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Note from the CEO

F rom a drug price policy perspective, we might well describe the 
COVID-19 pandemic as an extended period of slack water, a prolonged 
moment unstressed in the tidal stream of price, where there appeared 

no movement in either direction. Beneath the surface, however, much was 
churning. Both Teva Pharmaceuticals and AbbVie withdrew membership from 
the Pharmaceutical Research and Manufacturers of America (PhRMA) trade 
association, which most observers connect to passage of the Inflation Reduction 
Act (IRA).  This legislation slowly phases in Medicare’s capacity to negotiate the 
prices of certain medicines. AbbVie’s CEO, Richard Gonzalez, testified that the 
bill imposes “price controls.” rather than allowing negotiations (1). It is certainly 
a debatable point. In his State of the Union speech, President Biden emphasized, 
in particular, efforts to lower the price of insulin to help senior citizens, and 
patients more broadly, by extending a $35-a-month cap. Biden noted that the 
IRA enacted in 2022 also capped annual out-of-pocket drug costs for Medicare 
patients at $2000 a year and predicted that the drug price negotiation provision 
in that legislation will further reduce Medicare outlays for medicines (2).

Somewhat foreshadowing the optics of all this, in an expansion of the com-
pany’s “an Accord for a Healthier World” program (which is aimed at increasing 
access to innovative treatments in some of the world’s poorest countries), Pfizer 
said it will now offer a total of 500 products, its full portfolio of drugs, including 
off-patent medicines such as chemotherapies and oral cancer treatments, on a 
not-for-profit basis to 45 low-income countries (3).

An equally important undercurrent potentially unobserved, might be 
Mark Cubans’ Cost Plus Drug Company (MCCPDC). Their consumer pricing 
model is elegantly simple: manufacturing costs + 15% margin + $3 charge for 
pharmacy fulfillment. MCCPDC has their own Pharmacy Benefits Manager 
division that negotiates with the manufacturers of approximately 1000 generic 
drugs. They have a mail-order pharmacy that fulfills prescriptions for generic 
drugs and sells them direct-to-consumer. And they’ve built a manufacturing 
facility where MCCPDC can take pharmaceutical formulations for generic 
drugs and become their own suppliers. With vertical integration, this company 
offers drugs at a huge discount (4). That wave beginning to crash over PhRMA’s 
gunwales may well emanate from a startup mindset, rather than Big Pharma 
or government policy pundits.

References
1. US 117th Congress. Unsustainable Drug Prices (Part III): Testimony from Abb-

Vie CEO Richard Gonzalez. House Oversight and Reform. May 18, 2021. 
2. Wechsler, J. Biden Hits Drug Prices for Boosting Health Care Costs. PharmTech.

com. Feb. 9, 2023. 
3. Reuters. Pfizer to Sell All Its Drugs in Low-income Countries at Non-profit 

Price. Reuters.com. Jan. 17, 2023. 
4. Cuban, M. A Letter from Mark Cuban. Our Mission. CostPlusDrugs.com (ac-

cessed Feb. 21, 2023). PT
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T he bio/pharma outsourcing industry continues to be integral in the 
development and manufacture of medicines. Contract research or-
ganizations, contract development and manufacturing organizations 

(CDMOs), and contract manufacturing organizations assist drug sponsor 
companies in bringing their products to market. These contractors offer 
the experience and resources some drug companies may lack to develop and 
manufacture drug products.

Outsourcing processes appears to be on the rise. When it comes to bio-
pharmaceuticals specifically, BioPlan Associates states that more than half of 
biomanufacturers (65%) outsourced bioprocessing tasks in 2022, which is up 
23% from 2006. The research company also predicts this trend will continue, 
citing that 79% of respondents to a 2022 survey have indicated they will 
be outsourcing some of their operations by 2027 (1). Analytical testing and 
toxicity testing were the most typical outsourced activities in 2022, according 
to BioPlan (2). “As the industry has become more complex, with increasingly 
advanced technologies, such as cell and gene therapies, in some cases, the 
need for the skills available from specialized CDMOs is indispensable,” said 
Shriya Bhatkhande, research associate with BioPlan Associates (2). 

According to Ashley Wentworth, senior director, Vault Quality at Veeva 
Systems, contract partnerships are also entering the quality control space, 
with some companies collaborating with contractors in quality management. 

“Others, too concerned about security and data access, shied away from this 
approach. This, however, will change,” Wentworth said (3). In addition, con-
tractors bringing suppliers into quality management systems will make ac-
ceptance, sign off, and approval of products easier, according to Wentworth. 

“Over time, companies will develop distinct information-sharing strategies, 
training programs, and new processes tailored to each partner” (3).

These and other outsourcing trends, such as fill/fin-
ish for messenger RNA therapies and technology transfer, 
are discussed in Pharmaceutical Technology’s® Bio/Pharma  
Outsourcing Innovation eBook, published in February 2023. 
The eBook can be found on PharmTech.com. 

References
1. BioPlan Associates, Inc. 19th Annual Report and Survey of Biopharmaceutical 

Manufacturing Capacity and Production (19th annual edition, April 2022). 
2. Bhatkhande, S. Biopharmaceutical Manufacturing Growth. Pharmaceuti-

cal Technology’s Bio/Pharma Outsourcing Innovation eBook, February 2023.
3. Wentworth, A. Forecasting Trends in Pharma Innovation. Pharmaceutical 

Technology Bio/Pharma Outsourcing Innovation eBook. February 2023. PT 
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regulatory watch

T  he remarkable success of utilizing 
messenger (mRNA) technology to 
combat the severity and spread of 

COVID-19 is transforming the world of 
vaccine discovery and testing, stimulat-
ing a new generation of vital preventives 
for global diseases. Industry’s ability 
to deliver COVID-19 vaccinations in 
the United States and internationally is 
generating multiple initiatives to further 
compress the timeframe for vaccine 
development and production. New vac-
cines to combat cancer and to better 
prevent a range of infectious diseases are 
being tested, as are more efficient sea-
sonal influenza shots that more closely 
match prevalent viral strains. 

These developments are foster-
ing new partnerships among vaccine 
makers and initiating more clinical 
trials to develop mRNA therapeutics 
and preventives for a range of serious 
conditions, including melanoma, Zika, 
malaria, and shingles. New shots to 
prevent pneumococcal disease are in 
development from several firms. Mod-
erna made waves with data indicating 
84% effectiveness for a new preventive 
for RSV (respiratory syncytial virus) as 
well as progress in developing a vaccine 
to help combat melanoma (1). Takeda 
is gearing up to launch a new dengue 
vaccine that provides several years of 

protection in anticipation of FDA ap-
proval later this year (2). 

And despite plans to end the COVID-
19 public health emergency, additional 
preventives for that virus continue to 
emerge. Novavax gained FDA approval 
of its protein-based COVID-19 vac-
cine only in July 2022 and recently an-
nounced the sale of 1.5 million vaccine 
doses to the federal government to cover 
the transition from government-sup-
ported shots to a commercial market 
(3,4). But a vaccine to prevent HIV ap-
pears as elusive as ever, as Johnson & 
Johnson’s Janssen unit recently reported 
failure to show effectiveness in clinical 
trials, adding to the list of disappointing 
efforts to block continued spread of this 
lethal disease (5). 

Annual shots for COVID-19?
These developments speak to the need 
to review research and regulatory ap-
proaches for testing, assessing, and mar-
keting potential vaccines. FDA’s Vac-
cines and Related Biological Products 
Advisory Committee (VRBPAC) agreed 
on the value of a common bivalent an-
ti-COVID shot for all patients that targets 
both the original COVID-19 strain and 
the Omicron subvariants.  However, the 
expert panel was less certain about rec-
ommending annual vaccination against 
COVID-19 due to uncertainty about the 
continued effectiveness of the current 
shots and about what time during the 
year would be best for a national COVID-
19 vaccination campaign (6). 

Pfizer, Moderna, and Novavax re-
ported to VRBPAC on efforts underway 
to produce reformulated bivalent vac-

cines and supported the plan for a com-
mon formulation for all manufacturers to 
simplify vaccination recommendations 
and reduce patient questions about the 
effectiveness and safety of vaccines from 
different manufacturers. The three firms 
also said that they are already studying 
combination shots for flu and COVID-
19 and emphasized the need for specifics 
from FDA on the process for updating 
vaccine strains and the timing, process, 
and methodology for producing a data 
package for new licensure. 

While the expert panel and officials 
from FDA and other health agencies ac-
knowledged the value of utilizing mRNA 
platforms to produce anti-COVID 
vaccines so quickly and effectively at 
the start of the pandemic, some panel 
members called for further analysis of 
how well the new formulations provide 
long-term protection, avoid safety is-
sues, and emphasized the need to assess 
whether more traditional vaccine pro-
duction methods may have broader ben-
efits moving forward. They urged addi-
tional research on the possible need for 
different vaccination schedules for both 
young children and older adults with 
health impairments. 

In concluding the advisory commit-
tee meeting, Peter Marks, director of the 
Center for Biologics Evaluation and Re-
search (CBER), reiterated the importance 
of a “data-driven approach” to achieve 
a vaccine regimen that is as simple as 
possible. But he also noted the value of 
monitoring vaccine safety and assessing 
product effectiveness in shifting to a next 
generation of COVID-19 vaccines able to 
provide “greater depth of protection.” 

Advances in vaccine development are creating partnerships  
and stimulating clinical trials to develop new mRNA applications.

Jill Wechsler

Vaccine Development Builds 
on COVID-19 Breakthroughs
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Combatting misinformation
Despite these advances, criticism of 
FDA vaccination recommendations has 
escalated, generating vaccine hesitancy 
among broader population groups. A 
survey by the Kaiser Family Foundation 
in December 2022 found that one third 
of parents now oppose required vaccina-
tion of school-age children for measles 
and other infectious diseases (7). 

Politics has driven vaccine hesitancy 
even more on the state level. Florida 
Governor Ron DeSantis made waves in 
December 2022 by disparaging vaccines 
and even charging vaccine makers for 
fraud in promoting their preventives—a 
strong about-face from a political leader 
who strongly supported vaccines during 
the Trump administration and sought 
millions to fund Florida’s vaccination 
campaign to combat COVID-19. 

To bolster public confidence in deci-
sions by FDA alongside federal and state 
health agencies, former FDA leaders 
from both sides of the aisle have joined 
FDA Commissioner Robert Califf in 

pressing for health professionals, disease 
advocates, and the academic commu-
nity to ramp up efforts to counter such 
anti-vaccine fears and misinformation, 
much of it presented in online commu-
nications. There’s even talk of permitting 
manufacturers to directly address false or 
misleading information on their vaccines 
and medical products, provided that FDA 
permit firms to present clinical data and 
real-world experience on public plat-
forms. Vaccine experts hope that a shift 
away from differing COVID-19 vaccine 
compositions and varying immunization 
schedules, along with clearer alignment 
between US and European vaccination 
recommendations, will generate wider 
support for preventing infection from 
old and new infectious diseases.
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The ability of artificial intelligence to process 
large amounts of diverse data cleanly creates 
more accurate reports for improved drug safety. 

drug sponsors to ensure the safety of the 
products they manufacture and distrib-
ute. “Each sponsor is legally required to 
manage adverse events based on specific 
guidelines by territory. A sponsor with 
authorization to run clinical trials for a 
product will need to collect and report all 
adverse events per study protocol, with 
a subset requiring expedited reporting,” 
says Sharmila Sabaratnam, senior direc-
tor, Vault Safety strategy at Veeva. “The 
most considerable volume of adverse 
event reports occurs post-market and can 
present challenges if sponsors don’t have 
the right systems, processes, and talent in 
place. In pharmacovigilance, you need 
this foundation to ensure patient safety, 
scientific rigor, and data integrity.” 

Use of artificial intelligence (AI) in the 
monitoring and reporting of drug safety 
data is a tool companies can utilize to 
assist them in this process. “AI assists 
companies by automating information 
capture, yielding quick output, limiting 
errors, and helps to understand and clas-
sify clinical documentation,” says Aloka 
Srinivasan, PhD, principal and managing 
partner at RAAHA LLC. 

T   he World Health Organization de-
fines pharmacovigilance as “the 
science and activities relating to the 

detection, assessment, understanding, 
and prevention of adverse effects or any 
other medicine/vaccine related problem” 
(1). Drug safety includes quality control 
during the development and manufac-
ture of a drug and monitoring the safety 
of the drug post-approval when it is in 
the market and being used by patients.

The European Medicines Agency 
(EMA) states that European Law re-
quires a pharmacovigilance system be 
operated by EMA, the national compe-
tent authority, and the market autho-
rization holder to monitor medicines 
throughout their use for adverse side 
effects that may occur (2). In the United 
States, FDA’s Adverse Event Reporting 
System database support’s the agency’s 
post-marketing safety surveillance 
program and contains adverse event 

reports, medication error reports, and 
quality complaints. Reports sent to FDA 
by drug manufacturers and healthcare 
professionals are used by the Center of 
Drug Evaluation and Research and the 
Center for Biologics Evaluation and Re-
search to track the safety of a drug (3). 

“Pharmacovigilance activities start 
with clinical trials to provide information 
on the safety and therapeutic benefits of 
a drug. The aim of [pharmacovigilance] 
monitoring during the clinical trials 
is to demonstrate that the therapeutic 
benefits outweigh the risk (severe side 
effects), and if proven, the respective 
data is submitted to regulatory agency 
(i.e., FDA) to gain approval to com-
mercialize the drug,” says Dr. Foram 
Vaishnav, head of the North American  
pharmacovigilance and risk management 
team at Dr. Reddy’s Laboratories. 

Gathering and reporting safety data to 
regulators is part of the responsibility of 

Harnessing Technology  
to Ensure Drug Safety
Susan Haigney

Cover Story: Pharmacovigilance
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“With the evolution of safety technol-
ogy, AI is more commonly leveraged in 
case processing for intake, validation, and 
coding to assist case processors or auto-
matically process cases,” says Sabaratnam. 

“AI can help extract and aggregate large 
data sets, applying natural language pro-
cessing (NLP) to automate case intake. 
Accelerating the capture of cases drives 
earlier analysis so companies can report 
issues and make preventative changes. 
These AI technologies also significantly 
reduce data entry associated with case 
intake, lowering overhead costs.”

“Given the short time frame in which 
adverse events must be collected, evalu-
ated, and reported to regulatory agencies, 
pharmaceutical safety teams are forced 
to deal with increasingly large volumes 
of data (due to an increase in safety data 
sources, including social media, online 
forums, and physical documents) that 
must be processed quickly,” says Updesh 
Dosanjh, practice leader, Pharmacovigi-
lance Technology Solutions, IQVIA. “Not 
only does AI-driven automation expedite 
the process by supporting or replacing 
manual activities; it often does a more 
thorough job than manual reviewers facing 
deadline pressure in far shorter timescales, 
minutes vs. hours … AI tools can analyze 
both structured and unstructured data in 
real-time. [Pharmacovigilance] query tools 
automate the reporting and management 
of case documentation, while NLP tools 
analyze complex narratives, including 
patient charts, social media posts, articles, 
and other unstructured data.”

