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EDITOR’S COMMENT

Pharma’s Got Talent?
Government statistics show that pharma can be an illustrious career for 
graduates, which must be taken advantage of by industry to avoid skills shortages.

R
ecent figures 

from the United 

Kingdom’s government 

have demonstrated 

that graduates stand 

to earn £10,000 more 

than their peers 

who did not attend 

university (1). However, 

other factors have a significant role to play in 

future financial success, such as the subject 

chosen, university attended, or even gender!

According to statistics, released by 

the Department for Education (DFE), 

graduates of pharmacology, toxicology, 

and pharmacy, ranked highly in terms of 

proportion of those going onto to further 

education or full-time employment, and 

for average earnings (2). Medicine and 

dentistry ranked the highest of the all 

the subjects that were assessed, and 

creative arts degrees were ranked lowest.

Various disparities revealed

Despite there being more female 

graduates in further study, or full-time 

employment at all time points examined, 

male graduates were still found to achieve 

higher median earnings than their female 

peers (2). Additionally, the findings from 

the DFE revealed that the gap in earnings 

between male and female graduates 

has actually increased over time.

In light of this gender pay disparity—

and the fact that science, technology, 

engineering, and mathematics (STEM) 

subjects comprised the majority of the top 

10 highest earning subjects for graduates 

in the DFE’s analysis—the news that 

female students are now outnumbering 

male counterparts in A-level science 

subjects is surely welcome (3). If the 

trend of female students undertaking 

STEM subjects continues to rise perhaps 

the gender gap will start to reduce.

Other disparities in employment rates 

and pay were found as a result of ethnicity, 

institution type, social background, 

family circumstances, prior qualification 

attainment, and age at the start of the 

course. Looking at international students, 

however, DFE’s analysis revealed that 

international graduates had greater yearly 

earnings, on average, than their UK peers.

Importance of 

attracting talent to pharma

Obviously, the pharmaceutical industry, 

an industry that requires highly skilled 

employees, looks to attract graduates 

year-on-year to grow the talent pool 

and advance the sector. In a 2019 

report, the Association of the British 

Pharmaceutical Industry (ABPI) outlined 

the needs of the biopharmaceutical 

industry and the importance of nurturing 

talent within life science disciplines (4).

As stated in the report: “Just under 

half of undergraduates study STEM 

subjects—a proportion that has remained 

reasonably constant over many years 

[…] Over the last decade, the number 

of UK undergraduates studying STEM 

subjects increased by 16% (compared to 

an overall increase across all subjects 

of 13%). By comparison, undergraduate 

numbers for (non-UK) [European Union] 

EU and non-EU students increased by 

52% and 63% respectively over the same 

period […] It is also important that the 

pharmaceutical industry continues to be 

proactive in attracting STEM graduates.”

The report also emphasized that 

university is not the only route 

through which the pharma industry 

can increase its talent pool. In fact, 

much work has been done within the 

industry to improve access through 

vocational pathways and the number of 

apprenticeships has risen since 2013 (4).

“UK science and academia are the 

envy of the world and the we are 

vying to be Europe’s premier biotech 

cluster and second only to the United 

States,” said Sheuli Porkess, deputy 

chief scientific officer of ABPI, in a 

news release (5). “But we are seeing a 

decline in R&D investment. If we don’t 

address the skills shortages our status 

as a world-leading R&D hub we may see 

even more research—and with it highly 

skilled jobs—move abroad. This would 

be bad news for NHS [National Health 

Service] patients and the UK economy.” 
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PRODUCT SPOTLIGHT  

Mass Flow Controllers 
The SLA5800 Series Biotech and 

the SLAMf Series Biotech are 

two new mass flow controller 

(MFC) models from Brooks 

Instrument designed specifically 

for improved gas flow control 

in biotechnology applications. 

The new models allow biotech 

equipment manufacturers to 

reduce the number of MFCs 

they need for their equipment, 

which allows them to simplify 

their designs along with reducing 

system costs, purchasing 

complexity, and spare parts inventory requirements.

The MFCs have an enhanced control valve with a leak rate of 0.005 

sccm for flow rates between 5 sccm and 150 slpm, and a rate of 15.6 

sccm for higher flow rates. The low leak rate potentially eliminates the 

need for a separate shut-off valve in the gas delivery system, reducing 

component purchasing costs and saving engineering, testing, and 

validation time. The MFCs accommodate a wider range of gas flows and 

control up to four different gas flows including air, carbon dioxide, nitrogen, 

and oxygen. The MFC user can select any of these gasses using Brooks 

BEST software or through digital communications. This combination of 

high turndown ratio and multi-gas, multirange functionality allows system 

designers to reduce the number of MFC configurations by up to 90%. 

Brooks Instrument

www.brooksinstrument.com

Benchtop Centrifuges
General Purpose Pro 

Centrifuge Series 

centrifuges by Thermo 

Fisher Scientific are 

designed to deliver a 

regulatory-compliant 

benchtop separation 

solution to meet the 

application needs of 

scientists working in 

biopharmaceuticals, 

academic research, and clinical diagnostic applications. The 

series comes equipped with a full colour, glass touchscreen; 

Fiberlite Carbon Fiber Rotors with Auto-Lock Rotor Exchange 

functions; ClickSeal Biocontainment Lids; a compact separation 

solution featuring connectivity-ready technology; and a 

design that meets global compliance standards.

The device utilizes Thermo Scientific Sorvall, Thermo Scientific 

Multifuge, and Thermo Scientific Megafuge configurations to 

configure with rotors to solve a range of application needs.

Thermo Fisher Scientific

www.thermofisher.com

Viscosity CIP Systems
The Viscometer CL-10DV 

for inclusion from Dynatrol 

consists of a viscometer, 

a viscosity probe, and a 

digital converter series 

that operate in several 

conditions for a variety 

of applications, including 

pharmaceutical chemicals, 

oil mixtures, and propylene 

glycol-based fluids, etc.

The wear-free viscometer 

uses a vibratory principle to provide continuous measurement at on-line 

process conditions, eliminating the need for sampling. Additionally, 

the viscosity probe operates in ranges up to 100,000 centipoise, has 

a standard pressure rating of 1000 PSI, and a standard temperature 

rating of 300 °F. The probe is CSA NRTL/C approved for Class 1, Group D, 

Division 1 and is available in stainless steel and other corrosion-resistant 

materials. The digital converter series 3000 accepts information from 

the probe, calculates the viscosity of the liquid under test, and displays 

the viscosity in standard units. The digital converter is microprocessor-

based with noise immunity for harsh industrial environments.

Dynatrol

www.dynatrolusa.com

Improved Mixer Lift 

and Seal Designs
Charles Ross & Son Company made 

improvements to the dual-post 

hydraulic lift and seal design of its 

1500-gallon Multi-Shaft Mixer Model 

PVM-1500. The new lifting design 

is a double-acting, fully hydraulic 

cylinder operating at a higher 

pressure, allowing for a smaller 

cylinder and less oil for operation. 

The new seal arrangement permits 

seal replacement without removing 

agitator shafts. Unlike the previous 

design, seal replacement no longer 

requires removal of the mixer from the 

tank nor tank entry to access the seal.

The PVM-1500 features three independently driven agitators: a screw 

auger, a high-speed disperser, and a three-wing anchor agitator. The sides 

and bottom of the changeable mixing vessel are insulated and jacketed for 

up to 50 psig. According to the company, this vacuum-rated machine can 

run continuously and is supplied with rugged touchscreen controls showing 

digital readouts for speed, cycle time, vacuum level, and batch temperature.

Charles Ross & Son Company

www.mixers.com
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EMA’s Regulatory 

Impact: Not 

Yet in its PRIME

Sean Milmo is a 

freelance writer based in 

Essex, UK, seanmilmo@

btconnect.com.

EMA is seeking ways to improve the effectiveness of its PRIME scheme, 

so that scientific innovations and new technologies more readily lead to novel medicines.

T
he European Union’s medicines regulatory network, 

headed by the European Medicines Agency (EMA), is 

currently seeking ways to improve how it ensures that 

scientific innovations and new technologies lead to new 

medicines, particularly for patients with unmet needs. The 

agency is at present finalizing a report—EMA Regulatory 

Science to 2025—on the regulatory impact of emerging 

scientific and technological innovations (1). A six-month 

public consultation on the document, published in 

December 2018, was completed in June 2018.

Additionally, the agency is investigating ideas for 

raising the effectiveness of its three-year-old Priority 

Medicines (PRIME) scheme, which was developed 

to expedite the progression of new medicines for 

patients whose diseases cannot be treated or need 

better options for pharmaceutical treatments. Ideas 

were put forward at a joint EMA and US Food and Drug 

Administration (FDA) workshop, which was held in 

London during November 2018, for PRIME and FDA’s 

similar Breakthrough Therapy programme (2). EMA 

published a report on the workshop in July 2019 (3).

In fact, the objectives of PRIME and the aims behind 

EMA Regulatory Science to 2025 are closely linked. This 

is especially the case with the regulatory report’s number 

one goal of providing a basis for the integration of science 

and technology in medicines development. Among the 

core recommendations of the regulatory science report 

is increased investment in PRIME, shortening the time 

between scientific advice, clinical trials, and marketing 

authorization, and collaboration with stakeholders to 

ensure efficient post-approval oversight of medicines.

The main features of PRIME are an accelerated 

evaluation of a medicine’s development through close 

interaction between the sponsor and regulator, and 

support of a multi-discipline review team (4).

PRIME successes and challenges
In 2018, the first products developed under PRIME—two 

chimeric antigen receptor (CAR) T-cell immunotherapies 

for blood cancer treatment—were approved by EMA (5). 

PRIME’s main contribution to these successes was to 

identify at an early stage the data needed by the regulator 

for authorization. “Through PRIME, we offer early and 

enhanced dialogue to enable the generation of better 

data and more robust evidence on a medicine’s benefits 

and risks,” said Guido Rasi, EMA’s executive director (5).   

By the end of 2018, the agency had accepted 48 

applications for medicines development support, 

equivalent to approximately a fifth of the total of 

applications, which predominantly consisted of small and 

medium-sized enterprises. Of the medicines admitted 

to the scheme, 42% were advanced therapy medicinal 

products (ATMPs), mainly gene and cell therapies. 

Encouraging development of ATMPs is a key aim of 

PRIME. An EMA report on the first two years of PRIME, 

issued in May 2018 (6), concluded that the scheme had 

been a success. Nonetheless in its implementation, 

regulators and sponsors of the medicines have been 

facing stiff challenges. These challenges mainly stem from 

the necessity of conducting evaluations, both of products 

and processes, and making risk/benefit analyses in less 

time than for the development of normal medicines.

The agency’s choice of ideas from the joint workshop 

for further investigation has been mainly dictated by the 

need to address these challenges, among the biggest of 

which is drawing up specifications and control strategies, 

and other quality assurance tools, on the basis of only 

relatively few batches compared to normal.

Lifecycle and stepwise approaches
EMA’s main preferred solution to scarcity of some 

evidence in PRIME projects appears to be to make greater 

use of regulatory actions through the lifecycle of new 

medicines so that knowledge gaps before authorizations 

can be filled by post-authorization decisions.

“We will often not understand the full clinical value 

of (new, life-changing) drugs at the time of approval,” 

Tomas Salmonson, who retired as chair of the EMA’s 

committee for medicinal products for human use (CHMP) 

in September 2018, said in an interview for EMA’s latest 

annual report (5). “Ensuring that we obtain answers to 

relevant questions from all stakeholders in the post-

approval space is an increasing responsibility for the 

regulator,” he added.

The lifecycle approach will mean more use of 

concurrent validation, which is done simultaneously with 

a medicine’s commercialization. Usually it is performed 

only in exceptional circumstances and when the 

benefit-risk ratio is strongly in favour of the patient. As 

a result, some authorization applicants will be allowed 

to defer submission of process validation data until the 

post-approval stage.
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With control strategies, there will be more room for 

flexibility so that control parameters can be revised in 

the light of knowledge gained after commercialization. 

In this respect, biological molecules may have to be 

treated differently from small molecules, which have the 

advantage of back-up data from animal studies. Data for 

biological molecules may have to come from a combination 

of pre-clinical data and prior knowledge derived from a 

company’s internal information, as well as external sources 

such as scientific and technical publications.

There could also be more use of post-approval change 

management protocols (PACMPs), in which submission of 

post-authorization data is linked to specific pre-arranged 

post-approval product and/or process changes. It is a 

step-wise approach that allows an early evaluation to be 

followed by a later, separate evaluation of the data produced, 

based on an agreed strategy. 

“Such a stepwise approach is expected to lead to faster 

and more predictable implementation of changes post-

approval, since the (marketing authorization holder) will have 

obtained agreement from the regulatory authorities about 

the proposed strategy and tests to verify the effect of the 

change on product quality,” stated the EMA’s report (3).

Changes afoot
With PRIME products and ATMPs in general, there may 

have to be changes in regulators’ attitudes to timelines 

for PACMPs. With drugs under normal development, these 

timelines are quite flexible, whereas with priority and 

advanced medicines they may have to be made more 

time specific. There may have to be more guidance on the 

application of PACMPs with ATMPs, according to EMA (3).

The agency’s committee for advanced therapies (CAT) 

issued a question and answer guide on the use of out-

of-specification batches of authorized cell/tissue-based 

advanced treatments in April 2019 (7). Forthcoming 

regulatory changes look likely to result in alterations to 

current practices but also standards and even legislation.

GMP guidelines may have to be modified to help 

inspectors deal with the issue of sites supplying both 

clinical trial investigational medicinal products (IMPs) but 

also commercial medicines. Increasingly hospitals, acting 

as centres of excellence for the development of ATMPs 

and other similar innovative drugs, are manufacturing small 

quantities of medicines for clinical and commercial use.

Matt Popkin, UK-based director chemistry, manufacturing, 

and controls strategy, product development, at 

GlaxoSmithKline (GSK) told the workshop that in accelerated 

access scenarios there was only limited time to develop 

long-term supply chain and complete commercial 

GMP-certified activities, according to the EMA report. 

Instead, Popkin suggested alternative good manufacturing 

practice (GMP) tools may be appropriate for manufacturing 

facilities that are only supplying limited numbers of products 

to a small number of critically ill patients for a limited period (3).

Similar GMP rules for sites supplying clinical IMPs 

should be applied to those serving early stage commercial 

segments. Allowing commercial supply from clinical 

manufacturing facilities would enable patients to have 

accelerated access to medicines early in their commercial 

lifecycle, according to Popkin.

Further considerations
EMA listed in its workshop report, for further consideration, 

possible guidance on requirements for the use of IMP 

manufacturing sites for early commercial supply of 

innovative medicines (3). The agency also suggested using 

comparability as the basis for accepting clinical trial data 

from products manufactured in facilities not compliant with 

GMP. Furthermore, EMA indicated that the requirement for 

GMP certification could be waived for use of material from 

master or working cell banks in third countries, which are 

not compliant with GMP.

Difficulties with assessing the comparability of biological 

materials can also hold up accelerated product development. 

How, for example, could the comparability of materials from 

healthy donors and patients be validated when there may be 

significant differences between the two, asked the report. 

Demonstration of comparability was particularly important 

at different development phases of the manufacturing 

process. If an adequate risk assessment was to be performed 

on comparability, more knowledge of the impact, for example, 

of manufacturing changes on ATMPs was needed. 

“Most of the currently available knowledge is present in 

registration dossiers and not publicly available,” as stated 

in the EMA report (3). “It would be of great benefit if this 

information was published.”

There is a big gap in scientific knowledge about the 

differences between healthy donor and patient materials 

in relevant manufacturing processes, according to the EMA 

report. “It would be useful if all existing experience would be 

published,” EMA said (5). “That would be a good resource to 

assess new comparability cases.”

Greater global collaboration
Greater international collaboration, like that between EMA 

and FDA, could help to solve problems such as lack of 

accessible data. Agencies can cooperate to pool knowledge. 

They may even be able to distribute joint guidance on issues 

such as validation, control strategies, and specifications for 

innovative new medicines. 

One key area for international collaboration in the future 

will be the use of regulatory science to use big data and 

artificial intelligence to create models for validation and 

other quality controls. Global cooperation will be necessary 

to gain the most regulatory benefits out of digitalization.
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Y
ears ago, scaling up the production of a new 

therapy was a linear, iterative process that 

demanded patience and deep pockets. Best practices, 

and more than a little trial and error, moved processes 

from the bench to the manufacturing floor. Over 

the past decade, as manufacturing operations have 

become more complex, engineering advances 

in modelling, digitalization, single-use process 

equipment, and process intensification have made 

scale-up more systematic, for both small and large 

molecules. 

“A decade ago, most scale-up would have been a 

very linear process with lab-scale going to kilo lab-

scale to pilot plant-scale and, for successful products, 

to an in-house existing batch production facility. Now 

there are many more nodes of partnerships and 

equipment choices to be made,” says Joe Hannon, 

CEO of Scale-Up Systems. “It’s no longer just about 

getting reaction, workup, and isolation steps to work 

as best they can in existing multi-purpose equipment, 

but also about reconfiguring modular components 

in a continuous process to fit the equipment to 

the requirements of the chemistry. This is allowing 

a lot more innovative thinking and is pushing the 

boundaries in developing chemistry in ways that were 

not considered feasible until recently,” he says.

As a result, scale-up is becoming a more finely 

tuned process, with scale-out and scale-down 

playing more important roles. “The era of blockbuster 

production strategies has transitioned into scale-out 

and even scale-down for most of the bioproduction 

market,” says Michelle Stafford, global product 

marketing manager, Enterprise Solutions, GE 

Healthcare. “Multiproduct production models that 

utilize single-use technologies are now more common, 

and scale-out is becoming the norm, where increased 

flexibility and platform standardization enable faster 

changeover between batches and faster tech transfer,” 

she says.

