important because 

the parameters of that cycle affect the 

production of a high-integrity cake, and 

producing a cake without collapse, melt-

back, or shrinkage requires additional 

development,” she explains. 

In both cases, Eatmon continues, it 

is necessary to understand the stability 

of the formulation, but for lyophilized 

products “we need to develop the cycle 

through calorimetric measurement, 

define critical process parameters, 

and optimize the cycle,” she says. “We 

also must do characterization of the 

lyophilized product and complete the 

stability profile work.”

“Lyophilized products require 

more preparation in choosing the 

right excipients, bulking agents, and 

cryoprotectants as well as the cycle 

development,” Eatmon adds.

Vaccine fill/finish
Fill/finish for vaccines requires a similar 

approach to biologics, Patel notes. In 

addition, the nature of the incoming 

vaccine drug substance will determine 

what equipment, filters, and other 

components are needed for formulation. 

“From a fill/finish perspective, vaccines 

and typical biologics require either 

a thaw, pool, and filtration process 

of the final product; or a thaw, pool, 

dilution with buffer, and then filtration 

B  iologic drug products are typically formulated into a liquid 

or lyophilized powder form for the fill/finish step during 

biomanufacturing. As the much-anticipated COVID-19 vaccines 

move through the pipeline, and some are already in use under 

emergency authorization, manufacturers will need to optimize vaccine 

formulation and establish robust fill/finish operations.

Liquid vs. lyophilized product
In general, biomanufacturers face challenges in the fill/finish step when 

dealing with biologics that have been formulated into either a liquid form or 

a lyophilized powder. One main challenge is understanding the product’s 

characteristics and behaviour under different circumstances, including 

what parameters may be necessary to lyophilize the product, for instance, 

says Dhaval Patel, senior manager, Manufacturing Science & Technology, 

Catalent. It is also important to understand the inspection requirements 

for the product because there could be different criteria for liquid vs. 

lyophilized drug products, he adds. 

The difference in formulation may also require different approaches 

to fill/finish. For instance, Patel notes that different sizes of filters and 

membranes for sterile filtration may be required. “For a manufacturing 

partner, the biggest challenge is to build a catalogue of capabilities that 

cover different customer and product needs, and to be able to incorporate 

realistic lead times associated with having to source any new or additional 

equipment/components needed for manufacturing,” he says. 

Christy Eatmon, senior scientist, pharma services, at Thermo 

Fisher Scientific says that, sometimes, liquid biologic products have 

stability challenges that can be overcome by formulating the product 

as a lyophilized biologic. “Lyophilization may be necessary to decrease 

prohibitive storage temperature requirements, allowing for shipment and 

storage in areas of the world where refrigeration isn’t as easily accessed. 

Lyophilization also extends the shelf-life of the biologic and can protect a 

labile molecule from degradation in an aqueous environment,” she says.

Feliza Mirasol

Meeting Fill/Finish 
Challenges for  
COVID-19 Vaccines
CDMOs address the unique challenges of liquid and lyophilized forms 
as well as preparing for the large capacity needed for COVID-19 vaccines.
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of the final product. The configuration 

of the vial or syringe components, 

together with any additional packaging 

requirements, will determine what 

labelling or packaging of the vaccine or 

biologic is necessary,” he states.

In addition, some COVID-19 vaccines 

are multidose and require the use of an 

evaluated preservative. For example, 

messenger RNA (mRNA) vaccines use 

nanoparticle technology to enhance 

stability, as opposed to the aqueous-

soluble molecules that are typical of 

standard biologics. And recombinant 

protein vaccines could need the use 

of an adjuvant to stimulate immune 

response, Eatmon says. “These 

differences require considerations 

in terms of facility classification and 

engineering controls as live viruses 

must be separated from other types of 

vaccines,” she explains.

At the end of the day, COVID-19 

vaccines are no more challenging than 

any other biologics from a fill/finish 

perspective, assures Patel. Where the 

real issue sets in, however, is in the 

management of time when the vaccines 

are out of controlled storage. This time 

management issue poses an additional 

challenge because of the requirement 

to freeze the filled product within a 

certain amount of time, he observes. 

