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I   t probably comes 

as no surprise that 

R&D expenditure in the 

bio/pharma industry is 

one of the highest on 

average, with companies 

spending approximately 

17% of revenues on R&D, 

according to market 

research (1). And, investments into R&D 

worldwide are on the rise and expected to 

reach US$203.9 billion (€188.1 billion) by the 

year 2024 (2).

Within the Europe Union, figures have 

shown that nearly €320 billion was spent 

on R&D in 2017 (3), and according to data 

from Strategy&, of the top 1000 global 

corporate R&D spenders, 41 companies 

were European pharma/biotech ones (4). 

Additionally, the data highlight that Roche, 

Johnson & Johnson, Novartis, and Pfizer are 

bio/pharma companies that have been in 

the top 20 R&D spenders every year since 

2005, and healthcare companies are on 

track to be the biggest R&D spenders by 

2020 (4). Although companies in the United 

States are still proportionally dominant 

in healthcare R&D spending (49% of 

companies in the sector on the top 1000 

list), Europe is not far behind at 31% (5).

Delving deeper
In performing its own research, R&D 

tax credit specialist, RIFT Research and 

Development, revealed that Swiss companies 

in the top 1000 list actually spend the most 

on R&D annually, followed by US, Australian, 

Swedish, and German companies (6). The 

United Kingdom is placed at seventh for R&D 

expenditure, according to RIFT’s research 

(6). When examining the UK companies that 

commit the biggest investments into R&D in 

particular, RIFT noted that pharma companies 

are frontrunners, with GW Pharmaceuticals 

designating £115 million (€137 

million)—1349.9% of total annual revenue—

and Circassia Pharmaceuticals committing 

£101 million (€120 million)—210.4% of its 

revenue (6).

“Research and development has become 

a big business, and this is demonstrated by 

some of the huge spends across some of 

the biggest companies operating in the UK,” 

said Sarah Collins, director of RIFT Research 

and Development, in a press release (6). 

“However, while certain names are helping 

drive R&D within the UK at the very highest 

level, we still have some way to go before we 

catch the national frontrunners elsewhere 

around the world. The great thing about R&D 

is that claims aren’t limited to these giants, 

and regardless of how established your 

company is, any work done to progress your 

sector can qualify and help push the UK to 

the top of the table.”

The UK company that ranks highest on 

the top 1000 list is GlaxoSmithKline, which 

has generally seen its R&D expenses rise 

year-on-year—an exception being a drop in 

2015 (4). According to a news story in the 

Financial Times, the company is stepping 

up investment in R&D as well as product 

launches in 2020 by way of reinvigorating its 

pipeline, but it has warned that profits will 

suffer as a result (7).

GSK’s profit warning has the potential 

to ring true throughout the industry as 

companies are seeing their investments in 

R&D reap smaller and smaller returns. As 

reported by Deloitte in its 10-year analysis on 

the return from pharmaceutical innovation 

of a selection of large capital biopharma 

companies, R&D returns have been steadily 

declining, while the cost to bring an asset to 

market has increased since 2010 (8).

Additionally, Deloitte iterated that as a 

result of the changing treatment modalities, 

companies are also required to adapt R&D 

models (8). Factors such as the amassing 

prevalence of biologics in the pipeline 

and increasing development cycle times 

are driving the shift in R&D model (8). 

Furthermore, the rise of biosimilars, which 

is particularly apparent in Europe, is adding 

to the risk of creating a more competitive 

landscape and hence having a negative 

impact on revenues (8).

What is clear is that R&D production 

efficiencies need to be improved so that 

the high cost of R&D is in fact translated to 

new, innovative therapies from small and 

large companies alike actually becoming 

commercially available, allowing the industry 

to thrive.
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Playing Catch Up  
with Big Data in Europe 
EU regulators have accelerated their efforts to use the mass of data emerging from the 
lifecycles of drugs as an effective basis for both the development and control of medicines.

T he European Union medicines licensing network, 

headed by the European Medicines Agency (EMA) 

and covering all of its 27 member states, has been falling 

behind the US Food and Drug Administration (FDA) and 

Japan’s Pharmaceutical and Medical Devices Agency 

(PMDA) in the application of Big Data in the authorization 

of medicines.

Now a joint Big Data taskforce (BDTF) of EMA and 

the Heads of Medicines Agencies (HMA), representing 

national licensing authorities, has completed a 

two‑phase report on a proposed framework for realizing 

the potential of Big Data for enhancing public health and 

innovation (1). It aims to aid decision making not just by 

regulators but also by stakeholders, such as industry, 

academia, and healthcare professionals. 

Although the proposals are mainly focused on raising 

the efficiencies of authorization and post‑marketing 

surveillance procedures, they are also aimed at 

strengthening the development of new medicines and 

processes, especially with advanced therapy medicinal 

products (ATMPs). The introduction and implementation 

of the framework will be a huge task in pulling together 

the data management activities of EU countries’ 

healthcare systems, while also establishing links with 

the Europe‑wide data infrastructures of different 

research communities, especially in life sciences.

However, the EMA–HMA initiative will be greatly helped 

by the impetus coming from a programme announced by 

the European Commission (EC), in February 2020, with 

the objective of making the EU’s data economy a leading 

force in the world (2). Through substantial advances in 

connectivity, processing and storage of data, computing 

power, and cybersecurity, Europe will be able to make 

large amounts of quality data available for use and re‑use 

to improve health, well‑being, the environment, and 

public services, according to the EC’s plans (2).

“[The digital transformation] will be a truly European 

project—a digital society based on European values 

and European rules—that can truly inspire the rest of 

the world,” said the EC in a communication on Europe’s 

digital future in February 2020 (2). “But the benefits 

arising from digital technologies do not come without 

risks and costs. Citizens no longer feel in control over 

what happens with their personal data.”

Realizing the digital strategy
Hence the realization of the EU’s digital strategy will 

require new legislation, changes to existing regulations, 

guidelines, and other regulatory actions. This will 

particularly be necessary in healthcare and regulation of 

products like medicines, where issues such as standards 

of data quality, accountability, data management, 

transparency, and interoperability will be important.

A key area will be the protection of personal data 

used in the development and improvement of new 

and existing medicines and treatments such as gene 

therapies, which may require access to real‑world data 

(RWD) in patient records. The BDTF’s report is helping to 

shape the digital future in healthcare by putting forward 

10 main recommendations, the implementation of 

which will become the responsibility of an HMA–EMA 

Big Data steering group (1). 

The taskforce suggested that the immediate focus 

should be on preparing the EU’s existing regulatory 

model for the new data environment. But it warned that 

the European regulatory network has currently both 

limited capacity and capability to access and analyse 

Big Data’s large, mixed, and unstructured data sets. 

The objective of using Big Data to raise the efficiency of 

regulatory decision‑making “still sit closer to aspiration 

than reality,” the taskforce said (1). Nonetheless 

regulators had no alternative but to exploit the growing 

diversification of data generation.

The BDTF’s recommendation aimed to tackle 

what the taskforce saw as the regulatory system’s 

main weaknesses in dealing with Big Data. These 

weaknesses ranged from the fragmentation of the 

European healthcare sector with countries pursuing 

their own policies in areas such as data generation and 

distribution. There was a lack of standardization in data 

management and controls and uniform metrics for 

gauging data quality (1).

Sean Milmo is a 
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European Regulatory Watch

The General Data Protection Regulation (GDPR), approved 

by the EU in 2016 to replace the 1995 Data Protection 

Directive but which started to be implemented only last 

year (3), is already showing inadequacies in the protection 

of personal data, especially in respect of the application 

of artificial intelligence (AI) and machines learning with 

pharmaceuticals, as well as the use of algorithms in 

healthcare.

Dealing with disparities
To sort out many of the issues undermining effective use 

of data, the EU has had to find a means for dealing with 

the disparities between the healthcare data provided by its 

member states. Europe has a richness of healthcare data 

because in most countries there is universal healthcare 

coverage but the region lacks the means to take advantage 

of it, according to BDTF (1).

Differences in health services, national guidelines, clinical 

practices, and even terminologies have resulted in the 

generation of heterogeneous data. Also, there is a shortage 

of funding at the national and EU levels to promote the 

creation of data, such as real‑world databases, which could 

be used for regulatory purposes.

BDTF claimed that in comparison to European countries, 

the United States, Canada, and Japan had committed 

‘significant resources’ to establishing RWD systems to 

which regulators would have routine access (1). BDTF 

recommended that to encourage a centralized RWD 

operation, a European network of databases of ‘known 

quality and content’ with the highest level of data security 

should be set up. It would be called the Data Analysis and 

Real‑World Interrogation Network (DARWIN) (1). 

In addition to worries about data inconsistencies due 

to differences between national healthcare services, the 

taskforce was also concerned about poor data quality. BDTF 

cited a study which found ‘disappointingly low’ numbers of 

European databases able to meet minimum requirements 

on content and accessibility (4). BDTF suggested the 

establishment of a data quality system under which Big Data 

sources would have to undertake a renewable certification 

process.

Operators of Europe’s data infrastructures, particularly 

those in Open Science sections, have been applying for 

around five years a standardization system (5). It is called 

FAIR, for findability, accessibility, interoperability, and 

reusability, which when bound together should ensure 

acceptable levels of data quality.

Although FAIR has now been endorsed by governments 

not only in Europe but globally, the BDTF considered that it 

was only a long‑term option for creating Big Data standards 

for the EU regulatory network. An interim report on four 

pilot assessments of the FAIR‑compliance of datasets from 

research work by Brussels‑based Innovative Medicines 

Initiative (IMI), which is jointly funded by the EU and the 

European Federation of Pharmaceutical Industries and 

Associations (EFPIA), found that compliance levels were 

‘variable’ (6). Furthermore, the assessment processes 

themselves were underdeveloped and immature, leaving a 

lot of scope for improvement.

Instead the taskforce proposed that for the short‑term, 

EU regulators should use the European Network of Centres 

for Pharmacoepidemiology and Pharmacovigilance (ENCePP) 

and other repositories, such as Genomic Alliance for 

Genomic Health (GA4GH), for genomics data and Elixir, a 

European inter‑governmental data‑coordination platform for 

life sciences (1).  

Privacy protection
A major barrier to effective regulatory use of Big Data is the 

inability of current legislation to give full privacy protection 

to patient data. Despite its tough controls on personal 

data, the EU’s GDPR is already considered to be in need 

of tightening up because of weaknesses particularly in 

protection of patient data (7). In a review of the legislation 

issued in November 2019, Germany’s federal and state data 

protection supervisory authorities concluded that, despite 

the success of its regulatory concepts, “some uncertainty 

remains and there are shortcomings when it comes to 

implementation” (7).

Because of a lack of clarity in parts of the GDPR, 

‘countless’ data protection consultants have been offering 

customers interpretations of the text, the German 

authorities complained. These views were echoed in a 

briefing in on GDPR by GA4GH (8), which claimed that 

with key issues, such as consent and public interest, the 

legislation does not “give (enough) flexibility but reinforces a 

conclusion about the need for clarity.”

As part of its data strategy, the EC is planning a series of 

measures, many of them legislative. With so many legislative 

initiatives in the pipeline, it could be several years before the 

EU introduces a full regulatory framework that determines 

how successful medicines regulators will be in using Big 

Data in their decision making.
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https://ec.europa.eu/info/sites/info/files/turning_fair_into_reality_1.pdf
https://www.datenschutzkonferenz-online.de/media/dskb/20191213_evaluation_report_german_dpa_s_clean.pdf
https://www.datenschutzkonferenz-online.de/media/dskb/20191213_evaluation_report_german_dpa_s_clean.pdf
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chimeric antigen receptor T (CAR T) therapies, and our new 

clinical manufacturing facility in Gaithersburg, MD, US, will 

produce investigational T-cell receptor (TCR) cell therapies 

being evaluated in solid tumours,” says Charles Calderaro, 

Kite’s global head of Technical Operations. 

In addition, in July 2019 the company announced the 

development of a new facility in Oceanside, CA (1) that 

will be dedicated to the development and manufacturing 

of viral vectors. Viral vectors are a critical starting material 

in the production of cell therapies, Calderaro notes. 

Also looking to leverage itself with capacity for now 

and in the future, Orchard Therapeutics, a London-

headquartered biopharmaceutical company, has been 

organizing its CDMO network as well as its in-house 

capabilities. “In anticipation of a potential launch, we 

will be leveraging our existing CDMO infrastructure to 

produce the required vector and drug product. At the 

same time, we understand that we must invest in our 

own, in-house manufacturing capabilities given the 

depth of our clinical-stage pipeline,” says Ran Zheng, 

chief technical officer, Orchard Therapeutics. “We are 

beginning construction of a manufacturing facility in 

Fremont, CA, in order to meet the need for greater 

capacity, and expect it to be operational in 2021. In 

addition to vector and drug product manufacturing, the 

Fremont facility will house process development, quality 

control, and other support functions.”

W ith the hard-fought road to commercialization 

won by cell and gene therapies in the past few 

years, biopharmaceutical companies have stepped 

up their interests in developing these emerging 

therapies. Some biopharma companies are also 

building capacity by investing in expansions and/

or new facilities. In anticipation of growing demand 

for capacity and services, contract manufacturing 

organizations (CMOs) and contract development and 

manufacturing organizations (CDMOs) have also been 

investing in expanding manufacturing capacity and 

capabilities for cell and gene therapies.

Building capacity now and for the future
One such example is biopharmaceutical company Gilead 

Sciences, which acquired Kite Pharma in October 2017 

for approximately US$11.9 billion (€10.9 billion) . That same 

month, Kite’s cell therapy product, Yescarta (axicabtagene 

ciloleucel) for large B-cell lymphoma, was approved by the 

US Food and Drug Administration. Through Kite, Gilead 

has established a global manufacturing network to meet 

patients’ needs for cell therapies today and in the future. 

“Outside of California, key investments include the opening 

of a manufacturing site in Amsterdam later this year 

[2020] and ongoing construction of our newest automated 

facility in Frederick County, MD, United States, that will 

significantly expand our ability to manufacture a variety of 

The growing interest in developing cell and gene therapies 
has prompted industry investment to grow manufacturing capacity.

Investing in Capacity 
for Emerging Therapies 

Feliza Mirasol
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is designed to help enable rapid 

and reliable delivery of Yescarta to 

treatment centres. Kite Konnect uses 

an integrated technology platform 

to provide real-time status updates 

to patients and doctors throughout 

treatment,” explains Calderaro.

Market capacity dynamics
The increased focus on developing cell 

and gene therapies and the significant 

number of product candidates in the 

clinical pipeline means that there is 

need for capacity upgrades on the 

market. “With so many cell and gene 

therapy companies looking to bring 

products through clinical trials to 

the market, capacity is tight,” Zheng 

concurs. “We’re increasingly seeing 

companies adjusting to this dynamic 

by securing supply agreements with 

CDMOs, building internal manufacturing 

capabilities, and improving 

manufacturing processes and efficiency 

by exploring new technologies.”

In gene therapy manufacturing, 

Catalent focuses on growing with its 

clients. “It is critical that we can support 

our customers’ pipelines and increasing 

asset portfolio with GMP viral facilities,” 

says Floreck. With the number of gene 

therapy clinical trials on the increase 

and many gene therapy programmes 

carrying expedited status, it is 

additionally important to Catalent that 

the company offers not only dedicated 

space for clinical trial and commercial 

production, but also scale-up expertise 

to support increased manufacturing 

efficiency, says Floreck.

