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Note from the CEO

A    s infant formula shortages force parents to be creative in finding 
new types of supply, the post-pandemic world forces us all to be 
more aware of what products we need, and what systems we rely 

on to get them. Pharmaceutical companies, already focused heavily on 
implementing serialization tools for the US Drug Supply Chain Security Act 
(DSCSA) requirements, could “… link serialization data with temperature 
data collected along the supply chain (such as storage, transportation, last 
mile, and more) to gain better end-to-end visibility and leverage stability 
budgets across the supply chain,” conjectures an Elpro representative in 
an article on cold chain advances by Suzanne Shelley (1). Vaccine access 
and efficacy conversation has had a spillover effect placing food and drug 
supply more into mainstream conversation. 

Inside that conversation, one of the largest (missed?) opportunities and 
unmet needs continues to be neurological health. The second installment 
of Pharmaceutical Technology’s new series “Weighing Up Big Pharma” looks 
with a Sophoclean steady gaze at industry performance. One major conclu-
sion is that, “Pharma should expand on successful cell therapies in oncology 
by applying these development and manufacturing methods to neuronal 
cell therapies,” asserts author Marina Necdina (2). She also contends that 
products have resorted to dealing with effects (such as beta amyloid plaques) 
rather than their root causes. Memory enhancing drugs—both in business 
performance and private pursuits—would be on most people’s wish list as 
welcome additions. But ending or mitigating neurodegenerative diseases 
are a holy grail, worth any effort.

And as a parting thought, more than 25% of drugs on the market world-
wide and candidates in the pharmaceutical pipeline were considered to 
be formulated with highly potent APIs (HPAPIs) in 2020. More than 115 
contract manufacturing organizations had the capability to produce highly 
potent drugs, and many had recently invested or were in the process of 
implementing capacity expansions to meet growing demand for HPAPIs 
and products formulated with them. “But in addition to specialized facil-
ities, equipment and highly trained personnel,” writes Cynthia Challener, 
“organizations developing and manufacturing highly potent drugs must 
have the requisite expertise to overcome numerous formulating challenges 
ranging from lack of sufficient toxicity data to managing poor solubility 
and bioavailability to ensuring uniform dosing of low concentrations of 
HPAPIs” (3). How to manage manufacture and deployment of these strong 
drugs, remains a challenge.

References
 1. S. Shelley, BioPharm Int’l. 35 (7) (2022).
 2. M. Necdina, PharmTech 46 (7) (2022).
 3. C. Challener, PharmTech 46 (7) (2022).  PT
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O  f necessity, we are living in a post Lipinksi rule of 5 world. No one 
expects traditional approaches will meet future needs, Both small 
and large molecules, having some form of accelerated designation, 

are proliferating in the pipeline. Small-molecule drugs suffer longstanding 
issues with bioavailability and solubility, as key development considerations. 
As we reach further afield in the molecular universe to overcome these issues, 
we encounter new types of problems to resolve.

Broader molecular diversity inhibits progress in the sense that diverse 
groups cannot come to agreement on basic questions of biology, patient safety, 
and manufacturing guidelines. What is an effective but safe total vector  
genome dose per kilogram, for example? Or does the percentage of empty 
capsids hurt or help a therapy?

There is an absorbing observation in a podcast by Nicole Paulk, a profes-
sor at the University of California San Francisco, who reflects that one can 
argue opposite cases from the literature (1), … “empty capsids might be a 
good thing because they can sop up like a sponge these preexisting neutral-
izing antibodies against that particular capsid serotype, so that more, full 
packaged capsids can get to the target tissue to transduce. But then there is 
also literature that says the more empty capsids that you have, the less po-
tent your vector is, and that these also might be immunogenic, because they 
might not be perfectly formed capsids, etc. … and they might have their own 
modifications on them, or be packaging non-desired genomes, such as host 
cell genomes in which these viruses were made in.” Disagreement on basic 
biology is going to cause differences in industrial process design decisions. 
Eventually guidelines will be produced, but until then, their lack will act as a 
drag on progress in manufacturing. And that is true for all the new molecular 
chemistries we now confront.

The industry may want to establish a sort of chemical diversity and  
inclusion training program for process development departments. In sport, 
the Olympics exhorts us to go “faster, higher, further”. Pharmaceutical sci-
ences may want to consider operating on a “faster, smarter, broader, and 
more digital” footing.

Reference
1. Phacilitate, Does AAV Have a Long Term Future? With Nicole 

Paulk, Phacilitate Talks, Podcast, Phacilitate.com, Sep 12, 2021. PT
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The fume hoods come in 48-inch, 
60-inch, and 72-inch widths and 
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electrical service options, cabinets/tables, and suitable exhaust 
blowers to safely remove hazardous fumes or particulates. LED 
lighting and a vertical slide tempered glass sash are also included.

HEMCO 
www.hemcocorp.com
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FDA Advances Quality 
Initiatives to Combat  
Drug Shortages

F  or years, FDA officials have 
been pressing pharmaceutical 
manufacturers to invest in 

quality production systems to avoid 
plant shutdowns and manufacturing 
stoppages. The current baby formula 
shortage crisis, while not involving 
drugs, illustrates the catastrophic 
effects of company failures to ensure 
that regulated facilities reliably meet 
safety and quality standards. But 
despite multiple agency initiatives to 
encourage quality drug production, 
the response has been disappointing. 
A main factor is that payors and 
healthcare systems are reluctant to 
pay extra for potentially more re-
liable supplies. Therefore, agency 
leaders once again are moving to 
develop a rating system to identify 
those drug manufacturers with more 
dependable production operations 
and to encourage market support for 
the resulting medical products. 

Under the current system, serious 
shortages have continued to erupt 
for many critical medicines, notably  
for many low-cost, common treat-
ments that carry low prices. The sit-
uation has been aggravated by the 
COVID-19 pandemic, where sup-
ply chain disruptions have blocked 
access to needed ingredients and 

production supplies such as filters, 
stoppers, and IV f luid bags, adding 
to production difficulties and costs. 

FDA has worked with the phar-
maceutical industry over the past 
decade to devise ways to better en-
sure patient access to medicines, par-
ticularly critical treatments. Advance 
notification to FDA of production 
changes or facility closures likely to 
lead to shortages has enabled FDA 
to expedite reviews and inspections 
to remedy many supply problems or 
identify other manufacturers able 
to step in. The CARES Act (Coro-
navirus Aid, Relief and Economic 
Security Act) enacted in March 2020 
expanded the information FDA may 
collect on manufacturing discontin-
uations and interruptions and en-
hanced agency authority to expedite 
approvals and inspections of drugs to 
offset shortages, as discussed in the 
agency’s annual report to Congress 
on drug shortages for 2020 (1). 

Rating quality
Despite these ef for ts ,  shor tages 
continue for both new and low-cost 
products such as IV fluids and widely 
used painkillers due to limited man-
ufacturing lines and ramped-up de-
mand for new vaccines and therapies. 
But quality-related issues are the 
most prominent cause of shortages, 
noted Valerie Jensen, associate di-
rector of the drug shortage staff in 
the Center for Drug Evaluation and 
Research (CDER). She explained at 
FDA’s webinar on CDER’s quality 

management maturity (QMM) pro-
gram on May 24–25, 2022 that 55% 
of drug shortages in 2021 were at-
tributed to manufacturing delays 
and quality-related issues. 

The situation has bolstered FDA’s 
initiative to develop a rating system 
to incentivize drug manufacturers 
to create QMM programs for their 
facilities. The aim is to provide ev-
idence for drug purchasers, such 
as health providers and payors, for 
rewarding pharmaceutical compa-
nies that invest in more modern and 
reliable QMM systems and thus are 
able to ensure product value, as pro-
posed in FDA’s 2019 report on the 
Root Causes and Potential Solutions 
to Drug Shortages (2).

 FDA outlines its proposed QMM 
rating system in a white paper issued 
in April 2022 on how QMM is “essen-
tial” for a stable US supply chain of 
quality pharmaceuticals (3). However, 
manufacturers have long objected 
to publicly available ratings of their 
operations and continue to criticize 
specifics in FDA’s plan for collect-
ing metrics data in the proposed four 
areas. Generics makers and contract 
manufacturers are notably opposed to 
the current plan, and biologics firms 
don’t want to be included.  

A publicly available QMM rating 
system could support “resilience con-
tracting” by health plans, based on 
quality and reliability in addition to 
price, observed drug shortage expert 
Erin Fox, senior pharmacy director 
for University of Utah Health, at the 

Agency leaders are moving to develop a rating system to identify  
those drug manufacturers with more dependable production operations.

Jill Wechsler

Jill Wechsler  
is Pharmaceutical 
Technology’s  
Washington editor, 
jillwechsler7@gmail.com.



Pharmaceutical Technology JULY 2022    15

Regulatory Watch

FDA QMM workshop. She acknowledged that “quality 
and reliability will cost more,” but that the cost of short-
ages has a broader impact. One proposal, she said, is that 
accreditation organizations for hospitals and health sys-
tems should add to their evaluations the QMM ratings on 
the medicines purchased and on the frequency of short-
ages that negatively affect patient care. Fox also backs an 
international trade agreement that prohibits export bans 
on key components of global medical products. 

Managing risks
FDA also advises manufacturers to anticipate and pre-
vent drug shortages by establishing “redundancy risk 
management plans” (RMPs), as detailed in FDA draft 
guidance published May 19, 2022 (4). RMPs are required 
for producers of life-supporting drugs and their APIs 
and medical devices needed to administer such critical 
treatments. FDA also recommends RMPs for drugs to 
treat rare diseases, medical countermeasures needed in 
public health emergencies, sole source products, drugs 
with only one API manufacturer in the supply chain, and 
drugs made in facilities that have been cited by FDA for 
manufacturing problems.  

The guidance advises manufacturers to develop 
RMPs that identify likely hazards to production and 
estimate the potentia l for something to go wrong, 
similar to the process out lined in the Q9 Quality 
Risk Management guidance from the International 
Council for Harmonisation (ICH). Risk control com-
ponents l ikely to avoid disruptions include bui ld-
ing redunda nc y into ma nufactur ing operat ions ,  
assessing supply chain controls, and establishing strong 
relations with suppliers. Manufacturers also should con-
duct annual risk reviews to revise RMPs where needed. 

CDER officials expect drug shortages to continue, 
even though the agency prevented more than 300 short-
ages this past year by implementing regulatory f lexi-
bility and expediting submissions, commented CDER 
Deputy Director Douglas Throckmorton at FDA’s an-
nual regulatory education for industry conference June 
6, 2022. CDER is working hard to maximize its use of 
added information from manufacturers to better under-
stand the real reasons for potential drug shortages and 
to be able to intervene by finding another manufacturer 
or a missing component. It’s critical, he said, to have  
the “right kind of information from manufacturers to us.” 
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Technological advances are  
progressing pharmaceutical packaging  
to overcome the challenges of the future.

to provide the required capacities to 
the market.

For Patrick Ferguson, managing direc-
tor, Tjoapack US, COVID-19 provided 
the industry with an opportunity to ac-
celerate the regulatory approval process 
in certain aspects, allowing products to 
reach the market more quickly, yet also 
demonstrated some shortcomings. “On 
the downside,” he says, “[accelerated ap-
provals] have further contributed to the 
observed supply chain challenges.”  

“The disruption the pandemic has 
caused to global supply chains has mag-
nified shortcomings that have existed for 
years,” agrees Rich Quelch, global head of 
marketing, Origin. “The solution is cre-
ating a more resilient, collaborative, and 
networked operation moving forwards.”

Increasing sustainability
“One of the most important and current 
trends is sustainability,” specifies Ver-
heyden. “Even during the development 
of drug delivery devices and packaging 
solutions, customers pay attention to 
how sustainability is integrated in the 
packaging ecosystem.” As a company, 

P   harmaceutical packaging is a multi-
faceted segment, providing essential 
protection for the important and 

sensitive materials housed within, while 
also delivering key information and ad-
vertising to patients. According to market 
research, the pharmaceutical packaging 
sector is expected to grow at a compound 
annual rate of 7.4% between 2022 and 2031, 
reaching an estimated $178.8 billion by the 
end of the forecast period (1).

Factors driving the growth of the 
pharmaceutical packaging market in-
clude a developing preference for sin-
gle-dose packaging formats, a rise in 
drug development in general, and the 
growth of e-Commerce (1). Obviously, the 
COVID-19 pandemic has impacted the 
whole bio/pharma industry, but given the 
rapid approval of the therapies to tackle 
the virus, such as the messenger RNA 
(mRNA) vaccines, drug packaging very 
quickly became a priority issue.

Pandemic impact
“During the pandemic, new drug cate-
gories and more precisely mRNA drugs 
entered the market in record-breaking 
time,” confirms Andreas Reisse, execu-
tive vice-president of SCHOTT Pharma. 

“The new drugs played a key role in the 
fight against COVID-19. As complete 
game-changers, they also affect the 
drug containment solutions, which have 
to withstand the specific requirements, 
such as ultra-cold storage temperatures.”

Furthermore, packaging companies 
had to surmount the challenge of pro-
viding drug containment solutions 
rapidly to ensure the vaccines could 
be rolled out in a suitably quick times-
cale. To this point, Stefan Verheyden, 
global vice-president of the Gx Biolog-
ical Solutions Team, Gerresheimer, ex-
plains that it was necessary to quickly 
free-up capacity and utilize the intense 
cooperation with customers to be able 
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Gerresheimer has set itself sustainability 
targets, such as cutting carbon dioxide 
(CO2) emission by half by 2030, Verhey-
den notes. The new strategy, based on 
three pillars, sets targets that are to be 
achieved within a tight timeframe.

“Pharma, as one of the largest global 
industries, is both part of the problem 
and the solution when it comes to min-
imizing the adverse effects of climate 
change,” adds Quelch. “Pharmaceutical 
waste continues to be a huge problem, 
so to eliminate non-biodegradable and 
single-use plastics from the supply chain, 
more research is taking place around 
bio-based PET [polyethylene terephthal-
ate]. It’s made from ethylene derived from 
sugarcane which has a negative carbon 
footprint, using CO2 and releasing oxygen 
when cultivated.” Additionally, Quelch 
points out that research is currently being 
performed on a pioneering technology 
that can convert PET waste back to vir-
gin-grade material for re-use. 

“Cutting-edge manufacturing methods 
like 3D visualization and printing are also 
helping to reduce waste by eliminating 
the need for multiple prototype designs,” 
Quelch says. Utilizing a knowledge-based 
design or taking a quality-by-design 
(QbD) approach can help to improve sus-
tainability and reduce waste, he explains. 

“By designing a product’s primary and 
secondary packaging well from the out-
set (including investing ample resources 
into the process), manufacturers can re-
duce the amount of materials used and 
wasted, test new eco materials, ensure 
safety compliance and efficacy, and ben-
efit from cheaper transportation costs,” 
Quelch surmises.

The challenge of biologics
Drug development pipelines are becom-
ing increasingly saturated with biological 
drugs, stresses Reisse. “These [drugs] are 
typically highly sensitive and are often-
times filled in low-fill dosages under 1 
mL,” he notes. “Subsequently, these types 
of drugs require high-end containment 
solutions, which protect the sensitive 
formulations from unwanted drug/con-
tainer interactions.”

The highly complex and sensitive bio-
logic formulations also have the potential 

of contamination via leachables, Reisse 
continues. “In such cases, unique product 
development, such as EVERIC care vials 
that feature a special inner coating for 
protection, provide a suitable solution to 
minimize the risk of drug-container in-
teraction,” he says. SCHOTT’s EVERIC 
care vials feature an inner single-layer 
plasma-impulse chemical vapor depo-
sition barrier coating with hydrophobic 
surface, which allows for low leachable 
levels especially in the alkaline pH range.

Delamination control is another tech-
nological advancement that is interesting 
for biologics, Reisse confirms. Despite the 
fact that delamination is rare and occurs 
under certain circumstances, there is still 
a potential risk for patients. By way of ex-
ample of a solution to this risk, Reisse re-
fers to a delamination controlled forming 
process used by SCHOTT, which means 
that the company can offer vials with a 
high chemical stability and homogenous 
surface near the bottom heel area.

