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EDITOR’S COMMENT

W  ith the 

United States 

presidential election 

merely days away 

(set to take place on 3 

Nov. 2020), the world’s 

gaze has shifted to 

the race for the White 

House and whether 

there will be a Republican or Democrat 

taking office. As reported by UBS, the Chief 

Investment Office, while there is not usually 

a global interest in national elections, the 

US presidential election has a significant 

relevance to many global countries, 

including those located in Europe (1). 

Drug pricing
For pharmaceutical companies, there has 

been a certain level of turbulence for some 

time over the issue of drug pricing in the 

US. Donald Trump, the current president 

(at the time of writing), had pitched the 

reduction in drug pricing as one of the key 

pillars of his original presidential campaign 

back in 2016 and has continued to raise the 

issue throughout his tenure as president, 

with it being made a central theme to his 

2020 campaign (2). 

However, in terms of policies, little has 

changed over the course of the past four 

years, despite the signing of four executive 

orders on 24 July 2020 that Trump had 

touted as being of great importance in the 

reduction of drug prices and linking US 

pricing to that of other nations (2). 

The issue of pricing is high on the agenda 

for the Democrats as well, with the party’s 

candidate, Joe Biden, advocating several 

policies that would see drug prices reduced 

during his campaign. Biden’s policies 

include the appointment of a government 

board to set prices, limiting drug price 

increases, and cracking down on patent 

manipulation (3). These proposed policies 

by the Democratic candidate will certainly 

have ramifications for pharmaceutical 

companies should they become bills and 

are voted into legislation. 

House and Senate divisions
Currently, the Republican party controls the 

Senate and the Democratic party controls 

the House of Representatives. This division 

basically means that any big legislative 

change is generally ruled out. However, if 

this circumstance were to change, there 

would be potential consequences for 

European pharma companies that have a 

presence in or deal with the US.

A Republican president and control 

over Congress may pave the way for a 

boost to US drug manufacturers as Trump 

aims for the population to ‘buy American’ 

and for there to be less reliance on drugs 

manufactured offshore. Additionally, 

Trump has negotiated deals to extend 

patent protections, as a way of providing 

an advantage for US manufacturers, which 

may increase US drug exports but may also 

delay any price reductions (4).

If the Democrats win the presidency 

and have control over Congress, it is 

expected that foreign and generic-drug 

manufacturers would benefit as a result 

of lower market entrance barriers. 

However, patent-holding manufacturers 

may be exposed to increased competition 

and would potentially experience 

revenue loss (4).

COVID-19 vaccines
Finally, the issue of a COVID-19 vaccine is 

proving to be divisive for the presidential 

candidates, as reported by the Financial 

Times (FT) (5). The tables have almost 

turned for Trump, who has historically 

provided a voice for the anti-vaccination 

movement, FT reported. Now, Trump is 

pushing for a quick approval of a vaccine for 

COVID-19, while Biden is urging caution.

However, the political back and forth 

could lower the public’s confidence in 

immunizations (5). In response to the 

rising public concern over vaccines, nine 

biopharmaceutical companies signed a joint 

statement committing to uphold regulatory 

guidelines and scientific principles in 

vaccine development (6).

In light of the issues in contention 

and the possible impact on the pharma 

industry, it is inevitable that the result of 

the 3 Nov. 2020 election will be eagerly 

anticipated around the world. But whatever 

the outcome, be it blue or red, stay alert, 

stay safe, and stay healthy.
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Regulating with  
Flexibility: The Pandemic Effect
Regulatory bodies are adapting to new ways of working to cope with the impact of COVID-19.

T he building, expansion, and even acquisition of 

plants for the manufacture of COVID-19 vaccines 

have been accelerating in Europe as the vaccine 

candidate frontrunners—those most likely to emerge 

as approved in 2021—become clearer. However, 

for European regulators the task of approving the 

production processes and facilities for manufacturing 

the vaccines is requiring a lot of flexibility. 

Inspectors checking compliance with current good 

manufacturing practice (CGMP) have not been able to visit 

sites because of travel controls, social distancing rules, 

and other safety regulations. Even inspectors vetting 

clinical trials to ensure compliance with good clinical 

practice have had to keep away from trial locations.

Instead of making physical inspections, inspectors 

are doing their job remotely through online exchanges of 

information and, if necessary, video conferences. They 

have even been using guidance on desktop reviews 

issued by the Geneva-based Pharmaceutical Inspection 

Co-operation Scheme (PIC/S) (1). The guidance has 

previously been mainly applied by European agencies for 

GMP checks on sites outside Europe. 

After the easing of restrictions in July following full 

lockdown across much of Europe, the inspection system 

was starting to return to normality. But when a second 

wave of the pandemic loomed in August, governments 

began to tighten rules on social distancing and to 

reintroduce travel curbs. Physical inspections had to be 

reined in once again.

Challenges with checking compliance
GMP is a key means for checking the safety and quality 

standards of new processes, and plant alterations and 

expansions, particularly on existing manufacturing sites. 

The other main aspect of regulation of new processes 

and alterations of plants is the system of approval of 

variations. This approval can also be a challenge because 

of the complexities of the processes for making COVID-19 

vaccines. Also, a large amount of documentation can be 

required, with GMP files being used as a source of data.

The main technology platforms for the vaccine at 

present include protein recombinants, live attenuated 

viruses, replicating and non-replicating viral vectors, and 

inactivated viruses. The platforms also include RNA and 

DNA particles of viruses, which are new to the sector 

and have never previously been approved.  

Most vaccine candidates currently in clinical trials 

are targeting, as the primary antigen, the coronavirus’s 

spike protein and its variants. The technologies are a 

mix of novel and relatively mature processes but, being 

vaccines, particularly to combat a pandemic quickly 

and on a global scale, means the manufacturing and 

regulatory approval processes are particularly difficult. 

“Producing complex pharmaceuticals (such as 

vaccines) is not just a matter of building the required 

production line or hardware,” reported McKinsey & Co 

in a study on COVID-19 vaccines (2). “[Production] also 

involves a complex—and often finicky—manufacturing 

process, a large team of experts, a lot of time, many 

detailed steps, and the right regulatory registrations—

and all of this against the highest quality standards.”

In addition, vaccines are mainly biopharmaceuticals, 

with bigger problems than usual in terms of scalability, 

stability, and purification. The vaccines production 

“requires a complicated dance of multiple experts in 

manufacturing, quality, regulation, engineering, and 

logistics—also, trainers, lab technicians, smart builders, 

maintenance crews, scientists, and capable leaders,” 

reported McKinsey (2).

The McKinsey report warns that a big problem will 

be the technology transfer necessary for worldwide 

production by the vaccine producers/or their contract 

manufacturers. The consultancy estimates with each 

of the 10–20 vaccine candidates likely to be eventually 

approved with a need for four to six plants for their 

international distribution, a total of 2000–6000 

multidisciplinary professionals will be involved (2). 

A technology transfer procedure should include time 

for preparing the regulatory approval of the vaccine 

production process. Of the eight steps in the procedure 

recommended by McKinsey, three involve work on the 

variation registration.

First, technology transfers should be planned to 

ensure that they are in line with local regulations, 

Sean Milmo is a 

freelance writer based in 

Essex, UK, seanmilmo@

btconnect.com.
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European Regulatory Watch

including those for validation of batches and for stability 

studies. A variation pack should be put together for 

submission to competent authorities. Responses to claims 

by the authorities about deficiencies should be prepared in 

advance to avoid delays that could be costly due to the need 

to launch vaccines as quickly as possible after approval.

By early September 2020, there was a total of 321 

COVID-19 vaccine candidates, according to the latest 

study by the journal Nature Reviews Drug Discovery (3). 

This number was more than 2.5-fold higher than the 

number recorded in the publication’s previous survey in 

April (4). Thirty-three vaccine candidates were in clinical 

trials, which were planned to have more than 280,000 

participants in 470 sites in 34 different countries (3). Some 

of the companies with candidates still in Phase lll trials 

had already started large-scale manufacturing of their 

vaccines, the journal reported.

Manufacturing accounts for a high proportion of the 

total cost of achieving full-scale production of COVID-19 

vaccines. Figures from the Coalition for Epidemic 

Preparedness Innovations (CEPI), a Norway-based vaccine 

development partnership that is sponsoring eight leading 

COVID-19 vaccine candidates, show that manufacturing 

will make up around one third of total R&D costs. But that 

proportion does not include full scale-up costs and extra 

expenditures caused by hold-ups and write-offs of costs 

of plants, which are not used because vaccines fail in the 

final clinical trials. 

Accelerating vaccine development
In Europe, governments, particularly in Germany and the 

United Kingdom, have been helping to accelerate vaccine 

developments by providing generous grants for the building 

or conversion of production facilities. The European 

Union, as well as governments, have been making vaccine 

purchasing deals in advance of their approvals. With all 

this activity, regulators are under pressure not to cause 

unnecessary delays with confirmations of GMP compliance 

and other process technology approvals.

To help speed up vaccine development, the European 

Commission has adopted a policy of using advance 

purchase agreements to enable vaccine producers to 

meet their development costs. The EC has, for example, 

been negotiating a purchasing deal for more than 200 

million doses of vaccine with CureVac of Germany at a 

time when the company’s RNA vaccine has been still only 

in Phase l/ll trials (5).

In return for the right to buy a specified number 

of vaccine doses, the EC will be financing part of a 

developer’s upfront costs in the form of advance purchase 

deals, which will be considered as down-payments 

on vaccines that will actually be bought through the 

commission by EU member states.

The funding will come from a €2.7 billion (US $3.1 billion) 

EU emergency COVID-19 support scheme, with additional 

backing available through loans from the EU’s European 

Investment (6). Producers entitled to the deals will have to 

meet certain criteria such as speed of product delivery at 

scale, reasonable cost, and ability to supply vaccines from 

an EU-based GMP plant.

In addition, the commission is ensuring flexibility in 

the regulation of vaccines with, for example, the allowing 

of remote GMP inspections of production facilities 

and the relaxation of labelling and packaging rules (6). 

Authorization procedures are also being sped up with 

the use of a rolling review system, which can shorten the 

timeframe by around a third.

At the national level in Europe, controls on COVID-19 

vaccines development and distribution are in danger of 

fragmenting as governments pursue their own methods 

for speeding up R&D and for providing access to specific 

groups of patients. Some are considering applying 

legislation that would allow access to vaccines on 

compassionate grounds. The government in the UK, which 

is due to complete its departure from the EU at the end 

of 2020, has already drawn up legislation to enable the 

country to manufacture and distribute vaccines under 

rules slightly different from those in the EU (7).

The biggest difference in approaches in European 

countries—both inside and outside the EU—is on the 

issue of genetically modified organisms (GMOs), which 

could become a major obstacle to regulatory uniformity on 

COVID-19 vaccines across the region. In July 2020, the EU 

introduced a regulation exempting clinical trials of COVID-19 

vaccines and treatments from EU GMO legislation (8). 

However, after a vaccine has completed trials and 

been approved, it could run into problems with rules 

at a national level in the EU like limits on scaled-up 

manufacture and obligatory environmental risk 

assessments. In fact, once COVID-19 is no longer 

categorized as a health emergency, many exemptions 

and relaxations of rules could be withdrawn. Even the 

manufacture of vaccines at new facilities, which have 

been temporarily subject to remote inspections will have 

to be given full on-site GMP assessments. Regulators 

seem unlikely to reverse approvals, but they may demand 

significant numbers of alleged deficiencies to be put right.
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[Biopharmaceutics Classification System] II and IV, is 

trending.”

This latter point, on challenging compounds, 

is of utmost importance for Sanjay Konagurthu, 

senior director, science and innovation, Pharma 

Services, Thermo Fisher Scientific. “Small molecules 

are still the largest segment of drug development 

in the industry. Oral and injectables dominate the 

pharmaceutical pipelines,” he adds. “In terms of oral 

drug delivery, it is currently estimated that 70–90% 

of small molecules in the pipelines have solubility 

and bioavailability challenges. This number has 

doubled compared to over 10 years ago.” 

As a result of these solubility and bioavailability 

difficulties, conventional formulation approaches 

do not necessarily suffice, Konagurthu continues. 

“Depending on the physicochemical properties of 

the drug molecule, appropriate technologies and 

formulation strategies will have to be identified and 

evaluated,” he says.

For Hawe, the majority of trends that have 

been seen by industry in the area of formulation 

strategies has resulted from the increased diversity 

of biopharmaceutical molecules. “While monoclonal 

antibodies are still important, new formats—such 

as artificial peptides, fusion molecules, antibody 

fragments, or bi/tri-specific antibodies—require 

I ncreasingly challenging and complex molecules 

entering the development pipeline are changing 

the way formulation development is approached. 

Furthermore, time and cost are considered to 

be at a premium, and demand for products to be 

commercially viable in the shortest time possible 

within a limited budget is ever more apparent.

According to market research, formulation 

is a key opportunity in drug development as 

formulation issues or challenges can readily lead 

to project failure or significant delays (1). “New 

molecule formats and extreme concentrations 

demand tailored formulation strategies instead 

of platform approaches now,” explains Andrea 

Hawe, co-founder and chief scientific officer of 

Coriolis Pharma.

Challenging compounds,  
enabling technologies
“The biggest trends that have been observed in 

formulation strategies over the past few years 

are that pharma companies are more open 

to complex technologies to address pipeline 

issues,” notes Jim Jingjun Huang, founder and 

CEO, Ascendia Pharmaceuticals. “Additionally, the 

increasing application of enabling technologies 

for use in challenging compounds, such as BCS 

More complex and challenging compounds require  
a more tailored approach to formulation strategies.

Unique Molecules Push 
Formulation Boundaries

Felicity Thomas
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Hawe highlights the importance 

of a reasonable chemistry, 

manufacturing, and controls 

(CMC) formulation development 

package early on in development. 

“Approaching clinical trials with a 

suboptimal formulation and facing 

stability issues or other challenges 

in later stages is, in the end, more 

time consuming and expensive,” 

she states.

For Huang, “following the 

science” when developing a 

formulation strategy is a requisite 

for a successful development 

programme. “A rational design of 

tox and human formulations for the 

precious ingredients is critical to 

ensure a successful proof of concept 

in humans,” he says. “The key 

aspects for successful tox and early-

phase formulation development 

consist of preformulation of the 

drug candidate, biopharmaceutical 

evaluation, analytical method 

development, formulation 

development, and [current good 

manufacturing practice] CGMP 

manufacturing for clinical trials.”

“Each drug molecule is unique, 

and it is critical to understand 

the physicochemical properties 

of the API and interactions with 

various excipients that are used in 

formulations,” asserts Konagurthu. 

“Also, excipients are not always inert 

and an understanding of how they 

might impact physiological targets 

should be considered. Building 

expertise and internal knowledge 

databases can be used to build 

predictive formulation tools.”

Hurdles and  
common mistakes
A major hurdle in developing the 

best formulation strategy, in Hawe’s 

opinion, is the compromise between 

being as fast as possible to the 

clinic and performing sufficient 

studies so that a high quality 

and stable product is developed. 

“Oftentimes, customers approach 

partner companies too late or with 

unrealistic timelines for full-scale 

formulation development but we 

new formulation concepts and 

novel analytical approaches,” she 

asserts. “This holds true also for 

advance therapy medicinal products 

(ATMPs), such as viral vectors for 

gene therapy or cell-based products, 

which are emerging rapidly, and 

where a lot of movement in the 

years to come is expected.”

Additionally, Hawe emphasizes 

that there is a trend toward high-

concentration protein products, even 

beyond 200 mg/mL, of late, which 

has been sparked by the rising use 

of autoinjectors for subcutaneous 

self-administration and intravitreal 

administration. “For such products, 

formulation development needs to 

focus on viscosity and aggregation, 

next to chemical and conformational 

stability,” she says. “On the contrary, 

products that require ultra-low 

concentration formulations, for 

example bispecific T-cell engager, are 

also being developed. Here, surfaces 

adsorption and the development 

of suitable analytical methods are 

the challenges that formulation 

scientists must deal with.”

As a result of molecular and 

route-of-administration demands, 

project-specific approaches are 

now required, and for Hawe, these 

approaches should be based 

on existing, US Food and Drug 

Administration (FDA)-approved 

generally recognized as safe 

excipients, as there is a clear 

hesitancy by the pharma community 

to use novel excipients. “The 

analytical methods need to be 

developed so that they preferably 

measure the sample as-is,” she 

notes. “Thus, it is good to see a 

constantly increasing analytical 

portfolio including new submicron 

and micron particle characterization 

techniques and multi-attribute mass 

spectrometry methods.”

Considerations  
and practical tips
Both clinical and business objectives 

are important to consider when 

evaluating the most appropriate 

formulation strategy, according 

to Konagurthu. “Once the clinical 

and business objectives have been 

established, however, it is important 

to identify the quality target product 

profile (QTPP) of the drug and a 

phase-appropriate strategy that can 

accelerate drug development,” he 

says. “Special focus on performance, 

manufacturability, and stability is of 

course ultimately required for a drug 

to be commercially viable.”

The most appropriate formulation 

strategy will vary depending on each 

specific situation, emphasizes Hawe. 

By way of example, she specifies 

situations where there may be a 

small amount of material available 

or where the product is in preclinical 

trials, for which, she explains, it 

could be useful to develop a first 

reasonably stable, but not yet fully 

optimized formulation. “At later 

stages, when more material is 

available, but timelines are more 

aggressive, the strategy can include 

a parallel development of liquid 

and lyophilized formulations, for 

example,” she says.

When the project is in the early 

phase, the probability of success 

to test in first-in-human or first-

in-patient is the most important 

consideration for evaluating 

formulation strategy, stresses 

Huang. “Once the project has 

successfully transitioned to the 

market formulation development 

(Phase IIb/III), then market 

acceptability or commercial aspect, 

scalability, intellectual property 

protection, and cost all become 

equally important,” he adds.

In terms of practical tips for 

developing a formulation strategy, 

“Each drug molecule 
is unique, and it is 
critical to understand 
the physicochemical 
properties of the API and 
interactions with various 
excipients that are used in 
formulations.”

— Sanjay Konagurthu,  
Thermo Fisher Scientific
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then aim to find a satisfying middle 

ground,” she says.

Time and cost are also considered 

to be major issues for Huang, 

who comments that it is common 

for contract development and 

manufacturing organizations 

(CDMOs) to be expected to provide 

proof-of-concept for a customer’s 

compound from preclinical to 

in-human trials as quickly as 

possible and for a limited budget. 

“Therefore, it is important to come 

up with very efficient formulation 

strategies to meet these demands,” 

he adds. “In some cases, for very 

challenging compounds, it is possible 

to encounter a choice between 

developing the best formulation and 

being able to meet the budget and 

time demands.”