“It should be the goal of any 

successful gene therapy CDMO to 

offer an end-to-end solution for its 

customers. From the raw materials 

through to development, scale-up, 

manufacturing, and fill/finish, we want 

to be able to guide our customers 

through the process and increase their 

chances of final approval and patient 

material. At Catalent, we are committed 

to expanding capacity to meet industry 

demand; however, without the viral 

vector expertise, it is just empty space. 

Early phase clients need to lock-in early 

with manufacturing partners, to not 

only secure the production suite but 

Meanwhile, CDMO Catalent made a 

significant investment with its US$1.2-

billion (€1.1-billion) acquisition in May 

2019 of Paragon Bioservices, a CDMO 

specializing in viral vector development 

and manufacturing for gene therapies 

(2). Paragon had just opened its second 

good manufacturing practices (GMP) 

gene therapy manufacturing facility 

in Harmans, MD, US, in April 2019, 

notes Colleen Floreck, senior director 

of Marketing and Communications at 

Catalent’s Paragon Gene Therapy. “The 

425,000-ft2 facility offers individualized 

manufacturing suites specially 

designed to handle the unique needs of 

gene therapy products,” Floreck says. 

Soon after the acquisition, Catalent 

Biologics and Novavax partnered in a 

strategic deal under which Paragon 

Gene Therapy would assume the 

leases to two of Novavax’s product 

development and manufacturing 

facilities in Gaithersburg and Rockville, 

MD. The deal gave Paragon immediate 

access to state-of-the-art manufacturing 

equipment and a further 54,000 ft2 of 

current good manufacturing practice 

(CGMP) space that the company needs 

to grow its gene therapy development 

and manufacturing business. One 

hundred of Novavax’s employees 

transferred to Paragon.

“Each of these announcements 

included commitments from 

customers for dedicated capacity for 

their programmes, but also provides 

additional capacity for technology 

expansion and new development 

customers. Since then, Catalent’s 

Paragon Gene Therapy business has 

announced further collaborations, 

validating its proactive investment 

strategy,” Floreck says.

Investments beyond capacity
In addition to building up capacity for 

cell and gene therapies, companies 

are also making strategic investments 

to support advancing product 

candidates through the pipeline. “We 

are investing across a number of 

areas to support the advancement of 

our investigational ex-vivo autologous 

gene therapy programmes for rare, 

inherited diseases,” says Zheng. 

Orchard Therapeutics’ additional 

investments include research and 

development for new indications; 

technological innovations, such as 

stable cell lines for vector production 

and hematopoietic stem cell 

transduction enhancers; automated 

cell processing; and initiatives to 

identify metachromatic leukodystrophy 

(MLD) patients, including diagnostic 

testing and newborn screening pilot 

programmes. “We view all of these 

activities as crucial to our long-term 

success,” Zheng emphasizes.

Catalent’s additional investments 

include its February 2020 acquisition 

of MaSTherCell Global, a cell therapy 

CDMO, for US$315 million (€290 million). 

“This creates an industry-leading 

platform spanning both cell and gene 

therapy and complementing Catalent’s 

cell line, analytical, and biologics fill/

finish capabilities,” Floreck says.

MaSTherCell has a 25,000-ft2 facility 

in Gosselies, Belgium, that provides 

clinical services and a 32,000-ft2 facility 

in Houston, TX, which is currently 

undergoing validation activities to 

undertake development-scale projects 

before the end of 2020, Floreck 

explains. “Like Paragon, MaSTherCell 

already has expansion plans in 

progress and construction is underway 

on a dedicated 60,000-ft2 commercial-

scale production and fill/finish facility 

adjacent to its existing Belgian facility, 

which is scheduled to open in the 

fall of 2021. MaSTherCell adds a 

unique portfolio of capabilities and 

technologies to Catalent that include 

the development and manufacture 

of autologous and allogeneic cell 

therapies and related analytical 

services,” Floreck adds. 

MaSTherCell’s expertise includes 

therapies based on CAR-T cells, TCR, 

tumour-infiltrating lymphocytes (TIL), 

and mesenchymal stem cells (MSC).

Gilead’s investments beyond building 

capacity is based on Kite’s commitment 

to continuous innovation in platform 

services and logistics support, both 

necessary to improve the cell therapy 

experience for patients and healthcare 

professionals. “We have a customized 

programme, Kite Konnect, which 
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also to have the necessary technical 

expertise in place to optimize their 

programme,” Floreck stresses.

On the cell therapy front, the 

constraint isn’t so much about 

capacity but more about getting into 

the field early. Floreck points out that 

the barrier to entry in the cell therapy 

field is low, but the real challenge 

involves the people and expertise. 

“There are many manufacturers who 

can build upstream and downstream 

cell culture suites, especially without 

the challenges of virus production, 

but it takes a minimum of six months 

to effectively train personnel across 

various platforms,” say says. 

“Additionally, you are so close to 

the end user (i.e., the patient) that 

the cell production and the need 

to lock down a process early is 

even more critical. Knowledge and 

expertise across a variety of cell 

types and modalities are important 

to offer customers the speed they 

need to get to the clinic faster. 

Many cell therapy indications and 

products are similar, making speed to 

market of paramount importance to 

customers,” Floreck says.

In the field of autologous cell 

therapy, in particular, there is no 

option but to build out. “Since you 

are treating one patient at a time, 

clients often do not even know 

how many patients they will have 

during each month of the trial. 

With enrollment being the biggest 

unknown, the numbers also challenge 

the affordability of the treatment,” 

Floreck explains.

In comparison, for allogeneic cell 

therapy, it is not known yet what the 

final bioproduction process will be. 

“At Catalent’s most recent acquisition, 

MaSTherCell, we are designing the 

processes, including stirred-tank 

reactors all the way through to fill and 

finish. We are working with clinically 

advanced companies like CRISPR 

Therapeutics and Servier as they 

navigate the defining of the allogeneic 

production process,” Floreck says.

Furthermore, unlike traditional 

biomanufacturing, current CAR 

T therapies require a complex 

and carefully controlled, multi-

step process that can be difficult 

to optimize, adds Calderaro. 

“Manufacturing speed and quality in 

cell therapy is critical because people 

waiting for these medicines are 

typically very ill and have the potential 

for rapid disease progression. In 

addition to our global, industry-

leading manufacturing network, Kite 

continues to explore ways to optimize 

the and quality of manufacturing 

and has currently set the bar for the 

industry with a rapid and reliable 

median 16-day turnaround time in the 

United States,” Calderaro states. 

Calderaro goes on to say that the 

progress of cell therapy is closely tied 

to innovation in manufacturing and 

technical operations. “In addition to 

our US and European locations, we 

are investing in other areas around 

the globe to ensure our operational 

footprint allows us to meet the needs 

of potential patients worldwide. We 

are actively advancing cell therapy 

technology across all aspects 

of the manufacturing process, 

including technologies such as next-

generation autologous and allogeneic 

development platforms.”

What drives the future
Because Kite’s singular focus is cell 

therapy, it’s strategic drive into the 

future is also very focused. Today, the 

company is exploring cell therapies 

in more than 10 cancers, including 

hematologic malignancies and solid 

tumours, and is also exploring varied 

technologies. “As we advance our 

industry-leading cell therapy pipeline, 

expanding and investing in our 

capabilities is essential to ensuring 

we are able to improve outcomes for 

people with cancer now and in the 

future,” says Calderaro.

Catalent is taking its cue from its 

customers and intends to build a future 

with them. “It is critical for Catalent 

to grow with its customers. We are 

committed to developing the capacity 

needed to support their programmes as 

they grow and expand,” Floreck says.

Meanwhile, Orchard Therapeutics 

is considering several factors looking 

toward the future as it develops 

and executes its manufacturing 

strategy. “Our first consideration 

is about patients and our ability to 

produce and deliver products to them 

reliably. With the construction of 

our facility in Fremont, we will work 

to ensure increased manufacturing 

capacity to make products for these 

patients. Given the nature of our 

investigational products—ex-vivo 

autologous gene therapies, which 

use a gene-corrected version of a 

patient’s own cells—reliable supply 

chain management is also necessary 

to ensure quality and timely delivery 

of our products. We are committed to 

working closely with regulators in the 

European Union, the US, and globally 

to ensure compliance and efficient 

product approvals,” Zheng says. 
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expensive, and high-risk endeavour,” 

agrees Kane. 

Lifecycle management, Kane 

observes, is in fact one of the major 

strategies used in the pharmaceutical 

industry in response to several 

significant trends, including patent 

expiry of major blockbuster drugs 

in the coming 5–10 years, stiffer 

competition in the market due to the 

presence of generic players, and a 

drought in the pharmaceutical R&D 

pipeline. Combination drugs also 

offer an opportunity for intellectual 

property and exclusivity.

Stability, dosage, 
and other challenges
Developing an FDC formulation 

that offers these benefits and 

challenges can be difficult, however. 

Because many active ingredients 

are incompatible—meaning they 

are less stable in the presence of 

each other—selecting excipients 

and processes that reduce the 

degradation rate of the active 

ingredients and afford the optimal 

composition and process parameters 

increases in difficulty as the number 

of active ingredients increases, Gren 

notes. In fact, the main challenge to 

fixed-dose combination development 

usually involves product formulation 

and manufacturing strategy to 

address stability, dose differential, 

and analytical method development 

issues, according to Kane. 

The APIs in an FDC must be 

physically and chemically compatible 

with one another and all of the 

excipients used in the formulation 

and not generate any new impurities 

or raise any new drug-drug 

interactions. “The physicochemical 

properties and stability of each of 

the APIs in an FDC will define the 

formulation approaches to maintain 

stability during the shelf life of the 

combined drug product. As an 

example, the hygroscopicity of one 

active drug substance can influence 

the stability of the other drug in a 

combination product unless they 

are completely separated by way of 

multiple techniques,” explains Kane. 

Fixed-dose combination (FDC) drugs offer a number of benefits to 

drug manufacturers, patients, and caregivers. These medicines 

contain two or more active ingredients in a defined composition or 

fixed ratio. The greater focus on patient centricity and improving patient 

medication adherence has led to a growing interest in FDC formulations. 

In the past five years, approximately 43 fixed-dose combinations 

were approved in the United States, according to Anil Kane, global 

head of scientific and technical affairs at Thermo Fisher Scientific. 

The majority were treatments for cardiovascular, metabolic disorder 

(including diabetes), and infectious diseases (including HIV). Most are 

solid, orally delivered drugs.

Benefiting patients and industry
FDC medicines, because they contain multiple APIs, provide advantages 

for patients and opportunities for manufacturers. From a patient 

perspective, according to Torkel Gren, senior director and science and 

technology officer at Recipharm AB, FDC products can be consumed 

quickly and easily because fewer tablets need to be taken. “By altering 

and controlling API release rates through the combination of multiple 

drug products into a single carrier, treatment is ultimately more 

efficient and straight-forward for patients,” he says. “To this end, FDCs 

have helped to improve patient compliance and by extension the overall 

treatment of diseases,” Gren adds. FDCs also have the potential to offer 

patients increased efficacy and synergistic effects that may enable the 

need for lower doses, according to Kane.

For manufacturers, Gren notes that formulating FDCs has enabled 

the introduction of new products with improved properties and with 

significantly lower development costs. “Reformulating and combining 

drugs that have been proven to be safe and effective into FDCs 

represents an essential strategy for drug development companies 

to realize maximal commercial potential returns in a faster way 

than developing new molecular entities, which can be a lengthy, 

Cynthia A. Challener, 
PhD, is a contributing 

editor to Pharmaceutical 

Technology Europe.

Characterizing APIs  
is Essential for  
Combo Drug Formulations
Formulating fixed-dose combination drugs proves  
more complex than simply adding one ingredient to another. 
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Dosage size is another challenge 

experienced during pharmaceutical 

development, according to Gren. For 

example, if several high-dosage drugs 

are combined, the resulting target may 

be too large to be consumed by the 

patient. Differentials in individual drug 

doses are another issue. “The particle 

size distribution of a low-dose drug and 

the distribution of a second high-dose 

drug can impact the content uniformity 

of the former and the flow and 

processability of the latter in a single 

two-layer tablet,” Kane observes. 

From an analytical chemistry 

standpoint, it may be challenging to 

develop an analytical method that can 

quantitate all of the active ingredients 

and their degradation products, 

according to Gren. New analytical 

methodologies are often required to 

be developed for these innovative 

formulation strategies to accurately 

assess the product potency of multiple 

ingredients, as well as potential 

degradation products and their quality 

parameters, Kane agrees. “One 

alternative,” says Gren, “is to apply 

several analytical methods. However, 

the employment of multiple analytical 

methods will increase quality control 

costs and subsequently impact the 

cost of goods,” he notes.

Finally, Kane observes that 

the packaging of a fixed-dose 

combination product may need to be 

re-considered based on the criticality 

of the multiple actives and their 

stability profiles in combination.

Understand the  
characteristics  
of each drug
The best way to overcome these 

challenges, Kane asserts, is for 

formulators to fully evaluate/

understand the individual drugs 

that need to be combined in FDC 

products with respect the API 

characteristics, forced degradation 

and stability profiles, site of absorption 

and pharmacokinetics, potential for 

drug-drug interactions and chemical 

compatibility, and the individual doses 

required to have an optimal therapeutic 

effect. “A thorough preformulation 

assessment of the combination and 

generation of critical data is the key to 

a successful formulation development 

strategy,” he concludes.

Clarity around the stability of 

the APIs to be formulated into 

an FDC product can be gained 

through retrieved literature data 

and experimental work, notes Gren. 

“Gathering information and knowledge 

around the specific patient population 

and other market conditions, 

combined with an understanding of 

stability issues, will allow for a clear 

development strategy to be outlined 

and implemented,” he states.

Managing incompatibilities
Where the APIs in FDCs are known 

to be incompatible in the presence 

of each other, formulation in a single 

pill can be achieved using a number 

of different options. Kane identifies 

multilayer tablets, compression-

coated tablets, multi-particulates in 

capsules, and combinations of coated 

and uncoated beads and pellets of one 

active placed with a powder of another 

active as common technologies. 

A suitable way to manage 

incompatibilities is by separating 

the different active ingredients with 

multilayer tablets or by including one 

of the drug substances in the coating 

and another at the core of the tablet, 

Gren notes. Formulation of different 

actives into separate pellets that can 

then be mixed into a capsule or tablet 

can make it easier to vary the doses 

of each API, he adds. For modified-

release formulations, the pellets are 

typically coated. 

It is important to note, however, 

that although pellet technology has 

broad applications in oral FDCs, it 

is not a universal tool. “While some 

drug substances can be readily 

combined in a conventional tablet 

without any problems occurring, 

liquid or semi-solid formulations are 

often required for some indications 

and administration routes,” Gren 

comments. 

In general, therefore, the strategy 

for developing FDCs is entirely 

dependent on the individual active 

ingredients in the combination, their 

dose, stability profile, target release 

profile, sight of release, and other 

factors, Kane asserts. 

Potential of 3D printing
Looking to the future, 3D printing 

has recently been introduced 

as a manufacturing method for 

pharmaceutical products and may 

enable contract development and 

manufacturing organizations to 

effectively customize combination 

drugs for individual patients, according 

to Gren. He notes that it could also 

potentially facilitate the separation of 

different drug substances to reduce 

incompatibility issues. 

