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Rita Peters is editorial 
director of Pharmaceutical 
Technology. Send your 
thoughts and story ideas to 
rpeters@mjhlifesciences.com.

Rita C. Peters

P eople often embrace information 
sources that align with their per-
sonal beliefs and reject opposing 

viewpoints that they do not want to hear. 
When the source of the information is 
not subject to fact-checking or ethical 
standards, inaccurate information, dis-
information, and outright conspiracy 
theories replace science-based expert 
insight and facts. 

Disinformation from many differ-
ent—and sometimes unknown sources—
is contributing to a growing credibility 
problem for institutions normally en-
trusted with public health decisions. At 
the same time, actions by some of those 
institutions, including the Centers for 
Disease Control (CDC), FDA, and bio-
pharma companies, may be lowering 
public trust in vital health matters.  

Missteps, such as the September 2020 
release, then retraction by the US CDC 
of a guidance on airborne transmission 
of the virus (1), undermine confidence in 
the very institutions that should be the 

“gold standard” for health information. 
The credibility of pharmaceutical 

development, public health authorities, 
and FDA are in question, as illustrated 
in a survey by the Kaiser Family Foun-
dation (KFF) (2). A majority of people 
(62%) surveyed from Aug. 28–Sept. 3, 
2020 said they are concerned that pres-

sure from the Trump Administration 
will cause FDA to rush approval of a 
vaccine without ensuring it is safe and 
effective. About 40% said FDA and 
CDC are paying too much attention to 
politics when reviewing and approving 
treatments or issuing guidelines and 
recommendations.

Despite the volume of information 
published by credible sources, the KFF 
survey found that nearly half of the 
respondents held at least one miscon-
ception about six coronavirus-related 
facts about the existence of a cure or 
vaccine, the effectiveness of hydroxy-
chloroquine, whether children can 
transmit the virus, and the wearing of 
face masks. 

Who can you trust?
When KFF conducted the survey in 
April 2020, 83% of respondents said 
they had a “fair amount” or “great deal” 
of trust in the CDC; in the latest study, 
that number dropped to 67%. Trust in 
Anthony Fauci, director of the National 
Institute of Allergy and Infectious Dis-
eases and the leading government figure 
on pandemic response, declined;  78% of 
respondents in the April poll said they 
had a “fair amount” or “great deal” of 

trust in Fauci compared with only 68% 
in the September poll. 

In an open letter issued in early Sep-
tember 2020, leaders of the Biotechnol-
ogy Innovation Organization urged 
biopharmaceutical companies to ensure 
the “integrity, transparency, and objec-
tive assessment” of clinical data when 
seeking drug and vaccine approvals. 
Top executives of nine companies de-
veloping COVID-19 vaccines promised 
to adhere to the scientific process and 
regulatory guidelines and prioritize pa-
tient safety (3). And, career FDA leaders 
maintained that the agency is commit-
ted to science, while acknowledging it 
operates in a political environment (4).

The COVID-19 pandemic has been a 
new, unnerving experience for society. 
Scientific and medical communities 
scrambled to research, react, and develop 
appropriate medical responses. The lack 
of a coordinated, authoritative message 
about best practices to control the virus 
spread has fueled more than infections; 
it has sown distrust that will undermine 
further response and recovery.

References
1.   M. Mishra, “US CDC Takes Down Coro-

navirus Airborne Transmission Guid-
ance,” www.reuters.com, Sept. 21, 2020.

2.  H. Hamel, et. al., “KFF Health Tracking 
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Election, The Role of Misinformation, 
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Vaccine,” www.kff.org, Sept. 10, 2020.

3.   J. Wechsler, “FDA’s “Gold Standard” Crit-
ical for Biopharma R&D,” www.Pharm-
Tech.com, Sept. 8, 2020.
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1000-Gallon Pivoting 
Triple Shaft Mixer 
The ROSS VMC-1000 VersaMix is 
a 10 0 0 -gal lon tr ip le -shaf t mixer 
available on a pivot-design single-
post hydraulic lift. The new design 
allows the machine to be raised 
from a vessel, rotate 90 degrees, 
and lowered into another vessel, 
w h i c h  a l l o w s  f o r  c o n v e n i e n t 
discharge of f inished product in 
the first vessel while a new batch 
is being made in the second. By 
reducing overall processing time and 
minimizing downtime, the pivoting mixer saves time and money 
while simplifying the mixing, discharging, and cleaning operations, 
according to the company. The mixer is available across a full range 
of working capacities, from 1 quart to 2000 gallons.

Charles Ross & Son Company 
www.mixers.com

Portable Air Particle 
Counter for Cleanrooms
Beckman Coulter L ife Sciences 
announced that its MET ONE 3400+ 
portable air particle counter is now 
available for cleanroom compliance.

The particle counter allows users 
to import their standard operating 
procedure routine environmental 
monitor ing maps and sampling 
configurations into the counter, which reduces human error and can 
improve data integrity, according to the company. The electronic 
records are then reviewed and approved through a web browser 
and exported via the Ethernet.

After the sampling reports are electronically signed by on-site 
monitoring professionals, the repor ts are expor ted to the 
customer’s network or to a USB device. No external software is 
needed to use the instrument, and facility managers have constant 
access to their environmental monitoring data, including all sample 
results and alarms.

Beckman Coulter Life Sciences 
www.beckman.com

Automated Perfusion System
Cytiva announced that it 
is launching the Xcellerex 
Automated Per fus ion 
System (APS), a device 
a im e d a t  s im p l i f y ing 
processes and reducing 
risks when intensifying 
ups t ream opera t ions . 
Integrated with Cytiva’s 
Xcellerex XDR bioreactors, the APS system comes equipped with 
filter switching, liquid management, and cell bleed to reduce risk 
of human error and increase process robustness, a company press 
release said. The system also eliminates bottlenecks along the 
perfusion process, which increases productivity and output.

Cytiva 
www.cytivalifesciences.com

Compact Capillary 
Electrophoresis System
The Spectrum Compact CE System 
from Promega is a benchtop capillary 
electrophoresis (CE) instrument that 
allows users to perform sequencing 
and fragment analysis at the bench 
in laboratories of all sizes. It features 
run schedul ing , an easy-to -use 
interface, convenient benchtop size, 
separate plug-and-play consumables, 
a n d  o n - s i t e  i n s t a l l a t i o n  a n d 
operational training. 

Additionally, the system supports microsatellite instability 
analysis, mixed sample analysis, forensic STR analysis, and cell line 
authentication while processing up to 32 samples in a single run. 
Users can access the instrument via an integrated touchscreen 
or through added software that provides access to any computer 
on the same network. Guided software can also enable capillary 
electrophoresis capabilities to users regardless of skill level.

Promega 
www.promega.com
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Will COVID-19 Pandemic Finally 
Establish Drug Quality Metrics?

F or decades, FDA officials have 
offered both carrots and sticks to 
encourage industry adoption of 

advanced manufacturing methods able 
to ensure product quality and avoid 
drug shortages. The goal is to shift 
away from outdated batch manufac-
turing systems that increase the risk of 
production problems and raise costs by 
offering reduced regulatory oversight 
to firms able to document high-quality  
manufacturing processes and reduced 
product defects and regulatory snafus. 
However, pharma companies have re-
mained leery of required reporting 
of performance measures for fear of 
revealing proprietary information 
and damaging reports, even resisting 
the agency’s more recent proposal  
for voluntary submission of informa-
tion that would support rankings of 
firms based on quality culture and 
target achievements. 

Now this initiative may gain impe-
tus from operational and supply issues 
created by the COVID-19 pandemic. 
Curbs on international trade and 
travel have highlighted the dangers of 
relying on Chinese and other foreign  
manufacturers for supplies of APIs as 
well as antibiotics and other vital med-
icines, especially as the halt in most 
on-site facility inspections further 

limited oversight of overseas suppliers. 
FDA has moved to assess regulatory  
compliance and product quality 
through past inspection reports, prod-
uct defect and adverse event filings, 
recall information, and consumer 
complaints. The agency can evaluate 
product quality through sampling 
and testing in agency labs and also 
review social media postings citing 
drug adverse event reports or patient 
concerns about accessing a needed 
therapy. And inspection information 
from foreign regulatory authorities 
under existing mutual recognition 
agreements (MRAs) can supplement 
in-house information.

The situation has bolstered support 
for encouraging biopharma manu-
facturers to shift more production to 
the United States, a high-profile ini-
tiative of the Trump Administration. 
In a Sept. 10, 2020 opinion piece on 
CNBC.com, FDA Commissioner Ste-
phen Hahn and Deputy Commissioner 
Anand Shah proposed that investment 
in modern manufacturing technol-
ogies can increase the efficiency and 
reduce costs of medical products, while 
also reducing the regulatory burden on 
companies through real-time assess-
ments of drug quality (1). 

This proposal follows an August 
posting on FDA’s website by Hahn 
and Shah that describes more fully 
how advanced manufacturing can 
relieve strain on medical product 
supply chains and ensure quality 
production of vital medicines (2). 
They cite a partnership between 
the Center for Drug Evaluation and 

Research (CDER) and the Biomed-
ical Advanced Research and Devel-
opment Authority to explore how  
cont inuous manufacturing tech-
niques can improve capacity for 
rapid medical countermeasure pro-
duction during emergencies. And 
FDA is supporting the development 
of an International Council for Har-
monization (ICH) guideline on con-
tinuous manufacturing as part of its 
Q13 proposal. 

FDA continues to devise strate-
gies that encourage pharma compa-
nies to invest in modern manufac-
turing systems, primarily through 
submission of data documenting 
how resulting products meet or ex-
ceed FDA quality standards. CDER 
has gone through several iterations 
of such quality metrics initiatives 
and now has stepped back to learn 
more about how firms already col-
lect quality data and how they utilize 
this information to improve product 
performance and reliability (3). 

In 2019, CDER’s Office of Product 
Quality (OPQ) visited 15 manufac-
turing facilities that volunteered to 
demonstrate how they use quality 
metrics and other measures inter-
nally to promote quality production. 
Important early takeaways are that 
it can take years for a manufacturer 
to get quality metrics and quality 
programs up and running, reported 
Lucinda (Cindy) Buhse, director of 
OPQ’s Office of Quality Surveillance, 
in a presentation to the September 
regulatory conference sponsored by 
the Consumer Healthcare Products 

Drug shortages and supply chain challenges  
bolster FDA efforts to promote modern manufacturing.
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Association (CHPA) (4). She noted 
that quality metrics are challenging 
because companies need to establish 
consistent methods and definitions 
within a facility, among a compa-
ny’s different facilities, and between 
the company and its contractors. A 
successful program involves inte-
grating quality metrics throughout 
a company, “up to the CEO,” she 
commented, so that these measures 
become part of a firm’s strategic plan 
and include predictive analytics that 
can help a company prevent devia-
tions and production issues. 

Also at the CHPA conference, Steve 
Greer, Corporate Quality Assur-
ance External Engagement Leader at 
Procter & Gamble, described the ben-
efits of participating in FDA’s site visit 
program in 2019. FDA raised ques-
tions about how P&G defines quality 
metrics, how it measures quality cul-
ture, which metrics are more predic-
tive, and which are most important 
in providing insight into the health 
of the organization, he said (4). 

One immediate need, Greer and 
Buhse emphasized, is for manufactur-
ers to participate in a Dun & Bradstreet 
Quality Benchmarking Study funded 
by FDA, which aims to assess data from 
some 2000 industry establishments on 
what metrics firms use to assess manu-
facturing performance. D&B is partner-
ing with the University of St. Gallen in 
Switzerland to conduct the study with 
the aim of improving global under-
standing of which quality management 
practices are most effective (5). 

CDER also is moving ahead with 
a “feedback program” that involves 
FDA staffers analyzing and assessing 
quality data from a manufacturer and 
then reviewing its findings with the 
firm on a confidential basis. Thirteen 
establishments are submitting qual-
ity metric data on lot acceptance and 
invalidated out-of-specification rates, 
product quality complaints, quality 
culture, and process performance. 
CDER staf fers began discussing 
their analyses with firms in virtual  

meetings that began in May 2020 
with an eye to completion by the end 
of this year. 

This information from manufac-
turers, both through site visits and 
feedback discussions, will help FDA 
revise and finalize draft guidance 
on quality metrics. Buhse noted that 
manufacturers have raised concerns 
about data validation, how FDA will 
address different types of companies 
and products, and how the agency 
wi l l dea l with products made at 
multiple sites and sites that produce 
multiple products. 

Achieving “mature” quality status
The larger vision for FDA is that 
the quality metrics program wil l 
advance from basic quality manage-
ment systems to more mature, pro-
active quality management maturity 
(QMM) programs that focus on out-
comes affecting patients. Buhse de-
scribed QMM as a “larger umbrella” 
for quality metrics, involving sup-
ply chain management and change 
management that together provide 
evidence that a f irm can reliably 
provide a drug to customers. 

In a report on drug shortages in 
2019, CDER makes the case that 
manufacturers able to demonstrate 
high-quality drug production, as 
documented through a QMM system, 
should be able to use this achieve-
ment as a selling point with purchas-
ers and the public that want to avoid 
shortages and quality problems (6). A 
new pilot in 2021 may offer reduced 

routine monitoring to firms and fa-
cilities that demonstrate QMM. And 
FDA anticipates important gains if 
staff can spend less time and effort 
dealing with emergency shortages 
and other supply chain issues. 

QMM involves meeting current 
good manufacturing practice stan-
dards as a minimum requirement for 
a firm to assure the proper design, 
monitoring, and control of a man-
ufacturing process and facility. Ad-
vanced change management, as out-
lined by the ICH Q12 guideline on 
streamlining postapproval changes, 
requires a manufacturer to demon-
strate a clear understanding of pro-
cess performance. 

Most important for QMM is a man-
agement commitment to maintaining 
a quality operation. “Management sets 
the tone” for a company to take own-
ership of quality, Buhse noted. This 
involves a focus on performance, on 
outcomes that affect patients, and on 
efforts to reduce those quality issues 
that lead to complaints. A company may 
need to update busines processes and 
be willing to invest in facility improve-
ments, in needed equipment, in staff 
training, and in quality systems, while 
also supporting analytics able to fore-
cast supply issues and market changes. 
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Unique Molecules Push 
Formulation Boundaries 
Felicity Thomas

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

cal pipelines,” he adds. “In terms of oral 
drug delivery, it is currently estimated 
that 70–90% of small molecules in the 
pipelines have solubility and bioavailabil-
ity challenges. This number has doubled 
compared to over 10 years ago.” 

As a result of these solubility and bio-
availability difficulties, conventional 
formulation approaches do not neces-
sarily suffice, Konagurthu continues. 

“Depending on the physicochemical 
properties of the drug molecule, ap-
propriate technologies and formulation 
strategies will have to be identified and 
evaluated,” he says.

For Hawe, the majority of trends 
that have been seen by industry in the 
area of formulation strategies has re-
sulted from the increased diversity of 
biopharmaceutical molecules. “While 
monoclonal antibodies are still import-
ant, new formats—such as artificial 
peptides, fusion molecules, antibody 
fragments or bi/tri-specific antibodies—
require new formulation concepts and 
novel analytical approaches,” she as-
serts. “This holds true also for advance 
therapy medicinal products (ATMPs), 

I ncreasingly challenging and com-
plex molecules entering the de-
velopment pipeline are changing 

the way formulation development 
is approached. Furthermore, time 
and cost are considered to be at a 
premium, and demand for products 
to be commercially viable in the 
shortest time possible within a lim-
ited budget is ever more apparent.

According to market research, 
formulation is a key opportunity in 
drug development as formulation 
issues or challenges can readily lead 
to project failure or significant de-
lays (1). “New molecule formats and 
extreme concentrat ions demand 
tailored formulation strategies in-
stead of platform approaches now,” 
explains Andrea Hawe, co-founder 
and chief scientific officer of Cori-
olis Pharma.

Challenging compounds,  
enabling technologies

“The biggest trends that have been ob-
served in formulation strategies over 
the past few years are that pharma 
companies are more open to complex 
technologies to address pipeline issues,” 
notes Jim Jingjun Huang, founder and 
CEO, Ascendia Pharmaceuticals. “Ad-
ditionally, the increasing application of 
enabling technologies for use in chal-
lenging compounds, such as BCS [Bio-
pharmaceutics Classification System] II 
and IV, is trending.”

This latter point, on challenging 
compounds, is of utmost importance 
for Sanjay Konagurthu, senior director, 
science and innovation, Pharma Services, 
Thermo Fisher Scientific. “Small mole-
cules are still the largest segment of drug 
development in the industry. Oral and 
injectables dominate the pharmaceuti-
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such as viral vectors for gene therapy or 
cell-based products, which are emerg-
ing rapidly, and where a lot of move-
ment in the years to come is expected.”

Additionally, Hawe emphasizes that 
there is a trend toward high-concen-
tration protein products, even beyond 
200 mg/mL, of late, which has been 
sparked by the rising use of autoinjec-
tors for subcutaneous self-administra-
tion and intravitreal administration. 

“For such products, formulation devel-
opment needs to focus on viscosity and 
aggregation, next to chemical and con-
formational stability,” she says. “On the 
contrary, products that require ultra-low 
concentration formulations, for example 
bispecific T-cell engager, are also being 
developed. Here, surfaces adsorption 
and the development of suitable ana-
lytical methods are the challenges that 
formulation scientists must deal with.”

As a result of molecular and route-of- 
administration demands, project-spe-
cific approaches are now required, and 
for Hawe, these approaches should be 
based on existing, FDA-approved gen-
erally recognized as safe excipients, as 
there is a clear hesitancy by the pharma 
community to use novel excipients. 

“The analytical methods need to be 
developed so that they preferably mea-
sure the sample as-is,” she notes. “Thus, 
it is good to see a constantly increasing 
analytical portfolio including new sub-
micron and micron particle character-
ization techniques and multi-attribute 
mass spectrometry methods.”

Considerations and practical tips
Both clinical and business objectives are 
important to consider when evaluating 
the most appropriate formulation strat-
egy, according to Konagurthu. “Once the 
clinical and business objectives have been 
established, however, it is important to 
identify the quality target product profile 
(QTPP) of the drug and a phase-appro-
priate strategy that can accelerate drug 
development,” he says. “Special focus on 
performance, manufacturability, and sta-
bility is of course ultimately required for a 
drug to be commercially viable.”

The most appropriate formulation 
strategy will vary depending on each 

specific situation, emphasizes Hawe. By 
way of example, she specifies situations 
where there may be a small amount of 
material available or where the product 
is in preclinical trials, for which, she ex-
plains, it could be useful to develop a first 
reasonably stable, but not yet fully opti-
mized formulation. “At later stages, when 
more material is available, but timelines 
are more aggressive, the strategy can 
include a parallel development of liquid 
and lyophilized formulations, for exam-
ple,” she says.

When the project is in the early phase, 
the probability of success to test in first-
in-human or first-in-patient is the most 
important consideration for evaluating 
formulation strategy, stresses Huang. 

“Once the project has successfully tran-
sitioned to the market formulation de-
velopment (Phase IIb/III), then market 
acceptability or commercial aspect, 
scalability, intellectual property pro-
tection, and cost all become equally 
important,” he adds.

In terms of practical tips for developing 
a formulation strategy, Hawe highlights 
the importance of a reasonable chemis-
try, manufacturing, and controls (CMC) 
formulation development package early 
on in development. “Approaching clinical 
trials with a suboptimal formulation and 
facing stability issues or other challenges 
in later stages is, in the end, more time 
consuming and expensive,” she states.

For Huang, “following the science” 
when developing a formulation strategy 
is a requisite for a successful development 
program. “A rational design of tox and 
human formulations for the precious 
ingredients is critical to ensure a suc-
cessful proof of concept in humans,” he 
says. “The key aspects for successful tox 
and early-phase formulation develop-
ment consist of preformulation of the 
drug candidate, biopharmaceutical eval-
uation, analytical method development, 
formulation development, and [current 
good manufacturing practice] CGMP 
manufacturing for clinical trials.”

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

Konagurthu. “Also, excipients are not 
always inert and an understanding of 
how they might impact physiological 
targets should be considered. Building 
expertise and internal knowledge da-
tabases can be used to build predictive 
formulation tools.”

Hurdles and common mistakes
A major hurdle in developing the best 
formulation strategy, in Hawe’s opinion, 
is the compromise between being as fast 
as possible to the clinic and performing 
sufficient studies so that a high quality 
and stable product is developed. “Of-
tentimes, customers approach partner 
companies too late or with unrealistic 
timelines for full-scale formulation de-
velopment but we then aim to find a sat-
isfying middle ground,” she says.