Developers and CDMOs are utilizing 
more advanced control and 
engineering concepts to gain process 
and product knowledge and make 
scale-up more efficient. 

Changing scales 
throughout the lifecycle
At the same time, contract development and 

manufacturing organizations (CDMOs) have assumed 

a dominant position in scale-up and must master a 

wide range of scales to meet clients’ needs. “Speed to 

clinical phases is faster now, and biopharmaceutical 

manufacturers are targeting smaller patient 

populations and specialized drugs in order to access 

the market faster, reach patients, and get financial 

returns sooner than ever before,” says Stéphane 

Varray, head of launch for mammalian and microbial 

cell-based products with Lonza’s commercial 

development department. “Based on that paradigm 

shift, manufacturing scale needs to be adaptable 

along the full lifecycle of the product. Moving from a 

small scale to a larger—or vice versa—must be done 

smoothly, in the context of a regulatory framework 

that is becoming increasingly complex,” he adds. 

“Overall, the scale-up process remains the same, 

regardless of the volume of product being produced, 

but strategies have changed,” says Sebastien Ribault, 

senior director of MilliporeSigma’s global Bioreliance 

Agnes Shanley
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Process Scale-Up

end-to-end delivery and sales, 

and managing director of Merck 

Biodevelopment, the company’s 

CDMO division. “We are not using 

one scale in the lab and another one 

in the facility anymore, but multiple 

scales in the facility,” he says. In 

2010 and 2011, he says, the company 

invested in developing models to 

help its scientists understand how 

biomolecules behave at various 

scales, he says. As a result, he says, 

it has scaled all biopharmaceutical 

processes up directly (i.e., in one pass) 

since 2012, where previously, efforts 

may have required going back to the 

drawing board.

Solid dosage scale-up 
embraces new technologies
Within the past five years, 

pharmaceutical manufacturers 

have become more comfortable 

with advanced process control 

and are embracing other advanced 

manufacturing concepts, says 

Fernando Muzzio, professor of 

pharmaceutical science at Rutgers 

and head of the Center for Structured 

Organic Particulate System (C-SOPS), 

which has been focusing on tech 

transfer and commercialization of 

continuous manufacturing processes 

for solid dosage forms. 

Hannon, whose company 

specializes in scale-up simulation 

software for small-molecule APIs, 

sees a definite change in the way 

that manufacturers are approaching 

simulation. Where five years ago, 

they might simply require that a unit 

operation undergo simulation studies 

and specify the time required, they 

are now using simulation to couple 

batch kinetics with continuous 

equipment characteristics. “They 

want to operate flow chemistry 

optimally on the first run,” he 

says. “We are now seeing more 

of an appetite for deep process 

understanding around the reaction 

and impurity-formation mechanisms 

to support right-first-time operation 

in flow on scale,” says Hannon. In 

addition, he sees increased interest 

in feedback and advanced process 

control, real-time monitoring using 

industrial Internet of Things (IIoT), 

digital twins, and use of metamodels 

to allow quick response to process 

upsets.

Continuous manufacturing
Branded pharmaceutical and 

even generic-pharmaceutical 

manufacturers are increasingly 

interested in continuous 

manufacturing, says Muzzio, 

which allows development and 

manufacturing to take place at the 

same scale on the same equipment, 

eliminating the equipment scale 

issues that have dogged scale-up 

in the past. “Development-

scale equipment can become 

manufacturing-scale when run 

for longer periods of time, putting 

more emphasis on robust operation 

over long periods,” says Hannon. 

Regulators have been encouraging 

adoption of the technology, although 

balancing this support with concerns 

about how disturbances will be 

detected and managed, especially 

when they could impact product 

quality, he says. “Computational 

modelling is becoming indispensable 

for both industry and regulators when 

considering disturbance scenarios,” 

says Hannon. 

Most new chemical entities (NCEs) 

that are going from lab to larger scale 

still face scaling challenges, however, 

in that the next level equipment is 

significantly larger than the laboratory 

equipment, says Hannon. “Sound 

chemical engineering principles such 

as mixing and heat transfer must be 

engineered in for successful operation. 

And scale-down (i.e., being able to 

mimic production scale conditions 

closely in a laboratory setting) 

remains key to scale-up success, 

especially when troubleshooting a 

process,” he says.

Scaling down
Beyond troubleshooting, Muzzio sees 

growing interest in scaling down to 

smaller lines for continuous solid-

dosage form manufacturing. “Some 

companies are working with 5 kg/h, 

and a few, with 1 kg/h, which is ideal 

for products that use very small 

amounts of powder,” he says. 

He recalls one company that opted 

to start with a very small line and 

to duplicate that line four times to 

manufacture a large-volume product 

continuously. “This approach makes 

sense, because the integration of 

process, software, and sensors 

accounts for a significant fraction of 

overall costs. If you simply copy one 

line, the additional capacity will not 

add too much to overall costs.”

However, he notes, scale down 

must be approached carefully to 

avoid having to redo scale-up later 

on. “Scaled-down lines can achieve 

greater levels of isolation and 

containment, reducing the risk of 

operator exposure,” he says.

“Scale-down is not without its own 

challenges, though, particularly with 

powders, which exhibit different 

flow properties and can be much 

more difficult to transfer and mix 

at small scale than at larger scales,” 

he says, noting that improvements 

require redesigning such equipment 

as gravimetric feeders to handle low 

volumes of powder, he says.

Biopharma and 
process intensification 
Process intensification is becoming 

more important in biopharmaceutical 

manufacturing evidenced upstream 

by perfusion bioreactors and 

downstream by continuous 

chromatography. Tangential flow 

filtration (TFF) is becoming more 

prominent. In August 2019, Samsung 

Biologics scaled up alternating 

tangential flow (ATF) in a perfusion 

bioreactor at its manufacturing 

facility in South Korea. The company 

expects it to reduce processing time 

by 30%.

Pressures to reduce cost of 

goods sold (COGS) and to meet 

smaller, specialized market 

demands are driving use of process 

intensification. “The goal is to 

increase productivity per some form 

of tangible measurement, such as in 

time, volume, or dollar,” says Andrew 

Yang, global product marketing 

leader for upstream bioprocessing 

at GE Healthcare. By integrating 

technologies, simplifying operations 

and offering insights via analytics, he 

says, the approach “offers a path to 

risk reduction and economic global 

manufacturing in an increasingly 

fragmented market.” 

Increased use of 
modelling and technology
As Ribault notes, manufacturing 

scales have come down overall. 

Merck is no longer using 10,000–

15,000-L volumes for most of 
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its work. “Now, our facilities are 

running at 2000 L or below. When 

we need more volume, we operate 

with multiples of 2000 L,” he says. 

The philosophy behind scale-up has 

remained the same, however. “You 

still need to understand the platform 

and the differences not only for 

downstream but the impact of 

change of scale for upstream, which 

means gaining a clear understanding 

of the impact of agitation and power 

input, and also the quality of the 

molecule. Agitation and oxygenation 

give you a cell that will result in the 

right level of product quality. That 

is what we focus on when we scale 

up,” he says.

Computational fluid 
dynamics software is 
playing a more important 
role in modelling and 
troubleshooting, both for 
small- and large-molecule 
processes. 

Modelling and scale-down studies 

are playing a greater role in providing 

key process knowledge required for 

scale-up. AbbVie, for example, used a 

combination of mass-transfer studies 

(KLa), computational simulation 

(i.e., the use of computational fluid 

dynamics to model shear-rate 

distribution within the bioreactor), and 

scale-down (i.e., developing proof-of-

concept on a small scale in the lab, 

then scaling up to 200 L) in one recent 

project, in which the time required 

to reach process performance 

qualification (PPQ) was reduced to 18 

weeks (1). 

Ribault predicts that the use of 

digital twin technology will become 

more important in the future. “You 

can take data from as many projects 

as you have for a given cell line, 

and start to model that cell line. In 

the future, we won’t need to run 

some steps at the bench and will 

be able to run process in silico 

before running at bench,” he says. 

Multivariate data analysis is also 

becoming more important in allowing 

developers to use production data 

to determine optimal characteristics 

for components and equipment 

parameters and use them to optimize 

scale-up and manufacturing, says 

Stafford.

The tech transfer connection 
In general, scale-up success 

demands coordination with tech 

transfer (Sidebar), and good project 

management and documentation 

are key, says Ribault, who notes that 

smaller research company clients may 

need to understand that research 

data alone cannot move a project 

to good manufacturing practice 

(GMP). “We don’t want to rush 

because we know the bare minimum 

that is required to scale up without 

intermediate scale and engineering 

runs. If we deviate from that bare 

minimum, we will not be managing 

the risk properly. In the attempt to 

save a few weeks, we may wind 

up wasting a few months, or even 

quarters,” he says.

To address these challenges, 

CDMOs and customers together 

should take a careful and forward-

looking approach to planning for 

commercial supply, says Varray. This 

should include a clear idea of the 

scale of development, planning for a 

biologics license application, and a 

sophisticated regulatory approach. 

“This plan may be drafted as soon as 

Phase I is cleared. External partners 

can work together with customers 

to adapt manufacturing set-up and 

regulatory strategy while the clinical 

phase is ongoing,” he says.

Scale-up and scale-out merge
Process intensification enables scaling 

out or building incremental capacity 

rather than scaling up to larger 

equipment. As this approach gains 

acceptance, the distinctions between 

scaling up and scaling out are blurring. 

“As product kilogram requirements 

decrease, titers increase, and 

processes become more efficient, 

scaling out is becoming more of a 

viable option,” says Varray. “The ideal 

approach will depend on regulatory 

considerations, timeline to the market, 

and COGS at commercial scale. Every 

project will require its own strategy,” 

he says.

“With the adoption of high titer 

processes, process intensification 

including continuous processing, and 

perfusion, the definition of scale-up 

and scale-out are synonymous such 

that requirement for product volumes 

are lower that can be achieved 

with single-use technology and 

replicated with increasing demand,” 

says Kenneth Dawson Green, 

manufacturing team leader with 

Samsung Biologics.

At large scale (15,000 L), utilizing 

stainless-steel bioreactors, Samsung 

replicates the number of bioreactors 

required to achieve the optimal 

volumetric scale (up to 180,000 L), he 

explains. However, for single-use, the 

typical working volume is between 

2000–5000 L and replicated to achieve 

desired scale, he says. Increasingly, 

single-use and stainless-steel 

technologies are being used in hybrid 

systems such that the bioreactor 

seed train may utilize single use 

bioreactors, and the production scale 

utilizes stainless steel. Samsung uses 

hybrid systems for both upstream 

and downstream processes, Green 

says, factoring applicability, cost, ease 

of operation, operational risk, and 

waste-minimization into equipment 

selection, he notes.

Increased reliance on single-use 

equipment increases supply 

management complexity, including 

the need to monitor supplier quality 

and establish clear procedures for 

change control, says Green. Samsung 

Biologics has adapted to these 

changes by standardizing parts to 

simplify supply chain management 

and better manage inventory, quality, 

and cost, he says. The company has 

also set up partnerships with key 

suppliers (most recently with Saint 

Gobain for single-use components 

and equipment), and localized supply 

agreements near manufacturing sites 

and collaborates with vendors on 

training.

Scale-up vs. scale-out 
as the dominant approach
It remains to be seen whether 

scale-out will become the preferred 

route for biopharmaceutical 

manufacturing in the future. At 

this point, both approaches are 

needed. “Adoption of continuous 

manufacturing, including perfusion, 

has led to the requirement for 

reduced product volumes with higher 

productivities for some products,” 

says Green. “The option to scale-out 

vs scale-up presents lower process 

risk and enables more efficient 

tech transfer when processes are 

transferred at the same scale,” he 
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adds. However, he notes that this 

approach is more practical with 

single-use technology and clinical 

products for which capital investment 

may be deferred. “For larger volume 

commercial products including 

biosimilars, large-scale stainless steel 

equipment will remain the most cost-

efficient manufacturing platform,” 

Green says.

Cell and gene therapies
Increased cell- and gene-therapy 

development also poses questions for 

scale-up. “In cell and gene therapy, we 

see both forms of scale—up and out,” 

says Phil Vanek, general manager of 

cell and gene therapy strategy at GE 

Healthcare. “In vector production 

for gene therapy, for example, using 

one of many adeno-associated 

virus (AAV) isoforms, we’re facing 

a lot of scale-up challenges. Like 

every industry in its infancy, we’re 

borrowing tools and technologies that 

have been applied to prior industries, 

so we are trying to adapt bioprocess 

thinking and technologies to AAV 

manufacturing with promising results 

but a lot of room for improvement,” 

he says. 

In this case, production scale 

needs may top out at the several 

hundred liter single-use bioreactor 

scale, Vanek says, while autologous 

therapies will require the parallel 

processing of single patient batches. 

“Both models require rethinking 

conventional bioprocess scale-up. It’s 

still not completely clear how much 

standardization will be possible or 

how many new technologies will 

be needed to address the market 

demand,” he says.

At this point, says Vanek, 

manufacturing efficiency is still too 

low. With recoveries in both lentiviral 

and AAV achieving just above 20–40%, 

new technologies will be needed to 

make these delivery platforms more 

economical. GE has teamed up with 

the Center for Commercialization 

of Regenerative Medicine (CCRM) 

in Toronto, Canada, to work on 

some of these issues. Vanek sees 

scale-up, scale-out, and scale-down 

all as being vital to cell and gene 

therapy commercialization. “While 

many of the therapies today are 

autologous or patient specific, for 

certain applications (e.g., acute injury 

or non-durable treatment duration), 

allogeneic versions of autologous 

therapies may be preferred for access 

or cost reasons,” says Vanek. “We use 

scale up where we can make multiple 

doses to serve large markets; scale 

out to meet the needs of patient-

specific therapies, and, perhaps 

most importantly, scale-down in 

the appropriate high-dynamic range 

platforms to do process development.” 
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Scale-Up and Tech Transfer Success Go Together

Scale-up and technology transfer must dovetail and complement 

each other closely if processes are to be scaled up efficiently. Tech 

transfer is especially important because it sets the foundation 

for the manufacturing process, control strategy, and method 

used for process validation, explained Guillaume Plane, global 

development and marketing manager for Merck KGa’s Bioreliance, 

in a 2018 webcast (1) that focused on upstream drug substance 

transfer. Plannning and documentation, an the entire process, 

must be handled methodically and in a rigorous manner, he said.

First, Plane recommended, define the required scale before 

beginning the transfer.  At this point it is essential to ensure that 

the process is as robust as it can be and that it can be scaled with-

out issue. The next crucial step, he said, is to form tech transfer 

teams and governance structures and define a project charter 

with goals and timelines. Setting clear expectations and respon-

sibilities is crucial to avoid confusion. 

The initial charter must include project scope, timelines, and 

clearly defined responsibilities for each team member. Processes 

should be in place for communication, spelling out who will be 

responsible for ongoing troubleshooting and support. Most im-

portantly, Plane said, both parties should define what success 

will look like in the project charter. 

Process knowledge must then be developed in a process de-

scription document, which should be site- and scale-independent 

and focus on intrinsic process requirements and critical process 

parameters, said Plane. Developed by both partners, it should in-

clude a detailed description of the process and offer an overview 

of each step. Site-specific details from previous process installa-

tions may be included, if helpful, he says. Everything from mate-

rials (e.g., raw materials and consumables); analytical methods; 

vendors; as well as facility and equipment requirements should 

be spelled out, he said. Following a detailed gap analysis, and 

a walk-through at the receiving site, partners should create a 

detailed project plan based on the process description document. 

Small-scale models can be used to help determine the impact 

that would be caused by any process changes. In addition, all 

process risks must be identified and mitigated. 

Success criteria will be essential in deciding which changes 

to accept. Modelling can help reduce problems that result 

when a transfer occurs between facilities with different brands 

and sizes of equipment (e.g., different mixing and sparging 

equipment), which can result in differences that may affect cell 

growth and product quality. Plane recommends mass-transfer 

modelling as one way to help determine the best equipment 

settings (2).  
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T
he rapid advance of gene and modified cell therapies and growing 

interest in viral vaccine therapies are creating significant demand for 

large-scale viral-vector manufacturing capabilities. Biopharma companies 

and contract manufacturers alike face a host of challenges as they work 

to meet this crucial market need, from a limited availability of technology 

to a lack of standardization to complex and evolving regulatory pathways.

Many significant challenges
There are numerous challenges to sourcing effective large-scale 

manufacturing solutions for viral vector production. Based on 

conversations with customers over the past several years, Univercells 

has identified the major hurdles in large-scale virus manufacture, 

which include expensive manufacturing facilities, lack of expertise, 

limitations in the number of scalable manufacturing technologies 

available in the market, and the high cost of good manufacturing 

practice (GMP)-grade reagents including transfection mix, plasmids, 

and bovine serum, according to Thomas Theelen, business 

development manager at the company. 

“Equipment and facility setup using the technology that is available, 

most of which has been adapted from other therapeutic areas, is very 

expensive and often does not support product manufacture through 

different maturity stages including process development, clinical 

trials, and commercialization. In addition, the level of expertise around 

developing large-scale manufacturing processes for gene therapies is 

limited, and the use of flatware for cell culture and sub-optimal down-

stream processing protocols result in low yields; both factors also 

influence the overall cost of goods sold (COGS),” Theelen explains.

“Existing manufacturing processes are often complex with hard-

to-control unit operations and unfavourable COGS profiles,” agrees 

Xin Swanson, head of commercial development for viral vector gene 

therapy, Lonza Pharma & Biotech. As an example, she points to the 

widely used transient transfection process for associated adeno virus 

and lentivirus (AAV and LV, respectively) production, which mainly uses 

adherent cells and lacks scalability and lot-to-lot consistency due to 

variability in transfection efficiencies. In addition, she notes that many 

Seeking 

Solutions for 

Large-Scale 

GMP Viral Vector 

Manufacturing
Innovation in manufacturing technologies 

must occur to ensure the availability of 

gene therapies and cell therapies.

downstream processes for early-

stage clinical production often employ 

gradient centrifugation steps that lack 

the ability to be furthered scaled. 