“Ensuring operations are managed 

in a timely manner means all the 

necessary resources for the process 

must be staged and be ready to 

perform manufacturing activities as 

soon as product moves to the next 

stage, minimizing the time out of 

storage,” Patel emphasizes.

“The challenge posed by the 

COVID-19 vaccines at the fill/finish 

stage of manufacturing stems from 

the fact that these candidates are 

dispersions,” adds Eatmon, who 

explains that the dispersion factor 

makes the vaccines sensitive to 

shear stress because they are a lipid 

nanoparticle rather than a solution. 

“CDMOs/CMOs [contract 

development and manufacturing 

organizations/contract manufacturing 

organizations] must account for the 

different types of COVID-19 vaccines,” 

Eatmon states. “For some of the 

mRNA-based vaccines, once the drug 

substance has been manufactured, it 

must be frozen to maintain stability. 

The temperature-sensitive liposomes 

typically require additional monitoring 

during processing to ensure that 

filtration pressures are not exceeded 

and that temperature excursions do not 

occur,” she explains. 

Eatmon further explains that facility 

capacity and suite segregation must be 

considered, noting that these vaccines 

must also be filled almost immediately 

after the end of the compounding 

process. “For this type of drug product 

manufacturing, you want to make 

sure your CDMO/CMO has end-to-end 

experience and is knowledgeable 

in starting from drug substance 

production. A skilled CDMO/CMO will 

have the experience to know how to 

handle specific vaccine challenges that 

increase substantially as these products 

become more complex,” Eatmon adds. 

For example, it is strategically beneficial 

for a CDMO/CMO to understand that 

facility design is integral to efficient 

manufacturing, not only due to rapid 

hold times, but also due to the need for 

segregated suites for live viruses and 

compounding areas that require organic 

solvents, she says.

Excipient considerations
The use of particular excipients also 

plays a factor for ensuring vaccine 

stability as well as bioavailability 

in vivo, but determining which 

excipients to use may itself be a 

challenge. Some excipients used to 

enhance the stability of a vaccine, 

such as polysorbate, for example, are 

often foamy, Eatmon points out. As 

a result, the manufacturer or CDMO/

CMO must pay close attention to 

foaming during liquid formulation 

filling and must reduce the rate of 

vial filling to accommodate excipients 

that foam, she notes. 

Other excipients can also be 

adhesive, Eatmon explains, meaning 

that they cling to the product contact 

surfaces, such as filter membranes and 

disposable tubing. “Excipients such as 

these can dilute the concentration in 

the formulation, so we must compare 

component compatibility prior to use 

in fill/finish,” she states. 

Patel, meanwhile, explains that, 

for vaccines, the API itself can be 

considered the most conducive 

component. “All vaccines are based 

on a different platform; some are 

based on antigen and some of the 

recent COVID-19 vaccines are based on 

mRNA. Other than the API, excipients 

sometimes include: antibiotics, to 

prevent contamination by bacteria; 

adjuvants that help stimulate a stronger 

immune response; and stabilizers, 

to keep the vaccine potent during 

transportation and storage,” he notes, 

further explaining that the types of API 

used all help to ensure the product’s 

stability, and that each type plays a 

different role while in storage.

CDMO/CMO readiness
Fill/finish operations are predominantly 

outsourced to CDMOs/CMOs, which 

are well suited to handle COVID-19 

vaccines as these products start to hit 

the market. Catalent is an example of 

a manufacturing partner that is well 

positioned to deliver on both scale-up 

and meeting demand, Patel notes. He 

says that additional capacity can be 

created by effective management and 

by expediting expansions. 

“The supply of excipients and drug 

substance is obviously critical to the 

scale-up of drug product manufacturing, 

but the procurement of components 

used in manufacturing, such as 

vials, stoppers, seals, filters, labels, 

cartons, and other consumables is also 

important,” Patel says. 