Time and cost are also considered to 
be major issues for Huang, who com-
ments that it is common for contract 
development and manufacturing or-
ganizations (CDMOs) to be expected 
to provide proof-of-concept for a cus-
tomer’s compound from preclinical to 
in-human trials as quickly as possible 
and for a limited budget. “Therefore, it is 
important to come up with very efficient 
formulation strategies to meet these de-
mands,” he adds. “In some cases, for very 
challenging compounds, it is possible to 
encounter a choice between developing 
the best formulation and being able to 
meet the budget and time demands.”

Moreover, there are hurdles to over-
come in terms of the characteristics of 
drug molecules. “Some drug molecules 
can be very labile and, as a result, can pro-
vide significant chemical and physical sta-
bility challenges to the formulator,” con-
tinues Konagurthu. “Constraints on dose, 
drug loading in the dosage form, size, and 
weight can also present challenges.”

However, oftentimes companies do not 
allocate sufficient time and resources to 
developing an optimal formulation strat-
egy for challenging compounds, stresses 
Huang. “The main goal for early-phase 
development is to test the compound’s 
safety and efficacy for the intended thera-
peutic indications in animal and humans,” 
he says. “Tremendous efforts need to be 
placed in improving the pharmacokinetic 
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properties of compounds and ensuring 
bioavailability in animal models and 
human Phase I and II studies. A desired 
compound’s systemic exposure in testing 
subjects is prerequisite to meet the goals 
of early development. Otherwise, the 
drug program could be at a higher risk 
of costly failure in first-in-human and at 
later stages of development.”

Konagurthu also emphasizes that 
significant delays in timelines and over-
use of critical resources can result when 
companies employ an empirical tri-
al-and-error approach toward formula-
tion, process development, and scale-up. 

“Lack of a thorough understanding of 
the in-vitro and in-vivo performance, 
process design space, and stability can 
lead to delays and program re-starts,” 
he explains. “Having an in-depth un-
derstanding of performance, manufac-
turability, and stability is important at 
all stages of product development and 
eventual commercial launch.”

In Hawe’s experience, there are three 
common mistakes that are made when 
developing a formulation strategy. “First, 
using excipients that are not FDA-ap-
proved and are not available in the re-
quired pharmaceutical quality. This can 
easily be omitted but happens surprisingly 
often,” she says. “Second, not considering 
the target product profile (TPP) and the 
requirement for a later manufacturing 
when starting formulation development. 
Third, skipping certain analytical meth-
ods and with it being blind for certain 
instabilities. Sometimes orthogonal ap-
proaches might seem like an overinvest-
ment, but each technology has its blind 
spots and we need orthogonality to com-
pensate for that.”

Technological  
advancements and trends
Although there may not be a single, magi-
cal technology that can make formulation 
development both quick and easy, Hawe 
notes that there are many small improve-
ments that, in combination, can facilitate 
the process. “The application of artificial 
intelligence (AI) and improved statistical 
methods, for example, may reduce the 
number of experiments; better method 
automation/throughput and lower sam-

ple consumption will deliver more in-
sights in less time or with less material; 
and advanced scientific understanding 
will improve decision making and reduce 
failures,” she says.

Technologies that enhance the solubil-
ity and permeability of drug candidates 
are important in the facilitation of for-
mulation design for Huang. Optimiza-
tion of solubility and bioavailability is 
achievable through using suitable deliv-
ery systems by screening a set of tech-
nology platforms that address different 
compound challenges in hydrophilicity, 
lipophilicity, permeability, and melting 
point, he explains.

“The use of predictive models can 
provide insights into formulation and 
technology selection based on the API’s 
physicochemical properties,” Konagur-
thu adds. “Use of a comprehensive ma-
terial property database facilitates the 
development of predictive models that 
serve to guide formulation development. 
Advanced techniques such as compac-
tion simulation can guide a rational, 
material-sparing formulation strategy.” 

Additionally, when using predictive 
models, such as thermodynamics, dis-
crete element method, or computational 
fluid dynamics for process development, 
it is possible to gain valuable insights into 
formulation design, Konagurthu con-
tinues. “Accelerated stability assessment 
programs can rapidly guide excipient 
selection in formulations and packaging 
design,” he says. “Use of physiologically 
based pharmacokinetic models to under-
stand in-vivo performance can also aid 
in guiding formulation strategies (e.g., 
modified/controlled release).”

Moreover, Hawe believes that predic-
tive methods, along with prior-art expe-
rience, will become ever more important 
for formulation development. “New and 
better predictive indicators, for example, 
for protein stability as well as base for-
mulation development, will lay the foun-
dation of future formulation strategies,” 
she states. “On top of that, data science 
in combination with AI will allow the 
required experiment to be narrowed 
down and to focus on the formulation 
corridor. While the development strategy 
will still be tailored to the specific prod-

uct and situation, I expect development 
programs to become more efficient.”

An emerging trend that has the poten-
tial to help companies with the increas-
ing pressures on quality, pricing, and 
productivity, is in the form of continuous 
manufacturing, remarks Konagurthu. 

“Continuous manufacturing can deliver 
higher quality oral solid-dose products, 
with greater flexibility and a reduced 
total cost of supply,” he says. “Formula-
tion strategies for continuous manufac-
turing will require adopting a materials 
science-based approach.” 

Benefits of partnerships
Outsourcing partners should play a cru-
cial and integral role in formulation strat-
egy, notes Huang. A partner can provide 
expertise in CMC, technology, and reg-
ulatory affairs, or can act as a traditional 
pharmaceutical R&D department for the 
sponsor company, he states.

“A knowledgeable CDMO partner can 
help bolster product knowledge through-
out all phases of a program lifecycle,” adds 
Konagurthu. “A CDMO with hands-on 
experience with a host of compounds and 
formulations can help build quality-by-de-
sign (QbD) into a product, as they will have 
deep knowledge to draw on for addressing 
problems that arise during development.”

Application of QbD principles early on 
in development, along with predictive 
models and risk assessment tools, are use-
ful in mapping the design space for the 
formulation and processes, and ultimately, 
developing commercially viable formula-
tions and processes, Konagurthu notes.

“The biggest benefit of having a special-
ist partner for formulation development is 
the experience and scientific knowledge 
that can be applied to the benefit of our 
clients,” Hawe summarizes. “However, 
formulation development is not just a 
strategy. Specialized analytics, dedicated 
methods, and excellent scientists to run 
them are all required and are assets an 
experienced partner can provide.”
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forming units (CFUs) are used to com-
pensate for any loss of viability upon 
storage. That approach isn’t possible 
for pharmaceutical products, so the goal 
during manufacture is to maximize the 
number of cells that are viable through-
out the entire production process, ac-
cording to Aaron Cowley, chief science 
officer with Arranta Bio. 

“One of the key attributes associated 
with LBPs is the ability to keep the cells 
alive and healthy over a duration of time, 
thus allowing them to function as they 
are designed,” says Synlogic Therapeutics 
Chief Operating Officer, Tony Awad. The 
sum of the stresses that the organisms ex-
perience during upstream, downstream, 
fill/finish, storage, and rehydration will 
determine if the organisms will retain vi-
ability and activity, he adds. Each of the 
processing steps, therefore, needs to be 
optimized, because they can all have an 
impact on subsequent stability.

Processes also need to be designed 
for scalability, Cowley adds. “Because 
most of the organisms that comprise 
LBPs tend to be unstable, it is essential 
to minimize process times in order to 
minimize die off. Effective small-scale 
processes that take much longer to com-
plete when performed at large scale are, 
therefore, not practical for commercial 
LBP manufacturing,” he explains.

Viability, and thus stability, depends 
on a number of factors, including not 
only the general fermentation condi-
tions and harvest technique, but also 
excipient/cryopreservative selection 
and the lyophilization process, accord-
ing to Cowley. He also stresses that de-
velopment of an optimum cell bank is 
crucial as well. “Optimizing the master 
cell bank is necessary to ensure that the 
organism being produced is optimally 
healthy, exhibits the right performance 
behaviors, and is generated in the max-
imum yield,” he observes. 

Whether the strains are delivered as a 
single organism or consortium can also 
affect the stability of LBPs, as can the 
type of organism. “For example, spore-
formers can have greater stability allow-
ing for storage at room temperature but 
may come with side effects as these bac-
teria have the potential to become patho-

E  xcipients are widely recognized 
as vital to the development of  
effective small-molecule and bi-

ologic drugs, with a wide range of 
approved compounds of varying chem-
istries providing functionality from 
taste-masking to stabilization. The lat-
ter is also crucial for vaccines and live 
biotherapeutic products (LBPs), which 
can suffer degradation during both up-
stream and downstream processing, fill/
finish, packaging, storage, and transport. 
The properties of different LBPs and 
vaccines can differ widely, and thus 
careful selection of the right excipients 
is essential. Doing so is not easy, however, 
and requires experience with these chal-
lenging products and access to effective 
screening technologies.

As understanding of the role the 
human microbiome plays in human 
health and disease has increased, many 
academic research groups, startups, 
and Big Pharma firms have developed 
microbiome-based diagnostics and ther-
apies, a number of which are advancing 
through the clinic. In 2018, at least 200 
companies were active in the microbi-
ome space, and 2400 clinical trials were 
underway (1); between January 2016 and 
July 2019, more than $5.4 billion was in-
vested in partnerships and acquisitions 
related to LBPs (2).

Stability challenges  
with LBPs and vaccines
LBPs by definition comprise living or-
ganisms that exhibit a desired activity 
within the human body. They have, 
in fact, been incorporated into probi-
otic foods and dietary supplements for 
many years, but typically, excess colony 

Excipients must be carefully chosen  
to ensure optimum protection for  
vaccines and live biotherapeutic products.

Factoring Stability  
in the Biologic Drug Mix
Cynthia A. Challener

Cynthia A. Challener, PhD, is a 
contributing editor to Pharmaceutical 
Technology.
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genic,” Awad observes. Comprehensive 
characterization of LBP strains is also 
essential. “Knowledge of critical param-
eters and acceptable ranges—redox, os-
molality, etc.—and how to control them 
is necessary to achieve and maintain the 
proper functionality throughout the pro-
duction process,” Cowley asserts.

Stability issues can also occur at any 
stage of a vaccine’s development lifecycle, 
according to Jee Look, senior director of 
drug product development for Emergent 
BioSolutions’ contract development and 
manufacturing organization (CDMO) 
business. “In some cases, instability that 
occurs during upstream/downstream 
processing can be mitigated during final 
drug product manufacturing, but it is 
important to identify and understand 
the mechanisms of instability early in the 
pre-formulation stage as instability in the 
final drug product would have the larg-
est impact on patient safety and overall 
production efficiency and would be more 
costly to fix,” he says. 

The instability characteristics possible 
with a given vaccine also depend on the 
vaccine type, whether it is a live virus, 
inactivated virus, virus-like particle, or 
some other type of subunit, recombi-
nant, or conjugate vaccine. The use of 
aluminum adjuvants can also create dif-
ferent challenges with respect to vaccine 
stability. “It is important to understand 
the mechanism of action of each type of 
vaccine in order to design the formula-
tion and deal with the instability issue,” 
Look concludes. 

Role of excipients in  
LBP and vaccine stabilization
Stabilization of LBPs involves different 
mechanisms and thus different excip-
ients. For LBPs stored at frozen con-
ditions, cryoprotectants are necessary, 
while those that undergo lyophilization 
will require lyoprotectants, according to 
Awad. For these applications, excipients 
are added to the cell slurry obtained 
following harvest to maintain viability 
through the harsh freezing and drying 
process, which can be damaging to live 
microorganisms, according to Cowley. 

“Both of these options can lead to bet-
ter shelf life of the LBP,” Awad observes. 

Excipients are also used in final LBP 
formulations to influence cellular size 
and structure and help stabilize LBPs 
during cryopreservation and/or to pref-
erentially bind moisture to ensure via-
bility and activity are maintained once 
the product is packaged, Cowley adds.

Many organisms developed as live 
therapeutics also tend to combine into 
long chains. “These aggregates can lead 
to low CFU results because many tens of 
cells (or more) are detected as just one 
colony,” Cowley explains. In this case, 
use of appropriate media can minimize 
aggregation. “At Arranta Bio, we have 
found that certain media formulations 
in particular prevent aggregation re-
gardless of the type of organism, allow-
ing for the development of optimum 
processes,” Cowley says.

For vaccines, different types of excipi-
ents play important roles during vaccine 
production, formulation, fill/finish, and 
storage processes, according to Look. 

“Selection of excipients can be a complex 
consideration beyond stability issues 
and can also depend on the target prod-
uct profile (TPP), logistics, and business 
market complexities,” he comments.

For instance, if the TPP requires a long 
shelf life and/or high temperature storage, 
the vaccine would need to be converted 
into solid form. In this situation, Look 
says sugar excipients such as sucrose 

could play an important role. For live vac-
cines, which can be susceptible to manu-
facturing and storage loss, some type of 
protein stabilizer such as human serum 
albumin or gelatin may be required. 

Antibiotics are also used to prevent 
growth of bacteria during production 
and storage, and stabilizers such as 
monosodium glutamate (MSG) and 
2-phenoxyethanol are used to protect 
vaccines from heat, light, acidity, or 
humidity during processing and storage.

LBP solutions
Cryoprotectants and lyoprotectants are 
the most critical excipients for LBP sta-
bilization and function by minimizing 
cell damage caused by ice crystal forma-
tion during freezing, according to Awad. 
Some cryopreservatives penetrate the 
cells, but all generally influence viscos-
ity, osmolality, surface tension, and other 
properties, according to Cowley. “The 
goal is to choose the right mixture that 
provides the optimum conditions for 
each specific organism to survive during 
cryopreservation,” he says.

This type of protection, according to 
Awad, is important whether the LBP is 
stored as a frozen liquid or lyophilized 
to produce a powder for oral suspension. 
He also notes that additional excipients 
may be required if the mechanism of 
instability is known. “For example, an-
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Kalchem International received an FDA warning let-
ter in August 2020 for violations found during a Feb-
ruary 2020 inspection of its Lindsay, OK, facility (1). 

In the letter, FDA noted the company shipped 
drug product before receiving the certificate 
of analysis with assay results from its contract 
laboratory, and batch records were reviewed 
and approved after the batch was released. The 
company’s quality unit also failed to adequately 
ensure that API met current good manufacturing 
practices, records were not maintained and 
reviewed for each API that was relabeled, and re-
packaging batch records were also not adequately 
reviewed before release.

Acella Pharmaceuticals was cited by FDA in an 
August 2020 warning letter following inspection 
of the company’s Alpharetta, GA, facility, in 

December 2019 and January 2020.  FDA reported 
that the company had not established laboratory 
controls; in addition, an active ingredient assay 
specification developed with the company’s 
contract manufacturing organization (CMO) was not 
appropriate and was outside the acceptance criteria 
of the United States Pharmacopeia monograph.

The company also failed to establish an adequate 
quality control unit and failed to properly oversee 
the CMO to ensure that expiration dating claims 
were supported by adequate stability data.
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tioxidants may be utilized if the strain is susceptible to oxi-
dation or buffering excipients may be utilized if maintaining 
pH is important,” he explains. 

Vaccine stabilization
The types of excipients used to formulate a specific vaccine will 
depend on the type of degradation mechanism of that vaccine. 

“Degradation mechanisms include aggregation, precipitation, 
oxidation, deamidation, shear, freeze/thaw, air-water interface, 
thermal, etc.,” Look states. For instance, different protein stabi-
lizers will be required depending on the causes of aggregation, 
while antioxidants are important to prevent oxidation. As one 
example, Look notes that a surfactant such as polysorbate 80 is 
typically used to deal with aggregation/precipitation due to in-
teractions that occur at the air-water interface. “In this situation,” 
he observes, “polysorbate 80 would migrate to the air-water in-
terface and prevent the protein from getting through.” 

Selecting optimum excipients
Understanding the mechanisms of instability to identify 
excipients that have been demonstrated to overcome these 
mechanisms is the best approach to selecting optimum sta-
bilizing agents for both LBPs and vaccines. For many of these 
products, however, the role excipients play is still unknown. 

“Trial and error, empirical approaches, and historical expe-
rience are needed when considering excipient options, espe-
cially for new gene-therapy vaccines,” Look comments.

For LBPs, the effectiveness of excipients is evaluated by 
testing for key quality attributes or release criteria, includ-
ing cell counts, viability, activity, and shelf life, according to 
Awad. “Excipient screening through compatibility studies is 
also often required,” he adds.

One of the main challenges for LBPs is a lack of commercially 
available excipients and media blends that have been specifically 
developed for use with these new active ingredients, Cowley 
notes. Based on its more than 10 years of working with LBPs, 
Arranta Bio has addressed this issue with the development of a 
number of proprietary Arranta Media Blends and CryoPreser-
vatives, both based only on plant-derived components, that the 
company uses to rapidly screen against client microorganisms 
to identify optimum process conditions.

“We have tested both the media blends and cryopreserva-
tives against commercially available formulations for GMP 
manufacturing with good results. Our media blends provide 
higher yields and more stable organisms, with additional 
indirect benefits downstream, including higher resulting 
viability and shorter lag phases through freeze drying. Our 
cryopreservative blends also afford higher viabilities and in 
general help us consistently achieve our minimum viability 
target of 40%,” Cowley says.

For vaccines, the selection of optimum excipients requires 
a “risk and benefit” analysis, according to Look. “A vaccine de-
signed for healthy babies would have different considerations 
than a vaccine designed for terminally ill cancer patients,” he 
notes. Most vaccines are injectables and applied to large healthy 

populations, therefore selection of optimum excipients is more 
rigorous and depends on several factors, Look adds. 

“The initial selection of excipients and concentration usu-
ally starts with historical information such as those already 
used in commercial vaccines. From there, the final selection 
and optimal concentration is done through pre-formulation 
and formulation development studies with the specific vac-
cine,” he explains. 

Awad recommends that for any drug formulation, it is gen-
erally best to use excipients that have been included in prior 
approved products rather than novel excipients, because the 
groundwork has been laid and these excipients are likely to 
have regulatory agency approval. If a novel excipient is needed, 
though, additional testing, such as an extended animal study 
(tox study), may be needed, according to Look.

It is also important, Look reiterates, that excipients are not 
the only means to resolve vaccine—or drug—instability prob-
lems. “A more holistic approach is needed, which includes the 
consideration of processing conditions and any device used 
for administration. Some instability issues can be mitigated 
through process optimization and selection of the appropriate 
device,” he concludes. 
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other option is to coat the drug, which 
is possible to do on the tablet, capsule, 
granule, or API itself, continues Zhao.

“Coating or microencapsulation pro-
vide a barrier membrane to prevent 
the drug from dissolving in the mouth, 
which is a requisite for taste perception, 
and depending on the drug properties, 
coating can be applied in several ways,” 
says Zhao. “Water insoluble polymers, 
such as ETHOCEL and Aquacoat ECD, 
can effectively create barrier mem-
branes and the polymer amount can 
be adjusted to ensure taste perception 
is minimized without affecting the re-
lease profile.”

Coating can be considered an ef-
ficient method, notes Tan; however, 
the coating process efficiency and 
coat homogeneity require careful op-
timization and can be dependent on 
factors such as the API particle mor-
phology. “Also, depending on the ad-
ministration technique, interaction of 
the taste-masking coat and potential 
food-based dosing vehicles may lead 
to premature failure of the coating and 
unmasking of the bitter taste,” he says.

A matrix granulation can be employed 
to trap a bitter API in a matrix formu-
lation, asserts Zhao. “The matrix may 
contain gelling or lipid polymers,” she ex-
plains. “In granulation-based approaches, 
the amount of API on the surface of the 
dosage form is reduced, thereby limiting 
the amount available to dissolve in the 
mouth. These approaches work more ef-
fectively for drugs with lower solubility or 
higher taste thresholds.”

Advanced processing techniques such 
as spray drying or hot-melt extrusion 
can be used to create a matrix formula-
tion with ethyl cellulose, hydroxypropyl 
methyl cellulose, or acrylate polymers. 

“Using these processes, a dispersion can be 
created in a matrix that is insoluble in the 
mouth, which will prevent the interaction 
of drug with taste buds,” explains Zhao. 

“However, solid dispersion is often less ef-
fective as the drug is in a highly soluble 
state and may be present on the surface of 
the spray dried or extruded articles.”

Chemically modifying the API is 
another way to reduce the bitter taste 
of drugs, adds Tan. “For this approach, 

I t is well-documented that many APIs 
are bitter in taste and as a result need 
to be taste-masked to improve palat-

ability and acceptability for the patient 
population. “Taste is a critical attribute 
that determines the palatability of oral 
dosage forms and patient compliance,” 
emphasizes Jin Zhao, principle investi-
gator, DuPont.

An array of choice
As taste can be such a key attribute to 
ensuring a successful drug product is 
developed, there is a vast array of op-
tions available to developers to mask 
any unwanted bitterness or taste of 
the ingredients. A common approach, 
and possibly the simplest of all, is the 
addition of sweeteners, sugar coating, 
or f lavors. “This approach is suitable 
for some of the less bitter compounds 
as the perception of the sweetener or 

flavor will be stronger than the taste of 
the drug,” notes Andrew Mound, ap-
plication development and innovation 
scientist, DuPont. 