Moreover, there are hurdles 

to overcome in terms of the 

characteristics of drug molecules. 

“Some drug molecules can be 

very labile and, as a result, can 

provide significant chemical and 

physical stability challenges to the 

formulator,” continues Konagurthu. 

“Constraints on dose, drug loading 

in the dosage form, size, and weight 

can also present challenges.”

However, oftentimes companies 

do not allocate sufficient time 

and resources to developing an 

optimal formulation strategy 

for challenging compounds, 

stresses Huang. “The main goal 

for early-phase development is to 

test the compound’s safety and 

efficacy for the intended therapeutic 

indications in animal and humans,” 

he says. “Tremendous efforts 

need to be placed in improving 

the pharmacokinetic properties 

of compounds and ensuring 

bioavailability in animal models 

and human Phase I and II studies. 

A desired compound’s systemic 

exposure in testing subjects is 

prerequisite to meet the goals of 

early development. Otherwise, 

the drug programme could be at a 

higher risk of costly failure in first-

in-human and at later stages of 

development.”

Konagurthu also emphasizes that 

significant delays in timelines and 

overuse of critical resources can 

result when companies employ an 

empirical trial-and-error approach 

toward formulation, process 

development, and scale-up. “Lack 

of a thorough understanding of the 

in-vitro and in-vivo performance, 

process design space, and stability 

can lead to delays and programme 

re-starts,” he explains. “Having 

an in-depth understanding of 

performance, manufacturability, and 

stability is important at all stages of 

product development and eventual 

commercial launch.”

In Hawe’s experience, there are 

three common mistakes that are 

made when developing a formulation 

strategy. “First, using excipients 

that are not FDA-approved and 

are not available in the required 

pharmaceutical quality. This can 

easily be omitted but happens 

surprisingly often,” she says. “Second, 

not considering the target product 

profile (TPP) and the requirement 

for later manufacturing when 

starting formulation development. 

Third, skipping certain analytical 

methods and with it being blind 

for certain instabilities. Sometimes 

orthogonal approaches might seem 

like an overinvestment, but each 

technology has its blind spots and we 

need orthogonality to compensate 

for that.”

Technological  
advancements and trends
Although there may not be a single, 

magical technology that can make 

formulation development both 

quick and easy, Hawe notes that 

there are many small improvements 

that, in combination, can facilitate 

the process. “The application 

of artificial intelligence (AI) and 

improved statistical methods, for 

example, may reduce the number 

of experiments; better method 

automation/throughput and lower 

sample consumption will deliver 

more insights in less time or 

with less material; and advanced 

scientific understanding will 

improve decision making and reduce 

failures,” she says.

Technologies that enhance the 

solubility and permeability of drug 

candidates are important in the 

facilitation of formulation design for 

Huang. Optimization of solubility 

and bioavailability is achievable 

through using suitable delivery 

systems by screening a set of 

technology platforms that address 

different compound challenges 

in hydrophilicity, lipophilicity, 

permeability, and melting point, 

he explains.

“The use of predictive models can 

provide insights into formulation and 

technology selection based on the 

API’s physicochemical properties,” 

Konagurthu adds. “Use of a 

comprehensive material property 

database facilitates the development 

of predictive models that serve to 

guide formulation development. 

Advanced techniques such as 

compaction simulation can guide a 

rational, material-sparing formulation 

strategy.” 

Additionally, when using 

predictive models, such as 

thermodynamics, discrete 

element method, or computational 

fluid dynamics for process 

development, it is possible to gain 

valuable insights into formulation 

design, Konagurthu continues. 

“Accelerated stability assessment 

programmes can rapidly guide 

excipient selection in formulations 

and packaging design,” he says. 

“Use of physiologically based 

pharmacokinetic models to 

understand in-vivo performance 

“Tremendous efforts need 
to be placed in improving 
the pharmacokinetic 
properties of 
compounds and ensuring 
bioavailability in animal 
models and human Phase I 
and II studies.”

— Jim Jingjun Huang,  
Ascendia Pharmaceuticals
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can also aid in guiding formulation strategies (e.g., modified/

controlled release).”

Moreover, Hawe believes that predictive methods, along 

with prior-art experience, will become ever more important for 

formulation development. “New and better predictive indicators, 

for example, for protein stability as well as base formulation 

development, will lay the foundation of future formulation 

strategies,” she states. “On top of that, data science in combination 

with AI will allow the required experiment to be narrowed down 

and to focus on the formulation corridor. While the development 

strategy will still be tailored to the specific product and situation, I 

expect development programmes to become more efficient.”

An emerging trend that has the potential to help companies 

with the increasing pressures on quality, pricing, and 

productivity, is in the form of continuous manufacturing, remarks 

Konagurthu. “Continuous manufacturing can deliver higher 

quality oral solid-dose products, with greater flexibility and a 

reduced total cost of supply,” he says. “Formulation strategies 

for continuous manufacturing will require adopting a materials 

science-based approach.” 

Benefits of partnerships
Outsourcing partners should play a crucial and integral role 

in formulation strategy, notes Huang. A partner can provide 

expertise in CMC, technology, and regulatory affairs, or can act 

as a traditional pharmaceutical R&D department for the sponsor 

company, he states.

“A knowledgeable CDMO partner can help bolster product 

knowledge throughout all phases of a programme lifecycle,” adds 

Konagurthu. “A CDMO with hands-on experience with a host of 

compounds and formulations can help build quality-by-design 

(QbD) into a product, as they will have deep knowledge to draw 

on for addressing problems that arise during development.”

Application of QbD principles early on in development, along 

with predictive models and risk assessment tools, are useful in 

mapping the design space for the formulation and processes, 

and ultimately, developing commercially viable formulations and 

processes, Konagurthu notes.

“The biggest benefit of having a specialist partner for 

formulation development is the experience and scientific 

knowledge that can be applied to the benefit of our clients,” 

Hawe summarizes. “However, formulation development is not 

just a strategy. Specialized analytics, dedicated methods, and 

excellent scientists to run them are all required and are assets an 

experienced partner can provide.”

Reference
1. Rentschler Biopharma, “2018 Survey: Formulation in the Drug 

Development Process,” Industry Insights, rentschler-biopharma.com, 
6 Nov. 2018. PTE

“… formulation development is not just a 
strategy. Specialized analytics, dedicated 
methods, and excellent scientists to run them, 
are all required and are assets an experienced 
partner can provide.”

— Andrea Hawe, Coriolis Pharma
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organisms experience during upstream, 

downstream, fill/finish, storage, and 

rehydration will determine if the 

organisms will retain viability and 

activity, he adds. Each of the processing 

steps, therefore, needs to be optimized, 

because they can all have an impact on 

subsequent stability.

Processes also need to be designed 

for scalability, Cowley adds. “Because 

most of the organisms that comprise 

LBPs tend to be unstable, it is 

essential to minimize process times 

in order to minimize die off. Effective 

small-scale processes that take much 

longer to complete when performed at 

large scale are, therefore, not practical 

for commercial LBP manufacturing,” 

he explains.

Viability, and thus stability, depends 

on a number of factors, including 

not only the general fermentation 

conditions and harvest technique, 

but also excipient/cryopreservative 

selection and the lyophilization 

process, according to Cowley. He 

also stresses that development of 

an optimum cell bank is crucial as 

well. “Optimizing the master cell 

bank is necessary to ensure that the 

organism being produced is optimally 

healthy, exhibits the right performance 

behaviours, and is generated in the 

maximum yield,” he observes. 

Whether the strains are delivered 

as a single organism or consortium 

can also affect the stability of LBPs, 

as can the type of organism. “For 

example, spore-formers can have 

greater stability allowing for storage 

at room temperature but may come 

with side effects as these bacteria have 

the potential to become pathogenic,” 

Awad observes. Comprehensive 

characterization of LBP strains is 

also essential. “Knowledge of critical 

parameters and acceptable ranges—

redox, osmolality, etc.—and how to 

control them is necessary to achieve 

and maintain the proper functionality 

throughout the production process,” 

Cowley asserts.

Stability issues can also occur at 

any stage of a vaccine’s development 

lifecycle, according to Jee Look, senior 

director of drug product development 

E xcipients are widely recognized as vital to the development of 

effective small-molecule and biologic drugs, with a wide range of 

approved compounds of varying chemistries providing functionality from 

taste-masking to stabilization. The latter is also crucial for vaccines and 

live biotherapeutic products (LBPs), which can suffer degradation during 

both upstream and downstream processing, fill/finish, packaging, storage, 

and transport. The properties of different LBPs and vaccines can differ 

widely, and thus careful selection of the right excipients is essential. Doing 

so is not easy, however, and requires experience with these challenging 

products and access to effective screening technologies.

As understanding of the role the human microbiome plays in human 

health and disease has increased, many academic research groups, 

startups, and Big Pharma firms have developed microbiome-based 

diagnostics and therapies, a number of which are advancing through the 

clinic. In 2018, at least 200 companies were active in the microbiome 

space, and 2400 clinical trials were underway (1); between January 2016 

and July 2019, more than US$5.4 billion (€4.6 billion) was invested in 

partnerships and acquisitions related to LBPs (2).

Stability challenges with LBPs and vaccines
LBPs by definition comprise living organisms that exhibit a desired 

activity within the human body. They have, in fact, been incorporated into 

probiotic foods and dietary supplements for many years, but typically, 

excess colony forming units (CFUs) are used to compensate for any loss 

of viability upon storage. That approach isn’t possible for pharmaceutical 

products, so the goal during manufacture is to maximize the number of 

cells that are viable throughout the entire production process, according 

to Aaron Cowley, chief science officer with Arranta Bio. 

“One of the key attributes associated with LBPs is the ability to 

keep the cells alive and healthy over a duration of time, thus allowing 

them to function as they are designed,” says Synlogic Therapeutics 

Chief Operating Officer, Tony Awad. The sum of the stresses that the 

Cynthia A. Challener, 
PhD, is a contributing 

editor to Pharmaceutical 

Technology Europe.

Factoring Stability  
in the Biologic Drug Mix
Excipients must be carefully chosen to ensure optimum  
protection for vaccines and live biotherapeutic products.
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for Emergent BioSolutions’ contract 

development and manufacturing 

organization (CDMO) business. “In some 

cases, instability that occurs during 

upstream/downstream processing 

can be mitigated during final drug 

product manufacturing, but it is 

important to identify and understand 

the mechanisms of instability early in 

the pre-formulation stage as instability 

in the final drug product would have the 

largest impact on patient safety and 

overall production efficiency and would 

be more costly to fix,” he says. 

The instability characteristics 

possible with a given vaccine also 

depend on the vaccine type, whether it 

is a live virus, inactivated virus, virus-like 

particle, or some other type of subunit, 

recombinant, or conjugate vaccine. The 

use of aluminum adjuvants can also 

create different challenges with respect 

to vaccine stability. “It is important to 

understand the mechanism of action of 

each type of vaccine in order to design 

the formulation and deal with the 

instability issue,” Look concludes. 

Role of excipients in  
LBP and vaccine stabilization
Stabilization of LBPs involves different 

mechanisms and thus different 

excipients. For LBPs stored at 

frozen conditions, cryoprotectants 

are necessary, while those that 

undergo lyophilization will require 

lyoprotectants, according to Awad. 

For these applications, excipients 

are added to the cell slurry obtained 

following harvest to maintain viability 

through the harsh freezing and drying 

process, which can be damaging to live 

microorganisms, according to Cowley. 

“Both of these options can lead 

to better shelf life of the LBP,” Awad 

observes. Excipients are also used 

in final LBP formulations to influence 

cellular size and structure and help 

stabilize LBPs during cryopreservation 

and/or to preferentially bind moisture 

to ensure viability and activity are 

maintained once the product is 

packaged, Cowley adds.

Many organisms developed as live 

therapeutics also tend to combine into 

long chains. “These aggregates can 

lead to low CFU results because many 

tens of cells (or more) are detected 

as just one colony,” Cowley explains. 

In this case, use of appropriate media 

can minimize aggregation. “At Arranta 

Bio, we have found that certain media 

formulations in particular prevent 

aggregation regardless of the type of 

organism, allowing for the development 

of optimum processes,” Cowley says.

For vaccines, different types of 

excipients play important roles during 

vaccine production, formulation, fill/

finish, and storage processes, according 

to Look. “Selection of excipients 

can be a complex consideration 

beyond stability issues and can also 

depend on the target product profile 

(TPP), logistics, and business market 

complexities,” he comments.

For instance, if the TPP requires a 

long shelf life and/or high temperature 

storage, the vaccine would need to 

be converted into solid form. In this 

situation, Look says sugar excipients 

such as sucrose could play an important 

role. For live vaccines, which can be 

susceptible to manufacturing and 

storage loss, some type of protein 

stabilizer such as human serum albumin 

or gelatin may be required. 

Antibiotics are also used to prevent 

growth of bacteria during production 

and storage, and stabilizers such as 

monosodium glutamate (MSG) and 

2-phenoxyethanol are used to protect 

vaccines from heat, light, acidity, or 

humidity during processing and storage.

LBP solutions
Cryoprotectants and lyoprotectants 

are the most critical excipients for 

LBP stabilization and function by 

minimizing cell damage caused 

by ice crystal formation during 

freezing, according to Awad. Some 

cryopreservatives penetrate the cells, 

but all generally influence viscosity, 

osmolality, surface tension, and other 

properties, according to Cowley. “The 

goal is to choose the right mixture 

that provides the optimum conditions 

for each specific organism to survive 

during cryopreservation,” he says.

This type of protection, according to 

Awad, is important whether the LBP is 

stored as a frozen liquid or lyophilized to 

produce a powder for oral suspension. 

He also notes that additional excipients 

may be required if the mechanism of 

instability is known. “For example, 

antioxidants may be utilized if the strain 

is susceptible to oxidation or buffering 

excipients may be utilized if maintaining 

pH is important,” he explains. 

Vaccine stabilization
The types of excipients used to 

formulate a specific vaccine will depend 

on the type of degradation mechanism 

of that vaccine. “Degradation 

mechanisms include aggregation, 

precipitation, oxidation, deamidation, 

shear, freeze/thaw, air-water interface, 

thermal, etc.,” Look states. For instance, 

different protein stabilizers will be 

required depending on the causes of 

aggregation, while antioxidants are 

important to prevent oxidation. As one 

example, Look notes that a surfactant 

such as polysorbate 80 is typically used 

to deal with aggregation/precipitation 

due to interactions that occur at the 

air-water interface. “In this situation,” he 

observes, “polysorbate 80 would migrate 

to the air-water interface and prevent 

the protein from getting through.” 

Selecting optimum excipients
Understanding the mechanisms of 

instability to identify excipients that 

have been demonstrated to overcome 

these mechanisms is the best approach 

to selecting optimum stabilizing agents 

for both LBPs and vaccines. For many 

of these products, however, the role 

excipients play is still unknown. “Trial 

and error, empirical approaches, and 

historical experience are needed when 

considering excipient options, especially 

for new gene-therapy vaccines,” Look 

comments.

For LBPs, the effectiveness of 

excipients is evaluated by testing 

for key quality attributes or release 

criteria, including cell counts, viability, 

activity, and shelf life, according to 

Awad. “Excipient screening through 

compatibility studies is also often 

required,” he adds.

One of the main challenges for LBPs 

is a lack of commercially available 
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administration. Some instability issues 

can be mitigated through process 

optimization and selection of the 

appropriate device,” he concludes. 
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excipients and media blends that have 

been specifically developed for use 

with these new active ingredients, 

Cowley notes. Based on its more 

than 10 years of working with LBPs, 

Arranta Bio has addressed this issue 

with the development of a number of 

proprietary Arranta Media Blends and 

CryoPreservatives, both based only on 

plant-derived components, that the 

company uses to rapidly screen against 

client microorganisms to identify 

optimum process conditions.

“We have tested both the media 

blends and cryopreservatives against 

commercially available formulations for 

GMP manufacturing with good results. 

Our media blends provide higher 

yields and more stable organisms, 

with additional indirect benefits 

downstream, including higher resulting 

viability and shorter lag phases through 

freeze drying. Our cryopreservative 

blends also afford higher viabilities and 

in general help us consistently achieve 

our minimum viability target of 40%,” 

Cowley says.

For vaccines, the selection of 

optimum excipients requires a “risk 

and benefit” analysis, according 

to Look. “A vaccine designed for 

healthy babies would have different 

considerations than a vaccine 

designed for terminally ill cancer 

patients,” he notes. Most vaccines 

are injectables and applied to large 

healthy populations, therefore 

selection of optimum excipients is 

more rigorous and depends on several 

factors, Look adds. 

“The initial selection of excipients 

and concentration usually starts with 

historical information such as those 

already used in commercial vaccines. 

From there, the final selection and 

optimal concentration is done through 

pre-formulation and formulation 

development studies with the specific 

vaccine,” he explains. 

Awad recommends that for any 

drug formulation, it is generally best 

to use excipients that have been 

included in prior approved products 

rather than novel excipients, because 

the groundwork has been laid and 

these excipients are likely to have 

regulatory agency approval. If a novel 

excipient is needed, though, additional 

testing, such as an extended animal 

study (tox study), may be needed, 

according to Look.

It is also important, Look reiterates, 

that excipients are not the only 

means to resolve vaccine—or drug—

instability problems. “A more holistic 

approach is needed, which includes 

the consideration of processing 

conditions and any device used for 
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P   hospholipids are used in many 

types of formulations such as fat 

emulsions, mixed micelles, suspensions, 

and liposomal preparations for any 

administration route (1-3). Phospholipids 

are surface-active, comprising a polar 

headgroup and a lipophilic tail. They are 

used as emulsifiers, wetting agents, 

solubilizers, and liposome formers. 

The phospholipid molecule comprises 

a glycerol backbone esterified in 

positions 1 and 2 with fatty acids and 

in position 3 with phosphate, the latter 

being further esterified with an alcohol. 

The most common phospholipid is 

phosphatidylcholine (PC), which is the 

main component of lecithin as described 

in the United States Pharmacopoeia 

(USP). Phospholipids are essential 

components of cell membranes, have 

digestion/metabolic functions (4) as a 

lipoprotein component, and are a source 

for the  biosynthesis of acetylcholine (in 

the case of PC) and (essential) fatty acids 

and energy (5). 

Natural phospholipids are isolated 

from natural sources such as soybean, 

rape- and sunflower-seed, and animal 

material (e.g., egg yolk, milk, and krill). 

These raw materials are produced 

worldwide at very large scale. The 

phospholipid compositions of the 

lecithins are dependent on the raw 

material sources. In all cases, PC is 

the main phospholipid component. 

Higher quality pharmaceutical-grade 

phospholipids are obtained with 

excellent inter-batch reproducibility 

by validated extraction and 

chromatography procedures using 

non-toxic solvents (Figure 1).