AI in drug development
The importance of AI in drug develop-
ment is seen in the way it can run multiple 
analytical methods in real-time and eval-
uate data from different angles, accord-
ing to Dosanjh, giving an organization a 

“richer picture of the data.”
AI serves a variety of purposes in 

safety evaluations during drug devel-
opment, confirms Dr. Vaishnav, in-
cluding clinical, administrative, and 
research areas. However, Dr. Vaishnav 
warns, use of AI comes with challenges. 

“AI-enabled products, for example, have 
sometimes resulted in inaccurate, even 
potentially harmful, recommenda-

tions for treatment. These errors can 
be caused by unanticipated sources of 
bias in the information used to build or 
train the AI, inappropriate weight given 
to certain data points analyzed by the 
tool.” Vaishnav continues that while AI 
cannot replace clinical trials, “the ma-
chine learning software can run faster 
and more accurately to analyze the data 
generated from these clinical trials, pro-
ducing results that, again, are checked by 
experts to see if the software is properly 
evaluating the data to generate insights 
that help drug manufacturers make bet-
ter-informed decisions.” 

Mark Moorman, vice president of 
Artificial Intelligence, TCG Digital and 
Analytics Business Development, Lab-
Vantage Solutions, states that a lack of 
data is a concern in drug development. 

“A better AI/predictive model for drug 
safety and vigilance would be a quan-
titative model which uses expert guid-
ance,” he says. “With qualitative models, 
you can guide the learning with an ex-
pert’s opinion on what could or should 
happen. This can provide more insight 
when real data is limited, and it would 
be a good way of carrying out pharma-
covigilance in the early stages.”

AI can also help sponsors with drug 
development by using data to choose 
which products are worth developing 
further, according to Dr. Vaishnav. 

“From [a] pharmacovigilance perspec-
tive, if the drug does not meet efficacy 
criteria, or demonstrates unusual and 
unexpected side effects during drug 
development, using AI supported data 
analysis, drug manufacturers can focus 
on redirecting resources towards devel-
oping and delivering medications that 
could have a positive impact on patient 
life,” says Dr. Vaishnav. 

Srinivasan agrees that AI can be used 
to improve decision making. “One can 
use AI for natural language under-
standing and image recognition to im-
prove the quality of data received from 
drug studies,” she says. “This, combined 
with the current developments in big 
data analytics and cloud-based pharma-
covigilance platforms will enable more 
sophisticated analysis of large datasets 
from real-world experiments.” AI can 

also reduce human error, speed up risk 
assessments, and identify patterns and 
trends in data, adds Srinivasan.

Post-marketing use of AI
AI can help pharmaceutical compa-
nies study, learn, and predict needed 
changes for products already on the 
market based on safety information at-
tained post approval to protect patients. 

“The findings can provide signals 
around the effects of long-term use of 
medicines that are unknown and help 
drive changes in either dosage or patient 
instruction,” says Sabaratnam.

When it comes to post-marketing 
safety data, Vaishnav states that AI and 
machine learning assist drug sponsors 
to collate data and develop solutions to 
practical adverse events. “Computer-as-
sisted coding (CAC) of International 
Council for Harmonisation Medical Dic-
tionary for Regulatory Activities (Med-
DRA) code adverse events mentioned in 
product labels [can be used]; however, 
they must be collected and stored in a 
way that streamline processes and in-
troduce efficiencies into manual review 
processes and enable the tools to convert 
them to real-world data (RWD). This 
analysis of RWD produces real-world ev-
idence (RWE), which is clinical evidence 
that can provide information about the 
usage and potential benefits or risks of a 
drug product,” says Vaishnav.

AI and computational linguistics meth-
odologies are also used in the reporting 
of adverse events to regulators by using 
NLP techniques, according to Vaishnav. 
But there are limitations to the use of AI, 
Vaishnav warns, such as “difficulties with 
language learning, arising from the need 
to understand context and interpret ambi-
guities, particularly affecting translation, 
and inadequacies of databases. These lim-
itations require careful curation of adverse 
event data for accurate submissions.”

“Qualitative models use expert opinions 
(often reflected in rules or significant fac-
tors) to aggregate events as meaningful 
or not. For post-approval changes, causal 
models may be a better fit because they 
help identify the root cause of events and 
whether it leads to meaningful events, 
such as side effects. A causal analysis 
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run by a machine/AI can look at all the 
events that happened post-approval and 
potentially identify problems that need to 
be reported to the FDA,” says Moorman.

AI provides higher quality data for sub-
mission to regulatory agencies, according 
to Dosanjh, by asking smarter questions. 

“This allows cleaner data to be easily sent 
in an ingestible format to the internal 
teams allowing them to focus on analysis 
rather than data collection and extraction. 
AI can detect potential signals earlier in 
the reporting process, again giving anal-
ysis teams more time to make the right 
determination,” says Dosanjh. “The big-
gest risk organizations run today is the 
very real reality that a human processer 
has missed an event and the risk profile 
of my product is incomplete or consistent. 
AI offers a consistent analysis of data that 
significantly reduces these risks.”

AI tech advances
AI applications used in pharmacovigi-
lance include optical character recogni-
tion (OCR), which converts handwritten 
and typed text into machine-readable text; 
RPA; autonomous software; desktop au-
tomation; NLP; speech to text conversion; 
and Natural Language Understanding 
(NLU). According to Srinivasan, these are 
used to collect data on adverse drug reac-
tions (ADRs) and improve accuracy, speed, 
and scalability, as well as reduce costs. 
Some of the neural networks and deep 
learning models used to create real-world 
data from ADRs, according to Srinivasan, 
include FastText, long short-term memory 
recurrent neural network (LSTM), and 
convolutional neural network (CNN). “By 
using different combinations and integra-
tions of  these available technologies, there 
is apotential to simplify and standardize 
the intake of ICSR [Individual Case Safety 
Report] data into [a pharmacovigilance] 
system,” says Srinivasan.

Sabaratnam points to the automation 
of pharmacovigilance tasks such as rule-
based robotic process automation (RPA) 
or lookups, cognitive machine learning 
and chatbots, and orchestration of work-
flows or blockchain. “Both regulators 
and life sciences are on a learning curve 
to determine appropriate use cases, GxP 
validation, and quality assurance in a 

highly regulated environment,” Sabarat-
nam says. “Most of the AI technologies 
available now aren’t providing scientific 
judgement. They allow pharmacovigi-
lance teams to filter information to iden-
tify trends and deliver signals. For exam-
ple, AI is helping identify the right patient 
populations for treatments that perform 
within that demographic. In areas like 
oncology, this is a critical factor.” 

While the application of AI in drug 
safety operations is evolving, according 
to Vaishnav, using AI for the analysis 
of big data can assist sponsors to make 
drug-event associations and help antic-
ipate benefits or adverse reactions when 
performing risk-benefit assessments. 

“These signals provide valuable real-world 
intelligence which cannot be determined 
by mining data from controlled clinical 
trials. Similarly, [NLG] technologies can 
be applied to generate aggregate reports, 
or its basic framework, which can help 
with human experts freed up to provide 
further analysis and finalization.”

Natural language processing. NLP appli-
cations are used in pharmacovigilance to 
understand and classify post-marketing 
adverse events information from a vari-
ety of sources such as patients, healthcare 
providers, and clinical trials, explains 
Vaishnav. “NLP systems can analyze un-
structured clinical notes on patients, giv-
ing incredible insight into understanding 
quality, improving methods, and better 
results for patients,” says Vaishnav.

Moorman stresses the benefits of NLP 
because of the textual or unstructured 
data involved in drug safety. “This area of 
AI continues to develop, but it is showing 
real-world usage and is ready to be applied 
to medical documents around adverse 
events. Nearest Neighbor models could 
also be used to categorize adverse effects 
and associate with either treatment, demo-
graphics, disease anomalies, personal in-
formation, etc. Also, the causal and quali-
tative models bring a lot of value—they are 
getting better and better every day.”

Additional tools. There are new modeling 
techniques for visual/image classification 
being developed as well, Moorman points 
out. “So, all in all, there’s been some in-
credible work on purifying natural lan-
guage and image classification modeling 

that could prove very useful for drug de-
velopment and safety.”

Post-marketing surveillance (PMS) or 
signal detection is used in the ongoing 
monitoring of adverse events. “PMS de-
pends on analysis of data from sources 
such as medical assessment of sponta-
neous AEs, medical literature, regulatory 
agency databases, and clinical trial data, 
along with ‘real-world evidence’ such as 
electronic health records, medical device 
data, and data from social media and 
other online sources,” says Vaishnav.

The future of AI in pharmacovigi-
lance may be found in new AI tools such 
as data hubs and medical evaluation 
support, confirms Dosanjh. Data hubs 
allow for the collation and sharing of 
information in real time across an orga-
nization, allowing for the combination 
of data across teams and a full view of 
the data. AI-driven medical evaluation 
support can also provide a more holistic 
view of the data and connect similar and 
relevant cases based on structured and 
unstructured data, according to Dosanjh. 

“An evaluator can compare their decision 
against an AI tool that has scanned the 
entire history of the product or similar 
events reported in all similar classes of 
products. This will bring a new dimen-
sion to evaluation and should support 
doctors in making better informed deci-
sions,” says Dosanjh.

“As AI tools are used and have more data 
for the entire life cycle of an adverse event, 
we can extend data analytics capabilities 
and allow AI tools to not just identify po-
tential issues, but also the mitigations that 
proved most successful, then suggesting 
those with smaller datasets in a far quicker 
manner than organizations can today,” 
says Dosanjh. “This will increase mitiga-
tions’ effectiveness and help organizations 
enact them quicker, reducing patients’ po-
tential exposure to future [adverse events] 
or even preventing them.”
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trafiltration. The mRNA-LNP drug 
substance is then formulated using a 
more physiological buffer, typically 
tris(hydroxymethyl)aminomethane- 
or phosphate-based together with salts 
such as sodium chloride or potassium 
chloride to adjust the ionic strength, 
Bruno observes.

Storage conditions (as aqueous solu-
tions, frozen, or lyophilized) must also 
be carefully considered in the context of 
mRNA-LNP clinical translation, accord-
ing to Bruno, because they can affect the 
long-term stability of mRNA-LNP for-
mulations. “Sugar stabilizers (sucrose 
in particular, trehalose or mannitol as 
alternative options) are commonly used 
for this application,” he says.

The susceptibility 
of mRNA to 
degradation 
requires that 
formulation 
buffers be free of 
any ribonuclease 
contamination.
Choosing the right  
non-lipid excipients important
In addition to assuring long-term stabil-
ity and in vivo performance, non-lipid 
excipients for mRNA-LNPs also play an 
important role in controlling manufac-
turing processes, Jung comments. “The 
selection of these excipients must there-
fore be done carefully. Typically, they are 
initially chosen based on their chemical 
and physical properties (i.e., pKa and lyo-
philization characteristics, freezing point/
state) because these attributes will deter-
mine compatibility with the drug sub-
stance. Because these choices may also 
impact the morphology of mRNA-LNPs, 
which can affect overall efficacy and sta-
bility, modifications may be required as 
determined [by] experimental testing,” 
he says.

F or messenger RNA (mRNA) ther-
apeutics and vaccines formulated 
as lipid nanoparticles (LNPs), the 

excipients receiving the most attention 
are the encapsulating lipids. While these 
compounds are crucial to the stability 
and delivery of mRNA-LNPs, the non-
lipid excipients also play crucial roles in 
the function of final drug products. They 
impact the morphology and stability of 
these delivery systems, which in turn af-
fects in vivo performance and the overall 
usefulness of mRNA drugs developed 
using nanoparticle technology. 

A number of non-lipid  
excipients needed
Non-lipid excipients used to formulate 
mRNA-LNP products include solvents, 

salts, and sugars/cryoprotectants, ac-
cording to David Jung, senior manager 
RD&I, nucleic acids at Evonik. Overall, 
these excipients serve the function of 
controlling the pH during the initial 
mixing and formation of the particle 
and ensuring stability upon storage of 
the material, he notes.

More specifically, rapid mixing is 
the predominant technique for lipid 
nanoparticle–mRNA formulations: 
an ethanol phase (lipid components) 
and an aqueous phase (mRNA mol-
ecules, usually in acetate or citrate 
buffers) are mixed under specific  
conditions (pH and flow rate), explains 
Luca Bruno, segment marketing man-
ager, MilliporeSigma, the Life Science 
business of Merck KGaA, Darmstadt, 
Germany. Rapid mixing, he adds, al-
lows scalability and reproducibility of  
mRNA-LNP formulation.

Organic solvents and residual 
components are then removed by ul-

Lipids aren’t the only important ingredients 
influencing stability and in vivo performance.

Cynthia A. Challener, PhD  
has been a freelance technical writer  
for over 20 years and contributes  
regularly to BioPharm International  
and Pharmaceutical Technology.

Excipients Impact Stability 
in mRNA-LNP Formulations
Cynthia A. Challener



https://www.pharm-int.com


22    Pharmaceutical Technology MARCH 2023  PharmTech .com

The susceptibility of mRNA to deg-
radation requires that formulation 
buffers be free of any ribonuclease 
contamination. Testing of excipients 
for the absence of nuclease activity 
is therefore the preferred approach, 
Bruno stresses. Other product-quality 
attributes should also be determined, 
including endotoxin content and 
bioburden, as they play an important 
role in controlling the risk of contam-
ination by these materials. 

Beyond the product-quality attri-
butes, Bruno emphasizes the need to 
consider supplier related aspects for 
any excipients used in mRNA-LNPs, 
including non-lipid excipients. “Supply 
robustness and availability of support-
ing documentation are both essential 
if mRNA-LNP developers are to navi-
gate regulatory challenges and ensure 
smooth manufacturing scale up and 
progression through clinical develop-
ment to commercialization,” he adds.

Focus on improving stability
Since the approval of the COVID-19 
mRNA vaccines and demonstration of 
their effectiveness, interest in mRNA-LNP 
therapeutics and vaccines has risen 
dramatically from all perspectives. In 
particular, the rise of the mRNA tech-
nology due to the COVID-19 pandemic 
and the manufacturing scale needed to 
produce vaccines shifted the attention 
to mRNA manufacturing needs, ac-
cording to Bruno. 