“Overall the volumetric productivity 

of virus particles per cell from culture 

systems and complete virus recovery 

rates through downstream processing 

are sub-optimal among existing 

production systems, both of which 

negatively impacts COGS. As a result, 

the lack of standardized production 

platforms that support industrialized 

scale processes is the leading 

challenge,” Swanson concludes.

Further complicating the situation 

is a lack of standardized and 

advanced analytical methods for 

vector characterization and release 

testing (including in-process samples), 

which makes it difficult to have well-

understood manufacturing processes 

before incorporating process 

improvement steps, according to 

Swanson. Other challenges include 

a lack of automation in key steps of 

the manufacturing process; immature 

supply chains, which creates risk and 

leads to a lack of standardization/

innovation of critical raw materials; 

and rapidly advancing regulatory 

pathways that are complex to 

manage among different jurisdictions. 

Increasing urgency
Many of these challenges have 

existed for several years, with some 

developments occurring along the 

way. For instance, Theelen observes 

that novel scalable bioreactor systems, 

the implementation of continuous 

bioprocessing, and the introduction of 

new resins for viral vector purification 

are having an impact. “Several 

companies are developing suspension-

based processes and implementing 

stable producer cell lines,” he notes. 

However, he adds that even though 

stable cell lines have the potential to 

significantly reduce COGS, developing 

robust processes using these stable 

cell lines is still a challenge. The same 

is true for suspension-based processes, 

which currently require significant 

investments in process development 

and extend the time to market. 

What has largely changed, according 

to Swanson, is the timeline for 

overcoming these challenges. “It 

is critical to meet the clinical and 

commercial manufacturing needs for 

Cynthia A. Challener 
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these curative therapies, and the need 

is becoming more urgent due to the 

rapid advance of clinical progress. The 

lack of manufacturing scalability has 

created a vector shortage, and the 

collection of sufficient vector chemistry, 

manufacturing, and controls (CMC) 

information has become a bottleneck 

during the product development 

lifecycle,” she asserts. 

Theelen adds that to ensure that 

more gene and other next-generation 

therapies reach patients, reducing 

COGS is necessary to increase 

availability, facilitate reimbursement, 

alleviate the burden on healthcare 

budgets, and ensure that innovator 

companies can offer their products at 

an affordable price while maintaining 

sustainable gross margins. “Scalable 

and reliable technologies for cost-

effective cell and gene therapy 

manufacture will reduce the reliance 

of biopharmaceutical companies 

on hard-to-acquire expertise 

and dependence on contract 

development and manufacturing 

organizations (CDMOs),” he says.

Additionally, Theelen notes that 

developing technologies that facilitate 

process and product development 

will shorten the time-to-market and 

reduce development costs, while 

increasing the number of technology 

candidates will intensify competition 

and finally drive down materials and 

equipment costs. 

Innovation is a priority
Technology innovation is key to 

addressing the challenges associated 

with large-scale GMP viral vector 

manufacturing, agrees Tania Pereira 

Chilima, NevoLine product manager 

at Univercells. “Solutions that are 

tailored for gene therapy manufacture 

and combine a low capital investment, 

scalability, ease-of-operation, and 

robustness while maintaining product 

quality are needed,” she comments. 

It is also important that 

these technologies are able to 

accommodate the manufacture of 

gene therapy products with low and 

high annual demands to ease the 

development and commercialization of 

personalized gene therapies and viral 

vector-based vaccines. Lowering the 

capital investment is also necessary 

for reducing the entry barriers for 

gene therapy start-up companies.

Swanson adds that all of the 

major challenges must be tackled 

concurrently in order to address 

the manufacturing challenges. “The 

optimal goal is to deliver products 

that will meet target product 

profiles with defined quality 

attributes while realizing the need 

to increase process productivity 

and reduce COGS,” she says.

CDMOs have an
important role
CDMOs have a vital role to play when 

it comes to manufacturing innovation 

for viral vector production. “Given 

the fast pace of clinical development 

timelines and the unconventional 

demand curve of curative therapies, 

CDMOs offer competitive advantages 

not only from a manufacturing 

technology advancement perspective, 

but also from a cost perspective 

with respect to optimizing capital 

expenditures and better managing 

operating expenses,” Swanson states. 

Pereira Chilima agrees that 

CDMOs are a major gateway for the 

adoption of new technologies. “Many 

established gene-therapy developers 

rely on CDMOs throughout all stages 

of product development and even 

once they reach the commercialization 

stage. The expertise of CDMOs in 

large-scale production helps cell 

therapy developers evaluate different 

avenues for cell therapy manufacture 

and select the technologies to be 

used once they decide to internalize 

product production,” she explains.

CDMOs are also in the unique 

position of developing and providing 

manufacturing platform processes 

that will allow drug developers to 

focus on product innovation and 

significantly shorten the gene-

to-product development timeline, 

according to Swanson. 

Achieving some progress
One of the most important 

developments highlighted by 

Swanson has been the transitioning 

of cell-culture processes from an 

adherent format to a suspensions 

format via cell-line adaptation, 

which is enabling better scalability. 

Development of stable producer 

cell lines is also reducing process 

variability and enabling the adoption 

of intensified processing solutions. A 

better understanding of the important 

qualities of critical raw materials, 

such as animal serum, plasmids, non-

chemically-defined media, and the 

extractables/leachables associated 

with single-use technologies has 

also helped to address some 

manufacturing challenges. 

Incorporating design-of-experiment 

study principles and use of improved 

bioprocess control and data analysis 

software are allowing process 

development/optimization to be 

conducted at the multiparameter 

level, while new analytical methods, 

such as more accurate viral vector 

quantitation techniques, provide a 

better understanding of impurity 

profiles and allow for better 

process monitoring. In downstream 

processing, density-gradient 

centrifugation is being replaced with 

chromatography methods for more 

consistent and efficient operations. 

Collaboration is key
Collaboration between the different 

stakeholders in the industry is 

necessary to build on preexisting 

expertise and capitalize on academic 

innovation to help guide technology 

developers on the gaps that must be 

addressed in the industry, according 

to Pereira Chilima. Adds Swanson, 

“Collaboration between members 

of the value chain, ranging from 

innovators, manufacturers, and 

reagent and equipment suppliers 

to regulators, as well as close 

collaboration between academic and 

industry partners, is critical in driving 

solution development.” 

Pereira Chilima also notes that 

involving the regulatory bodies and 

payers early on is needed to reduce 

regulatory barriers and ensure 

adequate reimbursement.

These types of collaborative 

efforts are ongoing, she says. Good 

Challenges 
include the lack 
of automation, 
immature supply 
chains, and 
complex regulatory 
pathways.
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examples include the efforts made 

by the Cell and Gene Therapy 

Catapult and Cobra Biologics to 

investigate continuous manufacturing. 

Univercells is also actively discussing 

promising collaborations with 

established gene therapy companies 

with the aim of combing its expertise 

to develop manufacturing solutions 

for end-to-end viral vector production 

for gene therapy applications.

Platform development 
Lonza has invested substantial 

internal research and development 

efforts in platform development, 

particularly in the area of AAV and 

LV production. Specific focus areas 

include scalable suspension-based 

transient transfection processes and 

stable producer cell-line technologies, 

according to Swanson. Concurrently, 

the company is investing in the 

development of novel analytical 

methods and new media formulations 

with the aim to provide turn-key 

solutions. In addition, Lonza has 

invested heavily in a manufacturing 

capacity expansion with the opening 

of its dedicated, 300,000-sq.-ft. cell 

and gene therapy facility in Houston 

in 2018. The facility uses a modular 

design concept and single-use 

technologies to allow clients quick 

access to scaled-up production 

capacity based on project needs. 

Univercells, meanwhile, has 

developed the NevoLine platform, 

a modular and automated 

manufacturing system delivering 

affordable viral products such 

as vaccines and gene therapy 

vectors. This design of the NevoLine 

platform relies on a modular 

approach, allowing for a variety of 

configurations that provide tailored 

solutions for a range of products, 

according to Pereira Chilima. Viral-

vector-specific NevoLine platforms 

can be designed for enabling AAV or 

LV manufacture for small- and large-

scale applications.

At the core of the NevoLine 

platform lies the scale-X fixed-bed 

bioreactor coupled with in-line 

product concentration to intensify 

upstream processing and deliver 

large product quantities within a 

reduced footprint. “Intensification 

of each unit steps allows for drastic 

footprint reduction, enabling the entire 

process to be placed in self-contained 

modules such as isolators or biosafety 

cabinets,” Pereira Chilima explains. 

“The platform aims to minimize the 

capital investment for gene therapy 

manufacturers while delivering the 

low COGS and flexibility required 

to support the development and 

commercialization of gene therapy 

products, eventually ensuring their 

availability to patients,” she says. PTE

CPhI Awards to recognize technology, corporate, and individual achievements 

Innovation in the development and manufacture of 

pharmaceuticals again will be recognized through the annual 

CPhI Pharma Awards. The awards programme, now in its 16th 

year, is open to pharmaceutical and biopharmaceutical companies 

engaged in the design, development, manufacture, production, 

and distribution of small-molecule and biologic drug products. 

The awards recognize excellence in nine categories. Entries 

are judged on four criteria: innovation, purpose and benefits 

to the audience, problem-solving, and competitive advantage. 

Nominations were accepted in the following categories:

• Excellence in Pharma: API Development

• Excellence in Pharma: Finished Formulation

• Excellence in Pharma: Manufacturing 

Technology and Equipment

• Excellence in Pharma: Bioprocessing & Manufacturing 

• Excellence in Pharma: Analysis, Testing, and Quality Control

• Excellence in Pharma: Packaging & Drug Delivery Devices

• Excellence in Pharma: Supply Chain, 

Logistics, and Distribution

• Excellence in Pharma: Contract Services and Outsourcing

• Excellence in Pharma: Regulatory 

Procedures and Compliance.

In addition, recognition will be given for service to the indus-

try. The CEO of the Year award will recognize an executive of a 

bio/pharma or service provider who displays dynamism, lifetime 

achievements, leadership qualities, and contribution to the in-

dustry. Candidates will be evaluated on financial and product 

performance, global reach, leadership skills, management capa-

bility, charitable initiatives, sustainability, regulatory compliance, 

profitability, vision, marketing, acquisitions, corporate strategy, 

and financing. 

  The Pharma Service Company of the Year award will recog-

nize innovation in technologies, products, processes, and services 

designed to ensure that bio/pharma companies comply with 

compendial standards and rules established by regulatory au-

thorities. The candidates will be evaluated on innovation, depth 

and breadth of competencies, operational excellence, business 

growth and success, and differentiation.

  The Lifetime Achievement Award will recognize an individual 

for their pharmaceutical or biotech career-long service and a de-

monstrable commitment toward driving innovation and advance-

ment in Pharma. The winner may be retired or semi-retired but 

will continue to be active in the industry in some capacity.

Entries were accepted through 23 August 2019. A judging 

panel of independent industry experts, including editorial repre-

sentatives from Pharmaceutical Technology Europe magazine, will 

review entries. The winners will be announced during a reception 

5 November 2019 at The Forum, Congress Center Messe, at CPhI 

Worldwide in Frankfurt, Germany.

Previous winners include Ipca Labs Limited for API develop-

ment of atemisinin, Merck for the Parteck MXP excipient, AqVida 

GmbH for its filling line, Tornado Spectral Systems for the Hy-

perFlux PRO Plus, Nemera for the e-NOVELIA ophthalmic add-

on, Technoflex for Dual-Mix packaging, Systech International for 

UniSecure supply chain security, CatSci Ltd for development of a 

novel bio-catalyzed manufacturing route for a generic API, SRS 

Life Sciences for the SRS Unistraw Delivery System, and Qualit-e 

Cloud for its raw materials quality documents web portal.

—The editors of Pharmaceutical Technology Europe
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ral solid-dosage forms are commonly examined by time-

consuming, off-line tests of only randomly chosen samples. This 

article discusses an alternative, fully integrated, at-line spectroscopic 

quality control approach for oral solid dosage forms and presents the 

findings of a case study in this field.

Benefits of PAT solutions 
Process analytical technology (PAT) tools allow process monitoring and 

process control of the critical parameters during production. Furthermore, 

in many cases, PAT even provides a better process understanding. 

PAT tools are mainly integrated as in-line, on-line, or at-line solutions. 

In-line and on-line techniques perform frequent measurements directly 

in the product stream, allowing fast reaction and even process control. 

The difference between these two solutions is how the PAT tool is 

integrated into the process; on-line uses a sampling loop while in-line 

refers to measurements directly in the process stream. These solutions 

are the methods of choice for detecting short process disturbances. 

Nevertheless, integration into the process and, in particular, the 

requirement to find a representative measurement position without 

disturbing the process, might be challenging. 

For at-line PAT tools, the samples are commonly withdrawn out of 

the process, and the analysis is performed on the defined number of 

samples in the production environment. Several tests can be performed 

on exactly the same sample during the manufacturing process, such as 

measurement of weight and content needed for a content uniformity 

assay. Therefore, such a system is a good start for the definition of the 

real-time release (RTR) strategy. Furthermore, as the analysis is performed 

directly after the manufacturing step (not off-line in the lab), it enables 

the manufacturer to react immediately to process variations and reduce 

waste by potentially stopping the process and recapturing the powder.

Advantages of spectroscopic techniques
Spectroscopic techniques, such as near infrared (NIR) spectroscopy, 

are non-invasive, non-destructive, and allow fast quality control 

The Road to

Real-Time Release:

At-line NIR Testing 
At-line NIR measurements can replace a laboratory

HPLC measurement for API content. 

investigations on higher amounts 

of samples during the complete 

manufacturing process. Thus, NIR 

exhibits great potential as a PAT tool 

for control of the critical parameters 

during production and better process 

understanding. Furthermore, the 

same NIR measurement delivers 

information about chemical and 

physical attributes of the sample. 

Thus, it is applicable for measurement 

of API concentration, moisture, 

density of the sample, and so on. 

Two major measurement 

approaches for NIR spectroscopy, 

transmission and reflection, are 

possible. Reflection is the method 

to choose on moving samples (e.g., 

powder, tablets) due to its ability to 

measure at high speed and its low 

sensitivity to changes in sample 

thicknesses. One limitation is that 

the penetration depth of the NIR light 

has to be taken into account, with a 

special focus on the ratio of measured 

volume to the whole sample volume. 

For at-line measurement on a 

static sample, transmission is a better 

solution; because the light signal 

travels all the way through the sample 

(rather than partway through as in 

reflection NIR), the information within 

the sample is acquired. Additionally, 

measurement on static samples 

brings an advantage of longer possible 

measurement time, allowing the usage 

of slower NIR spectroscopy devices 

with higher resolution. 

The combination of measured 

sample volume, non-moving sample, 

and higher resolution for transmission 

NIR allows measurement of lower 

API concentrations compared to 

reflection NIR. However, the thickness 

of the sample might be a limitation for 

transmission, because the light needs 

to propagate through the sample. 

Tablets less than 9 mm thick are 

usually accessible by transmission NIR.

At-line PAT solution
To benefit from all the advantages 

of an at-line spectroscopic PAT 

solution, the PAT tool should be 

integrated into the process to allow 

frequent measurement and control 

during the process. For example, in 

an at-line tablet tester, the tablets 

are automatically sampled after 

the tabletting process and pass 

individual measurement positions 

Anna Novikova, PhD 

is a process analytical 

technology scientist 

at Fette Compacting, 

anovikova@fette-

compacting.com.

20    Pharmaceutical Technology Europe SEPTEMBER 2019  PharmTech.com

FOR PERSONAL, NON-COMMERCIAL USE

mailto:anovikova@fette-compacting.com
http://www.pharmtech.com/


Tabletting

(e.g., tablet weight measured by a 

scale and API content measured by 

NIR). Subsequently, these values 

are transferred back to the process 

control system. As mentioned, 

this position is a good choice for 

the NIR spectroscopy transmission 

measurement, although there are 

additional challenges for integration 

into the process. It is well known 

that an off-line NIR spectroscopy lab 

analysis in transmission is a precise 

and reliable technique, but the 

positioning has to be as precise as 

possible, because it influences the 

signal-to-noise ratio. Additionally, 

unwanted scatter light, which escapes 

from the sides of a sample (tablet), 

PUTTING NIR TO GOOD USE IN TABLET FORMULATION AND MANUFACTURE

Oral-solid dosage (OSD) forms remain a popular choice for both pharmaceutical 

companies and patients. Convenience, ease of manufacture and administration, 

increased stability, and simplicity for pack and transport—compared with 

alternative dosage forms—are some of the factors leading to the continued 

popularity of OSDs.

According to market research, the global OSD formulation market is 

anticipated to grow by an annual compound rate of 6.5%, reaching a value of 

US$926.3 billion (€826 billion) by the end of 2027 (1). As tablets comprise a 

significant proportion of OSD forms, within the pharma industry, tools that can 

aid in formulation and manufacturing efficiencies are of critical importance.

One such tool that finds use in tablet formulation and manufacture is near-

infrared (NIR) spectroscopy. To learn more, Pharmaceutical Technology Europe 

discussed the technique and its uses in greater detail with Federica Giatti, 

compression technologist at IMA Active Process Development R&D Laboratory. 

Useful in every step

PTE: Could you highlight the main uses of NIR specifically in tablet formulation 

and manufacture?

Giatti (IMA): NIR spectroscopy can be used in every step of the tablet 

formulation and manufacturing processes. For example, NIR is useful in tasks 

such as raw material identification, blend homogeneity, tablet characterization, 

and end-points determination in manufacturing critical process parameters. 