Eatmon points out that one of the 

biggest challenges for CDMOs/CMOs, 

even before the COVID-19 vaccines 

and therapies entered clinical trials, is 

capacity. “At Thermo Fisher, we have 

continued to invest in our facilities 

and build new lines. We are currently 

expanding sites across North America, 

APAC [Asia Pacific], and Europe to add 

development and CGMP [current good 

manufacturing practice] commercial 

production lines to support a range 

of capabilities, including live virus, 

aseptic liquid, and lyophilized vial 

filling,” she says. PTE
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organizations across the industry 

to work more closely together than 

ever before and has highlighted 

the value of collaboration when 

it comes to developing and 

commercializing new products 

quickly and effectively,” he 

says. “This cross-industry and 

cross-enterprise coordination looks 

set to become the norm in the  

near future—businesses will need 

to take steps now to ensure they 

can adapt to this changing market 

landscape.” 

For Mark Quick, executive 

vice-president–Corporate 

Development, Recipharm, 

pharmaceutical companies will be 

required to maintain their efforts to 

social distance in workplaces and 

have only essential team members 

on-site for the foreseeable future, 

as it will take a considerable 

amount of time to complete the 

required mass vaccination. “At the 

same time, [pharma companies] 

will have to find ways to achieve 

higher levels of productivity with 

fewer people on site in order 

to meet anticipated spikes in 

the demand for manufacturing 

capacity to deliver the required 

number of COVID-19 vaccine doses, 

as well as treatments for those 

already dealing with coronavirus 

symptoms,” he adds. “Investment in 

new production line equipment to 

increase output and reduce manual 

processing may be required [this 

year] to achieve these goals.”

Another key challenge for 

Cruz is the growth of the 

pharmaceutical industry in 

China, which is increasing the 

competitive landscape. “Approvals 

of Chinese innovations have grown 

significantly in recent years, and the 

country is expanding its research, 

development, and manufacturing 

capabilities all the time,” he notes. 

“More, Chinese and Asian regulatory 

authorities take a different approach 

to reviewing and approving 

treatments compared with those 

in the United States and Europe. 

This [approach] means that often 

T he global COVID-19 pandemic has caused significant 

disruptions to industries, economies, and life in general. 

Within the bio/pharma industry, despite the challenging situation, 

companies have been working at great speeds to help develop 

solutions to tackle the virus. Additionally, outsourcing activity has 

surged within the industry, largely driven by the unprecedented 

demands for research, development, and manufacturing the 

pandemic is creating.

Challenging times
“The biggest challenge facing the pharmaceutical and biopharma 

markets in 2021 will be striving to meet the high demand for 

COVID-19 treatments and vaccines, while also continuing R&D 

of new treatments for other conditions that were in the pipeline 

before the global pandemic,” confirms Tony O’Sullivan, chief 

commercial officer, ChargePoint Technology. As a result of the 

search for effective vaccines and treatments for COVID-19 being 

a priority, the development and manufacture of other treatments 

have been delayed, he adds.

“To tackle this issue, we will need to see considerable 

investment in expanded production capacity and greater 

investment in R&D in 2021,” O’Sullivan says. “With new lines and 

new manufacturing facilities, the industry will hopefully be able to 

meet global demand for the newly developed COVID-19 vaccines 

once they are approved. While the recruitment of more R&D talent 

will enable them to progress their other innovations to ensure that 

non-COVID patients are properly served.”

In concurrence, Marcelo Cruz, director business development 

and marketing, Tjoapack, also specifies COVID-19 as the biggest 

challenge for the industry in 2021 and emphasizes the importance 

of not believing the turmoil is over with the approval of several 

vaccines. “The need to develop vaccines quickly this year forced 

Felicity Thomas

Demonstrating the  
Value of Collaboration
The rapid and efficient delivery of innovative treatments  
through the COVID-19 pandemic has demonstrated the  
value of collaborations within the bio/pharma industry.
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Chinese products can reach the 

market in a much faster timeframe 

than those developed in the West, 

where companies have to wait for 

trial results before seeking approval. 