Further exciting innovations in pack-
aging for biologics is a trend to watch out 
for in Quelch’s opinion. “Fluoropoly-
mers—which don’t use any leachable or 
degradable stabilizing additives—are in-
creasingly being used to form a resistant 
barrier to eliminate biodegradation is-
sues. So too are cyclic olefin plastics (very 
rigid thermoplastics), which are intrinsi-
cally very inert, composed of just carbon 
and hydrogen,” he says. “These next-gen-
eration packaging materials, amongst 
others, are helping to deliver the next 
generation of medicines.” 

“Newly developed biological drugs re-
quire containers, syringes, and devices 
that are tailored to the drug and its mo-
lecular properties,” concurs Verheyden. 
A way to help the customer overcome 
the specific challenges encountered with 
packaging of biological drugs is to employ 
a guide, such as Gerresheimer’s ‘g guide’, 
which can lead the customer to the most 
suitable solution within the respective 
therapeutic class or disease area, he states.

Although these new, small-batch, bi-
ological medicines represent an exciting 
era for pharma, there is also a potential 
pitfall in the supply chain, which will be 
inherently more complex than the tradi-
tional medicines, Quelch warns. 

A disrupted supply chain
Supply chain challenges are one of the most 
disruptive issues, in a negative way, for the 
pharma industry, reveals Ferguson. “The 
supply chain challenges are negatively 
impacting the packaging industry both 
upstream and down,” he notes. “Price 
increases, delayed delivery, and material 
shortages at all levels of the supply chain 
are impacting the industry daily.”

It is not all doom and gloom, however, 
as a trend that has been apparent for Fer-
guson has been an increasing uptick in 
the adoption of a packaging outsourc-
ing model by drug manufacturers in the 
United States when compared with histor-
ical rates. “This [trend] has created oppor-
tunities for organizations such as Tjoapack,” 
he explains. “Most recently, there have been 
more opportunities tied to the COVID-19 
pandemic, providing some sizeable pack-
aging opportunities as part of the testing or 
treatment of the disease.”

Numerous factors have challenged ex-
isting supply processes, such as the pan-
demic, the war in Ukraine, and the short-
age of shipping containers, Reisse points 
out. “As a result, pharma companies can 
benefit from a packaging supplier with a 
true global footprint,” he says.

Yet, Reisse also believes that in the future, 
the trend of localization (versus globaliza-
tion) will potentially have a significant 
impact on containment and drug delivery 
solutions. “While the industry has highly 
structured processes, the recent global 
developments (both social and political) 
have taken a toll on the supply chains,” he 
specifies. “In consequence, the industry is 
shifting towards more regional approaches 
to overcome those challenges.”

Flexible primary packaging
“From a fill and finish perspective, we are 
witnessing the industry shifting towards 
ready-to-use (RTU) solutions,” Reisse re-
veals. “These [solutions] allow pharma 
companies to focus on their core com-
petencies of developing and filling valu-
able medications.” A particular benefit 
of RTU solutions is that pharma compa-
nies can simply start the filling process 
straight away as the washing and steril-
ization steps are done by the packaging 
company, he adds.
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Verheyden concurs that the trend for 
RTU primary packaging is continuing to 
rise, with a clear move from customers 
choosing this solution for their packag-
ing needs. “RTU drives flexibility and 
efficiency, while in parallel it offers a sub-
stantial impact on total cost of ownership 
in filling activities,” he says.

“Over the next years, it is likely we 
will see a move to pharma companies 
using RTU solutions in mass scale with 
high demands for vials, syringes, and 
cartridges,” continues Reisse. “This is 
a natural step in simplifying the filling 
process for pharma companies and offer-
ing more flexibility when filling different 
medications or switching from one con-
tainment solution to another.” 

Technological aides  
for quality and safety
Quality requirements for packaging have 
also increased, asserts Verheyden, but 
more advanced inspections technologies 
and the use of artificial intelligence (AI) 
has enabled progression. “Through AI, 
the glass manufacturing process of the 
syringe barrels can be monitored, and 
recommended actions are displayed to 
the plant operator,” he says. 

Disruptive technologies, such as AI, are 
proving useful in the molding process as 
well, where many parameters can also 
be monitored, Verheyden continues. “In 
concrete terms, using AI can allow for the 
determination of, among other things, the 
remaining service lives of molding parts 
over their period of use and thus, instead 
of fixed replacement intervals, a precise 
prediction of lifespan can take place,” he 
notes. “Monitoring the molding process 
also makes it much easier to identify de-
fects in a linked process.”

“There has been an increased focus on 
packaging line automation,” agrees Fer-
guson. “Equipment and solution provid-
ers have done an excellent job in devel-
oping various applications and solutions 
that range from dedicated lines for large 
commercial operations to highly flexible 
solutions for small-batch contract pack-
aging operations.”  

Additionally, the user is benefiting 
from some technological advances, such 
as quick response (QR) codes, which are 

being implemented on packaging to help 
with health literacy and patient compli-
ance, states Quelch. “In the area of clinical 
trials, smart packaging (featuring RFID 
[radio frequency identification] tags) and 
wearable devices are promoting greater 
secure interaction between patient and 
doctor by using real-time data to moni-
tor compliance, identify side effects faster, 
and improve health outcomes for both 
volunteers and, in the longer term, the 
wider community,” he says.

Technological progress is also helping 
with tracking and tracing of medicines. 

“Technological progress in the track-and-
trace field are bringing ‘industry 4.0’ to 
the pharma industry and, most impor-
tantly, bringing its benefits to the fill-and-
finish operations,” adds Reisse. “For ex-
ample, using solutions such as SCHOTT 
Smart Container, it is possible to track and 
trace drug containment solutions on an 
individual basis, from production all the 
way to the end user. Among other benefits, 
this technology minimizes the risk of mix-
ups on the filling line as each container 
is laser-marked with a data matrix code, 
which allows for distinct, single-container 

based traceability throughout the fill-and-
finish process and beyond.”

The implementation of serialization, 
through the Drug Supply Chain Security 
Act in the US and the Falsified Medicines 
Directive in Europe, has been a hot topic 
for years and is generally well rooted in the 
industry now, explains Ferguson. “The reg-
ulations have separated contract packagers 
who chose to invest in serialization technol-
ogies from those who have not, resulting in 
more opportunities for the pharmaceutical 
companies such as Tjoapack, that chose to 
invest in the serialization technologies,” he 
says. “Keeping up with software and hard-
ware upgrades is a challenge but necessary 
to stay current with industry expectations 
and requirements.”

Globally, the size of the fake medicines 
market is huge and growing, Quelch 
stresses. “Anti-counterfeiting is a cat 
and mouse game, which means contin-
uous packaging improvements and ad-
vancements are needed to stay one step 
ahead,” he says. “RFID technology, using 
electromagnetic fields, is supporting  

Contin. on page 29

Pediatrics are a patient population that often re-
quires substantial planning, forethought, and con-
sideration within the drug development life cycle. 
When formulating a medicine, scientists must con-
sider the useability of a product as children may have 
difficulties in swallowing medicines, dislike the taste, 
require smaller doses than adults, and so on. When 
packaging medicines that are aimed at children, 
however, it is important to ensure the packaging is 

‘child-resistant’ to avoid any potential overdose issues, 
which could be very harmful or even lethal.

“An increase in legislation and awareness 
globally about the pervasive issue [of pediatric-
appropriate packaging] has led to the growth 
of the child-resistant packaging market, which 
is predicted to double over this decade from 
approximately $20 billion to $40 billion by 2031,” 
explains Rich Quelch, global head of marketing, 
Origin. “The emergence of effective packaging 
solutions is encouraging the industry to challenge 
the minimum legal requirements for both ethical 
and commercial advantage, conscious no doubt of 
the importance of brand value.”

Future advances
Quelch expects that there will be continued ad-
vancements in child-resistant packaging through-
out 2022 and that these advancements will be 
spurred on further by investment and innovation 
in the expanding cannabidiol market. “The shift 
towards non-re-closable designs will become more 
widespread, providing a higher level of protection 
to the medicine, plus a longer shelf-life,” he says.

Another popular advancement in Quelch’s 
opinion is ziplock bags, which offer a single-entry 
design requiring mature dexterity to be able 
to access the contents. “The bags can easily be 
opened and re-secured by adults but provide a 
barrier to entry to children. Many designs even 
include a flap that covers the zipper when the 
bag is closed, disguising the entry point as an 
added layer of security,” he explains. “Other recent 
packaging developments include visual distraction 
technologies designed to distort depth perception 
and cause children difficulty opening the product.”

—Felicity Thomas

Child safety and drug packaging
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Single-cell proteomics technologies are 
now entering the mainstream thanks 
to the pioneering work of a relatively 
small group of dedicated scientists and 
the emergence of extremely sensitive 
mass spectrometers. Typical estimates 
of the protein content of individual 
cells are in the order of 200 picograms 
(which is one-billionth of a milligram). 
In a recent study, qualitative and quan-
titative information for up to 1400 pro-
teins was obtained from single cells 
using an unbiased single proteomics 
approach that did not require complex 
isobaric labeling chemistries to boost 
the peptide signals (6). Cluster anal-
ysis of the data could distinguish cell 
types and cell cycle stages, despite the 
technology not specifically targeting 
known and verified markers. 

Technological advances
This microheterogeneity in seemingly 
homogenous cell populations plays a 
key role in decisive pathways pursued 
by biological systems. The underlying 
microheterogeneity is caused by vari-
ations in genes and their expression, 
and understanding these variations at 
the single-cell level helps to identify 
the few cells that act as a seed for can-
cer development, for example. Study-
ing DNA and RNA molecules within 
the cell is one of the most common 
approaches to single-cell biology and 
has also helped motivate the mea-
surement of proteins at the single-cell 
level. Exponential advances have been 
achieved in single-cell DNA and RNA 
sequencing technologies and, depend-
ing on the application, a variety of se-
quencing techniques can be employed 
for these studies (2). 

With the help of such advanced 
technologies, studies involving the 
measurement of the single-cell tran-
scriptomes of more than a million in-
dividual cells are now feasible (1) and 
have revealed previously unseen biol-
ogy as well as highlighted the heteroge-
neity of single cells—thereby opening 
up new areas of biology and medicine. 
A common enabling factor in all these 
approaches is the ability to amplify 
DNA and RNA molecules to virtually 

S ingle-cell technologies are trans-
forming our understanding of 
human health and disease. Sin-

gle-cell genomics and transcriptom-
ics are mature disciplines that can 
be used to study more than a mil-
lion single cells (1). However, human  
biology cannot be understood 
through the analysis of DNA and 
RNA alone. It also requires the study 
of proteins and protein modifications, 
lipids, and metabolites. 

Proteins are biochemically active 
and also serve as signaling molecules. 
As a result, it is not surprising that ap-
proximately 95% of drugs are targeted 
at proteins. However, protein mole-
cules cannot be amplified like DNA or 
RNA to perform single-cell proteomics 
measurements. Thus, novel and highly 
sensitive technologies are required that 

can decipher this complexity at the 
single-cell level and contribute to our 
understanding of emergent issues sur-
rounding health and disease (2).

Single-cell omics landscape
Protein function is frequently modu-
lated through post-translational mod-
ifications, such as phosphorylation 
and ubiquitylation, that can change 
the functional course of the cell with 
fast kinetics. Processes such as endog-
enous proteolysis and glycosylation 
are known to play a role in oncological 
mechanisms (3,4). In addition, gene 
expression is affected by so-called 
bursts in expression, which results in 
additional variations that would be au-
tomatically normalized by post-trans-
lational regulatory processes in the case 
of proteins (5). Furthermore, alterna-
tive splicing of RNA transcripts can 
result in additional protein variants. 

Single-cell analytical technologies can 
deepen the understanding of cell biology 
and, therefore, disease mechanisms.

Gary Kruppa, PhD, is vice-president of 
Proteomics, Bruker Daltonics.

Innovations in Single-Cell 
Proteomics Drive Advances 
in Disease Research
Gary Kruppa

Development
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any desired amount, bringing these 
molecules into a detectable or quanti-
fiable range (7).

Unbiased proteomics of single cells 
have been performed in recent years by 
specialized research groups involving 
nano-fluidics that are not yet readily 
adopted by the general research com-
munity. These applications often focus 
on minimizing the loss during sample 
preparation and multiplexing samples 
to boost signal intensity (8,9). Despite 
these solutions, however, the field still 
has need of innovations that can boost 
the sensitivity of the mass spectrometer.

Trapped ion mobility spectrometry 
The development of parallel accu-
mulation and serial fragmentation 
(PASEF) (10) provided a spectroscopic 
technique used with liquid chroma-
tography coupled to mass spectrom-
etry (LC–MS)-based proteomics to 
improve sequencing speed and sen-
sitivity. PASEF makes efficient usage 
of the ion beam and, together with 
intelligent precursor selection of ions 

eluting from a trapped ion mobility 
spectrometry (TIMS) cycle, achieves 
rapid MS/MS identification speed. In 
addition, the ions are focused in space 
and time within the TIMS cell, result-
ing in a significant boost in the sensi-
tivity. This enables the analysis of low 
sample amounts, in the range of low 
nanogram peptide loads. 

TIMS measurements also provide 
collisional cross-section (CCS) val-
ues and separation of isomeric spe-
cies that are mobility offset but mass 
aligned and alleviate ratio compres-
sion in multiplexed quantification 
approaches. The introduction of 
these 4D-proteomics capabilities has 
bridged the gap between the require-
ments of the most demanding pro-
teomics approaches—such as clinical 
research proteomics, companion di-
agnostics research, and personalized 
medicine research—and the solutions 
effectively available on the market.

Conclusion
Next-generation sequencing technolo-
gies now represent a multibillion-dol-
lar industry (11) that promises to help 
deliver personalized medicine and 
precision therapeutics, which will 
help tackle complex and heteroge-
neous conditions, such as cancer and 
Alzheimer’s disease.

Single-cell protein technologies 
have the potential to transform our 
understanding of cell biology at the 

macromolecular level and answer 
fundamental questions regarding pro-
tein dynamics, cell differentiation tra-
jectories, and mechanisms of disease. 
These processes act at the nano- and 
microscopic level but fundamentally 
inf luence higher-order macroscopic 
behavior. Hence, it is vital that these 
processes are understood at the highest 
possible spatial resolution.
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In May 2022, Thermo Fisher Scientific and Lonza signed collaboration deals 
aimed at enhancing innovative research surrounding biotechnologies to 
drive R&D for new biotherapeutics.

Thermo Fisher formed a partnership with Qatar Genome Program, a member 
of the Qatar Foundation, to use custom genotyping arrays that would help 
accelerate genomic research and the clinical applications of predictive genomics 
in Qatar. The partnership aims to expand the benefits of precision medicine 
across global Arab populations (1). Under this agreement, Thermo Fisher and 
Qatar Genome Program are developing an Axiom custom genotyping array 
for pan-Arab populations using whole genome sequencing data from 19 Arab 
countries to drive research into conditions such as diabetes, cardiovascular and 
metabolic diseases, autism, inherited genetic disorders, and cancer. 

Lonza signed a two-year agreement with Israel Biotech Fund (IBF), a venture 
fund investing in Israeli and Israeli-related biotech companies, under which 

Lonza is providing pre-investment due diligence support to IBF and will offer 
IBF’s portfolio companies advice tailored to their needs. Lonza will also offer 
its services for the development and manufacture of biologics and small 
molecules. IBF is providing Lonza with access to its portfolio companies and 
its network in the Israeli biotech industry (2). IBF’s portfolio companies would 
benefit from a streamlined development and manufacturing process, which 
would allow them to focus on R&D and pre-clinical studies.
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cause suitable toxicology data are often 
lacking in early development. 

“These data are not only important 
to evaluate risks to patients, but also to  
understanding how the compounds 
should be handled by formulators and 
manufacturing personnel,” Caralli ob-
serves. Without these data, she adds that 
by default HPAPIs are often classified 
as having a more conservative occu-
pational exposure band (OEB) or OEL, 
which in turn may limit the outsourcing 
partners that can provide development 
and manufacturing support as well as 
the types of technologies that can be 
used in the formulation process. “Over-
all, this lack of crucial knowledge will 
certainly increase both the timelines 
and costs,” Caralli comments.

Experienced development and man-
ufacturing partners, adds Caralli, will 
ask the correct questions regarding 
the existing studies and may propose a 
phased, risk-based approach to formu-
lation development, as data needed for a 
more concrete assessment are gathered. 
She emphasizes that “any formulation 
developed must facilitate drug exposure 
at the intended site of action, in order to 
generate high quality and accurate tox-
icology data, which can then be used to 
refine the classification of the drug.”