“A judicious selection of excipients can 
enable formulation strategies utilizing 
f lavors, sweeteners, and bitter block-
ers,” adds Bing Xun Tan, pharmaceu-
tical application laboratory manager at 
Roquette’s Asia Pacific Innovation Cen-
ter in Singapore. “Pleasant-tasting, highly 
viscous, or lipophilic vehicles can also 
provide an effective taste-masking effect.”

However, for APIs that are extremely 
bitter or have a complex aversive taste 
profile, the addition of sweeteners or 
flavors becomes less viable as their ef-
fective taste-masking amount will either 
increase the overall size of the dosage 
form which decrease the swallowability 
of the dosage or will erode the therapeu-
tic dose amount in the dosage form.  An-

Taste-masking can be of significant importance in 
ensuring success of a drug product, particularly 
those targeted to pediatric or geriatric populations. 

Masking Taste: A Key 
Attribute to Success
Felicity Thomas
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the originally bitter APIs are chemically 
modified to develop prodrug or salt 
forms with a reduced bitter taste,” he says.

“Complexation with an API, creating a 
stable complex with ion exchange resin or 
cyclodextrin, which reduces taste expo-
sure, and a prodrug or salt formation ap-
proach can also be useful for taste-mask-
ing,” agrees Vinay Muley, technology and 
innovation leader, India, DuPont.

Tan reveals that an excipient, made 
from a pea maltodextrin, is available 
that has been primarily designed for 
taste-masking and solubility enhance-
ment applications. “The KLEPTOSE 
Linecaps excipient can decrease the ex-
posure of API to the taste buds through 
a different mechanism of action to com-
plement the current range of taste-mask-
ing excipients available to formulators,” 
he specifies. “The pea maltodextrin has 
been reported to exhibit a taste-masking 
effect on model APIs, such as lopera-
mide hydrochloride and dextrometho-
rphan hydrobromide” (1).

A technique that is rapidly advanc-
ing and finding use for taste-masking 
is 3D printing, according to Zhao. “Per-
sonalized medicine is seeing growth 
opportunities and has the potential to 
revolutionize the health system,” she 
says. “Three-dimensional printing is a 
key enabling technology for personal-
ized medicine and, therefore, there is a 
need to develop tailor-made taste-mask-
ing techniques in conjunction with 3D 
printed medicine.”

Patients requiring  
particular attention
Taste-masking is particularly import-
ant for dosage forms and drug prod-
ucts that are targeted to geriatric and 
pediatric patient populations. “Overall, 
drug products and dosage forms tar-
geted to pediatric and geriatric popu-
lations need to pay particular attention 
to sensory attributes. Clearly children 
can be picky and need an appealing 
dosage form to take the required med-
icine or vitamin,” confirms Mound. 

“For older populations with difficulty 
in swallowing or chewing, taste-mask-
ing plays a role in the overall experi-
ence of taking medicines.”

Common dosage forms for these tar-
get patient populations include chew-
able tablets, orally disintegrating tab-
lets, gummies, and liquid dosage forms, 
which are prime for taste-masking and 
sensory improvement, adds Mound. 

“These formats are growing in popu-
larity, making them ripe for innovation 
in the application,” he says.

“The pediatric patient population 
has a big need for taste-masking solu-
tions that is not yet fully met today,” as-
serts Tan. “As the pediatric population 
cannot swallow oral tablets, most pe-
diatric drug products are either liquid, 
particulate, or orodispersible dosage 
forms where the bitter APIs can have a 
prolonged and direct exposure to taste 
buds in the buccal cavity.”

However, excipient options for pe-
diatrics are limited, and are less well 
defined or understood in terms of 
safety, Tan continues. “Hence, current 
taste-masking approaches for adults 
may not be feasible and suited for chil-
dren,” he notes. “The relatively lower 
commercial value of pediatric prod-
ucts also means that developers gen-
erally prefer simple and cost-effective 
taste-masking strategies, so complex 
processing is less desirable.”

Development challenges
Formulation difficulties can arise when 
taste-masking strongly bitter APIs, in-
gredients that have high solubility in 
the buccal cavity, or when high doses 
of active ingredients are required, Tan 
emphasizes. “In such situations, the 
application and efficacy of flavors and 
sweeteners is greatly limited, and so 
other methods need to be employed, as 
explained earlier,” he says. 

“Another challenge in development is 
with taste evaluation techniques,” Tan 
continues. “A human sensory panel is 
still the most recognized method of 
taste evaluation. However, sensory eval-
uations are often more costly and chal-
lenging to organize, especially when po-
tent APIs or new chemical entities are 
involved.” Furthermore, there is some 
debate over the relevance of human 
sensory panels for specific patient pop-
ulations, such as pediatrics, he asserts. 

“There is a great need to develop an-
alytical technologies that characterize 
the taste and correlate well with in-vivo 
performance,” comments Zhao. “Ad-
vances have been made in electronic 
tongues, but in-vitro–in-vivo correlation 
(IVIVC) of taste is even more challeng-
ing than IVIVC of drug release; as sim-
ulating taste recognition in the mouth is 
more challenging than simulating drug 
absorption in digestive tract.” 

Methods such as the electronic 
tongue are useful for the early screen-
ing of formulations during R&D, agrees 
Tan. “However, there remain technolog-
ical limitations in these methods, and 
the sensitivity and reliability of the 
measurement depends greatly on the 
API properties and also the excipients 
used in formulation,” he adds.

“Another challenge is creating an 
effective taste-masking performance 
without affecting pharmacokinetics 
and pharmacodynamics of active ingre-
dients,” asserts Zhao. “Some of the pre-
viously mentioned barrier membranes 
can also modulate release to the point 
that it changes the absorption profile. 
For example, ethylcellulose at a low level 
will provide excellent taste-masking; 
however, at slightly higher percentages 
it begins to provide a sustained release 
profile, which may be undesirable for 
a given drug and most be monitored 
during development.”

Additionally, there is still a need to 
ensure there is a robust measurement 
system in place that can provide quali-
tative and quantitative data on the taste 
attributes—without which optimization 
of taste-masking technologies is diffi-
cult, emphasizes Muley. “Finally, regu-
latory constraints to reduce the number 
of excipients in pediatric formulations 
presents additional challenges in pro-
viding an optimized taste-masking ap-
proach,” he says.

Trends and opportunities
Industry will continue to see develop-
ments and improvements in taste-mask-
ing of dosage forms for pediatric and 
geriatric patient populations, states 
Mound. “Novel dosage forms such as 
orally disintegrating tablets and films, 

Development
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chewable tablets, and liquids will continue to evolve to boost 
taste-masking technology options,” he specifies.

Moreover, as there is an increasing drive from major 
regulatory agencies for new drug product developments 
to include pediatric trials, there will be advancements in 
taste-masking options, highlights Tan. “The Pediatric Re-
search Equity Act (PREA) in the United States and Paediat-
ric Regulation in Europe require submission of a Pediatric 
Study Plan (PSP) and Paediatric Investigation Plan (PIP), 
respectively,” he explains. “Because of this regulatory di-
rection, there is a renewed focus from pharmaceutical com-
panies on taste-masking solutions and palatability studies, 
which can aid development and demonstrate acceptability 
of the drug product for children.”

The scope of what constitutes taste sensation is also wid-
ening, Tan continues. Whereas, traditional taste-masking 
solutions have been focused on the bitter taste of the drug 
product, there will be more consideration of other attributes, 
such as sourness, and also aversive sensory attributes such as 
odors, texture, and irritation, which contribute to the overall 
patient experience, he explains. 

“Therefore, a combination and synergism of several 
taste-masking strategies may be required to address different 
aspects of the sensory challenge,” Tan reveals. “For example, 
a combination of different excipients, such as a polyol (mal-
titol) and intense sweetener (sucralose), have been reported 
to display synergism leading to an optimized taste-masking 
of the model API, acetaminophen, in chewable tablets (2). 
Also, excipients that can contribute to more than one aspect 
of the taste-masking or formulation challenge will be advan-
tageous in reducing formulation complexity.”

The expansion of scope for improvements in sensory at-
tributes will also incorporate over-the-counter (OTC) and 
dietary supplement segments, which will provide opportu-
nities for taste-masking technologies, highlights Mound. “As 
consumers continue to gravitate toward the elimination of 
sugars and other non-clean label sweeteners, formulators 
will be challenged to deliver a quality product without the 
traditional options at their disposal,” he says. “Cleaner label 
taste-masking options are needed in this space.”

Added to this, the competitive nature of the OTC and nu-
traceutical markets will mean that innovation, particularly 
in dosage forms and formulation, will be highly sought after 
to ensure product differentiation, Tan emphasizes. “Interest 
in innovative oral dosage forms will in turn increase the de-
mand for novel taste-masking solutions,” he states.

“And as innovations, such as 3D printing, enable the de-
velopment toward personalized medicine, customized 
taste-masking options will be possible and essential in deliv-
ering differentiated products,” summarizes Zhao. 
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face area of the f lask so that a greater 
number of cells can attach.

“Typically HEK293 cells are grown 
in undefined media, such as DMEM 
[Dulbecco’s modified eagle medium] 
that contain fetal bovine serum. Un-
fortunately, the manual handling of 
such culture formats increases con-
tamination risk and is extremely costly 
and labor intensive,” Keybl states.

Going from small-scale to commer-
cial-scale production presents several 
challenges. For example, scale up re-
quires a significantly large number of 
vessels, which results in an increase in 
the number of incubators and space 
needed to house them, says Susan 
D’Costa, senior director, Technical 
Program Design, Commercial Oper-
ations, Viral Vector Services, Thermo 
Fisher Scientific. In addition, scale-up 
requires an increase in the resources 
needed to manipulate the cell cul-
ture vessels. The risk to asepsis is also 
higher because of the number of ma-
nipulations needed, D’Costa asserts.   

Scaling to commercial-level produc-
tion runs into technical difficulties as 
well, such as adjusting the process for 
large-scale production without impact-
ing production yield and reproducibil-
ity, Nyamay’Antu points out

An alternative to scaling out of tra-
ditional cell culture methods, such as 
f lasks, is the use of bioreactors. Biore-
actors are becoming more frequently 
used, even for small batches of vector 
product, observes Jorge Blanco, direc-
tor of operations at VIVEbiotech, a 
Spain-based biotechnology company. 
Bioreactors simplify the production 
process, increase reproducibility, and 
reduce costs associated with footprint 
and labor, Blanco notes.

Because traditional cell culture 
methods operate within two dimen-
sional (2D) systems that can be only a 
few cm2 or multi-layered stacked cell 
factories, they present poor scalabil-
ity, Blanco confirms. For reaching the 
required commercial yields, therefore, 
multiples of 2D cell factories are re-
quired. “This makes these systems far 
less operational,” Blanco states. “A very 
high number of multi-layered cell fac-

W ith an increasing number of  
gene therapy candidates ex-
pected to move through the 

clinical trial pipeline and toward com-
mercialization, the need for innovative 
process development to bring these 
potential new products to commercial 
scale is a focus in the biopharmaceuti-
cal industry. Among the bioprocessing 
steps seeing forward movement is the 
cell culture for producing adenovi-
rus-associated virus (AAV) vectors 
for gene therapy, which has largely 
depended on less efficient methods 
of cell culture but is moving to more 
modern methods. 

Traditional cell culture challenges
Currently, many methods used for 
AAV production still involve adher-
ent cell culture, meaning that cells are 
grown on a solid surface, such as flasks 
or multi-layered cell culture dishes or 
roller bottles. These traditional sys-

tems are generally difficult to scale-up 
and are associated with a high propen-
sity of mishandling risks, which are the 
result of increased processing time due 
to the manipulation of large numbers 
of culture vessels, notes Alengo Nya-
may’Antu, PhD, scientific communi-
cation specialist at Polyplus-transfec-
tion, a France-based biotechnology 
company specializing in gene and 
cell therapy, biologics manufacturing, 
and life-science research. Some direct 
consequences of following these tra-
ditional cell culture methods during 
manufacturing scale-up are compro-
mised reproducibility and space lim-
itation problems, Nyamay’Antu says.

To achieve larger production vol-
umes for AAV vectors, scale out rather 
than scale up has been typically em-
ployed, says Jerry Keybl, Head of Cell 
& Gene Therapy Manufacturing, Mil-
liporeSigma. Scaling out uses special-
ized equipment that increases the sur-

The manufacture of gene therapy vectors 
is shifting to more modern technologies.

Modernizing 
Bioprocessing for Gene 
Therapy Viral Vectors
Feliza Mirasol
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tories are required to reach the yields 
that are easily harvested from single 
3D adherent bioreactors. Additionally, 
these 2D cell factories require high 
manual handling, thus lowering re-
producibility significantly.”

The fact that many cells are adherent, 
meaning they have to be attached to a 
substrate in order to grow, significantly 
limits scaling up, Ulrich Kettling, PhD, 
chief business officer, CEVEC Pharma-
ceuticals, further explains. “When it is 
not possible to use larger dishes to pro-
vide larger surfaces, the only option is 
to scale out.” 

Keybl attributes scaling challenges 
to the fact that the f lasks are limited 
by surface area, and the only way to in-
crease production is to add more flasks 
and incubators to the process. “Up to 
hundreds of flasks and incubators may 
be utilized at one time to meet the de-
mands for a commercial product. Sub-
sequently, the increase in resources to 
handle and process the flasks are pro-
portionately increased as well,” he states. 

Modern cell culture methods
The move toward modern cell culture 
methods and techniques would mitigate 
the challenges and limits inherent to  tra-
ditional methods when scaling for com-
mercial production.

Two major trends of alternative cul-
ture systems that address scalability and 
reproducibility are fixed-bed cell culture 
systems that increase adherent cell seed-
ing density and volumetric productivity 
and suspension cell culture systems that 
provide the needed flexibility to adapt a 
production scale to meet large-scale pro-
duction demands. “We are clearly seeing 
that alternative systems are taking over, 
and already at small scale, as viral vec-
tor manufacturers are increasingly an-
ticipating what their process should al-
ready look like at small scale to facilitate 
transition to large-scale manufacturing,” 
Nyamay’Antu says.

“When it comes to AAV manufac-
turing, there is a clear preference for 
suspension cell-based systems, directly 
inspired by the success of this approach 
for commercial-scale manufacturing 
of recombinant proteins and anti-

bodies produced in mammalian cells,” 
observes Nyamay’Antu. For instance, 
suspension cell systems improve batch-
to-batch reproducibility during scale 
up by eliminating varying cell culture 
parameters (e.g., serum, cell seeding 
density, etc.) and by simplifying down-
stream AAV purification. 

“In addition to improved reproduc-
ibility, with suspension cell systems it is 
possible to further increase AAV produc-
tion yields with the right set of tools: cell 
lines that can be grown at higher density, 
optimized set of plasmids, the transfec-
tion reagent, and the synthetic medium 
used to support AAV production,” Nya-
may’Antu adds. 

“Some processes are beginning to use a 
fixed-bed bioreactor, but these processes 
still require the use of serum, introduc-
ing adventitious agents and consistency 
challenges,” Keybl chimes in.

VIVEbiotech, meanwhile, uses the 
adherent production system for cell cul-
turing a different type of vector: lentivi-
ral vectors. The company uses fixed-bed 
bioreactors, however. “Today, scaling 
up is feasible given the availability of in-
termediate scales in the market, which 
allow manufacture from early stages to 
commercial. It is achievable to get up 
to 1200 liters of harvest from fixed-bed 
bioreactors,” Blanco says. “Additionally, 
different providers for fixed-bed bioreac-
tors are already on the market, de-risking 
the chance of running out of them or of 
increasing cost of consumables.”

The smallest bioreactor sizes are ad-
equate for process development, Blanco 
also notes. These small bioreactors can 

easily perform fine-tuning runs without 
investing high sums of resources, he adds.

“Regarding downstream processing 
(DSP), fixed-bed-based manufacturing 
turns into simpler DSP processes, as once 
the viral vectors are bulk harvested, DSP 
processing requires fewer steps than for 
suspension systems,” Blanco explains. 

Each technology has strengths and 
weaknesses, Blanco further enumerates. 
It is well known, for instance, that viral 
proteins are cytotoxic for producing cells 
regardless of the manufacturing technol-
ogy used. However, there are some ad-
ditional facts that increase the stress to 
which the cells are exposed, he highlights. 

“In stirred-tank reactors, producer cells 
are exposed to mechanical forces that 
may result in a higher cell lysis during 
the growth within the bioreactor. Any 
stressing factors may directly impact 
functionality, and thus performance of 
the resulting viral product,” Blanco states.

“Adherent viral vector production sys-
tems do also present some aspects that 
need to be addressed. The growth of 
producer cells in absence of animal-or-
igin components, such as fetal bovine 
serum, is more challenging than in sus-
pension systems. VIVEbiotech’s R&D 
department is able to produce vectors 
in the absence of serum in 2D produc-
tions, and tech transfer to reactors is cur-
rently ongoing with the aim of offering 
serum-free 3D productions in the near 
future,” continues Blanco.

“Last but not least, the industry is mov-
ing towards continuous bioprocessing. 
The ‘go continuous’ tendency is especially 
challenging in viral vector manufactur-
ing because, as mentioned, viral vectors 
affect the viability of producer cells due 
to the toxicity of virus-producing pro-
teins. This is why cell cultures, and thus, 
harvesting time, cannot be lengthened as 
wished,” Blanco adds. 

Suspension bioreactors are the for-
mat of choice as commercial production 
platforms for biotherapeutics. “Suspen-
sion bioreactors in volumes up to tens of 
thousands of liters and stable producer 
cell lines have been used in industry for 
decades now, for manufacturing of re-
combinant proteins and monoclonal an-
tibodies (mAbs),” Kettling states. “And 

Manufacturing

The move toward 
modern cell 
culture methods 
and techniques 
would mitigate 
limitations in 
older methods.
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this way of manufacturing is now becom-
ing available for gene therapy vectors as 
well, including innovations in stable pro-
ducer cell lines combined with high cell 
density-processes such as perfusion.”

Gene therapy commercial production 
can benefit by taking a lesson from the 
mAb production world. “Scaling up cell 
expansion by growing cells in suspension 
culture in controlled bioreactors is cer-
tainly the wave of the future and where 
the industry is moving to,” says Keybl. 

“Suspension methods are scalable, less 
labor intensive than scaling out adherent 
production, and can utilize chemically 
defined media, which is a huge benefit 
to downstream purification/patient risk.  
At MilliporeSigma, we have a number of 
production platforms in development to 
accelerate adoption. These processes are 
in development across the industry and 
I believe will power gene therapy manu-
facturing in the future.”

“Adherent cell culture can be scaled 
up into micro- and macro-carrier-based 
reactors,” adds D’Costa. “However, the 
better alternative is to adapt adherent 
cells into suspension cells grown in 
large scale bioreactors in serum-free, 
chemically defined media. Transient 
transfection of large-scale reactors is still 
limited to 200–500-L scale, so currently 
the process needs to use multiple 200–
500-L reactors that are harvested at the 
same time. While traditional purifica-
tion methods utilizing cesium chloride/
iodixanol density gradients for enrich-
ment of AAV full particles are currently 
used in commercial production, more 
scalable and process-validatable meth-
ods include purification through chro-
matography media (capture and polish-
ing),” D’Costa explains. 

Regardless of the method for cell 
culturing viral vectors, however, there 
are two viral-vector production modes: 
transient transfection and stable producer 
cell lines, Blanco points out. Although 
each production mode has its own pros 
and cons, there is a general trend leaning 
toward stable producer cell lines. The 
cost associated with plasmids used for 
transient transfection is very high, for 
example, which increases the final price 
of the product considerably, Blanco ex-

plains. Stable producer cell lines, however, 
allow dispensing with these DNA mole-
cules, which thus makes scaling-up much 
smoother and translates to a decrease in 
expenses and an increase in reproduc-
ibility. “The generation of stable pro-
ducer cell lines is a long and challenging 
process that requires the involvement of 
significant material and personnel re-
sources,” he says.

Modernization challenges
Modernizing the cell culture methods 
and techniques for vector production, 
whether AAV or lentiviral, also poses 
its own challenges. The biggest chal-
lenges for a company like VIVEbiotech, 
which has already spent more than 30 
months fine-tuning the manufactur-
ing process, include improving the 
performance of the final product (i.e., 
the ratio of empty to active infectious 
particles) so that the lentivectors are 
more functional and increasing recov-
ery, Blanco states. 