Thanks to the efficient and non-destructive method offered by NIR 

spectroscopy in the detection and quantification of physical and chemical 

characteristics of tablets, it is possible to quantify many tablet attributes, such as 

drug content, hardness, and dissolution, non-destructively from a single 

measurement. Additionally, NIR can be useful for in-line process control, where 

it can be used to monitor whether or not tabletting is performed to the required 

quality level over time. The probe can deliver real-time data to prevent process 

deviations and stop the machine before powder has gone through the process 

area. Statistical post-process NIR analysis can be also implemented to verify, in a 

redundant way, the quality of tablets and compare with spectra acquired before.

Considering several variables

PTE: Why is it important to analyse materials to be used in tabletting, and how is 

NIR beneficial for these purposes? 

Giatti (IMA): Several variables should be taken into consideration in a 

common tabletting process—variations in raw materials, deviations in 

granulation, or handling of all phases of formulation preparation could all affect 

the quality of the final blend.

Although NIR spectroscopy cannot be the primary analytical method for 

characterizing raw materials, its sensitivity to certain raw material characteristics 

(e.g., moisture content) allows for verification of the consistency between each 

API or excipient batch. 

In the granulation process stages, a process analytical technology (PAT) 

approach based on NIR sensors allows for the simultaneous determination of 

multiple parameters by measuring on-line residual moisture and particle 

enlargement during all phases of the granulation process by achieving the 

desired quality attribute phase-by-phase and not at a predetermined time. 

Verification of blend homogeneity is another interesting feature of NIR 

technology because it can lead to the avoidance of issues caused by thief 

sampling used in traditional content uniformity testing of powder blends. The 

spectral information can provide data about qualitative features of the blend 

(possibility to predict mixing end-point) or quantitative characteristics (API 

content) for building a specific calibration model.

Furthermore, NIR spectroscopy is useful when trying to keep process 

variations under control. A big advantage of the technique is real-time 

optimization of the process parameters by reducing the risk of batch rejection. 

This benefit is achievable as information about process or material properties can 

be obtained in a shorter period of time. 

Uses for dissolution testing

PTE: Can NIR provide significant benefits in dissolution testing? 

Giatti (IMA): NIR spectroscopy has been evaluated by numerous investigators 

for predicting dissolution profiles in a PAT approach. The major benefits provided 

by the technique are that it is a fast, non-destructive method allowing users to 

overcome the issues of a potentially long, drawn-out analysis as well as the small 

sample size that is commonplace in standard dissolution tests. 

Moreover, dissolution can be predicted to a certain level of reliability through 

calibration model development (e.g., partial least squares) when API content is 

variable. In addition, as NIR spectroscopy can detect the physical characteristics 

of tablets or a powder blend, tablet hardness variation can be monitored with 

NIR spectra. It is well known that as strength increases, API release decreases, 

and so for this reason, if the NIR spectra are studied extensively, dissolution 

behaviour can be accurately predicted.

What might the future hold?

PTE: In your opinion, what does the future hold in terms of NIR spectroscopy 

within tablet formulation and manufacture?

Giatti (IMA): Regarding the future, particularly looking toward continuous 

manufacturing, NIR spectroscopy can help in the prediction of deviations from a 

quality gold standard using post-process chemometric algorithms. Through the 

acquisition of spectra continuously over time, pharmaceutical developers and 

manufacturers will be able to define specific areas or sections of the process 

when critical process parameters are under control, and also when out-of-

specifications occur. For the latter situation, it could be possible to set up an 

alarm that can stop the machine and as a result avoid batch rejections.

Reference
1. Future Market Insights, “Oral Solid Dosage Pharmaceutical Formulation 

Market: Emerging Markets of Latin America, APEJ, and MEA to Collectively 

Hold over 45% Market Value Share: Global Industry Analysis 2012–2016 

and Opportunity Assessment 2017–2027,” futuremarketinsights.com, 

Market Report, 18 July 2017.
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also has a high influence on the 

measurement precision and should be 

avoided. Therefore, new challenges 

for an automated at-line PAT solution 

are precise and repetitive positioning 

and avoiding scattered light when 

measuring during the process. 

Two of the main goals of at-line 

analysis are to replace the final 

analysis in the lab (e.g., high-

performance liquid chromatography 

[HPLC] for the API concentration and 

content uniformity) or the direct 

release of batches after production 

(i.e., RTR). At least four release tests 

(i.e., identity, assay, content uniformity, 

and even dissolution) performed by 

NIR in combination with a scale might 

be a part of the RTR strategy and thus 

replace these lab tests. The following 

case study performed by Bayer in 

collaboration with Kraemer Elektronik 

and Fette Compacting shows that this 

goal is achievable. 

Case study 
Bayer tested a technique using an 

automated tablet tester equipped with 

NIR spectroscopy on a formulation 

with a low API concentration. In this 

study, the suitability of an integrated 

at-line transmission NIR spectroscopy 

solution to predict the API 

concentration of the sample tablets 

with an accuracy comparable to HPLC 

was investigated.

Methods. Tablets were produced 

on a rotary tablet press (2200i, Fette 

Compacting) with 6-mm round 

concave punches. The compression 

force and compression speed were 

varied to verify the robustness of the 

model. Tablets with eight different 

API concentration ratios (in the range 

of 0–6% API concentration) were 

compressed. Thereafter, the tablets 

were randomly assigned to either a 

calibration or a test set. 

Subsequently, the calibration set 

tablets were measured with NIR Flex 

N-500 Solids Transmittance (Büchi 

Labortechnik). The calibration model 

was calculated with NIRCal Software 

(Büchi Labortechnik) and then 

transferred to the NIR Checkmaster 

(Fette Compacting/Kraemer 

Elektronik). The NIR Checkmaster, 

shown in Figure 1, is a fully automated 

tablet tester with a built-in NIR 

Flex N-500 Solids Transmittance 

spectrometer. 

The tablets are withdrawn out 

of the process and guided by the 

sampling gate of the tablet press 

to the NIR Checkmaster. The NIR 

Checkmaster positions the tablets 

by the rotating star wheel in front of 

individual testing stations: weight, 

thickness, hardness, diameter, and NIR 

transmission measurement cell, where 

the measurements are performed. 

Thereafter, all measured values 

(including API content measured by 

NIR transmission) are transferred to 

the tablet press. The tablet press can 

take an action based on the results. 

Furthermore, these results are 

included into the batch record.  

The test set tablets with four 

different API concentration ratios were 

analyzed with the NIR Checkmaster, 

which was operated by the tablet 

press software. All tablets were 

measured with HPLC to determine the 

reference API concentration. Results 

of the NIR Checkmaster and HPLC 

were then compared.

Results and discussion. Figure 2 

shows that the mean API HPLC values 

and the NIR Checkmaster values have 

comparable standard deviations for 

the four concentrations of the test set. 

The NIR Checkmaster values include 

manufacturing process variabilities, 

such as changes of the compression 

speed and the compression force. An 

exact positioning of the tablet using 

Figure 1: The NIR Checkmaster (Kraemer Elektronik/Fette Compacting) is an 

automated tablet tester.
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Figure 2: Comparison of the API concentration predicted with NIR Checkmaster 

and API concentration values measured by high-performance liquid 

chromatography (HPLC). The error bars are visualizing the standard deviation.
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a patented format part tablet holder 

that always positions the tablet in the 

same way in front of the sensor was 

crucial for obtaining accurate results 

using the tablet tester. In addition, 

the holder avoids the occurrence of 

unwanted scatter light. 

Conclusion
Based on the results shown in Figure 2, 

the presented at-line spectroscopic 

solution exhibits a great potential for a 

robust RTR strategy, because the NIR 

Checkmaster is able to predict the same 

concentration values with a comparable 

standard deviation as HPLC. Additionally, 

the tablet tester is fully integrated into 

the process, enabling process control 

and documentation. This PAT solution 

already offers several benefits along 

the road to RTR: process control and 

reduction of waste batch production, 

gaining of process understanding 

and process knowledge, and finally 

reduction or elimination of the off-line 

lab analysis. 
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From Quality by Design to Quality by Control

On 6 May 2019, at St. John’s University in New York City, the 11th annual Charles 

Jarowski Symposium in Industrial Pharmacy offered a realistic look at the 

opportunities and challenges posed by continuous pharmaceutical manufacturing. 

Several speakers on the programme emphasized the importance of feedforward 

and feedback control. Ajaz Hussain, consultant and director of the National Institute 

for Pharmaceutical Technology and Education (NIPTE), a consortium of universities 

dedicated to advancing the concepts of modern pharmaceutical development and 

manufacturing, noted that such control systems will be crucial in the 

commercialization of more advanced therapies.  In fact, pharmaceutical quality by 

design (QbD) is becoming much more dynamic than what had been outlined in the 

first US Food and Drug Administration (FDA) guidance on that topic, and it is 

evolving into “quality by control.”

As pharmaceutical manufacturers become more comfortable with more advanced 

process control, the focus is shifting from the design space and locking in control 

strategy for the process during development, to greater use of feedback control so that 

any variation in input won’t result in a change in output.  The idea, according to Zoltan 

Nagy, a professor at Purdue University’s School of Engineering, is to make critical 

quality attributes (CQAs) tunable so that the system can find the conditions at which it 

needs to operate in order to ensure final product quality. “Focus on final critical quality 

attributes and let anything else change if it has to change, to leave CQAs constant,” said 

Nagy, whose presentation focused on continuous crystallization and use of feedback 

and feedforward control.

“Unit operations must be considered as a system. In order to manipulate them, 

you need an array of continuous monitoring systems, but the real power is if we use 

this information for feedback control, and allow the system to change by 

manipulating critical process parameters to control critical quality attributes.”

As Nagy noted, process analytical technology (PAT) tools have been used for 

15–20 years to improve process understanding but until fairly recently they had 

seldom been used in feedback controls. Software is now being developed, he said, 

to take these tools and use redundant information for data reconciliation to 

inferentially control CQAs that may not be directly measurable and maintain them 

at the desired value.

Exploring continuous encapsulation 

Representing Big Pharma, experts from two early adopters of continuous 

manufacturing approaches shared their plans and some of their experiences. 

Takeda Pharmaceuticals, which acquired Shire Pharma’s continuous manufacturing 

expertise when it bought the company, has continued continuous research and 

piloting efforts begun by Shire in 2016, according to Jim Bonner, Takeda’s director of 

small-molecule drug product, who spoke in the programme (1). The company, along 

with Thermo Fisher’s Patheon, is exploring the use of continuous manufacturing for 

encapsulation as well as tabletting, focusing on the continuous direct encapsulation of 

Vyvanse (lisdexamfetamine dimesylate), a treatment for attention deficit/

hyperactivity disorder that was approved in 2007. Configuring encapsulation 

equipment for continuous manufacturing has been challenging, he noted.

The company has completed trial runs using near-infrared (NIR) and Raman 

spectroscopy, which involved scanning 30 different blends three times, then using 

product of least squares (PLS)-based chemometric methods on reference gravimetric 

rather than high-performance liquid chromatography (HPLC) assay data. Extensive 

design of experiments work has also been done, and the company is anticipating 

approval of the continuous process by 2020.  As Bonner pointed out, these efforts 

have underscored the need for more robust and economic PAT options and simplified 

model maintenance. In addition, he believes that FDA should be shown that loss-in-

weight feedback data are more accurate than data provided by NIR models. 

Andrew Farrington, principal scientist for oral formulation sciences at Merck 

in West Point, PA, discussed the company’s pilot project, designed to build upon 

existing expertise in real-time release testing, raw materials monitoring, and 

QbD (2). The pilot applies continuous-to-direct compression and film coating 

using tablet transmission NIR and tablet weighing instead of content uniformity, 

and hardness and disintegration instead of dissolution. The goals are to produce 

nearly one billion tablets per year with less than 90-day lead times from 

formulation to patient in a two-floor installation that is roughly one-third the 

size of traditional tabletting facilities. 

The company engaged early in discussions with regulators and is now working on 

both a continuous product development line, capable of manufacturing 5–20 kg/h 

of product, and a commercial line, with capacity of 10–90 kg/h. The advantages of 

the small-scale unit, he said, included a single point of control, facilitating remote 

equipment operation and potentially allowing operators to be removed from the 

processing environment.  The company has developed a predictive model based on 

material attributes for continuous feeding and has also tested twin screw granulation.  

Although the company is optimistic about the role that continuous processes will play 

in the future, Farrington asserted that a mix of batch and continuous will be better for 

the industry’s assets and supply chains.
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Research compared the properties of 

corticosteroids processed by wet and dry 

milling for use in inhalation formulations.
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W
ithin the past few years, much has been learned 
about characterizing the particles used in inhala-
tion therapies, with the goal of improving drug 
delivery to the lungs. Optimizing the manufac-

turing of these therapies requires avoiding particle inter-
actions during size reducing, blending, and capsule filling, 
because these can affect the final product’s quality. 

In an inhalation formulation, the physicochemical prop-
erties of size-reduced drug particles strongly affect the end 
product’s stability and performance. Previous studies re-
ported that size-reduced APIs that had been milled using 
different techniques may present significant differences 
in terms of morphological and interfacial properties (1,2). 
Characterizing the particles’ surface properties is key to 
understanding API/excipient interactions and their impact 
on the final formulation performance. 

Selecting the micronization technique
Selecting the micronization technique is crucial for particles 
that are to be used in inhalation therapies, because it will 
determine the API’s properties. For inhalation delivery, a 
narrow and controlled particle size distribution (PSD) is key 
to improving and consistently delivering the aerodynamic 
performance. With a narrow PSD and Dv90<5μm, the frac-
tion of particles that reach the lungs (FPF) will be higher.

These interactions depend on physicochemical charac-
teristics of the particles, such as morphology, electrostatic 
charge, contact area, surface energy, carrier surface rough-
ness, and relative humidity. Thus, the characterization of the 
particles’ surface properties becomes the key to understand-
ing their surface-based phenomena, offering insights into 
interactive forces and adhesion affecting the API, carrier 
and device. Several studies (2,3,4) have shown the impor-
tance of the particle’s properties to the efficacy of the for-
mulation and its aerodynamic performance.

The objective of this work was to analyze and compare 
particle attributes (e.g., size, morphology, polymorphism, 
and surface properties) of two different corticosteroids that 
are intended for inhalation formulations. The materials 
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were processed by both wet and dry milling. Different size 
reduction approaches were evaluated.

Micronization. Micronization is a high energy-driven pro-
cess that may induce changes in the crystallinity of materi-
als and form amorphous domains on the particles’ surface. 
These amorphous domains, even when present in very small 
amounts on the particles’ surface, have a significant impact 
on the material’s physicochemical nature. In addition, they 
may affect particle-particle interactions. 

It is hypothesized that the milling process changes the 
orientation of molecules on the surface of the powder parti-
cles and changes surface energy (2). Additionally, the amor-
phous regions of the crystal tend to be converted into a more 
energetically stable crystalline form. The recrystallization 
of amorphous domains of the particles often leads to par-
ticle size growth and agglomeration as a result of molecular 
rearrangement phenomena occurring at the surface of the 
particles and, over time, can strongly affect the aerodynamic 
performance of a pharmaceutical formulation.

Jet milling. Jet milling (JM) is widely used in the pharma-
ceutical industry and remains the leading technology for 
particle size reduction and to obtain powders within the 
inhalation size range. In JM, the powder to be size-reduced 
is fed into a milling chamber where compressed air or nitro-
gen, usually in a vortex motion, promotes particle-particle 
collisions. 

Particle classification is made by inertia, following reduc-
tion via impaction and abrasion. JM is a solvent-free and 
cost-effective technique capable of yielding an appropri-

ate PSD for simple inhalation applications. During the JM 
process, however, large quantities of energy are employed 
that may lead to undesired morphological changes, amor-
phization, and/or conversion in a different crystalline form 
of the APIs, often requiring post-conditioning steps.  The 
conditions under which the particles are processed to attain 
lower PSD influence particle morphology and the surface 
energy of the products. 

Wet polishing. Wet polishing (WP) is an alternative wet 
milling technique that circumvents the limitations associ-
ated with JM and is capable of generating stable crystalline 
material. Unlike JM, this technique uses an appropriate anti-
solvent to produce a suspension during the milling phase 
that is later removed during a subsequent drying step (e.g., 
spray drying). 

The WP process is easily scalable, more reproducible than 
JM, and offers a much higher control over PSD, enabling 
finer PSD customization with narrower spans. Unlike JM 
micronization, which requires higher levels of energy and 
may result in a polymorphic form changing, WP requires 
less energy and maintains the polymorphic form, and, thus, 
is often considered preferable to JM.

Analysis and experimentation
To determine and compare the effects of various microniza-
tion processes, several batches of two APIs that are widely 
used in inhalation therapies, were produced by wet and dry 
milling. The following methods were used to evaluate the 
impact of size reduction techniques on particles’ properties:

API

API-1

API-2

Jet Milling Wet Polishing

(a) (b)

(c) (d)

Figure 1: Scanning electron microscopy images of APIs micronized by jet milling and wet polishing (10000 X).
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• Scanning electron microscopy (SEM) was used to study mor-
phological properties 

• X-ray powder diffraction was used to characterize polymor-
phic forms

• Dynamic vapour sorption (DVS), Brunauer-Emmett-Teller 
(BET) methods, and PSD were used to study physical 
properties.

PSD was measured using a laser diffraction analyzer 
(Malvern, Mastersizer 2000); morphology was studied 
via the scanning electronic microscope (Phenom ProX); 
specific area was determined using the BET method  (Mi-
cromeritics, TriStar II 3020); water sorption value was 
measured using Dynamic Vapor Sorption  (Surface Mea-
surement Systems, DVS Intrinsic), and polymorphism was 
analyzed using a x-ray powder diffraction device (PANa-
lytical, X’Pert PRO).