Control of the raw material quality 

and use of a validated purification 

method ensure the quality of 

the phospholipid excipients. Egg 

phospholipids, isolated from hen 

egg yolk with similar methods as for 

soybean lecithin, play an important 

role as excipients as well. 

Natural phospholipids can be further 

modified to saturated phospholipids 

by hydrogenation (6) and use of 

enzymes to make from soy PC, e.g., soy 

phosphatidylglycerol (PG) (Figure 2). 

Besides natural phospholipids, synthetic 

phospholipids are also being used in 

pharmaceutical products.

In pharmaceutical products for 

oral and dermal administration, 

mainly soybean phospholipids are 

used. For dermal use, hydrogenated 

soybean phospholipids are also 

applied. In parenteral products, 

natural phospholipids are prevalent in 

addition to synthetic phospholipids, 

as described in the US Food and Drug 

Administration’s Inactive Ingredient 

(excipient) list (Table 1) (8).

Egg phospholipids serve as emulsifiers 

in parenteral nutrition products (e.g., 

Intralipid®) (10). These emulsions can 

also be used as carriers for oil-soluble 

drug substances such as diazepam 

(Diazemuls®) and propofol (Diprivan®) 

(11, 12). 

Parenteral mixed micellar 

formulations, comprising soybean 

phospholipids and cholate salts, are 

either suitable as solubilizers for poorly 

water-soluble compounds such as 

vitamin K or soybean phospholipids 

intended as APIs for the treatment of 

The Use of Natural 
Phospholipids as 
Pharmaceutical 
Excipients

Figure 1. Flow chart of the isolation process steps of soybean phospha-
tidylcholine from crude soybean oil.

Crude Soybean Oil

Soybean Phosphatidylcholine

Degumming

Deoiling

Solvent fractionation

Chromatography

Crude Soybean Lecithin

Deoiled Soybean Lecithin

Phosphatidylcholine Enriched Fractions
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liver disorders (13, 14). These products 

underscore the safe intravenous use 

of soybean phospholipids.

Considering pulmonary products 

comprising phospholipids, natural 

as well as synthetic phospholipids 

can be used. For instance, natural 

phospholipids extracted from bovine 

or calf lung have been used to treat 

Respiratory Distress Syndrome, a 

disease in infants characterized 

by immature lung epithelium (15). 

The inhalation product for systemic 

treatment with levodopa (Inbrija®) 

comprises 1,2-dipalmitoyl-sn-glycero-

3-phosphocholine (DPPC). 

Natural phospholipids are well 

known to regulatory authorities and 

described in many pharmacopoeias 

(16). Regarding the toxicity of 

phospholipids, the World Health 

Organization, US FDA, and EU place 

no limit on the oral intake of lecithin 

as a food additive (17-19). The safe 

intravenous use of soybean and egg 

phospholipids is well documented (20). 

In conclusion, natural 

phospholipids are derived from 

renewable sources, are produced 

with ecologically friendly processes, 

and are available in large scale at 

relatively low costs. They comply 

with all requirements from major 

regulatory authorities and are 

safe for any administration route. 

For parenteral application, egg-, 

soybean-, and hydrogenated 

soybean phospholipids are used, 

besides synthetic phospholipids. 

In oral administration soybean 

phospholipids prevail, whereas for 

dermal administration to the skin 

soybean phospholipids and their 

hydrogenated versions are popular. 

Inhalation products contain natural 

phospholipid extracts and synthetic 

phospholipids.

For references, please visit

PharmTech.com/pharma-insights
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Figure 2. Enzymatic conversion possibilities of phosphatidyl-
choline (7). 

Table 1. Examples of parenteral liposome products for human 
use containing natural phospholipids (in bold). 

Drug 
Substance

Product
Main Lipid 
Excipients

Admin. 
Route

Indication

Amphotericin 
B

AmBisome®1 HSPC3: 
DSPG4: 
Cholesterol

i.v. aspergillus, 
candida- 
and/or 
cryptococcus 
species 
infections, 
visceral 
leishmaniasis

Doxorubicin 
hydrochloride

Doxil®1/
Caelyx®1

HSPC: 
Cholesterol: 
MPEG 
2000-
DSPE5

i.v. AIDS-related 
Kaposi’s 
sarcoma, 
metastatic 
ovarian cancer, 
multiple 
myeloma

Lipodox®1 AIDS-related 
Kaposi’s 
sarcoma, 
metastatic 
ovarian cancer, 
metastatic 
breast cancer

Myocet®2 Egg PC: 
Cholesterol

i.v. metastatic 
breast cancer

Vincristine 
sulphate

Marqibo®1 SM6: 
Cholesterol

i.v. Philadelphia 
chromosome-
negative, acute 
lymphoblastic 
leukemia

1See www.rxlist.com for detailed information; 2for details see (9); 3Hydrogenated 
soybean phosphatidylcholine; 41,2-distearoyl-sn-glycero-3-phosphoglycerol; 
5N-(carbonyl-methoxypolyethylene glycol 2000)-1,2-distearoyl-sn-glycero-3-
phosphoethanolamine sodium salt; 6sphingomyelin.
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and the polymer amount can be 

adjusted to ensure taste perception 

is minimized without affecting the 

release profile.”

Coating can be considered an 

efficient method, notes Tan; however, 

the coating process efficiency and 

coat homogeneity require careful 

optimization and can be dependent 

on factors such as the API particle 

morphology. “Also, depending on the 

administration technique, interaction 

of the taste-masking coat and potential 

food-based dosing vehicles may lead 

to premature failure of the coating and 

unmasking of the bitter taste,” he says.

A matrix granulation can be 

employed to trap a bitter API in a matrix 

formulation, asserts Zhao. “The matrix 

may contain gelling or lipid polymers,” 

she explains. “In granulation-based 

approaches, the amount of API on the 

surface of the dosage form is reduced, 

thereby limiting the amount available 

to dissolve in the mouth. These 

approaches work more effectively for 

drugs with lower solubility or higher 

taste thresholds.”

Advanced processing techniques can 

be used to create a matrix formulation 

with ethyl cellulose, hydroxypropyl 

methyl cellulose, or acrylate polymers. 

“Using these processes, a dispersion 

can be created in a matrix that is 

insoluble in the mouth, which will 

prevent the interaction of drug with 

taste buds,” explains Zhao. “However, 

solid dispersion is often less effective 

as the drug is in a highly soluble state 

and may be present on the surface of 

the spray dried or extruded articles.”

Chemically modifying the API is 

another way to reduce the bitter  

taste of drugs, adds Tan. “For this 

approach, the originally bitter APIs 

are chemically modified to develop 

prodrug or salt forms with a reduced 

bitter taste,” he says.

“Complexation with an API, creating 

a stable complex with ion exchange 

resin or cyclodextrin, which reduces 

taste exposure, and a prodrug or salt 

formation approach can also be useful 

for taste-masking,” agrees Vinay 

Muley, technology and innovation 

leader, India, DuPont.

I t is well-documented that many APIs are bitter in taste and as a result 

need to be taste-masked to improve palatability and acceptability for 

the patient population. “Taste is a critical attribute that determines the 

palatability of oral dosage forms and patient compliance,” emphasizes 

Jin Zhao, principle investigator, DuPont.

An array of choice
As taste can be such a key attribute to ensuring a successful drug 

product is developed, there is a vast array of options available to 

developers to mask any unwanted bitterness or taste of the ingredients. 

A common approach, and possibly the simplest of all, is the addition of 

sweeteners, sugar coating, or flavours. “This approach is suitable for 

some of the less bitter compounds as the perception of the sweetener or 

flavour will be stronger than the taste of the drug,” notes Andrew Mound, 

application development and innovation scientist, DuPont. 

“A judicious selection of excipients can enable formulation strategies 

utilizing flavours, sweeteners, and bitter blockers,” adds Bing Xun Tan, 

pharmaceutical application laboratory manager at Roquette’s Asia Pacific 

Innovation Center in Singapore. “Pleasant-tasting, highly viscous, or 

lipophilic vehicles can also provide an effective taste-masking effect.”

However, for APIs that are extremely bitter or have a complex aversive 

taste profile, the addition of sweeteners or flavours becomes less viable 

as their effective taste-masking amount will either increase the overall 

size of the dosage form, which decrease the swallowability of the dosage, 

or will erode the therapeutic dose amount in the dosage form. Another 

option is to coat the drug, which is possible to do on the tablet, capsule, 

granule, or API itself, continues Zhao.

“Coating or microencapsulation provide a barrier membrane to 

prevent the drug from dissolving in the mouth, which is a requisite for 

taste perception, and depending on the drug properties, coating can be 

applied in several ways,” says Zhao. “Water insoluble polymers, such as 

ETHOCEL and Aquacoat ECD, can effectively create barrier membranes 

Felicity Thomas

Masking Taste: A Key 
Attribute to Success
Taste-masking can be of significant importance in ensuring success of a  
drug product, particularly those targeted to paediatric or geriatric populations.
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Development

Tan reveals that an excipient, 

made from a pea maltodextrin, is 

available that has been primarily 

designed for taste-masking and 

solubility enhancement applications. 

“The KLEPTOSE Linecaps excipient 

can decrease the exposure of API to 

the taste buds through a different 

mechanism of action to complement 

the current range of taste-masking 

excipients available to formulators,” 

he specifies. “The pea maltodextrin 

has been reported to exhibit a taste-

masking effect on model APIs, such 

as loperamide hydrochloride and 

dextromethorphan hydrobromide” (1).

A technique that is rapidly advancing 

and finding use for taste-masking 

is 3D printing, according to Zhao. 

“Personalized medicine is seeing 

growth opportunities and has the 

potential to revolutionize the health 

system,” she says. “Three-dimensional 

printing is a key enabling technology 

for personalized medicine and, 

therefore, there is a need to develop 

tailormade taste-masking techniques in 

conjunction with 3D printed medicine.”

Patients requiring  
particular attention
Taste-masking is particularly 

important for products that are 

targeted to geriatric and paediatric 

patient populations. “Overall, drug 

products and dosage forms targeted 

to paediatric and geriatric populations 

need to pay particular attention to 

sensory attributes. Clearly children 

can be picky and need an appealing 

dosage form to take the required 

medicine or vitamin,” confirms Mound. 

“For older populations with difficulty in 

swallowing or chewing, taste-masking 

plays a role in the overall experience of 

taking medicines.”

Common dosage forms for 

these target patient populations 

include chewable tablets, orally 

disintegrating tablets, gummies, 

and liquid dosage forms, which are 

prime for taste-masking and sensory 

improvement, adds Mound. “These 

formats are growing in popularity, 

making them ripe for innovation in the 

application,” he says.

“The paediatric patient population 

has a big need for taste-masking 

solutions that is not yet fully met 

today,” asserts Tan. “As the paediatric 

population cannot always swallow 

oral tablets, most paediatric drug 

products are either liquid, particulate, 

or orodispersible dosage forms where 

the bitter APIs can have a prolonged 

and direct exposure to taste buds in 

the buccal cavity.”

However, excipient options for 

paediatrics are limited, and are less 

well defined or understood in terms of 

safety, Tan continues. “Hence, current 

taste-masking approaches for adults 

may not be feasible and suited for 

children,” he notes. 

Development challenges
Formulation difficulties can arise 

when taste-masking strongly bitter 

APIs, ingredients that have high 

solubility in the buccal cavity, or when 

high doses of active ingredients are 

required, Tan emphasizes. “In such 

situations, the application and efficacy 

of flavours and sweeteners are greatly 

limited, and so other methods need 

to be employed, as explained earlier,” 

he says. 

“Another challenge in development 

is with taste evaluation techniques,” 

Tan continues. “A human sensory 

panel is still the most recognized 

method of taste evaluation. However, 

sensory evaluations are often more 

costly and challenging to organize, 

especially when potent APIs or new 

chemical entities are involved.” 

Furthermore, there is some debate 

over the relevance of human sensory 

panels for specific patient populations, 

such as paediatrics, he asserts. 

“There is a great need to develop 

analytical technologies that 

characterize the taste and correlate 

well with in-vivo performance,” 

comments Zhao. “Advances have 

been made in electronic tongues, but 

in-vitro–in-vivo correlation (IVIVC) of 

taste is even more challenging than 

IVIVC of drug release; as simulating 

taste recognition in the mouth is 

more challenging than simulating drug 

absorption in digestive tract.” 

Methods such as the electronic 

tongue are useful for the early 

screening of formulations during 

R&D, agrees Tan. “However, there 

remain technological limitations in 

these methods, and the sensitivity 

and reliability of the measurement 

depends greatly on the API properties 

and also the excipients used in 

formulation,” he adds.

“Another challenge is creating an 

effective taste-masking performance 

without affecting pharmacokinetics 

and pharmacodynamics of active 

ingredients,” asserts Zhao. “Some 

of the previously mentioned barrier 

membranes can also modulate 

release to the point that it changes 

the absorption profile. For example, 

ethylcellulose at a low level will  

provide excellent taste-masking; 

however, at slightly higher 

percentages it begins to provide 

a sustained release profile, which 

may be undesirable for a given 

drug and most be monitored during 

development.”

Additionally, there is still a need to 

ensure there is a robust measurement 

system in place that can provide 

qualitative and quantitative data 

on the taste attributes—without 

which optimization of taste-masking 

technologies is difficult, emphasizes 

Muley. “Finally, regulatory constraints 

to reduce the number of excipients 

in paediatric formulations presents 

additional challenges in providing an 

optimized taste-masking approach,” 

he says.

Trends and opportunities
Industry will continue to see 

developments and improvements 

in taste-masking of dosage forms 

for paediatric and geriatric patient 

populations, states Mound. “Novel 

dosage forms such as orally 

disintegrating tablets and films, 

chewable tablets, and liquids 

will continue to evolve to boost 

taste-masking technology options,” 

he specifies.

Moreover, as there is an increasing 

drive from major regulatory agencies 

for new drug product developments 
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formulators will be challenged to 

deliver a quality product without the 

traditional options at their disposal,” 

he says. “Cleaner label taste-masking 

options are needed in this space.”

Added to this, the competitive 

nature of the OTC and nutraceutical 

markets will mean that innovation, 

particularly in dosage forms and 

formulation, will be highly sought after 

to ensure product differentiation, Tan 

emphasizes. “Interest in innovative 

oral dosage forms will in turn increase 

the demand for novel taste-masking 

solutions,” he states.

“And as innovations, such as 3D 

printing, enable the development 

toward personalized medicine, 

customized taste-masking options  

will be possible and essential in 

delivering differentiated products,” 

summarizes Zhao. 
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to include paediatric trials, there will 

be advancements in taste-masking 

options, highlights Tan. “The Pediatric 

Research Equity Act in the United 

States and Paediatric Regulation 

in Europe require submission of a 

Paediatric Study Plan and Paediatric 

Investigation Plan, respectively,” he 

explains. “Because of this regulatory 

direction, there is a renewed focus 

from pharmaceutical companies 

on taste-masking solutions and 

palatability studies, which can aid 

development and demonstrate 

acceptability of the drug product 

for children.”

The scope of what constitutes 

taste sensation is also widening, Tan 

continues. Whereas, traditional taste-

masking solutions have been focused 

on the bitter taste of the drug product, 

there will be more consideration of 

other attributes, such as sourness, 

and also aversive sensory attributes 

such as odours, texture, and irritation, 

which contribute to the overall patient 

experience, he explains. 

“Therefore, a combination and 

synergism of several taste-masking 

strategies may be required to address 

different aspects of the sensory 

challenge,” Tan reveals. “For example, 

a combination of different excipients, 

such as a polyol (maltitol) and  

intense sweetener (sucralose), have 

been reported to display synergism 

leading to an optimized taste-masking 

of the model API, acetaminophen, in 

chewable tablets (2). Also, excipients 

that can contribute to more than 

one aspect of the taste-masking 

or formulation challenge will be 

advantageous in reducing formulation 

complexity.”

The expansion of scope for 

improvements in sensory attributes 

will also incorporate over-the-counter 

(OTC) and dietary supplement 

segments, which will provide 

opportunities for taste-masking 

technologies, highlights Mound. “As 

consumers continue to gravitate 

toward the elimination of sugars and 

other non-clean label sweeteners, 
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S 
ince 2018, the United States Food and Drug Adminis-
tration (FDA) and other regulators have found N-ni-
trosodimethylamine (NDMA) in several sartan- and 
ranitidine-based drug substances and products (1,2), 

resulting in widespread recalls of sartans and a ban on the sale 
of ranitidine. Nitrosamines, including NDMA, are mutagenic 
and capable of causing irreversible damage to human DNA, po-
tentially leading to cancer. 

NDMA can be introduced into finished drug products during 
API manufacturing processes. Global regulatory agencies, such 
as FDA, China’s State Food and Drug Administration (SFDA), 
and the European Medicines Agency (EMA), are strengthening 
regulations to prevent the manufacture and sale of drugs that 
contain nitrosamine impurities, to ensure pharmaceutical drug 
product quality, efficacy, and safety. Nitrosamine impurities can 
be introduced in the following ways during API manufacturing:

• Through contaminated raw materials, starting materials, 
and intermediates.

• As unintended by-products of the chemical synthesis, 
when reagents such as sodium nitrite or other nitrites are 
used in the presence of secondary or tertiary amines. 

• When drug substances degrade during finished product 
formulation or storage.

• Due to the interaction of drug product formulation with 
certain packaging materials. 

• Through use of recycled solvents, excipients, and reagents 
that do not come from appropriately qualified suppliers. 
In such cases, the API manufacturing processes are not 
capable of directly forming a nitrosamine, and manufac-
turers may not anticipate that these impurities are present 
in recycled solvents.

• From carryover during the manufacturing process when 
using contaminated equipment.

• From cross-contamination, when different processes 
(some of which introduce the contaminant) are running 
on the same production line.

Regulatory policies and procedures require identification and 
quantification of low levels of mutagenic impurities (including 
nitrosamines) in drug substances and drug products. In 2019, 
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Development of a  
Validated Method of  
Testing for NDMA in Ranitidine

In April 2020, the United States Food and Drug 
Administration (FDA) banned sales of the antacid, 
Zantac, and equivalent generic versions containing 
the active ingredient ranitidine after discovering 
that the products were contaminated with the 
carcinogen, N-nitrosodimethylamine (NDMA). As 
a result, and because of previous recalls stemming 
from nitrosamine contamination in valsartan 
and other sartan angiotensin II receptor blockers, 
more stringent regulations are now in place for 
detecting and quantifying this impurity in both 
drug substance and  final drug product. This article 
describes a validated liquid chromatography/
mass spectrometry method for detecting NDMA 
in ranitidine that meets and exceeds FDA’s limit of 
detection and limit of quantitation requirements.