In terms of performance, however, 
there are increasingly more transfection 
enhancers bringing promising results, 
Blanco adds. “As for the recovery after 
DSP processing, it is usually around 
30% when using adherent culture sys-
tems. This means there is still consider-
able room for improvement, so VIVE-
biotech ś development professionals 
are working tirelessly on this, already 
achieving recoveries of 40%.”

Transient transfection has partic-
ularly been a challenging area when 
scaling to commercial production, 
Kettling affirms. Issues with repro-
ducibility and robustness of the trans-
fection steps, as well as the significant 
costs for GMP-grade plasmids, require 
solutions, Kettling observes.

The adaptation of the cell line to the 
suspension process is another major 
challenge on the path toward modern-
ization, says Keybl. “Typically, adherent 
cells need to be carefully adapted into 
different types of cell culture media 
(preferably serum- and animal-compo-
nent-free) and selected for good growth 
and viral vector productivity. This can 
mean several years of R&D develop-
ment time in order to choose the right 

cell line and medium combination that 
will give the optimal results,” he states. 

“Commercially available cell lines are 
coming to market and can reduce this 
burden for innovators.”

Meanwhile, bridging the data ob-
tained with traditional methods, in-
cluding non-clinical toxicology and 
early clinical data, to conform to newer 
commercial-grade processes presents 
a significant challenge for those that 
want to change over to modern meth-
ods, D’Costa points out. “It is also im-
portant to consider the additional de-
velopment time it takes to change the 
upstream production and downstream 
purification process and refine the as-
says, which is needed to build out tools 
for cell adaptation,” she says.

“When aiming to switch from tra-
ditional adherent to suspension cell 
systems, there are several parameters 
that need to be considered,” includes 
Nyamay’Antu. “I would not consider 
them as challenges that need to be 
overcome, but more as part of proto-
col optimization. As for all new set-
ups, it requires delving into the liter-
ature, relying on the technical support 
of suppliers, and timescales. Some of 
these questions include whether to 
adapt the cells to suspension or to 
buy a commercially available suspen-
sion cell line; which synthetic medium 
should cells be grown in, and whether 
it is the same during the production 
phase as well as which transfection 
reagent will reach highest production 
yield in these suspension cells. These 
are all valid questions when moving 
on to suspension cell systems, and 
during the upscale process additional 
questions rise when choosing the 
set-up for large scale culture (biore-
actor),” Nyamay’Antu emphasizes.

Innovations in cell culture 
materials ease transition
To ease the transition from older cell 
culture methods to more modern 
means requires a number of break-
through innovations. Recent innova-
tions in materials, such as media/sup-
plements that support high density cell 
culture, transfection reagents that sup-
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port high productivity, and single-use 
bioreactors that are scalable, have made 
the shift from older methods to mod-
ern methods easier, says D’Costa. 

Particularly important is the devel-
opment of producer cell lines to meet 
the high industrial demands on the 
production processes: stable producer 
cell lines offer reliable and consistent 
quality combined with sufficient yields 
in standardized processes and equip-
ment, Kettling points out. Several labs 
and innovative biotech companies are 
working on providing solutions, includ-
ing Cevec, which recently launched a 
new producer cell-line technology 
(ELEVECTA) in April 2020 (1). The 
ELEVECTA technology enables large-
scale manufacturing of AAV vectors 
using fully stable producer cell lines 
and can be implemented in bioprocess 
development and large-scale GMP 
manufacturing facilities that use stan-
dard suspension bioreactor equipment.

“Thankfully, suppliers have been 
working hard to support the transition 

of AAV manufacturing in suspension 
cell culture systems. We can see that 
companies that develop synthetic cell 
culture medium, supplements, and 
also plasmid DNA now offer tailored 
tools specifically for AAV production,” 
Nyamay’Antu (Polyplus) chimes in. 
Polyplus-transfection, for example, 
has been aware that viral manufac-
turers needed a transfection reagent 
specifically developed for large-scale 
transfection to improve scalability, 
productivity, and f lexibility of AAV 
manufacturing in suspension cells. The 
company developed a chemical-based 
and animal-free transfection reagent 
(FectoVIR-AAV) that addresses cur-
rent limits of transfection for AAV 
manufacturing in suspension cells. 

“These limits include scalability, flexi-
bility and, last but not least, productivity 
as transfection, whether at small or large 
scale, is dependent on the efficiency of 
the delivery molecule,” Nyamay’Antu 
says. “FectoVIR-AAV improves AAV 
production yield in suspension cells 

up to 10-fold in functional titer yields 
compared to [other reagents]. The in-
creased production yield is reproducible 
at different scales for the production of 
several AAV serotypes as confirmed by 
viral manufacturers who took part in 
the beta-testing.”

On the supplements and reagents 
front, VIVEbiotech is working to intro-
duce some new items to its production 
process, such as a transfection agent. 

“Given that animal-origin reagents need 
to be avoided in medicines to be applied 
in humans, the standard benzonase 
has been removed from the production 
process and replaced by an animal-ori-
gin-free endonuclease, with really good 
results. [We] are also working hard try-
ing to move to serum-free media for 
producer-cell-culturing,” Blanco states.

Reference
1. CEVEC, “Cevec Announces the Launch 

of the ELEVECTA Platform—the Sta-
ble Producer Cell Line Technology for 
AAV Gene Therapy Vectors,” Press Re-
lease, April 28, 2020.  PT

Single-use technologies (SUT) are widely used in traditional biopharmaceutical 
manufacturing. In the 20th annual BioPlan Associates survey, most respon-
dents said they use single-use products in some phase of R&D or manufacturing, 
including tubing (91%), bioreactors (84.3%), empty bags (83.8%), and pre-as-
sembled tubing sets (82%). Single-use bioreactor sizes have trended upward 
over the past four years, with 2000-L units now present in nearly one-quarter 
of facilities with SU systems (1).

Employing single-use materials in the development and manufacture of 
cell and gene therapies (CGT) presents challenges, notably the potential for 
chemicals leaching from the plastic materials to adversely impact the cell therapy 
or gene therapy product. Contaminants can be introduced in the manufacturing 
process or through packaging materials. And, since many CGT processes lack the 
extensive downstream filtration steps used in traditional biomanufacturing, the 
risk of changes to the cells must be assessed in light of different processing steps. 

The Bio-Process Systems Alliance (BPSA), a trade association that promotes 
the adoption of single-use systems, has released a document designed to help 
characterize types of particles and suggest methods biopharma companies 
can use to minimize levels or particulate in single-use systems. The document, 
Extractables/Leachables Considerations for Cell & Gene Therapy Drug Product 
Development (2), outlines differences between traditional bioprocessing and 
manual or automated cell and therapy development.

Single-use materials currently used for bioprocessing or medical applications 
may be considered for CGT processing; however, existing extractable studies 
may not support use for CGT processing without additional testing specific to 

the CGT product. The influence of extractables on cell viability and potential 
for leachables to cause stimuli or cell degeneration are two areas that need to 
be explored.

As with other extractables and leachables studies, the potential for process-
related components or ancillary materials to react with or alter the CGT product 
must be assessed and controlled. The materials used, proximity to the final 
product, length of exposure, contact temperature, and supporting extractable 
testing by the supplier are some factors to consider.

The BPSA report identified three areas of concern in a risk assessment: 
the influence of leachables to the viability of cells, procedures to purify the 
cells and process-related purities that may remain, and the potential for the 
manipulation of cells resulting in degenerative cells. 

The authors note, “it is possible to consider these three points by taking 
into account our already-available knowledge on extractables for SUT and 
translating it into the dedicated requirements and concerns regarding CGT” (2).

The report further explores steps CGT manufacturers should take to assess the 
risk of leachables affecting a drug product and discusses regulations, guidance 
documents, and standards.

References
1. BioPlan Associates, Report and Survey of Biopharmaceutical Manufactur-

ing Capacity and Production (Rockville, MD, April 2020).
2. M. Aysola, et. al., Extractables/Leachables Considerations for Cell & Gene 
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Defining E&L testing for single-use systems for CGT
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and Physical Pharmacy, expects the col-
laboration to help drive the formulation 
and manufacturing of new drugs with 
properties that are not always feasible 
using traditional approaches (e.g., rapid 
dissolution, high drug loadings, and flex-
ible manufacturing scales). Purdue will 
contribute knowhow to the venture, both 
in equipment design and drug-delivery 
science, he says. 

3D useful for clinical trials 
Munson sees 3DP helping industry de-
velop clinical trial supplies and create 
patient-centric dosage forms. “Scalabil-
ity is potentially a huge step for manu-
facturing small-scale doses, which can 
then be easily adapted to large-scale 
manufacturing,” he says. 

Aprecia currently out-licenses its 
platform to a number of pharmaceuti-
cal companies for lifecycle management, 
line extensions, and new chemical enti-
ties, says Gilmore, who envisions that 
any intellectual property created by the 
collaboration with Purdue would also 
also be outlicensed.

Different types of 3DP technologies, 
such as binder jetting and fused depo-
sition modeling (FDM), may have dif-
ferent applications, Munson explains. 

“3DP in the pharmacy may involve more 
FDM-based approaches to avoid pow-
ders,”he says, “but also pose challenges 
with ensuring product quality, such as 
optimizing dissolution rates and stabil-
ity. Binder jetting technologies, mean-
while, may allow for high-dose products 
with fast dissolution rates, and also en-
able appropriate taste masking of the 
particles prior to printing,” he says.

Recently, Gilmore says, the company 
has developed a scored, orodispersable 
tablet medication in excess of 1000 mg 
that rapidly disintegrates with a very 
small amount of liquid. Aprecia has 
also made advancements in modified 
release and poor solubility products, he 
says. “At this point, the combination of 
high-dose and fast-melt capabilities can 
only be achieved with 3DP, but the plat-
form has the flexibility and precision to 
do more,” he says. 

Other companies are also developing 
3DP applications in pharma. In the UK, 

F or the past two decades, regulators 
have voiced support for the devel-
opment of a more flexible, agile 

approach to developing and manufac-
turing pharmaceuticals (1). Miniaturized, 
modular, and continuous manufactur-
ing processes will help speed scale-up, 
address supply chain complexity, and 
prevent shortages of important medica-
tions, Janet Woodcock, director of FDA’s 
Center for Drug Evaluation and Research 
(CDER), noted during a meeting of the 
US National Academy of Sciences (NAS) 
in late February 2020. The COVID-19 
pandemic, which was then at its earliest 
stages in the United States, has exposed 
vulnerabilities and emphasized the need 
for alternatives, she said (2).

Different approaches are being re-
fined to address these challenges. One 
area of growing interest is three-di-
mensional printing (3DP), which al-
lows greater customization of dosage 
forms, including polydrugs that would 

incorporate dosages of multiple active 
ingredients in a single form to enhance 
patient compliance and overall out-
comes. The technology gained a foot-
hold in pharma when FDA approved 
Spritam, an anticonvulsant manu-
factured by Aprecia Pharmaceuticals 
using 3DP technology. 

Aprecia offers its 3DP platform for 
license to other companies. Its tech-
nology, ZipDose, uses powder liquid 
binder jetting to create a wide range 
of rapidly dissolving dosage forms and 
other solutions, says CEO Chris Gilm-
ore. The process has been successfiully 
applied to a wide range of drugs ranging 
in solubilities from Biopharmaceutical 
Classification System (BCS) Class I to 
IV, and incorporating a variety of en-
gineered particle technologies, he says.

In 2020, Aprecia formalized a joint 
collaboration with Purdue University to 
advance 3DP in pharma. Eric Munson, 
head of Purdue’s School of Industrial 

Efforts are focusing on scalable processes that 
can be easily replicated and controlled.

Improving Agility  
Through Scalability
Agnes Shanley
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FabRx, a spinoff of University College, 
London, is actively working in this area. 

Meanwhile, pharma continues to 
develop more continuous processing 
routes, mainly in oral solid dosage 
form (OSD) manufacturing, to im-
prove scalability and efficiency. At 
February’s NAS meeting (2), Daniel 
Blackwood, a research fellow at Pfizer’s 
small molecules drug product design 
group, discussed the evolution of these 
efforts at Pfizer. 

One driving force has been process 
intensification, he said, which enables 
miniaturization, in turn allowing for 
equipment modularization and por-
tability. He envisions a time when, 
using miniature, modular equipment, 
pharma companies might routinely 
share space and even some manufac-
turing operations, without violating 
precompetitive agreements. 

Research is also underway to de-
velop miniature manufacturing lines, 
to optimize f lexibility in response to 
market demands. In 2016, research-
ers at the Massachusetts Institute of 
Technology (MIT) developed a proto-
type line that could allow companies 
to manufacture specific OSD forms 
(3). Various R&D projects are carry-
ing this work forward in different ap-
plications. For example, Govind Rao, a 
professor of chemical and biochemical 
engineering at the University of Mary-
land, is working on a portable system 
that would make FDA-approved bio-
logics at the point of administration 
in less than 24 hours. The US Defense 
Advanced Research Projects Agency 

(DARPA) is funding this work, which 
would use freeze-dried formulations, 
adding buffer and DNA to activate 
them, synthesize RNA, and manufac-
ture protein. Describing the research at 
the NAS meeting (2), Rao said his team 
has conducted a demonstration project 
involving Neupogen (filgrastim)and is 
working with GE on development of 
remote bioreactor sensors to monitor 
analytes, oxygen, and carbon dioxide 
in small-scale systems in real time (2). 

Harnessing the power of AI
Also funded by DARPA, research 
underway at MIT is developing min-
iaturized, automated equipment to 
speed up chemical synthesis (4).The 
project began with the goal of har-
nessing machine language to predict 
reaction pathways based on published 
results from the literature, says project 
co-leader, MIT Professor Klavs Jensen. 
These efforts continue in research un-
derway with the Machine Language for 
Pharmaceutical Design and Synthesis, 
an academic-industry consortium, he 
says. Another aspect of this research, 
however, has been developing an in-
tegrated robotic system that would 
allow for the automation of synthesis 
reactions (4). The set up uses artificial 
intelligence (AI) to find the best possi-
ble pathways, allowing users to develop 
recipes for specific reactions. These 
recipes are then sent to a 2-m³ modu-
lar processing unit that features min-
iature mixers and other process equip-
ment and a robotic arm that automates 
molecule production. Initial research 
evaluated results for 15 workhorse 
APIs. At the time, researchers noted a 
need for better predictive models for 
flow chemistry and purification, both 
of which remains a challenge today, 
Jensen says. However, since research 
results were first published, he notes, 
robotics have been improved, and now 
include integrated online measurement 
systems using infrared (IR), Fourier 
Transform IR, and high-pressure liq-
uid chromatography and mass spec-
trometry so that key parameters can 
be measured in real-time, permitting 
online optimization.

Equipment and services 
OSD equipment processing manufac-
turers are working to improve contin-
uous feeding (5,6). Pfizer has already 
made significant progress in developing 
continuous direct compression for OSD 
products. The company is also focusing 
on increased use of analytics, incorpo-
rating sensors to monitor mixing and 
allowing process control to enable re-
al-time decision making, Blackwood 
said at the NAS event, noting that com-
putational process modeling and data 
analytics are key focus areas (2). 

Use of process analytical technol-
ogies (PAT) has become standard in 
many pharma development programs, 
and technology vendors have facili-
tated efforts by incorporating analytics 
into more process equipment. For the 
contract development and manufac-
turing organization (CDMO), Lonza 
Pharma & Biotech, PAT is finding in-
creased use, along with more at- and 
in-line testing, to ensure process com-
pliance, robustness, and faster product 
release, says Charles Christy, head of 
commercial solutions for Lonza’s Ibex 
Dedicate division. Use of Raman and 
nuclear magnetic resonance (NMR) 
spectroscopy, refractive index, excipi-
ent identification, metabolite monitor-
ing, and cell counts has now become 
routine, in both process development 
and manufacturing, he says.

In mammalian cell-culture, Christy 
says, screening and optimization tools 
are finding increased use, both in clonal 
cell line development (e.g., microfluidic 
technology, such as Berkeley Light’s 
Beacon system, which screens and se-
lects the best producing clonal cell lines) 
and in cell culture (e.g., using Sartorius 
Biotech’s Ambr systems), to speed time 

Manufacturing

Miniature, 
modular 
equipment 
promises to 
transform drug 
development and 
manufacturing.

Single-use 
equipment 
and analytics 
are boosting 
efficiency.
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to clinic for high yield, robust processes.
Single-use technologies are playing 
a more important role in both small 
molecules and biologics, Christy notes.  
Their combination with closed process 
systems and ballroom processing con-
cepts has allowed facilities to be con-
figured for concurrent manufacturing. 
In antibody production, for example, 
they allow the company to configure 
processes from standard to next-gener-
ation formats such as bi-specifics, or to 
process high titer or other challenging 
processes, Christy says.  

In small molecules, single-use ap-
proaches are also proving important in 
highly active pharmaceutical ingredi-
ent (HAPI) manufacturing to improve 
operator safety and reduce toxic waste 
streams that would have been generated 
by traditional clean-in-place (CIP) ac-
tivities, he says. Christy sees a growing 
trend to automate processes and expand 
use of analytics, which is improving ef-
ficiency, and reducing errors, manual 
intervention, and staffing requirements 

(i.e., overall full-time equivalent num-
bers). Capsugel, for example, is using AI 
for online testing, real-time quality as-
surance, and product release of capsule 
manufacturing, he says.

Contract services redefined
As the emphasis on scalability intensi-
fies, technology vendors are collaborat-
ing more closely with CDMOs and also 
expanding their own contract services, 
with some offering turnkey CDMO ser-
vices as well as processes and equipment 
designed to cut down on development 
time. For example, in OSD development, 
Adare Pharmaceuticals (formerly Apta-
lis), which acquired Orbis Biosciences in 
May 2020, offers platforms that include 
Microcaps for taste-masking; Diffucaps 
and Multi Mini Tablets, to control the 
rate of drug release; and Precision Par-
ticle Fabrication technology to control 
particle size distribution.

On the filling and packaging side, 
Syntegon (formerly Bosch) Packaging 
Technology has introduced products 

that include modular filling systems; 
microbatch systems for aseptic and 
HAPI applications; and visual inspec-
tion platforms that utilize AI. The 
company’s single object data acquisi-
tion system, offered in collaboration 
with Schott Smart Packaging, aims to 
help users improve product traceability 
and supply-chain transparency. The 
company has also expanded its range 
of pharmaceutical services, including 
programs that focus more closely on 
small-to-mid-scale operations. 
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challenging and if not done properly 
can result in deviations or out-of-specs 
at scale up and regulatory delays. From a 
supply-chain perspective, getting all the 
raw materials for the product is challeng-
ing; you might not have enough batch 
history or know the vendors and their 
manufacturing record regarding quality.

Todd Stutzman, director of Pharmaceutical 
Development, Catalent, Kansas City: During 
scale up, it is common for scientists to 
have only limited quantities of API to 
use in process qualification. Experience 
of model design and in the identification 
of potential critical process parameters 
(CPPs) are crucial to the successful scale 
up of new chemical entities (NCEs). Pro-
cess optimization has benefited from the 
use of a design-of-experiment (DoE) ap-
proach using fractional factorial software 
for decades, but recently, new approaches 
in modeling have allowed these experi-
ments to be conducted whilst consuming 
significantly less API. This provides an 
opportunity to complete the development 
design space earlier and accelerate the in-
troduction of NCEs.

Tim Gardner, director–Manufacturing and 
New Product Introduction, Vectura: For in-
haled medicines, immediate challenges 
in the short term revolve around speed 
of supply due to increased demand for 
device components, as well as excipients 
and APIs, with potential pinch points 
around lead times that need to be over-
come. The ability to be agile in balancing 
existing projects, and those that require 
urgent short time delivery, can be chal-
lenging. However, with the right team 
focus and clear equipment utilization 
and KPIs [key performance indicators] 
in place, demand can be met. The ability 
to repurpose or procure additional equip-
ment and resources with speed is also key.

Ilan Avni, vice president, Business Devel-
opment, Marketing & Intellectual Property at 
Wavelength Pharmaceuticals: When demand 
earlier in 2020 required that we triple and 
quadruple output of several urgently 
needed APIs for critical care of COVID-
19 patients, we were well prepared for the 
challenge. That included having properly 
designed processes, a highly experienced 
team, and a robust supply chain. In-depth 
knowledge of process design, comprehen-

S caling up a drug manufacturing 
process is demanding under the 
best circumstances. The added 

pressure of meeting accelerated deadlines 
during a pandemic presents additional 
challenges for process development, ma-
terials supply, equipment acquisition and 
installation, and process validation. 

Representatives from API and equip-
ment manufacturers, as well as contract 
development and manufacturing orga-
nizations, shared with Pharmaceutical 
Technology their perspectives on chal-
lenges and strategies for the scale up of 
different drug types under pressure.

The challenges of a quick scale up
PharmTech: What kind of challenges occur 
when scaling up manufacturing within a 
short time deadline (e.g., when trying to 
meet demand for drug shortages)?