“The development of non-lipid ex-
cipients has primarily focused on the 
quality attributes based on the speci-
ficity of the technology,” Bruno notes. 
For instance, the need for endonucle-
ase-free materials required establish-
ment of additional product-release 
testing methods and services to sup-
port drug manufacturers.

There has also been a significant 
amount of effort placed on assessing 
non-lipid excipients that may improve 
the long-term stability of mRNA-LNP 
formulations, observes Jung. He points 
specifically to the use of different cryo-
protectants to improve refrigerated 
storage stability. Lyophilization is also 
being explored as a means for elimi-

nating cold-chain requirements, with 
several clinical-stage studies underway 
to assess the impact of lyophilization 
on the stability and in vivo efficacy of 
traditional mRNA-LNPs.

Separate efforts are also underway 
to create novel delivery mechanisms 
for RNAs that are not dependent upon 
LNPs, Jung adds.

Lipid advances
A key focus in the mRNA field is on 
lipid excipients and that will continue 
to be true for some time, contends 
Aditi Mehta, head of mRNA process 
and delivery, MilliporeSigma, the 
Life Science business of Merck KGaA, 
Darmstadt, Germany. “Despite the 
success of the COVID-19 vaccines, we 
still have not reached the full potential 
of mRNA therapeutics, and there are 
several hurdles. Insufficient targeting 
of organs beyond the liver or vacci-
nations, an acute immune response 
against LNP administration, stability 
issues, and the need of extreme low 
temperature for storage are key bot-
tlenecks in the development of LNP 
medicines,” she says.

These issues, Mehta observes, can 
be addressed through improvements 
in lipid and LNP design, (e.g., optimi-
zation of linker chemistry, addition of 
degradable bonds, more optimal syn-
thetic routes, better LNP components, 
etc.). “Strategies such as design of novel 
ionizable lipids based on large libraries 
produced with combinatorial synthesis 
have been aiding the understanding of 
structure-function properties and en-
abling the design of unique lipids with 
improved properties (targeting, stabil-
ity, tolerability),” she states. 

Data continues to be published on new 
lipid libraries that demonstrate delivery 
to different tissues/cells (1), Jung agrees. 
Targeting of mRNA-LNPs to specific tis-
sues or cells can be achieved through 
either passive or active means. A ma-
jority of studies investigating ways to 
target LNPs have focused on passive 
targeting through modification of the 
LNP size, surface, and composition. 
Substitution or addition of an extra 
moiety (polymeric or lipidic) has also 

been shown to be beneficial for achieving 
passive targeting toward specific organs, 
according to Mehta.

“Active targeting approaches leverage 
conjugation of lipid components with 
small molecules, antibodies, proteins, or 
aptamers,” Mehta comments. She points 
specifically to f lexible platforms and 
highlights the ASSET platform developed 
in the lab of Prof. Dan Peer at Tel Aviv 
University (2). “This type of approach en-
ables customized targeting towards any 
cell receptor and, therefore, any tissue or 
organ,” she says. 

Mehta does caution, however, that 
while there has been a tremendous push 
(and success) in this area over the past few 
years, there is still a long way to go and 
many challenges to overcome. 

Going beyond lipids
While lipids have predominated the 
mRNA delivery space, they are not 
the only materials that can provide ef-
fective delivery of these sensitive and 
highly charged drug substances. Hy-
brid lipid–polymer delivery systems, 
for instance, have been developed to 
harness and combine the advantages of 
both lipid and polymer nanoparticles, 
according to Mehta. 

“Polymers possess an inherent high 
degree of chemical variety that is not 
feasible with lipids, increasing tremen-
dously the possibilities of chemical 
functions, such as promoting endoso-
mal escape, controlled released of RNA, 
targeting, and finally stability,” she ex-
plains. Lipids, meanwhile, show great 
potential for enhancing bioavailability, 
improving pharmacokinetic profiles, 
and increasing biocompatibility.

Development

Contin. on page 32

Interest in  
mRNA-LNP 
therapeutics and 
vaccines has risen 
dramatically from 
all perspectives. 
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Advisory Board. “PAT identifies a dis-
turbance in the process, and you then 
use RTD to define a diversion interval 
to predict which portion of the prod-
uct stream should be diverted. The  
RTD is calculated from the point 
where the sensor takes the measure-
ment of the perturbation to the point 
of diversion,” he explains. 

Muzzio’s research group at Rutgers 
has been working with eight industry 
participants—including pharmaceuti-
cal manufacturers, equipment suppliers, 
and a contract development and man-
ufacturing organization (CDMO)—on 
an FDA-funded project to evaluate the 
RTD approach. “We have demonstrated 
that RTD can be implemented in dif-
ferent rigs or different products. It is a 
flexible tool,” Muzzio says. 

Faster NIR sensors
The Rutgers research group has also 
evaluated next-generation, multi-point 
NIR spatially resolved spectroscopy 
(SRS) probes and found that they pro-
vide accurate and fast measurement, 
typically with a 3-ms acquisition time, 
that can detect even a single agglomer-
ate in a blend, says Muzzio. “We have 
demonstrated that you can measure an 
agglomerate size distribution, which 
enables a more thorough character-
ization of blends. With the accuracy 
and speed of this technology, you can 
get close to 100% inspection of tab-
lets coming through a tablet press at 
200,000 tablets/hr,” he reports. The 
sensor technology is offered by mul-
tiple vendors and has been integrated 
into commercial tableting and inspec-
tion equipment, such as the inspection  
system from Pharma Technology (1). 

Real-time Raman
Adoption of Raman within CM is  
increasing due to its applicability and 

A dvances in process analytical 
technology (PAT) are enabling 
increased use of in-line PAT in-

struments for real-time measurement 
in continuous manufacturing (CM) of 
oral solid dosage (OSD) drugs. Broad 
use of PAT is crucial in development 
stages to build understanding of the 
product and process. In commercial 
manufacturing, manufacturer’s strat-
egies for how and where to use PAT 
on continuous production lines varies 
(1), but the tools are an essential part 
of real-time quality control.

Near infrared (NIR) spectroscopy 
is one of the commonly used PAT  
instruments in OSD CM, typically 
for measuring the amount of API to 
allow real-time tracking of content  
uniformity. Raman spectroscopy is 

also finding use for real-time con-
tent uniformity and other measure-
ments. These in-line spectroscopy 
tools use a probe inserted into the 
process stream or an interface that 
views the process material through a 
window to detect the signal to be mea-
sured. These in-line tools do not need  
sample collection or preparation; 
they are non-destructive and provide 
real-time data, which can be com-
bined with residence-time distribu-
tion (RTD) models to allow real-time  
process monitoring and control.   

“The use of RTD in continuous 
manufacturing of tablets was started 
at Rutgers more than 15 years ago, and 
it is now common to use this approach,” 
says Fernando Muzzio, distinguished 
professor at the School of Engineer-
ing at Rutgers, The State University 
of New Jersey and member of the  
Pharmaceutical Technology® Editorial 

PAT is crucial to process control and  
real-time release in continuous  
manufacturing of solid-dosage drugs. 

Jennifer Markarian is manufacturing 
report for Pharmaceutical Technology.

Implementing Process 
Analytical Technology
Jennifer Markarian 
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These tools are  
an essential  
part of real-time 
quality control.
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affordability. “Recent developments 
have made Raman easier to use, more 
stable in calibration, and smaller in 
size [compared to earlier Raman tech-
nology]. These innovations have also 
made Raman scalable by reducing the 
cost to acquire and implement the 
technology,” explains Brian Marquardt, 
founder and CEO of MarqMetrix. 

Marquardt says that Raman is 
current ly used for the rea l-t ime 
monitoring of API production and 
for real-time release in final drug 
products .  “Raman prov ides im-
mediate chemical feedback for the 
identification of molecules and their 
corresponding concentrations that 
must be controlled for API, OSD, or 
other final product quality,” he ex-
plains. “By understanding the com-
position of the drug intermediate 
and/or final product, companies can 
reduce the number of failed batches 
and prevent significant waste, while 
simultaneously reducing costs and  
improving quality.” 

Due to the mechanism of mea-
surement, Raman spectroscopy is not 
impacted by common factors (such 
as particle size) that can cause vari-
ability in API lots. This advantage 
sets Raman spectroscopy apart from 
traditional PAT tools, according to 
Marquardt. Water does not interfere 
with Raman measurements, which is a  
significant benefit given the aqueous 
nature of many pharma applications, 
he adds. He further explains that some 
excipients may have f luorescence 
that can interfere with Raman sig-
nals and that moderate f luorescence 
can be managed mathematically with  
minimal effect on the Raman data, 
but in extreme cases, other analytical 
tools are required.

Improved sample interface tech-
nology enables reproducible mea-
surements of solids, liquids, gases, 
powders, or slurries. In addition, 
new interfaces that can be applied 
in “stand-off mode” allow measure-
ment through a process window for 
non-contact, in-process measure-
ments. This mode can also measure 
through the wall of a package or con-

tainer, which can simplify stability 
studies and avoid impacting sample 
sterility. Raman spectroscopy can be 
used, for example, to measure API 
concentration before tablet compres-
sion with either a contact probe in 
the powder stream or a contact-free 
interface that measures through a  
sapphire window. Raman spectros-
copy using a high-volume, contact-
less probe can also be used to measure  
coating thickness on tablets inside a 
coater in real-time (2).

CDMOs implement PAT
Physically integrating the PAT probe 
into the process for accurate measure-
ment is important. Effort must also be 
put into connecting the instrument to 
the data collection system and to de-
veloping robust models that can use 
these data to calculate critical quality 
attributes (CQAs). 

Thermo Fisher Scientific is working 
on PAT models for real-time release 
(RTR) as the CDMO prepares for its cli-
ent’s expected 2024 commercial launch 
of a drug using CM. “We are planning 
for real-time release and using PAT 
data as part of our models,” explains 
Doug Hausner, senior manager of busi-
ness development for continuous man-
ufacturing at Thermo Fisher Scientific. 

“The model for content uniformity uses 
API measurements from the NIR in the 
tablet press coupled with the mass of 
the tablets.” The CDMO is integrating 
its existing stand-alone tablet testers 
so that data are connected and f low 
from the test equipment in real-time. 
In addition, microwave spectroscopy 
is used to measure moisture content. 

“This PAT instrument is located after 
tablet coating, which occurs in a sepa-
rate suite and is a batch process. These 

data will also become part of the elec-
tronic batch record and be used for 
RTR,” explains Hausner.

Hausner says that the Thermo Fisher 
team is conducting a wide range of ex-
periments up front to test how NIR 
responds to material variations so that 
anticipated variability can be built 
into the model to increase its robust-
ness. “For long-term commercial use 
of CM, it would be useful to have a  
model-maintenance program to look 
ahead and identify upcoming changes 
(e.g., an API change) and to perform 
any lab work needed to adjust the 
model,” he suggests. 

CDMO WuXi STA, a subsidiary 
of WuXi AppTec, started up its first 
CM line for oral solid dosage drug 
products at its Wuxi, China site, the 
company announced in January  
2023 (3). The CM line uses continuous 
direct compression for tableting in both  
development and commercial pro-
duction and incorporates PAT to  
monitor blend uniformity before the 
compression step. 

Continuus Pharmaceuticals has 
been building up its capabilities in 
end-to-end CM and, more recently, has 
been developing its role as a CDMO. 
PAT tools are currently used both in 
development and pilot-scale manu-
facturing, says Qinglin Su, associate 
director of Manufacturing Science & 
Technology at Continuus. PAT tools 
being used include in-line NIR, mid-IR, 
Raman, UV, laser-based particle sizers, 
and pH and density meters.

“We are designing and building 
‘plug-and-play’ unit operation modules 
to support f lexible and efficient com-
mercial continuous manufacturing, 
both drug substance and drug product. 
Unit operations are being built with 
ports in place for current and future 
PAT implementation,” says Su. 

He explains that incorporating PAT 
into the equipment typically requires 
custom designs. Many of the PAT 
tools are interchangeable between  
development and pilot-scale manufac-
turing, but others must be designed 
specifically for the scale at which they 
will be used. 

manufacturing

Using PAT to 
predict tablet 
dissolution is  
an area that is 
moving forward.
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Implementing PAT for RTR requires 
a strong understanding of the PAT 
tools, adds Su. “To best use PAT for 
developing a RTR strategy, I believe we 
need greater understanding and more 
predefined acceptance criteria in the 
sampling rate/size/accuracy/preci-
sion of PAT tools for measurement of 
critical quality attributes (CQAs),” he 
says. “Better models for how in-process 
testing results and critical process pa-
rameters (CPPs) can be used to predict 
CQAs and release specifications are 
needed for RTR.  Demonstrating com-
parability for in/online testing versus 
off-line testing is another challenge.” 

Moving forward
Using PAT with models to predict tab-
let dissolution is another area that is 

moving forward. “PAT data on tab-
let composition, along with weight 
and size data collected at the tablet  
press, can be used to predict disso-
lution for many formulations. We’ve 
developed dissolution models in the 
lab for both prescription and over-the-
counter formulations,” says Muzzio. 

“ T hese models ,  combi ned w it h  
RTD, enable prediction of dissolution 
for real-time release.” 

Regulators are taking note of the 
work being accomplished in PAT for 
CM. For example, the International 
Council for Harmonisation Q13 guid-
ance for continuous manufacturing, 
published Jan. 6, 2023 (4), points out 
that PAT is well-suited for CM (e.g., for 
process monitoring and control or ma-
terial tracking and diversion), notes Su. 

“I believe this guidance will assure the 
pharmaceutical manufacturing indus-
try of the full support of the regulatory 
agencies. Regulatory agencies will also 
start to expect to see PAT implementa-
tion for CM,” Su concludes. 

Regulations, however, are not yet tak-
ing full advantage of the progress of PAT 
technology, says Muzzio. “Technology 
has advanced to the point of allowing 
100% quality assurance—which could be 
used for either continuous or batch pro-
cesses—but the regulatory framework 
still requires the old methods of sam-
pling in the approval process. Eventually, 
PAT technology could drive a change 
both in quality assurance and in the way 
drugs are approved,” he concludes.   
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xcipient World, the leading education and networking event for the 
global excipient market, will be held May 1–3 at the Gaylord National 
Resort & Convention Center just outside of Washington, DC. Excipient 
World is the only U.S. event focused exclusively on excipients. This year, 
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The Excipient World educational program will feature 
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process. This year’s program includes one day of 
in-depth preconference education and two days of 
dynamic sessions totaling over 25 presentations 
across 3 days. Topics include advancements in topical 
formulations, the potential impact of TiO2 bans, 
excipients in biologics, and supply chain security. 
Try out the interactive conference schedule to view 
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FEATURED KEYNOTE
Dr. John L. LaMattina is the former President of Pfizer Global Research and 
Development. He is currently on the Board of Directors of PureTech Health, Ligand 
Pharmaceuticals, Vedanta Biosciences, and Immunome and also serves as a 
scientific advisor to Frequency Therapeutics. 