When insufficient toxicology and 
safety information is available, formula-
tors at Evonik focus on the mechanism 
of action (MoA) of the HPAPI (whether 
it is a new chemical entity [NCE] or new 
biological entity [NBE]), according to 
Kenny McCleary, senior international 
ESH advisor at Evonik Health Care. 
Information on the toxicity and safety 
properties of existing compounds or an 
existing class of compounds with the 
same or similar MoAs are considered 
along with any pieces of information 
specific to the new HPAPI to determine 
the OEL using conservative estimates. 

This OEL, says McCleary, is then used 
to establish cleaning strategies and unit 
operation containment control strate-
gies. As formulation development pro-
ceeds and as more safety and toxicology 
information become available, Evonik 
reassesses the OEL and acceptable daily 
exposure classifications.

M ore than 25% of drugs on the mar-
ket worldwide and candidates 
in the pharmaceutical pipeline 

were considered to be formulated with 
highly potent APIs (HPAPIs) in 2020 (1). 
The vast majority of these products were 
cancer therapeutics—approximately 60% 
of approved oncology treatments are 
based on HPAPIs. At the time, more 
than 115 contract manufacturing orga-
nizations had the capability to produce 
highly potent drugs, and many had 
recently invested or were in the process 
of implementing capacity expansions to 
meet growing demand for HPAPIs and 
products formulated with them.

In addition to specialized facilities and 
equipment and highly trained personnel, 
organizations developing and manufac-
turing highly potent drugs must have 
the requisite expertise to overcome nu-

merous formulating challenges ranging 
from lack of sufficient toxicity data to 
managing poor solubility and bioavail-
ability to ensuring uniform dosing of low 
concentrations of HPAPIs.

Understanding the risk
HPAPIs, typically defined as having an 
eight-hour time-weighted occupational 
exposure level (OEL) of  10 micrograms 
or less, by their nature present risks to 
anyone handling or using them. Prior 
to any formulation efforts, therefore, it 
is essential to understand those risks so 
that appropriate engineering controls, 
appropriate personal protective equip-
ment, and robust operator training 
programs are in place prior to establish-
ing handling and containment policies, 
according to David Lyon, senior fellow, 
global R&D small molecules at Lonza. 
That can be difficult, says Lisa Caralli, 
senior director of science and technol-
ogy for pharmaceutics with Catalent, be-

Lack of toxicity data and poor  
physicochemical properties must be overcome.

Cynthia A. Challener, PhD  
is a contributing editor to  
Pharmaceutical Technology.

Challenges to  
Formulation Development 
for Highly Potent APIs
Cynthia A. Challener
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“Such assessments are essential in 
multi-product facilities because of the 
challenges in preventing cross-contami-
nation of one highly potent product into a 
subsequent product, as well as protecting 
workers while they are conducting for-
mulation process activities,” McCleary 
notes. “In the end,” he stresses, “we have 
two safety priorities when handling 
highly potent compounds: the safety of 
the personnel handling these compounds 
and the safety of the patients who will be 
administered the drug substance.”

Overcoming poor  
solubility and bioavailability
HPAPIs can be found across the contin-
uum of chemical space and, as such, can 
have virtually any combination of chem-
ical and physical properties, according to 
Lyon. Like many candidates in the phar-
maceutical pipeline, HPAPIs often suffer 
from some level of poor solubility and/
or permeability, and thus less-than-de-
sired bioavailability. Currently there 
are more than 1000 highly potent small 
molecules in development, notes Lyon, 
and approximately 70–90% of these 
compounds are poorly soluble and thus 
have low bioavailability. 

Highly potent compounds can also 
be associated with a narrower therapeu-
tic window. “When this is the case, it 
is extremely important to understand 
how the dosage form will perform in 
vivo across a wide range of patient types 
with well-defined co-morbidities,” Car-
alli says. HPAPIs with low solubilities, 
she says, should be formulated to ensure 
a high fraction remains soluble in the 
intestine where drug absorption occurs. 

Some approaches to increasing solu-
bility are better than others, however. If 
a high dose is used to overcome low bio-
availability versus an enabling formula-
tion that improves overall bioavailability, 
for instance, there is an increased risk 
of drug overexposure, Caralli observes. 
Toxic exposure levels can be reached if 
the drug exhibits factors such as a food 
effect (i.e., the drug is more soluble in the 
presence of food) or pH effect (where sol-
ubility is impacted by small differences 
in pH within the gastrointestinal tract). 
APIs that are CYP450 substrates can also 

be at risk for variable exposure as the re-
sult of genetic variability or drug-to-drug 
interactions that can lead to the inhibi-
tion or induction of CYP450 enzymes at 
different levels.

A number of different enabling tech-
nologies can be used to enhance the 
absorption of HPAPIs, even if the for-
mulated doses are relatively low due 
to their high potency. Lyon points to 
amorphous solid dispersions (ASDs) as 
being essential for delivering poorly-sol-
uble and highly potent compounds, and 
particularly spray drying, because it can 
somewhat mitigate the apparent potency 
of powdered HPAPIs through dilution in 
an appropriate excipient system.

HPAPIs, Lyon explains, are most po-
tent in powder form. Therefore, the han-
dling of the powder form must be care-
fully controlled. In spray drying, once the 
powder is introduced into a spray solution 
tank and dissolved in the desired spray 
solvent, the potency and concentration 
of the HPAPI are considerably reduced. 
Similarly, when the solution is dried, even 
though the API has been returned to pow-
der form, it has been diluted by introduc-
ing a polymer or other excipient.

Liquid HPAPIs, meanwhile, are 
amenable to handling in a contained 
system and then formulated in a liq-
uid or self-emulsifying lipid system, 
according to Lyon. “This approach is 
quite beneficial with respect to HPAPI 
handling because the API is dissolved 
throughout the processing equipment 
train and exposure risk can be effec-
tively minimized,” he comments.

Overall, Caralli observes that using 
tools such as physiologically-based 
pharmacokinetic modeling is essential 
to assess which physicochemical pa-
rameters are associated with the highest 

risk. “The information that is obtained 
from these studies can be directly ap-
plied to the development of effective 
formulation strategies to ensure both 
safety and efficacy,” she contends.

Microdosing of powders 
The development of ASD formulations 
takes time, but drug manufacturers 
today face tremendous pressure to get 
into first-in-man studies as quickly as 
possible. One solution for the formula-
tion of powdered HPAPIs during early 
development that is finding increasing 
use today is microdosing.

Microdosing, explains Lyon, is the 
precision-weighing and dispensing of 
powders directly into capsules or bot-
tles using various specialized equipment 
platforms or techniques. “API-in-cap-
sule or -bottle studies start with API 
characterization, from which an un-
derstanding of the API morphology, 
solubility, and other key attributes de-
fine the drug-product design and deci-
sion-flow diagram.”

Depending on the material’s physical 
attributes, API doses as low as 100 µg can 
be encapsulated with minimal vari-
ance in weight. That is important for 
HPAPIs, because these compounds 
provide therapeutic (and potentially 
toxic) effects already at very low doses. 
For instance, potent treatments deliv-
ered to the lung are often therapeutic 
in the 100s of microgram range, if not 
less, according to Lyon.

Microdosing of an undiluted HPAPI 
into a capsule using robust engineering 
controls can be an attractive alternative 
to other formulation approaches. “Using 
a drug-in-capsule approach for high po-
tent drugs can be a good way to elimi-
nate issues with blend uniformity that 
are associated with formulated capsules 
and tablets,” Caralli says. There are some 
limitations, however. The HPAPI must be 
sufficiently soluble and not require bio-
availability enhancing strategies. In addi-
tion, it must have suitable flow character-
istics to allow for accurate capsule filling, 
she observes. In vitro studies should also 
be performed to confirm the drug-release 
profile and explore the potential for un-
desirable drug-capsule interactions.

Development

Different enabling 
technologies can 
be used to enhance 
the absorption of 
HPAPIs.
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Microdosing, Caralli indicates, can 
accelerate entry to the clinic, because 
the HPAPI can be well contained, both 
during production and in the final cap-
sule dosage form. It is not a good long-
term dose-design strategy, however, as 
it is not suitable for scaling up for larger 
clinical trials or commercial applications.

Liquid-filled hard capsules  
for oral dosing of HPAPIs
For oral highly potent formulations, 
the use of liquid-filled capsules, either 
hard-shell or softgel, is an excellent  
approach. As is the case with ASDs, the 
solubilization of HPAPIs prior to filling 
reduces the exposure risks to formulators 
and manufacturing operators, Caralli 
notes. It also has the benefit of eliminat-
ing dose-content-uniformity issues that 
are associated with dry blends, and the 
process is directly scalable from early 
phase to commercial-scale batch sizes, 
which lowers overall program risks. 

Lipid-based formulations, mean-
while, have the potential to offer even 
more advantages, as they can be used 
to enhance bioavailability through im-
proved solubility, permeability, and for 
some APIs, may reduce metabolic loss 
through lymphatic transport, according 
to Caralli. The specific encapsulation 
approach, she says, is dictated by the fill 
solution properties and drug compati-
bility with the shell components. 

Parenteral administration 
While formulation of HPAPIs is most 
often associated with oral administra-
tion, they can be optimal for formula-
tion as parenteral products. “The de-
velopment of HPAPIs should always 
be performed with the compound’s 
target product profile in mind,” Lyon 
observes. For a compound developed 
to target lung disease, a locally acting, 
inhaled formulation would likely be 
best. Where possible, oral presenta-
tion is often more acceptable based on 
patient preference. 

“Parenteral delivery, however, while 
more complicated due to the need for 
sterility and a delivery device (e.g., a pre-
filled sterile solution in a syringe), can 
aid in patient compliance and assure 

that 100% of the dose is administered, 
particularly when stomach pH, presence 
of food in the stomach, or age may com-
plicate oral administration,” comments 
Lyon. He also notes that parenteral ad-
ministration can be useful in a clinical or 
hospital setting where the patient may not 
be able to take oral medications. 

There are other benefits to parenteral 
delivery for HPAPIs with certain phys-
icochemical properties. For instance, 
when working with hazardous APIs 
such as some chemotherapeutic agents, 
where localized tissue damage can occur, 
the injectable route of administration is 
clearly the preferred option, Caralli says. 
Drugs with a narrow therapeutic win-
dow that exhibit high first-pass loss or 
metabolic variability should be consid-
ered for injection as well.

Beyond these factors, the need for in-
jectable delivery should be assessed as 
with non-highly potent drugs, according 
to Caralli. “Bioavailability challenges, pa-
tient dosing (e.g., hospitalized patients), 
and the onset of action should all be eval-
uated when considering the injectable 
route of administration,” she comments. 

When sustained delivery is desired, 
formulation of HPAPIs as long-acting 
injectables (LAIs), such as bioresorb-
able microparticles and implants, is also 
highly attractive, according to Tom Tice, 
senior director of global technical mar-
keting for Evonik Health Care. “In fact,” 
he states, “the most important criterion 
for LAIs is their potency, which trans-
lates to API mass.”

That is because API mass as well as ex-
cipient mass and injection vehicle mass 
contribute to the total injection volume, 
which is limited for parenteral formula-
tions: from 1 to 2 mL for intramuscular/
subcutaneous and 100 µL for intravitreal 
injections. “Many LAIs on the market de-

liver small-molecule and peptide HPAPIs 
for anywhere from one to four weeks and 
as long as six months following a single 
administration. Bottom line: HPAPIs 
are desirable candidates for long-acting 
injectables because of their potency, low 
dose, and small mass,” Tice concludes.

Several important considerations
It is important to remember, according 
to Tice, that the concentration of API 
in the formulation, the physical form 
of the API, and the other excipients 
and carriers present do not change 
the inherent pharmacological prop-
erties of the compound. As such, all 
APIs must be managed based on their 
inherent toxicological properties, be-
cause whether they are potent or highly 
potent, the dosage and formulation of 
API material can impact the risk assess-
ments, controls, and cleaning practices 
needed. When formulating HPAPIs 
in particular, Caralli emphasizes that 
the safety of both patients and drug 
development scientists are of equally 
high priority. “Performing the correct 
non-clinical studies at the right stage 
of development is critical to ensure the 
appropriate containment strategies are 
applied,” she says. Key to those studies, 
Caralli adds, is using drug formula-
tion and delivery strategies that ensure 
appropriate exposure and result in 
high-quality data. “Because of the dan-
gers inherent to HPAPIs, it is important 
to let the science drive the development 
strategy,” she asserts.

Given that HPAPIs will have a con-
tinuing strong presence in pharmaceuti-
cal pipelines, that potency is increasing, 
and that many HPAPIs have low solubil-
ity and/or low bioavailability, Lyon be-
lieves that there will be an ongoing need 
to further develop and refine current 
engineering controls, procedures, and 
use of personal protective equipment to 
ensure HPAPIs are handled in a robust 
manner while being formulated using in-
creasingly effective enabling technologies.
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liver the biologicals to the target organ 
while minimizing enzymatic degrada-
tion during body circulation in vivo is 
also important.”

Common issues
A common issue encountered when 
developing biologics is degradation, 
which can occur due to changes in a 
variety of external factors, such as tem-
perature and pH. Huang stresses that 
many formulation errors can occur 
due to insufficient studies being per-
formed “to test the biologicals under 
a variety of physical and chemical 
stresses in order to provide a good un-
derstanding of the degradation prod-
ucts and mechanism.”

Although regulatory bodies demand 
stress testing be performed on all drug 
substances and drug products, there 
aren’t well established selection proto-
cols for such tests available (3). This is 
an area where an outsourcing partner 
can prove invaluable, as they have ac-
cess to a greater pool of knowledge and 
experience than a company typically 
would in-house.

“Outsourcing partners should not 
only function as an extension of the 
client’s chemistry, manufacturing, and 
control labs, but also can contribute to 
its in-house proprietary technologies, 
formulation skills, and know-how to 
address the issues arising from the de-
velopment process of complex biologi-
cals,” Huang adds.

Delivering the goods
Delivering a drug effectively is key, and, 
nowadays there are many possibilities 
for developers to explore. “Non-vec-
tor drug delivery technologies such 
as lipid nanoparticles or polymeric 
nanoparticles have been applied to  
delivery of biologicals,” says Huang. 

“For example, lipid nanoparticle tech-
nology has made delivery of COVID-19 
vaccines possible.”

“There is a tendency to use more 
complex drug delivery technologies to 
address the complex nature of biologi-
cals,” Huang continues. “For example, 
Ascendia has started to use long acting 
injectable, in-situ depot, lipid nanopar-

T he total pharma development 
pipeline is set to exceed 20,000 
drug candidates in 2022, which 

has grown by 8.22% and seen more 
than 1500 new drugs added to the 
pipeline from the prior year (1). When 
looking at biological versus non-bi-
ological drugs, there has been more 
ground gain for the former type of 
drug in the pipeline with the propor-
tions coming close to 50:50—biologics 
are now consuming 44.7% of the devel-
opment pipeline (1).

This strong development pipeline 
representation is also translating into 
impressive growth for the biologics 
market, which is projected to grow at 
a rate of 10.7% annually up until 2025 
and then 9.6% annually from 2025 until 
2030 (2). Driving this growth are factors 
such as an increasingly geriatric popu-

lation, rising need for immunology, and 
more government initiatives (2).

However, the majority of the pipe-
line drugs are sti l l in preclinical 
phases (1), which means there are still 
attrition rates to be wary of and some 
work to be done for commercial suc-
cess to be achieved. Formulating a bio-
logic drug is a potentially problematic 
area, as the molecules are inherently 
large and complex, and also have sta-
bility issues to overcome.

“For a successful biological formula-
tion, choosing the right formula and a 
process that will ensure the biological 
stability and activity while also main-
taining sufficient drug concentration 
without aggregation is key,” explains 
Jim Huang, PhD, founder and CEO of 
Ascendia Pharmaceuticals. “And using 
the correct drug delivery system to de-

Biologics are forming a greater proportion of 
the development pipeline, but there are still 
some formulation difficulties to overcome  
to ensure clinical and commercial success.

Formulating Biologics:  
A Learning Curve 
Felicity Thomas
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ticles, liposome, and polymeric nano/
microparticles to deliver biologicals in 
order to achieve the pharmacokinetic 
profiles requested for the biologicals.”