Morphological properties
Scanning electron microscopy. Figure 1 presents SEM images of 
particles that had been previously micronized by jet milling 
and by wet polishing for the two APIs evaluated. After mi-
cronization, the particles exhibited different morphologies 
based on technique employed. For both APIs, the particles 
obtained by wet polishing exhibited a smoother surface and 
a higher degree of homogeneity than those obtained by jet 
milling. After the micronization process, API-1 particles 
had a plate-shaped appearance, where API 2 particles were 
of an irregular, rounded shape.

X-ray powder diffraction (XRPD). As shown by the diffracto-
grams in Figure 2, both APIs, regardless of the micronization 
technique employed, exhibited a high degree of crystallin-
ity and maintained the same correspondent polymorphic 
form. Nonetheless, for several APIs processed via JM, a 
post-production conditioning step was usually needed 
to convert the amorphous regions and to achieve a stable 
crystalline form. 

Physical properties
Table I presents the BET and PSD results for both APIs. BET 
values for API-1 were similar, regardless of the milling tech-
nique employed. In contrast, for API-2, the BET value was 
higher for the particles milled by JM than it was for those 
milled by WP. In addition, the BET values were higher for 
API-2 than they were for API-1. These findings can be ex-
plained by the particle morphology shown in Figure 1. 

For API-1 (for both JM and WP particles),  a smooth sur-
face translated into a lower BET surface area. In contrast, 
for API-2, the particles processed by JM exhibited a rougher 
surface that translates into aized by WP, which presented a 
smoother and more polished surface and, consequently, a 
lower BET value. 

Regarding the PSD, results showed that it is possible to 
use both methods to produce particles within the inhala-
tion range. However, WP showed a number of clear benefits 
when compared with JM: not only can it enable a smaller 
PSD, it reduces variability between batches. 

Table I: Brunauer-Emmett-Teller (BET) and particle size distribution (PSD) of API-1 and API-2.

API
BET

(m2/g)
Particle size distribution (μm)

Dv10 Dv50 Dv90 Span

API-1 JM 4.96 1.06 4.46 9.75 1.95

API-1 WP 4.66 0.66 2.59 5.77 1.97

API-2 JM 9.15 1.009 2.31 4.49 1.50

API-2 WP 5.65 0.852 1.69 3.22 1.40
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Figure 2: X-ray powder diffraction of wet polishing and jet milling of API-1 (left) and API-2 (right) particles.
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Figure 3  shows the typical variability obtained by JM and 
WP processes when using the same process conditions. The 
standard deviation for the Dv90 of JM process is 0.32, while, 
for the WP process, it is 0.10. For highly dependent PSD for-
mulations, therefore, WP presents a clear advantage to JM. 
DVS results (Table II) show that, in the case of API-1, both 
samples behaved similarly during the analysis: they gained 
and released water reversibly without the formation of a hy-
drate form or the crystallization of an important amount of 
amorphous phase.  

In the case of API-2, the maximum sorption value (at 
90%RH) for both samples was quite similar (0.19%w/w for 
WP and 0.17%/w/w for JM). During the desorption phase, 
however, the sample processed by JM lost approximately 
all the water it had gained, while the sample processed by 
WP retained part of the water gained. This difference is 
not significant, though, and both samples are classified as 
non-hygroscopic.

Conclusion
The particle size-reduction method chosen to prepare inhal-
able drugs can strongly affect the PSD, particle morphology, 
and surface area of the formulation. The choice of microni-

zation method should depend on the critical quality attri-
butes desired for particles in the given formulation. 

WP enables a finer level of control, reducing variability 
in the micronized API’s physical properties, resulting in 
more uniform material, improving batch homogeneity and 
batch-to-batch consistency. These API properties, in turn, 
can result in better product performance (i.e., a formula-
tion that delivers more API to the lungs) and a more stable 
formulation.  

References 
1. T. Crowder, J. Rosati, et al., Pharmaceutical Research, 19(3), pp 

239–245 (2002).
2. A. Boshhiha, N.A. Urbanetz, Libyan Int Med Univ J. 3 (10) 

pp. 8–15 (2018)
3. D. Williams, “Particle Engineering in Pharmaceutical Solids 

Processing: Surface Energy Considerations,” Current Pharma-
ceutical Design, Chapter 21, pp. 2677–2694 (2015)

4. V.N.P. Lee, T.H. Hoang Thi, et a l., AAPS Pharm SciTech , 
13(2), pp. ml PTE

Andreia Lopes (arlopes@hovione.com) is associate scientist, 

Raquel Barros is scientist, and Sérgio Silva is scientist, all at 

Hovione FamaCiencia SA, Lisboa, Portugal.

5.5

4.5

4

3.5

JM

Average JM Average WP

D
v
 9

0
 (

μ
m

)

WP

3

2.5

2

5

Figure 3: Particle size distribution (PSD) of several batches of API-2 produced by jet milling and wet polishing.

Table II: Dynamic vapour sorption (DVS) results of API-1 and API-2.

API
Sorption

(gain % mass)
Desorption

(%mass)
Difference

API-1 JM 0.0888 0.1448 -0.0560

API-1 WP 0.0999 0.0502 0.0497

API-2 JM 0.1653 0.1662 -0.0009

API-2 WP 0.1830 0.0743 0.1087
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luminum compounds have been used as adjuvants in human 

vaccines for more than 75 years (1), and they are the most widely 

used adjuvants in both human and veterinary vaccines. Billions of 

doses of aluminum salts containing vaccines have been administered 

safely to a diverse population of patients globally (2). Despite their 

widespread usage, there is little regulatory guidance or published 

literature regarding release and stability testing of these products. 

Though there have been great gains in knowledge of therapeutic 

protein chemical and physical stability, there are few published 

examples of the applications of bioanalytical stability methods applied 

to protein once adsorbed on to the aluminum adjuvant. This article 

provides an introduction to aluminum adsorbed vaccines, reviews 

studies of antigen stability, and proposes a panel of test methods 

for the analysis of aluminum vaccine release and stability analysis.

Aluminum adsorbed vaccines
Early vaccines were prepared as alum precipitates, which could be 

heterogeneous. Preformed gels of aluminum hydroxide and, later, 

aluminum phosphate replaced alum precipitation and have resulted 

in standardized formulations of aluminum-adsorbed vaccines. 

Aluminum-based adjuvants continue to be used in new vaccine 

preparations as recombinantly expressed protein antigens are 

identified, which can serve as safer replacements for inactivated or 

attenuated pathogens.  Additionally, vaccines containing combination 

adjuvants linking aluminum with synthetic and natural ligands have 

been approved (2). The addition of adjuvants is often needed to 

Stability Indicating 

Methods for Aluminum 

Adsorbed Vaccine Products
The authors provide an introduction to aluminum adsorbed vaccines, 

review studies of antigen stability, and propose test methods for the 

analysis of aluminum vaccine release and stability analysis.

induce a robust immune response 

and effective immunization to 

protein antigens, which may not 

possess strong immunogenicity. 

The physiological mode of action 

of aluminum adjuvants, however, 

is not completely understood (3). 

Potential mechanisms include 

that the aluminum forms a depot 

at the injection site from which 

the antigen is released slowly; 

that the particulate form of the 

adsorbed vaccine results in uptake 

by macrophages, neutrophils, and 

dendritic cells; and the immune 

system is stimulated directly. 

Additionally, it has been proposed 

that adsorption of the protein on 

the aluminum gel could result in 

structural destabilization increasing 

the protein’s immunogenicity (4).

There are two common aluminum 

salt preparations used in human 

vaccines: aluminum hydroxide 

(Alhydrogel) and aluminum phosphate 

(Adju-Phos). The pH at which the 

net surface charge of the aluminum 

adjuvant is zero is called the point 

of zero charge (PZC), which is 

similar to the isoelectric point (pI) 

of a protein. The adjuvant surface is 

positively charged when the solution 

pH is below the PZC and negatively 

charged when the solution pH is 

greater than the PZC (5). Aluminum 

hydroxide has a PZC of approximately 

11 and aluminum phosphate has a 

PZC of 4–5.5 (4), though consideration 

should be given to the buffer used in 

vaccine formulation as substitution 

of ions at the surface may lower the 

PZC and impact the adsorption of 

the antigen (5). For many proteins, 

antigen adsorption is best in pH 

intervals between pI of the protein 

antigen and PZC of the aluminum 

adjuvant because it is in this pH 

range that the protein antigen and 

the adjuvant will have opposite 

electric charges (1). For this reason, 

lysozyme, which has a pI of 11.35, 

has been used as a model antigen 

in studies of aluminum phosphate. 

Bovine serum albumin (pI of 4.7) 

and ovalbumin (pI of 4.5) bind more 

efficiently to aluminum hydroxide (4). 

Generally, Alhydrogel has a higher 

adsorption capacity than Adju-Phos, 

and the adsorption capacity of 

Alhydrogel decreases as its particle 
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size increases and as the molecular 

weight of the proteins increase (6). 

The adsorption mechanism of 

proteins to aluminum adjuvants is 

not completely understood (6) and 

is likely a combination of physical 

phenomena including “electrostatic 

attraction, hydrogen bonding, apolar 

interactions, ligand exchange, and 

van der Waals’ forces” (4).  Studies 

of model proteins found that 

electrostatic interactions were the 

major mechanism for adsorption of 

lysozyme, human growth hormone, 

diphtheria toxoid, a monoclonal 

antibody, and PEGylated growth 

hormone, but that for one protein, 

ovalbumin, adsorption involved 

ligand exchange (6). The predominant 

mechanism for adsorption of 

HBsAg by aluminum hydroxide was 

determined to be ligand exchange 

between the phospholipids in 

HBsAg and the surface hydroxyls 

in aluminum hydroxide adjuvant (7). 

HBsAG was found to bind more tightly 

to an aluminum hydroxyphosphate 

sulfate adjuvant when the 

concentration of phosphate buffer 

was increased (8). The correlation 

of strength of adsorption to 

vaccine effectiveness is related 

to the adsorption mechanism. 

Phosphorylated proteins adsorbed 

via ligand exchange have an 

inverse relationship between 

high adsorption strength and 

poor antigen presentation and 

immune response (9). Studies of 

a trivalent Pneumococcal  protein 

vaccine demonstrated differences 

in immunogenicity resulting from 

selection of adjuvant impacted 

immunogenicity and found 

that lower microenvironment 

pH at the antigen surface and 

decreased strength of adsorption 

improved antigen stability (10).

Antigen stability 
following adsorption
A significant challenge in vaccine 

formulation development is the 

understanding of the antigen 

stability following adsorption. 

While aluminum-precipitated and 

aluminum-adsorbed vaccines have 

been in use for 75 years, it has only 

been in the past 15 years that studies 

investigating the impact of adsorption 

on protein structure and stability 

have been reported, presumably 

as new techniques developed to 

characterize recombinant proteins 

were applied to vaccine research. 

In a review of the subject, Clapp 

and colleagues describe how the 

environment of the protein at the 

adjuvant surface differs from that in 

solution, potentially driving structural 

change (11). Specifically, studies of 

the rate of acid-catalyzed hydrolysis 

of glucose-1-phosphate (G1P) 

adsorbed to aluminum hydroxide 

concluded that the pH of the 

microenvironment at the surface of 

the adjuvant was approximately two 

pH units higher than that of the bulk 

solution (12). Differences in polarity 

and charge density on the adjuvant 

surface may also result in structural 

changes in the bound protein (11). 

A significant challenge 
in vaccine formulation 
development is the 
understanding of 
the antigen stability 
following adsorption.

Spectroscopic methods have 

been applied to the study of protein 

structural perturbations resulting 

from adsorption. Techniques have 

been well described in the literature 

and have included fluorescence 

spectroscopy (13), transmission 

Fourier-transform infrared (FTIR) 

spectroscopy (14), FTIR spectroscopy 

using an attenuated total reflectance 

(ATR) cell (13, 14, 15), and circular 

dichroism (CD) (15). Differential 

scanning calorimetry (DSC) has also 

been applied (13, 16). In studies of 

model vaccines, structural changes by 

FTIR–ATR, fluorescence spectroscopy 

techniques (13, 15), and DSC (13) were 

observed by following adsorption.  

Studies using transmission FTIR (14) 

concluded that no structural changes 

resulted from adsorption in studies of 

six model proteins. Overall, a review 

of studies indicates that variation 

in the buffer concentration, buffer 

pH, and properties of the antigen 

itself may influence the structure 

of the adsorbed protein antigen. In 

studies of a hepatitis B vaccine, the 

interaction between the antigen 

and aluminum hydroxide adjuvant 

was modified by optimizing the 

phosphate ion concentration and 

could possibly ensure that the native 

concentration of the antigen was 

maintained (17). While no structural 

information was presented, the 

authors concluded that a formulation 

containing 40 mM phosphate had 

improved thermal stability by in-vitro 

antigen reactivity. Additionally, FTIR–

ATR studies determined that the 

structural changes were dependent 

on the amount of protein adsorbed, 

with more native protein observed in 

samples with maximum adsorption 

(17). The authors theorize that at 

lower adsorption concentrations, 

a monomolecular layer is formed 

in which the confirmation of the 

adsorbed protein is affected by the 

properties of the adjuvant surface 

and are more denatured. At higher 

adsorption levels, the protein is 

more weakly linked and may retain 

the native structure. While the focus 

of aluminum-absorbed vaccine 

characterization studies has protein 

antigen structure, questions remain 

about the applicability of studies to 

individual vaccine formulations and 

the impact that antigen structural 

perturbations may have on vaccine 

effectiveness and stability throughout 

the shelf life of the product.

Regulatory guidance 
for vaccine stability studies
There is little general guidance on 

release and stability test methods for 

aluminum adsorbed vaccines. The US 

Food and Drug Administration (FDA) 

document, Guidance for Industry, 

Content and Format of Chemistry, 

Manufacturing and Controls 

Information and Establishment 

Description Information for a Vaccine 

or Related Product (18), states that 

identity, purity, and potency should 

be included in drug product release 

specifications but does not provide 

specific test methods or guidance. 

United States Pharmacopeia (USP) 

Chapter <1235> Vaccines for 

Human Use–General Considerations 

(19) does not provide specific 

recommendations for release and 

stability tests beyond general 

requirements of testing for potency, 

general safety, sterility, purity, 
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identity, and constituent materials. 

There was only one aluminum-

adsorbed vaccine USP monograph 

available as an example (Anthrax 

Vaccine Adsorbed), but this was 

deleted as of August 2018 (20). The 

monograph includes tests performed 

on the sterile filtrate which does not 

include aluminum. Tests performed 

on the sterile filtrate include Identity 

by Western Blot, total protein by using 

a Bradford assay per USP <1057> 

(21), and 83kDa Protein using sodium 

dodecyl sulphate-polyacrylamide 

gel electrophoresis (SDS–PAGE). 

Finished product tests are in-vivo 

relative potency, concentration 

determination of aluminum by 

atomic absorption spectroscopy, 

safety, sterility, pH, sodium 

chloride by ion-selective probe, 

benzethonium chloride by titration, 

and a limit test for formaldehyde 

using UV-Vis spectroscopy. 

While there is not specific 

guidance on the inclusion of 

test methods that are potency-

indicating, there are parallels that 

can be drawn from International 

Council for Harmonization (ICH) Q5E 

Comparability of Biotechnological/

Biological Products Subject to 

Changes in their manufacturing 

process (22). The guidance states that 

“the manufacturer should consider 

the limitations of biological assays, 

such as high variability, that might 

prevent detection of differences that 

occur as a result of a manufacturing 

process change.” However, it 

also states, “In cases where the 

biological assay also serves as a 

complement to physicochemical 

analysis (e.g., as a surrogate assay 

for higher order structure), the use 

of a relevant biological assay with 

appropriate precision and accuracy 

might provide a suitable approach 

to confirm that change in specific 

higher order structure has not 

occurred following manufacturing 

process changes.” While the intent 

of this analysis is to assess stability 

rather than manufacturing change, 

this guidance can be extrapolated 

to stability test methods. If potency 

methods lack sufficient accuracy and 

precision to detect small physical and 

chemical changes occurring during 

storage, additional methods may be 

required to provide early indication 

of loss of potency and expiry.

Stanley Hem advocated for the 

application of preformulation studies, 

common in the development of 

biopharmaceuticals, to aluminum 

adjuvant containing vaccines (23). 

In addition to characterizing the 

adjuvant and the free antigen, Hem 

recommends evaluation of the 

antigen-adjuvant formulation to 

understand strength of adsorption as 

well as the structural and chemical 

stability of the protein antigens.

Test methods
Ideally, test methods to provide 

stability data for adsorbed vaccine 

products would not require extensive 

sample preparation or desorption of 

the antigen from the adjuvant. There 

are a variety of different mechanisms 

suitable for desorption but all share 

disadvantages. The desorption 

procedure itself may result in 

structural changes or additional 

modifications or impurities in the 

protein antigen. For analysis in most 

test methods, desorbed samples 

will require a buffer exchange 

step, which will result in solutions 

with an unknown concentration, 

which must be determined using 

a separate assay prior to analysis 

by stability indicating methods. 

Lastly, desorption recovery may 

vary and recovery can decrease 

in aged samples (15, 24). 

The measurement of unbound 

antigen by its definition is performed 

on finished drug product (FDP) 

without desorption. The intention 

of the test method is to measure 

the amount of free protein that was 

not adsorbed or has desorbed from 

the aluminum adjuvant. Samples 

are prepared by centrifugation, and 

the supernatant is removed for 

analysis. Typically, chromatography 

is utilized to quantify the amount 

of free protein in the sample 

against a standard curve of the 

same protein. Chromatographic 

methodologies vary and may include 

size-exclusion chromatography 

(SEC) (25) or reverse-phase high 

performance liquid chromatography 

(RP–HPLC). Typical methods can be 

based on those used for analysis 

of the antigen bulk drug substance 

(BDS), which are then optimized 

for sensitivity and validated using 

a low-level standard curve.