The first approval of a product 

manufactured using 3D printing 

(Aprecia Pharmaceuticals’ Spritam) 

was granted by the US Food and Drug 

Administration in 2015. “There are, 

however, several quality assurance 

and regulatory issues that need to be 

solved before this technology can be 

employed across the industry on a 

larger scale,” Gren says. PTE

Informa Markets, organizers of CPhI South East Asia, announced on 17 February 2020 
that the event—originally scheduled for 4–6 March 2020—has been rescheduled for 
1–3 July 2020 at the IMPACT Centre in Bangkok, Thailand, due to concerns over the on-
going coronavirus (COVID-19) outbreak. The decision was made in consultation with local 
authorities and advice of the World Health Organization (WHO), Informa reported in a 17 
February 2020 press statement.

The July event will be held at the same venue but will move to the Challenger 2 hall. The 
event organizers stated they will provide updates to its attendees and exhibitors through direct 
communications and on its website.

— Pharmaceutical Technology Europe Editors

CPhI South East Asia Rescheduled for July 2020
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(reduction in red blood cells), and 

lymphotoxicity (reduction in immune 

cells),” explains Dr. Emer Clarke, 

chief scientific officer, ReachBio. 

“Additionally, certain classes of drugs 

can also initiate cytokine storm 

events through hyperstimulation of 

the autoimmune system, causing 

damage to normal cells.”

In-vitro assays, such as 

colony‑forming cell (CFC) assays, 

are useful tools for the detection 

of drug‑induced toxicity to the 

haematopoietic system and have 

garnered significant support from the 

European Centre for the Validation 

of Alternative Methods (ECVAM) (6). 

Using the platform of assays 

(CellPrism) available as an example, 

Clarke highlights that it is possible 

to determine whether compounds 

induce a cell lineage‑specific or 

broader toxicity profile. “The assays 

involve culturing primary blood or 

bone marrow cells and testing these 

with drug compounds preclinically to 

evaluate read‑outs that include the 

reduction of red blood cells, white 

blood cells, and platelets or the 

release of deleterious cytokines into 

cell cultures,” she says.

As safety is always a concern for 

industry, when advancing a new 

drug compound clinically, there 

is heightened interest from drug 

development agencies in drug 

assay platforms that can effectively 

predict unexpected ‘off‑target’ 

toxicities, explains Rob Chaney, 

chief operating officer, ReachBio. 

“Because some blood cells have 

very short half‑lives, drugs that 

affect the cells could have a rapid 

and deleterious effect on patients,” 

he adds. “Some of the assays in the 

CellPrism platform, for example, have 

been validated by ECVAM, and drug 

development agencies (e.g., FDA) 

have recommended the use of these 

assays as part of a drug developers’ 

toxicology strategy.”

Off-target effects
ADCs are an innovative class of 

drugs that are expected to witness 

significant growth over the next few 

A  dverse drug reactions (ADRs) are reportedly the fourth to sixth 

highest cause of death in the United States and are estimated as 

being responsible for 5–10% of hospital admissions within Europe (1). 

Therefore, ADRs are also considered to be a cause of considerable 

economic and clinical burden (2).

All pharmaceuticals have the potential to produce ADRs that can 

be related to the drug dose (i.e., dose‑dependent), or can be dose‑

independent, which includes an allergic reaction to the API or other 

ingredient used in the formulation, or idiosyncratic reactions (3). 

As has been previously reported, the timely identification of ADRs 

can not only have a beneficial impact on the patient population 

but can also help to improve the efficiency and robustness of drug 

development pipelines (4).

Drug toxicity and drug development
According to research, drug toxicity is a significant causative 

factor of drug candidate attrition and, if unrecognized until late in 

the development cycle or during post‑marketing, it can contribute 

to high costs (5). The potential impact of drug toxicity on drug 

development could be exacerbated as a result of the increasing 

frequency of more potent compounds entering the pipeline, such as 

cancer therapeutics.

Screening for a form of drug toxicity to the haematopoietic system 

(haematotoxicity) has been previously reported to have the potential 

to effectively improve drug development (6), particularly in light of the 

changing viewpoint that through using biological and physiological 

information while developing drugs toxicity can be minimized.

“Certain drug classes, such as tyrosine kinase inhibitors, antibody 

drug conjugates (ADCs), histone deacetylase (HDAC) inhibitors, and 

antivirals, are known to cause haematotoxicity, which includes 

neutropenia (reduction of white blood cells), thrombocytopenia 

(reduction in megakaryocytes that produce platelets), severe anaemia 

Felicity Thomas

Keeping Toxicity  
to a Minimum
Assays can provide a useful tool in determining the  
potential toxicity of drugs throughout the development cycle.
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years (7). These therapies comprise an antibody that is chemically 

linked to a cytotoxic drug, and although they have desired targeting 

ability to kill tumour cells, some ADCs also cause off‑target 

effects (8).

“Concerning ADCs in the haematopoietic system, the two most 

common side effects are neutropenia and thrombocytopenia,” 

reveals Clarke. “The reason for these side effects is that the linker, 

which binds the antibody to the toxic payload, becomes vulnerable 

to enzymatic cleavage of the patient’s own neutrophils via 

enzyme release.”

Clarke continues to explain that the cleavage of the linker is 

believed to be a consequence of natural neutrophil degradation 

systemically, whereby enzymes in circulation indiscriminately cleave 

these linkers. “This [cleavage] results in a toxic payload that normally 

would be targeting certain cancer cells (via the antibody) but instead 

damages healthy circulating blood cells,” she says.

Two assay platforms, specifically designed for ADCs, have 

been developed by ReachBio as a result of increasing demand by 

industry for ways to assess the potential toxicity of these innovative 

therapies, Clarke reports. “The first one looks at off‑target effects 

on white blood cells, red blood cells, and platelets. The second 

assay platform involves the incubation of the ADC drug with 

cultured neutrophils that release enzymes and cleave the ADC 

linker, thus causing systemic toxicity by virtue of unbound toxic 

payload in circulation,” she adds. “These assays have helped 

stratify the potency of the ADC and the stability of various 

linker constructs.”
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In a recently published study, in Frontiers in Neurology, the author reports finding 
the potential risk of persistent visual side effects, including light sensitivity 
and colour vision impairment, in male patients who have taken the highest 
recommended dose of sildenafil (1). The patients, who attended a hospital in 
Turkey, had suffered from numerous visual disturbances after taking sildenafil 
for the first time.

The retrospective report describes the cases of 17 men, who were identified 
as being in good health and who experienced visual disturbances that were 
persistent for at least a 24-hour period after taking the highest dose of 
sildenafil. Although side effects are expected with sildenafil, the duration of 
side effects usually only last around 3–5 hours, which makes the persistence 
of the visual disturbances in the reported cases notable, particularly in light of 
the fact that all the patients who were affected had taken the maximum dose 
of the drug.

As sildenafil is a phosphodiesterase (PDE) inhibitor, the author noted that 
there may be vulnerability in certain patients to metabolize drugs in this class, 
and the case series highlighted the need for awareness of rare heightened 
sensitivity to PDE inhibitors. Additionally, the author concludes that the findings 
of the study support the practice of initiating a modest dose of sildenafil and 
only reserving higher doses for cases where heightened sensitivity to the drug 
is not seen.
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—The editors of Pharmaceutical Technology Europe

Study finds dose-dependent  
persistent visual side effects with sildenafil

https://www.syntegon.com/numbers/en/


18    Pharmaceutical Technology Europe MARCH 2020  PharmTech.com

Development

6.  I.N. Rich, Curr. Opin. Drug Disc., 

6 (1) 100–109 (2003).

7.  Grand View Research, “Antibody 

Drug Conjugates Market Size, 

Share and Trends Analysis Report 

by Application (Brain Tumor, Blood, 

Breast, Ovarian, Lung Cancer), 

by Technology (Cleavable, 

Non‑Cleavable Linker), and 

Segment Forecasts, 2019–2025,” 

grandviewresearch.com, Market 

Report (January 2019).

8.  H. Zhao, et al., Mol. Cancer Ther., 

16 (9) 1866–1876 (2017). PTE

Streamlining selection
Predicting toxicity based on a drug’s 

chemical structure can prove a difficult 

task; as a result of the difficulties 

encountered, drug developers aim to 

eliminate certain compounds early 

in the drug screening process using 

a series of assays, Chaney specifies. 

“As drug development companies 

streamline compound selection 

throughout the drug development 

process and towards clinical trials, the 

assays implemented for toxicity testing 

are better defined and provide more 

clinical relevance,” he summarizes.
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Thalidomide
Thalidomide, which was released in the late 1950s, is probably the 
most publicized and well-known medicine that caused significant 
adverse reactions and has been identified as a major factor in 
changing the way drugs are tested (1). Originally marketed as a 
sedative by Chemie-Grunenthal, thalidomide was discovered to 
have effective anti-emetic properties and, as such, was used for 
the treatment of morning sickness in pregnant women (2).

Reports about the development of peripheral neuropathy in 
patients taking thalidomide started occurring shortly after the 
drug’s release, along with reports of birth defects—although 
these were not initially linked to the drug. In 1961, two 
clinicians—one from Australia (3) and one from Germany (4)—
confirmed the link between thalidomide and severe birth 
defects in huge numbers of children. After confirmation of the 
link between thalidomide and the occurrence of severe birth 
defects, the drug was withdrawn from markets, however, it 
had never gained approval in the United States due to concerns 
raised by Frances Kelsey, a physician with the Food and Drug 
Administration, over the drug’s safety (1). 

As a result of the incidence of birth defects linked with 
thalidomide, the inter-species variances that can occur with the 
use of drugs was demonstrated and, as such, has led to changes 
in drug screening policies, including the requirement of in-vitro 
testing (1). Additionally, the thalidomide case raised awareness 
on the importance of enantiomeric purity of drug compounds and 
their metabolites in terms of desired pharmaceutical effect (5) and 
also highlighted the importance of post-marketing surveillance. 

Nowadays, thalidomide is approved for use in two conditions—
skin lesions caused by leprosy and multiple myeloma—and 
research into the drug’s uses in other conditions is ongoing. 

Bromfenac
The non-steroidal anti-inflammatory drug (NSAID), bromfenac 
(Duract, Wyeth Ayerst Laboratories), was withdrawn from 
the market around a year after it was introduced as a result of 
multiple incidences of liver failure and mortality (6). Despite the 
drug’s efficacy in pain relief and the pre-marketing safety profile 

being deemed acceptable, a lack of patient adherence to the 
recommended use, as specified on the label, led to several deaths 
and the requirement of multiple patients to have liver transplants 
due to hepatoxicity.

This case highlights the difficulty in determining toxic effects of 
drugs reliably prior to marketing due to the patient populations 
that are studied being much smaller than the anticipated post-
marketing population (7). Additionally, it underlines the importance 
of adherence to the recommended and specified drug regimen, as 
well as the use of reporting systems by regulatory bodies (6).

Rofecoxib
Rofecoxib (Vioxx, Merck) was voluntarily recalled from the market 
in 2004 as a result of a clinical trial in which concerns were raised 
that the drug increased the risk of cardiovascular events (8). The 
NSAID, which is part of a larger family of anti-inflammatories 
called COX-2 inhibitors, was approved in 1999 for the treatment of 
arthritis, acute pain in adults, and menstrual pain.

The decision to recall the drug was made after a trial aimed at 
evaluating the efficacy of the drug to prevent the recurrence of 
colon polyps was stopped early due to the observed increased 
risk of cardiovascular events with chronic use of the drug (9). 
Although the recall was not initiated by regulatory bodies, there 
was agreement that it was the best course of action for the 
drug (10,11).

References
1. N. Vargesson, Birth Defects Res. C Embryo Today, 105 (2) 

140–156 (2015).
2. N. Vargesson, BioEssays, 31 (12) 1327–1336 (2009).
3. W. McBride, The Lancet, Letter to the Editor, 1358 (1961).
4. W. Lenz and K. Knapp, Ger. Med. Mthly, 7 (8) 253–258 (1962).
5. A.L. Spek, Acta Cryst. B, 72 (5) 659–660 (2016).
6. FDA, “Questions and Answers for Withdrawal of Duract,” 

fda.gov, Archived Content [Accessed 8 Feb. 2020].
7. M.A. Friedman, et al., JAMA, 281 (18) 1728–1734 (1999).
8. B. Sibbald, CMAJ, 171 (9) 1027–1028 (2004).
9. R.S. Bresalier, et al., N. Engl. J. Med., 352 (11) 1092–1102 (2005).
10. FDA, “Vioxx (Rofecoxib) Questions and Answers,” fda.gov, 

Drug Safety Information, 30 Sep. 2004.
11. EMA, “European Medicines Agency Statement Following 

Withdrawal of Vioxx (Rofecoxib),” ema.europa.eu, Press 
Release, 16 Oct. 2004.

—Felicity Thomas

Noteworthy historical cases of adverse drug reactions
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I
n pharmaceutical development and manufacturing, scientists 
are often involved in assessing process variability over time. 
For example, having developed a new analytical method, the 
analyst needs to review data to ensure that the method con-

tinues to perform adequately over time; or scientists responsible 
for manufacturing processes need to demonstrate that product 
quality is maintained and that there is no evidence of systematic 
or special cause variability in processes. It can be misleading to 
apply traditional prospective techniques when analyzing data 
retrospectively (see below), and a useful alternative is cumulative 
sum techniques.

The tool presented in this paper incorporates such cumulative 
sum techniques and furthermore uses the Autocorners algorithm 
to automatically identify statistical changes in the average over 
time, which can aid problem-solving and process improvement. 

Retrospective vs prospective monitoring
The techniques and approaches described in this paper apply to 
any process where data are gathered in time-ordered sequence 
and one wishes to understand the process to ensure statistical 
control and variability within acceptable limits. For many pro-
cesses, Shewhart control charts work well for prospective moni-
toring. The implementation of effective Shewhart charts involves 
a set-up phase prior to the subsequent run phase. The set-up 
phase includes capturing data over a pre-defined period of time 
exhibiting statistical control (absent of special cause variability) 
and calculating control limits based on the mean and standard 
deviation.  These summary statistics are then applied to calculate 
control limits to be used subsequently in the run phase. Often, 
analysts want to review data retrospectively (e.g., in manufac-
turing, analyze data from previous batches of product to assess 
process robustness or to identify a root cause of a problem). In 
these cases, the traditional Shewhart chart does not apply in the 
conventional way. In particular, care needs to be taken in con-
structing a Shewhart chart from historical data where the limits 
applied are based on the same data being analyzed. In this case, 
the limits might be derived from data exhibiting special cause 
variability, which would inflate the limits calculated. An effective 
alternative to Shewhart charts in the situation of retrospective 
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time to ensure that pharmaceutical product 
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data analysis is CuSum charts and the Autocorners algorithm 
described in this paper.  

Cumulative sum (CuSum) charts and Autocorners can be ap-
plied both in prospective and retrospective situations.  Many texts 
(1–7) describe the improved sensitivity in identifying small shifts 
in the average or variance when using CuSum techniques com-
pared with Shewhart methods. Table I distinguishes the benefits 
of Shewhart charts for prospective monitoring versus CuSums/
Autocorners analysis.

Overview of CuSum chart construction
In constructing a CuSum chart, the data are first suitably ordered 
(e.g., by manufacturing date) and the following steps applied. 

Suppose there is a set of results in sequence, denoted by x1, x2, … 
xn.  The differences of each result from a target or reference value, 
T, are calculated, so the ith difference = xi-T.  The cumulative sum 
of these differences can be calculated as follows:

• S2 = cumulative sum of the first two differences in series = 
(x1-T) + (x2-T) = x1 + x2 – 2T

• S3 = x1 + x2 + x3 – 3T
• Sr=(∑r

k=1(Xk)) - rT 
These cumulative sums, abbreviated to CuSums, are plotted 

in time sequence to produce a CuSum chart. In many situations, 
the target or reference value T can be set to equal the average of 
the raw data, and in this case, the last point in the CuSum chart 
equals zero.