It is likely, therefore, that we will 

see Chinese companies challenge 

European and North American rivals 

in established markets more and 

more, particularly in the arena of 

cellular and gene therapy, where 

Western regulators are much more 

cautious.”

A major disruptive factor for 

the pharma industry may also 

be in the form of the rise of the 

self-medication sector, continues 

Cruz. As clinical advances 

are allowing the treatment of 

more diseases with lower cost, 

over-the-counter medications, the 

model for the pharma industry of 

heavy investment into potential 

blockbuster drugs and recouping 

monies spent, and gaining a 

profit, via drug pricing may need 

to be adapted, he emphasizes. 

“A solution may be a further 

increase in partnerships between 

pharmaceutical companies and 

contract manufacturers, which 

can help to keep the costs 

for development, production, 

packaging, and logistics under 

control,” Cruz states.

Opportunities for growth
“The pandemic resulted in a greater 

enthusiasm among pharmaceutical 

companies for outsourcing 

development and manufacturing 

to contract development and 

manufacturing organizations 

(CDMOs), as organizations worked 

together to develop COVID-19 

vaccines and treatments,” Quick 

says. Through these industry 

collaborations, many developers 

have gained benefits, such as 

reduced time-to-market for new 

products, he specifies. Therefore, 

Quick believes that there will be 

more companies leaning towards 

outsourced services in the 

future, for development work and 

commercialization phases too.

“CDMOs are well placed to 

support pharma companies in 

meeting high levels of demand 

for the production of COVID-19 

vaccines and treatments, while also 

maintaining production of other  

vital medicines,” Quick adds. 

“[CDMOs] have the capacity and 

flexibility to help customers 

ramp up production and can 

provide expertise in delivering 

complex specialist dosage forms, 

such as inhalation and modified 

release, to support customers in 

commercializing new treatments 

quickly.”

Given the disruption to the global 

pharmaceutical supply chain that 

has been experienced during the 

pandemic, O’Sullivan predicts that 

there will be opportunities for API 

suppliers in Europe, and elsewhere, 

to prosper from increased local 

demand, so long as the capacity 

and flexibility to deliver the 

required quantities are on available. 

“Therefore, we will see significant 

investment by European API 

suppliers in expanded production 

capacity and capabilities in 2021 

in order to attract Europe-based 

customers on the look-out for new 

local partners,” he says. “We may 

also see suppliers from outside 

Europe seeking to establish new 

facilities on the continent in order 

to continue to serve the European 

pharmaceutical market.”

Careful consideration of 

the equipment to be used on 

manufacturing lines must be made 

by any API supplier seeking to  

invest in their manufacturing 

capabilities, stresses O’Sullivan, 

so that safety, quality, and sterility 

can be assured when delivering 

optimum production speeds. “By 

working with equipment suppliers 

[early on], API suppliers will be well 

placed to maximize their return on 

investment and benefit from the 

localization trend in 2021,” he adds.

CureVac and Rentschler Speed Up Manufacturing
CureVac and Rentschler Biopharma formed a collaboration in November 

2020 surrounding production of CureVac’s COVID-19 vaccine, CVnCoV, and 

in February 2021, the companies announced the commencement of setting 

up manufacturing capabilities (1).

The vaccine will be produced at Rentschler’s facility in Laupheim, 

Germany. As a result, Rentschler, a global contract development and 

manufacturing organization (CDMO), is preparing for large-scale current 

good manufacturing practice production of the formulated mRNA for the 

vaccine, which is currently in Phase IIb/III clinical trials.

Evonik Invests in Additional Lipid Production
Evonik has invested in increased production of its specialty lipids, which are 

used with mRNA-based COVID-19 vaccines. The expansion in production, 

which was revealed in February 2021 (2), will be a short-term project.

The CDMO’s German sites, located in Hanau and Dossenheim, will produce 

commercial quantities of lipids from the second half of 2021. This latest 

investment strengthens the strategic partnership between Evonik and 

BioNTech—market authorization holder in Europe for the Pfizer-BioNTech 

COVID-19 vaccine.