Concentration 
measurement of the 
aluminum adjuvant 
can be determined 
directly, using inductively 
coupled plasma atomic 
emission spectroscopy.

Some immunological test methods 

are feasible in the presence of 

Alhydrogel or aluminum phosphate 

and may be used for identification or, 

in some cases, quantitation without 

desorption. While Western Blots are 

not a practical alternative because 

SDS–PAGE cannot be performed on 

FDP, slot blots and dot blots eliminate 

the separation step. In a slot blot 

or dot blot method, the product is 

applied directly to a membrane and 

may be pulled through the membrane 

using a microfiltration apparatus 

and vacuum. Additional rinses may 

be performed as needed to ensure 

no surface residue remains on the 

membrane. Following application 

of samples, standards, and controls 

to the membrane, the membrane 

is removed from the apparatus 

and immunoblotted using standard 

procedures. Though no published 

procedures were identified describing 

the use of dot or slot blots for the 

analysis of aluminum adsorbed 

vaccines, the technique was used 

to quantitate the Hemagglutinin 

and Neuraminidases in influenza 

vaccine (26). An advantage of dot and 

slot blots is that multiple samples 

can be analyzed simultaneously, 

and membranes can be cut into 

strips for immunoblotting using 

multiple antibodies allowing for the 

identification of multiple antigens 

simultaneously.  Zhu demonstrated 

the feasibility of a direct Alhydrogel 

formulation immunoassay (DAFIA) 

for the determination of antigen 

identity and content (27). In the 

method, the FDP is added to wells 

of a black multititer plate. Following 

centrifugation and washing, the 

wells are blocked, then probed 

with primary antibody followed by 

a secondary antibody tagged with 
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fluorescein. Signal is read with a 

fluorometer at 485nm/535 nm.

Concentration measurement 

of the aluminum adjuvant can be 

determined directly, using inductively 

coupled plasma atomic emission 

spectroscopy (ICP–AES). Traditional 

methods for protein quantitation such 

as UV-Vis spectroscopy or RP–HPLC 

are not suitable for bound antigens. 

Method 6 of USP <1057> utilizing 

o-phthalaldehyde (OPA) (21) has been 

applied to Alhydrogel vaccines. The 

OPA reacts with N-terminal amine 

groups or the amine groups on the 

side-chains of lysine and results in a 

fluorescent signal at 340nm/455 nm. 

Protein concentration of the FDP is 

compared to a standard curve. The 

OPA method was applied to Malaria 

vaccine candidates containing 

Alhydrogel, and it was determined 

that for accurate results Alhydrogel 

must be included in standards 

at an equivalent concentration 

as samples (28).  Accuracy was 

87–100%, and linearity, though 

protein dependent, ranged from 

25–400 μg/mL. In internal studies, 

the method had a range of 20–250 

μg/mL using a non-linear curve 

fit and resulted in accuracy of 

98–110% and repeatability of ≤2% 

for samples (see a representative 

standard curve in Figure 1). 

HPLC is not suitable for the analysis 

of intact aluminum-adsorbed FDP 

because the vaccine molecules 

would be filtered by the column frit 

or, if they do pass into the column, 

would result in column clogging and 

increased back-pressure. RP–HPLC 

has been applied to concentration 

measurement, and to a limited 

extent, chemical stability of 

vaccines after desorption (10). While 

a desorption step is required to 

perform chromatographic analysis 

of the intact antigen, peptide 

mapping provides a powerful tool 

to verify the identity of FDP as well 

as evaluate the chemical stability 

of the antigen following adsorption 

and during stability. In peptide 

mapping, the protein is digested with 

an enzyme such as Lys C or Trypsin 

to produce a set of peptides. The 

resulting mixture of peptides can be 

separated chromatographically and 

compared visually to a control or the 

BDS or it can be analyzed by mass 

spectrometry and compared to the 

expected masses of peptides based 

on the primary sequence. The peptide 

mixture can also be analyzed without 

separation using matrix-assisted laser 

desorption mass-spectrometry with 

time-of-flight detection (MALDI–TOF). 

Lys C digestion of the desorbed 

antigens followed by MALD–TOF 

analysis of a trivalent botulinum 

vaccine containing Alhydrogel 

detected oxidation and deamidation 

reactions in all three protein antigens 

and reaction rates were accelerated 

in the presence of the adjuvant (29). 

Initially a 250 mM succinate buffer, pH 

3.5 was utilized to desorb samples, 

but following incubation, desorption 

became more difficult, and use of a 
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4 M Urea pH 7.5 buffer was required. 

The desorption itself complicates the 

analysis because, first, it may not be 

completely reproducible, especially 

for aged samples, and, second, it 

may result in additional degradation. 

In unpublished studies, trypsin was 

used to successfully digest the 

antigen bound to Alhydrogel without 

desorption. Standard digestion 

procedures of incubation in Tris/HCL 

buffer, pH 8.0 for four hours at 37 °C 

were followed by RP–HPLC using 

an ACN/TFA mobile phase and C18 

column. Visually, chromatograms 

(Figure 2) from digested FDP closely 

matched those of digested BDS, 

indicating the non-desorbed peptide 

mapping is a feasible method for 

the evaluation of antigen stability in 

FDP. With the increased availability of 

high mass accuracy/high resolution 

mass spectrometers peptide 

mapping has evolved into multi-

attribute methods (MAM), which can 

replace multiple electrophoretic and 

chromatographic stability indicating 

methods for therapeutic proteins 

(30). The application of MAM to 

aluminum-adsorbed vaccines has the 

opportunity to further understanding 

of protein-antigen stability and 

improve analysis to support quality 

by design (QbD) development as 

well as quality control (QC) release.

MAM has the potential to 

replace the electrophoretic and 

chromatographic stability indicating 

methods that all require desorption 

prior to analysis. Desorption methods 

range from the use of phosphate 

buffer pH 7.4 (25), phosphate 

buffer and Zwittergent (9), 250 

mM succinate buffer pH 3.5 (29) to 

harsher conditions such as 20 mM 

sodium dodecyl sulfate (SDS) or 20 

mM cetylpyridium chloride in citrate-

phosphate buffer (31), and up to 

MW  RS    C    T0   T1   T2   T3   T4    T5  B    S  MW

Figure 3. Model vaccine sodium dodecyl sulphate-polyacrylamide gel 

electrophoresis (SDS–PAGE) gel for heat-treated samples. MW = molecular 

weight marker, RS = standard, C = control sample, T0–T5 = days stored at 37 °C, 

B = blank, S = sensitivity standard.
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Figure 2. UV 220 nm chromatograms of Undigested BDS (blue), Digested BDS (Red), Digested finished drug product (FDP) 

(Green), BDS blank (pink), FDP blank (blue) and trypsin blank (purple).
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4M Urea (29). Multiple investigators 

have noted that desorption is more 

challenging in aged samples (14, 24). 

Therefore, development of desorption 

procedures for stability indicating 

methods should be performed with 

aged samples when possible. The 

selection of desorption method will 

vary depending on the adjuvant used 

as well as the intended analysis 

method and compatibility with the 

desorption solution. For example, 

SDS would be a good choice for 

desorption buffer when preparing 

samples for methods utilizing SDS in 

the procedure, such as SDS–PAGE or 

CE-PAGE. Additionally, SDS does not 

significantly interfere with RP–HPLC 

procedures. Urea is often used in 

sample preparation for imaging 

capillary electrophoresis (ICE) 

procedures and is a preferred buffer 

for preparation of samples for charge 

separation methods such as ICE and 

ion-exchange chromatography (IEX). 

A standard protocol for desorption 

using SDS involved the following steps: 

• Mix buffer, SDS, and vaccine 

FDP and incubate at 70 

°C for 10 minutes. 

• Centrifuge, remove supernatant, 

and determine protein 

concentration using RP–HPLC. 

Ensure that SDS concentration 

in the reference standard 

matches that in the samples. 

• Concentrate using spin-filters and 

desalt with water wash. Utilize 

volume to determine approximate 

concentration prior to analysis. 

• A standard protocol for 

urea desorption follows 

a similar procedure: 

• Mix buffer, urea, and vaccine 

FDP and shake for 18 hours 

at refrigerated conditions.

• Centrifuge, remove supernatant, 

and determine protein 

concentration using RP–HPLC. 

Ensure that urea concentration 

in the reference standard 

matches that in the samples. 

• Dialyze samples to reduce 

urea concentration. 

• Repeat RP–HPLC analysis to 

determine concentration, 

concentrate using spin filters 

and desalt with water wash. 

• Perform ICE or IEX analysis.

Following desorption, SDS–PAGE 

can be performed using standard 

procedures and commercial gels and 

reagents. The analysis of a model 

vaccine pictured in Figure 3 utilized 

a pre-cast gel (Thermo Invitrogen 

NuPAGE 4–12% Bis-Tris) with 

recommended sample and running 

buffers (NuPAGE LDS Sample Buffer 

and NuPAGE MOPS SDS Running 

Buffer). The gel shows results from 

analysis of SDS-desorbed model 

vaccine samples that had been stored 

at 37 °C for 0 to 5 days. Samples are 

reduced prior to loading the gel and 

stained using a Coomassie blue stain 

(NuPAGE Colloidal Blue Staining Kit). 
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Figure 4. Imaged capillary electrophoresis (ICE) electropherogram overlay for 

urea-desorbed samples that had been stored at 37 °C for up to five days.

Table I. Recommended release and stability methods for aluminum adsorbed 

vaccines. ICP–AES is inductively coupled plasma atomic emission spectroscopy, 

OPA is o-phthalaldehyde, SEC is size-exclusion chromatography, RP–HPLC is 

reverse-phase high performance liquid chromatography, SDS–PAGE is sodium 

dodecyl sulphate-polyacrylamide gel electrophoresis, ICE is imaging capillary 

electrophoresis, IEX is ion-exchange chromatography.

Parameter Technique

Identity of antigen
Immunological techniques (Dot Blot)

Non-desorbed peptide map

Concentration of aluminum ICP–AES

Concentration of antigen OPA

Unbound antigen
SEC or RP–HPLC analysis of superna-

tant

Chemical modifications Non-desorbed peptide map

Fragmentation Desorbed SDS–PAGE

Deamidation and other 

charge variants
Desorbed ICE or IEX

Particle size Dynamic light scattering
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Gels were analyzed by densitometry 

(Bio-Rad GS-800 Densitometer 

with Quantity One software) for 

presence of additional bands due to 

degradation as well as % purity. Purity 

of the main band ranged from 96% for 

the Day 0 sample to 90–91% at Days 

4 and 5, therefore demonstrating 

that the desorbed SDS–PAGE 

method is stability-indicating.

The nature of aluminum 
adsorbed vaccines 
presents challenges 
to the application of 
traditional bioanalytical 
methods commonly used 
for stability studies of 
therapeutic proteins. 

ICE analysis of a model BSA-

Alhydrogel vaccine was performed 

using an imaged capillary 

electrophoresis system with detection 

at 280nm (ICE280 and ICE3 systems, 

Protein Simple). Samples were 

prepared using urea desorption and 

dialysis as described previously and 

then concentrated using spin filters. 

Samples, reference material, and 

a control sample were diluted in a 

diluent consisting of a mixture of 

pharmalyte 4–6.5, pharmalyte 3–10, 1 

g/mL urea, 0.7% methylcellulose, and 

pI markers 5.12 and 6.61. Analysis 

was performed using acidic anolyte 

(0.1% methylcellulose, 0.08 M H3PO4), 

basic catholyte (0.1% methylcellulose, 

0.10 M NaOH), and separation for 

10 minutes at 3000V. The resulting 

electropherograms were analyzed 

(ChromPerfect 7 software) for isoform 

purity. Samples of model vaccine were 

stored at 37 °C for 0 through 5 days 

prior to analysis. See Figure 4 for an 

electropherogram overlay showing 

the isoform profiles for each sample. 

The main peaks are observed at pI 

6.1 and 6.2 in non-degraded samples, 

but a significant shift toward more 

acidic isoforms is observed with 

longer storage at 37 °C. The desorbed 

ICE method is stability-indicating for 

detection of changes in isoform profile. 

Conclusion
The nature of aluminum adsorbed 

vaccines presents challenges to the 

application of traditional bioanalytical 

methods commonly used for stability 

studies of therapeutic proteins. 

While studies have demonstrated 

structural and chemical modification 

of the protein antigen resulting from 

adsorption, and that adsorption 

may impact stability, little regulatory 

guidance is provided beyond the 

recommendation to include identity, 

purity, and potency in drug product 

release testing. Potency methods 

may not have the necessary accuracy 

and precision to predict vaccine 

effectiveness and stability throughout 

the shelf life of the product. Instead, a 

panel of tests adapted from traditional 

therapeutic protein analysis is proposed 

in Table I. Though historically, antigen 

characterization was performed 

following desorption, most of the 

methods proposed can be performed 

on the FDP directly. As MS-based 

peptide mapping methods, such as 

MAM, continue to grow in popularity, 

the need for desorption followed by 

electrophoretic and chromatographic 

methods for the determination 

of fragmentation or chemical 

modification may be eliminated. 
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C
ontainer closure integrity (CCI) plays an important role in 

maintaining the sterility and stability of sterile injectable 

products. The defects that cause a sterile vial to leak are not 

necessarily detectable by a visual inspection process. Examples of 

such defects are those that are hidden by the crimp, microscopic 

cracks and scratches in the glass, or temporary defects such as 

stopper pop-up that result in temporary container leakage. 

New regulatory guidance has triggered changes in industry best 

practices in the area of CCI testing (CCIT). This article summarizes 

the current state of container closure integrity testing in the 

pharmaceutical and biopharmaceutical industries and outlines 

possible approaches for developing a CCIT strategy.

Regulatory environment for CCI
Historically, good CCI has been linked to the maintenance of 

sterility. A container that loses, or does not have, good closure 

integrity is at risk for microbial contamination. However, the 

context of CCI has become broader over the years. 

An increasing number of formulations have significant 

sensitivity to oxygen and need to be packaged under an inert 

atmosphere. Freeze-dried product requires protection against 

water vapour and is often packaged at a partial vacuum to help 

with reconstitution and/or seating of the stopper. In these cases, 

good CCI is necessary not only for the maintenance of sterility but 

also to maintain critical headspace gas conditions. 

Note that, quite generally, a container that is gas-tight will also 

be tight against microbial ingress. Therefore, the requirement to 

maintain headspace gas conditions imposes higher standards on 

CCI than the requirement to maintain sterility.

In light of the importance of CCI for product sterility and 

stability, regulatory guidance has placed an increasing emphasis 

on CCI concepts. The current United States Pharmacopeia (USP) 

<1207> chapter titled Package Integrity Evaluation—Sterile 

Container Closure 

Integrity Testing 

of Finished Sterile 

Injectable Product
As regulatory guidance has evolved, changes in 

CCIT testing have also become apparent. In this 

article, possible CCIT strategy approaches are outlined.

Products was implemented in late 

2016 and represents the most 

thorough guidance document to 

date on CCI concepts for sterile 

injectable product (1). 

The chapter gives an overview 

on CCI testing technologies and 

approaches for CCI control over 

the product lifecycle. Traditional 

CCIT methods, such as microbial 

challenge tests or blue dye ingress 

tests, are described as methods 

associated with probabilistic 

outcomes having some uncertainty 

in the results which, in turn, 

makes such methods difficult to 

quantitatively validate for the 

detection of critical leaks (1). The 

chapter also makes clear that CCIT 

should be performed throughout the 

product lifecycle. Deterministic CCIT 

methods based on non-destructive 

analytical measurements can be 

used to generate science-based 

CCI data that, coupled with a risk-

based approach, enable informed 

decisions about a CCIT strategy in 

commercial manufacturing.

A draft revision of the European 

Union’s Annex 1 requirements for 

sterile product manufacturing was 

released at the end of 2017 (2). 

CCIT was a popular discussion 

topic for the revision, and the draft 

text contains new requirements 

for CCIT in manufacturing. Other 

world regulatory bodies, Russia and 

South Korea for example, have also 

been putting increasing emphasis 

on CCI control for finished sterile 

products. It is clear from these 

developments that regulators are 

wanting to see improved industry 

practices in the area of CCIT.

CCI test methods
USP <1207> provides an 

overview of CCIT technologies 

and categorizes them as being 

deterministic or probabilistic (see 

Table I). The chapter emphasizes 

that this overview of CCIT 

technologies is not exhaustive but 

is a summary of technologies that 

have been implemented for CCIT in 

the pharmaceutical industry and 

that are described by a body of 

peer-reviewed literature.

It is important to distinguish 

between CCI technologies and CCI 

Derek Duncan, PhD, 
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test methods. Once a leak testing 

technology has been chosen as the 

basis for a test method, the chapter 

emphasizes the need to perform 

method development studies 

generating data that demonstrate 

detection of a critical leak for 

a specific product container 

configuration using defined test 

method parameters (1): “After a 

methodology has been selected for 

use, the test equipment operation 

and performance is qualified. Test 

method parameters are optimized 

during method development and 

confirmed during validation. Thus, 

a final leak test method is specific 

to a particular container-closure or 

product-package system.”  

Another point emphasized in 

the chapter is that “no one test 

is appropriate for all packages or 

for all leak testing applications.” 

The chapter and its three sub-

sections describe a framework 

in which appropriate CCI test 

methodologies are chosen, 

optimized per product configuration, 

and a robust validation of the 

method for detecting a critical 

leak is performed. In selecting a 

methodology, “deterministic leak 

test methods are preferred over 

probabilistic methods when other 

key method selection criteria 

permit.” 