The effect of the CuSum is to produce a smoother picture of 
changes in data over time—a shift up or down in the raw data 
will appear as a change in slope in the CuSum.

Having plotted the CuSum data as a chart, it may be useful to 
assess whether an observed change in slope demonstrates a gen-
uine signal (special or assignable cause) or whether it represents 
typical noise in the process (common cause variation). Several ap-
proaches to making this assessment are described by Taylor et al. 
(8). The basis for finding significant changepoints programmed 
into the Manhattan tool is the automatic search algorithm, Au-
tocorners, described by Woodward and Goldsmith (6).

The tool has been applied successfully in a variety of different 
pharmaceutical applications, including: 

• Monitoring stability of in-vitro assays in research
• Assessing animal model performance by monitoring con-

trol groups over time 
• Aiding understanding of variability in critical quality at-

tributes and processing parameters in manufacturing 
processes.

The Autocorners algorithm identifies where statistical changes 
in slope occur in the CuSum chart. These change points are high-
lighted in a plot of the original raw data by splitting the data into 
stages and plotting the average per stage.

Autocorners algorithm description
In the retrospective analysis of process data, Woodward and 
Goldsmith describe several approaches that can be applied to 
decide whether a change in the slope of a CuSum chart is real or 
due to noise. These include two manual approaches (the “span” 
method and the decision interval method) and one automatic 
search by computer. It is this latter approach, called “Autocorners”, 
that has been programmed into the Manhattan tool.  The data in 
Figures 1–3 are used to illustrate the approach described as follows:
1. The first step is to inspect the data for unusual observa-

tions that may be individual outliers. These are identified 
by testing whether an observation differs from both of its 
neighbors by more than 4.12 times the mean range (4.12 is 
the appropriate 0.1% significance point—see Weatherill et 
al. (1) Table 5.2).  If any are found, then they are replaced in 
subsequent calculations by the average of the two adjacent 
values in the series. It is important to note that these un-
usual values are not excluded from the final interpretation 
and are represented in the output plot; however, outliers 
should not overly distort the CuSum chart or skew the 
overall trends and associated calculations.

2. The overall mean of the data series is calculated, and Cu-
Sums are formed using the overall mean as reference value.

3. A forward search is carried out through the data series 
starting at the first point as follows: a chord is joined from 
each CuSum back to zero, and the maximum difference 
between the chord and corresponding CuSums is found 
(see Figure 1):
a. The position of this largest difference is used to split 

the intervening original observations into two groups, 
and a t-test is carried out between the mean values of 
the two groups.

b. When the value of t is not significant, the programme 
moves to the next CuSum and repeats the process. 
When the value of t becomes significant, the pro-
gramme, subject to further tests, declares this posi-
tion to represent a significant changepoint (called a 

“corner”).
4. A forward search is carried out through the data series from 

each corner as follows: a chord is joined from each CuSum 
back to the last corner, and the maximum difference be-
tween the chord and corresponding CuSums is found (see 
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Table I: Comparison of Shewhart and CuSum charts.

Shewhart charts CuSum chart/Autocorners

 •   Primary goal: Identifying  
      special cause variation at 
      the time it occurs to 
      facilitate understanding 
      the causes and hence  
      reduce the frequency in  
      future.
 •   Ideal for prospective 
      analyses.
 •   Suitable when process is 
      predominantly stable.

 •   Primary goal: Visualising,  
      understanding and 
      reducing the frequency 
      of step changes (in mean 
      or variation).
 •   Able to pick up subtle 
      step changes and able to 
      identify any step change 
      more quickly.
 •   Ideal for retrospective 
      analyses.
 •   Flexible in dealing with 
      unstable processes with 
      frequent step changes (in 
      mean or variation).
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Figure 2). The same criteria a. and b. are applied as in 3 above.
5. When this forward search is completed, the programme 

reverses the order and does a backward search.

6. Finally, the two lists of change points are amalgamated, and 
a list of significant change points made.  

In the above steps, numerous tests of differences between adja-
cent segments are made. The overall significance level (α) has been 
explored by varying between 1, 5, and 10%, so that the algorithm 
would find increasing numbers of corners with higher α.  In the 
authors’ experience, applying a 1% significance level works well 
for most of the data sets, and this is used as the default setting in 
the tool.  The overall adjustment is applied for multiple compari-
sons described in BS 5703: Part 2. This standard has been super-
seded by BS ISO 7870-4 (3); however, this more recent version 
does not include the multiple comparisons details; two alternative 
references (9,10) have been provided for readers without access to 
the original standard. 

As explained in the references (4,9,10), for retrospective analysis 
using CuSum charts, the individual tests should have significance 
level α√m  /2N, where m=length of segment, N=total number of 
observations.  The t-test with an ad hoc adjustment has signifi-
cance level given by Lewis et al. (9), α/(2*√m).   Where multiple 
tests are carried out in a series of total length N, the adjustment 
described by Osanaive et al. (10) also applies: (m/N)α.  This leads 
to a combined adjustment of α (m/N)/(2*√m) = α√m  /2N.  

Having identified points of change or corners in the raw data, 
then a convenient representation of the data is provided in Figure 
3. The raw data are shown as green triangles and connected 
with a blue line.  (In situations where an unusual value has been 
identified, as in step 1 described previously, then such a point 
is connected to its neighbors with a green rather than blue line, 
such as shown in Figure 4.)  In Figures 3, 4, and 5, the black line 
shows the CuSum plot.  The red line shows the means across the 
regions between the break points, and shifts in this line indicate 
where the significant change points occur. This plot is called 
the Manhattan plot as it can look like the skyline of Manhattan.  
The changepoints in the Manhattan plot coincide with where 
the slope changes in the CuSum plot.  

Using the tool
The Autocorners functionality described in this paper has been 
written in to the Excel tool using VBA. 

Data entry and tool output. Raw data are entered into the spread-
sheet. There is some additional functionality that is available 
including the ability to refresh the spreadsheet by deleting ex-
isting data. The tool is flexible to handling different numbers of 
response variables.  

When the analysis is run, for each variable, two new work-
sheets are produced:

• One sheet consists of a plot of the raw data with the Man-
hattan plot overlaid, together with the CuSum chart (if 
selected).

• The other sheet provides statistical summary statistics and 
details of the different stages.

The choice of whether to include the CuSum chart or not de-
pends on the nature and amount of data entered. In the following 
example, the CuSum is particularly helpful to visualize alongside 
the Manhattan plot to help confirm the key change points in the 

Figure 1: CuSum chart with an example of a chord connecting 
observation 25 to the origin.  Corner found at observation 20.

Figure 2: Example of a chord drawn from observation 36 back 
to the last corner found at observation 20.
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Figure 3: Plot to show the raw data (blue line) overlaid with the 
CuSum plot (black line) and Manhattan plot (red line).
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data. When viewing the Manhattan plot, some pragmatic inter-
pretation is required (e.g., it is crucial to take account of the scale 
of the y-axis and to avoid over-interpreting changes which are not 
of practical importance). If changes are made to the data entry 
sheet and the analysis re-run, then the new sheets produced will 
over-write the previous ones.

Example of application—capsule dissolution investigation. The disso-
lution test for this product involves taking a random sample of six 
capsules from a batch and submitting them to the dissolution test. 
The dissolution test gives the percent dissolved at 90, 300, and 480 
minutes, from which the rate of change between 300 and 480 is 
calculated.  The average dissolution rate for the six capsules across 
multiple time-ordered batches has been recorded and analyzed 
using this tool. See Figure 4 for an example of the graphical output 
with the following features:

• There is one value deemed to be an unusual value–batch 
84. This one value is connected to the ones either side by 
a green line.  The algorithm automatically identified this 
point (see point 1 in Autocorners Algorithm Description) 
and replaced it in calculations by the average of the two 

adjacent values.
• The CuSum plot shows an important change in slope at 

batch 315. Prior to this point, the slope is predominantly 
negative, while subsequently the slope is consistently pos-
itive.

• The change in slope of the CuSum corresponds to an up-
ward shift in the raw data and an upward step-change in 
the Manhattan plot.

There are some other changes that can be seen in Figure 4 be-
tween batches 40 and 63, and around batch 275; however, these 
are more subtle and not sustained over a long time.

Various other processing factors were also recorded for these 
batches. These were examined to assess their variability and to 
seek a possible link with dissolution. One such variable is spray 
time, which has been analyzed and presented in Figure 5. It is 
notable how similar the pattern in the CuSum is for spray time 
compared to dissolution. This provides a plausible hypothesis 
for a causal relationship which could be further investigated in a 
designed experiment.

Practical considerations
From practical experience, the following recommendations are 
made to fully exploit the tool and approaches: 

• Ensure appropriate staff are involved in the review process, 
including both technical staff and, depending on the nature 
of the problem, operators as they are closest to the day-to-
day running of the process.

• Statisticians should be involved in the data review and in-
terpretation. They should also take responsibility to raise 
awareness of the techniques and skill level of scientists and 
engineers in basic data manipulation, visualization, and 
statistical analysis.  In-house statistical training should be 
provided to scientists and engineers including understand-
ing variability, statistical process control, and retrospective 
data analysis including CuSums.

• While the tool operates in an automated fashion, it is im-
portant to not treat it as a black box, but to make practical 
interpretation of the trends in the raw data and change-
points identified, for example:
° A corner identified using the automated algorithm 

may represent an unimportant change, scientifically. 
° While step-changes are common in manufacturing 

processes (e.g., due to switch of batch of raw material, 
change in operator, change to procedure), other types 
of change can occur (e.g., drift or cycling)—these may 
not adequately be picked up by this tool.

• Further statistical analysis may be required in some situa-
tions (e.g., more in-depth data visualization and multivar-
iate data analysis).

Conclusion
The tool presented in this paper provides an automated approach 
to retrospective data analysis and interpretation. The tool is us-
er-friendly and accessible, only requiring the user to paste in 
data and click a button to run the analysis. The output is easy to 
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Figure 5: Manhattan tool graphical output for matching data for 
process variable: Spray Time.
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Figure 4: Manhattan tool graphical output for process variable: 
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interpret comprising a CuSum plot, identification of significant 
change points and subsequent visualization using the Manhat-
tan plot, and summary statistics of each stage between adjacent 
change points.  

Important areas of application include manufacturing and 
engineering where some insightful applications of the tool have 
been delivered, particularly regarding trends in critical quality 
attributes (responses) and relating these to in-process parameters.  

Access to tool. The tool can be downloaded from Box here: http://
goto.az/manhattan.  (Click the “Download” button to open in 
Excel or save the file.  As it opens in Excel, click the button “Enable 
Content” and “Enable Editing” to proceed.  Data can be entered to 
the worksheet “Data for Monitoring” following the instructions 
in the Help tab.) 

Editor’s Note: The link to the tool is provided by the author, and 
Pharmaceutical Technology Europe does not assume any liability 
for the contents of the linked file.
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Scale up
PTE: What are some of the technical 

challenges of scale-up and how can 

these be addressed? 

Carbol (DDL): A key challenge in 

scaling up is retaining the product’s 

desired cosmetic elegance, viscosity, 

and physical stability. Topical 

products are fundamentally difficult 

to scale up due to the vast changes 

in physical forces seen at the bench 

scale vs. commercial scale. At a 

larger scale, mixers tend to be much 

more powerful, but mixing efficiency 

tends to decrease. One option for 

increasing mixing efficiency is to mix 

for a longer duration, but the product 

may then be subjected to forces 

never experienced at the bench scale 

during development. Additionally, it is 

very difficult to heat and cool at the 

benchtop scale similar to what will 

be done at the commercial scale. The 

effect of the time and temperature 

during heating and cooling during 

commercial-scale processing can 

often result in unexpected physical 

product changes, such as changes 

to viscosity. Lastly, the mass of the 

commercial amount of product 

manufactured is significant; the 

product on the bottom of the vessel 

is experiencing pressures never 

developed with a benchtop process. 

Understanding all these forces is 

critical to a successful scaleup. 

Predictive formulation and 

process work at small scale that can 

help with scale up is increasingly 

important. Developing new tools 

to identify pitfalls early and then 

develop solutions is key. Some of the 

interesting technologies are real-time 

data tools used during processing. 

Good work is being done to integrate 

mixers that will measure viscosity 

(and as a result, torque) during 

processing. This information can then 

be used to map out a product and 

its characteristics over time and/or 

temperature. 

In addition, FDA is showing an 

increasing interest over the past few 

years in evaluating what are referred 

to as the Q3 properties of semi-solid 

T opical drug products have unique characteristics compared 

to other dosage forms, including particular challenges in 

development and clinical manufacturing. Pharmaceutical Technology 

Europe spoke with Jason Carbol, Chemistry, Manufacturing, and 

Controls manager and senior formulator with Dow Development 

Labs (DDL), a contract development and manufacturing organization 

(CDMO) in California that specializes in the development, manufacture, 

fill, and release of topical drug products, about recent trends in topical 

drug development and manufacturing.

Trends
PTE: What do you see as the most significant changes affecting 

product development and clinical trial manufacturing and packaging in 

the past few years? 

Carbol (DDL): For topical product development and manufacturing, 

one of the big challenges is scale up. There seems to be a shift to move to 

bigger batch sizes more quickly than ever before. Good laboratory practice 

(GLP) animal studies are requiring larger amounts of material than in the 

past, partly due to changes in FDA [US Food and Drug Administration] 

guidance and requirements for GLP repeat-dose cumulative toxicity 

studies in minipigs. Studies that used to require 5–10 kg of material are 

now requiring 30–50 kg. Additionally, sponsors are trying to accomplish 

more in single studies rather than in multiple studies, which necessitates 

more material for the study. These larger batch sizes are challenging 

for benchtop R&D development work, as the formulation and process 

development is very quickly being transitioned from small scale to medium 

or large scale. Scale-up engineering was a relatively small part of the 

formulator’s job in the past; however, it is now becoming a larger part. 

Another challenge is identifying contract manufacturing organizations 

that are capable of large-scale batch manufacturing and filling of topical 

products, as there are a limited number of large-scale/commercial contract 

manufacturers with experience with semi-solid products. 

Jennifer Markarian

Challenges in Clinical 
Manufacturing for  
Topical Drugs
Understanding of scale-up parameters and use of process analytical 
technology are important to meet demand for larger batch sizes in R&D.
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products. These are the formulation 

microstructure properties (e.g., 

crystalline habit, effects of sheer 

on viscosity, particle size) and they 

must be studied and assessed during 

the scale-up manufacturing of these 

products. Scale, equipment, and 

manufacturing process can all greatly 

affect the product microstructure, 

particularly droplet size and viscosity. 

Special care needs to be taken 

to be sure all the microstructure 

characteristics developed on the 

bench-scale product are maintained 

throughout scale-up development. 

Topical semi-solid products are 

becoming more complicated. With 

the wider acceptance of screening 

tools, such as in-vitro permeation 

testing, the resulting data has pushed 

some drugs into complicated delivery 

systems that sometimes include high 

solvent loads and/or high surfactant 

loads. Previously, these formulations 

would have been discarded as 

potentially irritating; however, these 

delivery systems are more often 

being pursued due primarily to 

superior skin penetration screening 

data. These products can be difficult 

to manufacture and scale up for a 

variety of reasons. For example, some 

of these products have high alcohol 

content or other flammable material 

content and some have high levels of 

surfactants.  High alcohol products 

have flammability considerations 

when manufactured (explosion-

proof-rated manufacturing suites are 

required).  High surfactant systems 

can have compatibility challenges 

with other ingredients and/or with 

packaging, and they can present 

foaming concerns as well.  

