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Health organizations, medical pro-
fessionals, caregivers, and patients 
mark World AIDs Day—Dec. 1, 

2019—to increase awareness of this de-
cades-long public health concern. While 
current statistics demonstrate that prog-
ress has been made in the diagnosis, 
prevention, and treatment of human 
immunodeficiency virus (HIV)-related 
illnesses, the toll the virus has taken on 
the world population—an estimated 32 
million deaths—is still profound. 

The World Health Organization 
(WHO) estimates that, at the end of 
2018, 37.8 million people globally were 
living with HIV. Of those infected, 
79% had been diagnosed, 62% received 
treatment, and 53% had achieved sup-
pression of the HIV virus (1). The re-
search and development efforts of the 
bio/pharmaceutical scientists were 
instrumental in this progress in com-
batting the virus.

Treatment progress
The first AIDS cases were diagnosed in 
the United States in 1981. In 1987, FDA 
approved the first therapy against the 
disease, azidothymidine, a nucleoside 
reverse transcriptase inhibitor (NRTI) 
originally developed to treat cancer. 
Drug-resistant variations of the virus 
necessitated the development of other 

antiretroviral drug classes including 
fixed-dose combination drugs. In 2018, 
the first biologic treatment, ibalizumab, 
was approved (2). Currently, FDA lists 
131 approved drugs for HIV/AIDS and 
related infections (3).

Research continues today on antiret-
rovirals to treat HIV, prophylaxis drugs 
for HIV-negative people at risk for HIV, 
and vaccines to prevent HIV or provide 
a cure for those living with HIV. FDA 
lists 34 investigational drugs for HIV/
AIDS and related infections (3). 

Closing treatment gaps
While diagnostic tools and therapies 
have helped make HIV a chronic con-
dition, not a death sentence, for many 
infected patients, there are gaps in treat-
ments across populations. In a statement 
to mark World AIDs Day, the National 
Institutes of Health (NIH) reported that 
approximately 38,000 people in the US 
were diagnosed with HIV in 2018; and 
while the rate of HIV incidence has de-
clined significantly from a peak in the 
1990s, progress on further reducing that 
rate has stalled (4).

Ending the HIV Epidemic: A Plan 
for America is a Department of Health 
and Human Services initiative to re-
duce the incidence of HIV domesti-
cally by 75% in five years, and by 90% 
by 2030. Under this initiative, NIH 
plans to fund HIV prevention, diag-
nosis, treatment, and care efforts and 
will expand partnerships with agencies, 
community organizations, health de-
partments, and other organizations to 
determine the best implementation of 
research advances.

In part icular, NIH noted that 
these efforts will “ensure that hardly 
reached communities—including the 
transgender, black, gay, injection drug, 
and sex worker communities—bene-
fit from these strategies.” Other chal-
lenges faced by those vulnerable to 
HIV—“housing and food insecurity; 
lack of healthcare access; and pervasive 
stigma, discrimination, and criminal-
ization” must also be addressed, NIH 
reported (4).

On a global scale, WHO reports 
that in 2018, 62% of adults and 54% of 
children living with HIV in low- and 
middle-income countries were receiv-
ing lifelong antiretroviral therapy; 
however, there were 1.7 million new 
infections in 2018 and 770,000 people 
died from HIV-related causes (1).

Of note, NIH and the Bill & Melinda 
Gates Foundation recently announced 
investments of $100 million over four 
years to develop affordable, gene-based 
cures for sickle cell disease and HIV (5), 
an example of the ongoing efforts to 
help those aff licted—and eradicate 
additional infections—that deserves 
year-round attention.
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Quality Issues Offset 
Biomedical Advances

P harmaceutical companies devel-
oped, and FDA approved, dozens 
of new drugs and biotech therapies 

in 2019, as new discoveries in genomics 
and drug development continue to bear 
fruit. Even if 2019 approval numbers 
don’t set new records, the list includes 
notable breakthroughs, including No-
vartis’ controversial gene therapy Zol-
gensma; Vertex’s triple combo for cystic 
fibrosis; and new treatments for cancer, 
migraine, light-sensitivity, Parkinson’s 
disease, pneumonia, rheumatoid arthritis, 
tuberculosis, and urinary tract infections. 
The steady rise in applications for inves-
tigational therapies has made it difficult 
for the Center for Biologics Evaluation 
and Research (CBER) to keep pace, while 
the Center for Drug Evaluation and Re-
search (CDER) continued to reorganize 
its Office of New Drugs (OND) to better 
assess and process a growing volume of 
submissions requiring special attention. 