Package integrity data are 

generated over the product lifecycle 

and serves as input for an ongoing 

database of CCI data (the package 

integrity profile), which then serves 

as a risk management tool to ensure 

that CCI of finished product meets 

the product quality requirements. 

The framework described in the 

chapter is currently driving changes 

in industry best practices for CCI 

testing, including:

• Implementation of a ‘toolbox’ 

of CCI test methods optimized 

and chosen on a per product 

configuration basis rather than 

the application of a single legacy 

test method in a one-size-fits-all 

approach

• Generation of science-based CCI 

data in robust method validation 

studies, which demonstrate 

the detection of a critical leak 

represented by various types of 

positive controls.

Statistical sampling 
and generating 
science-based CCI data
A big topic of current discussion 

is how much CCIT is required, 

especially for commercial batches 

of finished sterile product. Despite 

the general consensus that CCI 

is a critical quality parameter 

for finished sterile product, the 

industry has historically expended 

much more effort on testing for 

particle contamination than for CCI. 

Visual inspection to detect 

particulate contamination has 

been a requirement for many years 

with 100% inspection of finished 

parenteral product being done 

manually or by automated inspection 

platforms. In the context of risk to 

the patient, a loss of CCI would, in 

general, be assessed as being just as 

critical as particle contamination.

The current EU Annex 1 

guidelines require 100% leak 

testing for certain types of product 

containers. “Containers closed 

by fusion, e.g., glass or plastic 

ampoules, should be subject to 

100% integrity testing” (3). This 

requirement is a result of the fact 

that the inherent failure rate of the 

sealing process for these types of 

containers cannot be sufficiently 

controlled. 

The ongoing draft revision 

of the EU Annex 1 guidelines 

again states the requirement of 

100% integrity testing for fused 

containers and adds the following 

requirements for all other types 

of containers. “Samples of other 

containers should be checked 

for integrity utilizing validated 

methods and in accordance with 

QRM, the frequency of testing 

should be based on the knowledge 

and experience of the container 

and closure systems being used. 

A statistically valid sampling plan 

should be utilized. It should be 

noted that visual inspection alone 

is not considered as an acceptable 

integrity test method” (2). If 

finalized in this form, these CCIT 

requirements will require the 

evolution of best practices for CCIT 

in the manufacturing environment. 

Currently, a small percentage of 

the industry performs statistical 

CCIT of finished commercial product. 

Most companies point to the 100% 

visual inspection process to justify 

meeting current CCIT guidance, 

such as the following from the 

FDA (4). “A container closure 

system that permits penetration of 

microorganisms is unsuitable for 

Table I: Overview of container closure integrity testing (CCIT) 

technologies.

Deterministic Probabilistic

Electrical conductivity and capacitance

(high-voltage leak detection)

Bubble emission

Laser-based gas headspace analysis Microbial challenge,

immersion exposure

Mass extraction Tracer gas detection, sniffer 

mode

Pressure decay Tracer liquid

(blue dye ingress)

Tracer gas detection, vacuum mode

Vacuum decay

Source: Adapted from USP 40 <1207.2>

Despite the general 
consensus that CCI is a 
critical quality parameter 
for finished sterile 
product, the industry has 
historically expended 
much more effort on 
testing for particle 
contamination than
for CCI. 
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a sterile product. Any damaged or 

defective units should be detected, 

and removed, during inspection 

of the final sealed product.” The 

language of the draft EU Annex 1 

revision makes clear that visual 

inspection is not considered an 

acceptable integrity test method; in 

other words, the CCI test methods 

that enable the testing of larger 

amounts of samples will need to be 

implemented.

To demonstrate statistical 

confidence in the process requires 

the generation of statistical CCI 

data. However, an argument could 

be made that a better place to do 

this in the product lifecycle is in 

process development and scale-up 

rather than in manufacturing. The 

guidance provided in USP <1207> 

to collect package integrity data 

throughout the product lifecycle 

so that a package integrity profile 

database is built up implies an 

approach in which a significant 

amount of CCI data are generated 

outside of the manufacturing 

environment. The generation 

of robust CCI data providing 

knowledge of the container and 

closure system (which then gives 

guidance to a CCIT strategy in 

manufacturing) is also implied in 

the text of the draft revised EU 

Annex 1, “the frequency of testing 

should be based on the knowledge 

and experience of the container 

and closure systems being used.” 

Figure 1 outlines a possible 

approach to generating CCI data 

that enables the design of an 

appropriate CCI testing programme 

in manufacturing.

After validation of the 

fundamental closure system, 

data need to be generated 

to understand if the process 

introduces risk to CCI. To gain 

statistical confidence in the 

process, it would be necessary 

to perform testing on statistical 

sample sets. This in turn will 

require the use of non-destructive 

deterministic test methods 

because the probabilistic legacy 

test methods (blue dye and 

microbial ingress testing) have 

limited throughput capability. 

Testing could be done on either 

a pilot scale or with test and 

engineering batches from the 

manufacturing environment. Once 

a baseline failure rate has been 

established, process controls could 

be implemented to improve the 

process, if necessary. 

Product from the improved 

process would be tested to 

quantify the residual risk to CCI 

after which a decision could be 

made for an appropriate testing 

strategy in manufacturing. 

Packages and processes having a 

high inherent failure rate that is 

difficult to control would require 

a heavier inspection process 

and vice versa. In this way, the 

decision for an inspection process 

design is driven by science-based 

statistically relevant data.

Summary
The current environment for CCIT 

of sterile injectable product is 

evolving. New regulatory guidance 

recognizes CCI as a quality 

parameter that is critical for the 

maintenance of both the sterility 

and the stability of finished sterile 

product. New concepts introduced 

in the regulatory guidance are 

changing industry best practices 

and include the following:

• Generate science-based CCI data 

throughout the product lifecycle 

to build up a package integrity 

profile database that can be used 

as input for risk management. 

• When possible, use deterministic 

CCI test methods that have been 

validated to detect a critical leak.

• There is no one-size-fits-all 

CCI test; a toolbox of CCIT 

technologies that can be optimized 

on a per-product package 

configuration is necessary for a 

robust CCIT programme.

Because industry best practices 

will be evolving as the impact 

of new guidance becomes 

clearer, a certain amount of 

uncertainty in CCIT best practices 

is to be expected in the near term. 

However, a general approach 

that includes the implementation 

of validated deterministic CCIT 

methods and the increased 

generation of science-based 

CCI data to enable informed risk 

assessments will help prepare the 

industry for the future.
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Figure 1: Schematic of possible approach to generating container closure integrity (CCI) data.
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recognizes CCI as a quality 
parameter that is critical 
for the maintenance of 
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stability of finished sterile 
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Cell-Culture Advances 

Test Bioreactor 

Performance Models
The evolution of cell-culture technology is driving 
the need for improvements in modelling solutions.
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odelling and simulation are recognized to provide assistance 

in predicting bioreactor performance, both for initial 

laboratory runs and when scaling to the pilot plant and commercial 

manufacturing. “Bioreactor performance has consistently improved 

in biomanufacturing due to a greater understanding of the 

engineering and biology of cellular systems. To continue to drive 

efficiency and reduce cost of manufacturing while maintaining or 

improving quality, reducing bioreactor variation will be required, 

and predictive models can enable these variation reductions,” 

asserts Tom Mistretta, director of data sciences at Amgen.

The continual development of higher-producing cell 

lines, the switch to chemically defined media, and other 

advances in cell-culture technology are, however, challenging 

developers of modelling and simulation software. 

Traditional, reliable method
Typically, bench-top bioreactors are operated in the performance 

design space of larger bioreactors to model scale-up performance, 

according to Parrish M. Galliher, chief technical officer for upstream 

and founder of Xcellerex, a GE Healthcare Life Sciences business. 

“Successful modelling of bioreactors can reduce costs associated 

with engineering testing and engineering runs, accelerating 

pathways through preclinical and early clinical phases,” adds 

Mark T. Smith, staff engineer for single-use technologies in 

the BioProduction Division of Thermo Fisher Scientific.

In particular, the inexpensive computing power and excellent 

computational talent entering the biopharma industry, combined with 

improvements in computational fluid dynamics (CFD) and metabolic 

modelling software, are promising to open new doors for more 

complete cell culture models, according to Smith. “I predict that 

as modelling becomes more robust, it may be possible to entirely 

eliminate traditionally performed engineering runs, which in fact is 

already being done to some extent because in many cases companies 

and engineers simply ‘get to know’ their bioreactor networks 

empirically and heuristically, without 

the need for complex physical 

modelling in silico,” he asserts.

The key to successful modelling 

for the prediction of bioreactor 

performance, stresses Galliher, is 

to first calculate the performance 

design space of the bioreactor at 

all relevant scales. “Once these 

design spaces are understood, the 

scientist can operate any scale 

bioreactor within the design space 

of any other bioreactor scale 

and model any bioreactor of any 

scale using a bioreactor of any 

other scale,” Galliher says. He 

adds that this approach has been 

used effectively for decades.

The process of modelling has, 

in fact, advanced due to the 

increased capability to aggregate 

various sources of data (sensor 

measurements, batch record entries, 

product quality measurements, 

maintenance records, etc.) needed 

to model bioreactor performance, 

according to Mistretta. “The industry 

has become more efficient due to 

the significant improvements in 

technology for centralized access 

to various data sources via data 

lakes,” he observes. In addition, the 

information systems technology 

used has been validated and 

demonstrated to be cost effective, 

secure, compliant, and scalable 

with the volume of data generated 

from manufacturing processes.

Continuous considerations
In the past, continuous processing 

in perfusion mode was generally 

limited to cell-culture processes 

involving sensitive products that 

degrade under conventional batch 

conditions. Today, there is increasing 

use of perfusion cell culture to 

realize other cost, efficiency, 

and productivity advantages. 

Some of the challenges with 

perfusion processes include 

sensor instability and foulling over 

the course of the culture, which 

impacts the ability to effectively 

monitor and control these processes, 

according to Galliher. Perfusion 

mode can also create additional 

risks of contamination due to the 

continuous removal of depleted 

media and introduction of fresh 

media, and these processes involve 
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a significant increase in the media 

volumes required, which has 

logistical and cost implications for a 

manufacturing facility, adds Mistretta. 

Overall, perfusion mode generally 

places higher performance demands 

on the reactor, according to Smith. 

He points to the higher cell densities 

in perfusion mode, which result in 

increased oxygen demand in a higher 

viscosity solution with potentially 

more cell-free biopolymers and lipids 

than a fed-batch culture. “Viscosity 

and solution property changes 

can fundamentally change mass-

transfer mechanisms by impacting 

bubble size, bubble coalescence, 

mixing times, shear rates, and 

other parameters,” he explains. 

As a result, in-silico modelling 

of systems must be adjusted for 

such parameters in a meaningful 

way. There is, however, a limited 

understanding in how to model such 

high cell densities due to the relative 

newness of these operating regimes, 

according to Smith. Computational 

models of perfusion processes 

additionally require consideration 

of filter effects such as fouling 

and sieving, Mistretta notes. 

Shear issues in 
single-use bioreactors
The shift to single-use technologies 

has also introduced a wider diversity 

of bioreactor designs, particularly 

with respect to spargers, baffles, and 

impeller configurations. “Whereas 

stainless steel reactors could be made 

with relatively similar configurations 

within and across bioreactor networks, 

having multiple vendors represented 

in single-use bioreactor networks 

increases the level of data and 

modelling required to successfully 

predict behaviour,” Smith explains.

In addition, Smith notes there is 

a need for improved mass transfer 

performance with reduced shear in 

single-use bioreactors. “As cultures 

become more intensified, the need 

for oxygen transfer increases and 

is generally accommodated by 

increasing the oxygen gas passing 

through the micro-sparger. In many 

cases, the increased flow through 

the micro-sparger leads to shear-

associated cell damage, likely 

related to increasing shear at the 

gas-liquid interface,” he explains. 

To address this problem, oxygen 

delivery must be achieved through 

efficient spargers with lower 

gas-liquid shear rates. “While 

some vendors already offer 

such sparger technologies, the 

industry has been slow to update 

to these sparger technologies, 

likely due to the revalidation 

burden of changes to established 

bioprocesses,” Smith comments.

Mistretta agrees that variability 

of single-use systems does impact 

cell culture, but Amgen has been 

able to rapidly detect and determine 

the root cause for this cell culture 

variation through the accessibility 

of process data, material lot data, 

and process performance models. 

“These models also support data-

driven decision making for impacted 

lots, and we continue to develop 

monitoring strategies through 

predictive models, near-real-time 

monitoring, and material-control 

strategies to mitigate unintended 

variation in performance,” he states.

More advanced use of hybrid 

models such as CFD combined with 

first principles kinetic models are 

also effective to assess the impact 

of bioreactor design on performance, 

according to Mistretta. “Use of CFD 

models to determine kLa [mass 

transfer coefficients], mixing time, 

and shear effect have become pretty 

standard applications for technology 

transfer, scale-up, process 

optimization, and troubleshooting 

activities at Amgen,” he says.

In addition, Amgen has 

demonstrated the utility of finite 

element models for studying 

operational risk factors for single-use 

bioreactor systems. For instance, 

models were developed to predict 

how material science aspects of 

the single-use bioreactors impact 

pressurization and other operational 

risks, according to Mistretta. Amgen 

has also observed more collaboration 

with single-use bioreactor suppliers 

with respect to exchanging data 

and developing models that 

enable more reliable operations. 

Ultimate goal: 
Modelling complete 
bioreactor performance
Modelling of the performance of the 

whole bioreactor including predicting 

full cell-culture performance seems 

to be the holy grail, but according to 

Smith, broad application of complete 

models has yet to be achieved 

due to to the complexities of the 

variables required for accuracy, 

including the oxygen transfer rate, 

oxygen uptake rate, carbon dioxide 

evolution, carbon dioxide stripping, 

metabolism, cell-line traits, etc. 

In addition, Smith notes that 

improvements in understanding of 

cell biology have led to dramatic 

changes in what a “typical” cell 

line is capable of producing, with 

improvements coming from cell-line 

traits such as gene promoter strength, 

gene integration site, integration 

stability, modified metabolic 

pathways, etc. Furthermore, aspects 

of bioprocess engineering have 

shifted, for example from natural 

to chemically defined media and 

from batch to fed-batch (and 

toward continuous) modes. 

 “In short,” Smith concludes, 

“modelling the ‘complete’ bioreactor 

cell-culture performance for universal 

application may be not yet be in sight.” 

He does comment that there appears 

to be a push among large biopharma 

toward the use of complete models 

for the prediction of bioreactor 

performance in their given networks. 

However, in any published literature 

regarding these efforts, there is rarely 

sufficient detail provided to enable 

easy reproduction of the models used, 

and almost never is source code 

made public for direct application. 

“In this sense, trade secrecy and 

intellectual property concerns may be 

stymying the potential rapid industry-

wide advances in performance 

prediction,” Smith observes.

 “Even simpler aspects of 

bioreactor performance are generally 

still poorly modeled.” He points 

to the modelling of mass transfer 

coefficients, which dictate whether 

a reactor can provide sufficient 

oxygen to maintain viable cell mass, 

As new cell-culture 
technologies are 
implemented, proven 
in-silico models of 
bioreactor systems 
must be adjusted.
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as an example. “In the past three 

years, there have been several 

hundred publications on CFD-based 

prediction of kLa in bioreactors. 

While this quantity suggests great 

interest in the area, they frequently 

describe the resulting models as 

‘adequate,’ ‘sufficient,’ or similarly 

hesitant verbiage, suggesting in 

fact there is still space to improve 

in our performance prediction as 

an industry,” Smith explains. 

Potentially because of this 

remaining gap in the predictive 

power of CFD, many of the product 

development/pilot scale models 

used today, according to Smith, 

are driven primarily by empirical 

data leveraging fairly traditional 

correlations. “This approach seems to 

be able to provide a similar predictive 

power to that of CFD without the 

additional computational effort 

and resources,” he comments.

Role of process 
analytical technology
Useful models must be robustly 

validated with real data. The 

greater the amount of good data 

incorporated into a model, the 

more insight the model can provide. 

Traditional off-line samplling once or 

twice daily of key parameters (e.g., 

viable cell density, glucose, key amino 

acids, titer, etc.) will not provide the 

robust data set needed to robustly 

predict performance on a moment-

by-moment basis, according to Smith.

That is where process analytical 

technology (PAT) comes in. “Relatively 

recent application of PAT, such as 

Raman spectroscopy and biomass 

probes for inline sensing, are now 

providing more complete data 

on cell-culture performance and 

enabling better, more timely control 

of reactor automation,” he observes. 

Advances in sensor technologies 

have also contributed to enhanced 

real-time performance predictions 

of bioreactor performance and 

enable approaches such as model 

predictive control-based models, 

according to Mistretta. It is, in 

fact, improvement of automation 

control strategies within the existing 

capabilities of the bioreactor—not 

sampling and sensing alone—that 

is essential to improving bioreactor 

performance, stresses Smith.

Further advances in PAT are 

still needed, however, to enable 

them to really contribute to model 

development, according to Galliher. 

As an example, he notes that 

while infrared sensors have been 

touted as being able to measure 

relevant bioreactor parameters and 

generate predictive models, they 

require large computing power and 

algorithms to cancel out interference 

from cells, gas bubbles, and media 

components, all of which change 

over the course of the run.

Potential for 
artificial intelligence?
The availability of data (particularly 

genomic and proteomic data on 

cellular systems) and the capability 

to efficiently capture, store, and 

contextualize the process data 

needed for modelling have been 

the most notable advances in 

predictive bioreactor performance, 

according to Mistretta. The 

decreasing cost of the infrastructure 

needed to run computational 

models has, he adds, also made 

it faster to prototype and deploy 

predictive models for bioreactors. 