Parul Angrish, Chander Mani, and Saikat Banerjee
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P. Angrish et al., “Development of a Validated Method of 
Testing for NDMA in Ranitidine,” Pharmaceutical 
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global regulators (including FDA) published validated sensitive 
analytical methods (3–6) that follow International Council for 
Harmonization (ICH) Q2 (R1) guidelines to detect and quan-
tify nitrosamines in several sartan-based drugs. These methods 
include:

• Gas chromatography/mass spectrometry (GC/MS) 
headspace analysis for simultaneous evaluation of four 
nitrosamine impurities including NDMA, N-nitros-
odiethylamine (NDEA), N-nitrosodiisopropylamine 
(NDIPA), and N-nitrosoethylisopropylamine (NEIPA). 

• Gas chromatography–tandem mass spectrometry (GC/
MS/MS)-based methods utilizing liquid injection to si-
multaneously detect and quantify N-nitrosodibutylamine 
(NDBA), NDMA, NDEA, NDIPA, and NEIPA. 

• Liquid chromatography–high resolution mass spectrom-
etry (LC/HRMS), and a high-throughput  RapidFire-MS/
MS method for detecting N-nitroso-N-methyl-4-amino-
butyric acid (NMBA) in certain sartan drug substances 
and drug products, along with NDMA, NDEA, NDIPA, 
NEIPA, and NDBA, simultaneously. 

In 2019, FDA noted that heating ranitidine samples during 
GC/MS analysis generated elevated levels of NDMA. To avoid 
false positive results with ranitidine, the agency published  an 
LC/HRMS method (7) as well as a liquid chromatography–tan-
dem mass spectrometry (LC/MS/MS) method (8) for the de-

tection and quantitation of NDMA in both 
ranitidine drug substance and drug product. 
The latter LC/MS/MS method was based on 
a triple-quadrupole platform. 

Triple-quadrupole LC/MS-based methods 
are very specific and highly sensitive, serving 
as the reference technique for methods devel-
oped to detect and quantify intended com-
pounds of interest. Because the triple-quad 
platform is more widely available than the 
LC/HRMS platform, the LC/MS/MS method 
can be used as an alternative confirmatory 
method for evaluating NDMA in ranitidine 
drug substances and products. Figures 1a  
and 1b and Tables I and II present key config-
uration settings, to be discussed later. The 
method described in this article was carried 
out on the 6470 triple quadrupole LC/MS sys-
tem (G6470A) with an atmospheric-pressure 
chemical ionization (APCI) source, providing 

Peer-Review Research

Figure 1a. N-nitrosodimethylamine (NDMA) in ranitidine via LC/TQ (triple 
quadrupole liquid chromatography). A diverter valve programme (shown in 
Figure 1b) was used to divert the ranitidine peak to waste.

Table I. Ultra high pressure liquid chromatography (UHPLC) 
configuration and settings.

Parameter Value

Instruments Agilent 1290 Infinity II high-speed pump 
(G7120A)

Agilent 1290 Infinity II multisampler (G7167B)

Agilent 1290 Infinity II multicolumn thermostat 
(G7116B)

Agilent 1290 Infinity II variable wavelength 
detector (G7114B)

Needle wash 80:20, methanol:water 

Sample diluent Water

Multisampler 
temperature

6 ± 2 °C 

Injection volume 20 µL

Analytical column
Agilent InfinityLab Poroshell HPH-C18, 4.6 × 
150 mm, 2.7 µm (p/n 693975-702)

Column temperature 40 °C

Mobile phase A 0.1% formic acid in water

Mobile phase B 0.1% formic acid in methanol

Flow rate 0.3 mL/min

Gradient Time (min) % A % B Flow (mL/min)

0 95 5 0.3

6 92 8 0.3

6.1 92 8 0.5 

11 5 95 0.5

11.1 5 95 0.3

11.2 95 5 0.3

14 95 5 0.3

Stop time 14 minutes

Post time 1 minutes

UV wavelengths 230 nm, 300 nm

Figure 1b. Diverter valve programme. MRM stands for multiple 
reaction monitoring.

# Start time (min) Scan type Diverter valve

1 0 MRM Waste

2 6 MRM MS

3 8.2 MRM Waste
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analysis of NDMA at very low (i.e., 0.1 ng/mL or 0.0033 ppm) 
detection limits. 

Nitrosamines can be ionized using electrospray ionization 
(ESI); however, due to the low molecular weight of NDMA and 
other nitrosamines of interest, baseline interferences are more 
strongly observed in ESI, compared with APCI. APCI-based 
ionization is also less prone to matrix effects and is thus more 
suitable for semi-polar or non-polar compounds than ESI. Polar 
matrix peaks do not appear in its background. However, some 
nitrosamines (e.g., NMBA) may respond better to ESI. If a 
common method is required for the simultaneous detection of 
multiple nitrosamines, APCI is the preferred ionization mode.

The NDMA standard used in this study was sourced from 
PS3 Labs LLP (Hyderabad, TS, India). Accurately weighed drug 
substance (120 mg) was placed into a 15-mL centrifuge tube and 
diluted into 4 mL of water. The solution was then mixed using a 
vortex mixer until the API had completely dissolved. 

An appropriate number of tablets were crushed to obtain a 
target concentration of 30 mg/mL of API in water. The API 
powder was then transferred to a 15-mL centrifuge tube, and 
an appropriate volume of water was added to provide the tar-
get concentration. The solution was mixed for approximately 
1 minute using a vortex mixer, then placed on a mechanical 
shaker for 40 minutes. After thorough mixing, the sample was 
centrifuged for 15 minutes at 4500 rpm. The supernatant was 
collected after filtration using a 0.2-μm nylon syringe filter (9). 
Configurations for ultra high pressure liquic chromatography 
(UHPLC) are summarized in Table I, and mass spectrometer 
configuration and source settings in Table II. 

Data analysis
One μL of neat solution at a concentration of 1000 ng/mL 
was injected in flow injection mode. Multiple reaction mon-
itoring (MRM) transitions were obtained and optimized 
using Agilent MassHunter Acquisition Optimizer software, 
version 10, to determine the optimal precursor and product 
ions, fragmentor voltages, and collision energies. Data were 
acquired and analyzed. Key data are summarized in Table III, 
which shows MS/MS compound information for analytes.

Results and discussion 
Linearity. ICH and the United States Pharmacopeia (USP) Gen-
eral Chapter <1225> guidelines recommend a minimum of 
five concentrations to establish linearity in an assay. In this 
study, NDMA was calibrated at 10 concentration levels rang-
ing from 0.1 to 100 ng/mL, with results given in Table IV. 

R2 values were greater than 0.9997 for NDMA, display-
ing excellent linear response throughout the concentration 
range. The limit of detection (LOD), limit of quantitation 
(LOQ), and range of this method demonstrated that the 
method was more sensitive than the FDA method as shown 
in Table V (8).  

Ranitidine is chromatographically well separated (even at 
concentrations of 30 mg/mL) from NDMA. Because ranit-
idine eluted after NDMA, a diverter valve was used to ex-

Table II. Mass Spectrometer (MS) configuration and source 
settings. APCI is atmospheric pressure chemical ionization.

Parameter Value

Instrument
Agilent 6470A triple-quadrupole 
liquid chromatography (LC)/MS

Ion source
Atmospheric pressure chemical 
ionization (APCI)

MS/MS mode Multiple reaction monitoring 

Ion mode Positive

Drying gas temperature 300 °C

Drying gas flow 5 L/min

Nebulizer pressure 35 psi

APCI heater 350 °C

APCI needle positive 4 µA

Capillary voltage, positive 4000 V

MS1/MS2 resolution 0.7/0.7 (unit/unit)

Dwell time 200 ms

Table V. Detection and quantitation limits and linearity range of 
the United States Food and Drug Administration (FDA) method.

N-nitrosodimethylamine (NDMA)

Detection limit (LOD)
0.3 ng/mL, 0.011 ppm

Quantitation limit (LOQ)
1.0 ng/mL, 0.033 ppm

Linearity range 
1.0 - 100 ng/mL. 0.033 - 3.33 ppm

Table III. MS/MS compound information (analytes). MS = mass 
spectrometry; CAV = cell accelerator voltage, Z = charge number 
of ions; NDMA = N-nitrosodimethylamine.

Company
Precursor 

ion 
(m/z)

Product 
ion 

(m/z)

Fragmentor 
(V)

Collision 
energy 

(V)

CAV 
(V)

Polarity

NDMA 
(Quantifier)

75.1 43.1 75 18 1 +

NDMA 
(Qualifier)

75.1 58.1 75 10 1 +

Table IV. Data include signal-to-noise ratio (S/N), 
calculated limit of quantitation (LOQ), limit of detection 
(LOD), coefficient of regression, and calibration curve 
fit. N-nitrosodimethylamine (NDMA) used a 1/x weighted 
calibration curve. MS = mass spectrometry.

Agilent 6470 triple-quadrupole Liquid Chromatography/MS

Compound
LOD 

(ng/mL)
LOD 
(S/N)

LOQ 
(ng/mL)

LOQ 
(S/N)

R2 Linearity 
Range 
(ng/mL)

NDMA 0.1 20.85 0.25 45.11 0.9997 0.1 to 100

*Signal-to-noise ratio (S/N) was calulated using the Auto-RMS algorithm, a noise 
reference selected as sample, and a noise width of 0.2 minute using MassHunter 
Quantitative 10 software.
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Table VI. Representative accuracy and reproducibility for different levels of N-nitrosodimethylamine (NDMA); m stands for method, Resp. 
for response, S/N for signal-to-noise ratio, and ppb for parts-per-billion. 

Sample NDMA m… NDMA results Qualifier

Name Data file Type Level Dil. Exp. conc. RT Resp.
Calc. 
conc.

Final conc. S/N Accuracy Ratio

Blank Blank-r001.d Blank 1.0000 7.463 83 0.0000 0.0000 2.66 0.2

0.1 ppb 0.1 ppb-r01.d Cal 1 1.0000 0.1000 7.551 2840 0.1087 0.1087 25.58 108.7 12.1

0.1 ppb 0.1 ppb-r02.d Cal 1 1.0000 0.1000 7.537 2850 0.1093 0.1093 51.45 109.3 12.5

0.1 ppb 0.1 ppb-r03.d Cal 1 1.0000 0.1000 7.544 2762 0.1041 0.1041 20.85 104.1 12.7

0.15 ppb 0.15 ppb-r01.d Cal 2 1.0000 0.1500 7.551 3873 0.1688 0.1688 36.42 112.5 12.0

0.15 ppb 0.15 ppb-r02.d Cal 2 1.0000 0.1500 7.557 3885 0.1695 0.1695 30.03 113.0 12.8

0.15 ppb 0.15 ppb-r03.d Cal 2 1.0000 0.1500 7.544 3807 0.1649 0.1649 51.22 110.0 11.9

0.25 ppb 0.25 ppb-r001.d Cal 3 1.0000 0.2500 7.537 4913 0.2293 0.2293 45.11 91.7 15.2

0.25 ppb 0.25 ppb-r002.d Cal 3 1.0000 0.2500 7.537 4967 0.2324 0.2324 77.74 93.0 14.5

0.5 ppb 0.5 ppb-r001.d Cal 4 1.0000 0.5000 7.544 9215 0.4795 0.4795 105.09 95.9 15.3

0.5 ppb 0.5 ppb-r002.d Cal 4 1.0000 0.5000 7.537 9175 0.4772 0.4772 70.79 95.4 15.5

1 ppb 1 ppb-r001.d Cal 5 1.0000 1.0000 7.544 17404 0.9558 0.9558 247.40 95.6 15.7

1 ppb 1 ppb-r002.d Cal 5 1.0000 1.0000 7.537 17560 0.9649 0.9649 151.33 96.5 16.4

1 ppb 1 ppb-r003.d Cal 5 1.0000 1.0000 7.544 17656 0.9705 0.9705 183.09 97.0 15.2

1 ppb 1 ppb-r004.d Cal 5 1.0000 1.0000 7.537 17337 0.9519 0.9519 157.95 95.2 15.3

1 ppb 1 ppb-r005.d Cal 5 1.0000 1.0000 7.537 17412 0.9562 0.9562 195.77 95.6 15.2

1 ppb 1 ppb-r006.d Cal 5 1.0000 1.0000 7.544 17497 0.9612 0.9612 156.49 96.1 15.0

5 ppb 5 ppb-r001.d Cal 6 1.0000 5.0000 7.537 85350 4.8497 4.8497 916.65 97.0 15.7

5 ppb 5 ppb-r002.d Cal 6 1.0000 5.0000 7.537 86047 4.9484 4.9484 767.70 99.0 15.2

10 ppb 10 ppb-r001.d Cal 7 1.0000 10.0000 7.537 170350 9.8519 9.8519 1559.19 98.5 15.7

10 ppb 10 ppb-r002.d Cal 7 1.0000 10.0000 7.537 169259 9.7885 9.7885 1959.80 97.9 15.7

25 ppb 25 ppb-r001.d Cal 8 1.0000 25.0000 7.537 426448 24.7479 24.7479 3071.92 99.0 16.0

25 ppb 25 ppb-r002.d Cal 8 1.0000 25.0000 7.537 425667 24.7024 24.7024 4586.77 98.8 15.9

50 ppb 50 ppb-r001.d Cal 9 1.0000 50.0000 7.537 849615 49.3613 49.3613 11449.61 98.7 16.3

50 ppb 50 ppb-r002.d Cal 9 1.0000 50.0000 7.544 852273 49.5159 49.5159 9389.86 99.0 16.3

100 ppb 100 ppb-r001.d Cal 10 1.0000 100.0000 7.537 1732267 100.7008 100.7008 17270.41 100.7 16.4

100 ppb 100 ppb-r00.d Cal 10 1.0000 100.0000 7.537 1750803 101.7789 101.7789 26786.79 101.8 16.5

Blank Blank0001.d Blank 1.0000 7.376 58 0.0000 0.0000 1.77 3.3

API 1 API 1-r001.d Sample 0.0333 7.531 42993 2.4442 0.0814 271.83 14.6

API 1 API 1-r002.d Sample 0.0333 7.524 43152 2.4534 0.0817 242.10 13.7

API 2 API 2-r001.d Sample 0.0333 7.524 77665 4.4609 0.1485 573.65 14.5

API 2 API 2-r002.d Sample 0.0333 7.524 77600 4.4571 0.1484 562.52 14.8

API 3 API 3-r001.d Sample 0.0333 7.531 78169 4.4902 0.1495 4800.63 14.9

API 3 API 3-r002.d Sample 0.0333 7.524 78036 4.4825 0.1493 602.97 14.6

API 4 API 4-r001.d Sample 0.0333 7.531 45485 2.5892 0.0862 305.13 14.6

API 4 API 4-r002.d Sample 0.0333 7.524 45776 2.6060 0.0868 298.66 15.1

Tablet 1 Tablet 1-r001.d Sample 0.0333 7.531 418616 24.2923 0.8089 2490.74 16.0

Tablet 1 Tablet 1-r002.d Sample 0.0333 7.524 412148 23.9161 0.7964 1636.55 16.0

Tablet 2 Tablet 2-r001.d Sample 0.0333 7.524 935299 54.3452 1.8097 2625.31 16.2

Tablet 2 Tablet 2-r002.d Sample 0.0333 7.517 968082 56.2520 1.8732 3133.06 16.2

1 ppb 1 ppb-r008.d QC 5 1.0000 1.0000 7.537 17643 0.9697 0.9697 155.79 97.0 14.4

1 ppb 1 ppb-r009.d QC 5 1.0000 1.0000 7.537 17488 0.9607 0.9607 215.70 96.1 17.2

1 ppb 1 ppb-r010.d QC 5 1.0000 1.0000 7.537 17464 0.9593 0.9593 228.05 95.9 15.1



Pharmaceutical Technology Europe OCTOBER 2020    29

clude the API, as shown in Figure 1b. The method is sensitive, 
reproducible, and robust because ranitidine does not enter 
the ion source of the mass spectrometer.

Accuracy and reproducibility. The calibration curve for 
NDMA (Figure 2) demonstrates an accuracy within 20% of 
the expected concentration level at the LOQ. Calibration 
levels are shown in Table VI, and the reproducibility across 
all standard levels exhibited a relative standard deviation 

(RSD%) of less than 15%. As clearly shown in Table VII, the re-
ulting data are highly reproducible, with  a RSD%  of 0.62 at 
1 ng/mL (which is FDA’s required LOQ) for nine replicates, 
including three bracketing standard injections.

Recovery. Method accuracy was also validated by spiked 
recovery of NDMA standard solutions into ranitidine API 
and drug product. The results are shown in Table VIII and 
Table IX. Recovery experiments were performed at higher 
concentrations because both ranitidine API and drug prod-
uct (in tablet form) already contained approximately 2.4 ng/
mL and 24 ng/mL of NDMA, respectively. 

Conclusion
Triple-quadruple LC/MS provides sensitivity for the de-
tection and quantitation of NDMA in ranitidine drug sub-
stance and drug products. The triple quadrupole-based LC/
MS/MS method met and exceeded FDA’s LOD and LOQ 
requirements for analysis of NDMA in ranitidine APIs and 
drug products. 

Ranitidine was chromatographically well separated (even at 
a high concentration level of 30 mg/mL) from NDMA, thus a 
diverter valve was used to remove the API. API did not enter the 
mass spectrometer. Results suggest that an LC/MS/MS-based 
method provides a robust, reliable, and sensitive way to test for 
and quantify NDMA in ranitidine drug substances and APIs.
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Table VII. Representative replicate reproducibility for 1 ng/mL 
N-nitrosodimethylamine (NDMA) for ranitidine.  

Number Response for 1 ng/mL

1 17,404

2 17,560

3 17,656

4 17,337

5 17,412

6 17,497

7 (Bracketing) 17,643

8 (Bracketing) 17,488

9 (Bracketing) 17,464

Average 17,495.67

Standard Deviation,SD 107.93

Relative SD (%) 0.62

Table VIII. N-nitrosodimethylamine (NDMA) recovery in 
ranitidine API.

Nitrosamine 
impurity

Spiked concentration (ng/mL) 
mixed with Ranitidine API (30 mg/mL)

Recovery %

NDMA

1.2 86.4

3 93.3

6 86.5

Table IX. N-nitrosodimethylamine (NDMA) recovery in 
ranitidine drug tablets. 

Nitrosamine 
impurity

Spiked concentration (ng/mL) 
in 30 mg/mL of ranitidine tablet

Recovery %

NDMA
24 94.9

48 87.4

Figure 2. Representative calibration curve for 
N-nitrosodimethylamine (NDMA) dispersed throughout the 
chromatogram.
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increases contamination risk and 

is extremely costly and labour 

intensive,” Keybl states.