During his presentation, Dr. LaMattina will discuss the content of his book “Pharma 
and Profits: Balancing Innovation, Medicine, and Drug Prices.” The presentation 
will be immediately followed by a book signing in the exhibit hall. (Copies of 
Dr. LaMattina’s book are available for purchase during registration.)

Expo
Education continues in the Excipient World exhibit 

hall — a center for collaboration and information 
exchange between all industry stakeholders 

(excipient users, makers, distributors, etc.). 
This year over 35 industry suppliers will be 
exhibiting and 20+ posters will be on display 

showcasing the latest excipient research and 
innovations. In addition, the Exhibit Hall Theater 

& Lounge will feature interactive “Quick Talks” on 
topics including co-processed excipients, innovation 

for biopharma products, and more!

Networking
Attendees will have 10+ hours of opportunities to 
connect over the three-day event. In addition to 
lunches and breaks between education ses-
sions, Excipient World will host three eve-
ning networking events — kicking off the 
week with a Welcome Reception on the 
evening of Monday, May 1. The optional 
“Plus One” networking pass allows 
attendees to bring a significant other to 
all evening networking events. (The “Plus 
One” networking pass is available for purchase 
during registration.)

Registration
Early bird registration pricing is available through April 10.
PharmTec subscribers can register and save $100 with code: PT100

www.ExcipientWorld.org
For more information: 
Courtney Nazareno, 571-814-3450, Courtney@excipientworld.org
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ministic, scalable, and capable of detect-
ing defects per manufacturer risk assess-
ment. Adhering to these requirements 
leaves few CCI testing methods. Vacuum 
decay and MicroCurrent high voltage 
leak detection (HVLD) are not only the 
most popular CCI methods, but two of 
the most effective scalable technologies.

Best utilized when testing small-mol-
ecule products, vacuum decay has ce-
mented itself as a go-to method for CCI. 
Vacuum decay as a CCI testing method 
is recognized by ASTM F2338, USP 1207, 
and is an FDA consensus standard (2). 
Utilizing a vacuum source, a vacuum 
is applied to a test chamber. Vacuum is 
then held within the test chamber for a 
period of time during the equalization 
stage, and then moves into a test stage 
where the loss of vacuum is measured 
by a transducer. Vacuum decay is not 
only suitable for lyophilized products 
with large amounts of headspace, but 
beneficial for liquid leaks as well. The 
difference in headspace versus liquid 
leaks is the amount of vacuum required 
to conduct the test, as well as the phys-
ical attributes of the product inside the 
package system. Headspace leaks are 
typically tested at 500mbar of vacuum. 
This allows measurement of the gas in-
side the package without evacuating the 
entirety of the volume during the evacu-
ation stage. Liquid leak detection is con-
ducted at high vacuum, less than 5mbar, 
where the goal is to vaporize liquid and 
measure the change in gas pressure. 

Although suitable with a large quan-
tity of applications and product types, 
vacuum decay struggles to detect micro-
leaks in packages containing large-mol-
ecule solutions. The issues with vacuum 
decay are not left unsolved with HVLD 
standing at the forefront of CCI meth-
ods for large-molecule products. 

MicroCurrent HVLD utilizes a high 
voltage and detection probe to scan the 
glass or polymer parenteral for potential 
breaches in sterility. The parenteral act-
ing as a capacitor is rapidly spun, allow-
ing the liquid product to coat the inside 
walls of the parenteral. Defects in the 
parenteral cause a large spike in voltage 
as liquid is detected. Unlike traditional 
HVLD, MicroCurrent HVLD utilizes 

T he pre-filled syringe industry is 
rapidly expanding, with a pro-
jected compound annual growth 

rate (CAGR) of 13.9% between 2021 and 
2028 (1). Fill/finish is an intricate process 
requiring many steps in its procedure, 
from filling and stoppering to labeling 
and secondary packaging. Often, this in-
tricate process is automated and includes 
various inspection methods. Commonly, 
container closure integrity (CCI) testing 
is left out of the automated process and is 
either conducted manually with outdated, 
probabilistic methods or not conducted 
at all, increasing risk of error. 

In any manufacturing process, there 
is risk. Equipment issues and human 
error are unavoidable at times. In phar-
maceutical production, this error equates 
to potential safety issues for the patient. 
Quantitative and deterministic CCI test 

methods aim to find these errors before 
reaching the patient, and further mitigate 
risks to patient safety.

Breaches in sterility come with many 
different defect profiles. Commonly, 
crack defects appear near the neck or heel 
of vials from impact or excessive crimp-
ing. Prefilled syringe defects form where 
the needle is fused to the glass or cracks 
in the barrel. Sterility breaches occur in 
the stopper/plunger area when molded 
poorly, or debris, such as a fiber, is present. 
These defects may allow bacteria and mi-
crobial ingress into the product, voiding 
sterility and increasing patient risk.

Biologics are typically high risk, 
costly, and created in small batches. 
Along with being parenteral-based 
products, biologics’ sensitive nature re-
quires CCI to avoid recalls, product loss, 
and life-threatening patient risk. 

Proper CCI testing of biologics must 
be non-destructive, quantitative, deter-

Shifts in pharmaceutical packaging  
have spurred tremendous growth in  
the pre-filled syringe fill/finish industry. 

Tyler Harris is an applications  
engineer at PTI. 

Automated Inspection of 
Pre-filled Syringes and 
Biologics During Fill/Finish
Tyler Harris
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less than 50% voltage and produces 
nearly no ozone. These innovations com-
bined with extremely low current elec-
tricity prevent the breakdown of biologic 
products. Given that defects are detected 
through a liquid path, large-molecule 
and viscous products are able to be tested.

Both previously mentioned test 
methods can be used as benchtop 
technologies or can be fully auto-
mated into production lines. Although 
scalable, deterministic, quantitative, 
and non-destructive, they each have  
their l imitat ions. MicroCurrent 
HVLD requires the parenteral to be 
cylindrical, glass or plastic, and have 
a minimum of a 30% liquid fill. Vac-
uum decay is typically only suitable 
for small-molecule products and may 
have longer testing times than HVLD. 
Both of these technologies are capable 
of testing a variety of products despite 
their limitations which accents their 
scalable nature. 

These scalable technologies can be 
semi- or fully-automated for statistical 

analysis or 100% inspection of pre-
filled syringes or other parenterals. 
When conducting CCI testing, scal-
ability is a necessity. In-depth analysis 
and laboratory-based testing should 
match inline testing. Using the same 
validation ensures automated systems 
are working in a robust, repeatable, 
and reliable manner. Scalability can 
be broken down into three main cat-
egories: laboratory, semi-automated/
automated statistical sampling, and 
100% inline testing. The difference 
between these three methods of scal-
ability is the frequency of testing. 
High-testing frequency ultimately  
reduces risk of not only recall, but po-
tential patient harm. 

The European Union’s Annex 1’s 
2022 revision aims to increase testing 
frequency for products with high defect 
rates (3). The revision specifies all fusion 
sealed, small-volume parenterals must 
be subjected to 100% CCI testing with 
a deterministic method. The regulatory 
agency notes that visual inspection is not 

an approved deterministic inspection 
method. This new guidance has driven 
the need for automated and semi-auto-
mated inspection during times of high 
labor costs and labor shortages. 

Automated systems host a multitude 
of benefits, but greatest of all is their abil-
ity to increase testing frequency and limit 
human interaction.  Limiting human 
interaction assists in mitigating human 
error. As the technology advances, risk 
decreases, providing a higher quality 
product and a safer pharmaceutical in-
dustry. The industry cannot exceed its 
current state without keeping the science 
of quality in mind.
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Strategies investigated to formulate 
hybrid systems include lipopolyplexes, 
hybrid LNPs, and others. As an example, 
Mehta notes that incorporation of bio-
degradable polymers such as poly(beta 
amino esters) in LNP formulations leads 
to improved and specific lung delivery, 
highlighting the potential of hybrid  
lipid-polymer nanoparticles (3).

Evonik has a research agreement 
with Stanford University to develop 
and commercialize the charge-altering 
releasable transporter (CARTs) tech-

nology initially developed by the Way-
mouth lab. These polymeric materials 
can effectively encapsulate mRNA and 
then rapidly degrade through controlled 
self-immolative reaction to release the 
mRNA, according to Jung.

“The first generation of CARTs showed 
mRNA delivery efficacy in a range of cell 
types in both in vitro and in vivo mod-
els,” Jung notes. He adds that subsequent 
generations of CARTs incorporating 
lipid side chains on the CART backbone 
structure (4) showed an improved de-
livery efficiency.  Further generations of 
CARTs that are still under development, 
says Jung, have shown specific targeting 
capabilities in preliminary testing (5,6). 
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T 
here are some interesting points to consider in pro-
cess validation of oral solid dosage (OSD) forms. 
The typical example is the case for those formula-
tions greater than 25mg/25% threshold (i.e., greater 

proportion) where weight variation (WV) is suggested as 
an alternative to the content uniformity (CU) method. Ex-
cerpted from the monograph (1) is the following:

• The uniformity of dosage units can be demonstrated by 
either of two methods: CU or WV. 

• The CU method may be applied in all cases.
• The test for WV is applicable for the following dosage 

forms, which, as noted by the author here, are tabu-
lated into four categories—(W1), (W2), (W3), and 
(W4). (W4) comprises hard capsules, uncoated tablets, 
or film-coated tablets containing 25 mg or more of a 
drug substance comprising 25% or more, by weight, of 
the dosage unit or, in the case of hard capsules, the cap-
sule contents, except that uniformity of other drug sub-
stances present in lesser proportions is demonstrated by 
meeting the requirements for CU. 

Although the WV method is allowed by the monograph 
for the greater proportion as discussed previously, it still 
needs to be demonstrated in process validation (PV) batches 
that WV can replace the CU method. 

This article is focused on evaluation of paired CU and 
WV data sets using F and T tests (i.e., already available sta-
tistical techniques) as appropriate to ensure that the routine 
batches will meet the compendial WV requirements. 

F test, T test, and limits for validation data
In principle, variances and means are compared using F 
and T tests, respectively, to see whether or not their pop-
ulation variances and means are equivalent. Tables I and II 
summarize the brief definitions, formulae, and statistical 
conditions (e.g., sample sizes, pairs of data, limits, etc.) for 
F and T tests applied in this article (2). 

Submitted: Jan. 3, 2023
Accepted: Jan. 25, 2023

Justification of Using Weight 
Variation Instead of Content 
Uniformity for Release 
of Relevant OSD Forms

The United States Pharmacopeia General Chapter 
<905>, “Uniformity of Dosage Units,” describes 
requirements for oral solid dosage formulations 
greater than 25mg/25% threshold. This chapter 
shows that it may be risky to release routine 
batches using weight variation (WV) instead of 
the content uniformity (CU) method; although, 
it is allowed by the monograph. To prevent risk 
to quality, justification of WV data quality in 
process validation (PV) batches is necessarily 
required to ensure that each of the routine 
batches released by WV meets the monograph 
requirements. A practical approach to using 
available statistical techniques for demonstration 
of interchangeability between CU and WV 
data in the same PV batches is introduced. 

Pramote Cholayudth
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Simulation study
Justification for using 95% joint confidence interval (95% JCI) 
rather than 95% confidence interval (95% CI) is demonstrated 
by a simulation study using the XLSM Excel program. In the 
study, two sets of data (i.e., paired data with n1 = n2 = 30) 
are normally and simultaneously generated using the same 
population mean (μ) and standard deviation (σ) equal to 100 
and 5, respectively (in fact any values of μ and σ may be used if 
justified). F data (value) are generated (computed) from each 
set of the paired data by the program with trial size (number 
of data set) equal to 1.2 million while T data (value) are gen-
erated by a separate trial of the same size. 

Both generated F and T data are plotted against the cal-
culated data (theoretical) as illustrated in Figures 1a and 1b, 
respectively, where the corresponding acceptance limits 
are specified at 95% CI. However, in Table II, it is found in 
a separate study that the probability of both F and T val-
ues successfully passing their limits is 90.24% (averaged 
from 90.23%, 90.22%, and 90.28%; i.e., three trials of size 
150,000 each) while the calculated probability is 90.25%. 
In fact, such a probability is the joint confidence interval 
(JCI). When JCI is aimed at 95%, Figures 2a and 2b and Table II 
demonstrate how to calculate F and T limits such that JCI 
is 95%. The simulated probability result is 94.98% (averaged 
from 94.94%, 95.06%, and 94.95%; three trials of size 150,000 
each) where it does support the calculation concept. 

F and T limits for verification data
In legacy products released by WV method, its justification 
may be demonstrated in routine batches planned for the 
continued process verification (CPV) exercise (5,6,7). In 
addition to the WV data (n = 10), the CPV batches are also 
tested with the CU method using the same samples. From 
the two sets of data (WV and CU), the F and T values are 
calculated where the upper control limits are 4.98 and 2.44, 
respectively (Figure 3b). Figures 3a and 3b show the critical F 
and T values at various joint confidence intervals for sample 
sizes 30 and 10, respectively. Those critical F and T values 
at 95% JCI are tabulated in Table III. 

Case study: PV batches
The case study relates to PV of a capsule product with 
500 mg active substance. Three PV batches are produced  
where CU and WV data (n = 30) are obtained (tabulated 
in Table IV). In the table, F and T values are computed (in 
addition to mean, variance, and process capability index 
[CpK]) according to those formulae described in Table II. It 
is found that the T value in batch 1 exceeds the limit (see 
discussion section). The three PV batches may be acceptable 
based on CU data where CpK in batch 1 (the lowest) is still 
greater than 1.33 (i.e., 1.76). 

CpK is the ratio of specification range to process range 
to indicate the degree of conformance to the specification. 
The conventional acceptance limit is 4sigma/3sigma or 1.33 
where 4sigma and 3sigma are specification and process 

ranges, respectively, and the higher CpK, the higher degree 
of specification conformance.

Discussion
To make it easier to understand this article, additional de-
tails and comments are summarized as follows: 

• Product detail in the case study: capsule product (cap-
sule size #0) with 500 mg active ingredient, 600 mg 
target fill weight (83.33%), and averaged empty capsule 
weight of about 96.47–98.83 mg/capsule. 

Peer-Review Research

Table I. F test and T test definitions.

Definitions for F test and T test:  
for evaluation of two independent sets of data

F test (compare variances) T test (compare means)

F test is a statistical tool used 
to evaluate the equality of 

variances of two populations. 

T test is a statistical tool used 
to evaluate the equality of 
means of two populations. 