At the same time, high price tags on 
transformative therapies heightened 
challenges for prescription drug re-
imbursement and payment strategies. 
Health plans, payers, and policy makers 
continue to debate multiple proposals 
for reforming drug coverage and pric-
ing, ranging from wider importing of 
less costly products from abroad, fed-
eral government price negotiations, and 

specific limits on annual price increases 
and patient out-of-pocket costs. There’s 
much talk of “value-based pricing,” but 
legal and technical difficulties limit this 
approach. The resulting uncertainties 
make it difficult for manufacturers to 
plan research programs, devise pricing 
and marketing strategies, and commit 
to upgrades in production operations. 

Manufacturing gains attention
A main cause of delay in bringing cut-
ting-edge therapies to market in recent 
months has been difficulties in ensuring 
that production systems can ensure prod-
uct safety and quality. The transition from 
pilot-scale to commercial manufacturing 
of gene and cellular therapies can be chal-
lenging and costly, observed CBER Di-
rector Peter Marks at the PDA/FDA Joint 
Regulatory Conference in September 2019. 
He emphasized the need for high-quality 
manufacturing of these new products, 
noting that treatments made from living 
cells or tissues often are not easily charac-
terized, are susceptible to microbial con-

tamination, and involve complex manu-
facturing materials and processes. 

CBER published several guidances 
on testing and producing new cellular 
and gene therapies and has promoted 
additional assistance for manufacturers 
of advanced technologies, Marks added. 
But limited gene therapy manufactur-
ing capacity will continue to be a major 
problem as multiple new products gain 
market approval, particularly those for 
treating chronic conditions in larger pa-
tient populations. 

Such hurdles have prompted leading 
manufacturers such as Pfizer and Sa-
nofi to make major investments in new 
biotech manufacturing sites. In addition, 
firms of all sizes look to work with con-
tract manufacturing organizations with 
capacity for quality biotech production. 
To address these needs, as well as the dif-
ficulties of smaller developers of treat-
ments for rare conditions, Marks backs 
the creation of a public-private consor-
tium that can produce quality materials 
for preclinical and clinical studies more 
reliably and at lower cost. 

Widespread shortages
While manufacturing issues delayed 
access to new breakthrough therapies, 
such problems also continued to disrupt 
production of many common, low-cost 
medicines that are important for treat-
ing many serious health conditions. In 
response to concerns from Congress 
and the public, FDA issued a report 
in October 2019 examining the finan-
cial, manufacturing, and policy issues 
underlying short supplies of important 
prescription medicines in the United 

Problems in assuring reliable drug quality and supply  
dampens progress in bringing lifesaving therapies to market.  

Jill Wechsler

The transition 
from pilot-scale 
to commercial 
manufacturing of 
gene and cellular 
therapies can be 
challenging.

Jill Wechsler  
is Pharmaceutical 
Technology’s  
Washington editor,  
jillwechsler7@gmail.com. 
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States. The analysts found that of 163 drugs that first went 
into shortage between 2013 and 2017, 62% of supply dis-
ruptions were associated with manufacturing or product 
quality issues; only a few had problems due to increased 
demand or natural disasters (1).

A lead proposal from FDA officials is that manufactur-
ers able to ensure a reliable supply of high-quality therapies 
should be able to command higher prices, an approach 
designed to encourage companies to invest in modern 
production systems able to avoid shortages, particularly 
for the low-priced, low-profit sterile injectables that com-
panies often decide to abandon, rather than commit to the 
long-term upgrades needed to meet standards. To support 
this approach, FDA Acting Commissioner Ned Sharpless 
and CDER Director Janet Woodcock called for a system 
able to measure and rate a facility’s “quality management 
maturity” that can inform the public about its commit-
ment to reliable quality production (2). 

In addition, the report included more common actions 
to prevent and address ongoing shortages, such as permit-
ting longer expiration dates where justified or increasing 
penalties on firms that fail to provide timely and adequate 
notification of a likely interruption in production. FDA 
also could require manufacturers of certain drugs to con-
duct periodic risk assessments to identify vulnerabilities 
in supply chains and plans to mitigate such risks. And new 
international standards for harmonizing post-approval 
changes in drug manufacturing and formulation, as pro-
posed in a new guideline (Q12) developed by members of 
the International Council for Harmonisation (ICH), would 
make it easier for manufacturers to modernize or alter a 
production facility that serves multiple markets. 