Clinical trial manufacturing
PTE: What are some of the 

key challenges for small-scale 

manufacturing, such as for clinical 

trials, and what are some best 

practices in this area? 

Carbol (DDL): A big challenge 

in small-scale manufacturing is 

associated with cleaning. Cleaning 

validations are expensive and time 

consuming, yet the small clinical 

batches may only be made once. 

Disposable or single-use equipment 

is becoming more of an option, 

but using disposable equipment 

becomes increasing difficult when 

the scale is moving from small (1–10 

kg) to medium-(10–50 kg) batches. 

Developing unique, cost-effective 

solutions for fully custom, one-

time-use, dedicated equipment is a 

key challenge. 

“Predictive formulation 
and process work at small 
scale that can help with 
scale up is increasingly 
important.”

— Jason Carbol,  
Dow Development Labs

In contrast to single-use systems 

for biologics (aqueous solutions at 

room temperature), for example, 

topical semi-solid products may 

require processing that includes 

temperature cycling.  The ability to 

heat and melt waxes (in what would 

be mainly plastic-based systems for 

biologics) is of concern with respect 

to integrity of the plastic and leads 

to leachable/extractables issues.  

Additionally, ingredients that are 

used in topical semi-solid products 

are not always water-based and thus 

compatibility issues come into play.  

In addition, the need for high-speed 

and high-shear mixing in a one-time 

use system is not yet well-addressed 

for semi-solid products.  Mixing 

dynamics is critical and therefore 

there is a need for a good single-use 

high efficiency mixing system. 

Another challenge is with respect 

to the use of digital technology as it 

relates to manufacturing small-scale 

clinical materials. For small-scale 

GMP manufacturing, many systems 

are still easier to accomplish via pen 

and paper. Many new electronic 

tools exist for the pharmaceutical 

industry, but being strategic about 

which ones to incorporate into small 

manufacturing processes is difficult. 

Many systems are difficult to justify 

on a cost-benefit basis and may be 

needlessly complicated. 

PTE: What are some of the key 

challenges in packaging for clinical 

trials? 

Carbol (DDL): Packaging topical 

drug products into tubes, jars, 

sachets, applicators, etc., is always 

challenging. For small clinical batches, 

filling tubes in a fully manual filling 

process used to be the norm. Now, 

with larger batch sizes, manual filling 

is becoming cumbersome. However, 

large fill lines are not practical, and 

cleaning validations are again an 

issue. Developing fast, accurate, 

cheap, one-time use filling equipment 

is ideal. Filling can be accomplished 

at times with small semi-automated 

equipment, but when more unique 

packagings are desired, such as 

applicator pens, syringes, single dose 

applicators, or sachets, creative 

solutions are needed.

Another packaging trend we have 

noticed is that some of our clients 

would like to have the product in a 

representative final packaging, even 

during early clinical trials. Historically, 

final packaging was decided much 

later, closer to phase III/commercial 

stage. With tube manufacturers 

having minimum order quantities of  

approximately 10,000 units, orders for 

small clinical trials can be impractical.

Topical products in clinical trials 

can be uniquely challenging due to 

the potential for variability of dosing. 

How much to provide (package) to 

each study subject requires thought 

and planning. When the indication 

is a fixed site (the face, for example) 

is it easier to estimate use than for 

psoriatic subjects when anywhere 

from 5% to 20% body surface area 

may be involved. Sometimes dosing 

cards or cups that provide a guide 

for the amount to dose are used, 

but most often a description of the 

amount to express from a tube 

(e.g., pea size) is all that is provided. 

Having additional packaged product 

ready and available for dispensing to 

subjects may be an important aspect 

to clinical trials involving topical 

products, depending on the product 

and study design. PTE
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Process modelling is also critical 

to any good development and 

scale-up process, Buchman points 

out. Various scale-down approaches 

can replicate large-scale conditions 

at small scale, and this is a relatively 

inexpensive modelling method. It is 

often highly predictable at large scale 

for both upstream and downstream 

processes. 

However, there are cases in 

which process modelling is not very 

predictive, Buchman notes. “A good 

example is when a given platform 

may not scale linearly. However, 

if you focus on the relative data 

rather than the absolute data, side-

by-side comparison rather than the 

actual numbers, it is still somewhat 

effective. All of these modelling 

approaches take time and deep gene 

therapy production expertise to 

develop a trustworthy and predictive 

model,” he says.

Optimizing gene 
therapy processes
For viral vector manufacturing, 

yield and recovery are key factors 

considered when optimizing 

processes. A good deal of focus is 

on developing a process that creates 

more full capsids versus empty 

ones and optimizes the percentage 

of material that can be recovered 

from the total production, Buchman 

explains. Optimization can also occur 

in the downstream development 

process by removing the empty 

capsids while decreasing the full ones 

that are removed at the same time, 

he continues. 

“Additionally, we are always 

focused on vector safety (making sure 

non-vector components are removed) 

and vector function (making sure the 

vector not only is properly isolated 

but also transduces correctly). For 

lentivirus production, a key factor is 

reducing stability issues during viral 

recovery,” Buchman says.

“For gene therapy manufacturing, 

material costs (virus and plasmids) 

are actually higher than the cost 

to manufacture the product, so 

reducing material costs is essential 

A n early start on process development helps optimize 

biomanufacturing processes, shorten time to market, potentially 

cut costs, and keep product in line with current good manufacturing 

practices. While the approach to process development for emerging 

therapies (e.g., gene therapies and cell therapies) is similar to 

the approach used for more traditional biologic medicines (e.g., 

monoclonal antibodies [mAbs]), the nature of emerging therapies 

means there are further nuances to consider in optimizing their 

manufacturing processes.

Gene therapy challenges 
“Many of the general bioproduction concepts for gene therapies are 

similar to the more mature protein therapeutic market; however, there 

are many nuances in raw material costs, supply chain, technologies, 

regulatory standards, and overall scale that make gene therapy 

production a more dynamic process,” says George Buchman, vice-

president of Pre-Clinical and Process Development at Catalent’s 

Paragon Gene Therapy. 

Viral vector manufacturing, for example, is a complex process, 

Buchman notes. Add to that the influx of various and ever-evolving 

enabling technologies and growth platforms, and viral vector 

manufacturing becomes even more dynamic. “For example, the 

supply chain process for standard biologics is more mature and 

optimized, offering a relatively clear path for manufacturers to 

follow. However, due to the exponential growth being experienced 

with increasing numbers of gene therapy molecules with regulatory 

agency fast-track status, and a large influx of gene therapy assets in 

the clinical pipeline, raw material supply can be outpaced,” Buchman 

says. “Additionally, the cost of gene therapy raw materials is generally 

higher and more varied than what is seen in traditional biologics. 

Therefore, it is critical to plan ahead and have a risk mitigation 

strategy for secure supply and cost management.”

Feliza Mirasol

Optimizing Process 
Development for 
Emerging Therapies
Tackling process development early on can better 
optimize manufacturing processes for emerging therapies.
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for economical production. Of course, 

creating an optimized manufacturing 

process to achieve an economy of 

scale is the goal for the industry, 

but with so many changes and new 

technologies and platforms, this 

will need to evolve over time. We 

are in a great position as a focused 

development and manufacturer 

because we have experience and 

exposure to a variety of biologic 

entities, platforms, and processes,” 

Buchman adds.

Cell therapy challenges
Cell therapies have their own set of 

process development challenges. Cell 

therapies can be either autologous 

(one individual is both the source 

and the recipient of the therapy) or 

allogeneic (a donor is the source of 

cells used for the therapy, which 

can be administered to a number 

of recipients). In both approaches, 

it is critical that the therapeutic cell 

be characterized to define which 

properties of the cell determine 

that is has been produced to 

acceptable standards and quality. 

This characterization is necessary to 

ensure that the risk of incorporating 

anomalies or shifts in cell function 

have been minimized, because such 

discrepancies may compromise the 

safety or efficacy of the therapeutic 

cell (1). 

To be successful from a clinical or 

commercial standpoint, cell therapy 

manufacturing processes must create 

a consistent, safe, and effective cell 

therapy product, regardless of the 

cell type or the application for which 

it is used. Process development for 

a cell therapy must therefore apply 

to all elements of the manufacturing 

cycle—cell isolation, cell 

characterization, cell culture media, 

scale-up, and removal of impurities. 

Process development for a cell 

therapy, whether autologous or 

allogeneic, must address at least 

the basic questions about how the 

therapeutic cells will be expanded 

and manufactured in ways that 

will retain their potency. Process 

development should additionally 

consider what characteristics 

must be monitored that define the 

particular cell product of interest. 

Further, what assays should be 

used to measure these desirable 

cell characteristics? The process 

development approach (1) must also 

consider how the cell therapy product 

will be stored and administered as 

well as take into account the lot 

size dictated by the market for that 

specific product.

Lessons from mAbs
Monoclonal antibodies have 

had decades to establish robust 

and economical commercial 

biomanufacturing processes and are 

today considered the leading modality 

for biotherapeutics (2). Blockbuster 

success with some mAb therapeutics 

has also encouraged refinement and 

innovation in bioprocessing steps, 

making the manufacture of mAbs 

further efficient and more productive 

while retaining safety and efficacy. 

Lessons learned during the growing 

pains of mAb process development 

may also benefit cell and gene 

therapies. The introduction of 

single-use bioreactors, for instance, 

offers more flexibility in the cell 

culture approaches that can be 

taken for a cell therapy or vector 

manufacturing for gene therapy. 

While the traditional cell-culture 

methods for cells used in cell therapy 

or for vectors used in gene therapy 

have primarily relied on adherent-

based cell culture (i.e., a surface 

must be provided to which the cells/

vector can adhere to and be grown 

out), there is more movement toward 

suspension-based cell culture (i.e., 

cells/vectors are grown in a vessel 

without the need to attach to a 

surface). Single-use bioreactors offer 

that flexibility and are offered in sizes 

more appropriate to the smaller lot 

sizes (compared to mAbs) at which 

a cell therapy or a gene therapy are 

produced. 

“Dynamic changes in platform 

processes and scale are prevalent in 

gene therapy bioproduction,” says 

Buchman. “Many companies have 

moved—or will move—from cell 

factory-based growth platforms to 

suspension bioreactors. Additionally, 

there have been changes with the 

implementation of nanofiltration to 

make processes more robust. It is this 

type of constant process evolution 

that requires developers to be open 

to all emerging ways to increase 

efficiency and scale.”

Buchman also emphasizes that 

any actions taken to maximize 

efficiency, generate more patient 

material, and improve vector yields 

safely and effectively and at a better 

cost are shaping the gene therapy 

industry today. “Early in our gene 

therapy experience, we were using 

centrifugation, which ultimately 

wasn’t scalable, so we moved to 

chromatography, and now, most 

recently, to affinity resins,” he says.

Another example of constant 

industry growth and change lies in 

the versatility and use of multiple 

viral serotypes with the various 

technologies available for gene 

therapy manufacture. “It used to be 

limited to a few serotypes, but now 

there are resins that will work with all 

adeno-associated virus serotypes,” 

Buchman notes. 

Overall, the gene therapy industry 

can take some lessons from the 

mAb world, Buchman concludes. 

Moving toward the use of stable 

cell lines and improving critical and 

inefficient steps, such as plasmid 

transfection, are more examples of 

how gene therapy can learn from 

mAbs. “However, innovators should 

not dismiss various incremental 

improvements, such as the use 

of more efficient resins or the 

optimization of reactor feeds. These 

types of efficiencies might not be 

game changers, but every incremental 

improvement will help reduce costs 

and time,” Buchman adds.

 References
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requirements for clinical trials. 

However, the purpose of the studies 

and regulatory requirements vary 

depending on the product type, the 

phase of the programme, and the 

intended markets. 

The first stage of stability 

testing usually takes the form of 

forced‑degradation studies. These 

studies help to identify the ideal 

formulation from a host of different 

candidates to take forward for 

further testing. The aim of this is to 

understand the primary degradation 

products of a molecule and aid 

analysts in selecting the best 

methods for further stability tests, 

which mimic real‑life storage in 

different global regions. Long‑term 

stability studies will subsequently 

be initiated and validated on both 

the API and the drug product.

In short, the aim of the stability 

testing process is to produce 

data that demonstrates whether 

any physical, chemical, or 

microbiological changes affect 

the efficiency and integrity of a 

pharmaceutical product. This helps 

to ensure medicines are safe and 

effective, irrespective of where in 

the world they are supplied. 

Kottig (Vetter): Stability studies 

are an essential and vital part 

of drug development. They are 

necessary throughout all phases 

with stringent timelines for 

analytical testing. The purpose of 

the studies is to prove how the 

quality of an API or drug product 

changes over the course of time 

while under the influence of 

environmental conditions such as 

temperature, humidity, or light. 

Stability studies also support the 

determination of the re‑test date of 

the active ingredient, shelf‑life of 

the drug product, suitable packaging 

materials, and recommended 

storage conditions. 

With respect to new drug 

applications, submissions for 

approval by regulatory authorities 

are required to contain data from 

stability studies conducted on 

both the drug substance and 

A ccording to market research, the global pharmaceutical 

analytical testing outsourcing market is projected to have 

strong growth from 2020 to 2027 (1). Drivers of this growth include 

an increase in demand for biopharmaceuticals, biosimilars, and 

analytical drugs, in addition to a general requirement for bio/

pharma companies to streamline operations and reduce costs.

To learn more about the criticality of stability testing throughout 

drug development, potential differences with small versus 

large molecules, regulatory requirements, and future trends, 

Pharmaceutical Technology Europe spoke with Ramesh Jagadeesan, 

senior director of analytical development, Recipharm; and Karin 

Kottig, manager contract service analytics, Vetter Development 

Services.

An essential part of drug development
PTE: Could you elaborate on the importance of stability testing 

throughout the various development steps of drug products? 

Jagadeesan (Recipharm): Stability testing is one of the 

most crucial steps in the development of new drug products. 

By performing a series of analyses, testing programmes can 

determine how long a product will maintain the properties and 

characteristics it possessed at the time of manufacture. The effect 

of environmental factors (such as temperature, light, and humidity) 

on a formulation’s purity, efficacy, and structure is evaluated 

over time to define both its shelf‑life and the necessary storage 

conditions. This information is vital for the regulatory approval of a 

new medicine. 

Stability studies are conducted during all phases of drug 

development. They typically start at the preclinical stage of drug 

development and continue through Phase I–Phase III clinical trials 

to support formulation development, and to satisfy the regulatory 

Felicity Thomas

Stability Testing: The 
Crucial Development Step
As compounds become more complex in nature and  
biological ingredients are more widely used, stability testing  
approaches must follow suit and provide flexibility for developers.
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the drug product. During drug 

development, this assessment 

is performed with the help of a 

variety of well‑designed stability 

studies in the different development 

phases. During early development, 

stability studies are performed on 

technical batches as well as on 

clinical samples. These include, for 

example, stress and accelerated 

studies of the drug substance 

and product to support setup of 

formulation, selection of primary 

packaging, and production process. 

In later phases, transport and 

cycling studies as well as long‑term 

and accelerated studies with 

registration batches are realized. 

All data are compiled to generate 

the expiration date of the drug 

and, finally, to obtain the market 

authorization. 

After product launch, follow‑up 

stability studies of market batches 

are conducted on a regular basis. 