However, nanoparticles are not 
without their own challenges—safety 
being a major consideration to factor 
in (4). When combining a drug with a 
nanoparticle carrier, it is important to 
understand whether or not the carrier 
will impart some side effects for the pa-

tient in addition to the potential effects 
of the active molecule.

The route of administration is, of 
course, an important factor when  
considering the delivery of a drug. For 
the most part, biologic therapies are 
developed as injectable formulations, 
mainly because the molecules have 
poor permeability across the mucosal 
layer and suffer destruction when in-
troduced to the gastrointestinal (GI) 

tract (5). However, for patients, non-in-
vasive routes of administration, such as 
oral, are preferred.

On the matter of oral administration 
of biologics, Huang points out that it 
is possible and alludes to the fact that 
Ascendia has successfully delivered 
biological-like molecules orally via its 
EmulSol technology, which increases 
the molecular bioavailability. “Key to 
the success of orally administered bio-
logicals is to protect them from GI tract 
degradation and to enhance the perme-
ability of the biologicals through GI gut 
membrane,” he summarizes.
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Researchers from Sweden have invented a new 
material that uses electrical signals to capture and 
release biomolecules (1). It is claimed that the new 
material, invented by scientists at the Chalmers 
University of Technology in Gothenburg, Sweden, 
may impact the development of biomedicines and 
could provide opportunities for remote-controlled 
medication and electronic pills development.

“Our polymer surfaces offer a new way of 
separating proteins by using electrical signals 
to control how they are bound to and released 
from a surface, while not affecting the structure 
of the protein,” said Gustav Ferrand-Drake del 

Castillo, doctor in Chemistry, Chalmers, CEO of 
Nyctea Technologies, and lead author of the 
study, in a press release (1).

Furthermore, the material has been found to 
be effective in biological fluids with a buffering 
capacity. Therefore, researchers may be able to 
use the polymer surface material to create a new 
technique for implants and electronic pills.
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—Editors of Pharmaceutical Technology

New Material Can Capture and Release Biomolecules

anti-counterfeiting efforts by identifying 
tampering. Another key development is 
the application of thermochromic inks, 
used to print reactive temperature indi-
cators on packaging, as will smart sensors 
that can detect changes in humidity, light, 
and temperature.”

Further advances in the field of an-
ti-counterfeiting measures include digital 
watermarks that are invisible to the human 
eye and developments in holograms that 
are only visible behind each capsule or 
pill cavity on the back of the blister pack, 
Quelch continues. “Enhanced anti-coun-
terfeiting methods, including cloud-based 
tracking and perennial encryption tech-
nologies, are extending the lifecycle of 
protection for manufacturers so frequent 
and costly overhauls are avoided,” he notes. 
“These methods are also making it easier 
to spot and eliminate weak links in supply 
chains that criminals are quick to exploit.”

Ferguson expects that there will be a 
continued focus on streamlining oper-
ations within the bio/pharma industry 
moving forwards with investments in 
automation and efficiency improve-
ments. “These investments would also 
have a positive impact on product qual-
ity and delivery to the customer,” he says. 
“DSCSA will be fully implemented in the 
US in 2023, but the adaptation of a global 
serialization standard is needed to build a 
truly global system.”  

Proactive packaging
As cost becomes an ever more pressing 
concern, Quelch believes that packag-
ing will be an area where companies can 
unlock greater financial returns through 
driving efficiency, quality, and sustain-
ability. “Traditionally, packaging has been 
an afterthought in the product design 
process. It starts with a ground-breaking 
idea, and once this is developed, attention 
turns to packaging,” he asserts. “However, 
this is an outdated approach that ignores 
the vital role packaging plays not just in 

the delivery stage of product development 
but in every stage, from conceptualization 
to dispensing by healthcare professionals 
or patients.”

Moreover, tackling the packaging too 
late in the development lifecycle will only 
serve to prevent companies from being 
able to take advantage of potential func-
tional design features and could lead to 
costly mistakes, Quelch adds. “Taking 
a proactive approach to packaging not 
only helps avoid the costs associated with 
fixing future performance or functional 
problems but also delivers business ben-
efits in improved products, patient satis-
faction, and reputation,” he summarizes. 
“The result is an optimal product that 
puts user experience at the forefront of 
design, ensuring effortless patient expe-
rience and an improved bottom line for 
big pharma.”

Reference
1. Future Market Insights, Pharmaceutical 

Packaging Market Outlook (2022–2031), 
Market Report (March 2022). PT
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says Nathan Pettus, president of pro-
cess systems and solutions at Emerson. 
Digital tools accelerate the pipeline and 
help commercialize products faster by 
easing technology transfer. “For exam-
ple, cloud-enabled knowledge manage-
ment software that manages product 
and process specifications through 
the entire drug development lifecycle 
is enabling biopharma manufacturers 
to minimize errors in the tech transfer 
process,” says Pettus. 

Automation leads to improved prod-
uct quality and compliance, reduced 
risk, and improved productivity, says 
Heather Coglaiti, global industry strat-
egy and marketing lead for life sciences, 
Rockwell Automation. An increase in 
right-first-time occurrences leads to 
fewer deviations and investigations. 
Predictive or adaptive mechanisms to 
prevent equipment failure, as well as re-
al-time asset management, help reduce 
operational risk, she explains.

“Automation, even partially digitized, 
reduces the human errors associated 
with batch-to-batch variability,” adds 
Dennis Brandl, BRL Consulting. For 
example, automated dispensing sys-
tems have less variability than manual 
dispensing. Automation also elim-
inates human error associated with 
manual data entry.

Automation provides consistency 
in performance, quality, and process, 
agrees Dushyant Arora, life sciences 
industry manager for Siemens Pharma 
USA. He explains that automation and 
digitalization enable online quality 
testing and review-by-exception, which 
can enable real-time release. 

Automating flexible  
and intensified processes
Adoption of these technologies in bio-
pharma is driven in part by the ongoing 
push for speed-to-market and the trend 
to flexible and multi-product manufac-
turing. Digital technologies are also a 
crucial part of continuous processing.

“As life sciences plants have moved 
away from manufacturing a single prod-
uct and are focused more on developing 
a wider range of specialized treatments, 
the importance of flexible manufacturing 

A  utomation—using machines 
rather than people to perform 
tasks—offers benefits to bio-

pharmaceutical manufacturers in mul-
tiple facets of plant operation, such as 
transporting materials, taking sam-
ples, and controlling the process. Dig-
italization—replacing manual records 
with digital ones and using data in a 
variety of digital tools and connected 
systems—works synergistically with 
automated processes. Data collected 
from equipment that is connected via 
the industrial Internet of things (IIoT) 
and analyzed with artificial intelligence 
(AI), for example, allow the control sys-
tem to know when a process is trending 
out of specification, or when a piece of 
equipment needs maintenance. The 
digital or “intelligent” plant makes use 
of both automation and digitalization.

“With the advance of data science 
enabling factors such as easy access 
to scalable memory and computing 
resources; our growing competence 
in collecting, storing, and contextual-
izing data; advances in robotics; [and] 
the quickly evolving method landscape 
driven by the open-source community, 
the benefits of automation and simu-
lation are becoming accessible in the 
notoriously complicated realm of bio-
pharma manufacturing,” says Marcel 
von der Haar, head of product strategy 
data analytics at Sartorius.

Business benefits of the digital 
plant include getting new products 
to market faster; faster changeover of 
products, which enables f lexible and 
multi-product manufacturing; im-
proved operational integrity, which 
includes predicting and correcting po-
tential problems before they occur; and 
real-time release, which makes produc-
tion faster and minimizes inventory, 

Automation and digitalization  
work together in the digital plant. 

Jennifer Markarian is manufacturing 
reporter for Pharmaceutical Technology.

Automating Biopharma 
Manufacturing
Jennifer Markarian
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has taken center stage,” explains Pettus. 
“Plug-and-play” capabilities of automation 
systems, which enable flexible manufac-
turing and faster technology transfer, are 
more important than ever, he says.  

For scaled-down and distributed sys-
tems that use multiple, identical manu-
facturing lines located in one facility or 
at multiple sites, the ability to collect and 
share information across the enterprise 
is crucial, adds Pettus. “Today’s auto-
mation platforms leverage scalable ‘data 
aggregators,’ often based on software-as-
a-service models and cloud-architectures. 
[This ability to scale allows] companies 
to use automation from the beginning, 
develop the right process, and then scale 
the solution as they build their business 
and infrastructure globally,” he explains. 
Pettus concludes, “At any scale, there is 
too much at stake to dismiss automation 
and digitalization, as they are truly criti-
cal pieces of the quality puzzle.”

Intensified and continuous processes 
rely on real-time testing for process con-
trol. “We are focusing our efforts for the 
‘factory of the future’ on process intensi-
fication and connecting unit operations 
together, which is enabled by single-use 
technology, automation, and process 
analytical technology (PAT),” says Dar-
ren Verlenden, head of bioprocessing at 
MilliporeSigma, the US and Canada life 
science business of Merck KGaA. 

MilliporeSigma’s good manufacturing 
practice (GMP) PAT platform for biopro-
cessing includes a Raman spectroscopy 
analyzer and software that can achieve 
in-line, real-time monitoring of process 
parameters and quality attributes. These 
data can be used to automate control of 
the bioreactor. In April 2022, the com-
pany acquired Lonza’s MAST platform, 
an automated, sterile bioreactor sampling 
system; upon closing, it will become part 
of MilliporeSigma’s BioContinuum plat-
form. The GMP MAST system will help 
processors evolve from manual sampling 
to automated sampling, says Verlenden.

Digital transformation is an ongoing 
journey, says Verlenden. He adds that 
some customers may want to run a fully 
continuous, automated process, while 
others want to intensify and automate 
certain unit operations. 

Future facilities
The digital biopharmaceutical manufac-
turing plant is the “facility of the future,” 
but it is also a reality today. Sanofi’s 
digital and paperless facility in Fram-
ingham, Mass., for example, won the 
2020 overall Facility of the Year Award 
(FOYA) from the International Society 
for Pharmaceutical Engineering (ISPE). 
The company says that the manufac-
turing facility is 80 times more produc-
tive than a traditional facility and has 
a smaller environmental footprint (1). 
ISPE’s 2022 FOYA category award for 
innovation went to another digital plant 
located in Framingham, Mass.: CRISPR 
Therapeutics’ facility, which uses digital 
systems and automation for production 
and filling operations (2). Digital tools 
allow this facility to manage multiple 
production suites and products at dif-
ferent stages of development (2). Takeda 
Pharmaceuticals International’s vaccine 
facility in Singen, Germany won ISPE’s 
2022 Pharma 4.0 category award for 
its use of digital technologies, which 
include an electronic batch record sys-
tem, an embedded warehouse manage-
ment system, and autonomous mobile 
robots to transport materials (3). ISPE’s  
Honorable Mention-award winner,  
Iovance Biotherapeutics’ autologous  
cell therapy facility in Philadelphia,  
uses digital tools, including electronic 
batch records and centralized equip-
ment monitoring (4). 

Walvax Biotech’s new COVID-19 
mRNA vaccine plant in China is an-
other example of an intelligent and digital 
plant; it uses Honeywell’s batch process 
control, building and energy manage-
ment solution systems, and digital twins 
to monitor assets (5). 

“As the need for speed and agility in-
creases, biopharma production facilities 
need some way to better visualize and 
integrate batch processing across vari-
ous equipment and systems,” says Shawn 
Opatka, vice-president and general 
manager, life sciences at Honeywell. He 
explains that the data capture, recording, 
and reporting systems used by Walvax 
will help maintain auditability as well as 
optimize production. Opatka says that 
data from the live process will be sent to 

the digital twin, where operators can pro-
actively watch for problems and fix them 
before they occur.

“The application of AI is paramount 
and will continue to grow as many or-
ganizations progress in their digitali-
zation journey,” says Opatka. “We see 
more biopharma customers interested 
in having plants with planning and 
production executed automatically and 
using advanced analytics.”

Digital twins and AI
Using AI in predictive analytics to an-
ticipate manufacturing problems—the 
predictive plant—is the next level of 
digital maturity after a connected plant, 
says Yvonne Duckworth, Industry 4.0 
specialist, director of digital technology, 
and senior automation engineer at CRB. 

“Predictive analytics can reduce down-
time and promote quality,” says Duck-
worth. She points to a real-life example 
of a vibrating agitator that unthreaded 
itself before the operators noticed; if a vi-
bration sensor had been attached to the 
agitator, the control system would have 
flagged the vibration as a concern before 
it could have been seen by a human eye. 

“Some equipment vendors don’t yet offer 
this capability; some have vibration or 
temperature sensors available as options, 
and others offer a fully integrated predic-
tive analytics platform,” says Duckworth. 

“Vendors have been challenged over the 
past year to have an answer to the ques-
tion of predictive analytics capability.” 

Another step forward on the dig-
ital journey is the use of digital twins, 
which are digital models of a physical 
system. Brandl says that digital twins 
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have been used for the past 30 years in 
process industries where the chemis-
try of the processes is well understood. 
Only recently, however, enabled by AI 
and data availability, have digital twins 
been developed for biological processes, 
where there is no ‘first principle’ devel-
opment possible, he says. “Automation 
brings in the data for machine learning 
to model the dynamic processes of cell 
growth and map it against the multiple 
dimensions provided by advanced sen-
sors,” explains Brandl. 

Digital twins are being used today in 
biopharma process development to opti-
mize the process in a simulated environ-
ment. They can also be used for collabo-
rating in real-time across the value chain 
and validating new lines and processes 
virtually, says Coglaiti. 

“We will likely see biopharma man-
ufacturers moving from using the dig-
ital twin primarily as a simulation and 
training component to making it a key 
part of the overall dynamic control of 
the process,” suggests Pettus. “Manu-
facturing models are becoming more 
well defined and well understood, and 
measurements that were virtually im-
possible to understand in the past are 
now enabled with various technologies 
such as spectral-based techniques. As 
the industry becomes more comfortable 
with this more complex, closed-loop 
control and includes the digital process 
response predictions with advanced 
control techniques, we will see the dig-
ital twin become even more relevant 
than it already is today.” 

“Today, digital process twins based on 
statistical models, such as multivariate 
statistical process control, are increas-
ingly widely applied to obtain predic-
tive and even prescriptive insights into 
biological process development as well 
as GMP manufacturing,” adds Mark 
Demesmaeker, head of data analytics 
at Sartorius. “We are now moving to-
ward the next step, which will combine 
data-driven methods and mechanistic 
concepts—such as growth kinetics and 
specific metabolite consumption rates in 
upstream processing, and fluid dynam-
ics or neural networks in downstream 
processing—to obtain enhanced ob-

servability of highly complex cell culture 
processes or separation and purification 
steps. This will allow the industry to ad-
vance to a closed-loop model predictive 
control strategy in the coming years.”

Experts agree that there are some reg-
ulatory challenges to the concept of ap-
plying AI-based models to closed-loop 
controls. “The use of AI, or even machine 
learning in a regulated environment, 
still needs a more elaborated validation 
framework to manifest [the] great prom-
ise [of these technologies],” says Dirk 
Wollaert, digitalization lead at Siemens 
Pharma headquarters.

Pettus says that Emerson and others 
are working together in the BioPho-
rum consortium to develop strategies  
to meet this challenge. “We are opti-
mistic that a path forward for these re-
maining regulatory hurdles is already 
underway, particularly as we continue 
to work with BioPhorum, other simi-
lar organizations, and companies that 
are already engaging regulatory bodies 
around the world,” he explains. 

Addressing challenges
Despite these many potential benefits, 
one of the obstacles to automation is the 
difficulty of calculating the return on 
investment of a project. Identifying the 
value is key, says Verlenden.

Duckworth agrees that cost can be a 
barrier. “Identifying the problem you’re 
trying to solve makes it easier to identify 
the savings,” she explains. Some are con-
cerned about the cost and effort of reval-
idating an existing process, she adds. 

“It is important for companies putting 
in a new facility to think about what ap-
proach they want to take from a digital 
technologies perspective,” adds Duck-

worth. “A lighthouse approach incor-
porates all the new technologies at the 
start. A phased approach, however, can 
be more beneficial if there are limited 
resources or a need for speed to market. 
In this case, we can design a robust net-
work infrastructure which will allow for 
more advanced digital technologies to 
be added in later phases.”  