References
1. Rentschler Biopharma, “CureVac and Rentschler Biopharma Ramp Up 

Manufacturing of COVID-19 Vaccine, CVnCoV,” Press Release, 1 Feb. 2021.
2. Evonik, “Evonik Strengthens Strategic Partnership with BioNTech on COVID-19 

Vaccine,” Press Release, 11 Feb. 2021.
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PRODUCT/SERVICE PROFILES

Small-Molecule Drug 
Development Services

Cambrex is the 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 2100 experts providing customers 
with an end-to-end partnership for the 
research, development and manufacture 
of small molecule therapeutics.

With 40 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

Catalent Cell & Gene Therapy

Catalent Cell & Gene Therapy is a full-
service partner for adeno-associated virus 
(AAV) and lentiviral vectors, as well as 
CAR-T immunotherapies, and has extensive 
experience in viral vector scale-up and 
production. Its experience in autologous 
and allogeneic cell therapy development 
and manufacturing also positions it as a 
premier technology, development, and 
manufacturing partner for innovators across 
the entire field of advanced biotherapeutics.

Catalent offers a global cell and gene 
therapy network of dedicated, large-scale 
clinical and commercial manufacturing 
facilities, and fill/finish and packaging 
capabilities located in both the US and 
Europe. As an experienced partner, Catalent 
Cell & Gene Therapy has worked with 
industry leaders across more than 70 
clinical and commercial programmes.

Catalent

https://biologics.catalent.com/
cell-gene-therapy/   

solutions@catalent.com

Compact Laboratory Chiller 
with Peltier Technology

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. 
Furthermore, this model is maintenance-
free. The new Piccolo 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.

Peter Huber  
Kältemaschinenbau AG

www.huber-online.com 

info@huber-online.com

https://www.cambrex.com
https://biologics.catalent.com/cell-gene-therapy/
https://www.huber-online.com/en/index.aspx
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SMA MicroPortable  
ICS Air Sampler

VAI’s new SMA MicroPortable ICS Air 
Sampler has been designed to provide 
superior precision and control of portable 
air sampling within the cleanroom and in 
critical environments. Compatible with 
traditional SMA Atriums and D50 SMA 
Atriums, operators are provided with 
the ability to automate flow control and 
automatically configure sample intervals 
with ease. For cleanroom compatibility, the 
unit has been designed with a 316L Stainless 
Steel housing that is lightweight, with an 
integrated intuitive touchscreen for use with 
gloved hands. In addition, the unit is flexible 
with 3 flow rates available, 1, 2, and 5 CFM.

The SMA MicroPortable ICS is a 
networked device that may be remotely 
accessed by operators and administrators. 
The device can export event history 
to a removable USB flash drive that 
includes sampling and calibration events. 
Furthermore, the unit is equipped with a 
strict regulation of air flow and will alarm the 
operator if the air flow deviates beyond the 
acceptable range. The system also monitors 
and indicates a variety of operational 
parameters including the sample’s volume 
and elapsed time. The unit is battery 
powered with 8 hours of life on a full charge. 

Veltek Associates, Inc.

www.sterile.com

vai@sterile.com

Experience the Art of Science 
on Your Drug Development 
Project with Pfizer CentreOne 

Pfizer CentreOne has years of drug 
development experience and there are 
few challenges we haven’t faced. We 
leverage our development and tech 
transfer expertise to guide your product 
through milestones and overcome 
project challenges to take you further. 

Worldwide, our sites have been 
developing and manufacturing Pfizer’s 
broad array of innovative molecules for 
decades, and this legacy helps ensure 
a successful collaboration with you: 

• Over 90 new products in Pfizer’s drug 
development pipeline 

• More than 400 tech transfers in 
various stages a year (2019)   

• Regulatory experience 
supporting 60+ countries. 

We offer the knowledge, network, 
and expert legacy to act as your creative 
problem solver and collaborative partner 
on your drug development project.  