The studies are also necessary 

after post‑approval changes. In this 

way, they significantly influence 

the entire lifecycle of a product. 

Ultimately, they are essential to 

provide a drug and thus the health 

of the patient by supplying a stable 

product with consistent quality. 

Small versus large molecule
PTE: Are there specific differences 

in terms of stability testing 

for small‑molecule versus 

large‑molecule products? 

Kottig (Vetter): From complex 

and highly sensitive substances to 

vaccines and biotechnologically 

produced proteins, the 

manufacturing of drug products 

demands a high‑degree of expertise 

and flexibility to perform all the 

necessary and product‑specific 

processes prior to the independent 

completion of the final product. 

Thus, stability testing required for 

ensuring a product is fit for use are 

adapted on a case‑by‑case basis. 

The increasing number of 

biologics in clinical development 

has had a significant impact on 

analytical methods and has brought 

forth new scientific challenges. 

When it comes to injectables, 

biologics are placed into a small 

volume of liquid that often requires 

a very high concentration. This 

leads to unique stability issues 

related to aggregation, viscosity, 

and thermal degradation. And, 

while still relatively complex, it is 

usually a straightforward process 

to demonstrate the identity, 

correct content, and purity of 

small‑molecule drugs and the 

correlated products. The evaluation 

of the quality of a biological, 

large‑molecule product requires 

much more complex analytical and 

bioanalytical methods. 

From my point of view, the 

increased focus on particulate 

matter is also correlated to 

large‑molecule products as they are 

often very sensitive. Aggregation, 

as well as interactions with other 

components such as excipients and 

packaging material, for example, 

could lead to increased particulate 

matter formation. These particulates 

will then be analysed with different 

analytical methods. 

Jagadeesan (Recipharm): The 

development of an appropriate 

stability testing programme typically 

considers the specific nature 

of the product being evaluated. 

Based upon the constituent 

compounds and knowledge of 

how they are impacted by storage 

and environmental conditions, 

the degradation dynamics of 

small‑molecule products are 

predictable. The rise of newer, 

large‑molecule drugs developed 

using biotechnology has brought 

new scientific challenges for 

stability testing. 

The greater complexity 

of large‑molecule products, 

combined with more batch‑to‑

batch variance and specialized 

storage conditions, makes 

typical stability study conditions 

unsuitable. To this end, bespoke 

stability testing programmes 

need to be designed for each 

product. Biopharmaceuticals are 

generally highly concentrated and/

or less soluble, which increases 

the likelihood that the API will 

precipitate during stability studies. 

Clear, quality data surrounding this 

process are essential to ensuring 

regulatory compliance.

In addition, small‑molecule 

degradation pathways are 

more predictable and shelf‑life 

specifications are set based 

on the toxicological studies. 

Whereas, with biopharmaceuticals, 

degradation pathways are much 

more unpredictable, and they 

differ for different proteins. For 

example, some parenteral biologics 

administered for patients are 

highly concentrated, so they may 

precipitate during the stability 

studies. 

Biopharmaceuticals are often 

only stable over a very limited 

temperature range, meaning that 

excursions/temperature deviations 

outside the optimum storage 

conditions can have a significant 

impact on stability. To this end, 

they should be stored within an 

extremely narrow temperature 

range to avoid an impact on 

biological activity. Testing the 

stability of such sensitive products 

in a range of temperatures needs 

to be carefully planned to take 

actual storage conditions into 

consideration. Additionally, the 

stability of proteins often calls for 

other analytical methods other than 

the liquid chromatography that is 

frequently used for small organic 

molecules.

Regulatory expectations
PTE: What are the regulatory 

expectations for stability testing? 

Jagadeesan (Recipharm): 

The International Council for 

Harmonization of Technical 

Requirements for Pharmaceuticals 

for Human Use (ICH) has established 

stability testing guidelines that 

provide comprehensive guidance on 

registration stability requirements 

for new drug applications in the 

ICH regions. These guidelines 
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activity. This makes it necessary 

to have access to more analytical 

technology compared to when 

handling small molecules, where 

liquid chromatography can fulfil most 

analytical needs.

A great challenge in product 

development is the time it takes to 

ensure stability. There is a significant 

need for methods that enable 

the prediction of the stability of a 

formulation at an early stage as this 

will allow companies to shorten 

development timelines and reduce 

the risk of unforeseen challenges 

later on in stability studies. 

While APIs are growing in 

complexity, there is also a 

trend towards more complex 

formulations, such as nanoparticles, 

microemulsions, and amorphous 

formulations to give acceptable 

solubility and bioavailability. For 

these formulations, physical‑chemical 

characteristics, in particular 

solid‑state characteristics, are very 

important; hence, this leads to the 

need for more physical‑chemical 

characterization during stability 

studies.

Kottig (Vetter): When addressing 

the challenges of increased 

complexity of molecules in 

development in combination with 

even shorter timeframes for drug 

development and smaller batch 

sizes, the pharmaceutical and 

biotech industry should collaborate 

with regulatory bodies to generate 

meaningful risk‑based guidance. 

Holistic approaches will require good 

data management and integrated 

systems to collect, manage, and 

process data to effectively support 

stability analyses in the future. 
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recommend different testing 

protocols for climatic zones around 

the globe. For example, storage 

stability tests can range from 

temperatures as low as –80 °C to 

40 °C, with relative humidity up 

to 75%. The ICH guidelines have 

been adapted by many regulatory 

agencies including the European 

Medicines Agency (EMA) and 

FDA for its abbreviated new drug 

applications pathway. 

There are, however, marked 

differences in the specific stability 

data required by authorities in 

each market. As a result, testing 

programmes should be developed 

with the specific market in mind. For 

example, despite authorities in the 

United States and European Union 

adopting the same standards, they 

set different microbiological limits 

for stability tests. In addition, some 

assessments that can be omitted in 

the US are mandatory in the EU and 

vice versa. 

Stability testing of pharmaceutical 

products is mandatory for 

regulatory approvals. If a product 

fails to meet the standards 

prescribed by the ICH, as well 

as those defined by the World 

Health Organization, the product 

will not be granted approval for 

commercialization. Planning, 

execution, and completion of 

studies in given timelines plays 

a major role in securing approval 

and ensuring a product reaches 

patients. 

Kottig (Vetter): Drug stability 

is not simply a requirement of 

the regulations. Rather, stability 

testing operations are a ‘window’ 

for the development programme 

of the product and the assurance 

of quality. Practically all regulatory 

requirements for drug stability 

testing are clearly described in 

[good manufacturing practices] 

GMP guidelines. Today, stability 

plans include far more than just 

the determination of an expiration 

date for a pharmaceutical product. 

They also require a written 

stability testing programme that 

specifies sample sizes and test 

intervals, controlled storage 

conditions, validated and specific 

test methods, and specifications. 

Furthermore, requirements stipulate 

that an adequate number of drug 

production batches are tested. In 

addition, it is mandatory to perform 

stability testing of the product in 

its marketed container or closure 

system. 

There has been considerable 

harmonization of regulatory 

guidelines, with the ICH 

pharmaceutical stability guidelines 

now recognized as the globally 

accepted industry standard. ICH 

provides practical guidance on 

the amount and the type of drug 

substance and drug product stability 

data needed to support marketing 

applications. The included quality 

guidelines Q1A–Q1F have made a 

major contribution to increasing 

the quality of pharmaceuticals 

and are applicable for small 

molecules. Generally speaking, 

they apply to large‑molecule 

products as well. ICH Q5C takes 

into consideration the specific 

characteristics of biotechnological/

biological products. These large‑

molecule products are typically 

more sensitive than small‑molecule 

products and require complex 

analytical methods to demonstrate 

that their molecular conformation 

is maintained during shelf life. 

For example, a potency assay is 

required to prove biological activity 

is maintained. Usually, more than 

one analytical method is needed to 

prove purity of the product. 

Future trends
PTE: As molecules in development 

become more complex and difficult to 

deal with, what trends do you predict 

may impact the industry over the 

next 5–10 years in the area of stability 

testing? 

Jagadeesan (Recipharm): As 

the demand for biopharmaceuticals 

increase, even more efficient 

methods will need to be in place 

for the assessment of protein 
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reactions. “Infusion errors can lead 

to adverse incidents and, at worst, 

prove fatal,” Brown stresses.

Additional complications may 

arise from the use of multiple 

infusion systems, Brown continues. 

“Multi-infusion systems require 

additional metrology to determine 

how the mixing and flow of liquids 

with differing viscosities affect 

drug concentration both within the 

infusion lines and at the outlet of the 

infusion device,” she says.

Specific patient populations may 

also require further contemplation. 

“Infusions in certain patient groups 

(e.g., neonates) demand very low flow 

rates in the nanolitre (nL) per minute 

range placing greater challenges 

for dosing accuracy and reliability,” 

Brown adds.

Furthermore, it is important to 

consider the primary packaging 

and different devices that are 

incorporated into infusion systems. 

“In the case of intravenous 

administration, for example, various 

devices with differing purposes 

may be used (syringe pumps, 

peristaltic pumps, insulin pumps),” 

Brown notes. “There have been 

advances in using microneedles 

in patches applied to the skin as 

a more effective and painless 

way to deliver drugs to patients. 

Each method must be capable of 

delivering traceable, accurate, and 

reproducible metered doses of drug. 

Therefore, understanding the sources 

of, and minimizing, measurement 

uncertainties attributable to the 

operation of each device is key.”

European project
In 2012, a joint research project, 

funded by the European Metrology 

Research Programme (EMRP), 

was undertaken with the aim of 

developing traceable calibration 

services for drug delivery of flow 

rates down to 1 nL per minute, 

assessment methods for drug 

delivery devices, and a best practice 

guide (8). The first project was 

successfully completed in 2015 and 

has led to a follow-on project—

T he pharmaceutical industry is estimated to contribute billions 

to the European economy and provides employment to millions 

of people across the region (1). Additionally, the industry induces 

benefits to the region’s overall economy significantly through 

improved health and the resultant increased life expectancy of the 

working population (1).

Bringing innovative therapies to market has been well-documented 

as being expensive and time-consuming (2), leading bio/pharma 

companies to seek out ways in which they can be more efficient 

during drug development. “Metrology has an essential role to play 

in drug development and delivery to provide the certainty that 

leads to safety, quality, and efficacy with each infusion, tablet, or 

capsule,” says Dr. Tracy Brown, head of life sciences at TÜV SÜD 

National Engineering Laboratory. “Establishing robust metrological 

infrastructures specific to the development of new API formulations 

and administration of the final dosage form to patients ensures 

traceable, accurate, and reproducible measurements that will 

expedite ‘idea to invoice’ and clinical uptake.”

Underestimated risks of infusion
A common route of drug delivery is via infusion, which is a particularly 

suitable delivery method for drugs that need to be rapidly absorbed 

or for drugs that are highly toxic and need to be administered in small 

doses continuously. For this type of administration, the flow rate of 

the drug is an important parameter to ensure accuracy (3).

“It is crucial that the physicochemical (e.g., solubility, density, 

viscosity) and flow properties (rates, pressures) of the drug 

formulation (API and excipients) being developed for intravenous 

infusion are measured to ensure safe and efficacious drug delivery,” 

Brown confirms. However, some published studies have highlighted an 

underestimated risk with infusion administration (4–7). For example, 

an inadequate amount of drug being administered leading to adverse 

Felicity Thomas

Going with the Flow
Metrology has the potential to not only prevent harm to  
patients but also to support innovative therapeutic options.
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Metrology for Drug Delivery (MeDD) 

II—being launched in June 2019 (8).

“A European consortium of National 

Measurement and Designated 

Institutes, universities, and 

manufacturers have embarked upon 

a three-year project (MeDD II) aimed 

at improving dosing accuracy and 

enabling the traceable measurement 

of volume, flow, and pressure of drug 

delivery devices used in infusion 

therapy,” says Brown. “This research 

will enhance the pharma industry’s 

understanding of the most common 

form of therapy and be of particular 

significance given the increasing 

complexity of many new active drug 

candidates.”

An additional aspect of this project 

will investigate how mixtures of 

liquids with differing viscosities mix 

and flow in multi-infusion systems, 

Brown reveals. “Additionally, the 

effect that this mix of liquids may 

have on the therapeutic drug 

concentration during the course of 

the infusion will be examined,” she 

adds. “Such rigorous metrology will 

prevent harm to patients arising 

from inappropriate mixing such as 

therapeutic failure or toxicity.”

Continuous manufacturing 
“Continuous manufacturing has the 

potential to transform medicine 

production,” says Brown. “This 

alternative approach to traditional 

batch methods holds great promise 

for the pharma industry in reversing 

the trend of diminishing returns on 

R&D investment. Lower costs and 

faster production times coupled with 

reduced physical and environmental 

footprints and improved quality make 

an attractive proposition.”

The potential of continuous 

manufacturing has been recognized 

within Europe. Using the United 

Kingdom as an example, Brown 

highlights the investment that is being 

made by the government and industry 

to create research and innovation 

centres, such as the Centre for 

Process Innovation (CPI) and 

Medicines Manufacturing Innovation 

Centre (MMIC). “These hubs aim 

to develop innovative continuous 

manufacturing technologies with the 

flexibility and scalability to clinical 

trial and commercial volumes,” 

she adds. 

Despite the potential advantages 

offered by continuous manufacturing, 

its uptake within the bio/pharma 

industry has been slow. The seeming 

reluctance by the industry to adopt 

continuous manufacturing has 

been attributed to multiple factors, 

such as regulatory and operational 

challenges (9). Additionally, an 

understanding of the process and 

dynamics that will be affected by 

continuous manufacturing is required 

for successful implementation (10). 

“In addition to knowledge of 

production technology and process 

engineering, it is recognized that 

effective flow measurement science 

and standards development will 

play an important role in bringing 

continuous manufacturing to life,” 

emphasizes Brown. “For example, the 

calibration and validation of process 

analytical technology for inline, 

real-time quality control.”

Fundamental changes  
and exciting opportunities
Given the increasing prevalence 

of personalized medicines, the 

delivery of drugs is expected to 

fundamentally change and, as Brown 

explains, is predicated on the idea 

that different sizes of dose can be 

accurately delivered. “The journey 

towards therapeutic and prophylactic 

interventions tailored to individuals 

that take into account their genetic 

blueprint, environment, and lifestyle 

is underway,” she says. “Intrinsically, 

this will necessitate the need for 

enhanced metrological capability 

to ensure the accurate dosing of 

infusions containing novel complex 

therapeutics designed to treat niche 

illnesses.”

Regulatory standards will also be 

required to be updated to address the 

diversity and increasing complexity of 

novel therapeutic solutions, such as 

personalized medicines. “Regulatory 

compliance underpins every 

innovation or innovative methodology 

within medicines and healthcare 

products,” Brown confirms. “A 

characteristically judicious approach 

will inevitably see regulators seeking 

to require drug developers and 

medical device manufacturers to 

apply metrological standards at 

national, European, and international 

level to new discoveries.”

Other exciting opportunities 

for drug development include the 

microfluidic technologies that are 

rapidly evolving, Brown notes. 

“Organ-on-a-chip is a microscale 

in-vitro model that can be used for 

simulating the pharmacologic effects 

of new drug candidates on complex 

biological processes. It is efficient 

and cost-effective with the potential 

to reduce reliance upon the use of 

animal models,” she says. “Fluid flow 

measurement will be important in 

these novel microfluidic applications 

and necessary to ensure their 

continuing maturity and impact.”
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candidate nomination a different 

molecule could have been selected 

or the medicinal chemistry optimized 

further.”