Development-stage biotech companies 
that are moving to commercial manufac-
turing may not be as familiar with auto-
mation and the requirements for using 
computer systems in GMP environments, 
such as computer system validation, says 
Michel Claes, biopharma portfolio lead at 
Siemens. System integrators can provide 
guidance, he suggests. 

In the past, connecting different 
types of equipment was a big chal-
lenge for automating bioprocesses, but  
this difficulty has begun to be ad-
dressed by modular systems and open-
source module type package (MTP) 
communication protocols that stan-
dardize the connections. 

“With MTP, organizations can eas-
ily add new equipment without having 
to worry about compatibility and need 
not spend weeks or months integrating 
equipment when moving from bench-
scale to production-scale,” says Pettus.

Standard interfaces make it easier 
to integrate PAT sensors into automa-
tion systems, says Brandl. “Adding a 
new sensor for pH, oxygen, or carbon 
dioxide, for example, can be done at 
10% of the cost that it was a few years 
ago,” he says. Another key development 
provides the ability to port automation 
logic across platforms, which is im-
portant for biopharma companies that 
have production in different parts of 
the world, says Brandl. “PLCOpen has 
provided the ability to use the same 
machine control strategies in different 
facilities using locally supported auto-
mation systems,” he explains. 

Industry members have been work-
ing with the BioPhorum consortium to 
further pave the way for plug-and-play 
automation. A current issue is a lack 
of standardization for data integrity 

Technology is 
driving rapid 
and significant 
change in 
biopharmaceutical 
manufacturing.

Contin. on page 43
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ing supply chain and support (engineering, 
maintenance, calibration, etc.) logistics.

Jornitz (G-CON): The past of point-of-
use or point-of-care manufacturing 
has shown certain weaknesses when 
reviewing cGMP [current good man-
ufacturing practice] compliance and 
aseptic processing safety. There were 
many examples which showed f laws, 
[such as] contamination control strat-
egies, [where] low costs were the focus 
instead of high quality. These past ex-
periences need to be overcome, [which] 
can only be done when the new wave of 
point-of-care systems are of high qual-
ity and in compliance with regulatory 
requirements. For example, process 
spaces or units still need to have the ap-
propriate cleanroom classification, ma-
terial, and personnel f lows and gown-
ing. Any cleanroom installed base at the 
point-of-care requires to be of sufficient 
quality instead of a cheap fix.

Positive impacts to accessibility
PharmTech: How has the COVID-19 
pandemic impacted point-of-use man-
ufacturing, in your opinion? 

Jornitz (G-CON): Yes, it has; from mobile 
sample/test units to compounding and 
filling units to be able to fight the pan-
demic spread and drug shortages. The 
pandemic highlighted that we can be 
more flexible within our processing sys-
tems and bring the processing towards 
the point-of-use. In our experience, it has 

U nexpected occurrences, such as the 
COVID-19 pandemic, have shone 
a light on the already existing 

issue of global accessibility to medicines 
through traditional means of manu-
facturing. As technology improves, the 
industry looks toward how to improve 
the landscape of medicinal accessibility. 
Point-of-use manufacturing may have 
the potential to change the distribution 
and accessibility of medicines throughout 
the world, but not without considering 
some of the challenges that may arise. 
Pharmaceutical Technology spoke with 
Peter Walters, director of advanced ther-
apies at CRB, and Maik Jornitz, president 
and CEO of G-CON, to explore some of 
the benefits, challenges, and logistics of 
point-of-use manufacturing. 

The flaws of a new  
manufacturing approach
PharmTech: What are some of the major 
challenges/obstacles to consider when 

approaching point-of-use manufacturing 
of drug products?

Walters (CRB): Point-of-use manufac-
turing solves the problem of patient ad-
jacency and therapy transport logistics, 
but typically introduces the problem of 
a distributed manufacturing model. The 
design capacity of a point-of-care facility 
is most often smaller than that of a central 
production center, and, as a result, the cost 
effectiveness of having a fully effective sup-
port infrastructure must be evaluated. It is 
typical for functions like QC/EM [quality 
control/environmental monitoring] testing, 
warehouse, engineering support, etc. to be 
stripped from the building and outsourced 
or supplied from other sites. As a result, it 
can be difficult to provide and ensure the 
same degree of quality, consistency, and 
compliance in a point-of-use facility com-
pared to a centralized manufacturer. While 
you have possibly solved the issue of patient 
access and therapy transport, you have in-
troduced logistical issues with maintain-

Point-of-use manufacturing may lead to a big 
change in the accessibility of medicines globally. 

Advancing Accessibility 
through Point-of-Use 
Manufacturing
Alivia Leon

“Point-of-use 
manufacturing 
solves the 
problem of patient 
adjacency and 
therapy transport 
logistics.”

— Peter Walters,  
CRB
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been very encouraging to see the industry, 
regulators, and suppliers come together 
to work on processing solutions, which 
allow much faster and more flexible ca-
pacity build-up.

Walters (CRB): The availability of COVID-
19 vaccines in countries not manufacturing 
a vaccine directly has been challenging and 
has caused many countries to revisit their 
philosophies for providing capacity for 
therapy supply in-country. Some smaller 
countries have begun government-spon-
sored facilities for bringing vaccine and 
critical therapy innovation within their 
borders to manage against a repeat of the 
COVID-19 pandemic situation.

PharmTech: How can point-of use-man-
ufacturing facilities improve accessibil-
ity to vaccines and other drugs in certain 
countries? 

Walters (CRB): Many pharmaceutical 
therapies, especially when it comes to ster-
ile injectables, have transport and storage 
logistics that involve cold chain complica-
tions. When trying to manage transport 
between different countries, factoring in 
customs and inspections timing, the ef-
fective shelf life and efficacy of a therapy 
can be dramatically impacted by just try-
ing to deliver cross-border. Further, factor 
in that most countries producing a  
vaccine are likely going to prioritize their 
own citizens first. The brutal truth is that 
smaller countries may find themselves 
waiting in the queue for therapies to ar-
rive, with reduced usability once they do. 
In many cases, the ability for these coun-
tries to have point-of-use manufacturing 
centers enables them to begin supplying 
patients faster and more effectively.

PharmTech: How can modular facilities/
point-of-use drug manufacturing impact 
manufacturing capacity/scalability?

Walters (CRB): The design capacity of a 
point-of-care facility is typically smaller 
than that of centralized production facil-
ity. The facility is intended to serve a local 
patient population instead of a global pop-
ulation. Therefore, the scale of production 
for a point-of-use facility is going to be 
smaller by design. While smaller produc-
tion [is] at an individual level, at a global 
view you can leverage a number of these 
distributed facilities to make an impact on 
patient populations. 

Logistics of point-of-use  
manufacturing
PharmTech: How can a controlled environ-
ment be maintained in a modular facility 
in different climates/smaller production 
space to ensure consistent drug quality?

Jornitz (G-CON): It all depends on the 
technology deployed. It is much more 
difficult to control the environment 
in a modular facility unit, which was 
meant for other purposes, for example, 
transport containers. Cleanrooms are 
purpose-built, with high quality to be 
assured that the injectable coming out of 
such unit is safe for the patient. Mobile 
units we delivered need to have the right 
robustness in containment to [ensure] 
that the processing of the medicinal drug 
is safe in any outside environment. That 
starts with temperature, pressure, and 
humidity controls, which means the air 
handling units needs to be appropriately 
scaled, [and] insulation needs [to be] cor-
rectly specified and personnel/material 
flows controlled so outside air cannot 
penetrate the processing space. This can 
only be done with high-quality designed 
and constructed cleanroom systems.

Walters (CRB): There is, at this point, an 
established history of fully modular man-
ufacturing spaces being able to provide 
robust cleanroom environments to sup-
port GMP processing. The design team 
would need to account for the site loca-
tion requirements, and, if the point-of-
use facility is intended to be mobile and 
relocatable, the span of site requirements 
it may encounter. 

PharmTech: What engineering con-
siderations must manufacturers be 

aware of prior to approaching point-
of-care manufacturing in a modular 
facility setting?

Walters (CRB): Modular builds are 
fast to erect but come with their own 
set of design complications. Spaces 
must adhere to certain dimensional 
restrictions for shipping purposes, 
which can implicate how many clean-
room suites and how large they can 
be. Modular builds can be completely 
free-standing outside, but this would 
need to be factored in from the start of 
design. One prime benefit of the mod-
ular approach for point-of-care spaces 
is that they can be disassembled and 
relocated to different sites, as befits 
the point-of-care need. 

Jornitz (G-CON): The processing envi-
ronment requires to be protected in 
the same way as any other processing 
space. In [certain] instances, one can 
see a drift into low quality environ-
ments, which requires strict regulatory 
reviews as there may be weaknesses in 
containment and stable environmental 
conditions. That means the design and 
build of these modular facility settings 
requires detail and experience to meet 
the quality and regulatory demands.

Reflection and looking forward
Ph ar mTe c h :  W hat  tech nolog ic a l  
improvements have occurred that 
have helped to progress point-of-use  
manufacturing? 

Jornitz (G-CON): The technology im-
provements happened twofold; sin-

Manufacturing

Pharmaceutical Technology spoke with Peter Walters, 
director of advanced therapies at CRB, about point-
of-use manufacturing for cell and gene therapy.

PharmTech: How can point-of-use  
drug manufacturing impact the cell and gene 
therapy industry?

Walters (CRB): Point-of-use manufacturing 
could have the potential to improve the personalized 
cell therapy industry. These therapies suffer from 
transport logistical issues in moving patient cells 
from the clinic to the manufacturing facility, and 

then back again. This transport causes delays to the 
delivery of the therapy to the patient, introduces cold 
chain and sheer sensitivity shipping hurdles, and  
lengthens the time the cells are forced to be 
stored in a non-ideal state. All of these ultimately 
contribute to lowering the efficacy of the 
therapy and the chances the patient will have a 
successful recovery. Moving the manufacturing  
activity adjacent to the patient could dramatically 
reduce these issues, potentially improving the 
therapy’s effectiveness.

Personalized cell therapy

Contin. on page 56
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ables. Stevanato Group offers two 
product lines for biologics, the SG Alba 
and SG Nexa platforms, and is organiz-
ing production so it can provide these 
syringes anywhere in the world. Both 
product lines have been developed 
to reduce risks when a sensitive drug 
product contacts the containers. “SG 
Nexa platform features an optimized 
silicone layer, maximum cosmetic 
quality, tight dimensional tolerances, 
and compatibility with autoinjectors 
on the market,” reports Enrico Bar-
ichello,  Alba Platform product man-
ager at Stevanato Group. “SG Alba 
platform offers similar characteristics 
but has been designed for improved 
integrity of the lubricant layer, reduc-
ing subvisible particles and providing 
a better functionality when integrated 
in a device, particularly for drugs that 
may be very sensitive to silicone oil.”

SCHOTT’s syriQ BioPure prefill-
able syringes offer minimum levels 
of tungsten and low or no silicone. 

“While most approaches to managing 
this risk are based on immobilizing 
the silicone layer, syriQ BioPure sili-
cone-free offers an alternative system 
that uses no silicone, relying instead 
on tight dimensional specifications 
and superior hydrolytic resistance,” 
says Deutsch. Available in 1- and 
2.25-mL sizes, the syriQ BioPure sy-
ringes meet dimensional tolerances 
that exceed ISO requirements. 

Another glass syringe innovation, 
a f lat-shoulder syringe from Gerres-
heimer, minimizes or eliminates re-
sidual volume, an important charac-
teristic for extremely costly drugs. As 
storage temperatures have dropped, 
the bar has risen for glass pre-filled sy-
ringes. Deutsch explains, “[Messenger 
RNA] mRNA—at least for now—has 
changed the game. Some vaccines had 
required transport at -4 °C, but today, 
many customers want to see proof of 
much deeper cold temperature perfor-
mance. These requirements are shap-
ing a new kind of pre-filled syringe 
demand. In some cases, pre-filled sy-
ringes made of cyclic olefin copolymer 
(COC) are a suitable alternative to glass 
pre-filled syringes.” 

T he intense pressure to develop 
vaccines and treatments for 
COVID-19 has helped spur 

strong growth in the pre-filled sy-
ringe market and innovations in sy-
ringes and syringe fill/finish opera-
tions. “Pre-filled syringes reduce the 
number of steps for injection, lower 
the risk of injury and cross-con-
tamination, and offer higher dose 
accuracy,” explains Silvia Gallina, 
Syringes Platform Product Manage-
ment at Stevanato Group.

“Pre-filled syringes are now a widely 
accepted part of the drug life-cycle 
and are often considered as early as 
Phase II in the drug development 
process,” reports Michelle Deutsch, 
head of Global Product Management 
at SCHOTT Pharmaceutical Systems. 
She adds, “The need for differen-

tiation and the move to homecare 
continue to be critical drivers of this 
evolution. New drugs enabling tech-
nologies at different stages of devel-
opment are also beginning to open 
up new possibilities for pre-filled sy-
ringes as it becomes possible to deliver 
higher fill volumes and higher viscos-
ity drugs as subcutaneous injections.”

As the market for pre-filled syringes 
expands, attention is being devoted to 
glass improvements, reducing glass-
to-glass and glass-to-metal contact, 
using cameras and other inspection 
tools to maximize syringe quality, 
designing products applicable to au-
toinjectors, and addressing the needs 
of sensitive biologics. 

“Biologics tend to have high chemi-
cal sensitivity, low stability, and high 
viscosity,” says Gallina. For biologics, 
control of silicone and tungsten levels 
is key to minimizing or eliminating 
particulates, extractables, and leach-

Demand spurs innovations in syringes  
and syringe fill/finish operations.

Pre-filled Syringes  
Show Strong Growth
Hallie Forcinio

Hallie Forcinio is a contributing editor to 
Pharmaceutical Technology.
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Break-resistant and lightweight, 
COC offers a glass-like appearance 
and performance and better product 
stability and shelf-life. One company 
that has begun to adopt COC syringes 
is Nephron Pharmaceuticals. The 
503B outsourcing operation and pro-
ducer of generic products has intro-
duced a 50-mL COC syringe, which is 
filled on automated equipment and is 
compatible with highly viscous drugs. 
A disconnected plunger simplifies 
storage. The first Nephron product to 
use the COC syringe is 8.4% sodium 
bicarbonate injection (USP 4.2 mg/50 
mL) (1). Sodium bicarbonate is used 
in emergencies to regulate or increase 
a patient’s pH levels, and the COC sy-
ringe gives it a 365-day beyond-use 
date. Nephron plans to offer a variety 
of products in the COC syringe with 
the next launch scheduled to be 50% 
dextrose injection. Eventually, the 
50-mL COC syringe will be joined 
by 5 mL, 10 mL, and other sizes. 

For biologics that need an autoin-
jector, BD Medical–Pharma Systems 
has been developing an addition to 
its Intevia product line. The Intevia 
2.25-mL disposable autoinjector is 
designed to dose accurately, operate 
easily and consistently, and minimize 
injection pain. The two-step, push-
on-skin device integrates an autoin-
jector with a Neopak XtraFlow 2.25-
mL glass pre-fillable syringe (2). To 
accommodate viscosities up to 40 cP 
and a range of injection volumes, the 
syringe may be equipped with a 29G 
Thin Wall, 27G Special Thin Wall, or 
27G Ultra Thin Wall needle, which is 
hidden and protected. When in use, a 
large inspection window and plunger 
rod show injection progression. The 
unit also provides visual and audible 
feedback indicators (3). 

Non-traditional  
pre-filled syringe options
As the demand for injectables grows, 
non-traditional options are evolving 
such as pre-filled blow-fill-seal (BFS) 
syringes based on technology from 
ApiJect Systems. To support use of the 
technology, ApiJect has established a 

Technology Development Center near 
Orlando, FL. Plans call for doubling 
the footprint of the facility to 32,000 
square feet and adding two BFS ma-
chines by mid-2023 (4). “This new 
facility is devoted to working with 
pharmaceutical and biotech compa-
nies to design, engineer and test how 
to fill and finish their injectable drug 
products in a new type of scalable, 
single-dose, pre-filled injector that is 
made using the ApiJect Platform,” re-
ports Jay Walker, chairman and CEO 
at ApiJect. He explains, “By bringing 
together the high-speed, high-volume 
BFS manufacturing process with at-
tachable components, including needle 
hubs, the ApiJect Platform is designed 
to make it possible for more injectable 
medicines and vaccines to efficiently 
be filled and delivered to patients in a 
pre-filled injection device. This facility 
provides capabilities to shorten supply 
chains and bring the development of 
critical injection device technologies 
back to the United States.” 