It can be used to answer 
whether or not the two samples 

come from populations with 
equal variances (3). 

It can be used to answer 
whether or not the two sam-
ples come from populations 

with equal means (4). 

In this article passing the two tests simultaneously will 
demonstrate that content uniformity and weight variation data 
are interchangeable. 

Table II. F and T formulae and limits: condition:  
n1 = n2 = 30 and expected that .

Application for CU vs. WV data:  
n1 = n2 = 30 and expected that .

F formula and limit (2, 3)
T formula (properly derived)  

and limit (2, 4)

 
Table III. F and T formulae and limits: condition: n1 = n2 = 30 and expected that s12 = s22. 

Application for CU vs. WV data: n1 = n2 = 30 and expected that ss12 == ss22 
F formula and limit (2, 3) T formula (properly derived) and limit (2, 4) 

F!",!" = MAX(F$, F!) = MAX(s$!/s!!, s!!/s$!) T%& = |x.$ − x.!|/0(s$! + s$!) 30⁄  

Degree of freedom (df) = (n1-1) = (n2-1) = 29 Degree of freedom (df) = (n1-1)+(n2-1) = 58 
F limit (using MS Excel) = FINV(1-0.95,29,29) = 
1.86 (where confidence interval = 0.95 = 95% 
(one-sided)) 

T limit (using MS Excel) = TINV(1-0.95,58) = 2.00 
(where confidence interval = 0.95 = 95% (one-
sided)) 

Given that CI for F and T values is 95% independently. Since the maximum F value (F1 or F2) equally 
comes from s12 and s22 (s12 = s22), the calculated probability for both F and T results is 0.95x0.95 or 
90.25%. If joint confidence interval (JCI) at 95% is required, CI for F and T values is the square root of 
0.95 i.e. √0.95 (or 0.95^0.5). JCI at 95% (one-sided) is calculated from CI for F and T values as 
(((0.95^0.5)^0.5)^2)*(0.95^0.5) or 95%. See simulation study described separately below.  
F limit = FINV(1-(0.95^0.5)^0.5,29,29) = 2.34. 
Note: (0.95^0.5)^0.5 or √0.95!  is applied due to CI 
sharing between F1 and F2.  

T limit (Excel) = TINV(1-0.95^0.5,58) = 2.30.  

Note: CU is content uniformity. WV is weight variation.  
 
 
 
 
Table IV. Summary on control limits and control chart factors for F and T values. PV is process 
validation. CPV is continued process verification. 

Parameters Upper limits* Lower limits Applied in 
F29,29 (maximum value) 2.34 0 

PV 
T58 (df1 = df2 = 29) 2.30 0 
F9,9 (maximum value) 4.98 0 

Initial CPV 
T18 (df1 = df2 = 9) 2.44 0 
WV: weight variation, CU: content uniformity, * 95% JCI (one-sided).  

 
 
 
 
Table V. F and T data for three process validation batches: expected that s12 = s22. CU is content 
uniformity. WV is weight value. NMT is not more than. 

Data (n1 = n2 = 30) Batch 1 Batch 2 Batch 3 

CU data 
Mean 102.77 99.30 99.51 
Variance 5.38 0.82 0.55 
CpK 1.76 5.26 6.52 

WV data 
Mean 100.17 99.47 99.40 
Variance 5.27 0.59 0.48 
CpK 2.15 6.28 6.93 

F value (Limit: NMT 2.34) 1.02*, 0.98** 1.39, 0.72 1.15, 0.87 
T value (Limit: NMT 2.30) 4.36 0.78 0.59 
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Since the maximum F value (F1 or F2) equally comes from 

 
Table III. F and T formulae and limits: condition: n1 = n2 = 30 and expected that s12 = s22. 

Application for CU vs. WV data: n1 = n2 = 30 and expected that ss12 == ss22 
F formula and limit (2, 3) T formula (properly derived) and limit (2, 4) 

F!",!" = MAX(F$, F!) = MAX(s$!/s!!, s!!/s$!) T%& = |x.$ − x.!|/0(s$! + s$!) 30⁄  

Degree of freedom (df) = (n1-1) = (n2-1) = 29 Degree of freedom (df) = (n1-1)+(n2-1) = 58 
F limit (using MS Excel) = FINV(1-0.95,29,29) = 
1.86 (where confidence interval = 0.95 = 95% 
(one-sided)) 

T limit (using MS Excel) = TINV(1-0.95,58) = 2.00 
(where confidence interval = 0.95 = 95% (one-
sided)) 

Given that CI for F and T values is 95% independently. Since the maximum F value (F1 or F2) equally 
comes from s12 and s22 (s12 = s22), the calculated probability for both F and T results is 0.95x0.95 or 
90.25%. If joint confidence interval (JCI) at 95% is required, CI for F and T values is the square root of 
0.95 i.e. √0.95 (or 0.95^0.5). JCI at 95% (one-sided) is calculated from CI for F and T values as 
(((0.95^0.5)^0.5)^2)*(0.95^0.5) or 95%. See simulation study described separately below.  
F limit = FINV(1-(0.95^0.5)^0.5,29,29) = 2.34. 
Note: (0.95^0.5)^0.5 or √0.95!  is applied due to CI 
sharing between F1 and F2.  

T limit (Excel) = TINV(1-0.95^0.5,58) = 2.30.  

Note: CU is content uniformity. WV is weight variation.  
 
 
 
 
Table IV. Summary on control limits and control chart factors for F and T values. PV is process 
validation. CPV is continued process verification. 

Parameters Upper limits* Lower limits Applied in 
F29,29 (maximum value) 2.34 0 

PV 
T58 (df1 = df2 = 29) 2.30 0 
F9,9 (maximum value) 4.98 0 

Initial CPV 
T18 (df1 = df2 = 9) 2.44 0 
WV: weight variation, CU: content uniformity, * 95% JCI (one-sided).  

 
 
 
 
Table V. F and T data for three process validation batches: expected that s12 = s22. CU is content 
uniformity. WV is weight value. NMT is not more than. 

Data (n1 = n2 = 30) Batch 1 Batch 2 Batch 3 

CU data 
Mean 102.77 99.30 99.51 
Variance 5.38 0.82 0.55 
CpK 1.76 5.26 6.52 

WV data 
Mean 100.17 99.47 99.40 
Variance 5.27 0.59 0.48 
CpK 2.15 6.28 6.93 

F value (Limit: NMT 2.34) 1.02*, 0.98** 1.39, 0.72 1.15, 0.87 
T value (Limit: NMT 2.30) 4.36 0.78 0.59 

, the calculated probability for both F 
and T results is 0.95x0.95 or 90.25%. If joint confidence 
interval (JCI) at 95% is required, CI for F and T values is 
the square root of 0.95 i.e. √0.95 (or 0.95^0.5). JCI at 95% 
(one-sided) is calculated from CI for F and T values as 
(((0.95^0.5)^0.5)^2)*(0.95^0.5) or 95%. See simulation study 
described separately below. 

F limit = FINV(1-
(0.95^0.5)^0.5,29,29) = 2.34. 
Note: (0.95^0.5)^0.5 or ∜0.95 
is applied due to CI sharing 
between F1 and F2. 

T limit (Excel) =  
TINV(1-0.95^0.5,58) = 2.30. 

Note: CU is content uniformity. WV is weight variation.
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• T value (for evaluating equality of means) in batch 1 ex-
ceeds the 95% JCI limit (not more than [NMT] 2.30) and 
even the 99% JCI limit (NMT 2.92, see Figure 3a). May 
be the process mean is not properly under control (i.e., 
shifted) while the process variance is under control be-
cause F test results are successful. 

• Because F and T test results in the other two PV batches 
are successful, there must be some special causes of vari-
ations* (2) during in-process control (IPC) relevant to fill 
weight checking and adjustment (in the first PV batch) 
where it needs to be investigated. *Note: special causes 
of variations are those that, in a process, have not been 
encountered before. They are caused by unpredictable 
factors (e.g., in this case, capsule fill weight adjustment 
may not be adequate enough). 

• To continue the justification effort for WV method, one 
or two more PV batches are required as appropriate to 
fulfill the validation requirements and subsequently 
confirm justification of WV method. During the  
capsule-filling step, the IPC will be double checked so 
that the cause of process mean shift can be identified 
and corrected. 

• In PV batches, the T test may be performed just for infor-
mation only in cases such as different sample sizes and/
or different kinds of data (CU vs. dissolution or CU vs. 
weight-corrected data). 

Figure 1. a) F distributions (top) and b) T distributions 
(bottom): theory vs. simulation (n1 = n2 = 30) with 95% 
confidence interval (CI).

A.

B.

Figure 2. a) F distributions (top—the same as Figure 1a) 
and b) T distributions (bottom—the same as Figure 
1b): theory vs. simulation (n1 = n2 = 30) with 95% joint 
confidence interval (JCI).

A.

B.

Figure 3. a) Critical F and T Values vs. JCI relationship: 
n1 = n2 = 30 (top) and b) n1 = n2 = 10 (bottom).

A.

B.
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• What is a weight-corrected (WC) data (8)? Given a 
tablet with analyzed drug substance of 19.4 mg and 
weight of 198 mg, its potency concentration is 9.798%. 
If its label amount is 20 mg per 200 mg tablet or 10%  
concentration, the unit content is (19.4/20)x100 or 97% 
of label claim. WC data may be calculated using either 
(9.798/10)x100 = 97.98% or (97/198)x200 = 97.98% of 
target concentration. 

Similar applications for data other than CU vs. WV
In relevant PV batches, the similar comparison may be ap-
plied to CU vs. WC data, CU data in core and sugar-coated 
tablets, dissolution rate (DR) data in core and film-coated 
tablets, and DR data for intact and split tablets, provided 
that United States Pharmacopeia General Chapter <1705>, 

“Quality Attributes of Tablets Labeled as Having a Func-
tional Score,” is implemented (9). Table V summarizes all the 
test parameters involved in PV and CPV batches.

Dissolution vs. CU data for ongoing CPV batches: to il-
lustrate in F chart (Figures 4a and 4b are for example) that the 
formulation and overall production process does generate a 
statistically under-control relationship between dissolution 
and CU data. It is intended to identify the batch with rel-
atively poor dissolution but excellent CU data (i.e., higher 
and lower variances, respectively).

Conclusion
The WV method is practically applied to those OSD formu-
lations greater than 25mg/25% threshold. From the failure 
(batch 1) and success (batches 2 and 3) results in the case study, 
F and T tests are proven to be the powerful tools for justification 
of WV method. Such a discriminative testing will be effective for 
the formulations just slightly greater than this particular thresh-
old (25mg/25%). In the formulations with other drug substances 
in lesser proportions, CU data for all active substances (includ-
ing the one in greater proportion) are essentially required in PV 
batches because the degree of blend uniformity for the greater 
and lesser proportions is unavoidably different. In this case, jus-
tification of the WV method using F and T tests is required. 

In legacy products, CPV batches (say three or more batches) 
may be planned as appropriate using WV and CU data n = 10. 
In case of F test or T test failure (may be due to the formulations 
marginally greater 25mg/25%), CPV should be continued using 
WV and CU data n = 30 for, say, three or more batches so that 
the WV method can be confirmed.

Peer-Review Research

Table III. Summary on control limits and control chart 
factors for F and T values. PV is process validation. CPV 
is continued process verification.

Parameters Upper limits* Lower limits Applied in

F29,29 (maximum value) 2.34 0
PV

T58 (df1 = df2 = 29) 2.30 0

F9,9 (maximum value) 4.98 0 Initial 
CPVT18 (df1 = df2 = 9) 2.44 0

WV: weight variation, CU: content uniformity, 
* 95% JCI (one-sided). 

Table IV. F and T data for three process validation 
batches: expected that . CU is content 
uniformity. WV is weight value. NMT is not more than.

Data (n1 = n2 = 30) Batch 1 Batch 2 Batch 3

C
U

 d
at

a

Mean 102.77 99.30 99.51

Variance 5.38 0.82 0.55

CpK 1.76 5.26 6.52

W
V

 d
at

a

Mean 100.17 99.47 99.40

Variance 5.27 0.59 0.48

CpK 2.15 6.28 6.93

F value (Limit: NMT 2.34) 1.02*, 0.98** 1.39, 0.72 1.15, 0.87

T value (Limit: NMT 2.30) 4.36 0.78 0.59

* F1 = s12/s22 = 5.38/5.27 = 1.02, ** F2 = s22/s12 = 5.27/5.38 = 
0.98, T=|102.77-100.17|/(√(5.38+5.27)⁄30)=4.36

Figure 4. a) (top) and b) (bottom): F charts reproduced 
from (10) using UCL factor = 3.94. DR is dissolution rate. 
CU is content uniformity. UCL is upper control limit.

A.

B.
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Table V. Summary on control limits and control chart factors for F and T values as applicable (each trial size is 1.2 
million). CU is content uniformity. WC is weight-corrected. PV is process validation. CPV is continued process 
verification. RSD is relative standard deviation. DR is dissolution rate.

Test parameters Upper limits* Lower limits Applied in

CU vs. WC data for formulations less than 25mg/25% proportion in PV batches.

F29,29 (maximum value; df1 = df2 = 29) 2.34 0
PV

T58 (df1 = df2 = 29) For information only

CU data for core vs. sugar-coated tablets in PV batches. 

F29,29 (maximum value, df1 = df2 = 29) 2.34 0
PV

T58 (df1 = df2 = 29) 2.30 0

(1) DR data for core vs. film-coated tablets in PV batches. (2) DR data for intact and split tablets. 

F17,17 (maximum value, df1 = df2 = 17) 3.09 0
PV

T34 (df1 = df2 = 17) 2.34 0

If implemented: CU data for dosage units (e.g. tablets, capsules) from QC and stratified in-process sampling in initial (short-term)  
CPV batches (7; Figure 6.4, stage 3.2 modified into n = 20/30). 

Tier 1
F19,19 (df1 = df2 = 19) 2.89 0

Initial CPV
T38 (df1 = df2 = 19) 2.33 0

Tier 2
F29,29 (df1 = df2 = 29) 2.34 0

T58 (df1 = df2 = 29) 2.30 0

DR data for intact and split tablets in initial CPV batches (n1 = 6; intact, n2 = 12; split). 

F5,11 (df1 = 5, df2 = 11) 3.20 0 Initial CPV

Test parameters UCL factors LCL factors Applied in

If implemented: CU data for dosage units (e.g. tablets, capsules) from QC and stratified in-process sampling in ongoing (long-term)  
CPV batches (7; Figure 6.4, stage 3.2 modified into single tier). 

F9,9 (maximum value, df1 = df2 = 9) 3.52 0
Ongoing CPV

T18 (df1 = df2 = 9) 3.36 0

RSD vs. AV data (QC data) for dosage units (e.g. tablets, capsules) from ongoing CPV batches (10). 