Manufacturers should “sell quality—not just medicine,” 
Woodcock stated in an FDA “voices” posting (3). Even 
though industry strongly opposed an earlier CDER effort 
to establish a system for rating companies on their ability 
to achieve quality drug manufacturing, Woodcock  main-
tained that a firm’s ability to reliably make a product in 
sufficient quantities and with sufficient speed to “ensure 
that supply consistently meets demand over sustained pe-
riods of time” should be a strong selling point. This dis-
cussion will continue in 2020. 
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Mitigating Risk to  
Secure the Drug Supply Chain 
Agnes Shanley

Communication and planning are crucial to  
recovering from supply, operations, and facility disruptions.

As the pharmaceutical supply chain 
becomes more complex, poten-
tial vulnerabilities are increasing. 

Adding to the challenge are random 
and unpredictable supply disruptions 
caused by acts of violence, fires, floods, 
or natural disasters. Survival depends 
on understanding and collaborating 
with suppliers, customers, and insur-
ance companies to manage risk, and 
ensuring that effective emergency re-
sponse plans are in place. 

Without the right approach, the eco-
nomic losses from inability to operate, 
product contamination, or loss of in-
come can be devastating, says Frank 
Russo, founder and principal of Procor 
Solutions LLC, a risk management and 
claims consultancy. Manufacturers that 
have been slow to develop strategies 
may soon get a push from regulators. 
FDA has proposed requiring drug com-
panies to conduct periodic risk assess-
ments to identify and mitigate supply 
chain vulnerabilities (1). This legisla-
tive proposal is in President Trump’s 
fiscal year 2020 budget, which notes 
that many companies do not have such 

plans in place and are thus at risk for 
lengthy drug supply disruptions, espe-
cially after hurricanes or other natural 
disasters. 

Based on results of the assessment, 
some companies would be required to 
have risk-mitigation plans, such as hav-
ing redundant manufacturing capacity 
in place. FDA would use a risk-based 
approach to determine which compa-
nies would have to do this. The agency 
plans to apply these requirements to 
drugs that are considered “life-sup-
porting, life-sustaining, or intended 
for use in the prevention or treatment 
of a debilitating disease or condition, 
including any such drug used in emer-
gency medical care or during surgery” 
(2). They would apply to drugs that 
have been on the FDA drug shortage 
list within the past five years, or that 
meet one or more criteria that FDA 
has determined will increase the risk 
of shortage. 

Some smaller companies may not 
have business continuity or crisis re-
sponse plans in place. Overall, however, 
pharmaceutical companies are quite 

sophisticated about risk management 
when compared to companies in other 
industries, says Russo. 

Natural disasters a key threat
Russo sees natural disasters, which 
have stepped up in frequency and se-
verity over the past 15 years, as the 
industry’s top business continuity 
threat today. Other problems are more 
frequent upstream outages that occur 
when key suppliers cannot ship APIs 
or other materials that are required to 
make the drug. Often, these glitches 
occur because of quality and compli-
ance problems (e.g., when regulators 
place a supplier’s facility on import 
ban) or result from accidents or other 
problems at supplier plants. “Given 
pharma’s complex and increasingly ef-
ficient just-in-time supply chains, these 
scenarios can be a recipe for disaster,” 
says Russo. “A minor calamity at a 
supplier’s location can have a signifi-
cant impact, interrupting production 
and revenues for extended periods up-
stream, ultimately reaching the retail 
pharmacy level,” he says. Although 
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the severity of each loss depends on 
the companies and products involved, 
each blip can cost in the tens of mil-
lions of dollars if it goes on for too long 
without mitigation options, he says. 
 
Ransomware and IT
Cyberattacks and computer hacks are 
also a factor. Ransomware can make 
discussions with insurance companies 
difficult, says Russo, because these 
programs are often installed well be-
fore they are detected, so it can be hard 
to pinpoint when the company’s finan-
cial loss actually began, he says.

New pharmaceutical products also 
challenge manufacturers to quantify 
losses once a supply disruption occurs. 