“For Developability Classification 

System (DCS) I compounds (1), this 

is a low-risk approach, because 

the formulation is not likely to have 

much impact on drug performance,” 

says Meredith Perry, director of 

pharmaceutics, Catalent Pharma 

Solutions, San Diego, CA. “But for 

all other DCS class compounds, 

understanding the bioavailability in 

various preclinical species is critical.”

Unfortunately, most new molecular 

entities have low aqueous solubility; 

if preformulation or formulation 

studies are not conducted to solve 

this issue, it may not be possible to 

deliver the drug to its target. “Without 

investigating advanced drug delivery 

technologies at this early stage, 

you’re not creating the best chance of 

success and may end up eliminating 

a good molecule. Formulation 

groundwork should be done up front 

to at the very least identify a viable 

candidate,” says Lee.

“Not addressing solubility 

challenges through formulation prior 

to conducting clinical studies can 

render the clinical data meaningless 

and potentially ‘kill’ good molecules 

that would become good drugs if 

formulated correctly,” states Lisa 

Caralli, director of science and 

technology, pharmaceutics, Catalent 

Pharma Solutions, San Diego. 

Physicochemical characterization, 

preformulation, and drug metabolism 

and pharmacokinetics (DMPK) 

analyses are needed to identify 

hurdles to bioavailability that an 

enabled formulation can overcome, 

she says.

An understanding of how a drug 

may behave in vivo is predicated 

on initial in-vitro studies, as well 

as an understanding of basic 

drug substance physicochemical 

characteristics, says Stuart Madden, 

vice-president, drug development and 

consulting, ICON. “Lacking knowledge 

of key aspects of a drug product’s 

characteristics may hinder an 

I n an automobile race, a vehicle must be well designed, highly 

tuned, and have the proper fuel to outperform the other 

competitors. If corners are cut on any of these elements, the car may 

stall or be forced out of the race.

In the traditional drug development race to get a molecule to clinic, 

drug companies sometimes look for shortcuts. Questions about 

manufacturability and drug performance may not be answered until 

formulation steps are initiated after the filing of the investigational 

new drug application. As a result, the commercialization finish line 

may be farther away, or never reached.

The traditional approach works if APIs that are easy-to-formulate, 

are water-soluble, and have a conventional route of administration 

(e.g., oral dosage forms) are used, says Robert W. Lee, president, 

Lubrizol Life Science Health’s CDMO division, “but this level of ease is 

no longer the reality in drug development.” The complex and poorly 

soluble molecules that are typical of many novel drug candidates in 

research phases are prompting drug developers to consider more 

factors about a drug earlier in in the development cycle.

The drug formulation process requires time, money, specialized 

expertise, and resources that may not be available to small drug 

companies in early research phases. Development-phase companies 

anxious to get to clinic may seek to gain an advantage by postponing 

early stage formulation development. Instead, they place priority 

on activities traditionally considered to have the largest impact, 

such as optimizing potency and determining efficacy determination, 

says Darren Matthews, research leader, pharmaceutical sciences at 

Charles River.

“The biggest disadvantage to delaying formulation activities is that 

the inherent risk is significantly increased, resulting in a potentially 

poor candidate being nominated,” Matthews explains. “Consequently, 

any challenges relating to bioavailability post-candidate nomination 

must be solved using formulation strategies alone, whereas prior to 

Rita Peters

Fast vs. Formulated? 
Can investing in early development formulation studies drive  
new therapies successfully across the commercialization finish line?



C
Ph

I WorldwideMeet our 
experts at Booth 
#12.0D73

Comprehensive
support for your
injectables

www.vetter-pharma.com

AWARDED
state-of-the-art

technologies and  
innovative processes

For over 35 years, Vetter has been a trusted partner in injectables manufacturing for 

pharmaceutical and biotech companies around the world. Our deep expertise en-

ables us to integrate with your team to design and implement a personalized plan for  

successin a shifting global marketplace. Our strategic partnership includes:

    Customized clinical and commercial manufacturing services for your product  

throughout its lifecycle

    Deep and comprehensive technical, analytical, and regulatory subject matter  

expertise

    Proven manufacturing processes that are flexible, efficient, and scalable

    Filling and packaging capabilities that utilize the latest technology to meet  

international market demands

Vetter_VDS_DDD_197x267_feb_2020.indd   1 18.02.20   16:01

https://www.vetter-pharma.com/en


36    Pharmaceutical Technology Europe MARCH 2020  PharmTech.com

Outsourcing

understanding of in-vivo data related 

to the product’s performance,” he 

explains. “So, although initiation of a 

clinical programme may be quicker 

and cheaper, in the longer term it may 

be more difficult to make rationale 

choices for formulation and process 

development for any follow-on clinical 

programme.”

Evaluating strategic 
development approaches
Using a drug substance for dosing 

patients in small, early-phase clinical 

trials saves the cost of developing, 

manufacturing, and testing a 

product for a compound that may be 

discontinued, says Eugene McNally, 

vice-president, consulting, PPD. 

“The disadvantage is not all drugs 

are candidates for such ‘powder in 

bottle’ dosing.” 

Getting quickly to clinical studies 

using API in capsule or powder in 

a bottle is an advantage, agrees 

Sanjay Konagurthu, senior director, 

Thermo Fisher Scientific–Pharma 

Services Group. “Based on outcomes, 

a formulated drug product might 

have to be developed in a short 

time,” he explains. For fast track and 

breakthrough therapies, developing a 

formulated, commercial dosage form 

is advantageous, he says. 

Managing expectations and the 

amount of available API also must 

be considered. “Companies desiring 

to sell early stage assets should 

consider that buyers expect to see 

formulation and manufacturing 

process development results that 

demonstrate the product can be 

commercialized,” says McNally. And, 

Perry notes, “Determining whether 

formulation enhancement is feasible 

can decrease the doses needed for 

efficacy, which decreases the risk of 

side effects and reduces the quantity 

of API needed throughout the 

programme.”

Formulation factors
Formulation and manufacturing 

process development is driven 

by the route of delivery and the 

anticipated human dose, says 

McNally. For small-molecule drugs—

typically oral doses—knowledge 

about a compound’s solubility and 

permeability is crucial. 

For oral solid-dosage drugs, the 

DCS can be an effective predictive 

tool to determine risks associated 

with a compound’s bioavailability 

by classifying a drug into one of five 

different categories. “Classifying a 

potential drug using the DCS provides 

the formulator with an appropriate 

strategy for maximizing bioavailability, 

especially for sparingly soluble 

drugs,” Matthews says. “The DCS 

provides a simple approach, by using 

solubility and permeability data, to 

understand and predict a complicated 

subject (e.g., bioavailability of a 

potential drug).” 

Charles River uses DCS for hit-to-

lead and lead optimization stages, 

and Matthews sees the hit-to-lead 

stage as an early opportunity to 

understand potential development 

risks associated with a chemical 

series. “Determination of the DCS 

risk number at this stage empowers 

the medicinal chemists to choose an 

appropriate series to take forward to 

determine a suitable development 

pathway during lead optimization,” 

he says.

Understanding the molecular 

properties of the drug is crucial. 

“Bioavailability can be impacted 

by the fraction absorbed, which is 

dependent on the drug’s solubility 

and permeability,” says Caralli. “But 

it can also be impacted by gut wall 

and hepatic metabolism. If the source 

is the former, it can be addressed 

through formulation. If the issue is 

metabolism, the basic molecular 

structure of the candidate may need 

to be reconsidered.”

Detailed preformulation studies 

can help drug developers understand 

a molecule’s physicochemical 

characteristics, solid-state 

characteristics, and dissolution rate, 

says Lee. “This will indicate whether 

the use of enabling technologies 

like nanomilling will be needed to 

help formulate the molecule.” Other 

factors to consider include the 

molecule’s stability in water, acid/

base, oxidation, heat, and light; 

excipient compatibility; potential for 

polymorphic transformation; particle 

size distribution powder flow; and 

hygroscopicity.

Typically, biologic drugs require 

extensive preformulation studies 

because they are more complex 

with aggregation and degradation 

of special concern as they are much 

more sensitive to stresses from 

manufacturing and environmental 

conditions, says Madden. 

“For large molecules, it’s not just 

the sequence of the monomers 

(i.e., amino acids or nucleotides) 

that is a concern but also the three-

dimensional structure,” says Lee. 

“During formulation development, it’s 

important to track this 3D structure 

as this may be key to its biological 

activity, and this may very well be 

impacted by the formulation.” 

An indication of solution stability, 

and whether a lyophilized, or dried, 

formulation will be needed to 

maintain stability, is typically the 

starting point for development of 

large molecules, adds McNally. 

Predicting potential— 
and problems
Advances in screening and 

characterization have enabled 

more rapid and accurate analysis 

of molecules, providing support 

for formulation steps. “Materials 

science-based characterization 

of the drug substance using 

modern compaction simulators, 

Raman spectroscopy, electron 

microscopy, chromatography, 

crystallography, thermal 

characterization, and dissolution and 

absorption technologies can help 

in the characterization,” explains 

Konagurthu.

“Physical characterization of each 

API lot requires very small amounts 

of API (milligram quantities),” says 

Perry. “It is worthwhile to use 

the sensitive, API-sparing tools 

that are now available, such as 

differential scanning calorimetry, 

thermogravimetric analysis, powder 
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accelerate lead optimization efforts 

enabling faster development.”

Early investment
A decision to divert limited resources 

from early formulation studies may 

come back to haunt many drug 

developers, especially when the 

solubility or other issues associated 

with a compound are revealed in 

clinical trial stages. However, notes 

Perry, “Formulation screening at small 

scale is significantly less expensive 

than a failed clinical trial.” 

The consequence of not gaining 

insight early in development can 

result in batch failures that lead to 

delays or cancellations of trials due 

to a lack of understanding of the root 

causes of these failures, say McNally.

“It is critical for companies 

to understand that investing in 

formulation and process development 

during the early phases can yield 

dividends in the long run,” says 

Konagurthu. “The company should 

obtain a mechanistic understanding 

of the formulation and process.”

“Companies must have a viable 

formulation for in-vitro studies and 

beyond, so it’s important to invest 

effort and resources in the most 

effective formulation,” says Lee. 

“At the same time, it’s a balancing 

act, and it’s not cost effective to 

waste resources on the wrong 

technologies.” 

“Scientists must often justify 

their chosen scientific path to 

management, who may have limited 

understanding of the underlying 

science. For low-solubility molecules, 

this inability to translate the ‘why’ 

can lead to decisions being made 

for purely financial reasons,” says 

Caralli. “Using a visual tool like the 

DCS, solubility, permeability, and 

dose can be plotted to demonstrate 

the need for an enabled formulation 

to ensure a successful clinical trial 

outcome.”

Reference
1. J. M. Butler and J. B. Dressman,  

J. Pharm. Sci. 99 (12) 4940–4954  

(2010). PTE

X-ray diffraction, and scanning 

electron microscopy.” In addition, she 

notes, the use of software modelling, 

in addition to actual characterization, 

can help expedite the process. 

“Predictions for solubility, 

permeability, and DMPK performance 

are all helpful tools,” she says.

Tools developed in the past 20 years 

are allowing formulation scientists to 

do more, says Matthews. For example, 

biorelevant dissolution media allow 

the formulation scientist to predict the 

solubility and dissolution behaviour of 

sparingly soluble drugs in vivo. When 

coupled with small-scale dissolution 

equipment with in-situ measurement 

by fiber optics, automated pH 

adjustment, or automated media 

addition, these systems can mimic 

the in-vivo environment. And, 

in-silico prediction tools that consider 

formulation, polymorphic, and particle 

sizes effects on in-vivo performance 

can be powerful tools for the 

formulator. “Such a method can be 

used to triage potential approaches to 

enhancing bioavailability without the 

need for expensive animal studies,” 

he says.

Madden also notes the importance 

of software to aid development, 

ranging from programmes to 

calculate basic physicochemical 

parameters for drug substances to 

bioavailability development toolkits 

and excipient interactions software. 

“There are also strategies developed 

by contract research organizations 

that allow the rapid in-vivo screening 

of numerous formulation prototypes 

to aid rapid formulation selection 

prior to the start of any formal clinical 

programme,” he states.

Physiologically based 

pharmacokinetic modelling is 

essential to ensure that the correct 

delivery route and dosage form 

is pursued for a molecule, says 

Caralli. “These in-silico models can 

incorporate both in-vivo data from 

animal models, and in-vitro data 

from biphasic dissolution studies, 

to predict the performance of a 

formulated API in human clinical 

studies.”

Konagurthu notes that predictive 

models are of great benefit in early 

development, citing Thermo Fisher’s 

Quadrant 2 platform as an example. 

“Implementation of in-silico predictive 

models are being used to guide 

formulation,” he says, citing materials 

science and characterization (e.g., 

compaction simulation), accelerated 

stability assessment, discrete 

element modelling, computational 

fluid dynamics, and pharmacokinetics 

and pharmacodynamics models. 

“An ensemble approach can help 

developing quantitative models 

that relates product structure to 

performance,” he says.

Predictive pharmacokinetic and 

pharmacodynamic modelling certainly 

helps to inform the ‘best’ dose 

and dose frequency, formulation, 

and route of administration to take 

forward into clinical trials, says 

Scott Dove, vice-president, early 

development, PPD. 

While models can help direct 

studies, they do not necessarily 

replace laboratory analysis. 

“Computational models can give 

you an idea of the molecular 

characteristics in silico and predict 

solubility and a host of other 

properties. Some are particularly 

effective and can guide your lab 

work, but they are not a substitute 

for actual lab work—this must still 

be carried out,” Lee says. “If you are 

looking at several different molecules 

to synthesize in early development, 

then using predictive models to 

do a computer screen of potential 

structures can help direct your work 

and narrow your choices.”

Using predictive models as a 

substitute for experimental data in 

the early stages of drug development 

can save time and money, allowing 

the development programme to move 

to wet chemistry more quickly, says 

Madden. “For example, screening 

a series of analogues to determine 

bioavailability, solubility, or even 

potential genotoxicity signals by 

quantitative structure-activity 

relationship can be of tremendous 

value in early development and 
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processes. There is a lot of wasted 

heat in pharma plants, but often 

temperature is not high enough to 

be useful. HVAC is a good use for 

this heat, but only if coils are sized 

appropriately. Retrofitting is almost 

impossible. Design from day one 

gives you possibilities for the future—

so designing flexibility in is a good 

thing to do.

A definite trend I have noticed 

over the past 18 months is 

that sustainability (in particular 

addressing climate change) is getting 

serious C-level attention, with 

many organizations making public 

commitments to going further to 

tackle this business issue, declaring 

aims to be carbon neutral or even 

carbon negative. This is significant. A 

range of solutions will be needed to 

achieve this, with increasing efficiency 

being a key one—simply off-setting 

emissions is not going to cut it with an 

increasingly aware stakeholder base.

Best practices
PTE: What are the biggest areas 

of waste in pharmaceutical 

manufacturing facilities? What are 

some examples of best practices in 

tackling these areas?

Beattie (EECO2): The most 

surprising thing is that most facilities 

don’t know where their waste 

is, because they don’t have an 

effective metering and monitoring 

system or do not review the data 

that are available to them. From 

our experience, one of the biggest 

areas of waste is energy, especially 

consumption related to HVAC. We 

find many opportunities for energy 

savings here on almost every site we 

go to. For example; inefficient, faulty, 

or inappropriate control systems, 

configured for GMP compliance 

only, with little account of efficiency 

is one of the simplest things to 

solve. It is possible to be compliant 

and efficient! Another is over-

processing of air: larger flow rates 

than necessary, over-cooling, over-

dehumidifying, simultaneous heating 

and cooling—all preventable with no 

product quality impact.