Acceptance value (AV; n = 10) 1.72 0.28
Ongoing CPV

RSD (n = 10) 1.72 0.28

DR data for intact and split tablets in ongoing CPV batches (n1 = 6; intact, n2 = 12; split).

F5,11 control chart factor (df1 = 5, df2 = 11) 3.67 0 Ongoing CPV

DR and CU data for dosage units (e.g. tablets, capsules) in ongoing CPV batches. 

F5,9 control chart factor (df1 = 5; DR, df2 = 9; CU) 3.94** 0** Ongoing CPV

* 95% JCI (one-sided), ** Upper and lower control chart limit (UCL and LCL) factors where in (11) use UCL factor = 3.92 (the trial size is 
120K) but in this article using 3.94 is more suitable since the trial size is 1.2M (much larger). CU is content uniformity. DR is dissolution 
rate. PV is process validation. CPV is continued process verification and df is degree of freedom. 
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USP <1220> and ICH Q14 as well as 
in the literature [5–8]). The ATP is a 
prospective description of the desired 
purpose and performance of an ana-
lytical procedure that is used to mea-
sure a quality attribute and defines 
the required quality of the reportable 
value produced by the procedure (3). 
In Stage 3 of USP <1220>, the ATP can 
also be used to determine the accep-
tance criteria needed to verify the per-
formance of the analytical procedure 
during routine use (e.g., through a 
system suitability test [SST] or verifi-
cation criteria applicable to procedure 
changes and transfers) and to ensure 
that the procedure continues to be 
fit for purpose. Performance verifi-
cation can still take place even if an 
ATP hasn’t previously been defined. 
The verification acceptance criteria 
in these situations can be derived 
from validation or system suitability 
criteria. The principles in Stage 3 of 
USP <1220> can therefore equally be 
applied to procedures that have been 
formally designed/developed (where 
an ATP exists) via an enhanced ap-
proach as well as procedures where 
a minimal approach was taken. For 
high-risk analytical procedures (see 
later section for how risk is deter-
mined), control-chart monitoring of 
selected performance data, generated 
during routine use of the procedure, 
can provide early warning of changes 
in performance. These data could be 
direct measures of accuracy and pre-
cision (e.g., through the analysis of 
a quality control sample) or indirect 
measures (e.g., chromatographic res-
olution between peaks, signal to noise 
response, peak tailing factor, etc.). 
Where the risk is low, performance 
verification may simply involve mon-
itoring of  atypical results and/or sys-
tem suitability failures.

In addition to ensuring that the 
analytical procedure is fit for purpose 
during routine use, ongoing verifica-
tion can also be used to evaluate the 
impact of any changes (9) to the pro-
cedure across the lifecycle and ensures 
that the performance of the procedure 
is maintained at an acceptable level 

T he principles of quality by de-
sign (QbD) and life cycle man-
agement, as outlined in Inter-

national Council for Harmonisation 
(ICH) Q8–Q12, can equally be applied 
to the development, validation, and 
ongoing verification of analytical pro-
cedures. The first publicly available 
drafts of ICH Q14 (1) and Q2(R2) 
(2) issued in March 2022 cover the 
lifecycle management of analytical 

procedures and provide guidance on 
the development and validation stages 
of the lifecycle. There is little mention, 
however, of the ongoing procedure 
performance verification stage. United 
States Pharmacopeia’s (USP’s) general 
chapter <1220>, entitled “Analytical 
Procedure Life Cycle” (3), which be-
came official in May 2022, holistically 
pulls together the design, qualification, 
and ongoing performance verification 
of analytical procedures in a single 
document via a three-stage approach 
similar to FDA’s lifecycle-based process 
validation guidance (4). 

The focus of USP <1220> is to en-
sure that the analytical procedure is 
fit for purpose across the entirety of 
the analytical procedure’s life cycle. 
The requirements that the analytical 
procedure have to meet can be defined 
using the analytical target profile 
(ATP) (a concept explained in both 

Analytical procedure performance  
can be continually verified by risk-based 
monitoring of performance related data.

Phil Borman is vice-chair of the USP 
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Ongoing Analytical 
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Jean-Marc Roussel, Jaime Marach, and Horacio Pappa
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over the procedure lifetime. Ongoing 
verification can also act as a preven-
tive measure by providing an early 
indication of potential performance 
issues or adverse trends and aids in 
identifying required changes for the 
analytical procedure. 

Determining performance  
monitoring via risk assessment 
The performance of all analytical pro-
cedures used in the product control 
strategy should be assessed across 
the lifecycle of the product to ensure 
they remain fit for their intended pur-
pose. This assessment should include 
routine monitoring (for prioritized 
procedures) as well as the evaluation 
of changes made to procedures. The 
extent of the routine monitoring re-
quired can be defined using a risk-
based approach (10). It is important 
to consider which measures of ana-
lytical procedure performance or risk 
are readily available as inputs to a risk 
assessment. Two risk assessment ap-
proaches are described below.

Simple risk assessment. This approach 
may focus only on the type and com-
plexity of the analytical procedure and 
its intended use. This approach would 
enable the establishment of a plat-
form risk assessment per analytical  
procedure (technique) type. A com-
plexity factor can be used to ensure 
that any unusually complex proce-
dures are not underestimated. Ana-
lytical procedures that do not form a 
critical part of the control strategy can 
be treated as low risk by default.

Data driven risk assessment. This ap-
proach may include an assessment of 
the current performance of the man-
ufacturing process (which includes 
variability from the product and the 
analytical procedure) through an as-
sessment of process performance (Ppk 
[11]) if enough representative batches 
of the manufacturing process (and ana-
lytical procedure) are available. A more 
involved risk assessment approach may 
include an assessment of the capability 
(precision) of the specific analytical pro-
cedure relative to the product specifica-

tion or ATP. Precision to tolerance ratio 
(P/TOL [12]) and Z-score (13) are met-
rics that can be calculated to aid such 
an assessment. Conformity and validity 
rates and/or procedure robustness and 
reproducibility can also be used. Where 
procedures have been shown to be sensi-
tive to changes (e.g., analyst, equipment, 
environment, reagent lots, or small 
changes in procedure parameters), this 
sensitivity presents a higher risk. Figure 1 
depicts sources of variability associated 
with Ppk and procedure capability met-
rics (such as P/TOL and Z-score).

Manufacturing process performance as-
sessment through P

pk
. Ppk (11) is a process 

performance index and can be used as 
a worst-case surrogate measure for ana-
lytical procedure precision. It represents 
a combination of manufacturing process 
and analytical procedure variability over 
the long term. If a drug product has a 
good overall process capability (Ppk) for 
a particular quality attribute (i.e., if the 
test results show little variation versus 
the specification), then it can be assumed 
that the analytical procedure precision is 
good (see Equation 1).

NOTE: 3 Equations in total 

(1) 

P!" = min &
USL − 𝜇𝜇
3𝜎𝜎#$%&'((

,
𝜇𝜇 − LSL
3𝜎𝜎#$%&'((

/ 

(2) 

P/TOL)*+,-%- = minimum	of	
3𝜎𝜎'

(USL − process	mean)

	or	
3𝜎𝜎'

(process	mean − LSL) 

(3) 
Z = ǀ(SL – μ)ǀ/σa

[Eq. 1]

where USL is the upper specification 
limit, LSL is the lower specification 
limit, μ is process mean, and σoverall is  
the combined process and analytical 
procedure standard deviation. 

Analytical procedure performance assess-
ment through P/TOL or Z-Score. P/TOL  is 
described by Chatfield and Borman (12), 
and it is defined as shown in Equation 2:

Figure 1. Product and analytical procedure sources of variability. P/TOL is 
precision to tolerance ratio.
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Performance 
verification can 
still take place 
even if an ATP 
hasn’t previously 
been defined. 
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NOTE: 3 Equations in total 

(1) 

P!" = min &
USL − 𝜇𝜇
3𝜎𝜎#$%&'((

,
𝜇𝜇 − LSL
3𝜎𝜎#$%&'((

/ 

(2) 

P/TOL)*+,-%- = minimum	of	
3𝜎𝜎'

(USL − process	mean)

	or	
3𝜎𝜎'

(process	mean − LSL) 

(3) 
Z = ǀ(SL – μ)ǀ/σa

[Eq. 2]

where σa is the analytical procedure 
standard deviation. Low P/TOL values 
are desirable.

The Z-score (13) is similar to P/TOL 
as it is defined as the number of analyt-
ical procedure standard deviations be-
tween the process mean and the near-
est specification limit (see Equation 3):

NOTE: 3 Equations in total 

(1) 

P!" = min &
USL − 𝜇𝜇
3𝜎𝜎#$%&'((

,
𝜇𝜇 − LSL
3𝜎𝜎#$%&'((

/ 

(2) 

P/TOL)*+,-%- = minimum	of	
3𝜎𝜎'

(USL − process	mean)

	or	
3𝜎𝜎'

(process	mean − LSL) 

(3) 
Z = ǀ(SL – μ)ǀ/σa

[Eq. 3]

where SL is the nearest specification 
limit to the process mean (μ). High 
Z-scores are desirable.

A data-driven risk assessment that 
considers both process and analytical 
procedure capability is shown in Table I.

When performing a risk assessment, it 
is possible that a low-risk procedure could 
become a high-risk procedure during a 
subsequent periodic risk assessment due 
to changes in the manufacturing pro-
cess that impact the process mean, or 
changes to specification limits, despite 
the analytical procedure precision (σa) 
remaining constant. In such cases it may 
not be possible/practical to improve the 
procedure performance to reduce the risk 
of out-of-specification data, but it may be 
appropriate to consider manufacturing 
process improvements or review of the  
specification limit(s).

Development of risk-based  
performance-monitoring plans 
Three types of procedure performance 
indicators categorized by Ermer et al. (10) 
are described below:

• Conformity : the number of 
out-of-specification results with 
analytical procedure root cause in a 
given time period. The number and 
types of analytical procedure errors 
will provide information on the re-
liability of the analytical procedure. 

• Validity: the number of invalid test 
results due to failures of system suit-
ability criteria (established during 
Stage 1 of the lifecycle approach) in 
a given time period 

• Measurements collected during 
each analytical procedure test 
occasion monitored using con-
trol charts: these measurements 
could be critical analytical pro-
cedure attributes or parameters 
specified in the analytical pro-
cedure with well-defined accep-
tance criteria or ranges, respec-
tively, or attributes or parameters  

selected due to a potential link with  
procedure performance.

“Conformity” monitoring is usually 
sufficient for low-risk analytical proce-
dures, whereas for high-risk procedures 

“validity” monitoring and monitoring 
of informative analytical procedure at-
tributes and/or parameters can provide 
early warning of potential changes in 
procedure performance. 

A useful mechanism to identify 
the most value-adding performance  

Table I. Data-driven risk assessment for identification of high-risk analytical procedures. P/TOL is precision to tolerance ratio.

Process performance (Ppk)
Analytical procedure capability  

(e.g., P/TOL or Z-score)
Risk level

Low PpK (batch data variation takes up most of the 
specification window)

High P/TOL or low Z-score (significant proportion of the 
variation is likely to be attributed to the analytical procedure)

High

High Ppk (batch data takes up very little of the  
specification window)

Low P/TOL or high Z-score (analytical procedure variation is 
well understood and known to be acceptable)

Low
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attributes or parameters to monitor for high-risk procedures 
is to perform a procedure performance cause-and-effect re-
view (PPC&ER). This review provides the analytical team 
with an understanding of likely root causes of any high risks 
identified from the risk assessment. Potential improvement 
ideas and tailored procedure performance indicators can then 
be documented for further consideration (and potentially 
taken forward for inclusion in the monitoring plan).

Both USP <1220> and ICH Q14 describe the use of Ishi-
kawa or fishbone diagrams (11) for risk identification. These 
are highly useful tools for collectively brainstorming po-
tential sources of variability associated with a procedure. 
Gembas (11) (or “procedure walk-throughs” used in the 
implementation of lean principles) are also very important 
for this activity, and the analysts that are most familiar with 
the procedures should be included. It can also be useful to 
include independent experienced analytical scientists who 
are not familiar with the particular procedure under assess-
ment and/or technique subject matter experts. Augmented 
reality technology can be a useful way to orientate all meet-
ing participants with the procedure under assessment and 
to demonstrate any particularly problematic steps. Once 
sufficient analytical procedure platform knowledge has 
been acquired, creation of generic Ishikawa diagrams and 
process maps can prove useful starting points and serve 
to significantly accelerate this step. As it is not practical to 
monitor all potential sources of variability, it is important 
to prioritize the most value-adding procedure performance 
indicators for the monitoring plan.

A PPC&ER can be performed for new high-risk procedures 
that have been developed following the guidance in Stage 1 of 
USP <1220> or ICH Q14 (as part of procedure development) 
and a monitoring plan developed at the same time as design 
of the analytical procedure control strategy. For established  
analytical procedures where USP’s Stage 1 was not followed/
documented, then a new PPC&ER can be a good first step 
towards the design of a monitoring plan. Once the proce-
dure performance indicators for routine monitoring have 
been selected, a decision on the most appropriate method 
of monitoring can be taken. The use of control charting in 
a similar fashion to statistical process control (SPC) should 
be considered to facilitate the identification of any drifts in 
performance of high-risk analytical procedures over time. 
The authors recommend the adaptation of SPC (14) tools 
and have termed this “Statistical Analytical Procedure Per-
formance Control (SAPPC).” Well established SPC control 
chart types such as Shewhart (14), cumulative sum (Cusum) 
(14), and exponentially weighted moving average (EWMA 
[14]) can be applied to analytical procedures. Performance 
data compiled over time allows for the calculation of average 
parameters, for example repeatability from replicate sample 
preparations or intermediate precision from control sample 
analysis. Such average parameters are very reliable estimates 
of the long-term performance (10) and facilitate the identi-
fication of atypical results.

Continuous improvement during USP <1220> Stage 3
Analytical procedure performance monitoring will enable 
opportunities for proactive improvement of procedure  
performance to be identified over time. Improvements 
could be relatively small, such as updating training plans 
or changing wording in method documentation to improve 
clarity and consistency of procedure operation. Improve-
ments could relate to instrument or reference standard 
management, or sometimes more fundamental proce-
dure changes that require regulatory pre-approval action  
(e.g., changes to critical analytical procedure parameters or 
analytical technology).

Opportunities for improvement can be considered as 
a part of periodic review (e.g., reviews may occur during 
scheduled revisits of the analytical procedure risk assess-
ment and PPC&ER or in response to a procedure perfor-
mance trend alert during routine performance monitoring). 