Patient safety
Prevention of needlestick injuries and 
misdosing is another area of concern 
and development activity. The In-
nosafe syringe from Gerresheimer 
features an integrated safety device 
and is supplied in a standard tub and 
nest configuration, so it can run on 
existing filling lines without any sig-
nificant line adaptations.  

N e m e r a  h a s  e x p a n d e d  i t s 
Safe’n’Sound pre-filled syringe ac-
cessory lineup with the addition of a 
2.25-mL size. Originally introduced 
for 1-mL, the passive Safe’n’Sound 
device prevents needlestick injuries. 
Compatible with low fill volumes and 
high viscosities, a large thumb pad 
enhances usage, and a rounded shape 
offers a larger labeling surface. Clear 
tip visibility simplifies drug inspection 
(5). The safety syringes can be assem-
bled on Harro Höfliger Assembly Lab 
equipment. The semiautomatic ma-
chine quickly switches between 1- and 
2-mL sizes and can be changed over in 
a few minutes to handle other devices 
such as pens or autoinjectors (6). 

Prevention of 
needlestick 
injuries and 
misdosing is 
another area 
of concern and 
development 
activity. 

Protecting patients against painful or 
incorrectly performed injections is the 
goal behind the Luer Adapter Fixation 
concept from Schreiner MediPharm. 
It reduces the risk of incorrect or in-
complete hypodermic needle screw-ins 
during a syringe’s insertion with a luer 
adapter (7). It’s particularly well-suited 
for medicines administered in emergency 
settings where hectic situations might 
cause application errors. “In the case 
of cosmetic medicine, the new adapter 
concept can help avoid needle pop-off—
especially when injecting highly viscous 
hyaluronic acid, which requires higher 
exertion of force and pressure,” reports 
Gene Dul, president of Schreiner Medi-
Pharm US. 

Developed specifically for glass sy-
ringes, the Luer Adaptor Fixation de-
vice and label are applied to the syringe 
during the secondary packaging process. 

“The plastic ring would be pushed onto 
the luer adapter of the pre-filled syringe 
and interlocked with it to equalize the 
different radii of the adapter and syringe 
body. The plastic ring and syringe body 
would then be connected by means of a 
label to fix the luer adapter in place,” ex-
plains Dul. The extended label area offers 
ample space for additional product in-
formation. The design is customized for 
each application (syringe size, etc.) and 
the user’s packaging process is evaluated 
to ensure there’s no impact on container/
closure integrity (7). The Luer Adapter 
Fixation concept can replace shrink la-
bels and avoid heat exposure to tempera-
ture-sensitive biotech drugs. 

Manufacturing
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Another pre-filled syringe innova-
tion from Schreiner MediPharm, the 
Cap-Lock security concept, combines 
a cap adapter and label. The label 
wraps around the syringe body and 
cap adapter. An integrated perforation 
provides irreversible tamper evidence. 

“This helps ensure the integrity of the 
container and prevents its undetected 
opening,” says Dul. This gives “phar-
maceutical manufacturers ... a custom-
ized and validated full-service solution 
for equipping luer-lock syringes with 
reliable tamper evidence,” says Dul.

Better inventory management is the 
goal behind syringes equipped with 
radio frequency identification (RFID) 
tag-equipped labels. Kit Check tech-
nology from Fagron Sterile Services 
embeds a microchip in the label of 
ready-to-administer operating room 
syringes, enables accurate tracking and 
inventory records, and ensures the right 
drugs are available when needed (8).  

Fill/finish innovations
With rising demand from oral, inject-
able, and veterinary products, the mar-
ket for syringe fill/finish equipment 
has expanded significantly since 2019. 
Deborah Smook, vice-president of 
Marketing and Business Development 
for TurboFil Packaging Machines, at-
tributes this growth to the ease of use 
and dosing accuracy the format can 
provide. She explains, “Precision dos-
ing is increasingly important as some 
solutions require exact amounts to be 
optimally effective. Pre-filled syringes 
limit point of administration dosing 
errors either by healthcare personnel 
or patients themselves.”

She adds, “More specif ic to the 
syringes sector, though, are issues 
regarding regulatory foresight. By 
this ,  we mean that the pathway  
to f inal product approval isn’t a l-
ways immediately ev ident. This 
is largely because the [equipment] 
solutions we provide are highly cus-
tomized and therefore might require  
individualized guidelines.”

Equipment is becoming more auto-
mated and f lexible. The push toward 
automation is driven by manpower 

shortages and labor costs, and f lex-
ibility is demonstrated by a syringe 
barrel feed system from Shibuya 
Hoppmann. It can handle six barrel 
sizes and two tip styles. Feeding and 
orienting occur at 80 parts/min. 

Flexibi l ity is bui lt into bench-
top machines capable of handling 
syringes, cartridges, or vials. De-
signed to address lab, clinical trial, 
personalized medicine, and other 
low-volume needs, the four Labworx 
machines from Groninger fill with 
a peristaltic pump, fill with a rotary 
piston pump, stopper, or crimp. The  
semiautomatic units feature a laminar- 
f low-friendly design, two-button  
operat ion,  w ireless  control  v ia  
tablet or smartphone, and automated 
batch records (9). 

QC for syringes
To ensure parenteral products are safe, 
quality control is essential in product 
development and production and 
highly regulated. Data integrity also is 
required and an area of weakness that 
often prompts warnings from regula-
tors. A growing role is being played 
by robotics, which can provide the 
material handling needed to perform 
100% inspection. 

Interest in 100% inspection has been 
given impetus by United States Phar-
macopeia (USP) <1207> Package Integ-
rity Evaluation–Sterile Products (10). 
While USP <1207> is not a requirement, 
Oliver Stauffer, president of PTI–Pack-
aging Technologies & Inspection, says, 

“USP <1207> uses strong language and 
lays out very fundamental principles 
for container/closure integrity testing 
(CCIT) … [and] makes a clear case 
for adopting deterministic methods.” 
As a result, parenteral packaging op-
erations are shifting to more accu-
rate and reliable CCIT methods. “For  
pre-filled syringes,” he says, “opera-
tions are using methods like helium 
tracer gas to determine container com-
ponent seal performance in the design 
phase, deploying high-voltage leak  
detection in the production setting, 
and using vacuum decay to qualify  
assembled autoinjectors.” 

To prevent future regulatory compli-
cations, regulatory filings must focus 
on the science of the test methodology 
rather than the technology. Stauffer ex-
plains, “If a regulatory filing properly 
identifies scientific reasoning behind 
the application and lays a foundation 
for the method deployed, the science 
and the method are what shall remain 
constant within the filing. If a fil-
ing does not focus on the science and  
applies a stronger focus on the technology 
or even the equipment used, the filing is 
not adaptable to the changing technology 
landscape. … The scientific fundamen-
tals of a method provide quality, while 
technology is simply the tool to achieve it.”

Addressing supply chain issues
With supply chain issues a constant con-
cern, all suppliers of syringes and fill/
finish equipment are taking action to 
prevent delays and shortages. Machine 
builders have expanded inventories, 
particularly for electronic components. 
At TurboFil, “Warehousing certain elec-
tronic components, including program-
mable logic controllers … has limited 
the adverse impact,” reports Smook.  

On the syringe side, Stefan Verhey-
den, global vice-president Gerresheimer 
Biological Solutions, reports, “We have 
done everything needed to secure tub-
ing and component supply while in 
parallel, we have been, and still are, in-
vesting heavily in ready-to-fill capacity 
expansion on a global level.”  

Stevanato Group has taken steps to mit-
igate supply chain issues and is working 
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closely with suppliers and customers, in-
creasing capacity in its plants and continu-
ing to expand operations. A new plant in 
Indiana is expected to start production in 
2023, and a new plant in China is planned.  

Like its counterparts, SCHOTT is 
boosting operations worldwide with an 
expansion in St. Gallen and a new fa-
cility in Hungary. As a vertically inte-
grated company, SCHOTT produces its 
own glass tubing but must source other 
materials and components. To improve 
sourcing security for components such 
as syriQ Rigid Cap closures and nee-
dles, the company has implemented 
continuous improvement programs 
that couple design improvements with 
supply risk mitigation. Other steps 
being taken to prevent supply chain 
snafus include “identifying areas 
where we can become more self-reli-
ant, standardizing components, and 
broadening our sources of supply,” says 
Deutsch. Another tactic, the FastTrack 
program, maintains minimum stocks 
in inventory. “With this program, we 

target a two-week order-to-shipping 
lead time window,” concludes Deutsch. 

SCHOTT also recently announced a 
substantial investment in a new man-
ufacturing facility in Müllheim, Ger-
many, which will produce prefillable 
COC syringes. “Our validated polymer 
syringe systems meet the demanding 
requirements of new drug catego-
ries, including ultra-low temperature 
storage applications needed for mR-
NA-based applications,” said Mario 
Haas, vice-president for the Poly-
mer Solutions division of SCHOTT’s 
Pharma business unit (11).

References
1. Nephron Pharmaceuticals, “Nephron 

Launches New Syringe Presentation,” 
Press Release, Jan. 26, 2022. 

2. K. Yadi and L. Maritan, “Innovating in 
the Viscosity Design Space for Handheld 
Combination Products: A New 2.25 mL 
Autoinjector Platform,” ONdrugDelivery 
117 pp 40-44 (March 2021).  

3. BD, “BD Solutions for Enabling Deliv-
ery of Complex Biologics BD Intevia 2.25 

mL Disposable Autoinjector,” Product 
Sheet, 2021. 

4. ApiJect Systems, “ApiJect Systems An-
nounces the Opening of the ApiJect Tech-
nology Development Center in Greater 
Orlando, FL,” Press Release, April 13, 2022.

5. Nemera, “Safe’n’Sound 2.25 mL ,” 
Safe’n’Sound 2.25 ml | Passive safety 
systems for PFS | Nemera, accessed 
May 4, 2022. 

6. Nemera, Harro Höfliger, “Premium Pas-
sive Safety Device,” reference_sheet_nem-
era_HH.pdf, accessed May 4, 2022.  

7. Schreiner MediPharm, “Schreiner Medi-
Pharm Develops Fixation Aid for Ease and 
Safety of Luer Adapter Handling,” Press 
Release, Nov. 30, 2021. 

8. Fagron Sterile Services US, “Product In-
novation at Fagron Sterile Services US 
Drives Job Growth and Investment,” Press 
Release, Mar. 15, 2022.  

9. Groninger, “Labworx Series, Benchtop 
Machine Portfolio,” Brochure, 2021. 

10. USP, “United States Pharmacopeia 
<1207> Package Integrity Evaluation–
Sterile Products.” 

11. SCHOTT, “Boost for Drug Delivery Sys-
tems: SCHOTT Inaugurates Plant for Pre-
fillable Polymer Syringes at New Facility in 
Germany,” Press Release, May 6, 2022. PT

requirements, such as audit trails. In 
a 2021 paper, BioPhorum proposed a 
harmonized audit trail model, which 
is intended to stimulate development 
of a formal international standard (6). 

Maintaining data integrity faces 
multiple challenges. “Organizations 
must centralize their data because  
traditional on-premises historians 
often lack the metadata and contex-
tualization required to uphold data 
integrity,” suggests Petter Mörée, 
managing director for EMEA, Seeq. 
In addition, he says, data must be reli-
ably stored and managed and available 
throughout its lifecycle. 

Having the right workforce with 
the suitable skills necessary to incor-
porate and maintain digital technol-
ogies can be another challenge, says 
Duckworth. Recognition of the need 
for workers to have digital skills is 
part of the European Commission’s 
“Industry 5.0” vision, which seeks a 
human-centric approach to digital 

technologies (7) and incorporates sus-
tainability into the way industries are 
moving forward. 

Looking ahead
Technology is driving rapid and sig-
nificant change in biopharmaceu-
tical manufacturing, with more to 
come, experts suggest. 

“Most  i ndu st r y  players  have 
merely scratched the surface of what 
could become a fu l ly automated 
and digitally twinned manufactur-
ing process,” says von der Haar. “At 
Sartorius, we are convinced that 
the companies that adopt and mas-
ter these methods will disrupt and 
guide the biopharmaceutical indus-
try in the coming years, generating 
benefits ranging from drastically re-
duced time-to-market, lower process 
variability and failure rates, [and] 
resource efficiency gains.” 

“Real time release, one-click tech 
transfer, autonomous plants, and 
self-adjusting processes are going 
to be important in our future,” says 
Pettus. “I would be very surprised if 

these four areas are not significantly 
developed and advanced in the com-
ing three to five years. The life sci-
ence industry is going to impact all 
of humankind over the coming two 
decades in ways similar to how the 
semiconductor industry has over the 
past 50 years.” 
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C  
ontent uniformity (CU) data with an acceptance value 
(AV) limit of not more than (NMT) 15 (1) creates sum-
mary statistics that include relative standard deviation 
(RSD). In addition to commonly-used control charts ap-

plied in continued process verification (2) exercises, RSD charts 
for CU data may be constructed concurrently with AV charts 
to demonstrate their correlation and also detect the plotted AV 
data where calculation error might occur.

Continued process verification (CPV) is divided (3) 
into “heightened” and “routine” monitoring phases or, in 
other words, “initial” and “ongoing” phases, respectively, as  
illustrated in Table I. The initial phase may also require addi-
tional studies to provide some critical data, such as maximum 
hold time or preservative efficacy (in case of oral liquid prod-
ucts). After the successful initial phase, the ongoing phase for 
CPV is a rolling activity to fulfill the process validation (PV) 
lifecycle requirement. 

This article is focused on introducing a control chart tech-
nique using RSD statistics (i.e., RSD chart); in other words, a 
coefficient of variation (CV) chart for CPV. The technique is 
intended to summarize the process across the routine batches 
recently produced over time using their RSD data (i.e., be-
tween-batch data). While the AV limit (NMT 15 for both n = 
10 and 30) is not statistically justified (4), there is an interesting 
relationship between AV and RSD. This creates a possibility 
that RSD charts may be carried out in parallel to get through a 
difficult situation.

Simulation study to demonstrate  
AV and RSD relationship
Distributions of AV (5) and RSD statistics are studied 
using the simulation method (using XLSM Excel files) 
and found to be similar in shape if lot process capability 
 index (CpK) and sample size are fixed (Figures 1a and 1b). 
From the case study discussed in this article, their cor-
responding standard distributions (for both AV and 
RSD) are identical, provided that the sample size is the 
same for different lot CpKs (Figures 2a and 2b). From  
Figures 3 and 4, AV and RSD control charts for CU data can be 
concurrently applied in CPV activities. 
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Accepted: June 8, 2022

Application of RSD Charts for 
Content Uniformity Data in 
Continued Process Verification

Relative standard deviation (RSD) limits were 
used in content uniformity in the past (before 
2007). From a statistical point of view, RSD is one 
of the only few statistics that describes the term 

“uniformity” best. In a simulation study conducted 
by the author, both acceptance value (AV) and 
RSD distributions have a typical relationship 
where it was found that AV and RSD charts, when 
applied for continued process verification (CPV) 
purpose, can be constructed concurrently on the 
same chart frame to demonstrate their common 
overlay view. While RSD calculation is much 
more simple, RSD charts may also be applied to 
confirm the validity of AV charts in CPV exercise.
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Table I. Process performance qualification and 
continued process verification relationship (3).

Process performance 
qualification (PPQ)

Continued process 
verification (CPV)

Heightened 
monitoring 

phase

Routine 
monitoring 

phase

Qualification* PPQ batches
Pre-routine 
batches [1]

Routine 
batches [2]

[1]: Heightened sampling and testing until variability understood.

[2]: Routine monitoring and verification programme.