One area of rapid development 

involves the potential application 

of artificial intelligence (AI) 

and machine learning (ML) to 

bioreactor performance modelling. 

Bioengineers are beginning to 

discuss how to apply machine 

learning and digital-twin algorithms 

to the modelling of bioreactor 

performance, coupled with CFD 

modelling of multiphase (liquid and 

gas) solutions, according to Galliher. 

He does note, though, that these 

approaches are in conceptual stage.

In fact, the capability to design, 

develop, and implement machine 

learning algorithms more efficiently 

has also allowed modelling to be 

done in a more systematic way, 

according to Mistretta. “Machine 

learning models based on the ability 

to leverage larger datasets have 

enabled automated data-driven 

models of bioreactor performance 

and offer the potential to help 

determine fitted parameters in first 

principles models of bioreactor 

performance,” he remarks. 

One possible challenge to 

leveraging AI/ML could be the need 

for massive data sets in order to 

avoid overfitting issues. “Considering 

that biopharma companies are 

generally trying to minimize the 

number of culture runs for any 

given product and that even 

processes for blockbuster products 

may only be run 12–20 times per 

year, there is a relative dearth 

of information for most cell-line 

cultures with respect to typical ML 

data sets,” Smith explains. While 

each run produces thousands of 

data points (e.g., second-by-second 

pH, dissolved oxygen, viable cell 

density, etc.), these variables 

are inextricably linked to the 

chronology of the culture and could 

lead to further bias, he adds.

Smith stresses, though, that 

although AI and ML pose unique 

challenges to bioengineers, it is 

possible that experts well-versed 

in how and when to apply AI may 

develop creative solutions for 

deconvoluting and dealing with 

these types of challenges in the 

near future, to successfully enable 

the utilization of these technologies 

within the bioprocess industry. 

Expect more 
advances soon
Today, most of the measures of 

bioreactor performance are at a 

macro level in commercial facilities, 

according to Mistretta. To get to 

highly accurate predictions of 

bioreactor outputs, additional 

measurements and a framework 

for extensible modelling that 

describes the physiology, chemistry, 

and mechanics of a bioprocess 

must be developed, he says. 

“Genomics and metabolomics-

level understanding of bioreactor 

performance supplemented 

by real-time advanced sensors 

to measure post-translational 

modifications are necessary, and 

we predict to see these types of 

advances in the next three to five 

years,” Mistretta asserts. PTE

Reserachers are 
applying artificial 
intelligence and machine 
learning to bioreactor 
performance modelling. 
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A
s the pharmaceutical sector is one of the United Kingdom’s 

most productive industries (1), extensive investigations 

into the potential impact Brexit may have on the sector and 

significant work into contingency planning for a ‘no-deal’ 

scenario have been made. Contingency measures to avoid 

disruption to the supply of medicines, such as stockpiling of 

medicines, changing supply routes, duplicating drug testing, 

and transference of medicine licences, are underway by 

the pharmaceutical industry, according to the Association 

of the British Pharmaceutical Industry (ABPI) (2).

However, despite preparative works and planning for every 

potential outcome of Brexit come 31 October 2019, there are a 

number of factors that remain outside of the control of industry. 

Additionally, ‘unpicking’ the intricacies of the relationship 

between the UK and European Union for medicines regulation 

and trade, a relationship that has been forged over decades, 

will undoubtedly give rise to challenges for pharmaceutical 

companies, both in the European region and around the world.

An integrated framework 
and disruption of ‘no-deal’
“The pharmaceutical industry shares a regulatory framework 

with the EU,” explains Munira Wilson, corporate affairs director, 

Merck UK & Ireland. “It relies on integrated supply chains, 

an internationally diverse workforce, and a pan-European 

approach to research collaboration. All these aspects of the 

pharma business will be impacted by Brexit, regardless of 

whether the UK departs from the EU with or without a deal.”

Despite the benefits for the UK to leave the EU with a deal in 

place, such as the transition period that would afford the industry, 

regulatory bodies, ports, and governments time to prepare for the 

potential new relationship between the UK and EU, it is looking 

ever more likely that the Brexit scenario will be that of ‘no-deal’. “A 

The Big Deal Behind 

the ‘No-Deal’ Scenario
As a potential ‘no-deal’ Brexit looms, pharma companies and 

industry bodies are preparing for the worst-case scenario but 

hoping that the UK won’t end up with a disorderly exit from the EU.

no-deal Brexit could potentially lead 

to significant short-term disruption, 

particularly at ports,” asserts Wilson. 

Former Prime Minister Theresa 

May’s three attempts to pass a 

Brexit deal—that was agreed upon 

with the EU—in the UK parliament 

were to no avail and she resigned 

in June 2019 (3). May’s successor, 

Boris Johnson, is well-known to be 

insistent on the UK leaving the EU 

by 31 October 2019, be that with 

or without a deal (4). So, in light 

of the increased probability of a 

‘no-deal’ scenario, preparations 

are becoming more important, 

with both the UK and EU set 

to experience disruptions.

“In terms of public health, an 

ongoing close and collaborative 

relationship on systems and 

processes is particularly important,” 

stressed Wilson. “For example, 

collaboration is paramount on 

EU pharmacovigilance systems 

and databases, the European 

Databank on Medical Devices 

(EUDAMED), EudraVigilance, and 

the European Centre for Disease 

Prevention and Control.”

Avoiding a disorderly 
exit and preparations
“Like all businesses, we hope 

that a disorderly Brexit will not 

happen,” continues Wilson. 

“However, not preparing for such 

an outcome would be negligent, 

because ensuring that patients get 

the medicines they need is a top 

priority.” A sentiment vehemently 

supported by industry bodies within 

the UK, such as the ABPI and the 

UK BioIndustry Association (5).

Both the pharmaceutical supply 

chain and regulatory environment 

are set to be affected as a result of 

Brexit, Wilson explains, although 

the extent to which these areas 

are impacted depends on the 

nature of the future economic 

partnership that is agreed upon 

between the UK and the EU. In terms 

of an area that may experience a 

significant amount of disruption, 

she states that the regulatory 

environment within the UK could 

be detrimentally affected. “This 

impact will probably be seen due 

to the fact that the rest of the EU 

Felicity Thomas
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will continue to regulate medicines 

through the European Medicines 

Agency, which has relocated to 

Amsterdam, whereas the UK will 

likely end up with ‘third country’ 

status,” Wilson says. “However, the 

pharma industry is very clear that 

the UK government’s stated position 

of seeking associate membership 

of the EMA is the preferred 

regulatory position post Brexit.” 

Many pharmaceutical companies 

are well underway in terms of 

preparing for Brexit, albeit with 

negative undertones in some 

instances where manufacturing 

investments have been frozen 

for example. However, for a lot 

of companies, preparations have 

included stockpiling and putting 

transportation arrangements 

in place. As reported by The 

Pharmaceutical Journal, a third of 

manufacturers affiliated with the 

British Generics Manufacturers 

Association have booked additional 

ferry capacity to ensure their 

medicines will be transported 

between the UK and EU should 

there be a ‘no-deal’ outcome (6).

“Like many others, Merck has 

built up its contingency stock and is 

planning for re-routing of supply if 

necessary, in the event of a no-deal 

Brexit, which could lead to significant 

disruption at ports,” Wilson adds. 

“The Department of Health & Social 

Care has issued a lot of guidance on 

this matter and is in regular contact 

with most (if not all) companies.”

Respecting the 
referendum outcome
“Merck certainly respects the 

outcome of the referendum,” Wilson 

asserts. “However, at the same 

time, it is important for patients 

and for our business that Brexit 

takes place in an orderly fashion.” 

Regarding transition arrangements, 

Wilson explains that ideally any 

government plans should be put 

in place as soon as possible, so 

that sufficient time is allowed for 

all parties involved to prepare for 

whatever future partnership is 

subsequently negotiated. “Obviously, 

the number one priority for all 

involved should be to mitigate against 

any disruption of supply of medicines 

to patients,” she concludes.
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T
he growth of the biologics industry has created expansion in 

the contract development and manufacturing (CDMO) space. 

Liza M. Rivera, senior director, global marketing, at Fujifilm 

Diosynth Biotechnologies (FDB), says biologics have seen success 

especially in the treatment of cancer and autoimmune diseases. 

The following highlights some of the latest news from CDMOs in the 

biomanufacturing space.

New facilities and services
CDMOs are adding facilities and services to their portfolios in 

anticipation of the industry’s continued growth. Fujifilm is one of the 

companies making significant investments in their biomanufacturing 

offerings. “In recent years, we have prioritized the expansion of 

our production facilities, principally 2000-L medium-sized tanks, in 

response to the rapid increase in production demand for biologics,” 

Rivera says.

“As outlined in our medium-term management plan, VISION2019, 

with fiscal year ending in March 2020, we set our sights on enhancing 

the growth of our healthcare business. To meet this goal, we have 

actively made capital investments in our bio-CDMO business, 

achieving double-digit growth in sales, exceeding market growth.  

Going forward, we intend to continue to promote growth along these 

lines, expanding the bio-CDMO business as the growth driver for the 

healthcare area,” says Rivera.

In March 2019, Fujifilm acquired a large-scale biologics 

manufacturing facility in Hillerød, Denmark from Biogen as part of 

their goal of expanding its global business. The facility allows for the 

support of high-volume production of biologics that requires large-

scale culture tanks and is equipped with six 15,000-L bioreactors. 

The facility also houses an assembly, labelling, and packaging facility; 

quality control laboratories; and warehouses. “Most importantly, the 

nearly 800 women and men of the Hillerød facility will contribute 

their world-class CGMP [current good manufacturing practice] 

manufacturing capabilities to 

FDB’s existing leadership bio-

CDMO, immediately strengthening 

our overarching goal to advance 

tomorrow’s medicines and guarantee 

distribution of their lifesaving 

properties to all who need them,” 

Rivera says.   

At its manufacturing site in Songdo, 

South Korea, Samsung BioLogics (SBL) 

has demonstrated the viability of 

using alternating tangential flow (ATF) 

technology in a perfusion reactor at 

commercial scale. ATF perfusion has 

been applied in clinical development 

projects at small scale, according 

to SBL, but few companies have 

used the approach at large scale. 

The company said in a press release 

issued on 12 August 2019 that this 

approach should reduce production 

time by up to 30% for its clients (1).

The new technology adds to the 

manufacturing options that the CDMO 

can offer its biopharmaceutical 

manufacturing clients.  According 

to SBL, the ATF perfusion system 

allows for a 10-fold improvement in 

cell culture densities while retaining 

cell viabilities of over 98% at the seed 

stage. This enables inoculation within 

15,000-L bioreactors at higher cell 

densities, enabling peak cell densities 

to be achieved within shorter culture 

durations.

Samsung worked closely with 

the ATF system vendor to design 

the stainless-steel-housed system, 

and to assure closed-system 

integrity and full compliance with 

CGMPs. Validation, including ATF 

system water and media tests 

as well as extensive autoclave 

cycle development and sterility 

performance testing, was completed 

within six months, the company 

disclosed in its press release.

Samsung expects to reduce 

consumable cost with the stainless 

steel ATF filter, although its 

engineering experts note that single 

use ATF filters can also be applied in 

the future. 

HALIX, which specializes in 

clinical and commercial proteins 

and viral products, completed its 

new cGMP manufacturing facility 

in Leiden Bio Science Park in the 

Netherlands in August. The 6700-

sq.-m. facility will be used for the 

Susan Haigney

Biologics Continue 

to Grow and Create 

Outsourcing Opportunities
CDMOs are adding facilities and services to their portfolios 

in anticipation of the biologics industry’s continued growth.
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Outsourcing

development and production of 

biopharmaceutical drug substances. 

The facility contains a manufacturing 

line for viral vaccines and viral 

vectors in addition to a separate 

protein manufacturing area with a 

capacity of up to 1000-L single-use 

bioreactors. Lab space is also 

available for process development, 

analytical development, and quality 

control. All cleanroom areas have 

a unidirectional process flow and 

are designed to allow commercial 

manufacturing of biopharmaceutical 

products (2).

“This new facility offers our current 

and future clients’ capacity and 

flexibility for future expansion and 

will allow for cGMP manufacturing 

solutions for viral products, proteins, 

gene therapy, and client-specific new 

technologies,” said Roland Hecht, 

HALIX chief customer officer, in a 

company press release.

Sartorius Stedim Biotech (SSB), 

a supplier of biopharmaceutical 

manufacturing products and services, 

is now offering GMP mammalian cell 

bank manufacture, the company 

announced on 8 Aug. 2019. The 

services will be offered through 

its subsidiary, Sartorius Stedim 

BioOutsource, a contract testing 

organization based in Glasgow, 

United Kingdom, and in Cambridge, 

MA, in the United States (3).

The services will feature the 

manufacture of GMP master and 

working cell banks for mammalian 

suspension cells, which will be 

conducted in a 260-sq.-m. GMP 

cleanroom dedicated to mammalian 

suspension cell lines. The facility 

enables closed-system manufacture 

of GMP-compliant cell banks, from 

vial thaw to automated filling, as a 

qualified broth technology platform. 

The company expects this platform 

to maximize process reliability and 

assurance of sterility.

SSB offers its cell bank 

manufacturing in a package along 

with cell bank characterization 

services, making the company a 

single-source provider from vial thaw 

to released cell banks. 

With these new services, the 

company can offer combined 

cell-line development, cell bank 

manufacturing, and cell bank 

characterization and provide 

biomanufacturing solutions from DNA 

to released GMP cell bank within a 

10-month timeline.

Mergers and acquisitions
In August 2019, Eurofins Genomics 

completed its acquisition of Blue 

Heron Biotech, a Bothell, WA-based 

gene synthesis company. The deal 

bolsters Blue Heron’s production 

capabilities while expanding Eurofins 

Genomics’ gene portfolio into cloning 

and complex gene constructs, 

according to the company. The 

acquisition also strengthens Eurofins 

Genomics’ product portfolio in the 

synthetic biology market (4).

The companies share similar 

main product segments including 

oligonucleotides, sequencing, 

and synthetic genes. Eurofins 

Genomics’ product offerings include 

oligonucleotide synthesis, Sanger 

sequencing, next-generation 

sequencing, and gene synthesis. 

With the acquisition, the company 

can now provide holistic solutions 

to customers, including regulatory 

coverage for its products—ISO 13485, 

ISO 9001, CLIA, CAP, good laboratory 

practice, and FDA compliance—

for the manufacturing of cGMP 

oligonucleotides used in analyte-

specific reagent and in-vitro diagnostic 

products for the clinical industry.
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Providing regulators with a holistic approach to addressing deficiencies is the best response 

to an inspection, says Siegfried Schmitt, PhD, vice-president, technical, Parexel Consulting.

Q.
A recent inspection of our facility resulted in several 

observations, including insufficient hand sanitization by 

personnel in the sterile filling area, deficient gowning in the 

microbiology laboratory, and use of wooden pallets in the cold 

storage area. Before concluding, the inspectors told us that

they want us to address these deficiencies holistically. Can you 

give some advice on how to do this?

A.
It is correct that all too often, companies address each

and every inspection observation individually, rather than

address fundamental flaws or gaps in the systems, processes, 

or organizations. The regulators want the industry to find the

true root causes for their compliance lapses. This is why your

inspectors want to see the issues they identified addressed 

holistically. For example, they want you to clearly identify the 

functional relationship between the parts that lead up to a

compliant operation and the whole.

Looking at the examples you cite, it seems that you would

be best served by preparing a contamination control strategy 

(CCS). Control strategies are an increasing requirement in the

European Union good manufacturing practice regulations (EU

GMPs) and expected to be referenced in the next revision of EU

GMP Annex 1 (1). The draft text, which is likely to be adopted in

the final version, reads:

‘Quality assurance is particularly important, and manufacture

of sterile products must strictly follow carefully established and 

validated methods of manufacture and control. A contamination

control strategy should be implemented across the facility 

in order to assess the effectiveness of all the control and 

monitoring measures employed. This assessment should lead 

to corrective and preventative actions being taken as necessary.

The strategy should consider all aspects of contamination

control and its life cycle with ongoing and periodic review and

update of the strategy as appropriate.’

In your case, the CCS should consider all the integral

elements of sterile product manufacturing, including quality risk 

management (QRM) principles and supporting risk assessments 

for contamination control and monitoring (detectability of 

contamination event) (2). How should or could you develop this 

CCS? First, you need a complete process flow description of all 

materials and personnel. This will allow you to identify points 

of critical risk of contamination and points of inherent risk of 

contamination. 

If we take the examples provided by your inspectors, you will

need to identify where there is a risk for contamination (e.g., 

the operators) and how you control this risk of contamination 

(e.g., gowning and barriers, such as isolators and disinfection).

Next, you need to determine whether these control measures 

(individually and as a whole) are sufficient to reduce the risk 

to an acceptable level. For example, is hand sanitization 

performed often and sufficiently, and is the procedure following

industry best practices (3)? Are your personnel suitably trained 

and are they following the prescribed procedure? Have you

collected sufficient data (e.g., from swabs and dabs) that 

prove the efficiency of the sanitizing regime? Once you have

performed this risk assessment, you will have sufficient 

information and data to understand, whether:

• Your hand sanitizing procedures are adequate and effective

• Your personnel training and personnel following procedures 

is correct

• Your contamination control strategy for all points of risk 

of contamination from gloved hands is appropriate and

sufficient.

If not, you should be able to immediately identify corrective

action and preventive action (CAPA) measures to reduce the 

risks to an acceptable level.

The CCS will bring all these assessments together and 

provide a holistic view of your approach to contamination

control. The CCS is not only needed for responding to the

inspection observations, it is an essential document for

any pharmaceutical operation and, in particular, for sterile 

manufacturing ones.
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