Going from small-scale to 

commercial-scale production 

presents several challenges. For 

example, scale up requires a 

significantly large number of vessels, 

which results in an increase in the 

number of incubators and space 

needed to house them, says Susan 

D’Costa, senior director, Technical 

Program Design, Commercial 

Operations, Viral Vector Services, 

Thermo Fisher Scientific. In addition, 

scale-up requires an increase in the 

resources needed to manipulate 

the cell culture vessels. The risk to 

asepsis is also higher because of the 

number of manipulations needed, 

D’Costa asserts.   

Scaling to commercial-level 

production runs into technical 

difficulties as well, such as adjusting 

the process for large-scale production 

without impacting production yield 

and reproducibility, Nyamay’Antu 

points out.

An alternative to scaling out of 

traditional cell culture methods, such 

as flasks, is the use of bioreactors. 

Bioreactors are becoming more 

frequently used, even for small 

batches of vector product, observes 

Jorge Blanco, director of operations 

at VIVEbiotech, a Spain-based 

biotechnology company. Bioreactors 

simplify the production process, 

increase reproducibility, and reduce 

costs associated with footprint and 

labour, Blanco notes.

Because traditional cell culture 

methods operate within two-

dimensional (2D) systems that can 

be only a few cm2 or multi-layered 

stacked cell factories, they present 

poor scalability, Blanco confirms. For 

reaching the required commercial 

yields, therefore, multiples of 2D cell 

factories are required. “This makes 

these systems far less operational,” 

Blanco states. “A very high number 

of multi-layered cell factories are 

required to reach the yields that 

are easily harvested from single 3D 

adherent bioreactors. Additionally, 

W     ith an increasing number of gene therapy candidates expected 

to move through the clinical trial pipeline and toward 

commercialization, the need for innovative process development to 

bring these potential new products to commercial scale is a focus 

in the biopharmaceutical industry. Among the bioprocessing steps 

seeing forward movement is the cell culture for producing adenovirus-

associated virus (AAV) vectors for gene therapy, which has largely 

depended on less efficient methods of cell culture but is moving to 

more modern methods. 

Traditional cell culture challenges
Currently, many methods used for AAV production still involve 

adherent cell culture, meaning that cells are grown on a solid surface, 

such as flasks or multi-layered cell culture dishes or roller bottles. 

These traditional systems are generally difficult to scale-up and are 

associated with a high propensity of mishandling risks, which are 

the result of increased processing time due to the manipulation of 

large numbers of culture vessels, notes Alengo Nyamay’Antu, PhD, 

scientific communication specialist at Polyplus-transfection, a France-

based biotechnology company specializing in gene and cell therapy, 

biologics manufacturing, and life-science research. Some direct 

consequences of following these traditional cell culture methods 

during manufacturing scale-up are compromised reproducibility and 

space limitation problems, Nyamay’Antu says.

To achieve larger production volumes for AAV vectors, scale out 

rather than scale up has been typically employed, says Jerry Keybl, 

Head of Cell & Gene Therapy Manufacturing, MilliporeSigma. Scaling 

out uses specialized equipment that increases the surface area of the 

flask so that a greater number of cells can attach.

“Typically HEK293 cells are grown in undefined media, such as 

DMEM [Dulbecco’s modified eagle medium] that contain fetal bovine 

serum. Unfortunately, the manual handling of such culture formats 

Feliza Mirasol

Modernizing 
Bioprocessing for Gene 
Therapy Viral Vectors
The manufacture of gene therapy vectors is shifting to more modern technologies.
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these 2D cell factories require high 

manual handling, thus lowering 

reproducibility significantly.”

The fact that many cells are 

adherent, meaning they have to be 

attached to a substrate in order to 

grow, significantly limits scaling up, 

Ulrich Kettling, PhD, chief business 

officer, CEVEC Pharmaceuticals, further 

explains. “When it is not possible to use 

larger dishes to provide larger surfaces, 

the only option is to scale out.” 

Keybl attributes scaling challenges 

to the fact that the flasks are limited 

by surface area, and the only way 

to increase production is to add 

more flasks and incubators to the 

process. “Up to hundreds of flasks and 

incubators may be utilized at one time 

to meet the demands for a commercial 

product. Subsequently, the increase in 

resources to handle and process the 

flasks are proportionately increased as 

well,” he states. 

Modern cell culture methods
The move toward modern cell culture 

methods and techniques would 

mitigate the challenges and limits 

inherent to  traditional methods when 

scaling for commercial production.

Two major trends of alternative 

culture systems that address scalability 

and reproducibility are fixed-bed 

cell culture systems that increase 

adherent cell seeding density and 

volumetric productivity and suspension 

cell culture systems that provide the 

needed flexibility to adapt a production 

scale to meet large-scale production 

demands. “We are clearly seeing that 

alternative systems are taking over, 

and already at small scale, as viral 

vector manufacturers are increasingly 

anticipating what their process should 

already look like at small scale to 

facilitate transition to large-scale 

manufacturing,” Nyamay’Antu says.

“When it comes to AAV 

manufacturing, there is a clear 

preference for suspension cell-

based systems, directly inspired 

by the success of this approach for 

commercial-scale manufacturing of 

recombinant proteins and antibodies 

produced in mammalian cells,” 

observes Nyamay’Antu. For instance, 

suspension cell systems improve 

batch-to-batch reproducibility during 

scale up by eliminating varying cell 

culture parameters (e.g., serum, cell 

seeding density, etc.) and by simplifying 

downstream AAV purification. 

“In addition to improved 

reproducibility, with suspension 

cell systems it is possible to further 

increase AAV production yields with 

the right set of tools: cell lines that can 

be grown at higher density, optimized 

set of plasmids, the transfection 

reagent, and the synthetic medium 

used to support AAV production,” 

Nyamay’Antu adds. 

“Some processes are beginning to 

use a fixed-bed bioreactor, but these 

processes still require the use of 

serum, introducing adventitious agents 

and consistency challenges,” Keybl 

chimes in.

VIVEbiotech, meanwhile, uses the 

adherent production system for cell 

culturing a different type of vector: 

lentiviral vectors. The company uses 

fixed-bed bioreactors, however. 

“Today, scaling up is feasible given the 

availability of intermediate scales in 

the market, which allow manufacture 

from early stages to commercial. It is 

achievable to get up to 1200 liters of 

harvest from fixed-bed bioreactors,” 

Blanco says. “Additionally, different 

providers for fixed-bed bioreactors are 

already on the market, de-risking the 

chance of running out of them or of 

increasing cost of consumables.”

The smallest bioreactor sizes are 

adequate for process development, 

Blanco also notes. These small 

bioreactors can easily perform fine-

tuning runs without investing high sums 

of resources, he adds.

“Regarding downstream processing 

(DSP), fixed-bed-based manufacturing 

turns into simpler DSP processes, 

as once the viral vectors are bulk 

harvested, DSP processing requires 

fewer steps than for suspension 

systems,” Blanco explains. 

Each technology has strengths 

and weaknesses, Blanco further 

enumerates. It is well known, for 

instance, that viral proteins are 

cytotoxic for producing cells regardless 

of the manufacturing technology used. 

However, there are some additional 

facts that increase the stress to which 

the cells are exposed, he highlights.  

“In stirred-tank reactors, producer  

cells are exposed to mechanical 

forces that may result in a higher cell 

lysis during the growth within the 

bioreactor. Any stressing factors may 

directly impact functionality, and thus 

performance of the resulting viral 

product,” Blanco states.

“Adherent viral vector production 

systems do also present some aspects 

that need to be addressed. The growth 

of producer cells in absence of animal-

origin components, such as fetal bovine 

serum, is more challenging than in 

suspension systems. VIVEbiotech’s 

R&D department is able to produce 

vectors in the absence of serum in 

2D productions, and tech transfer 

to reactors is currently ongoing 

with the aim of offering serum-free 

3D productions in the near future,” 

continues Blanco.

“Last but not least, the industry 

is moving towards continuous 

bioprocessing. The ‘go continuous’ 

tendency is especially challenging in 

viral vector manufacturing because, 

as mentioned, viral vectors affect the 

viability of producer cells due to the 

toxicity of virus-producing proteins. 

This is why cell cultures, and thus, 

harvesting time, cannot be lengthened 

as wished,” Blanco adds. 

Suspension bioreactors 

are the format of choice as 

commercial production platforms 

for biotherapeutics. “Suspension 

bioreactors in volumes up to tens of 

thousands of liters and stable producer 

cell lines have been used in industry 

for decades now, for manufacturing of 

recombinant proteins and monoclonal 

antibodies (mAbs),” Kettling states. 

“And this way of manufacturing is now 

becoming available for gene therapy 

vectors as well, including innovations 

in stable producer cell lines combined 

with high cell density-processes such 

as perfusion.”

Gene therapy commercial 

production can benefit by taking a 
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coming to market and can reduce this 

burden for innovators.”

Meanwhile, bridging the data 

obtained with traditional methods, 

including non-clinical toxicology and 

early clinical data, to conform to 

newer commercial-grade processes 

presents a significant challenge for 

those that want to change over to 

modern methods, D’Costa points out. 

“It is also important to consider the 

additional development time it takes 

to change the upstream production 

and downstream purification process 

and refine the assays, which is needed 

to build out tools for cell adaptation,” 

she says.

“When aiming to switch from 

traditional adherent to suspension cell 

systems, there are several parameters 

that need to be considered,” includes 

Nyamay’Antu. “I would not consider 

them as challenges that need to be 

overcome, but more as part of protocol 

optimization. As for all new set-ups, 

it requires delving into the literature, 

relying on the technical support of 

suppliers, and timescales. Some of 

these questions include whether 

to adapt the cells to suspension 

or to buy a commercially available 

suspension cell line; which synthetic 

medium should cells be grown in, 

and whether it is the same during the 

production phase as well as which 

transfection reagent will reach highest 

production yield in these suspension 

cells. These are all valid questions 

when moving on to suspension cell 

systems, and during the upscale 

process additional questions rise when 

choosing the set-up for large scale 

culture (bioreactor),” Nyamay’Antu 

emphasizes.

Innovations in cell culture 
materials ease transition
To ease the transition from older 

cell culture methods to more 

modern means requires a number 

of breakthrough innovations. Recent 

innovations in materials, such as 

media/supplements that support 

high density cell culture, transfection 

reagents that support high productivity, 

and single use bioreactors that are 

lesson from the mAb production world. 

“Scaling up cell expansion by growing 

cells in suspension culture in controlled 

bioreactors is certainly the wave of 

the future and where the industry is 

moving to,” says Keybl. “Suspension 

methods are scalable, less labour 

intensive than scaling out adherent 

production, and can utilize chemically 

defined media, which is a huge benefit 

to downstream purification/patient 

risk.  At MilliporeSigma, we have a 

number of production platforms in 

development to accelerate adoption. 

These processes are in development 

across the industry and I believe will 

power gene therapy manufacturing in 

the future.”

“Adherent cell culture can be scaled 

up into micro- and macro-carrier-based 

reactors,” adds D’Costa. “However, 

the better alternative is to adapt 

adherent cells into suspension cells 

grown in large-scale bioreactors in 

serum-free, chemically defined media. 

Transient transfection of large-scale 

reactors is still limited to 200–500-L 

scale, so currently the process needs 

to use multiple 200–500-L reactors 

that are harvested at the same time. 

While traditional purification methods 

utilizing cesium chloride/iodixanol 

density gradients for enrichment of 

AAV full particles are currently used 

in commercial production, more 

scalable and process-validatable 

methods include purification through 

chromatography media (capture and 

polishing),” D’Costa explains. 

Regardless of the method for cell 

culturing viral vectors, however, 

there are two viral-vector production 

modes: transient transfection and 

stable producer cell lines, Blanco 

points out. Although each production 

mode has its own pros and cons, 

there is a general trend leaning 

toward stable producer cell lines. The 

cost associated with plasmids used 

for transient transfection is very high, 

for example, which increases the final 

price of the product considerably, 

Blanco explains. Stable producer cell 

lines, however, allow dispensing with 

these DNA molecules, which thus 

makes scaling-up much smoother and 

translates to a decrease in expenses 

and an increase in reproducibility. 

“The generation of stable producer 

cell lines is a long and challenging 

process that requires the involvement 

of significant material and personnel 

resources,” he says.

Modernization challenges
Modernizing the cell culture methods 

and techniques for vector production, 

whether AAV or lentiviral, also poses its 

own challenges. The biggest challenges 

for a company like VIVEbiotech, which 

has already spent more than 30 months 

fine-tuning the manufacturing process, 

include improving the performance of 

the final product (i.e., the ratio of empty 

to active infectious particles) so that the 

lentivectors are more functional and 

increasing recovery, Blanco states. 

In terms of performance, 

however, there are increasingly more 

transfection enhancers bringing 

promising results, Blanco adds. “As 

for the recovery after DSP processing, 

it is usually around 30% when using 

adherent culture systems. This means 

there is still considerable room for 

improvement, so VIVEbiotech´s 

development professionals are working 

tirelessly on this, already achieving 

recoveries of 40%.”

Transient transfection has particularly 

been a challenging area when scaling 

to commercial production, Kettling 

affirms. Issues with reproducibility and 

robustness of the transfection steps, 

as well as the significant costs for 

GMP-grade plasmids, require solutions, 

Kettling observes.

The adaptation of the cell line to 

the suspension process is another 

major challenge on the path toward 

modernization, says Keybl. “Typically, 

adherent cells need to be carefully 

adapted into different types of cell 

culture media (preferably serum- and 

animal-component-free) and selected 

for good growth and viral vector 

productivity. This can mean several 

years of R&D development time in 

order to choose the right cell line 

and medium combination that will 

give the optimal results,” he states. 

“Commercially available cell lines are 
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scalable, have made the shift from 

older methods to modern methods 

easier, says D’Costa. 

Particularly important is the 

development of producer cell lines 

to meet the high industrial demands 

on the production processes: stable 

producer cell lines offer reliable and 

consistent quality combined with 

sufficient yields in standardized 

processes and equipment, Kettling 

points out. Several labs and innovative 

biotech companies are working 

on providing solutions, including 

Cevec, which recently launched a 

new producer cell-line technology 

(ELEVECTA) in April 2020 (1). The 

ELEVECTA technology enables large-

scale manufacturing of AAV vectors 

using fully stable producer cell lines 

and can be implemented in bioprocess 

development and large-scale GMP 

manufacturing facilities that use 

standard suspension bioreactor 

equipment.

“Thankfully, suppliers have been 

working hard to support the transition 

of AAV manufacturing in suspension 

cell culture systems. We can see that 

companies that develop synthetic cell 

culture medium, supplements, and 

also plasmid DNA now offer tailored 

tools specifically for AAV production,” 

Nyamay’Antu (Polyplus) chimes in. 

Polyplus-transfection, for example, has 

been aware that viral manufacturers 

needed a transfection reagent 

specifically developed for large-scale 

transfection to improve scalability, 

productivity, and flexibility of AAV 

manufacturing in suspension cells. 

The company developed a chemical-

based and animal-free transfection 

reagent (FectoVIR-AAV) that addresses 

current limits of transfection for AAV 

manufacturing in suspension cells. 

“These limits include scalability, 

flexibility and, last but not least, 

productivity as transfection, whether 

at small or large scale, is dependent on 

the efficiency of the delivery molecule,” 

Nyamay’Antu says. “FectoVIR-AAV 

improves AAV production yield in 

suspension cells up to 10-fold in 

functional titer yields compared 

to [other reagents]. The increased 

production yield is reproducible at 

different scales for the production of 

several AAV serotypes as confirmed by 

viral manufacturers who took part in 

the beta-testing.”

On the supplements and reagents 

front, VIVEbiotech is working to 

introduce some new items to its 

production process, such as a 

transfection agent. “Given that animal-

origin reagents need to be avoided in 

medicines to be applied in humans, 

the standard benzonase has been 

removed from the production process 

and replaced by an animal-origin-

free endonuclease, with really good 

results. [We] are also working hard 

trying to move to serum-free media for 

producer-cell-culturing,” Blanco states.

Reference
1. CEVEC, “Cevec Announces the Launch 

of the ELEVECTA Platform—the Stable 
Producer Cell Line Technology for AAV 
Gene Therapy Vectors,” Press Release, 

28 April 2020.  PTE

Made in the USA

    Aqueous    Aqueous    Aqueous
  Solvent  Solvent  Solvent
AlcoholAlcoholAlcoholPremium Pharmaceutical Ingredients 

CONTRACT GMP MANUFACTURING 

l  PURIFICATION

l   SMALL MOLECULE SYNTHESIS

l   SCALE-UP FROM BENCH TO BULK

l    FULL GMP PRODUCT DEVELOPMENT

l  UNIQUE COMPOUNDED SOLVENTS & SOLUTIONS

 

       Synthesis
   Compounding
Purification

100 Majestic Way, Bangor, PA 18013 USA  |  +1 610.599.3400  |  www.biospectra.us

ACTIVES   |   EXCIPIENTS   |   PROCESS CHEMICALS

  For more info contact: Paul DiMarco, Vice President
Ph: +1 610.599.3477 e-mail: pdimarco@biospectra.us

https://www.biospectra.us


34    Pharmaceutical Technology Europe OCTOBER 2020  PharmTech.com

yv
da

vi
d 

- 
St

oc
k.

ad
ob

e.
co

m

is challenging; you might not have 

enough batch history or know the 

vendors and their manufacturing 

record regarding quality.

Todd Stutzman, director of 

Pharmaceutical Development, 

Catalent, Kansas City: During scale 

up, it is common for scientists to have 

only limited quantities of API to use in 

process qualification. Experience of 

model design and in the identification 

of potential critical process 

parameters (CPPs) are crucial to the 

successful scale up of new chemical 

entities (NCEs). Process optimization 

has benefited from the use of a 

design-of-experiment (DoE) approach 

using fractional factorial software 

for decades, but recently, new 

approaches in modelling have allowed 

these experiments to be conducted 

whilst consuming significantly less 

API. This provides an opportunity to 

complete the development design 

space earlier and accelerate the 

introduction of NCEs.

Tim Gardner, director–

Manufacturing and New Product 

Introduction, Vectura: For inhaled 

medicines, immediate challenges in 

the short term revolve around speed 

of supply due to increased demand 

for device components, as well as 

excipients and APIs, with potential 

pinch points around lead times that 

need to be overcome. The ability to 

be agile in balancing existing projects, 

and those that require urgent short 

time delivery, can be challenging. 

However, with the right team focus 

and clear equipment utilization and 

KPIs [key performance indicators] in 

place, demand can be met. The ability 

to repurpose or procure additional 

equipment and resources with speed 

is also key.