* Qualification of process equipment and supporting systems

What is a standard distribution? When a single statistic (in 
large number)—such as AV in this study (where the number of 
data or k is 120,000)—is divided by their mean, the distribution 
of AV/mean data (5) will have its mean equal to one (1.00). With 
the same sample size but different lot CpKs, their distributions 
will be identical in shape to each other. Such a common distri-
bution (with a mean of 1.00) is called “standard distribution,” 
where the upper and lower control chart limit factors (UCL and 
LCL factors; UCL and LCL are upper and lower control limits) 
for AV charts can be established. From the study, RSD data also 
follow this particular standard distribution rule. Furthermore, 

the standard distributions for both AV and RSD are found to be 
coincidentally identical. Therefore, the UCL and LCL factors for 
control charting purposes will be the same as tabulated in Table 
II: UCL and LCL factors for AV and RSD charts. Those factors 
(see also Figures 2a and 2b) are simply calculated following the 
control chart principle (i.e., 1±3σ where 1 and σ are the distri-
bution mean and standard deviation, respectively).

Figure 3. Acceptance value (AV) and relative standard 
deviation (RSD) charts (simulation) with overlay view 
for upper control limits (UCLs), center lines (CLs), and 
lower control limits (LCLs).

UCL = 14.34

LCL = 2.34

CL = 8.34
UCL = 5.92%

LCL = 0.96%

CL = 3.44%

-3.30%

-1.66%

-0.01%

1.63%

3.28%

4.92%

6.57%

8.21%

9.86%

11.50%

-8.00

-4.00

0.00

4.00

8.00

12.00

16.00

20.00

24.00

28.00

1 10 19 28 37 46 55 64 73 82 91 100

RSD (%
)

Ac
ce

pta
nc

e 
Va

lue
 (A

V)

Data #

AV & RSD Charts: (n = 10, T = 100, Sigma = 3.47, Lot CpK = 1.44)

AV Data (Simulated)
RSD Data (Simulated)

UCL = 8.34x1.72 = 14.34
LCL = 8.34x0.28 = 2.34

UCL = 3.44x1.72 = 5.92
LCL = 3.44x0.28 = 0.96

Figure 1a. Acceptance value (AV) distributions (left) and 1b: relative standard deviation (RSD) distributions (right), both 
with lot CpK = 1.33.

Figure 2a. Standard acceptance value (AV) distributions (left) and 2b: standard relative standard deviation (RSD) 
distributions (right), both with validity range for lot CpK between 1.00 and 10.00.
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Case study 
Figure 3 illustrates the overlay view of AV and RSD charts (sim-
ulation data) while Figure 4 (where the AV average, or the center 
line, is equal to 3.70) also shows the overlay for a case study data 
(capsule product). In Figure 4, lot RSD is estimated at 1.56%, where 
the predetermined acceptance limit is NMT 3.47%. This implies 
that AV and RSD charts can be concurrently constructed on the 
same chart frame with overlayed UCLs, CLs, and LCLs. Some 
processes may not be stable (i.e., shifted), resulting in a process 
mean greater or less than 101.5 or 98.5% of target, respectively; 
such an instability will lead to the reference value (M) being  
adjusted to 101.5 or 98.5% of label claim (LC), respectively,  
resulting in biased AV data. The two points with non-overlay (lot 
#1 and 4 data) in Figure 4 will indicate the biased results of the AV 
parameter. The overlay views in both Figures 3 and 4 will help to 
confirm the promising relationship between the two parameters. 

Discussion
AV data (content uniformity) has a few points of discussion:

• The AV compendial limit for both n = 10 and 30 is  

the same (i.e., NMT 15) from Cholayudth, 2017 (5);  
and in the simulation study in this article, the upper 
specification limit (USL) for n = 30 needs to be less than 
15 (i.e., NMT 11) (Figure 1a). This implies that, based on 
lot CpK 1.33, AV data (n = 30) greater than 11 is not 
acceptable. 

• From Table II, since the UCL factor for n = 10 is 
1.72, the maximum target for the center line (CL)  
va lue  i s  15/1.72  or  8 .72 ;  t herefore ,  t he  AV  
average needs  to  be  NMT 8 .72 (i n  Figure 3,  
CL = 8.34), otherwise the UCL will be greater than  
USL at 15. 

• In the same way if n = 30 (for example, PV sample 
size), the CL value is NMT 11/1.40 or 7.86 (1.40 from  
Table II), otherwise the UCL will be greater than the 
working USL at 11. 

• In Figure 3 w it h lot  mea n at  10 0 (est i mated  
f rom ta rget  mea n = 10 0)  a nd lot  s ta nd a rd  
deviation at 3.47 (estimated from target sigma = 3.47), 

Figure 4. Acceptance value (AV) vs. relative standard deviation (RSD) charts (case study) with overlay view for upper 
control limits (UCLs), center lines (CLs), and lower control limits (LCLs).
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AV vs. RSD Charts: CU Data (Capsule Product)

AV Data
RSD Data

RSD Average = 1.52% (<< 3.60%)

UCL = 3.70x1.72 = 6.36
LCL = 3.70x0.28 = 1.04

UCL = 1.52x1.72 = 2.61
LCL = 1.52x0.28 = 0.43

Table III. Working guidance limits for content uniformity 
(CU) data. AV is acceptance value. RSD is relative 
standard deviation.

Working Guidance Limits for CU Data

n
AV limit RSD limit

Individual Average Individual Average

10 15 8.72* 6.2% 3.60%**

30 11 7.86 5.5% 3.93%

Note: * 15/1.72 = 8.72, ** 6.2/1.72 = 3.60

Table II. Upper control limit (UCL) and lower control limit 
(LCL) factors for acceptance value (AV) and relative 
standard deviation (RSD) charts.

AV & RSD Chart Factors: Simulation Results

Sample size UCL factors LCL factors

10 1.72 0.28

30 1.40 0.60

UCL and LCL: upper and lower control limits
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lot RSD is 3.47% and CpK—calculated using the  
formula MIN((115-μ)/3σ,(μ-85)/3σ)—is 1.44. 

Working guidance limits for CU data
From Figures 1a and 1b, it may be summarized in Table III that 
the working “guidance” limits (both individual and average) 
may be applied by interested quality control units for this 
CPV exercise. From the table, it does not mean that there 
is a correlation between AV and RSD limits, but their UCL 
and LCL factors are the same. 

Conclusion
RSD charts are introduced in addition to traditional  
control charts for application in CPV. It is intended to 
mainly detect the biased or errored AV data (for both 
non-sterile and sterile dosage units) in control charting. Sub-
sequently, it also minimizes the false release case for routine 
batches. An internal benchmark in the quality unit may be  
established such that 10% bias rate, for example, should not 
be exceeded. If exceeded, an investigation into the matter is 
required. AV calculation error may occur because of its com-
plicated nature, and the RSD chart will effectively detect this 
particular error. 

AV and its corresponding RSD data are synchro-
nized in both magnitude and direction as illustrated in 
Figure 3. Furthermore, AV and RSD charts can also be  

constructed concurrently on the same chart frame in the 
CPV exercise (Figure 4). In stage 1, where n = 10, either  
the AV average NMT 8.72 or the RSD average NMT 3.60% 
needs to be checked prior to construction of the charts,  
otherwise, the UCL will be greater than USL (NMT 15). 
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recommendations for post-approval 
changes in components and composi-
tion, manufacturing sites and process, 
specifications, container closure sys-
tem, labeling, miscellaneous changes, 
and related changes (1). According to 
this guidance (1), these changes might 
require post-approval in accordance 
with section 506A of the US Federal 
Food, Drug, and Cosmetic Act and 
Code of Federal Regulations (CFR) Title 
21 s.314.70 (21 CFR 314.70) (2). These 
documents outline the classification 
of a change (minor to major) and the 
regulatory requirements for handling 
these different change levels. 

A minor change, according to FDA 
guidance, has “minimal potential to 
have an adverse effect on the identity, 
strength, quality, purity or potency of 
the drug product as these factors may 
relate to the safety or effectiveness of 
the drug product” (1). 

In CFR Title 21, FDA instructs that 
the applicant must describe minor 
changes in the next annual report (2). 

In an FDA guidance, a moderate 
change has “a moderate potential to 
have an adverse effect on the identity, 
strength, quality, purity or potency of 
the drug product as these factors may 
relate to the safety or effectiveness of 
the drug product” (1). 

Commonly, these changes require 
that the drug manufacturer submit 
a supplement called Changes Being  
Effected in 30 Days (CBE-30). This 
supplement will include information 
describing the effects of the change. 
The drug manufacturer must wait 30 
days after submission of the CBE-30 
before implementing the change and 
must not implement the change if FDA 
responds with a request for more infor-
mation to support the change.

Finally, FDA states that a major 
change has “a substantial potential to 
have an adverse effect on the identity, 
strength, quality, purity or potency of 
a drug product as these factors may re-
late to the safety or effectiveness of the 
drug product” (1). 

These changes require that the 
drug manufacturer submit a prior 
approval supplement (PAS). The drug  

I n the world of extractables and 
leachables (E&L), one thing that is 
nearly guaranteed is that change 

will happen with the materials used 
in the container closure system.  
Management of these changes is the 
responsibility of the drug product  
manufacturers.

Changes can be external, where the 
supplier changes manufacturing, in-
formation, or availability of a compo-
nent. It can also be internal, where the 
drug manufacturer changes the vali-
dated manufacturing process or use 
of the component. External changes 
can vary from small manufacturing 
changes that are within manufac-
turing tolerances, such as in-process 
changes to time, temperature, etc., 
to larger manufacturing changes, 
such as a site change. Larger or more  

significant external changes can hap-
pen, such as a change in the formu-
lation of the material (e.g., additive 
change) or stopping the manufacture 
of that particular material. Internal 
changes can include changes in con-
tact time with a single-use container or 
the addition of a second supplier of the 
material components. These internal 
or external changes are not an exhaus-
tive list but give a f lavor of potential 
changes that may occur.

Understanding changes
In the Guidance for Industry: Changes 
to an Approved NDA or ANDA, FDA 
details recommendations to holders 
of new drug applications and abbre-
viated new drug applications, specif-
ically on post-approval changes for 
drugs other than specific biotechnol-
ogy and specific synthetic biological 
products (1). This guidance provides 

By understanding potential material  
change, the impact on patient safety  
can be understood and mitigated.

Material Management and 
the Impact on Extractables 
and Leachables
Andrew Feilden

Andrew Feilden is the European E&L 
strategic director for Element.



THE CDMO 
INVESTED IN 
YOUR SUCCESS
As true collaborators and innovators, we 
are fully invested in helping customers 
achieve their goals. Our comprehensive 
R&D, analytical testing, and CDMO services 
are designed for fl exibility, responsiveness, 
and speed. Deliver the safest, most 
effi  cacious large- and small-molecule 
therapies with Element by your side. 

c o n t a c t . u s @ e l e m e n t . c o m    e l e m e n t . c o m    U S :  + 1  8 8 8  7 8 6  7 5 5 5    E u r o p e :  + 4 4  8 0 0  4 7 0  3 5 4 1

Maria Vizcaino, Ph.D.
E&L Manager, Santa Fe Springs, CA

Element_PTBuyersGuide22_ad.indd   1Element_PTBuyersGuide22_ad.indd   1 6/8/2022   1:12:28 PM6/8/2022   1:12:28 PM

https://www.element.com


50    Pharmaceutical Technology JULY 2022  PharmTech .com

manufacturer must wait for FDA  
approval of the PAS before implement-
ing the change.

Historic material changes
Material changes can have an impact 
on both product quality and the pa-
tient. There are a few well-known ex-
amples. The most quoted example was 
during the period of 1998–2002 when 
there was an increase in the incidence 
of antibody-positive pure red cell apla-
sia in patients receiving subcutaneous 
administration of EPREX (epoetinum 
alfa). At the time, two simultaneous 
changes happened. Firstly, the drug 
product formulation was changed to 
include polysorbate 80; and secondly, 
the coated stopper was replaced with 
an uncoated one (3). Additional com-
pounds were observed in the leachable 
analysis of the new product. However, 
these leachable compounds were only 
observed when the product contained 
both polysorbate 80 and used the un-
coated stopper, but these new leachable 
species were not observed when both 
were used separately. 

In the early days of E&L testing, prior 
to appropriate change management, a 
change in the composition of the ma-
terial was first known upon a test being 
conducted and a new extractable pro-
file—or worse, a leachable profile was 
observed. Because leachables typically 
take time to form, this observation 
implied that a change happened, po-
tentially, many months prior. This first 
E&L observation was also before the 
seminal document by the Product Qual-
ity Research Institute on Safety Thresh-
olds and Best Practices for Extractables 
and Leachables in Orally Inhaled and 
Nasal Drug Products in 2006 (4). This 
recommendation has set the scene for 

E&L testing in the years following. De-
spite this being only a recommendation, 
it was authored with FDA and Health  
Canada involvement.

Inhalation aerosols and sprays
Inhalation aerosols and sprays are 
deemed to have the highest likeli-
hood of packaging component-dosage 
form interaction and the highest de-
gree of concern based on the route of  
administration. As such, it is not too 
surprising that most of the early work 
on regulatory requirements focused 
on orally-inhaled and nasal drug 
products. It was groups such as the 
International Pharmaceutical Aerosol 
Consortium on Regulation & Science 
that initiated and built on supply chain 
interaction and understanding. The 
group’s initial work was published in 
the 2011 paper, “Recommended Base-
line Requirements for Materials Used 
in Orally Inhaled and Nasal Drug 
Products (OINDP),” and a subsequent 
update was provided in 2017 (5). 

It is also not necessarily the direct 
container closure system that can 
cause problems with patient safety and 
product quality. Around 2010, there 
were product recalls due to the wooden 
pallets on which product boxes were 
stored. A biocide used to treat the 
pallets had degraded, and one of its 
degradants—2,4,6-tribromoanisole 
(TBA) migrated into the products and 
tainted them. The TBA has a very low 
odor threshold, meaning that very 
small amounts can cause unpleasant 
musty and moldy aromas. A total of 55 
million bottles of Tylenol were recalled 
in a six-month period in 2010 due to 
this issue (6). This incident resulted in  
several pharmaceutical companies ceas-
ing the use of wooden pallets to trans-
port products.

Single-use systems
Material changes can have poten-
tially more impact on biologics that 
are manufactured with single-use 
systems. A particular biologic can be 
impacted by small amounts of leach-
able species. The exact mechanism 
of this is unknown. The most quoted 

example of this is “Identification of a  
Leachable Compound Detrimen-
tal to Cell Growth in Single-Use  
Bioprocess Containers,” a research ar-
ticle by Amgen (7). Researchers found 
that a trace amount of a breakdown 
product of a common antioxidant, 
Irgafos 168, was detrimental to cell 
growth. The level of this antioxidant 
was far lower than typical screening 
levels that would be required due to 
typical toxicological concerns.

Biologics
Additionally, it is well known that bi-
ologics/peptides are at significant risk 
from reaction with E&L. The biggest 
risk relates to covalent bond formation 
for which there are several well-known 
examples. One example includes the 
reaction of the common leachable from 
halo butyl rubbers. This leachable, the 
C13 halogenated aliphatic, can undergo 
an SN2 reaction with the protein, form-
ing a new chemical species.

Acrylic acid, which can be used as the 
glue in syringes, is known to modify pep-
tides either through the lysine side chain 
or through histidine by a Michael addition 
reaction. The level of modification was re-
ported at 0.2–5% of a range of proteins (8). 

Other reactions can happen, such as 
the Schiff base reaction of breakdown 
products of butylated hydroxy toluene 
and acylation reactions (9). It is often 
observed when materials undergo 
sterilization, which causes additives, 
such as antioxidants, to degrade and 
form potential reaction products. It 
is important to mention that if these 
antioxidants were not present, the  
polymer would very rapidly degrade, 
and the container closure would no 
longer be useable. It is, therefore, likely 
that any changes with materials used 
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with biologics could have a more sig-
nificant impact on patient safety (ei-
ther because of safety or efficacy) than 
those with small molecules or medical 
devices. Further work is in progress 
to help identify potential issues with 
common leachables.

The future
Cumulatively, this leads to the impor-
tance of understanding the materials 
used in container closure systems 
and manufacturing systems for bio-
logics and peptides to avoid potential  
issues—rather than solving them 
after the event. Having appropriate 
data on materials used for biolog-
ics/peptides can assist in reducing 
the risk of interaction with leach-
ables. Appropriate data includes ex-
tractable data obtained from studies 
that are undertaken on sterilized/
treated materials under appropriate  
extraction conditions (where extract-
ables can be correlated with leachables) 
with sufficient sensitivity. 