We offer an expert suite of development 
and optimization services in formulation, 
clinical drug manufacturing, analytical testing, 
validation, and method development.  

Access our wide-range of capabilities 
to support today’s therapeutic trends: 

• Small molecule APIs 
• Large molecule biologics 
• Oral solids 
• Sterile injectables. 

Pfizer CentreOne 

pfizercentreone.com  

pfizercentreone@pfizer.com

Nexera UC Preparative  
SFC system

Shimadzu’s Nexera UC Prep, a Preparative 
Supercritical Fluid Chromatography System, 
provides the pharmaceutical industry 
with reliable high-performance semi-prep 
purification. Nexera UC Prep resolves a 
number of issues in preparative tasks, 
reducing labour and improving efficiency while 
fitting into pre-existing workflows. It provides 
flexible system configurations in a compact 
design, requiring low installation space and 
enabling maximum use of lab resources. 

The system has been awarded a Pittcon 
2019 Gold Excellence Award, recognizing 
ingenuity and innovation. The Prep SFC is 
the fruit of a collaborative effort by pharma 
and private industry, serving as the model 
for future product design with impact. 
Shimadzu has worked closely together 
with the Enabling Technologies Consortium 
(ETC). This group of pharmaceutical and 
biotechnology companies has allied to speed 
up the process of creating technologies 
necessary for their projects. They work 
with third parties to discuss ideas, share 
information, and collaborate on the 
development of new enabling technologies.

Shimadzu Europa GmbH 

www.shimadzu.eu

shimadzu@shimadzu.eu 

https://www.pfizercentreone.com
https://www.shimadzu.eu
https://sterile.com
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In concurrence, Quick states that given the 

fact that global governments are questioning 

the sustainability of the current globalized 

supply chain it is unsurprising that pharma 

manufacturers are already taking steps to 

localize and diversify API partnerships to 

create more resilient supplies. “In 2021 and 

beyond, I think we will see more companies 

rethinking their supply chains and favouring 

more local or regional partners. It is also likely 

that ingredient suppliers and other contract 

organizations will look to expand their local 

presence in their target markets to cater to 

customers onshoring their supply chains,” he 

says. “Whilst the costs of doing this may be 

a challenge for existing products, it is highly 

likely that new products will have a more 

localized supply chain.”

Cruz highlights three areas of opportunity 

for growth within the pharma industry 

for 2021 and beyond. The first area Cruz 

specifies as a growth prospect is cell and 

gene therapies, which he states have started 

to “come into their own as a meaningful 

commercial approach to treat disease.” 

“The entry of [cell and gene] therapies on 

the market highlights the challenges posed 

by cutting-edge innovation both for the 

pharmaceutical industry and on contract 

manufacturers bearing the cost of disruption,” 

Cruz says. “However, with the right approach 

to manufacturing and commercialization, 

these new treatments look set to deliver 

positive change for patients.”

Secondly, Cruz emphasizes the rise of 

electronic health and customer records 

across Europe as an exciting prospect, 

particularly as it can lead to companies 

gaining a greater insight into treatments 

and customer needs. Then, the third area 

of opportunity for Cruz, is personalized 

medicines. “This area is set to become a 

key pharma trend in the near future,” he 

says. “Eventually, the goal is for drugs to 

be customized to a patient’s specific needs 

based on that individual’s examination 

reports and medical records. We still have a 

way to go before we reach this point, and it 

will certainly not happen in 2021. However, 

what we can expect to see in the [near 

future] is the greater collection and storage 

of health data, which will lead to enhanced 

personalization within health marketing.”

More reliance on  
contract development
The biggest change that will be witnessed 

within the pharma industry post-COVID-19 

is an increased reliance on contract 

development, reveals Cruz. “The 

pandemic really demonstrated the value of 

collaboration in delivering innovative and 

effective treatments at speed and at scale,” 

he says. “More, it strengthened connections 

and relationships between industry peers, 

and particularly between professionals 

working for drug developments and those 

working for CDMOs, contract packaging 

organizations, and other contract 

organizations.”