Ilan Avni, vice-president, 

Business Development, Marketing 

& Intellectual Property at 

Wavelength Pharmaceuticals: 

When demand earlier in 2020 

required that we triple and quadruple 

output of several urgently needed 

APIs for critical care of COVID-19 

patients, we were well prepared for 

the challenge. That included having 

S caling up a drug manufacturing process is demanding under the 

best circumstances. The added pressure of meeting accelerated 

deadlines during a pandemic presents additional challenges for 

process development, materials supply, equipment acquisition and 

installation, and process validation. 

Representatives from API and equipment manufacturers, as well as 

contract development and manufacturing organizations, shared with 

Pharmaceutical Technology Europe their perspectives on challenges 

and strategies for the scale up of different drug types under pressure.

The challenges of a quick scale up
PTE: What kind of challenges occur when scaling up manufacturing 

within a short time deadline (e.g., when trying to meet demand for 

drug shortages)?

Sripathy Venkatraman, vice-president, Global Chemical 

Development, AMRI: When you need to scale-up quickly, several 

challenges to quality and safety come to mind, particularly inadequate 

data from small-scale experiments, especially around process 

safety. Another is poor understanding of the impurity profile and 

how that translates at scale. Shortened timelines can affect process 

development and understanding of the edge of failure, which is 

important for transfer. For example, not understanding the mass 

transfer and heat transfer can result in repeated rework of batches in 

order to meet specifications.

Prasad Raje, CEO of LGM Pharma: I would say that all the normal 

scientific challenges we face, which chemists and engineers work 

to solve, are amplified under compressed timelines. For example, a 

common problem—if you don’t set the right specifications for scale 

up—is impurities. Setting specifications, whether for drug substance 

or drug product, is challenging and if not done properly can result in 

deviations or out-of-specs at scale up and regulatory delays. From a 

supply-chain perspective, getting all the raw materials for the product 

Susan Haigney

Scaling Up Fast
Industry experts discuss challenges and best practices 
for scaling up manufacturing under a short deadline.
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properly designed processes, a  

highly experienced team, and a  

robust supply chain. In-depth 

knowledge of process design, 

comprehensive process 

characterization, and control of 

critical parameters were essential  

to ensure scale up is successful  

the first time, both in terms of 

product quality and yield. Supply 

chains must secure sufficient supply 

of additional raw materials to meet 

expanded production. 

Ralph Landau, head of 

Development, Drug Product at 

Cambrex: Our vast experience 

as a contract development and 

manufacturing organization (CDMO) 

has taught us that although the 

challenges that are faced during such 

situations vary from case to case, 

there are three common challenges: 

safety, supply chain resilience, and 

communication/transparency with 

customers.

Communication with customers is 

a crucial challenge to overcome. For 

instance, we have deployed Realwear 

technology from the start of COVID-19 

lockdowns at Cambrex to help clients 

envision scale up manufacturing of 

their product(s). Realwear technology 

is one of the cutting edge mobile 

interactive video systems in which 

customers can see and communicate 

with the entire manufacturing facility 

as if they were walking through [it] 

themselves. They can safely observe 

the manufacturing process without 

physically being there.

Tania Pereira Chilima, deputy 

chief technology officer, 

Univercells Technologies: 

Technology selection is extremely 

important and will highly affect 

process scale-up. Manual 

technologies are typically easier 

to adopt as companies are rather 

familiar with these systems. However, 

these technologies are not scalable, 

which has a significant impact on 

COG [cost of goods], CAPEX [capital 

expenditure], and capacity given the 

footprint and skilled labour numbers 

required to support products with 

very high manual demands. 

When it comes to bioreactors, 

achieving the same performance at 

large scale as in small scale under 

pressure can be very challenging 

and require significant expertise, and 

hence, companies selecting between 

manufacturing technologies must be 

aware of the trade-offs associated 

with them.

Byron Rees, senior manager, 

Process Development Services, 

Pall Biotech: While the principles of 

scale up are universal, each product 

comes with its own unique set of 

challenges. This is particularly true 

of therapies with less established 

platforms such as viral vectors used 

for gene therapy and any viral vector 

based therapeutic, or, most pertinent 

now, viral vaccines. Long cell-doubling 

times for mammalian systems slow 

down upstream process development 

(PD) and the ability to generate 

material for downstream PD to 

optimize for yield. Analytical cell-

based assays with long turnaround 

times, low throughput, and product 

complexity may also present 

challenges, so efforts must be made 

to identify rapid surrogate assays that 

can be used for PD purposes. Many 

suppliers do provide small-scale PD 

devices that allow for high throughput 

and DoE experiments. 

PTE: What is the best strategy for 

scaling up under a deadline? How can 

quality be ensured during scale up?

Avni (Wavelength): Ultimately, 

the best strategy to ensure product 

quality during scale up is quality by 

design. When process design is done 

properly at lower scale, it inevitably 

paves the way to more efficient scale 

up—right first time. An experienced 

team will be well-practiced in 

identifying any process design gaps 

and will make sure to complete any 

missing data before moving to scale. 

Having the internal capability and 

experience to troubleshoot is also 

vital to keep such projects on track.

Raje (LGM Pharma): Quality by 

design is essential here, building 

quality into your processes. And 

teamwork is essential to that. You 

cannot anticipate all the challenges 

if, for example, you don’t involve 

the late-stage production staff 

early enough and ask, ‘Can you 

scale this process up?’ Well-

staffed QA/QC [quality assurance/

quality control] can ensure that 

process assays, cleaning method 

validations, and raw materials—and 

final product-release—happen on 

time. A robust, electronic QMS 

[quality management system]—not 

paper—brings efficiencies and quality 

enhancements. Lastly, it is important 

to accept only projects that fit the 

capabilities of the organization to 

avoid failure, especially in times of 

drug shortages.

Venkatraman (AMRI): One 

strategy is running process 

development and analytical method 

development in parallel, versus 

sequentially. A common mistake, 

under tight timelines, is to push 

analytical method development to 

the very last stage. But to succeed 

in rapid scale-up, once a process 

is set, you must move quickly to 

understand the edge of failure for 

critical process parameters. Another 

strategy relates to availability of raw 

materials and identifying suppliers 

early on. You must qualify suppliers 

and set specifications for the 

materials. Understanding the quality 

tolerance of the materials sooner, 

and purging impurities, will help in 

consistently meeting the critical 

quality attributes. 

Stutzman (Catalent): Time can 

be reduced by the approaches 

mentioned previously; however, 

there is a chronological order 

which must be followed in order to 

ensure that quality is built into the 

process. Process optimization test 

results and proper interpretation 

of the data must be completed 

prior to embarking on scale up/

confirmation activities, and 

sufficient API quantities must be 

available for a minimum number of 

confirmation batches, and should 

include provisions for boundary 

batches, which are processed at a 

scale representative of commercial 

production. These batches 
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disruption. Now more than ever, this 

also includes planning for capacity, 

with the availability to spread 

processes over multiple similarly 

equipped plants and conduct parallel 

manufacturing if/as required. 

Avni (Wavelength): 

Acknowledging the many different 

challenges of scale up is first. This 

translates to performing rigorous 

process design; using equipment 

and methods representative of 

commercial processes during scale 

up; and meticulously qualifying 

suppliers of raw materials to ensure 

a robust reliable supply chain. 

Wavelength continuously invests in 

our supply chain, carefully selecting 

our suppliers based on their quality 

processes and regulatory track 

record. We qualify at least two 

suppliers from different geographies 

for key starting material, keep 

sufficient stock on hand, and plan  

on a rolling 12-months-out so 

that we have a back-up in crisis 

situations. Another best practice 

is developing additional synthetic 

steps for manufacturing strategic 

products from simpler, more readily 

available starting materials. This 

paid off during the COVID-19 crisis, 

as we could apply these steps 

in-house or transfer the knowhow 

for quick implementation by an 

alternate supplier. 

Pereira Chilima (Univercells 

Technologies): When it comes 

to technology selection, the best 

practices include using scale-down 

models that are representative of 

the target manufacturing scale. 

This will highly accelerate the 

scale-up process as well as reduce 

manufacturing costs as companies 

can identify optimal process designs 

at small scale and transfer these 

processes to the larger scale without 

significant adaption. 

Venkatraman (AMRI): Data-

rich experiments can minimize 

or mitigate risk during scale-up. 

Because it is likely fewer 

experiments can be performed 

due to time constraints, they must 

produce maximum usable data. This 

establish the upper and lower 

limits defined in the master batch 

record, which is derived from the 

process optimization studies. The 

confirmation and boundary batches 

provide a complete picture of 

commercial manufacturing ranges 

and minimize risk to a successful 

pre-approval inspection (PAI).

Landau (Cambrex): Every 

scale-up is under a deadline, so a 

plan becomes the critical pathway to 

quality. We use baseline engineering 

runs at full scale whenever possible 

to learn what to expect upon 

scale-up. This is confirmatory in 

nature and allows our team to collect 

as much info as possible to tweak the 

final process for registration scale-up 

batches. We allot for raw materials 

timings as part of our supply chain 

resilience, to avoid delays due to 

starting material hang ups. 

Rees (Pall Biotech): Scale up 

goes fastest when teams have deep 

knowledge and experience of both 

the product they are trying to scale 

up and the equipment that they are 

using. Of course, it is usually not 

practical for groups to have deep 

knowledge of their drug product or 

expertise with the manufacturing 

equipment: Therefore, some 

process development is essential for 

achieving a successful scale-up. 

Suppliers often have deep 

engineering knowledge and 

operational bioprocess experience of 

their equipment and how it performs 

in lots of different applications. 

Therefore, partnering with your 

equipment suppliers can often 

significantly accelerate process 

development.

Gardner (Vectura): Strategic 

selection of cross functional, 

dedicated teams [is] need[ed] to 

manage the synergies required 

to scale up at speed. Streamlined 

protocols that ensure all CQAs 

[critical quality attributes] and CPPs 

are captured are preferential, to 

maximize the time spent gathering 

data for quality assurance and good 

practice (GxP) compliance purposes. 

Simplicity is paramount, and reduction 

of complex documentation is the key 

to meeting tight deadlines for demand 

when drug shortages are faced.

Streamlining scale up
PTE: What are some best practices 

for streamlining scale up?

Raje (LGM Pharma): There are 

many, starting with superb project 

management—bringing the team 

together, with excellent coordination 

between chemists and engineers, 

to provide insights earlier in the 

process. You want team ownership 

of success, which requires seamless 

handoffs between early development 

and large-scale manufacturing 

teams. I’d add heightened supply 

chain control, from excellent vendor 

management to avoid issues with 

raw and starting materials not 

meeting specifications. Another 

would be having both the right 

equipment and personnel to study 

and evaluate scale-up parameters.

Landau (Cambrex): Streamlining 

scale-up effectively is essentially 

a large planning exercise that 

considers all the moving parts of a 

process. Cutting-edge equipment 

and capacity are extremely critical, 

particularly for processes scaling 

into larger batches. We start with 

confirming the target scale-up 

equipment needs, from both a 

technical and staffing perspective, 

verifying that we have the right 

technologies that enable scale-up 

and the right people to operate the 

equipment. We plan for any points 

of changeover, and if there are 

disposables involved, ensure  

that all those resources have been 

ordered and are available to keep  

the process moving. 

Each process is different, which 

means different potential problems. 

Development work should be well-

documented, including any specific 

requirements for scaling of batches. 

And this work cannot ever be viewed 

as ‘complete’. 

A focus on communications 

and continuous monitoring allows 

for threats to be identified early 

and dealt with before they cause 



Pharmaceutical Technology Europe OCTOBER 2020    37

Manufacturing

requires advanced technologies that can capture data in one shot, 

speeding up process research without sacrificing quality. Also, a 

DoE approach, which is critical to understanding the design space, 

can give you an understanding of the space around the reaction 

that is very important. Modelling and simulations are also helpful 

in predicting and addressing issue that cannot be seen in small-

scale experiments.

Gardner (Vectura): Ensuring as much critical data can 

be captured, evaluated, and defined within the early-phase 

development is crucial. Early-phase development equipment 

and processes should be synergistic with those at the scale-up 

phase, thereby reducing required data capture for CPPs and 

CQAs. Involving late-phase manufacturing teams early in the 

development phases, to ‘debug’ any potential challenges early in 

the product lifecycle, really helps streamline scale up.

Stutzman (Catalent): Recent advancements in compaction 

simulators can not only mimic tablet presses, but also roller 

compactors. Such simulators demonstrate how process 

parameters can now be established with a fraction of the API that 

would have been consumed using more traditional approaches. 

In addition to less API being required, simulation can also reduce 

the total time required to complete such activities. Although these 

new approaches reduce total API required in establishing the 

manufacturing design space, they do not preclude the necessity to 

confirm the results at commercial scale prior to product process 

qualification. Simulation minimizes API requirements and the risk 

associated with scale up activities, and confirmation batches 

solidify the target process parameters evaluated during the 

process optimization activities. PTE
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SAVE THE DATE

Sanofi and GlaxoSmithKline (GSK) announced on 18 Sept.  2020 

that they have signed a purchase agreement with the European 

Commission to provide up to 300 million doses of the compa-

nies’ COVID-19 vaccine, pending regulatory approval.

Under the terms of the agreement, the companies will receive 

upfront funding from the European Union (EU) for the scale-up 

of manufacturing capabilities at industrial sites in Belgium, 

Italy, Germany, and France, a Sanofi press release said (1). The 

contract allows for the purchase of the vaccine for all member 

states of the EU, with the potential to reserve doses for lower- 

and middle-income countries.

The vaccine candidate uses recombinant protein-based 

technology used to produce influenza vaccines from Sanofi in 

combination with GSK’s adjuvant technology, the press release 

said. Currently, the vaccine is involved in a Phase I/II clinical 

study with plans for a Phase III study by the end of 2020.

Reference
1. Sanofi, “Sanofi and GSK Will Provide Up to 300 Million Doses of 
COVID-19 Vaccine to the European Union,” Press Release, 18 Sept. 
2020.

—The Editors of Pharmaceutical Technology Europe

Sanofi and GSK to Provide the EU with COVID-19 
Vaccine Candidate

https://www.pda.org/global-event-calendar/event-detail/2021-the-universe-of-pre-filled-syringes-and-injection-devices
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Pharmaceuticals, which offers its 

3DP platform for license to other 

companies. Aprecia’s technology, 

ZipDose, uses powder liquid binder 

jetting to create a wide range of 

rapidly dissolving dosage forms 

and other solutions, says CEO Chris 

Gilmore. The process has been 

successfiully applied to a wide range of 

pharmaceuticals ranging in solubilities 

from Biopharmaceutical Classification 

System (BCS) Class I to IV, and 

incorporating a variety of engineered 

particle technologies, he says. 

In 2020, Aprecia formalized a joint 

collaboration with Purdue University 

in the US to advance 3DP in pharma. 

Eric Munson, head of Purdue’s School 

of Industrial and Physical Pharmacy, 

expects the collaboration to help drive 

the formulation and manufacturing 

of new drugs with properties that are 

not always feasible using traditional 

approaches (e.g., rapid dissolution, 

high drug loadings, and flexible 

manufacturing scales). Purdue will 

contribute knowhow to the venture, 

both in equipment design and drug-

delivery science, he says. 

3DP useful for clinical trials 
Munson sees 3DP helping industry 

develop clinical trial supplies and 

create patient-centric dosage forms. 

“Scalability is potentially a huge step 

for manufacturing small-scale doses, 

which can then be easily adapted to 

large-scale manufacturing,” he says. 

Aprecia currently out-licenses 

its platform to a number of 

pharmaceutical companies for lifecycle 

management, line extensions, and new 

chemical entities, says Gilmore, who 

envisions that any intellectual property 

created by the collaboration with 

Purdue would also also be outlicensed.

Different types of 3DP technologies, 

such as binder jetting and fused 

deposition modelling (FDM), may 

have different applications, Munson 

explains. “3DP in the pharmacy may 

involve more FDM-based approaches 

to avoid powders,” he says, “but 

also pose challenges with ensuring 

product quality, such as optimizing 

dissolution rates and stability. Binder 

F    or the past two decades, regulators have voiced support for the 

development of a more flexible, agile approach to developing 

and manufacturing pharmaceuticals (1). Miniaturized, modular, 

and continuous manufacturing processes will help speed scale-up, 

address supply chain complexity, and prevent shortages of important 

medications, Janet Woodcock, director of the United States Food and 

Drug Administration’s (FDA’s) Centre for Drug Evaluation and Research 

(CDER), noted during a meeting of the US National Academy of Sciences 

(NAS) in late February 2020. The COVID-19 pandemic, which was then at 

its earliest stages in the United States, has exposed vulnerabilities and 

emphasized the need for alternatives, she said (2).

Different approaches are being refined to address these challenges. 

One area of growing interest is three-dimensional printing (3DP), which 

allows greater customization of dosage forms, including polydrugs that 

would incorporate dosages of multiple active ingredients in a single form 

to enhance patient compliance and overall outcomes. 

3DP could help with distribution of COVID-19 therapies
Researchers at Graz University of Technology (Graz, Austria) have said 

that 3DP could be useful in ensuring that therapies reach patients 

in remote locations during the COVID-19 pandemic (3). Technology 

development efforts for 3DP are underway around the world. In the 

United Kingdom, FabRx, a spinoff of University College, London, has 

developed a specialized printer for pharmaceuticals, the M3DiMaker, as 

well as Printlets, customizable 3DP forms allowing for specific dosage 

and release profiles, sizes, and shapes. The technology is being used in 

clinical trials for rare disease therapies, as well as other applications. In 

2019, FabRx developed a direct powder extrusion process, which allows 

mixtures of API and excipients to be extruded using a single-screw 

extruder, permitting single-step processing. 

In the United States, 3DP gained a foothold in pharma when 

FDA approved Spritam, an anticonvulsant manufactured by Aprecia 

Agnes Shanley

Improving Agility  
Through Scalability
Efforts to improve pharma’s agility are focusing on scalable,  
simplified processes that can be easily replicated and controlled.
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jetting technologies, meanwhile, may 

allow for high-dose products with 

fast dissolution rates, and also enable 

appropriate taste masking of the 

particles prior to printing,” he says.

Recently, Gilmore says, the company 

has developed a scored, orodispersable 

tablet medication in excess of 1000 mg 

that rapidly disintegrates with a very 

small amount of liquid. Aprecia has 

also made advancements in modified 

release and poor solubility products, 

he says. “At this point, the combination 

of high-dose and fast-melt capabilities 

can only be achieved with 3DP, but 

the platform has the flexibility and 

precision to do more,” he says. 

Meanwhile, pharma continues to 

develop more continuous processing 

routes, mainly in oral solid dosage 

form (OSD) manufacturing, to 

improve scalability and efficiency. At 

February’s NAS meeting (2), Daniel 

Blackwood, a research fellow at 

Pfizer’s small molecules drug product 

design group, discussed the evolution 

of these efforts at Pfizer. 