What does the future hold? As 
mentioned at the start of the article, 
change is inevitable, but there are some  
potential new changes coming. There 
is a push for greener materials and 
the reduction of single-use plastics. 
Will the additive packages change  
to allow polymers to be depolymerized 
back to the starting monomers so 
they can potentially be used as virgin  
materials rather than recycled? It is 
through an understanding of the 

likelihood and impact of change that  
potential patient safety can be under-
stood and mitigated.
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For years, Biogen Idec was a known 
leader in the neuroscience space. 
Indeed, in June 2021 FDA granted 
accelerated approval to the contro-
versial Aduhelm drug, developed 
by Biogen and Eisai (4). This mono-
clonal antibody targets aggregated 
forms of amyloid beta found in the 
brain of people with Alzheimer’s 
disease. Administration of Adulhem 
is expected to reduce a build-up of 
amyloid beta plaque, leading to neu-
ronal death. However, clinical data 
was so unconvincing that even with 
accelerated approval, the drug was 
not accepted favorably within the 
scientif ic and clinical community 
leading to reduced sales, withdrawal 
of application to Europe market ap-
proval (5), and issues for coverage by 
Medicare (6). Consequently, Biogen 
needed to reduce its manufacturing 
capacity for Adulhem.

Despite setbacks, investments in 
neuroscience sectors continue. In 
2021, Neumora Therapeutics raised 
$400 million in series A financing 
from more than a dozen venture 
capital firms plus $100 million from 
Amgen. The main goal is to develop 
precision small-molecule therapies for 
a multitude of brain diseases (7).

This is encouraging considering 
that Amgen axed its neuroscience 
program a while ago, but now revives 
it through partnerships (8). Moreover, 
the collaboration is based on Neumo-
ra’s precision neuroscience platform, 
a personalized approach similar to 
the recent trends in oncology. 

What: Leading innovators 
Looking among Big Pharma compa-
nies, one can say that Biogen is still in 
the leading position in the neurosci-
ence sector. In June 2022, it invested 

N euroscience is a complex market 
encompassing a variety of neuro-
logical conditions. Drug research 

and development in neuronal-related 
diseases has always been challenging. 
While the oncology sector made tre-
mendous progress in the introduction 
of novel therapies, neuroscience lags 
behind in providing cures or even thera-
pies to treat symptoms. The Alzheimer’s/
dementia sector in particular represents 
a disappointing niche. The question is: 
did neuroscience become a holy grail for 
pharma or is real hope on the horizon?

Who: Winners and losers?
Although the neuroscience drug mar-

ket weighed in at more than $75 bil-
lion in 2019 with a prospect to reach 
$112 billion by 2027 (1), at closer look, 
it is less impressive. Overall, this 
market is divided into a number of 
sectors based on disorders: epilepsy, 
Parkinson’s, Alzheimer’s, cerebrovas-
cular diseases, and others. Each of 
these sub-markets has its own chal-
lenges and progress. 

The epilepsy sector saw FDA ap-
proval of Ztalmy (ganaxaqlone) from 
Marinus Pharmaceuticals (2) in 2021 
and Parkinson’s has some potentially 
new therapeutics in development 
such as PR001 gene therapy from 
Prevail Therapeutics (acquired by 
Eli Lilly in 2021) (3). Yet overall, the 
neuroscience market has been a dis-
appointment, especially when think-
ing about Alzheimer’s therapies.  

Pharma should expand on successful  
cell therapies in oncology by applying  
these development and manufacturing  
methods to neuronal cell therapies.

What is Wrong with the 
Neuroscience Drug Market?
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Despite setbacks, 
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more than $700 million on Alectos’ 
preclinical oral Parkinson’s disease 
candidate AL01811 (9). The drug is a 
GBA2 inhibitor that corrects acid lev-
els in lysosomes, linked to the devel-
opment of neurodegenerative diseases.

Analysis of clinical trials for Alzhei-
mer’s (10) indicates that most of the 
candidates in clinical trials are mono-
clonal antibodies or small molecule. At 
the same time, novel approaches such 
as stem or cell therapies to treat demen-
tia, are coming mostly from academia 
or small biotech pipelines. Aspen Neu-
roscience is an example of a company 
working on autologous stem cell-based 
therapy for Parkinson’s disease.

Neurona Therapeutics develops off-
the-shelf, allogeneic neuronal, glial, and 
gene-edited neural cell therapies for sin-
gle-dose targeted repair of the nervous 
system (11). Furthermore, it has in house 
facilities for current good manufacturing 
practice (CGMP) manufacturing. 

When: New arrivals
Despite its controversy, approval of 
Biogen’s Aduhelm in 2021 helped to 
put the neuroscience sector in the 
spotlight again. 

Indeed, in 2021 Eli Lilly decided 
to split one of its divisions that devel-
ops and markets drugs for neurology 
and inflammatory diseases (12). Lilly 
believes that this move may help to 
shorten path to market for the com-
pany’s experimental Alzheimer’s treat-
ment donanemab (13).

Like Aduhelm, donanemab is also 
an anti-amyloid beta monoclonal 
antibody, yet Lilly hopes to best its 
rival and thus gain greater market 
share reaching potentially $6 billion 
in sales by 2026. 

A new, or renewed, market entry 
in the Alzheimer’s sector is gan-

tenerumab, developed by Roche (14). 
This antibody is expected to bring 
around $2.5 billion by 2026. Roche be-
lieves that the introduction of this drug 
may expand its activities beyond its on-
cology staples and move more deeply 
into central nervous system disorders.

Why:  Pluses and minuses
Overall, even with disappointing 
Aduhelm sales and its problematic in-
surance coverage, it had a positive ef-
fect on neuroscience market. It revived 
interest and desire of both pharma and 
biotech to research and invest further 
in such a challenging area. 

More importantly, it brought to 
attention the fact that this market 
needs different research and thera-
peutic approaches, such as stem and 
cell therapies. 

And while new trends in neuronal 
therapy development is encouraging, it 
also means other types of challenges, 
not only in R&D but also from a man-
ufacturing perspective. In particular, 
one should remember that cell ther-
apies may have much more lot-to-lot 
variations and can be dependent on 
more factors to regulate and smooth 
the path for commercial production. 

Food for thought 
The neuroscience market struggles 
to elevate from quasi stagnation. 
Despite research efforts, no break-
through therapies were offered to the 
patients. Thus, the question industry 
needs to ask if current approach is 
indeed “winning”. Alzheimer’s sec-
tor is the best example to analyze. 
Although p-tau and amyloid plaques 
are known hallmarks of the disease, 
current therapy using anti-plaque ap-
proach might not be the best option 
to tackle these diseases. 

In addition, there is undeniable, 
strong need for better research mod-
els and proper diagnostics. Poten-
tially, better biomarkers and com-
panion diagnostics development for 
Alzheimer’s and other neuro condi-
tions will be a winning attitude. 

Moreover, industry should utilize 
its expanding experience with cell 

therapies in oncology to apply its de-
velopment and manufacturing meth-
ods to neuronal cell therapies. It is 
obvious, a shake-up in methodology, 
diagnostics and overall attitude to-
ward neuroscience is needed to find 
these long awaiting cures for such 
debilitating conditions. 
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room units to deploy such processes 
to different location or being cloned to 
a multitude of locations. In addition, 
the volumes processed, for example in 
cell therapy, are much smaller, which  
allowed process intensification and 
the processing within single-use  
assemblies within smaller footprint 
mobile cleanrooms. If the volumes 
would not have gone down and we 
would still live in a world of 20,000L 
volumes, point-of-care processing 
would not [be able to] happen.

Walters (CRB): The industry push 
towards Pharma 4.0 and the wide-
spread adoption of automation and 
digita lization helps drive toward 
consistent and digitally documented 
manufacturing. One of the biggest 
hurdles for a distributed manufac-
turing model is how to maintain 
and ensure quality and consistency 
from site to site. The use of concepts 
like electronic batch records, online 
process monitoring, and automated 

quality testing would go a long way 
to providing quality assurance and 
helping negate site to site nuances. 

PharmTech: What, in your opinion, do 
you foresee as being important trends 
that will impact point-of-use manufac-
turing in the near future?

Jornitz (G-CON): Three factors will 
determine the use of point-of-use 
manufacturing; scalability, controls, 
and quality. With the possibility of 

mass-production of mobile progress-
ing units, we can bring costs down 
and therefore scale such platforms 
much faster. Controls are needed to 
keep these processes and units under 
the robust containment opt ions 
needed, as well as potentially reduce 
the human contamination impact. 
Quality is a must and it starts with 
the design and construction materials 
used. Ultimately, the quality benefits 
will outweigh the cost of bad quality, 
and that will save patients’ lives. 

Walter s (CRB):  To enable point-
of-use manufacturing to go from 
talking point to reality, facilities 
are going to need to utilize robust 
small-scale processing solutions that 
are automated and digitally inte-
grated. To make the business model 
viable, manufactured therapies will  
need to be handled and produced 
with the same level of quality and 
care from site to site. Use of auto-
mated processes, testing, and digital 
monitoring will be essential in ensur-
ing quality and consistency across the 
manufacturing network. PT

Manufacturing —  
Contin. from page 36

“The pandemic 
highlighted that 
we can be more 
flexible within 
our processing 
systems.”

— Maik Jornitz, 
G-CON

https://www.ribbonblenders.com
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Q.In a recent audit, we received an observation 

because we do not have a standard operating 

procedure (SOP) for the archiving of electronic 

records. We keep our electronic data and records on our live 

systems. Why would we need such a procedure?

A. The short answer is because the regulations stipulate 

this. “For new systems, a Validation Summary Report 

for each computerized system should be in place and state 

(or provide reference to) at least the following procedure 

for data archiving (processes and responsibilities), including 

procedures for accessing and reading archived data” (1). 

It is, however, sensible to look at the reasons behind this 

requirement and why it is also good business sense to have 

such a SOP in place. Data and records that are governed by 

the healthcare regulations must be retained and be available 

throughout the mandated retention periods for the respec-

tive records. In the case of clinical data, this can be 25 or 

more years, and for manufacturing records (paper or elec-

tronic), this is typically five or more years. 

Over such a period of time, almost every computerized 

system undergoes modifications for a variety of reasons. 

These include patching the system (e.g., for security), 

installation of new software modules (e.g., for enhanced 

usability), system upgrades, system retirement, or system 

replacement. Any of these changes may or will affect the 

electronic records in the system. Depending on the impact, 

it can or will be necessary to remove the records from the 

system and store them in an archive.

Despite best intentions and good planning, there is always 

the possibility of an unexpected need to archive electronic 

records. That could be because of an unforeseen system 

failure or because the system performance falls below 

acceptable levels. It is not acceptable to wait until such 

an event occurs to write a procedure for the archiving of 

records and data; instead, it is essential to prepare the SOP 

well in advance.

Archiving electronic records is rarely trivial. Simply 

printing out the records is unlikely to either assure the 

entire record is captured or to be compliant with the 

regulations (paragraph 7.7.2 in reference 2). Archiving must 

take into consideration the regulations for automated 

systems and the guidance on data integrity. Especially:

• If data are transferred to another data format or 

system, validation should include checks that data 

are not altered in value and/or meaning during this 

migration process (2)

• Data may be archived. These data should be checked 

for accessibility, readability, and integrity (2).

Practical guidance has been published by various regulatory 

authorities (3,4) and industry associations (e.g., Appendix O1: 

Retention, Archiving, and Migration in reference 5).

In summary, having an electronic-records archiving SOP in 

place is not only a regulatory requirement, but it also makes 

sense from a business perspective. After all, you want to be 

sure that you can access your data and records throughout 

their lifespan and to be certain that the values and information 

therein is still correct and complete. Writing the SOP, however, 

is only a first step, implementing the process and validating it 

are the necessary and logical next steps.
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The Difference between  
Electronic Records  
Retention and Archiving

An SOP for electronic-records archiving is a regulatory requirement and  
good for business, says Siegfried Schmitt, vice president, Technical at Parexel. 

Having an electronic-
records archiving SOP 
in place is not only a 

regulatory requirement, 
but it also makes 

sense from a business 
perspective.

 https://picscheme.org/docview/4234
 https://picscheme.org/docview/4234
https://picscheme.org/docview/4590
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/data-integrity-and-compliance-drug-cgmp-questions-and-answers-guidance-industry
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/data-integrity-and-compliance-drug-cgmp-questions-and-answers-guidance-industry
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/687246/MHRA_GxP_data_integrity_guide_March_edited_Final.pdf
https://ispe.org/publications/guidance-documents/gamp-records-pharmaceutical-data-integrity#


Problems getting your desired release profile?
Trouble masking an unpleasant taste? 

Coating Place can help.

Oral Delivery Innovation 

Custom particle coating
techniques created through 

years of experience

www.coatingplace.com

info@coatingplace.com

Oral solid dosage
DEVELOPMENT

 through
MANUFACTURING

Regulatory 
Support

Analytical
Support

Formulation
Development

Clinical 
Manufacturing

Commercial
Manufacturing

Linear 
Scale Up

The Original Wurster Technology Source
and Leader in Modified Release Coating.

https://www.coatingplace.com


PHARMACEUTICAL MANUFACTURING TECHNOLOGY IS SCIENCE. 
CUSTOMIZED SOLUTIONS AT THE RIGHT SCALE IS ART. 

US + 1 888 SOLUTION (765-8846)   EUR  00800 8855 6178   catalent.com/manufacturing   © 2022 Catalent, Inc. All rights reserved.

Successful product launches and reliable commercial supply are built on cutting-edge manufacturing 
science, seamless tech transfers, and the art of customized solutions at the right scale. 

Catalent’s track record in supporting hundreds of tech transfers and product launches every year, 
coupled with industry leading manufacturing technologies, customizable suites and flexible end-to-
end solutions at the right scale, will help get your products, orphan or blockbuster, to market faster, 
turning your science into commercial success.  

WHERE SCIENCE 
MEETS ART. 

PT.indd   1PT.indd   1 6/24/22   2:14 AM6/24/22   2:14 AM

https://www.catalent.com/oral-dose/oral-manufacturing/

	PT0722_001_Cover
	PT0722_Ads_COV2
	PT0722_Ads_03
	PT0722_004-006_TOC
	PT0722_Ads_05
	PT0722_004-006_TOC
	PT0722_Ads_07
	PT0722_008_SalesMasthead_CEOLetter
	PT0722_Ads_09
	PT0722_010_EditMasthead_FTE
	PT0722_Ads_11
	PT0722_012_ProductSpotlight
	PT0722_Ads_13
	PT0722_014-015_RegWatch
	PT0722_016-019_CoverStory_DrugPackaging_Thomas
	PT0722_Ads_17
	PT0722_016-019_CoverStory_DrugPackaging_Thomas
	PT0722_020-022_Development_MolecluleCharacterization_Bruker
	PT0722_Ads_21
	PT0722_020-022_Development_MolecluleCharacterization_Bruker
	PT0722_Ads_23
	PT0722_024-027_Development_HPAPIs_Challener
	PT0722_Ads_25
	PT0722_024-027_Development_HPAPIs_Challener
	PT0722_028-029_Development_BiologicsFomulation_Thomas
	PT0722_030-033_Manufacturing_Automation_Markarian
	PT0722_Ads_31
	PT0722_030-033_Manufacturing_Automation_Markarian
	PT0722_034-036_Manufacturing_PointofUse_Leon
	PT0722_Ads_35
	PT0722_034-036_Manufacturing_PointofUse_Leon
	PT0722_Ads_37
	PT0722_038-043_Manufacturing_Packaging_Focinio
	PT0722_Ads_39
	PT0722_038-043_Manufacturing_Packaging_Focinio
	PT0722_Ads_41
	PT0722_038-043_Manufacturing_Packaging_Focinio
	PT0722_044-047_PeerReview
	PT0722_048-051_Analytics_ExtractablesLeachables_Element
	PT0722_Ads_49
	PT0722_048-051_Analytics_ExtractablesLeachables_Element
	PT0722_052-054_BigPharma_Neuro_Spivey
	PT0722_Ads_53
	PT0722_052-054_BigPharma_Neuro_Spivey
	PT0722_Ads_55
	PT0722_056-058_AsktheExpert
	PT0722_Ads_57
	PT0722_056-058_AsktheExpert
	PT0722_Ads_COV3
	PT0722_Ads_COV4