“Without a history of revenues from 
that drug, companies may struggle 
to demonstrate lost income to insur-
ers,” he says. Therefore, they must 
document everything, have clear pro-
jections of product revenue from the 
start, and share that information with 
insurers, Russo suggests. “Companies 
need to accurately and adequately con-
vey what the loss was, one component 
at a time,” he says. 

In order to ensure cash flow, Russo 
recommends that companies maintain 
steady communication with their in-
surers. Instead of waiting to have the 
claim paid in full, it is better to request 
payment in installments, he says. 

A growing number of websites, ap-
plications, and other platforms are 
available to help companies better re-
spond to crises and to sharpen their 
resiliency and business continuity ef-
forts. One example that Russo cites is 
In Case of Crisis, a mobile application 
that helps team members communi-
cate, share standard operating proce-
dures (SOPs) and checklists, and file 
incident reports. 

Investing in risk mitigating technol-
ogy will help speed recovery. Not only 
can it prevent damage to company as-
sets, it can also reduce insurance costs, 
says Russo, as a growing number of 
insurers take a more holistic approach 
that considers the total cost of risk. 
Some insurers now offer discounts 
and other benefits to companies that 

invest in preventive technologies, for 
example Internet of Things water sen-
sors that collect real-time data on plant 
equipment. “This kind of approach is 
becoming more common,” says Russo. 

In 2017, Hurricane Maria provided 
the ultimate test of pharmaceutical 
company emergency response and 
business continuity programs, as com-
panies with production facilities in 
Puerto Rico, including Amgen, Johnson 
& Johnson (J&J), AbbVie, and Eli Lilly 
faced flooding and loss of power and 
communication systems. Most of the 
island was without power for months, 
with some areas enduring blackout 
conditions for almost one year; in some 
cases, companies were not able to locate 
employees for several weeks. Pharma-
ceutical manufacturers in Puerto Rico 
were equipped with diesel power gen-
erators but many struggled with com-
munication and network connectivity. 

Speeding data and IT system re-
covery after a major disaster demands 
careful planning and documentation 
well in advance, says IT consultant 
Orlando Lopez. Not only should all 
possible failures and risk scenarios 
be determined and written down, but 
their impacts should be carefully as-
sessed and staff mobilized, he says. In 
addition, he says, alternative systems 
should be made available, and teams 
should be dedicated to handling cor-
rective actions, troubleshooting, error 
diagnostics, and preventive actions.

“Procedures to be followed in case 
of failures and outages should be care-
fully described and documented, as 
should the system rebooting process 

after bugs have been fixed,” says Lopez. 
The same goes for maintaining data 
that were first entered using alternative 
means (e.g., cell phones or paper) and 
later entered into computerized sys-
tems. Lopez notes that the National In-
stitute of Standards and Technology’s 
(NIST’s) Contingency Planning Guide 
for Federal Information Systems  can be 
very helpful in these efforts. One lesson 
that emerged from the hurricane was 
the importance of testing the proce-
dural controls used to restore computer 
systems after the storm struck, says 
Lopez, who notes the need to avoid a 
single point of failure by having di-
verse sites for recovering basic IT and 
communication functionalities.

In the end, companies continued 
to operate after a devastating storm. 
What may have enabled productivity 
was the fact that companies supported 
their staffers, some of whose homes 
had been damaged or destroyed or who 
had lost loved ones. This driving force, 
which risk-management and business 
continuity consultant Steve Goldman 
calls “the duty of care,” may ultimately 
be the key to business continuity. “At 
Amgen, one of our priorities is to pre-
pare all our staff so they can manage 
a crisis event, not only from a busi-
ness-continuity perspective but from 
a personal one,” says Arleen Paulino, 
the company’s senior vice president 
of manufacturing. “Following Hurri-
cane Maria, we mobilized resources to 
support our staff with pay continuity, 
access to food, water, showers,  laundry 
service, as well as gas and generators. 
Their safety and well-being were our 
priority,” she says. 

After Hurricane Maria, Amgen was 
able to maintain supply of products to 
patients without any misses or short-
ages. Paulino attributes this fact to a 
robust business resilience strategy that 
leverages investments that the com-
pany has made, not only in staff train-
ing and support, but in infrastructure, 
technology, inventory, diversification, 
and business continuity. Well before 
the storm hit, Amgen had already up-
graded its sites on Puerto Rico so that 
they could withstand the force of a 

Some smaller 
companies may 
not have business 
continuity or 
crisis response 
plans in place.  
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Category 5 hurricane. In addition, she 
says, staff had been trained and [crisis 
response] tools had been continuously 
tested to ensure that plans would work 
as expected. 