T he energy efficiency of technologies for bio/pharmaceutical 

manufacturing facilities is changing quickly, and manufacturers 

can take advantage of these improvements for both old and new 

facilities, says Keith Beattie, executive director at Energy Efficiency 

Consultancy EECO2. Pharmaceutical Technology Europe spoke with 

Beattie about trends and best practices in sustainable pharmaceutical 

facility design. 

Trends
PTE: What are the key trends in sustainability in bio/pharma facility 

design?

Beattie (EECO2): There are several trends in equipment use and 

facility design that will improve efficiency and sustainability. The trend 

towards use of isolators for improving sterility assurance, for one, also 

leads to the use of lower cleanroom class background environments, 

which require less energy to maintain. 

Single-use technology in biopharma manufacturing is being 

promoted as a more sustainable solution to large fixed vessels. It 

is reasoned that these allow smaller batches and therefore smaller 

facilities house them, with a subsequently lower HVAC [heating, 

ventilation, and air conditioning] energy demand. In addition, water 

use is lower because the systems are disposed of rather than washed. 

Although I wouldn’t yet say it is a trend, there are some examples 

of companies taking a more holistic design approach, in which they 

consider and implement sustainability design from an early stage. 

Good examples include the winners of the International Society for 

Pharmaceutical Engineering Facility of the Year Award (ISPE FOYA) 

for sustainability, such as the Pfizer Consumer Health manufacturing 

facility in Suzhou, China, in 2018. 

I know of one company that is changing their HVAC design standard 

to mandate design of low (40–45 °C) temperature heating coils in 

HVAC systems, which would enable them to use waste heat from 

Jennifer Markarian

Improving Efficiency 
for Sustainable 
Pharmaceutical Facilities
Energy and water waste can be improved with new technologies,  
and sustainability can be considered in the design of new facilities. 
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Another area of waste is water. 

It’s generally a cheap resource, 

so paybacks on project initiatives 

to reduce water use are not often 

prioritized over energy savings. 

However, because its cheap, few 

manage it effectively, and there 

are often many low to no-cost 

opportunities to uncover. We often 

find savings opportunities in quality 

water systems (water for injection 

[WFI] and purified water), where 

the treatment processes make the 

water a more expensive resource. 

Opportunities include the recovery 

and reuse of WFI drain water or 

of water from reverse osmosis 

regeneration; often these can be used 

in lower grade uses such as cooling 

tower makeup or boiler makeup.

PTE: What are some best practices 

for refurbishing older bio/pharma 

manufacturing facilities for energy 

efficiency?

Beattie (EECO2):  You should 

always review any space where use 

has changed to ensure the HVAC 

system particularly is not over-

designed for its new use. Look for 

the best available technology; do 

your research, because technology 

development in energy efficiency 

is moving fast. Rising energy prices 

and falling technology costs do 

change efficiency project return on 

investment (ROI) dramatically, so an 

opportunity rejected for low ROI a 

few years ago, may now have become 

economic to do.

For example, HVAC fan 

technologies have improved 

enormously over the last five to 10 

years. Electronically commutated 

(brushless direct current) motors/

fans, for example, can be installed in 

arrays (a group of fans) rather than 

one single fan. The array adds the 

benefit of redundancy, and retrofit 

is easier. Many older facilities have 

much larger fans running slowly, as 

the facility may have already done 

an air-change rate reduction. These 

large fans are now very inefficient, 

so changing to a correctly sized fan 

array can demonstrate great savings. 

In older facilities, fans are often at or 

past end-of-life, so the business case 

is good for replacement. Replacement 

offers benefits such as energy saving, 

reliability, quality improvement, and 

less maintenance.

PTE: What are some best practices 

for new facility design?

Beattie (EECO2): Companies 

should consider sustainability early in 

the design stage (pre-concept design) 

and carry it on all the way through. 

There is always a pressure to ‘value 

engineer out’ non-essential features, 

including sustainability features, but 

this is a very short-term view that is 

becoming increasingly unacceptable. 

It takes a strong company leader 

with a clear vision to ensure the right 

things are kept in.

Dynamic modelling and simulation 

of lifecycle cost and energy and 

water use is an evolving technology 

that helps designers make informed 

choices. Building information 

modelling (BIM) for commercial 

buildings, such as offices or hotels, 

has been around a long time, but BIM 

is more complex in a pharma plant. 

Where it has been found useful is to 

model the interaction of different 

technologies and the synergies to 

maximize the ‘system’ efficiency, 

rather than simply the efficiency or 

contribution of discrete technologies 

evaluated in isolation.

The new ISO 14644-16 (energy 

efficiency in cleanrooms) (1) and 

the soon to be published, updated 

ISO 14644-4 (design, construction, 

and startup of cleanrooms) (2) have 

excellent guidance on new thinking 

about cleanroom design. The basic 

philosophy behind these standards 

is that you should design your 

cleanroom with efficiency in mind 

and with the ability to tune it during 

its service life to match the real 

performance needed and to minimize 

energy.

PTE: Do new technologies for 

artificial intelligence (AI), such as 

predictive maintenance, help?

Beattie (EECO2): I have seen some 

examples of AI/machine learning 

in building controls to identify 

inefficiencies and flag these to users 

for action. One example I saw a few 

years ago was a client who was very 

proud of the long (170 items) list 

of issues to address on his control 

system that would improve efficiency. 

But he still struggled to get anything 

fixed; every month the same items 

would flag on the report. The point 

is that there are new technologies 

emerging that show promise, but 

there are well-established, proven 

technologies available today that are 

not being fully exploited. 

Dynamic control of cleanrooms 

based on real-time measurement 

of particulate concentration and 

microbiological contamination to 

assure quality and deliver huge 

energy benefits is a reality now. I 

believe this technology will start to be 

adopted at scale over the next two to 

three years. For example, the EECO2 

ICCS [Intelligent Cleanroom Control 

System] uses advanced predictive 

control to enable response to 

changing conditions in the cleanroom. 

References
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PRODUCT/SERVICE PROFILES

Small-Molecule Drug 
Development Services

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

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

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

Cambrex 
www.cambrex.com  
info@cambrex.com

Development Services 
for Next-Generation 
Biopharmaceuticals

Description
Paragon Gene Therapy, a unit of Catalent 
Biologics, provides industry-leading process 
development and cGMP manufacturing services 
for next-generation biopharmaceuticals 
such as gene therapies, next-generation 
vaccines, and oncolytic immunotherapies.

Specializing in scalable adeno-associated 
virus (AAV) platforms across multiple 
serotypes, Paragon Gene Therapy has a 
number of facilities in the Greater Maryland 
area, totalling over 400,000 square feet. 
These include a process development and 
clinical-scale facility in Baltimore to support 
projects to Phase 2; and a manufacturing 
facility with up to 10 cGMP suites with 
several 500-litre and 2000-litre single-use 
bioreactors, as well as fill/finish, and testing 
laboratories to support late-stage clinical 
and commercial gene therapy production. 

Since 2016, Paragon Gene Therapy has 
produced more than 100 clinical cGMP batches 
across 40 programmes with many of the 
leading gene therapy developers worldwide.

Catalent 
www.catalent.com 
solutions@catalent.com

Captisol

Description
Product description: Captisol® is a 
patent protected, uniquely modified 
cyclodextrin, whose chemical structure 
was rationally designed to maximize 
safety and optimize interaction to improve 
the solubility, stability, bioavailability or 
lessen volatility, irritation, smell, or taste.

Captisol® is a polyanionic beta-
cyclodextrin derivative with a sodium 
sulfonate salt separated from the lipophilic 
cavity by a butyl ether spacer group, or 
sulfobutylether (SBE). Captisol® is not a 
single chemical species, but comprised 
of a multitude of polymeric structures 
of varying degrees of substitution and 
positional/regional isomers dictated 
and controlled to a uniform pattern by a 
patented manufacturing process consistently 
practiced and improved to control impurities.

Several hundred of pre-clinical and 
clinical studies have been performed 
and indicate that Captisol® is safe when 
administered parenterally or orally and 
does not exhibit the nephrotoxicity 
associated with beta-cyclodextrin. Relative 
to beta-cyclodextrin, Captisol® provides 
higher interaction characteristics and 
superior water solubility in excess of 100 
grams/100 ml – 50-fold improvement.

Captisol, a Ligand technology 
www.captisol.com 
cdinfo@captisol.com

https://www.cambrex.com
https://www.captisol.com
https://www.catalent.com
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PRODUCT/SERVICE PROFILES

Cart2Core®–Aseptic Cart 
Transferring System

Description
Veltek Associates, Inc. has developed an 
innovative product that nearly eliminates 
the problematic issue of correct aseptic 
cart transference. Current industry practice 
for cleaning and disinfection of the upper 
portions of the cart, while labor intensive, 
are manageable. However, cleaning of bases, 
wheels, casters, and underneath the cart are 
virtually impossible, can cause numerous 
problems, and complicate worker safety. 

The Cart2Core®, Aseptic Cart Transferring 
System, provides the ability for cleanroom 
operations to transfer materials through 
classified areas while reducing the possibility 
of cross-contamination. The cart top is able 
to be transferred to another previously 
cleaned cart base located in the next 
classified area. Simply lift the handle and 
slide the top of the cart onto the next base, 
leaving the potential contamination behind. 

Available cart configurations include 
standard carts and custom carts. All carts are 
autoclavable, sterilizable, chemical resistant, 
have the capability to be RFID coded, and 
are constructed of 316L Stainless Steel. 

Veltek Associates, Inc. 
www.sterile.com  
vai@sterile.com

SVP250 LF Processing System

Description
The perfect match for every batch
New biological developments call for 
flexible equipment that can handle ever 
smaller batches, while adapting to new 
products and packaging formats quickly. 
The flexible SVP250 LF processing system 
is designed for an economic production 
of injection solutions (Small Volume 
Parenterals, SVPs) with small batches 
ranging from 15 to 250 litres to meet all 
customer requirements. The design allows 
a seamless integration into existing clean 
rooms and technical infrastructures such as 
high-purity media systems or filling systems. 

The broad range of line expertise 
enables Syntegon Technology to offer fully 
integrated solutions for the pharmaceutical 
and biotech industries from a single source. 

Syntegon Technology GmbH 
www.syntegon.com  
info@syntegon.com 

Nexera Prep

Description
Better Prep! 
Shimadzu’s new Nexera Prep Series 
provides better prep processes for 
extraction of functional and impurity 
components, as well as purification of 
target compounds in the pharmaceutical, 
chemical, and food industries. This product 
dramatically improves productivity 
via flexible scalability and an efficient, 
user friendly preparative workflow.

The Nexera Prep Series consists of 
multiple related products with the LC 
units as the core. Users select a pump, 
autosampler, and detector to build a 
system according to the purpose of the 
preparative work. Systems can be configured 
using related products such as the LH-40 
Liquid Handler, FRC-40 Fraction Collector, 
Shim-pack Scepter LC Column for Analysis 
and Preparative Work, and Column Hub.

Shimadzu Europa GmbH  
www.shimadzu.eu 
shimadzu@shimadzu.eu

https://sterile.com
https://www.shimadzu.eu
https://www.syntegon.com
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ask the expert

Q.I work in my company’s quality department. 

What are some best practices for handling 

process or product changes? 

A. In December 2019, the Pharmaceutical Inspection 

Co-operation Scheme (PIC/S) published a 

recommendation, ‘How to Evaluate/Demonstrate the 

Effectiveness of a Pharmaceutical Quality System in relation 

to Risk-based Change Management’ (1) and a Concept Note 

on this Recommendation document (2). This action highlights 

two critical aspects, namely the importance of change 

management within the realm of quality and the necessity to 

apply a risk-based approach. 

Nothing stands still; therefore, change is inevitable. Though 

the PIC/S document covers all relevant steps in the change 

management process—from change proposal, change 

assessment, change planning, and implementation, through 

to change review and effectiveness checks—it does not detail 

categories of change. It merely states, ‘Change categorizations 

are appropriate and based on the level of risk’ (1).

In practice, the following are three typical categories of 

change:

• Planned changes: Someone wishes to make a change 

for whatever reason and applies to make this change. 

This change, if approved, will be implemented, its 

effectiveness verified, and it becomes permanent.

• Temporary changes: Sometimes, someone wishes to 

make changes for a defined period of time followed by 

a return to the previous state. This could be because 

there is the need for some building work, or because 

of staff shortages, or other reasons.  Again, it is known 

that someone wants to make this change. If approved, 

it will be implemented for the desired period and then 

all goes back to as it was before. Some companies use 

the term ‘planned deviations,’ which is synonymous with 

‘temporary changes.’

• Emergency changes: Rarely, an organization may have to 

implement emergency changes. Here, nobody knew that 

this change would be required, so there is no planning. 

Perhaps there is not even time for approval before 

the change is being implemented. Almost always, this 

type of change is triggered by an event that endangers 

environment, health, or safety. In short, an emergency 

change is triggered by a deviation. Perhaps a gas pipe 

develops a leak; the line must be immediately shut down 

and work perhaps continues with gas cylinders. As soon 

as possible, the change needs to be properly assessed 

and a decision must be made; this will either become a 

temporary change or a permanent change. To emphasise, 

the only difference here is that you cannot plan for it.

Looking at these scenarios, one finds that the starting 

point can differ (either a change request or a deviation). 

The end point may also differ; one may end up in a new 

state (permanent change) or back where it all started from 

(temporary change). The pathways for these change categories 

are shown in the flow chart (Figure 1). This flow chart needs 

to be amended as necessary, to reflect the specific processes 

and procedures within each company. Just make sure you 

comply with all the relevant requirements in the regulations, 

as summarized in the PIC/S document. 

References
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Effectiveness of a Pharmaceutical Quality System in Relation 

to Risk-based Change Management,” 28 Nov. 2019. 
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to Risk-based Change Management’,” 7 Oct. 2019. PTE

Embracing Change Management
No matter why change may be needed, it is important to comply with all the relevant regulatory 
requirements, says Siegfried Schmitt, PhD, vice-president, technical, Parexel Consulting.
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Figure 1: Change management flow chart.
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From Starting Materials through Finished Product Testing, 
Eurofins BioPharma Product Testing’s 34 facilities in 17 
countries deliver the world’s most comprehensive scope of 
harmonized GMP testing services and seamless regulatory 
acceptance. 

As we have grown to become the world’s largest network 
of GMP product testing labs, we continue to uphold our 
founding promise of personal service and impeccable quality.

When the world awaits your product, choose the lab 
that provides complete capabilities and rigorous quality 
systems you can trust.

www.eurofins.com/biopharma

BioPharma
Product Testing

Method Development & Validation • Release Testing • Stability Testing & Storage

Cell Banking Services • Virology Services • Facility & Process Validation

Chemistry • Biochemistry • Molecular & Cell Biology • Microbiology

Raw Materials Testing • Primary & Secondary Package Testing

Comprehensive GMP Testing Services Global Facilities

Fee For Service (FFS)

Full-Time-Equivalent (FTE)

Professional Scientific
Services® (PSS)

Flexible Service Models

Largest scope of 
global services.

Sharpest focus on  
data integrity.

Australia

Belgium

Canada

UK

US

Spain

Sweden

Switzerland

Japan

Netherlands

New Zealand

India

Ireland

Italy

Denmark

France

Germany

https://www.eurofins.com/biopharma
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