Sripathy Venkatraman, vice-president, 
Global Chemical Development, AMRI: When 

you need to scale-up quickly, several 
challenges to quality and safety come 
to mind, particularly inadequate data 
from small-scale experiments, especially 
around process safety. Another is poor 
understanding of the impurity profile 
and how that translates at scale. Short-
ened timelines can affect process devel-
opment and understanding of the edge 
of failure, which is important for transfer. 
For example, not understanding the mass 
transfer and heat transfer can result in re-
peated rework of batches in order to meet 
specifications.

Prasad Raje, CEO of LGM Pharma: I would 
say that all the normal scientific chal-
lenges we face, which chemists and engi-
neers work to solve, are amplified under 
compressed timelines. For example, a 
common problem—if you don’t set the 
right specifications for scale up—is im-
purities. Setting specifications, whether 
for drug substance or drug product, is 

Industry experts discuss challenges  
and best practices for scaling up 
manufacturing under a short deadline.

Scaling Up Fast
Susan Haigney



solutions to fit any budget

If you think you know MG America...think again. 
Across the globe, we’re famous for offering a family of innovative, 

precision-crafted equipment. But you might not realize that we have solutions to 
fit almost every budget. From processing to packaging, let our experts work with

you to deliver the ideal balance of performance and affordability. 

MG America. 
Exceeding your high standards. Respecting your bottom line.

Fairfield, New Jersey
973-808-8185  
mgamerica.com

GRANULATION   •   MIXING   •   TABLETTING   •   CAPSULE FILLING   •   CAPSULE CHECKWEIGHING   •   VISION INSPECTION

LIQUID & POWDER FILLING   •   PRIMARY PACKAGING   •   SECONDARY PACKAGING   •   COMPLETE LINE INTEGRATION

European-crafted processing, packaging, inspection 
and material handling equipment

3345_MG_Car Ad_Pharma Tech_7.75x10.5_no booth_5.12.20_PUB.indd   1 5/12/20   1:45 PM

https://www.mgamerica.com


40    Pharmaceutical Technology OCTOBER 2020  PharmTech .com

sive process characterization, and con-
trol of critical parameters were essential 
to ensure scale up is successful the first 
time, both in terms of product quality 
and yield. Supply chains must secure suf-
ficient supply of additional raw materials 
to meet expanded production. 

Ralph Landau, head of Development, Drug 
Product at Cambrex: Our vast experience 
as a contract development and manufac-
turing organization (CDMO) has taught 
us that although the challenges that are 
faced during such situations vary from 
case to case, there are three common 
challenges: safety, supply chain resilience, 
and communication/transparency with 
customers.

Communication with customers is 
a crucial challenge to overcome. For 
instance, we have deployed Realwear 
technology from the start of COVID-19 
lockdowns at Cambrex to help clients 
envision scale up manufacturing of their 
product(s).  Realwear technology is one of 
the cutting edge mobile interactive video 
systems in which customers can see and 
communicate with the entire manufac-
turing facility as if they were walking 
through [it] themselves. They can safely 
observe the manufacturing process with-
out physically being there.

Tania Pereira Chilima, deputy chief technology 
officer, Univercells Technologies: Technology 
selection is extremely important and will 
highly affect process scale-up. Manual 
technologies are typically easier to adopt as 
companies are rather familiar with these 
systems. However, these technologies 
are not scalable, which has a significant 
impact on COG [cost of goods], CAPEX 
[capital expenditure], and capacity given 
the footprint and skilled labor numbers 
required to support products with very 
high manual demands. 

When it comes to bioreactors, achiev-
ing the same performance at large scale 
as in small scale under pressure can be 
very challenging and require significant 
expertise, and hence, companies select-
ing between manufacturing technologies 
must be aware of the trade-offs associated 
with them.

Byron Rees, senior manager, Process De-
velopment Services, Pall Biotech: While the 
principles of scale up are universal, each 

product comes with its own unique set 
of challenges. This is particularly true of 
therapies with less established platforms 
such as viral vectors used for gene therapy 
and any viral vector based therapeutic, or, 
most pertinent now, viral vaccines. Long 
cell-doubling times for mammalian sys-
tems slow down upstream process devel-
opment (PD) and the ability to generate 
material for downstream PD to optimize 
for yield. Analytical cell-based assays with 
long turnaround times, low throughput, 
and product complexity may also pres-
ent challenges, so efforts must be made 
to identify rapid surrogate assays that 
can be used for PD purposes. Many sup-
pliers do provide small-scale PD devices 
that allow for high throughput and DoE 
experiments. 

PharmTech: What is the best strategy for 
scaling up under a deadline? How can 
quality be ensured during scale up?

Avni (Wavelength): Ultimately, the best 
strategy to ensure product quality during 
scale up is quality by design. When pro-
cess design is done properly at lower scale, 
it inevitably paves the way to more effi-
cient scale up—right first time. An ex-
perienced team will be well-practiced in 
identifying any process design gaps and 
will make sure to complete any missing 
data before moving to scale. Having the 
internal capability and experience to 
troubleshoot is also vital to keep such 
projects on track.

Raje (LGM Pharma): Quality by design is 
essential here, building quality into your 
processes. And teamwork is essential to 
that. You cannot anticipate all the chal-
lenges if, for example, you don’t involve the 
late-stage production staff early enough 
and ask, ‘Can you scale this process up?’ 
Well-staffed QA/QC [quality assurance/
quality control] can ensure that process 
assays, cleaning method validations, and 
raw materials—and final product-release—
happen on time. A robust, electronic 
QMS [quality management system]—not 
paper—brings efficiencies and quality en-
hancements. Lastly, it is important to ac-
cept only projects that fit the capabilities of 
the organization to avoid failure, especially 
in times of drug shortages.

Venkatraman (AMRI): One strategy is 
running process development and ana-

lytical method development in parallel, 
versus sequentially. A common mistake, 
under tight timelines, is to push analyti-
cal method development to the very last 
stage. But to succeed in rapid scale-up, 
once a process is set, you must move 
quickly to understand the edge of failure 
for critical process parameters. Another 
strategy relates to availability of raw ma-
terials and identifying suppliers early on. 
You must qualify suppliers and set spec-
ifications for the materials. Understand-
ing the quality tolerance of the materials 
sooner, and purging impurities, will help 
in consistently meeting the critical qual-
ity attributes. 

Stutzman (Catalent): Time can be re-
duced by the approaches mentioned 
previously; however, there is a chrono-
logical order which must be followed 
in order to ensure that quality is built 
into the process. Process optimization 
test results and proper interpretation of 
the data must be completed prior to em-
barking on scale up/confirmation activ-
ities, and sufficient API quantities must 
be available for a minimum number of 
confirmation batches, and should include 
provisions for boundary batches, which 
are processed at a scale representative of 
commercial production. These batches 
establish the upper and lower limits de-
fined in the master batch record, which 
is derived from the process optimization 
studies. The confirmation and boundary 
batches provide a complete picture of 
commercial manufacturing ranges and 
minimize risk to a successful pre-ap-
proval inspection (PAI).

Landau (Cambrex): Every scale-up is 
under a deadline, so a plan becomes the 
critical pathway to quality. We use base-
line engineering runs at full scale when-
ever possible to learn what to expect upon 
scale-up. This is confirmatory in nature 
and allows our team to collect as much 
info as possible to tweak the final process 
for registration scale-up batches. We allot 
for raw materials timings as part of our 
supply chain resilience, to avoid delays 
due to starting material hang ups. 

Rees (Pall Biotech): Scale up goes fastest 
when teams have deep knowledge and ex-
perience of both the product they are try-
ing to scale up and the equipment that they 

Manufacturing
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are using. Of course, it is usually not prac-
tical for groups to have deep knowledge 
of their drug product or expertise with 
the manufacturing equipment: Therefore, 
some process development is essential for 
achieving a successful scale-up. 

Suppliers often have deep engineering 
knowledge and operational bioprocess 
experience of their equipment and how it 
performs in lots of different applications. 
Therefore, partnering with your equip-
ment suppliers can often significantly 
accelerate process development.

Gardner (Vectura): Strategic selection 
of cross functional, dedicated teams [is] 
need[ed] to manage the synergies re-
quired to scale up at speed. Streamlined 
protocols that ensure all CQAs [critical 
quality attributes] and CPPs are captured 
are preferential, to maximize the time 
spent gathering data for quality assur-
ance and good practice (GxP) compli-
ance purposes. Simplicity is paramount, 
and reduction of complex documentation 
is the key to meeting tight deadlines for 
demand when drug shortages are faced.

Streamlining scale up
PharmTech: What are some best practices 
for streamlining scale up?

Raje (LGM Pharma): There are many, 
starting with superb project manage-
ment—bringing the team together, with 
excellent coordination between chemists 
and engineers, to provide insights earlier 
in the process. You want team owner-
ship of success, which requires seamless 
handoffs between early development and 
large-scale manufacturing teams. I’d add 
heightened supply chain control, from ex-
cellent vendor management to avoid is-
sues with raw and starting materials not 
meeting specifications. Another would 
be having both the right equipment and 
personnel to study and evaluate scale-up 
parameters.

Landau (Cambrex): Streamlining scale-up 
effectively is essentially a large planning 
exercise that considers all the moving 
parts of a process. Cutting-edge equip-
ment and capacity are extremely critical, 
particularly for processes scaling into 
larger batches. We start with confirm-
ing the target scale-up equipment needs, 
from both a technical and staffing per-

spective, verifying that we have the right 
technologies that enable scale-up and the 
right people to operate the equipment. 
We plan for any points of changeover, 
and if there are disposables involved, en-
sure that all those resources have been 
ordered and are available to keep the 
process moving. 

Each process is different, which means 
different potential problems. Develop-
ment work should be well-documented, 
including any specific requirements for 
scaling of batches. And this work cannot 
ever be viewed as ‘complete’. 

A focus on communications and con-
tinuous monitoring allows for threats to 
be identified early and dealt with before 
they cause disruption. Now more than 
ever, this also includes planning for ca-
pacity, with the availability to spread pro-
cesses over multiple similarly equipped 
plants and conduct parallel manufactur-
ing if/as required. 

Avni (Wavelength): Acknowledging the 
many different challenges of scale up is 
first. This translates to performing rigor-
ous process design; using equipment and 
methods representative of commercial 
processes during scale up; and meticu-
lously qualifying suppliers of raw ma-
terials to ensure a robust reliable supply 
chain. Wavelength continuously invests 
in our supply chain, carefully select-
ing our suppliers based on their quality 
processes and regulatory track record. 
We qualify at least two suppliers from 
different geographies for key starting 
material, keep sufficient stock on hand, 
and plan on a rolling 12-months-out so 
that we have a back-up in crisis situations. 
Another best practice is developing addi-
tional synthetic steps for manufacturing 
strategic products from simpler, more 
readily available starting materials. This 
paid off during the COVID-19 crisis, as 
we could apply these steps in-house or 
transfer the knowhow for quick imple-
mentation by an alternate supplier. 

Pereira Chilima (Univercells Technologies): 
When it comes to technology selection, 
the best practices include using scale-
down models that are representative of 
the target manufacturing scale. This will 
highly accelerate the scale-up process as 
well as reduce manufacturing costs as 

companies can identify optimal process 
designs at small scale and transfer these 
processes to the larger scale without sig-
nificant adaption. 

Venkatraman (AMRI): Data-rich exper-
iments can minimize or mitigate risk 
during scale-up. Because it is likely fewer 
experiments can be performed due to 
time constraints, they must produce 
maximum usable data. This requires 
advanced technologies that can capture 
data in one shot, speeding up process re-
search without sacrificing quality. Also, a 
DoE approach, which is critical to under-
standing the design space, can give you 
an understanding of the space around 
the reaction that is very important. Mod-
eling and simulations are also helpful in 
predicting and addressing issue that can-
not be seen in small-scale experiments.

Gardner (Vectura): Ensuring as much 
critical data can be captured, evaluated, 
and defined within the early-phase de-
velopment is crucial. Early-phase devel-
opment equipment and processes should 
be synergistic with those at the scale-up 
phase, thereby reducing required data 
capture for CPPs and CQAs. Involving 
late-phase manufacturing teams early in 
the development phases, to ‘debug’ any 
potential challenges early in the product 
lifecycle, really helps streamline scale up.

Stutzman (Catalent): Recent advance-
ments in compaction simulators can not 
only mimic tablet presses, but also roller 
compactors. Such simulators demon-
strate how process parameters can now 
be established with a fraction of the API 
that would have been consumed using 
more traditional approaches. In addition 
to less API being required, simulation 
can also reduce the total time required 
to complete such activities. Although 
these new approaches reduce total API 
required in establishing the manufac-
turing design space, they do not preclude 
the necessity to confirm the results at 
commercial scale prior to product pro-
cess qualification. Simulation minimizes 
API requirements and the risk associated 
with scale up activities, and confirmation 
batches solidify the target process param-
eters evaluated during the process opti-
mization activities.PT
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Peer-Review Research

S 
ince 2018, FDA and other regulators have found N-nitro-
sodimethylamine (NDMA) in several sartan- and raniti-
dine-based drug substances and products (1,2), resulting 
in widespread recalls of sartans and a ban on the sale of 

ranitidine. Nitrosamines, including NDMA, are mutagenic and 
capable of causing irreversible damage to human DNA, poten-
tially leading to cancer. 

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

Nitrosamine impurities are often introduced in the following 
ways during API manufacturing:

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

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

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

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

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

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

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

Regulatory policies and procedures require identification and 
quantification of low levels of mutagenic impurities (including 
nitrosamines) in drug substances and drug products. In 2019, 

Submitted: April 16, 2020 
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Development of a  
Validated Method of  
Testing for NDMA in Ranitidine

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

Parul Angrish, Chander Mani, and Saikat Banerjee
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global regulators (including FDA) published validated sensitive 
analytical methods (3–6) that follow International Council for 
Harmonization (ICH) Q2 (R1) guidelines to detect and quan-
tify nitrosamines in several sartan-based drugs. These methods 
include:

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

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

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

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

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

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

Peer-Review Research

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

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

Parameter Value

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

Agilent 1290 Infinity II multisampler (G7167B)

Agilent 1290 Infinity II multicolumn thermostat 
(G7116B)

Agilent 1290 Infinity II variable wavelength 
detector (G7114B)

Needle wash 80:20, methanol:water 

Sample diluent Water

Multisampler 
temperature

6 ± 2 °C 

Injection volume 20 µL

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

Column temperature 40 °C

Mobile phase A 0.1% formic acid in water

Mobile phase B 0.1% formic acid in methanol

Flow rate 0.3 mL/min

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

0 95 5 0.3

6 92 8 0.3

6.1 92 8 0.5 

11 5 95 0.5

11.1 5 95 0.3

11.2 95 5 0.3

14 95 5 0.3

Stop time 14 minutes

Post time 1 minutes

UV wavelengths 230 nm, 300 nm

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

# Start time (min) Scan type Diverter valve

1 0 MRM Waste

2 6 MRM MS

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

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

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

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

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

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

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

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

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

Parameter Value

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

Ion source
Atmospheric pressure chemical 
ionization (APCI)

MS/MS mode Multiple reaction monitoring 

Ion mode Positive

Drying gas temperature 300 °C

Drying gas flow 5 L/min

Nebulizer pressure 35 psi

APCI heater 350 °C

APCI needle positive 4 µA

Capillary voltage, positive 4000 V

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

Dwell time 200 ms

Table V. Detection and quantitation limits and linearity 
range of the FDA method.

NDMA

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

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

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

Table III. MS/MS compound information for analytes. MS = 
mass spectrometry. CAV is cell accelerator voltage, Z is charge 
number of ions.

Company
Precursor 

ion 
(m/z)

Product 
ion 

(m/z)

Fragmentor 
(V)

Collision 
energy 

(V)

CAV 
(V)

Polarity

NDMA 
(Quantifier)

75.1 43.1 75 18 1 +

NDMA 
(Qualifier)

75.1 58.1 75 10 1 +

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

Agilent 6470 triple-quadrupole Liquid Chromatography/MS

Compound
LOD 

(ng/mL)
LOD 
(S/N)

LOQ 
(ng/mL)

LOQ 
(S/N)

R2 Linearity 
Range 
(ng/mL)

NDMA 0.1 20.85 0.25 45.11 0.9997 0.1 to 100

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

Sample NDMA m… NDMA results Qualifier

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

Final conc. S/N Accuracy Ratio

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1 ppb 1 ppb-r010.d QC 5 1.0000 1.0000 7.537 17464 0.9593 0.9593 228.05 95.9 15.1
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clude the API, as shown in Figure 1b. The method is sensitive, 
reproducible, and robust because ranitidine does not enter 
the ion source of the mass spectrometer.

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

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

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

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

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

Number Response for 1 ng/mL

1 17,404

2 17,560

3 17,656

4 17,337

5 17,412

6 17,497

7 (Bracketing) 17,643

8 (Bracketing) 17,488

9 (Bracketing) 17,464

Average 17,495.67

Standard Deviation,SD 107.93

Relative SD (%) 0.62

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

Nitrosamine 
impurity

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

Recovery %

NDMA

1.2 86.4

3 93.3

6 86.5

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

Nitrosamine 
impurity

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

Recovery %

NDMA
24 94.9

48 87.4

Figure 2. Representative calibration curve for 
N-nitrosodimethylamine (NDMA) dispersed throughout the 
chromatogram.
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ties, methods to enhance efficiency 
without sacrificing quality or safety 
are needed,” he says.

Several activit ies must be per-
formed in a facility to avoid any risk 
of cross-contamination between Prod-
uct A and Product B, in particular via 
a thorough cleaning-in-place of all 
equipment surfaces in contact with in-
termediates and the end product, Thi-
baud Stoll, global head of commercial 
biologics operations at Lonza, specifies. 

For certain biologics, most notably 
viral vectors, vaccines based on live 
viruses, and spore-formers, precau-
tions must be taken to prevent spread 
through the air and more extensive 
cleaning protocols are generally re-
quired, typically with airborne peroxide 
methodology, says Katarina Stenklo, en-
terprise solutions commercial activation 
leader with Cytiva. Any live biological 
agents, whether they be the host organ-
isms or adventitious agents, must be 
effectively removed/inactivated from 
HVAC, facility, and equipment surfaces 
(both exterior and product paths) prior 
to introduction of a subsequent product, 
adds Syed T. Husain, senior vice presi-
dent and CDMO business unit head at 
Emergent BioSolutions.

Stainless-steel equipment specif-
ically presents a common challenge, 
as it requires cleaning and validation 
of product contact surfaces before the 
equipment can be used for a subse-
quent project, according to Evan Shave, 
director of biomanufacturing—global 
network operations for Thermo Fisher 
Scientific. Cleaning and sterilization of 
stainless-steel equipment is well under-
stood, but often “overdone” in terms 
of cleaning and rinse times, mostly 
due to conservatism or a lack of time 
to properly optimize the process, adds 
John Machulski, vice president of engi-
neering for Catalent Biologics.

Changeover of processes performed in 
a ballroom setting can be even more dif-
ficult than for processes run in individual 
suites due to the added risk of cross-con-
tamination with other processes on top 
of concerns regarding product carryover, 
notes Steve Gravallese, enterprise solu-
tions program director at Cytiva.

T hrough its Operation Warp Speed 
program for COVID-19 vaccine 
manufacturing, the US govern-

ment is paying manufacturers and 
contract service providers to scale up 
the manufacture of specific vaccine 
candidates. If those specific candidates 
are not successful in the clinic, those 
facilities must be able to quickly switch 
to production of different vaccine can-
didates that have been approved. 

While this approach sounds like a 
practical approach to accelerating vac-
cine manufacturing, rapid changeover 
of biologic production process carries 
numerous challenges. There are a few 
different strategies for overcoming 
these challenges, with key components 
including facility design, equipment 
selection, operational considerations, 

and the use of appropriate plant man-
agement systems.

Challenges
Challenges to rapid changeover come 
from many sources, including the 
equipment, room configuration, doc-
umentation, people, and environmen-
tal monitoring, according to Sebastien 
Ribault, head of end-to-end solutions 
at MilliporeSigma. 

The traditional method of com-
pletely stripping down all equipment 
and installing dedicated materials 
and components for each product 
has proven to be a cumbersome and 
costly process for multiproduct facili-
ties, adds Piergiuseppe Nestola, senior 
platform technology consultant at Sar-
torius. “It is not unusual for change-
over to require weeks to complete when 
traditional methods are followed. With 
the changing industry tide favoring 
multiproduct manufacturing facili-

Facility and equipment design are important, 
but the team and its experience matter most.