Inventory strategy was also crucial, 
Paulino says, and safety stocks helped 
ensure sufficient product supply, while 
back-up manufacturing locations re-
lieved pressure, aiding recovery. A 
mindset of continuous improvement 
is essential for any business continu-
ity strategy to work, says Paulino. “At 
Amgen, business continuity plans are 
tested constantly, across the company,” 
she says, noting that internal critique 
sessions are crucial. “They help us bet-
ter understand potential disaster sce-
narios in the future, to learn how we 
can be more effective,” Paulino notes.

Avoiding complacency 
When operations are running nor-
mally, it can be easy for companies 
to become complacent about keeping 
records updated, even documents as 
basic as organizational charts. At one 
customer facility, Goldman found that 
organizational contact lists included 
the names of people who had left the 
company or died. 

Another missing link for some 
manufacturers is any deep knowledge 
of their suppliers, and little regular 
communication with them. The auto-
motive industry is a model for doing 
this right, says Russo, and proactive 
companies such as J&J and Amgen 
have adopted supply chain mapping, 
a tool first used in other industries, 
for pharmaceutical manufacturing 
operations. 

Amgen began to explore the ap-
proach in 2011 after the tsunami in 
Japan, and began mapping its supply 
chain in 2013, running a small pilot 
with close suppliers. Efforts have paid 
off so far, and by 2018, the company 
reported having visibility into all tier 1 
suppliers and a large percentage of tier 
2 suppliers. It can even get down to tier 
3 suppliers in some cases (3). 

At the highest level, management 
and customer expectations will drive 
emergency response plan develop-

ment, and each must be thoroughly 
documented, said Aaron Duff, global 
director of EHS process excellence 
and standardization at J&J, in a web-
cast hosted by Pharmaceutical Supply 
Chain Initiative (PSCI) in June 2019 
(4). There must be alignment and 
agreement between the two if efforts 
are to succeed, he said. 

On the ground, however, all utilities 
must be evaluated, including wastewa-
ter and fire wastewater operations, as 
well as electric power outage prepared-
ness. One important detail with floods 
is determining in which direction the 
storm water will run, he said.

Both engineering controls (e.g., fire 
or water-level emergency alarms) and 
administrative controls (e.g., staffing, 
and who has specific training) must 
be examined, Duff said in the web-
cast. Another crucial step is to com-
municate and develop a relationship 
with local emergency response orga-
nizations. “They should be involved 
in drills and training exercises. You 
don’t want to be meeting them for the 
first time when an emergency occurs,” 
he said. 

Identifying high risk operations is 
then key, and examining any gaps be-
tween existing control measures and 
what will be needed to keep the facil-
ity safe. The next step is developing a 
risk matrix to define the severity and 
likelihood of the emergency occurring 
and designating a cross-functional 
crisis-management team of at least 
three people. The team will need an 
incident commander, and training 
and drills should be scheduled at 
least once or twice a year, involving 
site management and staff as well as 
emergency responders and even gov-
ernment responders. Drills should be 
challenging, and engage employees to 
imagine emergency conditions if they 
are to be effective, says Goldman.

Communications and silo-busting 
A formal written policy must also be 
established for communicating with 
the public, says Goldman, in particu-
lar, a social media strategy geared to 
mobile phone users. He suggests that 

companies dedicate a website, and have 
several Facebook pages, a Twitter, and 
a LinkedIn account ready to go and 
that a dedicated team monitor and 
respond to comments on social media 
as the event unfolds, to avoid the pro-
pogation of “fake news” and rumors. 

Business continuity is becoming 
more prominent as a f ield, with a 
number of companies staffing at the 
vice-president level, says Goldman. It 
may build upon emergency response, 
but can be weakened by a disconnect 
between enterprise-level risk manage-
ment and site-level efforts. At some 
companies, silos may separate business 
continuity from enterprise risk man-
agement (ERM) teams, even though 
both involve the same stakeholders 
and both focus on risk.  