Case study 1: quantification of API polymorphic purity 
Barry et al. (15) describe how ongoing verification of a sol-
id-state nuclear magnetic resonance (ssNMR) procedure 
used to quantify polymorphic purity of an API enabled 
an unusual effect relating to a standard used in the proce-
dure to be identified and remediated promptly through a 
detailed PPC&ER. The level of an unwanted Form (Form 
3) in the standard was observed to gradually increase over 
time. Following a thorough PPC&ER, corrective actions were  
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implemented that resulted in the vari-
ability of the procedure due to the stan-
dard being significantly reduced with 
an acceptable range of ±1%. Following 
implementation of remedial actions, it 
was agreed to routinely monitor the 
amount of Form 3 as part of the rou-
tine procedure performance monitor-
ing plan to ensure the integrity of the 
standard was maintained.

Case study 2: ion chromatography  
procedure performance monitoring 
Ion chromatography instrument fail-
ures were observed for the same ana-
lytical procedure at two independent 
quality control laboratories after years 
of normal operation. These failures re-
sulted in lengthy investigations, system 
downtime, and wasted resources. A 
PPC&ER determined the root cause to 
be an aging component within the ion  
chromatography system. As the aging of 
the instrument component led to a slow 
decline in procedure precision over time, 
calibration standard injection % RSD and 
% sample duplicate difference have now 
been added to the routine procedure per-
formance monitoring plan for this proce-
dure to provide an early detection mech-
anism. Figure 2 provides examples of how 
these procedure performance indicators 

are trended. Drift in performance can be 
identified and the aging component re-
placed before batch results are impacted, 
and before system failure occurs.

Conclusion
Ongoing analytical procedure per-
formance verification can be used 
to ensure that procedures continue 
to be fit for their intended purpose 
across the lifecycle of their use. It can 
be equally applied to analytical pro-
cedures that have been developed via 
an enhanced approach (where an ATP 
has been created) as well as established  
procedures where USP <1220> Stage 1 
was not followed/documented. The ex-
tent of monitoring should be risk-based, 
and the assessment of both the manufac-
turing and analytical capability is recom-
mended to determine which analytical 
procedures carry the greatest risk. A 
detailed procedure PPC&ER employing 
tools such as fishbone diagrams and gem-
bas can be used to identify the most val-
ue-adding performance attributes or pa-
rameters to monitor (control charting is 
recommended for high-risk procedures). 
Performance verification can provide an 
early indication of potential performance 
issues and highlight opportunities to im-
prove procedures. It can also be used to 

assess any changes made to analytical 
procedures over the lifecycle.

References
1. ICH, Q14 Analytical Procedure Develop-

ment, Step 2 version (2022).
2. ICH, Q2(R2) Validation of Analytical Pro-

cedures, Step 2 version (2022).
3. USP, USP General Chapter <1220>, An-

alytical Procedure Lifecycle. Pharmacop. 
Forum 2021, 46 (5). 

4. FDA, Guidance for Industry, Process Val-
idation: General Principles and Practices 
(CDER, CBER, 2011).

5. Barnett, K.L.; McGregor, P.L.; Martin, 
G.P.; et al. Analytical Target Profile: 
Structure and Application Throughout 
the Analytical Lifecycle. Pharmacop. 
Forum 2016, 42 (5).

6. Jackson, P.; Borman, P.; Campa, C.; et 
al. Using the Analytical Target Profile to 
Drive the Analytical Method Lifecycle. 
Anal. Chem. 2019, 91 (4), 2577–2585.

7. Rignall, A.; Borman, P.; Hanna-Brown, 
M.; et al. Analytical Procedure Lifecycle 
Management: Current Status and Oppor-
tunities. PharmTech. 2018, 42 (12), 18–23.

8. Borman, P.; Campa, C.; Delpierre, G.; et al. 
Selection of Analytical Technology and 
Development of Analytical Procedures 
Using the Analytical Target Profile. Anal. 
Chem. 2022, 94 (2), 559–570.

9. Chatfield, M.J.; Borman, P.J.; Damjanov, 
I. Evaluating Change During Pharma-
ceutical Product Development and Man-
ufacture-Comparability and Equivalence. 
Qual. Reliab. Eng. Int. 2011, 27 (5), 629–640.

10. Ermer, J.; Aguiar, D.; Boden, A.; et al.  
Lifecycle Management in Pharmaceutical 
Analysis: How to Establish an Efficient 
and Relevant Continued Performance  
Monitoring Program. J. Pharm. Biomed. 
Anal. 2020, 181, 

11. Ishikawa, K. What is Total Quality Control? 
The Japanese Way; Prentice-Hall, Engle-
wood Cliffs, NJ, 1985.

12. Chatfield, M.J.; Borman, P.J. Accep-
tance Criteria for Method Equiva-
lency Assessments. Anal. Chem. 2009,  
81 (24), 9841–9848.

13. Vukovinsky, K.; Watson, T.; Ide, N.; et 
al. Statistical Tools to Aid in the Assess-
ment of Critical Process Parameters. 
PharmTech. 2016, 40 (3), 34–44.

14. Suman, G.; Prajapati, D. Control Chart 
Applications in Healthcare: a Literature 
Review. Int. J. Metrol. Qual. Eng. 2018, 9 (5).

15. Barry, S.J.; Pham, T.N.; Borman, P.J.; Ed-
wards, A.J.; Watson, S.A. A Risk-Based Sta-
tistical Investigation of the Quantification 
of Polymorphic Purity of a Pharmaceutical 
Candidate by Solid-State 19F NMR. Anal. 
Chim. Acta 2012, 712, 30–36. PT

2

1.5

1

0.5

0

%
R

SD

Analysis date

Analysis date

%Sample Duplicate Difference Trending (Site 2)

2.00

1.50

1.00

0.50

0.00

2.50

3.00

%
 S

am
p

le
 d

u
p

lic
at

e 
d

if
fe

re
n

ce

Calibration Standard Injection %RSD Trending (Site 1)

Figure 2. Drift in precision detected over time for an ion chromatography 
procedure. RSD is relative standard deviation.

Analytics

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/process-validation-general-principles-and-practices
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/process-validation-general-principles-and-practices


Pharmaceutical Technology MARCH 2023    45

W
LA

D
IM

IR
18

04
 -

 S
TO

C
K

.A
D

O
B

E
.C

O
M

more of a pressing concern for generics 
manufacturers, as the slender profit mar-
gin can threaten to shut down production.”

Drug shortages. At the end of 2022, 
160 drugs were in active shortage in the 
United States—the highest number since 
2014 (48% of them injectables), according 
to the University of Utah Drug Infor-
mation Service (UUDIS), which tracks 
such data (1).  These shortages include 
antimicrobials, central nervous system 
drugs, fluids/electrolytes, ophthalmology 
medications, and hormones. According 
to UUDIS, the main factors to blame 
included manufacturing or business de-
cisions, regulatory issues, raw material 
issues, and supply/demand imbalance.

“The number of shortages is currently 
higher than it was during the height of 
the COVID-19 pandemic in 2020 and 
given the pricing pressure on generic 
manufacturers and the limited number 
of reliable API suppliers, this number of 
shortages will continue to grow,” notes 
John Bermudez, vice president of prod-
uct marketing at TraceLink.

“I’m highly concerned about generic 
injectables right now,” says Pourmah-
ram, who notes that unfavorable pricing 
dynamics and increased competition 
impact all manufacturers of generic 
medicines, because simply raising prices 
to account for rising costs isn’t really an 
option. “Facing tight margins, a manu-
facturing line that can switch between 
making Product A or Product B may 
cause the manufacturer to simply exit 
one market altogether and that can cre-
ate shortages,” Pourmahram explains.

Regulatory uncertainty. Regulatory 
scrutiny creates another source of supply 
chain risk, and many sense a Sword of 
Damocles hanging over the head of the 
industry right now. Pourmahram says: 

“It is interesting to note that the pace of 
site inspections from the [FDA] has been 
falling, due to both the pandemic and 
other factors, and there’s been a huge 
drop in inspections of foreign facilities.” 
For instance, across all regulated prod-
ucts, the number of domestic inspections 
dropped from 14,725 in Fiscal Year 2017 
to about 4500 so far in FY 2022, and the 
number of foreign inspections dropped 
from, 3166 in FY 2017 to 135 thus far in 

P harmaceutical manufacturers 
maintain complex, global supply 
chains with both upstream 

suppliers and downstream distributors 
and customers. With so many factors 
shaping the landscape—ranging from 
the pandemic, volatility in raw materials, 
finished products and labor, to delays 
created by shortages and bottlenecks in 
the transportation infrastructure, to the 
unavoidable disruption that can arise from 
weather events, inflation, trade wars, and 
geopolitical unrest—it’s something of a 
miracle that pharma-related raw materials 
and finished products ever reach their 
destination on time and on budget.

“The pharma industry is in better 
shape today than it was at the height of 
the [COVID-19 pandemic],” says Anne 
Marie O’Halloran, managing director, 
global supply chain/IX.O life sciences 
for Accenture. “The level of collabora-

tion across partners and public and pri-
vate sectors helped the world overcome 
a once-in-a-century pandemic.” None-
theless, she notes that “the past few years 
have also brought to the forefront the 
need to build improved supply chain and 
business resilience.”

“I think that we’ve gotten through the 
worst of it together as an industry, but I 
have more concern today than I did a year 
ago about the various types of risks that 
threaten to create supply chain disruptions 
for pharma stakeholders,” adds Tommy 
Pourmahram, vice president, multi-source 
products and analytics for McKesson. 

Fog on the horizon
Rising costs. “For pharmaceutical manufac-
turers, the rising costs of raw materials is 
a really big deal,” says Anshul Agarwal, 
principal at ZS Associates. “In recent 
years, API costs have almost doubled 
while the costs of excipients have tripled 
in some cases. The impact becomes even 

Stockpiling excess inventory is no longer  
enough to respond to supply chain volatility. 

Suzanne Shelley is a contributing  
editor to Pharmaceutical Technology.

Taking Steps Toward 
Supply Chain Continuity
Suzanne Shelley

Supply Chain
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FY 2022, according to FDA’s Inspections 
Data Dashboard (2).

“FDA is beginning to pick up the pace, 
having conducted 97 foreign inspec-
tions in the first two weeks of January 
2023, so this year may be the first since 
2019 when we see a thousand or more 
inspections in a year, and this is bound 
to be another factor impacting supply 
chain volatility,” says Pourmahram. “As 
a whole, the industry is bracing for what 
they are going to find when more in-
spections are carried out and inevitably 
lead to the discovery of sterility issues, 
cross-contamination, and compliance 
breaches that may lead to shutdowns.”

Any shutdown creates a ripple effect, 
particularly if the manufacturer produces 
significant market share of a given prod-
uct. “There is often not a surplus supply 
just sitting around—rather, it can take 
three to six months for another facility 
to ramp up production to meet a sudden 
shortfall,” notes Pourmahram.

“As a distributor, we maintain strong re-
lationships with multiple manufacturers 
and multiple transportation companies 
and parallel distribution centers, and 
we work closely with our downstream 
customers to ensure that our inventory 
matches their needs, and that there is 
enough inventory to reallocate, as needed, 
to ensure the most equitable distribution 
when shortages do arise,” says Ammie 
McAsey, senior vice president, customer 
distribution experience, US pharmaceu-
tical, for McKesson.

“However, it just doesn’t make good 
business sense to build up a ton of in-
ventory to meet a potential shortfall that 
may or may not come,” McAsey contin-
ues. “Rather, it’s also important to con-
tinuously identify new sources for prod-
ucts, and to develop relationships with as 
many vendors as possible and build good 
working relationships.” 

For instance, McAsey says, “with 
the right data signals and inventory  
planning, when we see a flu outbreak 
starting in the western part of the 
US, we can quickly redirect inven-
tory to push it out to field distribution  
on the west coast and get the inven-
tory on trucks or planes in a mat-
ter of hours.” And when related data 

flows back to the manufacturers, they 
are able to quickly respond to such  
demand spikes, too, helping to reduce the 
likelihood of a shortage.

“The focus on building increased resil-
iency into the supply chain aims to give 
stakeholders the ability to both minimize 
day-to-day risk and absorb, adapt to, and 
recover from catastrophic disruption 
whenever and wherever it strikes,” adds 
O’Halloran of Accenture. “This requires 
managing and adapting to unknowns 
across the spectrum of risk—operational, 
tactical, and strategic.” Proven tactics in-
clude scenario planning, modeling, simu-
lation, and risk/opportunity analysis.

Blind spots in digital connectivity. 
“Fortunately, many stakeholders through-
out the pharma landscape are more pre-
pared (both mentally and systematically) 
than they were during the worst of the 
pandemic, so there’s less need for triage,” 
Agarwal says. Some of this improved 
preparation, he notes, has been the result 
of enhanced data collection, and invest-
ment in the use of artificial intelligence 
and machine learning modalities to en-
hance prediction of shortages and en-
hance inventory planning.

“The competitive advantage in con-
necting the data end-to-end is the ability 
to then build predictive and prescriptive 
modeling capabilities onto that founda-
tion, and all of the relevant supply and 
demand data can be accessed from a 
central place,” Agarwal continues. “The 
‘Amazons of the world’ are doing it, and 
the pharma industry needs to catch up.”

Geopolitical risk. “Today, an estimated 
80% of drug [APIs] come from two 
countries—China and India,” says 
Bermudez. “Shipping disruptions, trade 
wars, another pandemic, and other fac-
tors that disproportionately impact 
these two countries could have a devas-
tating impact on the ability of Western 
pharma companies to reliably produce 
lifesaving medications.” Compounding 
the risk, he adds that too many pharma 
companies are also sole sourced from 
specific suppliers in these regions.

“Today there is additional pressure (and 
government incentives) to encourage 
manufacturers to bring manufacturing 
of certain essential raw materials and 

finished products back into the US,” adds 
Agarwal. “However, while this is [a] pos-
itive, stabilizing trend, we anticipate this 
may create short-term shortages in terms 
of labor, raw materials, and other limited 
resources. This could create additional 
costs and temporary shortages.”

Labor shortages. “When you think about 
talent and labor shortages, especially in 
supply chains that require highly skilled 
people, not having the right people to 
react decreases your ability to mitigate 
risk,” says Bermudez. “If you are short 
on personnel, you can only respond to so 
many disruptions—or perhaps you can’t 
respond at all.”

Recommendations  
and best practices
Through a collaboration, Accenture 
and Massachusetts Institute of Tech-
nology (MIT) co-developed a supply 
chain resilience stress test, which en-
ables organizations to assess opera-
tional and financial risks created by 
significant market disruptions, disas-
ters, or other catastrophic events and 
use the findings to identify appropriate 
mitigation strategies. “We have found 
that leading supply chain organiza-
tions build resilience through visibil-
ity across two dimensions—structural 
and dynamic,” explains O’Halloran. 