Strategizing for  
Rapid Changeovers in 
Biologics Manufacturing
Cynthia A. Challener

Cynthia A. Challener, PhD is a 
contributing editor to Pharmaceutical 
Technology.
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Stoll adds that some product-dedi-
cated equipment must also be installed, 
in particular chromatography columns 
with packed resin for drug substance 
purification. “All these activities may 
potentially be quite long and on the 
critical path if not optimized and se-
quenced properly, and if the facility 
layout has not been designed accord-
ingly,” Stoll states. 

For drug product manufacturing, 
it is critical to have a lean process de-
sign due to its highly kinetic nature, 
according to Machulski. “Although 
barrier isolation technology provides 
the highest level of aseptic processing, 
long bio-decontamination cycle times 
remain one of the biggest challenges 
for achieving a rapid changeover,” he 
says. Stoll also notes that given the 
completely different types of equip-
ment, changeover times are difficult 
to compare. “A change in vial format 
may require some significant setup ac-
tivities for a filling line; the number of 
such changes can be optimized via the 
proper yearly planning and sequencing 
of campaigns,” he observes.

For contract manufacturers in par-
ticular, the biggest difficulty is the 
need for processing equipment f lex-
ible enough to accommodate differ-
ent processes/scales corresponding 
to molecules from different clients. 

“This challenge is more likely to apply 
to drug substance rather than drug 
product because drug substance pro-
cesses typically have significantly more 
variability between different products,” 
Shave notes. 

Optimizing changeovers
Strategies for optimization of process 
changeovers differ because the equip-
ment and room configurations for each 
process are different, but all are driven 
by the same constraints and rational, 
according to Ribault. “A combination 
of primary (process design), secondary 
(facility design and operation), and 
procedural controls and studies should 
be used,” states Husain.

Stoll identifies three key approaches 
to optimizing changeover activities: 
making them as short as possible, per-

forming them during “hidden time” or 
in parallel, and reducing the number of 
changeovers by running longer cam-
paigns. “Operational excellence/lean 
methodologies can be quite powerful 
for optimizing changeover processes, 
as can the use of redundant equipment 
or dedicating packing rooms for chro-
matography columns. In the latter case, 
there is additional capital expense, but 
it is usually a good investment,” he says. 
Running longer campaigns, though, 
carries a trade-off with the optimiza-
tion of product inventory.

The ultimate goal, according to Gra-
vallese, is optimizing the facility around 
unit operations so they can be segre-
gated where open processing cannot 
be avoided and staggered changeovers 
are possible. “It really comes down to 
identifying the best methodologies and 
designs to stagger processes in facilities 
without impacting operations in the 
balance of the site,” he states.

Properly opt imizing cleaning 
and sterilization cycles where stain-
less-steel equipment is used, validating 
procedures, having a well-trained staff, 
and having a robust yet simplified sup-
ply chain are keys to facilitating rapid 
changeovers, according to Machulski. 

“Additionally, ready-to-use primary 
and secondary components can be 
helpful, along with automation and 
robotic technology for drug product 
fill/finish manufacturing,” he says.

Ribault also asserts that it is import-
ant to look across the entire value chain 
and consider how to ensure the inter-
face between process development and 
manufacturing works well; another 
consideration is to put together a team 
that will make the project a success in 
record time. “You do these things by 
having templates in place for process 
development and manufacturing that 
reduce the transition time. So, while 
rapid changeover is certainly an inte-
gral aspect of operations, it is import-
ant to keep in mind that it is one piece 
within the entire value chain,” he says.

In addition, a quality risk manage-
ment approach may be applied to as-
sess and continuously improve estab-
lished changeover processes, according 

to Nestola. “All processes, including 
changeovers, can be improved with 
investment of money and resources, 
parallel activities, equipment design 
improvements, and standardization,” 
he asserts.

Enabling changeovers  
through facility design
Facility design plays an important 
role in facilitating rapid changeovers. 
Inclusion of multiple upstream suites 
can enable better utilization of down-
stream operations because upstream 
processing takes much more time, ac-
cording to Stenklo.

For a multi-product downstream 
suite, Shave notes that it can be better 
to have the plant broken up into two or 
three segregated smaller rooms versus a 
single ballroom so changeover can start 
as soon as the unit operation is finished. 

“This approach affords the opportunity 
to increase facility throughput,” he says. 
A phased approach allows for proper 
and thorough cleaning as the process 
completes, agrees Husain. In addition, 
all surfaces should be smooth to allow 
for easier yet effective cleaning/disin-
fection, he notes.

Separate mechanical air handling 
systems should be used for indepen-
dent spaces to allow some rooms to 
be shut down while others continue 
to operate, adds Gravallese. Door in-
terlocking alarm systems are equally 
important because they ensure that 
adjacent process spaces remain sepa-
rated during changeover/cleaning. The 
ability to monitor spaces quickly is also 
essential so they can be released back 
to operations, he adds. “Environmental 
monitoring of different rooms is nec-
essary to ensure they stay within qual-
ified requirements (temperature, pres-
sure, humidity, bioburden, etc.). Some 
sampling is manual, but where possible 
automation of sampling can help speed 
up changeovers,” Gravallese says. 

Other important facility design 
aspects for rapid changeover, accord-
ing to Machulski, include: quality by 
design, design for manufacturability 
principles (i.e., lean, single-minute ex-
change of dies [SMED], etc.), integra-

Operations
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tion of lean operating principles such 
as 5S for optimal equipment, material 
and personnel f low in the manufac-
turing suite, and the establishment of 
SMED quick changeover principles to 
ensure efficient reconfigurations of the 
equipment.

Changeovers can also be facilitated 
if extra rooms are included in the fa-
cility where cleaning-in-place activi-
ties on equipment can be performed 
in parallel, Stoll observes. “It’s not 
just about one aspect, but all of the 
aspects, including the size of the cor-
ridors, equipment placement in the 
suites, management of sampling, and 
environmental monitoring working 
together,” asserts Ribault. 

The so-called “facility of the future,” 
concludes Nestola, would allow rapid 
changeovers due to its modular ap-
proach and because it is fit by design 
to accommodate single use and mini-
mize any possible cross-contamination 
while still allowing detection and pre-
vention of possible deviations. 

Equipment selection
In general, the equipment developed 
for the biopharmaceutical industry 
includes built-in functionality—both 
hardware and software—to make 
changeovers easier, according to Sten-
klo. If the same equipment can be used 
for multiple different processes to 
avoid having to schedule time during 
the changeover to move equipment in 
and out of storage, then changeovers 
can be faster, adds Shave. 

Closed-system design and opera-
tion in and between unit operations 
also mitigates the potential for cross 
contamination, states Husain. Closed 
processing is essential because it pro-
vides a better response when using a 
risk-based approach, adds Nestola.

Single-use equipment is therefore 
one of the biggest equipment-related 
solutions for facilitating more rapid 
changeovers. “Pre-gamma irradiated 
single-use f low paths for all unit op-
erations, standardized pre-sterilized 
tubing assemblies to connect unit op-
erations, and aseptic quick connectors 
(rather than welding or heat sealing) 

are all designed with features that en-
able rapid changeover,” Shave observes. 

The key advantage of single-use 
equipment is the elimination of clean-
ing and cleaning validation steps, 
which significantly reduces cleaning 
time, according to Stenklo. “With op-
timized consumables and consumable 
assemblies, the equipment can be spe-
cifically designed for the process and 
the facility as well,” she adds.

Single-use equipment a l lows a 

changeover in a matter of hours be-
cause it involves closed bags, according 
to Ribault. Both the monitoring and 
documentation steps are simplified 
because there is lower risk and the pro-
cess is less complex with single-use ver-
sus stainless steel equipment. “Many 
people who are trained on single-use 
equipment find it beneficial due to its 
simplicity and speed of changeover,” he 
says. Ribault does add, though, that if 
a hybrid approach is used, all aspects 
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including equipment and sampling, 
need to be taken into account to ensure 
there are no bottlenecks that can slow 
down the changeover process.

Shave adds that f lexible hardware 
with single-use product-contact f low 
paths are ideal. For instance, he notes 
that a tangential-f low filtration skid 
can be equipped with small and large 
pumps and the ability to take small 
and larger single-use tubing sizes to ac-
commodate a wide range of processes.

Emergent’s Baltimore Bayview facil-
ity, which is the company’s pandemic re-
sponse facility designated as a Center for 
Innovation in Advanced Development 
and Manufacturing (CIADM) by the 
US Department of Health and Human 
Services, uses flexible manufacturing 
and single-use bioreactors to respond to 
the COVID-19 pandemic. “Flexible de-
sign will help enable us to complete rapid 
changeover and meet the stringent time-
lines required for producing COVID-19 
candidates,” observes Husain.

Even with conventional sta in-
less-steel equipment, there are steps 
that can be taken to reduce change-
over times. “The ability to isolate the 
process equipment and transfer piping 
for clean-in-place (CIP) and steam-in-
place (SIP) operations is critical,” asserts 
Gravallese. “Staggering the CIP/SIP of 
equipment and transfer lines can also 
accelerate changeovers by ensuring 
that the critical equipment can be iso-
lated for priority cleaning to facilitate 
the start of the next campaign. Once 
all critical equipment and piping has 
been released back to operations, all 
secondary equipment can be cleaned 
for changeover, without impacting the 
production schedule,” he notes.

Ready-to-use components used 
within a filling line also allow for the 
cleaning step in fill/finish operations to 
be completely removed, while an auto-
mated high-speed filling line provides 
higher capacities than a traditional fill-
ing line. “Both of these design elements 
theoretically allow for more production 
runs to occur,” Machulski observes. He 
adds that high operational availability 
is achieved by reduced line clearance 
times and changeover times. For exam-

ple, by design there are 40% fewer parts 
to change on an automated high-speed 
filling line than a traditional vial line, 
and 20% fewer parts to change than 
a traditional syringe line. Automated 
servo motor adjustments and robotic 
arms are the enablers for this step 
change and result in a reduction of up 
to 30 minutes per changeover, accord-
ing to Machulski.

Implementation of rapid real-time 
testing for bioburden and endotoxin 
and total organic carbon can also 
be an advantageous best practice if 
equipment cleaning is required during 
change over, according to Shave.

Operational considerations
In addition to facility and equipment 
design, operational aspects can con-
tribute to more rapid process change-
overs. In particular, Stoll points out 
that automation and digital tools are 
enabling technologies for streamlining 
changeovers, such as via optimized 
scheduling of activities and electronic 
checks and instructions to minimize 
the risk of errors. “The right manu-
facturing execution system (MES) can 
help your facility of the future be both 
agile and compliant,” asserts Nestola.

Automation software can provide 
guidance in ensuring that a single-use 
f low-path is properly connected, 
thereby saving time performing man-
ual validation, Shave adds. The soft-
ware can also generate automated 
batch records of installation and vali-
dation, saving the operator time doing 

manual paperwork. Augmented real-
ity tools, meanwhile, can speed up the 
changeover process by walking the 
operator performing the changeover 
through the process as it is completed.

When one automation platform 
is used to integrate various pieces of 
equipment and provide additional 
functionalities, the ability to scale the 
whole system with the technology is 
facilitated, according to Stenklo. “Re-
lease handling is much easier when 
batch reporting, the data historian, 
and data analytics are maintained in a 
central place,” she says. “Process data 
can be accessed while a process is run-
ning without the need to gown up and 
enter the suite. Similarly, systems have 
been developed to support more rapid 
changeover approaches.”

In fact, instead of weeks of review, 
a facility of the future can achieve re-
al-time release without quarantining 
the product, notes Nestola. “In addi-
tion,” he says, “use of analysis of the 
data collected by the manufacturing 
execution system can provide infor-
mation about trends during different 
changeovers and their possible impacts 
on the product, if any.” 

It is important, though, notes Hu-
sain, that automation be designed to 
allow for plug-and-play operation. 

“Generally, islands of automation con-
cepts are used. A flexible data historian 
design also helps in allowing for equip-
ment flexibility yet proper operational 
control and data analysis,”  he explains.

For final drug product manufac-
turing, Machulski highlights the short 
bio-decontamination cycle times 
achieved through optimized injection 
of hydrogen peroxide vapor and use of 
catalytic aeration technology within au-
tomated filling lines, which enable fill-
ing of thousands of components within 
minutes to hours depending on the total 
production run. “This allows for more 
production runs to happen within a set 
timeframe. Additionally, these auto-
mated lines mitigate the risk of human 
contact with the product, allowing for 
less variability in the time taken for a 
human interaction and hence quicker 
filling times,” he observes.

Operations

A difficulty is 
the need for 
processing 
equipment 
flexible enough 
to accommodate 
different 
processes/scales. 
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Plant management systems 
It is important to keep in mind, though, 
that automation and software are just 
tools, not an objective, per se. “They 
don’t speed up changeover, but can 
slow it down. Since a facility is the sum 
of equipment, automation, and people, 
etc., it should not be considered sepa-
rately,” Ribault asserts. 

In fact, anticipation, training and 
processes including the mapping of ac-
tivities and their management through 
solid project management procedures 
can eliminate most of challenges, ac-
cording to Ribault. Electronic or paper 
procedures that guide shop floor peo-
ple through all of the steps are key to 
ensuring fast and error-free change-
overs, particularly when combined 
with MES, electronic batch record 
systems, and automation, agrees Stoll.

To facilitate rapid changeovers, an 
overall plant management system should 
have an adaptive scheduling system that 
automatically adjusts in response to 
changes, Shave adds. Supply chain man-
agement to ensure supply of consumables 
is also important, according to Stenklo.

Specific components of a good plant 
management system include electronic 
batch record capability, role-based rec-
ipe management that optimizes each 
stage of a recipe lifecycle, data integrity 
features to help prevent documentation 
or human errors, and data analytics to 
monitor, control, and predict any pos-
sible variation in the process, accord-
ing to Nestola.

Overall, Ribault notes that the most 
important features in a plant manage-
ment system are people and expertise. 

“The expertise to run a plant is not in 
the systems or equipment, but in the 
team and its experience, including 
quality, regulatory, and technical ex-
perience,” he asserts.

COVID-19 and 
changeover preparation
With COVID-19 and the focus on ac-
celerated development and production 
of potential vaccines, the industry is 
entering “brave new territory”, accord-
ing to Gravallese. “It will be even more 
critical under these circumstances to 

rely on past experiences to accelerate 
the approach,” he says. 

Any accelerated strategy that in-
volves pushing the boundaries of the 
usual regulations should be identified 
up front and discussed with the reg-
ulators as early as possible (e.g., use 
of stable clone cell bank or transient 
transfection for good manufacturing 
practice production), Shave stresses. 
Vaccine developers also need to en-
sure f lexibility with respect to the ex-
pected required manufacturing capac-
ity, according to Stoll. “One approach 
is to work with contract development 
and manufacturing organizations 
(CDMOs) to complement internal ca-
pacity,” he observes.

When selecting CDMO partners for 
accelerated COVID-19 projects, vac-
cine developers should first conduct a 
risk analysis to identify their capabili-
ties and any gaps related to the projects, 
according to Gravallese. “It is rare to 
find a perfect match, but it is import-
ant to find CDMOs with the platforms, 
technologies, and capacities that re-
quire the minimum level of retrofits 
and downtime and will allow for a rea-
sonable best approach. Where custom-
ers lack specific knowledge, CDMOs 
should be able to make assumptions 
based on their experience combined 
with good engineering practice, good 
quality practice, and the available tools 
in their toolboxes,” he concludes.

It is a lso important today for 
CDMOs to specialize in a couple of 
vaccine platform technologies, adds 
Nestola. “Most of the vaccines in de-
velopment are based on one manu-
facturing platform and many viral 
vectors processes are similar to each 
other. The same goes for the mRNA 
platform, where processes are similar 
between different candidates. By using 
multiple platforms, the risk for failure 
can be mitigated,” he explains.

In addition, given the current in-
creased lead time of most of the critical 
consumables, Shave says it is impera-
tive that processes be developed using 
platform raw materials that can be pur-
chased upfront before the process is fi-
nalized. “If a CDMO is involved, there 

will be a need for the drug developer 
and the CDMO to partner closely to-
gether to balance and adjust processes 
as needed during these unprecedented 
times,” he remarks.

CDMOs also need to agree with cli-
ents on a rapid approach to document 
review, according to Shave. As an 
example, he points to the use of tem-
plated documents, which can avoid or 
significantly minimize the need for 
client review of every batch record. In 
addition, quality systems may require 
some flexibility in the usual practices 
around document control to account 
for last-minute changes, Shave adds.

One challenge when entering new ter-
ritory is the rapid pace at which a larger 
number of activities are occurring. Stan-
dardization can, according to Gravellese, 
help expedite the process. “While the 
initial reaction of many people is they 
don’t have time to fit standardized ap-
proaches to their specific processes in 
such an environment, the truth is that 
standardization actually provides more 
f lexibility. Even if standardization is 
only achieved on a microlevel, the focus 
can then be directed to items that are 
critical and for which true solutions 
don’t yet exist,” he explains

To start, facilities with segregated 
production suites should be selected to 
enable processes to be up and running 
quickly, but at some point, optimization 
should be pursued to increase through-
put on the same equipment, according 
to Stenklo. “Similarly, while standalone 
equipment might provide the fastest 
pathway to an engineering run, integra-
tion of equipment on a single platform 
will likely provide more efficiency in the 
long term,” she elaborates.

The parallel investment in CDMOs and 
vaccine innovation is unprecedented and 
critical to being able to rapidly respond 
to the COVID-19 pandemic, Husain con-
cludes. “The potential success or failure of 
a vaccine candidate cannot be predicted. 
It’s important that CDMOs continue to 
focus on supporting all innovators and 
have clinical and commercial capabilities 
to continuously pave the way for innova-
tion and development of life-saving med-
icines for patients,” he says. PT
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pies (those administered to patients) 
involve running a good number of 
processes at larger scales. 

Capacity crunch expected
Multiple interview- and survey-based 
studies (1), clearly indicate cellular and 
gene therapy fields are currently on track 
for, if not already experiencing, a serious 

“capacity crunch.”  There is potential for a 
significant shortage of manufacturing ca-
pacity—measured as total volume of bio-
reactors in use—particularly at commer-
cial scales, similar to a decade or more ago 
when there was widespread expectation 
of a severe shortage of capacity for main-
stream recombinant products. Luckily, 
industry then responded with many new 
facilities and expansions; some presumed 
blockbuster products did not turn out to 
be blockbusters; and evolving technology, 
including higher titers, helped. 

The problems with cellular/gene thera-
pies manufacturing capacity particularly 
affect contract manufacturing organiza-
tions (CMOs). BioPlan Associates studies 
have shown that approximately 90% of 
cellular/gene therapy developers would 
much prefer to use CMOs to manufac-
ture their products. But related CMO 
capacity is simply not available. With 
lead times for CMOs to begin cellular or 
gene therapy projects now averaging 18 
months and increasing, more developers 
are deciding, often forced, to perform 
manufacturing, particularly later-stage 
and commercial, in-house. Many CMOs 
are entering the field or expanding their 
cellular/gene therapies capacities. But the 
leading CMOs and developers alike are 
busy trying to catch-up with capacity 
needs to support early-mid clinical needs. 

BioPlan estimates that there is cur-
rently a 500% shortage of cellular/gene 
therapy manufacturing capacity, in the 
sense that five times the current capacity 
would likely be used if it were available, 
particularly from CMOs. The shortage 
of capacity and long lead times with 
CMOs has resulted in many pharma-
ceutical companies slowing R&D or de-
laying entry into the field. Unless more 
staff and capacity are brought online, a 
greater capacity shortage is projected in 
five years. This shortage will occur as 

C urrent cellular and gene therapies, 
those relatively few marketed and 
the hundreds in clinical devel-

opment, primarily involve autologous 
manufacturing: making one product at 
a time individualized for each patient. 
This is clearly very resource intensive, 
often involving weeks of labor-inten-
sive manual processing to make a 
single patient’s treatment. 

The long-term trend is for develop-
ment of allogeneic cellular and gene 
therapies, involving batched manufac-
turing of products to be used for treat-
ment of multiple patients (1). Many, if 
not most, cellular therapies in devel-
opment involve genetic modification 

of cells—therefore, are also gene thera-
pies—with cellular therapy manufactur-
ing closely intertwined with gene manu-
facturing therapy (the vectors used). 

Compared to current cellular thera-
pies, gene therapy manufacturing is in a 
better position. Nearly all current gene 
therapy involves use of viral vectors, 
particularly adeno-associated virus 
(AAV), with related vector manufactur-
ing similar to that long used for viral 
vaccines and recombinant processing 
plasmids production. A few companies 
now report scaling-up allogeneic viral 
vector manufacture to 2000-L scale. 

But with large amounts of vectors 
needed for each treatment, this up-
stream volume will only treat at most 
several dozen patients. Cellular thera-
pies involve running lots of processes 
at small, usually one-off, desktop 
scales often along with gene therapy 
vector production, while gene thera-

Cellular and gene therapy fields are  
currently on track for, if not already 
experiencing, a serious capacity crunch.
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more products enter and advance in de-
velopment, particularly as more advance 
to commercial manufacturing. 