One driving force has been process 

intensification, he said, which enables 

miniaturization, in turn allowing 

for equipment modularization and 

portability. He envisions a time 

when, using miniature, modular 

equipment, pharma companies might 

routinely share space and even some 

manufacturing operations, without 

violating precompetitive agreements. 

Miniature production lines
Research is also underway to develop 

miniature manufacturing lines, to 

optimize flexibility in response to 

market demands. In 2016, researchers 

at the Massachusetts Institute of 

Technology (MIT) developed a prototype 

line that could allow companies to 

manufacture specific OSD forms (4). 
Various R&D projects are carrying 

this work forward in different 

applications. For example, Govind 

Rao, a professor of chemical and 

biochemical engineering at the 

University of Maryland, is working on 

a portable system that would make 

FDA-approved biologics at the point of 

administration in less than 24 hours. 

The US Defense Advanced Research 

Projects Agency (DARPA) is funding this 

work, which would use freeze-dried 

formulations, adding buffer and DNA 

to activate them, synthesize RNA, 

and manufacture protein. Describing 

the research at the NAS meeting (2), 

Rao said his team has conducted 

a demonstration project involving 

Neupogen (filgrastim) and is working 

with GE on development of remote 

bioreactor sensors to monitor analytes, 

oxygen, and carbon dioxide in small-

scale systems in real time (2). 

Harnessing the power of AI
Also funded by DARPA, research 

underway at MIT is developing 

miniaturized, automated equipment 

to speed up chemical synthesis (5).

The project began with the goal of 

harnessing machine language to 

predict reaction pathways based on 

published results from the literature, 

says project co-leader, MIT Professor 

Klavs Jensen. These efforts continue 

in research that is underway with the 

Machine Language for Pharmaceutical 

Design and Synthesis, an academic-

industry consortium, he says. 

Another aspect of this research, 

however, has been developing an 

integrated robotic system that would 

allow for the automation of synthesis 

reactions (6). The set up uses artificial 

intelligence (AI) to find the best possible 

pathways, allowing users to develop 

recipes for specific reactions. These 

recipes are then sent to a 2-m³ modular 

processing unit that features miniature 

mixers and other process equipment 

and a robotic arm that automates 

molecule production. Initial research 

evaluated results for 15 workhorse APIs. 

At the time that results of the work 

were first published, researchers noted 

a need for better predictive models 

for flow chemistry and purification, 

which remains a challenge today, 

Jensen says. However, since research 

results were first published, he notes, 

robotics have been improved, and now 

include integrated online measurement 

systems using infrared (IR), Fourier-

Transform IR, and high-pressure 

liquid chromatography and mass 

spectrometry so that key parameters 

can be measured in real-time, 

permitting online process monitoring as 

well as process optimization.

Equipment and services 
OSD equipment processing 

manufacturers are working to improve 

continuous feeding (6,7). Pfizer has 

already made significant progress 

in developing continuous direct 

compression for OSD products. 

The company is also focusing 

on increased use of analytics, 

incorporating sensors to monitor 

mixing and allowing process control 

to enable real-time decision making, 

Blackwood said at the NAS event, 

noting that computational process 

modelling and data analytics are key 

focus areas (2). 

Use of process analytical 

technologies (PAT) has become 

standard in many pharma development 

programmes, and technology vendors 

have facilitated efforts by incorporating 

analytics into more process equipment. 

For the contract development and 

manufacturing organization (CDMO), 

Lonza Pharma & Biotech, PAT is finding 

increased use, along with more at- 

and in-line testing, to ensure process 

compliance, robustness, and faster 

product release, says Charles Christy, 

head of commercial solutions for 

Lonza’s Ibex Dedicate division. 

Use of Raman and nuclear magnetic 

resonance (NMR) spectroscopy, 

refractive index, excipient 

identification, metabolite monitoring, 

and cell counts has now become 

routine, in both process development 

Enabled by process 
intensification, miniature, 
modular equipment 
promises to transform 
drug development and 
manufacturing.

Single-use technology 
is boosting efficiency 
in biopharmaceutical 
manufacturing, and
even in some small-
molecule niches.
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and manufacturing, says Christy. For example, in mammalian cell-

culture, he says, screening and optimization tools are finding increased 

use in clonal cell line development. Microfluidic technology, such 

as Berkeley Light’s Beacon system, which screens and selects the 

best producing clonal cell lines, is becoming more important, Christy 

says. Meanwhile, in cell culture, use of technologies such as Sartorius 

Biotech’s Ambr systems, is helping to speed time-to-clinic for high yield, 

robust processes.

Single-use technologies are playing a more important role in both 

small molecules and biologics, Christy notes. Their combination with 

closed process systems and ballroom processing concepts has allowed 

facilities to be configured for concurrent manufacturing. In antibody 

production, for example, they allow the company to configure processes 

from standard to next-generation formats such as bi-specifics, or to 

process high titer or other challenging processes, Christy says. 

In small molecules, single-use approaches are also proving important 

in highly active pharmaceutical ingredient (HAPI) manufacturing, says 

Christy. The technology is improving  operator safety and reducing toxic 

waste streams that would have been generated by traditional clean-

in-place (CIP) activities, he explains. Christy sees the growing trend 

to automate processes and expand the use of analytics as improving 

overall efficiency, and reducing errors, manual intervention, and staffing 

requirements (i.e., overall full-time equivalent numbers).  Capsugel, for 

example, is using AI for online testing, real-time quality assurance, and 

product release for capsules, he says.

Contract services redefined
As the emphasis on scalability intensifies, technology vendors are 

collaborating more closely with CDMOs and also expanding their own 

contract services. Some companies offer turnkey CDMO services as well 

as specific processes and equipment that are designed to cut down on 

development time at different stages in formulation and development. 

One example in OSD development is Adare Pharmaceuticals 

(formerly Aptalis), which acquired Orbis Biosciences in May 2020. The 

company’s technology and service platform currently includes such 

platforms as Microcaps for taste-masking; Diffucaps and Multi Mini 

Tablets, to control the rate of drug release; and Precision Particle 

Fabrication technology to control particle size distribution.

On the filling and packaging side, Syntegon (formerly Bosch) 

Packaging Technology has introduced products that include modular 

filling systems; microbatch systems for aseptic and HAPI applications; 

and visual inspection platforms that utilize AI. The company’s single 

object data acquisition system, offered in collaboration with Schott 

Smart Packaging, aims to help users improve product traceability and 

supply-chain transparency. The company has also expanded its range 

of pharmaceutical services, including programmes that focus more 

closely on small-to-mid-scale operations. 
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and qualification, including microbial 

airborne and surface contamination; 

introduction of detailed measures 

and/or specifications to prevent 

any contamination (for example, 

airlock/changing rooms, continuous 

monitoring systems for total 

organic carbon and conductivity on 

water for injection loops, validated 

disinfection/decontamination 

programme including a focus on 

vacuum, cooling systems, and dry 

heat tunnels); and introduction of 

specific requirements regarding 

personnel, including a strong 

knowledge and expertise through 

adapted training, combined with 

reinforced monitoring and gowning 

requirements.

Additional requirements 

have also been introduced 

regarding production and specific 

technologies, including pre-use 

post sterilization integrity test 

(PUPSIT), specific process holding 

times, container closure integrity, 

and visual inspection. Further, 

reinforced sterility test sampling 

after each critical intervention is 

also mandatory.

Reasons for change
PTE: What were the reasons 

behind the revisions to the Annex 1 

guidance and why has the revised 

document taken so long to prepare?

Quiles-Pelletier (Recipharm): 

Since the first version was published 

in 1971, several updates with partial 

revisions were issued in 1996, 2003, 

and 2007 to align classification of 

cleanrooms, to include guidance 

on media simulations, bioburden 

monitoring and capping of vials. In 

2012, German authorities started to 

require a complete revision to be 

handled by the Inspectors Working 

Group (IWG) from EMA, involving 

EMA, the Pharmaceutical Inspection 

Co-operation Scheme (PIC/S), and 

World Health Organization (WHO) 

experts. The work began in 2014 

and a concept paper was raised on 

8 Jan. 2015 (2). Consideration was 

given to the fact that that the initial 

document was never completely 

A nnex 1, the European Union’s good manufacturing practice 

(GMP) guide for sterile products, has undergone several 

updates since its original publication in 1971. The latest revised 

document, the proposed draft of which was published in February 

2020 and has undergone a second consultation period (1), has been 

comprehensively updated and builds on a significant number of 

comments submitted to the European Medicines Agency (EMA) by 

companies and organizations from the pharmaceutical industry.

To find out more about the key revisions to Annex 1 and 

the impact the changes will have on industry, Pharmaceutical 

Technology Europe spoke with Vincent Quiles-Pelletier, director, 

quality management and head of steriles at Recipharm.

Key revisions
PTE: Could you highlight the key changes of the Annex 1 

2020 revision?

Quiles-Pelletier (Recipharm): The Annex 1, Manufacture of 

Sterile Products guideline, was proposed as a new draft in February 

2020 for a second consultation period, which ended in July 2020. 

This document was completely rewritten to organize and describe 

detailed and comprehensive requirements in 10 specific sections. 

The scope was enlarged to include non-sterile products where 

principles of contamination control could apply, using quality risk 

management (QRM) principles adapted to these products.

The key changes in this new version include: quality management 

through the introduction of the contamination control strategy 

(CCS) concept combined with QRM and pharmaceutical quality 

system (PQS); introduction of new barrier technologies such as 

restricted access barrier systems (RABS) and isolators, which 

should be considered as part of the CCS; creation of new sections 

for form fill and seal, closed systems, and single use systems (SUS); 

reinforcement of some requirements around areas classification 

Felicity Thomas

Unlocking the Key 
Changes to Annex 1 
A comprehensive rewrite of Annex 1  
has been proposed and aims to organize and  
structure requirements in 10 specific sections.
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reviewed despite significant 

changes in technologies, practices, 

and in GMP (e.g., International 

Council for Harmonization [ICH] Q9 

and Q10 guidelines adoption).

A first draft of the new Annex 1 

was proposed in December 2017 for 

review until March 2018, and about 

6200 comments were received from 

140 companies and organizations, 

showing a significant interest 

from all actors involved in sterile 

manufacturing. As a result, this 

new Annex 1 proposed in 2017 and 

updated in 2020 is a completely 

rebuilt document of 50 pages 

(16 pages for the current version) 

answering to the concept paper 

objective from 2015.

Important challenges
PTE: Are there specific changes 

in the newly revised guidance 

document that will significantly 

impact industry?

Quiles-Pelletier (Recipharm): 

Absolutely, the most important 

challenges will be technical and 

organizational. From a technical 

perspective, we have seen that 

a big prominence was placed on 

any equipment or premises design 

that can minimize the risks of 

potential contamination. If new 

equipment is completely integrated 

into the CCS using QRM principles, 

this can be a challenge, both 

technically and financially, for old 

equipment and premises. A good 

example of this issue is new barrier 

technologies, which should be 

considered in the CCS as it offers 

significant improvements in terms 

of contamination control.

At an organizational level, the 

sterility assurance level is based 

on CCS and PQS is based on 

QRM principles and continuous 

improvement. This new concept 

demands a periodic review of 

each risk assessment initially 

raised, and the implementation 

of a new review of data and 

trends generated by systems or 

equipment considered as critical in 

the CCS.

Principle of CCS
PTE: Could you describe the 

principle of a CCS in more detail and 

how the revised Annex 1 approach 

to CCS will impact manufacturers?

Quiles-Pelletier (Recipharm): 

The principle of the CCS is to 

provide a global tool, allowing 

companies to implement, follow, 

and maintain an acceptable sterility 

assurance level. This required 

level of quality assurance in sterile 

operations means that each process 

and product should be assessed 

to define all critical control points, 

covering the following areas 

of contamination risks: viable 

(microbial) and non-viable (pyrogen 

as well as other potential particulate 

matter such as glass, visible and 

sub-visible).

The impact for manufacturers will 

most probably be a significant effort 

in making a link between measures 

and the quality systems in place, 

and to reopen and reassess existing 

risk assessments periodically based 

on data generated by all critical 

control points, checking efficiency, 

and deciding new adapted 

preventive actions if justified by 

these reviews.

Harmonization of approaches
PTE: Does the newly revised EU 

guidance offer a more harmonized 

approach with other global 

regulatory requirements? 

Quiles-Pelletier (Recipharm): 

Definitively, as EMA, PIC/S, and 

WHO experts were all involved 

in the revision process, as well 

as there being some input from 

the United States Food and Drug 

Administration, to provide a more 

comprehensive document, there 

is harmonization of approaches. 

Overall, more than 70 countries 

provided comments for the 

revised guidance.

Some reference documents 

were taken in consideration for the 

review, such as current monograph 

of the relevant pharmacopoeia for 

water (3) or ISO 14644 for cleanroom 

qualification (4). However, some 

significant differences remain 

between US and EU regulations, 

for example PUPSIT or cleanroom 

requirements.

The new Annex 1 version, 

proposed for review and comments, 

has been the opportunity for 

targeted stakeholders to give 

a valuable input in terms of 

technical feasibility, alignment, and 

consistency with other guidance, 

precision and clarity on some of the 

requirements, and disagreement 

on specific requirements. This 

revised document is a good example 

of what a harmonized approach 

can achieve, making a link with 

the mutual recognition process in 

progress between the US and EU.
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2020 alone, 46 drugs have been 

recalled for various reasons that 

include contamination, incorrect 

dosage, and mislabelling (4).    

In an effort to enhance the 

safety of drugs and the security 

of the pharmaceutical supply 

chain, countries are implementing 

regulations to identify and track 

drugs throughout their journey to 

the patient. For example, FDA’s Drug 

Supply Chain Security Act (DSCSA) 

aims to enhance drug supply chain 

security by 2023 and mandates 

product tracing for manufacturers, 

repackagers, wholesale distributors, 

and dispensers (5). While the 

DSCSA mandated product tracking 

at the lot level back in 2015, it will 

soon require package level tracing 

as well. The European Union’s 

Falsified Medicines Directive 

implements similar tracking 

requirements too (6).  

End-to-end traceability  
… it’s not just about safety 
The International Institute of 

Research Against Counterfeit 

Medicines (IRACM) describes 

end-to-end traceability well; 

“The traceability of a product 

refers to the ability to locate it 

throughout the complete lifecycle 

of the production and distribution 

processes. … traceability plays a 

major role in the fight against health 

product counterfeiting” (7).  

The obvious benefits are 

maintaining the effectiveness of 

drugs, improving patient lives, 

and minimizing the costs to the 

industry imposed by counterfeits, 

substandard drugs, and recalls. 

But full traceability across a digital 

supply network can help in other 

ways too, including:  

• Improving efficiency and 

minimizing waste 

• Enhancing collaboration in the 

supply chain to resolve inter-

enterprise problems better and 

faster

• Enhancing resilience and agility to 

help predict shortages and secure 

the supply during a crisis.

A cross nearly every industry, the inability to resolve product 

problems as they arise can cause a lack of trust with 

consumers that’s hard to rebuild. But none more so than in 

pharmaceuticals where patients’ lives are at risk, companies’ 

reputations and futures hang in the balance, and care providers can 

be negatively impacted.  

An article in the American Journal of Tropical Medicine and 

Hygiene reported that, “Falsified and substandard medicines are 

associated with tens of thousands of deaths, mainly in young 

children in poor countries. Poor-quality drugs exact an annual 

economic toll of up to $200 billion and contribute to the increasing 

peril of antimicrobial resistance. Some estimates say up to 10% of 

pharmaceuticals are fake” (1). 

The International Federation of Pharmaceutical Manufacturers 

and Associations (IFPMA) emphasizes the widespread threat 

counterfeit drugs pose as well, stating, “Falsified medicines are a 

growing public health threat for every country, every medicine, and 

every person” (2).  

Former US Food and Drug Administration (FDA) Commissioner, 

Scott Gottlieb, confirmed the threat in a speech in 2018 (3), when 

he said, “We see a world where the risk from counterfeit drugs is 

increasing rapidly. Where the means to produce counterfeits and 

distribute them through sophisticated, illegal networks is increasing. 

And the volume is also rising sharply. We have numbers that speak 

to these risks. We have enforcement work underway that’ll—

unfortunately—illustrate that these concerns are real. If we tolerate 

a single weak link in the system, they’ll find it. And they’ll develop 

new ways to exploit it. The nature of global supply and distribution 

chains means that illegitimate products can cascade throughout the 

supply chain and reach patients if they’re not caught quickly.”  

Deliberate falsification is not the only threat, as innocent errors 

can be just as harmful. In the United States, FDA reports that in 

Reddy Gottipolu 
is senior vice-president 

Healthcare at  

One Network Enterprises.

Securing the 
Pharmaceutical Supply 
Chain with Full Traceability
End-to-end traceability can provide more  
value than just securing drug product safety.
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Supply Chain

Enhancing resilience and agility 

is particularly critical, as the issue 

of resilience in the pharmaceutical 

supply chain has ‘elbowed’ its way 

into the boardroom in the wake 

of COVID-19 (8). Executives can no 

longer ignore the threat posed by 

the often-tenuous threads of supply, 

both inbound and outbound, that 

compromise their end-to-end supply 

chains. Full traceability extends the 

view beyond the lab and corporate 

walls, to provide insight into the flow 

of ingredients, drugs, and equipment 

from their source all the way to clinic, 

hospital, and pharmacy shelves. 

Supply chain planners and managers 

are better equipped to identify 

potential problems and act early, 

protecting supply lines and ensuring 

products flow smoothly to patients 

and care providers.       

Achieving traceability across 
the pharma supply chain 
So, how is it possible to realize 

end-to-end traceability? Before 

value can be gained from full, end-

to-end traceability, it is necessary to 

authenticate the product itself. There 

is no purpose in tracking a product 

through the supply chain if the drug 

itself is substandard or counterfeit. 

The keys to effective traceability 

include the following.  

Product authentication and 

serialization. Product authentication 

technology is an essential part of a 

secure drug supply chain, and there 

are numerous ways to achieve this. 

Spectrometer analyzers can verify 

the actual ingredients and dosage 

of product, but other methods 

include specially designed coatings, 

chemical and molecular markers, 

and micro tags. The latter options 

can be applied at any and all levels—

from the ingredients themselves all 

the way to the finished drugs and 

even the packaging. Serialization 

involves adding a unique identifier 

to sellable units of the product, so 

that it can be identified and traced 

throughout the supply chain. At the 

package-level, FDA recommends the 

Serialized National Drug Code (sNDC) 

as the standard numerical identifiers 

for prescription drug packages (9). 

Drugs that do not have an NDC 

(e.g., biologics) may use a different 

standard. Given these foundational 

elements, the big challenge is to 

track the product across all supply 

chain partners.  