“Together they help companies to see 
where they might be vulnerable to dis-
ruption and prepare for or bounce back 
quickly from a crisis.”

Using structural visibility, companies 
can see a snapshot of their operations at 
a point in time or over a certain period. 

“This helps them to uncover hidden is-
sues and better understand such factors 
as supplier location, points of manufac-
turing, logistic routes and more, and 
monitor and respond to events in real 
time with dynamic visibility,” O’Hallo-
ran continues. This can help improve 
data-driven decision making and help 
prioritize ongoing investments. 

“What we have found is that while 
structural visibility may be relatively 
mature, dynamic visibility capabilities 
could be better for many companies,” 
O’Halloran continues. “Most of the ex-
ecutives we talked to reported they are 

Supply Chain
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strong in the first two stages—moni-
toring and predicting, but only about 
40% said they use data prescriptively, 
and almost all companies are unable to  
execute autonomously.” 

Additional best practices have begun to 
emerge to bolster supply chain continuity.

Build improved visibility through in-
creased monitoring and data integration. 

“Increasing visibility through monitor-
ing, data integration, and collaboration 
is the number one way to reduce risk in 
the supply chain and improve supply,” 
says Bermudez.

“While investment has been increas-
ing in enhanced digitization, and that’s 
a good thing, much of the data still 
remains siloed,” Agarwal continues. 

“When it comes to true end-to-end con-
nectivity, the industry is making prog-
ress but there is so much more work to 
be done to improve connectivity and 
enable true visibility. The good news 
is that many companies that have been 
talking about this for years are now 
moving it to the front burner.” 

Balance the need to be lean with the need 
to stockpile inventory. “Unlike some other 
industry sectors, the pharma industry 
has not pushed hard on lean or just-in-
time inventory management because 
ensuring patient access to medications 
is too important,” says Agarwal of ZS 
Consulting. “But now that raw materials 
have become more expensive, so compa-
nies must be more strategic about how to 
optimize the amount of inventory they 
maintain, in the most strategic amounts 
and locations, to reduce risk.”

“Ultimately, many companies are 
stuck in the old way of doing things, 
thinking that if you have two years of 
inventory, everything will work. But in 
a pandemic, two years of inventory can 
run out in two weeks, so that’s not the 
answer,” adds Bermudez. “The answer 
is that while you can’t predict what will 
run out quickly, you must do what it 
takes to build a more agile supply chain 
that is able to react more quickly.”

“I’m feeling optimistic—the healthcare 
supply chain is stronger than it ever was,” 

says McAsey of McKesson. “Many factors 
are out of our control, but all of the work 
that has been done over the past few years 
(upstream, downstream, and laterally), 
and the fact that more than ever, compet-
itors are willing and able to work together 
as needed to take care of the patient, has 
helped us to bridge a lot of gaps.”

“We’ve bridged a lot of gaps, and 
Healthcare Distribution Alliance (the 
trade association that represents pharma-
ceutical distributors) has really helped us 
come together as an industry,” she adds. 

“After [COVID-19], distributors and man-
ufacturers understand the importance of 
collaborating to do whatever is necessary 
to deliver vital products to patients.”
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This begs the question: what is the 
state of this emergent industry? Phar-
maceutical Technology® spoke with 
Kasper Møller, chief technical officer at 
AGC Biologics, a CDMO specializing in 
protein-based biologics and advanced 
therapies, to outline the keys to a suc-
cessful outsourcing platform, explore 
ongoing trends in biologics outsourcing, 
and much more on the topic.

The importance of flexibility
When speaking with Møller, the core 
mantra that he repeatedly stressed was 
that biologics CDMOs need to be flex-
ible. Because outsourcing companies 
are working with various companies 
on wildly different biologics requiring 
often disparate approaches—for in-
stance, the needs of mammalian-de-
rived therapeutics are different than 
those of microbial-derived proteins—
versatility must be built into the frame-
work of one’s solutions.

“Flexibility is key to adding value to 
each project and within each modality, 
facility, and manufacturing line,” said 
Møller. “Longer-term planning for 
projects can help address [this prob-
lem], but potentially more important 
is the use of f lexible technology sys-
tems. With single-use technology and 
materials, it is possible to change the 
configuration of a manufacturing line, 
exchange or add unit operations, and 
cover various scales of operation.”

In Møller’s case, AGC Biologics de-
veloped “the 6-Pack single-use manu-
facturing concept,” which helps vary 
batch sizes within the same manufac-
turing line. This is achieved through 
combining harvests of parallel 2000-L 
single-use bioreactors, allowing the 
company to run any where from 
2000-L–12,000-L batches at a time. 
Varied batch sizes allow customers 
to scale at their own pace, providing 
more time to evaluate product demand.

Møller also noted that this f lexibil-
ity should also extend manufacturing 
agreements. For instance, in cases 
where high capacity is needed but the 
timing is uncertain, customizing a deal 
to provide a fully dedicated line, a par-
tially dedicated line, or a line based off 

B io/pharmaceutical companies op-
erate in an industry known for its 
rigorous, exacting standards; com-

panies place significant, implicit trust in 
any outside party they involve in their 
supply chain. Consequently, one could 
be forgiven for thinking that outsourc-
ing materials for biologics production, 
which by design are much more complex 
than their small-molecule counterparts, 
would be infrequent because of concerns 
regarding quality control.

However, biologics outsourcing is 
a major industry that is, in concert 
with the rising demand for biologics 
throughout the industry, poised for 
rapid growth. A market report from 
IQ4I Research & Consultancy fore-
casted that this niche is expected to 
grow at a double-digit compound an-
nual growth rate from 2022 to 2030. 
Additionally, the authors anticipated 
the industry reaching a $106.7 billion 
valuation by 2030 (1).

Outside of the growing demand 
for biologics, one can point to var-
ious reasons for this rise. For one, 
bui lding a new biopharmaceut i-
cal manufacturing faci l ity takes, 
on average, 5–10 years before it is 
operat iona l, and can cost up to  
$2 billion (2). For small-to-mid-sized 
organizations, this cost is already 
an untenable expense, especia l ly 
for products that are still in early-
to-mid development phases. That 
said, even companies who have their 
own manufacturing facilities tend to  
dabble in outsourcing, as it allows 
them to leverage a contract manu-
facturing and development organi-
zation’s (CDMO’s) existing knowl-
edge and experience with biologics 
production—for many companies, 
this is uncharted waters. In this vein,  
outsourcing can ultimately smooth 
out production irregularities and  
reduce time-to-market.

The trends shaping the growth of the biologics 
outsourcing industry demand attention.

The Logistics of  
Outsourcing Biologics
Grant Playter
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of a “rolling forecast” where products 
can be exchanged and manufacturing 
slots moved via a forecasting mecha-
nism (Møller likened the last one to 
commercial manufacturing), can be 
helpful for fulfilling customer expec-
tations while maintaining peak oper-
ational efficiency.

How demands shape businesses
While biologics come in many forms—
vaccines, recombinant proteins, gene 
therapies, etc.—Møller emphatically 
stated that he believes protein ther-
apeutics will continue to be the top 
dog for years to come. Monoclonal 
antibodies (mAbs) in particular, he 
stressed, are something that AGC is 
focused on supporting, which the com-
pany facilitated by expanding its exist-
ing facilities in Copenhagen, Denmark 
in 2021 (3). According to Møller, this 
investment doubled their mammalian 
single-use system capacity at the site, 
adding a new manufacturing line with 
eight 2000-L single-use bioreactors for 
mammalian protein projects, a new 
500-L perfusion bioreactor, and two 
downstream purification lines. Simi-
larly, the company acquired a commer-
cial-grade large-scale 20,000-L mam-
malian protein manufacturing facility 
in Boulder, Colo., in 2020 (4).

However, while mAbs are the king 
of the hill, they are not without compe-
tition. A key area of growth that Møller 
identified was cell and gene therapies, 
particularly in North America. In 2022 
alone, FDA approved five novel cell 
and gene therapies, including Zyntelgo 
(betibeglogene autotemcel), Hemgenix 
(etranacogene dezaparvovec), Skysona 
(lisocabtagene maraleucel), Adstiladrin 
(nadofaragene firadenovec), and Carvykti 
(ciltacabtagene autoleucel); these 2022 ap-
provals comprise roughly one-fifth of the 
total number of FDA-approved cell and 
gene therapies to date (5).

Møller’s observations are mirrored by 
many others in the industry: in Pharm-
Tech’s annual survey of bio/pharma 
workers, approximately half of them felt 
the biggest opportunity in the entire in-
dustry lay in cell and gene therapies (6). 
As companies race to compete in this 

rapidly growing niche, biologics-ori-
ented CDMOs such as AGC will move 
to accommodate them. In the case of 
AGC, one such decision the company 
made was the acquisition of a of an es-
tablished Italian cell and gene company, 
MolMed, in 2020 (7), as well as a Colo-
rado facility containing viral vector and 
cell therapy production and manufac-
turing capabilities in 2021 (8).

Tips for CDMO partners
While the exact needs of any company 
are typically unique in some form or 
fashion, Møller noted that are two core 
themes he finds himself telling his po-
tential partners. “Two of the biggest 
considerations AGC Biologics focuses 
on with drug developers of any size is 
reducing cost and process robustness,” 
he said. “As an outsourcing partner, 
these are key areas that we advise our 
customers to watch closely.”

While few skimp on the actual de-
velopment of the treatment, according 
to Moller, companies often neglect the 
design of robust manufacturing pro-
cesses and analytical methods in the 
early stages of development in an effort 
to reduce costs and hasten time-to-mar-
ket. However, this short-term outlook 
can present problems down the line.

Regardless of a treatment’s effective-
ness, if there isn’t a scalable manufac-

turing process associated with it, there 
will almost certainly be delays when the 
time comes for commercialization. By 
taking the time to consider the design of 
manufacturing processes early on, com-
panies can ultimately save themselves 
time and money.
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How can organizations determine when to out-
source vs. insource? What factors can (or should) 
be considered? The right outsourcing strategy has 
the potential to limit unnecessary costs, main-
tain output and turnaround times, and enable  
continued flexibility.

In part two of this outsourcing series, Meg 
Rivers and Jeff Henderson, key account manager 
of Vetter, discuss various topics concerning 
the current and future state of the outsourcing 
industry, including:

• What the biopharma industry currently 
tends to outsource

• Outsourcing strategies the biopharma 
industry should be utilizing

• Internal tasks the biopharma industry 
should consider outsourcing more in 
development and manufacturing

• What the biopharma industry should 
reconsider outsourcing and instead 
perform in-house

• What organizations are choosing not to 
outsource and why.

To listen to this episode of the Drug Solutions  
podcast and more, visit PharmTech.com!

Drug Solutions Podcast:  
Outsourcing vs. Insourcing in BioPharma (Part 2)

https://www.pharmtech.com/view/drug-solutions-podcast-outsourcing-vs-insourcing-in-biopharma-determining-the-best-strategy-part-2
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ask the expert
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Q.We are a manufacturer of pharmaceutical 

drug substances and drug products. We 

understand that good manufacturing practices (GMP) apply, 

but we have now been informed that the good distribution 

practices (GDP) apply too. Can you explain why?

A. It is correct that GDP applies to your operations as GDP 

covers the transport and storage (in transit) of raw materials, 

intermediates, excipients, drug substances (DS), and drug products 

(DP). Even if you are not the responsible party for shipping your 

DS and DP (perhaps because you are a contract manufacturer), 

you will most certainly receive raw materials, intermediates, or 

excipients from your suppliers. It is your responsibility to assure 

these have been shipped and stored in accordance with the 

specifications, such as temperature and humidity. 

You may ask: when were the GDP regulations put in place, 

given that the GMP regulations were published decades ago? 

They were already part of the GMP regulations under the 

title of holding and distribution of DS and DP. However, the 

regulators realized securing the supply chain required more 

specific regulatory guidance and oversight (e.g., US Food and 

Drug Administration’s Safety and Innovation Act [FDASIA] of 

2012) (1). 

The aims of GDP go beyond assurance of appropriate 

physical storage and distribution; they also cover supply chain 

security (i.e., the prevention of theft or the introduction of 

falsified [counterfeit] medicines). For that reason, you need to 

be familiar with and adhere to the requirements of the relevant 

regulations applicable to you. In Europe, this is Directive 

2011/62/EC, the “Falsified Medicines Directive” published 

in 2011 (2). In 2016, Commission Delegated Regulation (EU) 

2016/161 was published, laying down detailed rules for DP 

safety features, particularly serialization (3).

As a purchaser of goods that impact the quality of the DS or 

DP, or as the party responsible for shipping DS or DP, you need 

to assure compliance with the GDP regulations. That means 

that you need to have technical/quality agreements in place 

with your suppliers and that you need to have appropriate 

oversight, including supplier audits. Such oversight can include 

the review of dataloggers from the shipment, checks that seals 

on the vehicles are undamaged, to name some of the routine 

activities. Much more detail on goods receipt verification 

can be found in Good Distribution Practice: A Handbook for 

Healthcare Manufacturers and Suppliers (4). To determine 

what type of audit will be required, you need to assess the 

criticality of the shipment (i.e., the material shipped [e.g., its 

value]), the shipping route (e.g., wide temperature variations), 

the transport company (e.g., specialized in pharmaceutical 

shipments or not), and the logistics provider. The resulting 

audit requirements can range from performing a search of 

publicly available information to an on-site audit. 

The GDP regulations are often so embedded in the 

regulatory framework of a jurisdiction that the term GMDP for 

Good Manufacturing and Distribution Practices has become 

commonplace, as in the European Union’s GMDP database (5). 
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Securing the Supply  
Chain with Good  
Distribution Practices

Good distribution practices ensure appropriate physical storage, 
distribution, and supply chain security, says Siegfried Schmitt,  
vice president, Technical, at Parexel.

https://www.fda.gov/regulatory-information/selected-amendments-fdc-act/food-and-drug-administration-safety-and-innovation-act-fdasia
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https://www.ema.europa.eu/en/human-regulatory/research-development/compliance/good-manufacturing-practice/eudragmdp-database#:~:text=The%20EudraGMDP%20database%20is%20the,%2Dpractice%20(GDP)%20certificates.


• Extensive product breadth and packaging flexibility
• cGMP-compliant with auditing and quality management controls
• Lot testing for bioburden, endotoxins and elemental impurities
• Change control, lot traceability and supply chain transparency to eliminate unpredictability
• Comprehensive regulatory and scientific documentation to ensure compliance
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supplying clinical trials of the future.
ready today, innovating for tomorrow. 

We have the passion to reliably supply comprehensive  
clinical trial solutions with flexibility & speed around the world. 
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