Total capacity among facilities 
known to be producing cellular/gene 
therapies, which is not always the only 
products manufactured, is approxi-
mately 330,000 L (2). This capacity is 
approximately 2.0% of the total 16.7 
million L worldwide bioprocessing ca-
pacity and is spread among 180 facili-
ties; about two-thirds of the facilities 
engaged in cellular/gene therapy pro-
duction perform gene therapy viral vec-
tor manufacturing either as therapies 
or for cellular therapies modification. 
Average capacity data are skewed by in-
clusion of the current largest viral vector 
manufacturing facilities, with many cell 
therapy facilities at much smaller scales 
and not publicly reported. Most cellular 
therapies are still autologous nearly all 
have under 500 L capacity. 

Survey results  
confirm problems
In terms of in-house bioprocessing ex-
pansions, most respondents of BioPlan 
Associates 17th annual survey expect 
large capacity increases (1). For example, 
of survey respondents with current rel-
evant capacity, 44% expect their facility 
to increase capacity by more than 100% 
during the next five years (see Figure 1). 
This increase does not include expected 
new entrants and program expansions as 
more products enter the market, as inves-
tors finally see actual revenue from sales 
of these products. 

Technology advancement is not ex-
pected to much help avert capacity prob-
lems. A minority (47.1%) of respondents 
agreed that “Within five years, platforms 
for cell and gene therapy manufacturing 
will have advanced to significantly reduce 
manufacturing capacity problems or bot-
tlenecks.”  Also, reflecting the primitive 

state of much cellular/gene therapies bi-
oprocessing, only 16% each cited, “Our 
commercial manufacturing will or does 
use only closed systems, aseptic trans-
fers/connections, etc.” and “Anticipate 
no problems with meeting good manu-
facturing practice (GMP) requirements.” 
One third (34%) of respondents report 
planning for GMP-compliant manufac-
turing of viral vectors/gene therapies this 
year, while 26% reported already attaining 
GMP, but with few yet planning for world-
wide commercial manufacturing. 

Problems addressing  
a capacity crunch
A decade ago, a capacity crunch would 
have affected nearly all biopharmaceu-
tical facilities. Today, the industry is far 
more diverse. There are more classes of 
products, more single-use manufacturing, 
more flexible facilities and suites, more 
ability to scale-out commercial manu-
facturing, more options for continuous 
bioprocessing, etc. Further, with the focus 

on the COVID-19 pandemic and related 
product development, many companies 
that would otherwise be entering or ex-
panding into cellular/gene therapies are 
not yet doing this, and governments are 
not expected to address cellular/gene ther-
apies manufacturing shortfalls. 

Even with near-term investments in 
new facilities and expansions, most fa-
cilities still need to catch-up to support 
current development needs, including 
building or contracting for capacity to 
support their early- and mid-stage clin-
ical development efforts. Commercial 
GMP manufacturing for cell and gene 
therapies is done by very few developers 
and CMOs, and even fewer are currently 
constructing capacity. The industry will 
ultimately attain future needed com-
mercial manufacturing capacity, but the 
options for expanding capacity today are 
greater than they were just 10 years ago, 
and from our research, many in clinical 
stage have not fully defined how this ex-
pansion will take place. 

Outsourcing

Gene Therapy Future Production Capacity

1-25% Increase 20.60%

26-50%

51-100%

101-200%

200-500%

>500%

>10,000%

No Change

14.60%

20.60%

26.30%

2.90%

5.90%

2.90%

8.80%

Figure 1. Gene therapy survey respondent plans for increases in capacity in 
next five years.

The leading CMOs 
are busy trying 
to catch-up with 
capacity needs.
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Hiring a major challenge
One of the major problems in ad-
dressing capacity shortfalls for cell 
and gene therapy manufacturers is 
the shortage of staff.  Most opera-
tions today are complex, and often 
fully manual (vs. automated), mak-
ing cellular/gene therapy viral vector 
manufacturing very labor-intensive. 
This manual processing requires 
highly trained, often over-qualified, 
staff at all levels involved with bi-
oprocessing. This has created staff 
shortages that are particularly affect-
ing cellular products bioprocessing.  
Here, experienced doctorate-level 
personnel are often needed. Techni-
cians can sometimes lack the needed 
expertise. Viral vector manufacture 
also requires considerable hands-on 
experience. While only a minority of 
biopharmaceutical developers and 
CMOs are involved in cellular/gene 
therapies, problems related to hiring 
rank rather high in the BioPlan an-
nual survey, as follows: 

• One-third (34.6%) of survey re-
spondents cited significant prob-
lems hiring cellular and/or gene 
therapy staff. 

• 19.8% of all respondents (this is 
greatly higher if just included the 
cellular/gene therapy players) cit-
ing difficulties hiring gene ther-
apy staff. 

• 14.8% having difficulties hiring 
for cellular therapies. This indi-
cates that the great majority of 
cellular/gene therapy developers 
and CMOs are experiencing hir-
ing problems. 

Overall, shortages of cellular/gene 

therapy bioprocessing staff will likely 
worsen as the most experienced ‘baby 
boomer’ staff retire and as the prod-
uct pipeline moves from R&D to clin-
ical and commercial production. Also, 
unprecedented growth in pandemic 
vaccine/therapeutics bioprocessing 
will worsen the overall hiring situation, 
particularly for gene therapy, with many 
with virus-experience moving into pan-
demic vaccines and therapeutics (3).
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Most facilities still 
need to catch-up 
to support current 
development 
needs.
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P  hospholipids are used in many 
types of formulations such as 
fat emulsions, mixed micelles, 

suspensions, and liposomal prepara-
tions for any administration route (1-
3). Phospholipids are surface-active, 
comprising a polar headgroup and 
a lipophilic tail. They are used as 
emulsifiers, wetting agents, solubi-
lizers, and liposome formers. The 
phospholipid molecule comprises 
a glycerol backbone esterified in 
positions 1 and 2 with fatty acids 
and in position 3 with phosphate, 
the latter being further esterified 
with an alcohol. The most common 
phospholipid is phosphatidylcholine 
(PC), which is the main component 
of lecithin as described in the United 
States Pharmacopoeia (USP). Phos-

pholipids are essential components 
of cell membranes, have digestion/
metabolic functions (4) as a lipopro-
tein component, and are a source for 
the  biosynthesis of acetylcholine (in 
the case of PC) and (essential) fatty 
acids and energy (5). 

Natural phospholipids are iso-
lated from natural sources such 
as soybean, rape- and sunflower-
seed, and animal material (e.g., egg 
yolk, milk, and krill). These raw 
materials are produced worldwide 
at very large scale. The phospho-
lipid compositions of the lecithins 
are dependent on the raw material 
sources. In all cases, PC is the main 
phospholipid component. Higher 
quality pharmaceutical-grade 
phospholipids are obtained with 

excellent inter-batch reproduc-
ibility by validated extraction and 
chromatography procedures using 
non-toxic solvents (Figure 1).

Control of the raw material qual-
ity and use of a validated purifica-
tion method ensure the quality of 
the phospholipid excipients. Egg 
phospholipids, isolated from hen 
egg yolk with similar methods as for 
soybean lecithin, play an important 
role as excipients as well. 

Natural phospholipids can be fur-
ther modified to saturated phospho-
lipids by hydrogenation (6) and use 
of enzymes to make from soy PC, 
e.g., soy phosphatidylglycerol (PG) 
(Figure 2). Besides natural phospho-
lipids, synthetic phospholipids are 
also being used in pharmaceutical 
products.

In pharmaceutical products for 
oral and dermal administration, 
mainly soybean phospholipids are 
used. For dermal use, hydrogenated 
soybean phospholipids are also ap-
plied. In parenteral products, natu-
ral phospholipids are prevalent in 
addition to synthetic phospholipids, 
as described in the FDA’s Inactive 
Ingredient (excipient) list (Table 1) (8).

Egg phospholipids serve as emul-
sifiers in parenteral nutrition prod-
ucts (e.g., Intralipid®) (10). These 
emulsions can also be used as car-
riers for oil-soluble drug substances 
such as diazepam (Diazemuls®) and 
propofol (Diprivan®) (11, 12). 

Parenteral mixed micellar formu-
lations, comprising soybean phos-
pholipids and cholate salts, are either 
suitable as solubilizers for poorly 
water-soluble compounds such as 
vitamin K or soybean phospholipids 
intended as APIs for the treatment of 
liver disorders (13, 14). These prod-
ucts underscore the safe intravenous 
use of soybean phospholipids.

Considering pulmonary prod-
ucts comprising phospholipids, 

The Use of Natural 
Phospholipids as 
Pharmaceutical Excipients

Crude Soybean Oil

Soybean Phosphatidylcholine

Degumming

Deoiling

Solvent fractionation

Chromatography

Crude Soybean Lecithin

Deoiled Soybean Lecithin

Phosphatidylcholine Enriched Fractions

Figure 1. Flow chart of the isolation process steps of soybean phosphatidyl-
choline from crude soybean oil. 
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natural as well as synthetic 
phospholipids can be used. For 
instance, natural phospholipids 
extracted from bovine or calf 
lung have been used to treat Re-
spiratory Distress Syndrome, a 
disease in infants characterized 
by immature lung epithelium 
(15). The inhalation product for 
systemic treatment with levodopa 
(Inbrija®) comprises 1,2-dipalmi-
toyl-sn-glycero-3-phosphocho-
line (DPPC). 

Natural phospholipids are well 
known to regulatory authorities 
and described in many pharma-
copoeias (16). Regarding the tox-
icity of phospholipids, the World 
Health Organization, US FDA, 
and EU place no limit on the oral 
intake of lecithin as a food addi-
tive (17-19). The safe intravenous 
use of soybean and egg phospho-
lipids is well documented (20). 

In conclusion, natural phos-
pholipids are derived from re-
newable sources, are produced 
with ecologically friendly pro-
cesses, and are available in large 
scale at relatively low costs. They 
comply with all requirements 
from major regulatory authori-
ties and are safe for any admin-
istration route. For parenteral 
application, egg-, soybean-, and 
hydrogenated soybean phospho-
lipids are used, besides synthetic 
phospholipids. In oral adminis-
tration soybean phospholipids 
prevail, whereas for dermal ad-
ministration to the skin soybean 
phospholipids and their hydroge-
nated versions are popular. Inha-
lation products contain natural 
phospholipid extracts and syn-
thetic phospholipids.

For references, please visit 
PharmTech.com/pharma-
insights
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Paid Program

Peter van 
Hoogevest is 
the managing 
director of the 
Phospholipid 
Research Center 
Heidelberg, 
Germany. Contact 
pvanhoogevest@
phospholipid-
institute.com 

Figure 2. Enzymatic conversion possibilities of 
phosphatidylcholine (7). 

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

Drug 
Substance

Product
Main Lipid 
Excipients

Admin. 
Route

Indication

Amphotericin 
B

AmBisome®1 HSPC3: 
DSPG4: 
Cholesterol

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

Doxorubicin 
hydrochloride

Doxil®1/
Caelyx®1

HSPC: 
Cholesterol: 
MPEG 
2000-
DSPE5

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

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

Myocet®2 Egg PC: 
Cholesterol

i.v. metastatic 
breast cancer

Vincristine 
sulphate

Marqibo®1 SM6: 
Cholesterol

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

1See www.rxlist.com for detailed information; 2for details see (9); 3Hydrogenated 
soybean phosphatidylcholine; 41,2-distearoyl-sn-glycero-3-phosphoglycerol; 
5N-(carbonyl-methoxypolyethylene glycol 2000)-1,2-distearoyl-sn-glycero-3-
phosphoethanolamine sodium salt; 6sphingomyelin.
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consuming to retrieve during audits 
and inspections, if it can be located 
at all.

• Manually tracking, approving, 
a nd record i ng GM P-related 
documents increases the likelihood 
of misunderstandings and human 
errors, a l l  of which slow an 
organization’s cash flow. 

• Manual reviews of the documentation 
required for GMP compliance tend to 
delay lot releases. 

• Training is harder to administer in 
analog systems and harder still to 
record and track efficiently. 

A reliance on paper documents 
has also caused many life-sciences 
manufacturers to shift from providing 
meaningful training for employees to 
simply allowing them to check a box 
on a paper form indicating that a 
work instruction has been read and 
understood. These practices can result 
in human error, illegible handwriting, 
and lapsed training. 

Digitization and connectivity
For most companies subject to GMP 
requirements, proof of compliance 
has always been associated with boxes 
of paper records. Paper documents—
and later PDFs, which can be equally 
as problematic to extract data from—
have historically been hallmarks of 
GMP compliance. 

The future of GMP compliance 
l ies in digita l data connectiv ity. 
Life-sciences companies that have 
implemented paperless solutions are 
finding it is possible to extend digital 
advantages from the back offices to the 
shop floor and beyond. 

For example, a pharmaceutical 
packaging company that employed a 
cloud-based batch record system reduced 
GMP-related quality reviews from 
two to three hours per batch record to 
10–15 minutes per record and increased 
employee efficiency by 30% (2).

Digital systems that automatically 
contextualize intelligence can provide 
company leaders with information 
to make better decisions and provide 
recommendations in real time. Other 
GMP compliance advantages that can 

I n 2019, the failure to document quality 
responsibilities and procedures 
was the top citation in the Form 

483 reports issued by FDA. The next 
most common inspection finding 
citation related to compliance with 
good manufacturing practices (GMP), 
moving up from its third-place position 
in 2018, was failure to thoroughly review 
unexplained discrepancies or failure of 
batches to meet specifications (1). 

These are a l l  common lapses 
that start small but lead to major 
compl iance roadblocks for l i fe-
sciences companies of all sizes. The 
reason for their occurrence can be 
easily explained: manual processes 
are the biggest threat to compliance 

with GMP requirements. Making the 
case that paper is the greatest enemy 
of GMP compliance and the leading 
cause of the escalating cost of quality 
is not difficult. 

Many pharmaceutical companies 
continue to use paper-based processes 
on the manufacturing f loor despite 
inefficiencies created by burdening 
resources with paperwork and slow 
manual processes. Other issues—many 
not immediately evident—contribute 
to higher quality costs, including the 
following:
• There is no efficient (let alone 

automated) means of consolidating 
data within a paper-based system.  

• Data that are manually collected from 
and entered into paper documents are 
inherently limited. 

• Information contained in manually 
compiled audit trai ls is t ime-

The case for migrating from a  
paper-based quality management  
system to a digital platform is presented.

Viewpoint: Digitizing 
Processes to Align with 
GMP Requirements 
Matt Lowe

Matt Lowe has served MasterControl as 
a product manager, senior vice president, 
and president of MasterControl Labs.
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Event Overview
Development of orally administered small molecules is becoming 
more challenging as an increasing number of molecules in pipelines 
are exhibiting a trend toward higher lipophilicity and molecular weight, 
which can lead to poor solubility and bioavailability.

During this webcast, industry experts will introduce a fast and efficient 
development process that can help deliver the right clinical candidate, 
best formulation strategy, and an optimal dosage form to Phase 1. The 
presentation will also review details of some established data-driven 
approaches, including physiologically based pharmacokinetic (PBPK) 
modeling, parallel formulation screening, API sparing techniques, and 
optimal early dosing strategies that will help avoid development pitfalls 
and de-risk a molecule’s path to clinic. 

Key Learning Objectives
 •  Learn about how to utilize PBPK modeling in candidate and 

formulation selection 
 •  Review scalable formulation technologies for poorly soluble 

compounds
 •  Understand API sparing techniques for selecting the best 

formulation approach
 •  Learn about optimal dosing strategies in early development 
 •  Hear real-world successful case studies that utilize these data-

driven approaches

Who Should Attend
Drug innovators seeking nimble and proven solutions to advance 
their challenging molecules to clinic and market fast including R&D 
professionals in small- to mid-sized companies, large pharma or, 
venture capital groups, and consultants 

From Candidate to Clinic: 
Strategies to Accelerate Your 
Molecule’s Development Path

Presented bySponsored by

All Attendees will receive a FREE executive summary 
of the webcast!

Register for this free webcast at:  
www.pharmtech.com/pt_p/strategies_to_accelerate
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be achieved by digitally connecting 
quality data and processes include:
• Audit-ready documentation .  A 

digital quality management system 
(QMS) can maintain updated GMP 
records so that they are continually 
primed for audits. 

• Automated escalation. A digitized 
QMS that automatically distributes 
reminders about important tasks like 
document approvals and late training 
tasks sustains the progress of quality. 
Additionally, it helps maintain trust 
throughout the organization that 
quality processes are always headed 
in the right direction. 

• C o m p r e h e n s i v e  t r a i n i n g . 
Automation helps ensure training 
is appropriately administered, 
completed, and recorded. 

• S m o o t h e r  i n t e r a c t i o n s  w i t h 
regulators. Digital records can 
be easi ly retrieved during an 
inspection, providing inspectors 
with faster access to complete, 
correct information.

• Enhanced trending and tracking. 
Digitization affords real-time 
reporting capabilities that empower 
decision-makers to act quickly with 
the knowledge that their information 
is accurate and up to date. 

• A proactive posture. The ability to 
catch mistakes and see bottlenecks 
quickly brings quality issues to 
the fore sooner so they can be 
addressed with speed and precision. 

Many companies can claim to be fully 
digitized, but if various departments are 
using disconnected systems, each team 
is typically reliant on siloed information, 
which makes it impossible to extend 
quality throughout the enterprise. There 
should never be a question of “Whose 
data are the right data?” When they are 
not coming from the same source, the 
data will undoubtably be inconsistent, 
which leads to disagreements. 

A common software platform is 
the key to connecting people with the 
processes and policies that are integral 
to GMP alignment. Platforms are 
vital to eliminating the antagonistic 
mindset that too often thwarts cross-
departmental compliance efforts. 

A unified platform that digitizes and 
integrates processes enables a company 
to collect, connect, and contextualize the 
metrics, data, and insights needed by both 
manufacturing and quality teams. It puts 
both departments in a better position to 
conduct shared processes that directly 
correlate to GMP compliance, such as 
document revisions, training, sampling 
and testing, and review and release.

Aligning GMP activities  
across a broader ecosystem
For companies with geographically 
dispersed partner/vendor sites or business 
units, ensuring consistency is one of the 
most difficult aspects of GMP compliance. 
But maintaining quality alignment across 
a network of sites in diverse geographic 
regions where different languages may 
be spoked is an uphill battle that’s made 
even harder without the support of a 
centralized QMS. 

Paper-based or hybrid paper/
electronic systems can slow the process 
of developing key compliance documents, 
such as standard operating procedures, 
policies, or work instructions. A 
centralized quality management system 
promotes collaboration and more rapid 
completion of quality documents.  

The bottom line
A digitized QMS doesn’t just make good 
business sense. As the regulatory world 
becomes increasingly more digitized 
every day, it makes good compliance 
sense for companies that must conform 
to GMP requirements.

Seeing the writing on the wall—or, 
in this case, on the digital screen—
FDA is in the process of updating its 
own technical infrastructure via the 
Technology Modernization Action Plan 

(TMAP). The plan is not just aimed at 
keeping up with digital trends, however. 
It is intended to improve the agency’s 
communication and collaboration with 
the companies subject to its regulations 
in order to drive technological progress 
that can improve patient outcomes. FDA 
has made it abundantly clear that the 
TMAP strategy revolves around data 
because connected, contextualized 
data represents the regulatory future. 
The plan’s foundation is the concept of 
making dramatic improvements in the 

“stewardship, security, quality control, 
analysis, and real time use of data” (3). 
Even regulators understand that the 
time has come for data to take center 
stage, and FDA is leading the data 
connectivity charge. 

As life-sciences companies and 
regulatory bodies alike become more 
digitized, their systems for managing 
quality are the cornerstone elements that 
can least afford to remain analog. Not 
adopting the latest technology is a risk no 
business can afford. Just ask the former 
Blockbuster executives who didn’t make 
the leap to a streaming platform and 
ultimately went out of business. When 
it comes time to prove compliance with 
GMP requirements, the companies that 
follow FDA’s lead in the area of QMS 
digitization and data connectivity will 
have distinct advantages over competitors 
that still rely on siloed information 
trapped in paper-based systems. 
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There should 
never be a 
question of 
‘Whose data are 
the right data?’ Not adopting 

the latest 
technology is a 
risk no business 
can afford.
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Event Overview
Using manual titration to perform quality control of 
pharmaceutical raw materials, APIs, intermediates and 
final products invites error into very important steps of the 
pharmaceutical manufacturing process. With the right method 
development support, getting a manual titration migrated to an 
autotitrator is a simple process. 