Legacy technologies fall short. 

Any drug supply chain is vulnerable to 

product quality problems, and there 

is always a chance for variance due 

to ingredient issues, substitution, 

contamination, formulation, or just 

plain human error. Many companies 

have tried to leverage electronic 

data interchange (EDI) across the 

network to address some of these 

issues. However, as a technology, 

EDI is woefully inadequate in 

addressing today’s supply network 

requirements. Remember, EDI was 

originally developed during the time 

of batch business processing and, 

even with the benefit of some of the 

newer extensible markup language 

business-to-business formats, it is 

still not possible to process much 

of the product quality related data 

being consumed through the various 

Internet of things sensors deployed 

throughout the network. So, while 

EDI itself will still remain in the 

picture for years to come, a supply 

network platform is needed that will 

enable continuous digital business 

processes to provide full traceability 

and the assurance of product quality 

and safety.  

Identify the root cause of quality 

issues. When an issue does arise, 

an effective traceability capability 

should allow for a root cause analysis 

at the process level to be performed, 

which means network level master 

data management is needed that is 

extensible across multiple data types 

and geographic regions. Just like a 

Single Version of the Truth (SVOT) 

from a demand signal perspective 

across the network is needed, so 

too is a SVOT at the process level 

from a product quality and safety 

perspective. In this way, traceability 

becomes another foundational 

element of quality culture. Over time, 

a network platform will become 

the backbone for the digital twin, 

including a multi-party ledger (i.e., 

a blockchain at the network level), 

which also provides permission-based 

security between trading partners. 

Such an architecture also opens up the 

potential to add artificial intelligence 

(AI) into the mix. A multi-party 

intelligent agent can operate across 

the network targeted at improving 

key metrics such as achieving on-time 

in-full order fulfilment.  

Traceability: The basis for 

effective execution. When there is 

a problem with a drug, any missteps 

in handling the crisis are costly in 

a social media-driven world where 

brand damage can happen quickly. 

In times of crisis, pharmaceutical 

companies need to respond 

quickly by:

• Acting immediately with great 

transparency

• Rapidly identifying the scope of the 

problem

• Locating the specific drugs, lots, 

and impacted locations and 

customers

• Initiating the recall and executing 

the recall logistics

• Identifying the source of the 

problem and fixing it 

• Instilling confidence in their 

marketplace and with consumers.

To do all this effectively, more 

control over the supply network is 

required. Leveraging network-based 

technology that tracks the full chain-

of-custody for every item from start 

to finish provides visibility into supply 

chains with a way to effectively track 

products, intermediates, and raw 

materials in real time, from their 

source, across trading partners, all 

the way to the clinics, hospitals, and 

pharmacies who need them.  

By rapidly extracting only the 

affected product in a recall, and at the 

precise locations in the supply chain 

that are affected, companies can 

minimize the impact on consumers 

and healthcare providers, protect 

their reputation, and minimize costs. 

Another critical factor is knowing 

exactly what and how much product 
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finish, providing visibility across final 

products, intermediates, and raw 

ingredients in real time from their 

source, across trading partners and 

to the point of care, whether that be 

a hospital, clinic, or retailer. 
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needs to be replaced to quickly 

resupply to locations with minimum 

business impact.

Brand quality: More  
than just product quality
Over time, traceability data will 

enable process improvement and 

product-quality initiatives. Plus, with 

AI in the mix, it is also possible to 

relate changes in process variables to 

potential outcome, with probabilities 

measured against acceptable 

thresholds. But what’s interesting is 

that today, brand quality extends well 

beyond product quality. 

Understanding and verifying 

sources and origins. Today, it is 

more important than ever to know 

the specific ingredients of each drug 

and if they are authentic, where 

they originated, and who made 

and handled the product. In fact, 

more and more pharmaceutical 

manufacturers are being asked to 

provide and prove the answers to 

those questions. Using a chain-of-

custody solution, raw ingredients, 

drugs, shipments, and origins can 

be completely tracked, so that all 

approved sources of raw materials, 

intermediates, and finished drugs, as 

well as their paths through the supply 

chain network, are 100% verifiable 

and auditable. This takes on life-

saving significance, especially where 

counterfeit pharmaceuticals are a 

concern such as in some regions in 

Africa. Or, where medical products, 

like biologics, must be maintained 

at certain temperatures to prevent 

spoilage or degradation during their 

journey through the supply network.

Business network platforms 

exist to support traceability 

and chain-of-custody. Given the 

implications traceability has in 

relation to product quality, safety, 

and compliance with current and 

imminent regulations, there really is 

no choice but to move forward with 

a technology investment to enable 

this capability. 

The business network not only 

enables chain-of-custody and 

traceability services but also provides 

a foundation for future growth and 

innovation. Scott Gottlieb recognized 

that digital networks play a remedial 

and protective role and are an active 

element in the future of healthcare 

innovation stating, “A fully digitized 

supply chain can also help develop 

predictive analytics to reduce health 

care fraud, waste, and abuse. It 

can allow regulated industry and 

regulators to more easily manage 

or avoid costly or dangerous supply 

disruptions. It can help support 

innovative manufacturing and 

distribution technologies at a time 

when the drugs being developed are 

becoming increasingly tailored to 

specific patient populations” (3).

The bottom line is that whether 

a product quality issue leads to 

recalls, warranty claims, or unit level 

medical device repairs, after the 

event the trust of the patient and 

healthcare provider will need to be 

regained. By having the ability to 

address and communicate a course 

of action proactively, the overall 

impact can be significantly limited. 

Business network technology enables 

companies to be proactive and 

more, as it tracks the full chain-of-

custody for every item from start to 

ACHEMA 2021 . . . . . . . . . . . . . . . . . . 41

Alfa Sigma  . . . . . . . . . . . . . . . . . . . . . . 9

Biospectra, Inc . . . . . . . . . . . . . . . . . . 33

Catalent Pharma Solutions, Inc.  . . . 52

Eurofins Lancaster Laboratories . . . 25

Grifols International SA . . . . . . . . . . . 15

Ligand Pharmaceuticals . . . . . . . . . . 51

Lighthouse Instruments . . . . . . . . . . 45

Lipoid GmbH  . . . . . . . . . . . . . 18–19, 23

Mack Brooks Exhibitions Ltd . . . . . . 39

NSF Health Sciences . . . . . . . . .Outsert

Patheon Pharmaceutical  

       Services, Inc. . . . . . . . . . . . . . . . . 21

PDA Europe . . . . . . . . . . . . . . . . . . . . 37

Peter Huber  

       Kaltemaschinenbau AG . . . . . . . 17

Shimadzu Europa GmbH  . . . . . . . . . . 2

Syntegon  . . . . . . . . . . . . . . . . . . . . . . 13

Veltek Associates, Inc. . . . . . 7, Outsert

Ad Index
COMPANY PAGE COMPANY PAGE



48    Pharmaceutical Technology Europe OCTOBER 2020  PharmTech.com

lu
ch

sc
he

nF
 -

 S
to

ck
.a

do
be

.c
om

of a severe shortage of capacity for 

mainstream recombinant products. 

Luckily, industry then responded with 

many new facilities and expansions; 

some presumed blockbuster products 

did not turn out to be blockbusters; 

and evolving technology, including 

higher titers, helped. 

The problems with cellular/

gene therapies manufacturing 

capacity particularly affect contract 

manufacturing organizations (CMOs). 

BioPlan Associates studies have 

shown that approximately 90% of 

cellular/gene therapy developers 

would much prefer to use CMOs 

to manufacture their products. But 

related CMO capacity is simply not 

available. With lead times for CMOs 

to begin cellular or gene therapy 

projects now averaging 18 months 

and increasing, more developers are 

deciding, often forced, to perform 

manufacturing, particularly later-

stage and commercial, in-house. 

Many CMOs are entering the field or 

expanding their cellular/gene therapies 

capacities. But the leading CMOs 

and developers alike are busy trying 

to catch-up with capacity needs to 

support early-mid clinical needs. 

BioPlan estimates that there 

is currently a 500% shortage of 

cellular/gene therapy manufacturing 

capacity, in the sense that five times 

the current capacity would likely be 

used if it were available, particularly 

from CMOs. The shortage of capacity 

and long lead times with CMOs has 

resulted in many pharmaceutical 

companies slowing R&D or delaying 

entry into the field. Unless more staff 

and capacity are brought online, a 

greater capacity shortage is projected 

in five years. This shortage will 

occur as more products enter and 

advance in development, particularly 

as more advance to commercial 

manufacturing. 

Total capacity among facilities 

known to be producing cellular/

gene therapies, which is not always 

the only products manufactured, 

is approximately 330,000 L (2). This 

capacity is approximately 2.0% of 

the total 16.7 million L worldwide 

C urrent cellular and gene therapies, those relatively few 

marketed and the hundreds in clinical development, primarily 

involve autologous manufacturing: making one product at a time 

individualized for each patient. This is clearly very resource intensive, 

often involving weeks of labour-intensive manual processing to make 

a single patient’s treatment. 

The long-term trend is for development of allogeneic cellular and gene 

therapies, involving batched manufacturing of products to be used for 

treatment of multiple patients (1). Many, if not most, cellular therapies in 

development involve genetic modification of cells—therefore, are also 

gene therapies—with cellular therapy manufacturing closely intertwined 

with gene manufacturing therapy (the vectors used). 

Compared to current cellular therapies, gene therapy manufacturing 

is in a better position. Nearly all current gene therapy involves use of 

viral vectors, particularly adeno-associated virus (AAV), with related 

vector manufacturing similar to that long used for viral vaccines and 

recombinant processing plasmids production. A few companies now 

report scaling-up allogeneic viral vector manufacture to 2000-L scale. 

But with large amounts of vectors needed for each treatment, 

this upstream volume will only treat at most several dozen patients. 

Cellular therapies involve running lots of processes at small, usually 

one-off, desktop scales often along with gene therapy vector 

production, while gene therapies (those administered to patients) 

involve running a good number of processes at larger scales. 

Capacity crunch expected
Multiple interview- and survey-based studies (1) clearly indicate 

cellular and gene therapy fields are currently on track for, if not already 

experiencing, a serious “capacity crunch.”  There is potential for a 

significant shortage of manufacturing capacity—measured as total 

volume of bioreactors in use—particularly at commercial scales, similar 

to a decade or more ago when there was widespread expectation 
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BioPlan Associates,  
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Cellular and Gene Therapies 
Face a Manufacturing 
Capacity Crunch
Cellular and gene therapy fields are currently on track  
for, if not already experiencing, a serious capacity crunch.  
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bioprocessing capacity and is spread 

among 180 facilities; about two-

thirds of the facilities engaged in 

cellular/gene therapy production 

perform gene therapy viral vector 

manufacturing either as therapies or 

for cellular therapies modification. 

Average capacity data are skewed 

by inclusion of the current largest 

viral vector manufacturing facilities, 

with many cell therapy facilities at 

much smaller scales and not publicly 

reported. Most cellular therapies are 

still autologous nearly all have under 

500 L capacity. 

Survey results  
confirm problems
In terms of in-house bioprocessing 

expansions, most respondents of 

BioPlan Associates 17th annual 

survey expect large capacity 

increases (1). For example, of survey 

respondents with current relevant 

capacity, 44% expect their facility 

to increase capacity by more than 

100% during the next five years. This 

increase does not include expected 

new entrants and programme 

expansions as more products enter 

the market, as investors finally see 

actual revenue from sales of these 

products. 

Technology advancement is 

not expected to much help avert 

capacity problems. A minority 

(47.1%) of respondents agreed that 

“Within five years, platforms for cell 

and gene therapy manufacturing 

will have advanced to significantly 

reduce manufacturing capacity 

problems or bottlenecks.”  Also, 

reflecting the primitive state of 

much cellular/gene therapies 

bioprocessing, only 16% each cited, 

“Our commercial manufacturing will 

or does use only closed systems, 

aseptic transfers/connections, 

etc.” and “Anticipate no problems 

with meeting good manufacturing 

practice (GMP) requirements.” 

One third (34%) of respondents 

report planning for GMP-compliant 

manufacturing of viral vectors/

gene therapies this year, while 26% 

reported already attaining GMP, but 

with few yet planning for worldwide 

commercial manufacturing. 

Problems addressing  
a capacity crunch
A decade ago, a capacity crunch 

would have affected nearly all 

biopharmaceutical facilities. Today, 

the industry is far more diverse. 

There are more classes of products, 

more single-use manufacturing, 

more flexible facilities and suites, 

more ability to scale-out commercial 

manufacturing, more options for 

continuous bioprocessing, etc. 

Further, with the focus on the 

COVID-19 pandemic and related 

product development, many 

companies that would otherwise be 

entering or expanding into cellular/

gene therapies are not yet doing this, 

and governments are not expected 

to address cellular/gene therapies 

manufacturing shortfalls. 

Even with near-term investments 

in new facilities and expansions, most 

facilities still need to catch-up to 

support current development needs, 

including building or contracting for 

capacity to support their early- and 

mid-stage clinical development efforts. 

Commercial GMP manufacturing for cell 

and gene therapies is done by very few 

developers and CMOs, and even fewer 

are currently constructing capacity. The 

industry will ultimately attain future 

needed commercial manufacturing 

capacity, but the options for expanding 

capacity today are greater than they 

were just 10 years ago, and from our 

research, many in clinical stage have 

not fully defined how this expansion 

will take place. 

Hiring a major challenge
One of the major problems in 

addressing capacity shortfalls for 

cell and gene therapy manufacturers 

is the shortage of staff.  Most 

operations today are complex, and 

often fully manual (vs. automated), 

making cellular/gene therapy viral 

vector manufacturing very labour-

intensive. This manual processing 

requires highly trained, often 

over-qualified, staff at all levels 

involved with bioprocessing. This 

has created staff shortages that are 

particularly affecting cellular products 

bioprocessing.  Here, experienced 

doctorate-level personnel are 

often needed. Technicians can 

sometimes lack the needed expertise. 

Viral vector manufacture also 

requires considerable hands-on 

experience. While only a minority of 

biopharmaceutical developers and 

CMOs are involved in cellular/gene 

therapies, problems related to hiring 

rank rather high in the BioPlan annual 

survey, as follows: 

• One-third (34.6%) of survey 

respondents cited significant 

problems hiring cellular and/or 

gene therapy staff. 

• 19.8% of all respondents (this is 

greatly higher if just included the 

cellular/gene therapy players) 

citing difficulties hiring gene 

therapy staff. 

• 14.8% having difficulties hiring for 

cellular therapies. This indicates 

that the great majority of cellular/

gene therapy developers and 

CMOs are experiencing hiring 

problems. 

Overall, shortages of cellular/gene 

therapy bioprocessing staff will likely 

worsen as the most experienced 

‘baby boomer’ staff retire and as the 

product pipeline moves from R&D to 

clinical and commercial production. 

Also, unprecedented growth in 

pandemic vaccine/therapeutics 

bioprocessing will worsen the overall 

hiring situation, particularly for 

gene therapy, with many with virus-

experience moving into pandemic 

vaccines and therapeutics (3).
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Q.I am responsible for updating my company’s 

standard operating procedures (SOPs). My 

company has been cited several times in audits for not following 

them, and this situation has worsened since the onset of the 

pandemic. What advice do you have for me to make sure the 

SOPs are being followed for now and in the future?

A.Not following SOPs or not having adequate procedures in 

writing continues to be one of the top observations for the 

industry in 2019 (1). Companies usually use their SOP to show 

that they have control over their processes. The problem you are 

having seems to be exacerbated by the pandemic but not caused 

by the pandemic. My advice to you would be to take a holistic 

look at how you create, implement, and modify your SOPs.  

There are four simple concepts to keep in mind for having 

compliant SOPs: Say what you do, do what you say, prove it, 

improve it. The ‘say what you do’ phrase equates to the written 

SOP that defines the steps taken to achieve compliance to a 

regulatory requirement. ‘Do what you say’ equates to following 

the SOP. ‘Prove it’ means that you need to collect and be able to 

present data that indicate you have followed the instructions in 

your SOP and have investigated any incidents where you have 

deviated from those instructions. Once you have mastered these 

concepts, you can begin to work on the ‘improve it’ concept by 

revising and updating your SOPs to reflect current practice and 

process improvements. These concepts are simple enough to 

follow, so the being cited by regulators for not following SOPs is 

disappointing.

Previously, this column discussed the elements of an SOP 

(2). The problem you are having seems to be related to the SOP 

content. You need to be aware of some of the pitfalls companies 

encounter when writing SOPs. Writing an SOP with the correct 

amount of information in it—neither too restrictive nor too 

ambiguous—takes time and effort to create an SOP with the right 

balance of information (3). The three most common pitfalls when 

writing an SOP are providing too much information, providing too 

little information, and providing unneeded specific information.

Providing too much information in an SOP results in a restrictive 

process that generates deviations. An example of too much 

information in an SOP would be listing the serial number for a 

piece of equipment. Should the piece of equipment need to 

changed for any reason, the result is a deviation and an SOP that 

can’t be followed.

When listing equipment requirements in an SOP, you should 

describe the piece of equipment but not necessarily to the serial 

number. It would be best to provide a list of the equipment 

needed with a general description of its function and capability.

When an SOP provides too little information, it results in an out-

of-control process that generates deviations. When there is lack 

of clarity, it allows for interpretation by the operator. There is the 

potential for each individual executing the process to interpret the 

instructions in their own unique way, resulting in deviations. An 

example of providing too little information might be not specifying 

the specific order reagents need to be added to generate a 

reaction. If it is critical to add the reagents in a certain order, that 

information needs to be specified in the SOP. 

SOPs that provide unneeded specific information are also 

problematic. An example of unneeded specific information might 

be how dates are recorded in a document. A company needs to 

be consistent in the way the date is recorded regarding the order 

of the day, month, and year but can be flexible regarding whether 

this information is separated by hyphens or slashes. There is 

no difference between DD/MM/YY and DD-MM-YY. Specifying 

hyphens versus slashes sets you up for insignificant deviations 

that wastes time and resources. 

Other potential pitfalls to avoid are providing ambiguous 

information, restricting access to SOPs, allowing access to 

obsolete SOPs, having unnecessary SOPs describing operations 

that you don’t perform, and not providing clear instructions for 

recording data, which could lead to data integrity issues.

Writing an effective SOP and keeping it current requires time, 

effort, and cooperation with the users to achieve the correct 

balance that allows the process to be easily followed, specifies 

the correct data to be recorded, reflects the current operations, 

and can be improved as the process improves through continual 

improvement. Right sizing the information contained in your SOPs 

to accurately reflect your operations will help in eliminating an 

audit observation of not following SOPs or having insufficient SOPs.
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The amount of detail included in SOPs may help a company stay compliant, says  
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