When considering all the changes that 

have occurred to industry as a result of 

the COVID-19 pandemic, Cruz believes 

that the future will see even more reliance 

of developers on partners to help with 

development and commercialization of 

drug products. “Contract development 

organizations will need to take steps now 

to ensure they can deliver the speed, 

efficiency, flexibility, and global reach 

needed to attract developers and remain 

competitive,” he concludes. PTE

chain scenario. Yes, the applicable GDP regulations differ from 

one jurisdiction to another and from one country to the next. 

One goal, however,  is common to all, namely the protection 

of the patient from products that are adulterated, be it from 

inappropriate storage or transport conditions, or from falsified 

products entering the supply chain. Your audits need to 

evaluate if your service providers have everything necessary 

in place to assure that goal. Their licences will support that 

assertion but it will be your audit that proves it.
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Q.We have updated our vendor audit 

programme for 2021, and the list includes 

several companies that perform transport and 

warehousing services for us. This is a new area for us, and 

given the continued travel restrictions, we are not certain how 

best to audit these companies. Can you give us some direction?

A.Good distribution practices (GDPs) are required by 

regulators in most regions. The United States is 

different from all other agencies as there are no separate GDP 

regulations in place. The US Food and Drug Administration 

(FDA) covers violations of storage and distribution under GMP 

violations (1). The European Union has codified GDP in two 

directives (i.e., community law, which has been transposed into 

member states law) (2–4). In China, GDP is the law, they call it 

Good Supply Practice (5–6).

Service providers for the storage and transport of goods 

will have to comply with different regulations, based on 

their location and the specific type of services they provide. 

Generally, these companies will have to comply with GDPs. 

This means that it is essential to have a clear and unambiguous 

understanding and documentation of the precise nature of 

the services. 

Let us look at an example for illustration: company A 

(headquartered in Germany) performs the road transport of 

drug substance and drug product from your warehouse in 

Switzerland to company A’s warehouse in Germany, where 

the goods are relabelled, picked, and packed for distribution to 

wholesalers in the European Union. Based on these activities, 

which include wholesaler activities, such as importation, 

storage, and transport, company A must hold a respective 

licence from the German authorities.

If you cannot audit on site, you have the possibility to perform 

a virtual audit via videoconference instead. Irrespective of the 

mode of audit, preparation is essential. This includes a detailed 

audit agenda, which in this case may look something like this:

• Opening Meeting

• Facility and Site Overview 

• Virtual Facility Walkthrough 

• Documentation Review

o Quality system and management review

o Personnel qualification and training programme

o Self-inspection management

o Deviation management 

o Change control

o Customer management 

o Subcontractor management including quality 
agreements

o Inventory management control system 

o Recall management

o Complaints management

o Returns management

o Shipping route validation, including security and risk 
management

o Cold chain and ambient temperature shipping 
management processes, including vehicle 
qualification.

The three items in bold letters are those you may wish to 

focus on particularly, because the vast majority of service 

providers subcontract all transport. Subcontractors merely 

performing transport may not even have to comply with the 

GDP regulations by law. They may not even have a quality 

system, yet they are transporting your goods. You really 

want to make sure that company A, with which you have 

your contract, has a good system of subcontractor oversight. 

Such oversight may have to include training of the transport 

company’s staff in aspects of security and documentation 

(particularly with regards to temperature records). 

In fact, the best way to understand who performs what activity 

in a supply chain, is to follow it step by step. Request supporting 

documented evidence for each step. This way you will be able to 

fully understand who is involved, which procedures govern these 

activities, and how these are documented. 

The previous example may not necessarily apply to your 

situation, but the principles are the same for any other supply 

Auditing for Good  
Distribution Practices

Auditing distribution suppliers provides understanding and documentation  
of the services performed, says Siegfried Schmitt, vice president, Technical at Parexel.  

The best way to 
understand who  
performs what activity  
in a supply chain is to 
follow it step by step. 

Contin. on page 48
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