In this webcast, Brett Lane, Senior Chemist of Lonza’s QC 
laboratory in Rochester, NY will share his experience modifying 
manual titration methods to optimize results using autotitration. 
Brett will use two case studies, sodium and zinc pyrithione 
fungicides and bactericides, to walk through the method 
development and validation process. Kerri-Ann Blake, Product 
Manager for Titration at Metrohm, will provide tips for converting 
manual titrations to modern automatic titrations. She will also 
share how it’s possible to automate colorimetric titrations and 
satisfy USP requirements and how to select the best system for 
the analysis. 

Key Learning Objectives
 •  Learn how to develop and validate titration methods for 

pharmaceutical products 
 •  Understand how to adjust parameters to optimize titration 

methods
 •  Learn how convert manual titrations to automatic titrations
 •  Learn best practices for maintaining titration instrumentation

Who Should Attend
 •  R&D Scientists and QA/QC Managers from the pharmaceutical, 

biopharmaceutical, and nutraceutical industries
 •  Those involved in method development and validation of 

pharmaceutical products 
 •  Those interested in learning how to convert manual titrations to 

automatic titrations

Improve 
Pharmaceutical 
Methods with 
Automatic Titration
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Register for this free webcast at:  
www.pharmtech.com/pt_p/Automatic_Titration
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link in the system, they’ll find it. And 
they’ll develop new ways to exploit it. 
The nature of global supply and distri-
bution chains means that illegitimate 
products can cascade throughout the 
supply chain and reach patients if 
they’re not caught quickly.”  

Deliberate falsification is not the 
only threat, as innocent errors can be 
just as harmful. In the United States, 
FDA reports that in 2020 alone, 46 
drugs have been recalled for various 
reasons that include contamination, 
incorrect dosage, and mislabeling (4).    

In an effort to enhance the safety 
of drugs and the security of the phar-
maceutical supply chain, countries 
are implementing regulations to iden-
tify and track drugs throughout their 
journey to the patient. For example, 
FDA’s Drug Supply Chain Security Act 
(DSCSA) aims to enhance drug supply 
chain security by 2023 and mandates 
product tracing for manufacturers, re-
packagers, wholesale distributors, and 
dispensers (5). While the DSCSA man-
dated product tracking at the lot level 
back in 2015, it will soon require pack-
age level tracing as well. The European 
Union’s Falsified Medicines Directive 
implements similar tracking require-
ments too (6).  

End-to-end traceability  
… it’s not just about safety 
The International Institute of Re-
search Against Counterfeit Medi-
cines (IRACM) describes end-to-end 
traceability well; “The traceability of a 
product refers to the ability to locate 
it throughout the complete lifecycle of 
the production and distribution pro-
cesses. … traceability plays a major 
role in the fight against health product 
counterfeiting” (7).  

The obvious benefits are maintain-
ing the effectiveness of drugs, improv-
ing patient lives, and minimizing the 
costs to the industry imposed by coun-
terfeits, substandard drugs, and recalls. 
But full traceability across a digital 
supply network can help in other ways 
too, including:  

• Improving efficiency and mini-
mizing waste 

A cross nearly every industry, 
the inability to resolve prod-
uct problems as they arise can 

cause a lack of trust with consumers 
that’s hard to rebuild. But none more 
so than in pharmaceuticals where 
patients’ lives are at risk, companies’ 
reputations and futures hang in the 
balance, and care providers can be 
negatively impacted.  

An article in the American Jour-
nal of Tropical Medicine and Hygiene  
reported that, “Falsified and substan-
dard medicines are associated with 
tens of thousands of deaths, mainly 
in young children in poor countries. 
Poor-quality drugs exact an annual 
economic toll of up to $200 billion 
and contribute to the increasing peril 
of antimicrobial resistance. Some esti-

mates say up to 10% of pharmaceuti-
cals are fake” (1). 

The International Federation of 
Pharmaceutical Manufacturers and 
Associations (IFPMA) emphasizes the 
widespread threat counterfeit drugs 
pose as well, stating, “Falsified medi-
cines are a growing public health threat 
for every country, every medicine, and 
every person” (2).  

Former FDA Commissioner, Scott 
Gottlieb, confirmed the threat in a 
speech in 2018 (3), when he said, “We 
see a world where the risk from coun-
terfeit drugs is increasing rapidly. 
Where the means to produce coun-
terfeits and distribute them through 
sophisticated, illegal networks is in-
creasing. And the volume is also rising 
sharply. We have numbers that speak 
to these risks. We have enforcement 
work underway that ’ l l—unfortu-
nately—illustrate that these concerns 
are real. If we tolerate a single weak 

End-to-end traceability can provide more 
value than just securing drug product safety.

Securing the 
Pharmaceutical Supply 
Chain with Full Traceability
Reddy Gottipolu

Reddy Gottipolu is senior 
vice-president Healthcare  
at One Network Enterprises.
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Event Overview
When selecting and qualifying the primary packaging for lyophilized drug products, 
an obvious question is: How deep should one go into the extractables and leachables 
qualification process of a lyophilization container? 

As the drug product is in a solid state, it is expected that the interaction between the 
lyophilized drug product and the components of a lyo-container will be low. This is 
also re�ected in the USP <1664> Monograph on Leachables and the EMA Guideline on 
“Plastic Immediate Packaging Materials” (2005). 

However, the mechanism of interaction between the lyo-cake and the rubber stopper 
of a lyo vial is not always fully understood. The interaction mechanism is based upon 
outgassingof the rubber stopper, where the lyo cake acts as an adsorbent. Not only 
can this lead to substantial accumulation of the volatile and semi-volatile leachable 
compounds onto the lyophilized drug product, it may also induce chemical reactions 
between the leachables and the drug product, (i.e. when the adsorbed leachables show 
electrophilic properties).

The webcastr will explain the outgassingmechanism of the lyo-stoppers, which may 
lead to further accumulation of leachables adsorbed onto the lyo-cake. In addition, 
an experimental testing strategy will be explained that covers both the discovery, 
identification, and quantification of those leachables, as well as the formation of 
secondary leachables through chemical reactions between these reactive leachables 
and the drug product and its ingredients.

Key Learning Objectives
 •    Understand the need to perform extractable and leachable evaluations for 

lyophilized drug products from a scientific perspective.
 •   Understand the interaction mechanism between lyo-vial system components and 

the drug product (outgassing)
 •   Understand a combined testing protocol can determine the presence and 

concentration of both the leachables, accumulated onto the lyo-cake, as well as 
the secondary leachables that were formed a�er a chemical reaction with the drug 
product (ingredients)

Who Should A�end
 •   Pharmaceutical Packaging and Device Engineers
 •   Production Engineers, using SU systems
 •   Regulatory A�airs O�icers
 •   Pharmaceutical R & D Managers
 •   Analytical Chemists, working on E/L
 •   Quality Assurance O�icers

The Necessity of Extractable 
and Leachable Qualifications 
for Lyophilized Drug Products: 
Some Fallacies Addressed

Register for this free webcast at:  
www.pharmtech.com/pt_p/necessity
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• Enhancing collaboration in the 
supply chain to resolve inter-en-
terprise problems better and faster

• Enhancing resilience and agility to 
help predict shortages and secure 
the supply during a crisis.

Enhancing resilience and agility 
is particularly critical, as the issue 
of resilience in the pharmaceutical 
supply chain has ‘elbowed’ its way 
into the boardroom in the wake of 
COVID-19  (8). Executives can no 
longer ignore the threat posed by 
the often-tenuous threads of supply, 
both inbound and outbound, that 
compromise their end-to-end supply 
chains. Full traceability extends the 
view beyond the lab and corporate 
walls, to provide insight into the flow 
of ingredients, drugs, and equipment 
from their source all the way to clinic, 
hospital, and pharmacy shelves. Sup-
ply chain planners and managers are 
better equipped to identify poten-
tial problems and act early, protect-
ing supply lines and ensuring prod-
ucts f low smoothly to patients and  
care providers.       

Achieving traceability across  
the pharmaceutical supply chain 
So, how is it possible to rea l ize 
end-to-end traceability? Before value 
can be gained from full, end-to-end 
traceability, it is necessary to authen-
ticate the product itself. There is no 
purpose in tracking a product through 
the supply chain if the drug itself is 
substandard or counterfeit. The keys 
to effective traceability include the 
following.  

Product authentication and serialization. 

Product authentication technology 
is an essential part of a secure drug 
supply chain, and there are numer-
ous ways to achieve this. Spectrometer  
analyzers can verify the actual in-
gredients and dosage of product, but 
other methods include specially de-
signed coatings, chemical and mo-
lecular markers, and micro tags. The 
latter options can be applied at any 
and all levels—from the ingredients 
themselves all the way to the finished  
drugs and even the packaging. Seri-
alization involves adding a unique  
identifier to sellable units of the prod-
uct, so that it can be identified and 
traced throughout the supply chain. 
At the package-level, FDA recom-
mends the Serialized National Drug 
Code (sNDC) as the standard numer-
ical identifiers for prescription drug 
packages (9). Drugs that do not have 
an NDC (e.g., biologics) may use a 
different standard. Given these foun-
dational elements, the big challenge is 
to track the product across all supply 
chain partners.  

Legacy technologies fall short. Any drug 
supply chain is vulnerable to product 
quality problems, and there is always 
a chance for variance due to ingredi-
ent issues, substitution, contamination, 
formulation, or just plain human error. 
Many companies have tried to lever-
age electronic data interchange (EDI) 
across the network to address some of 
these issues. However, as a technology, 
EDI is woefully inadequate in address-
ing today’s supply network require-
ments. Remember, EDI was originally 
developed during the time of batch 
business processing and, even with the 
benefit of some of the newer extensible 
markup language business-to-business 
formats, it is still not possible to pro-
cess much of the product quality related 
data being consumed through the vari-
ous Internet of things sensors deployed 
throughout the network. So, while EDI 
itself will still remain in the picture for 
years to come, a supply network plat-
form is needed that will enable contin-
uous digital business processes to pro-
vide full traceability and the assurance 
of product quality and safety.  

Identify the root cause of quality issues. 
When an issue does arise, an effective 
traceability capability should allow 
for a root cause analysis at the process 
level to be performed, which means 
network level master data management 
is needed that is extensible across mul-
tiple data types and geographic regions. 
Just like a Single Version of the Truth 
(SVOT) from a demand signal perspec-
tive across the network is needed, so 
too is a SVOT at the process level from 
a product quality and safety perspec-
tive. In this way, traceability becomes 
another foundational element of 
quality culture. Over time, a network 
platform will become the backbone 
for the digital twin, including a multi-
party ledger (i.e., a blockchain at the 
network level), which also provides 
permission-based security between 
trading partners. Such an architecture 
also opens up the potential to add arti-
ficial intelligence (AI) into the mix. A 
multi-party intelligent agent can oper-
ate across the network targeted at im-
proving key metrics such as achieving 
on-time in-full order fulfillment.  

Traceability: The basis for effective exe-
cution. When there is a problem with a 
drug, any missteps in handling the cri-
sis are costly in a social media-driven 
world where brand damage can hap-
pen quickly. In times of crisis, phar-
maceutical companies need to respond 
quickly by:

• Acting immediately with great 
transparency

• Rapidly identifying the scope of 
the problem

Supply Chain

Enhancing [supply 
chain] resilience 
and agility is 
particularly 
critical … in the 
wake of COVID‑19.

Before value can 
be gained from 
full, end‑to‑end 
traceability, it 
is necessary to 
authenticate the 
product itself.
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Event Overview
As biopharmaceutical drug product development continues to 
grow, so do new regulations on packaging and container closure 
components associated with delivery of the drug product to 
the patient. This webcast will present a brief introduction to 
extractables and leachables (E&L), followed by a  discussion 
of relevant United States Pharmacopeia and ISO guidelines 
and practical considerations when planning an extractables 
and leachables project. A case study demonstrating a typical 
extractables and leachables project, including the design, 
extraction, analysis, and reporting of extractables and 
leachables data for single-use IV bags used for bioprocessing 
purposes will be presented. Learn best practices for an 
extractables and leachables program and how to analyzing 
materials for biologics drug projects.

Key Learning Objectives
 •  Review results and analysis of an E&L case study of 

biopharmaceutical single-use bag systems 
 •  Gain an overview of the process, procedures, and approaches 

for biopharma E&L studies
 •  Understand analytical capabilities and expertise needed to 

conduct effective studies

Who Should Attend
 •  Biopharmaceutical drug product and R&D scientists
 •  Engineers working to develop new drug products or drug 

delivery systems
 •  Compliance/regulatory/QA personnel
 •  Pharmaceutical drug product and R&D scientists
 •  Manufacturers/vendors/users of biopharma/

pharmaceutical containers

Extractables and Leachables 
of Biopharmaceutical 
Container Closure Systems

Presented bySponsored by

Register for this free webcast at:  
www.pharmtech.com/pt_p/container_closure
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Supply Chain

• Locat ing the speci f ic drugs,  
lots, and impacted locations and 
customers

• Initiating the recall and executing 
the recall logistics

• Identifying the source of the prob-
lem and fixing it 

• Instilling confidence in their mar-
ketplace and with consumers.

To do all this effectively, more 
control over the supply network is 
required. Leveraging network-based 
technolog y t hat t racks t he f u l l 
chain-of-custody for every item from  
start to finish provides visibility into 
supply chains with a way to effec-
tively track products, intermediates, 
and raw materials in real time, from 
their source, across trading partners,  
all the way to the clinics, hospitals, and 
pharmacies who need them.  

By rapidly extracting only the af-
fected product in a recall, and at the 
precise locations in the supply chain 
that are affected, companies can 
minimize the impact on consumers 
and healthcare providers, protect 
their reputation, and minimize costs.  
Another critical factor is knowing 
exactly what and how much product 
needs to be replaced to quickly resup-
ply to locations with minimum busi-
ness impact.

Brand quality: More  
than just product quality
Over time, traceability data will en-
able process improvement and prod-
uct-quality initiatives. Plus, with AI 
in the mix, it is also possible to relate 
changes in process variables to poten-
tial outcome, with probabilities mea-
sured against acceptable thresholds. 
But what’s interesting is that today, 
brand quality extends well beyond  
product quality. 

Understanding and verifying sources  
and origins. Today, it is more important 
than ever to know the specific ingre-
dients of each drug and if they are 
authentic, where they originated, and 
who made and handled the product. 
In fact, more and more pharmaceu-
tical manufacturers are being asked 

to provide and prove the answers to 
those questions. Using a chain-of-cus-
tody solution, raw ingredients, drugs, 
shipments, and origins can be com-
pletely tracked, so that all approved 
sources of raw materials, interme-
diates, and finished drugs, as well as 
their paths through the supply chain 
network, are 100% verifiable and au-
ditable. This takes on life-saving sig-
nificance, especially where counterfeit 
pharmaceuticals are a concern such as 
in some regions in Africa. Or, where 
medical products, like biologics, must 
be maintained at certain tempera-
tures to prevent spoilage or degrada-
tion during their journey through the  
supply network.

Business net wor k plat for ms exis t  
to support traceability and chain-of-cus-
tody. Given the implications traceabil-
ity has in relation to product quality, 
safety, and compliance with current 
and imminent regulations, there re-
ally is no choice but to move forward 
with a technology investment to enable  
this capability. 

The business network not only  
enables chain-of-custody and trace-
ability services but also provides a 
foundation for future growth and  in-
novation. Scott Gottlieb recognized 
that digital networks play a reme-
dial and protective role and are an  
active element in the future of health-
care innovation stating, “A fully dig-
itized supply chain can also help 
develop predictive analytics to re-
duce health care fraud, waste, and 

abuse. It can allow regulated indus-
try and regulators to more easily 
manage or avoid costly or danger-
ous supply disruptions. It can help  
support innovative manufacturing 
and distribution technologies at a 
time when the drugs being developed 
are becoming increasingly tailored to 
specific patient populations” (3).

The bottom line is that whether a 
product quality issue leads to recalls, 
warranty claims, or unit level medical 
device repairs, after the event the trust 
of the patient and healthcare provider 
will need to be regained. By having the 
ability to address and communicate a 
course of action proactively, the over-
all impact can be significantly limited. 
Business network technology enables 
companies to be proactive and more, 
as it tracks the full chain-of-custody 
for every item from start to finish, pro-
viding visibility across final products, 
intermediates, and raw ingredients 
in real time from their source, across 
trading partners and to the point of 
care, whether that be a hospital, clinic, 
or retailer. 
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hyphens versus slashes sets you up for insignificant deviations that 

wastes time and resources. 

Other potential pitfalls to avoid are providing ambiguous 

information, restricting access to SOPs, allowing access to obsolete 

SOPs, having unnecessary SOPs describing operations that you 

don’t perform, and not providing clear instructions for recording 

data, which could lead to data integrity issues.

Writing an effective SOP and keeping it current is not an easy 

task.  It requires time, effort, and cooperation with the users to 

achieve the correct balance that allows the process to be easily 

followed, specifies the correct data to be recorded, reflects 

the current operations, and can be improved as the process 

improves through continual improvement. Taking a critical look 

at the level and detail provided in your SOPs and right sizing the 

information contained to accurately reflect your operations will 

help in eliminating an audit observation of not following SOPs or 

having insufficient SOPs, and these steps may help improve your 

compliance position.
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Event Overview
Stability and moisture challenges are likely to 
increase with the development of more potent APIs, 
larger molecules, and modified-release tablets. 
Innovative and evolving dosage forms, such as 
chewable and orally disintegrating tablets, also 
face heightened stability challenges and shelf-life 
challenges. In this webinar, learn about the trend of 
increasing moisture sensitivity of oral solid doses 
and discover solutions to increase efficiency and 
effectiveness of blister packaging technology.

Key Learning Objectives
 •  Understand the impact of packaging choices on 

stability and shelf life of oral solid dose drugs
 •  Review best practices and new techniques for 

barrier and shelf-life prediction
 •  Learn about the benefits of combining new and 

novel blister packaging technologies

Who Should Attend
 •  Formulation scientists and engineers, analytics 

experts, process design and development 
specialists, regulatory affairs staff, packaging 
design, development and operations experts, 
stability study professionals, QA/QC managers

Register for this free webcast at:  
pharmtech.com/pt_p/blister_packaging
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Active Packaging 
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to Derisk Drug 
Product Stability
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ask the expert

Q.I am responsible for updating my company’s 

standard operating procedures (SOPs). My 

company has been cited several times in audits for not following 

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

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

SOPs are being followed for now and in the future?

A.You are not alone. Not following SOPs or not having ade-

quate procedures in writing continues to be one of the top 

observations for the industry in 2019 (1). Companies usually use 

their SOP to show that they have control over their processes, 

thereby demonstrating compliance with regulatory expectations. 

The problem you are having with your SOPs seems to be an 

ongoing issue not necessarily related to the pandemic. It would 

seem this situation is exacerbated by the pandemic but not caused 

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

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

There are four simple concepts to keep in mind for having 

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

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

SOP that defines the steps taken to achieve compliance to a 

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

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

present data that indicate you have followed the instructions in 

your SOP and have investigated any incidents where you have 

deviated from those instructions. Once you have mastered 

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

concept by revising and updating your SOPs to reflect current 

practice and process improvements. These concepts are 

simple enough to follow, so the being cited by regulators for not 

following SOPs is disappointing.

Previously in this column, we have discussed the elements 

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

to the SOP content. To address this particular problem, you 

need to be aware of some of the pitfalls companies encounter 

when writing SOPs. Writing an SOP with the correct amount of 

information in it—neither too restrictive nor too ambiguous—

is not an easy task. It takes time and effort to create an SOP 

with the right balance of information (3).

The three most common pitfalls when writing an SOP 

are providing too much information, providing too little 

information, and providing unneeded specific information.

When an SOP provides 
too little information, it 

results in an out-of-control 
process that generates 

deviations.
Providing too much information in an SOP results in a 

restrictive process that generates deviations. An example 

of too much information in an SOP would be listing the 

serial number for a piece of equipment. Should the piece of 

equipment need to changed for any reason, the result is a 

deviation and an SOP that can’t be followed.

When listing equipment requirements in an SOP, you should 

describe the piece of equipment but not necessarily to the serial 

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

needed with a general description of its function and capability.

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

out-of-control process that generates deviations. When there 

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

There is the potential for each individual executing the process 

to interpret the instructions in their own unique way resulting 

in deviations that need to be investigated and the potential 

for the regulatory citation of insufficient SOPs. An example 

of providing too little information might be not specifying 

the specific order reagents need to be added to generate a 

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

that information needs to be specified in the SOP. 

SOPs that provide unneeded specific information are also 

problematic. An example of unneeded specific information might 

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

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

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

this information is separated by hyphens or slashes. There is 

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

Writing Effective SOPs

The amount of detail included in SOPs may help a company stay compliant, says  
Susan J. Schniepp, Distinguished Fellow at Regulatory Compliance Associates, LLC.

Contin. on page 72
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