Experts note the need for a common 
language and for synchronizing efforts 
(5). Ideally, they say, data from business 
continuity exercises should be used 
to improve ERM activities, while key 
risks that have been identified by ERM 
teams should be used to frame busi-
ness continuity exercises. Operations 
and business continuity teams should 
also work more closely together, says 
Goldman, but senior management sup-
port is essential. “Risk is not a crisis re-
sponse, it’s a probability of something 
happening, and once a disaster hits, it’s 
100%. In the end, it’s not what got you 
into the crisis but how you deal with it 
that counts,” he says.
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Development

E  xcipients are essential components 
of drug formulations. While phys-
iologically inert, they have func-

tionalities that achieve many formu-
lation goals, such as API stabilization, 
taste masking, and extended release. 

“Functional excipients play an integral 
role in achieving the desired biological 
performance of many drug formula-
tions,” asserts Robert Lee, president of 
the CDMO division of Lubrizol Life 
Science Health. Many excipients, how-
ever—depending on the API structure, 
dosage form, packaging configuration, 
and storage, handling, and use condi-
tions—may also interact via mecha-
nisms that negatively impact efficacy 
and safety. The challenge is to identify 
the right excipients for each formulation.

Many possible interactions
Interactions between excipients and 
APIs can occur via both chemical 
and physical mechanisms. “Many 
small-molecule APIs are inherently 
complex and have diverse functional 
groups that can undergo multiple re-
actions either simultaneously or in 
sequence,” says Anil Kane, executive 
director and global head of technical 
and scientific affairs with Thermo 
Fisher Scientific. Thus, the degrada-
tion of pharmaceuticals is an area that 
is complex.

The major mechanisms for chemi-
cal decomposition of pharmaceuticals 
with other excipients include hydro-
lysis, dehydration, oxidation, isomer-
ization/epimerization, decarboxylation, 
dimerization, polymerization, and 
photolysis, according to Kane. Com-
plexation with excipients to form salts 
is also possible. 

In some cases, the excipient itself 
doesn’t initially interact in a negative 
manner with the API. For that to occur, 
it must first undergo a chemical reac-
tion to generate a new species that can 
affect the API. For instance, Lee notes 
that some unsaturated polymers can in 
the presence of oxygen form peroxides 
that will degrade oxidatively labile APIs.

“While many pathways of degradation 
are obvious from basic organic chemis-
try principles, it is not uncommon to 
find surprising degradation chemis-
try leading to unexpected degradation 
products and pathways,” Kane observes.

Physical interactions include hy-
drophobic and hydrophilic media in-
teraction and interactions that affect 
particle size and shape. For instance, in 
nanoparticulate suspensions, excipients 
physically adsorb to the surfaces of the 
API nanoparticles via steric or charge-
charge interactions.

In fact, the dosage form plays a role in 
determining the potential interactions 
that can occur. Molecular mobility in 
solids is far less than in the liquid state, 
hence chemical reactivity in the solid 
state generally occurs under severe con-
ditions of temperature and/or humidity 
or in presence of a catalyst, according to 
Kane. Considerations for chemical deg-
radation are more critical for non-sterile 
oral liquids and sterile parenteral prod-
ucts because the excipients and APIs 
are more mobile and there are more op-
portunities for chemical reactions. For 
lyophilized products, interactions can 
occur in the initial buffered solution as 
well as in the lyophilized cake.

Desirable and undesirable impacts
Interactions between excipients can be 
either beneficial or harmful. Hydro-
philic and hydrophobic media interac-
tions are generally beneficial, accord-
ing to Richard Shook, director of drug 
product technical services and business 
integration at Cambrex. “Through 
these mechanisms, polymers can delay 
the release of the drug substance to 
better target the site of absorption and 
protect the API from degradation in the 
gastrointestinal tract. Polymers can also 
be used to enable prolonged duration of 

The key is to ensure that excipients only  
interact with APIs via desired mechanisms.

Managing  
Excipient Interactions
Cynthia A. Challener

Cynthia A. Challener, PhD, is a 
contributing editor to Pharmaceutical 
Technology.
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API release, increasing the time of drug 
absorption and decreasing patient dos-
ing frequency, thereby assisting treat-
ment compliance,” he explains. 

For example, lower-molecular-weight 
polymers assist in “bridging” of parti-
cles during wet granulation processing 
and can be used to coat API particles to 
increase their interface with surround-
ing media during dissolution. High-
er-molecular-weight polymers, mean-
while, can form hydrogels that restrict 
the release of API, enabling extended 
release. Preferential polymer bridging 
between smaller and larger particles 
during wet granulation, meanwhile, can 
affect particle size and shape selection, 
leading to desirable granule formation. 
Saturated fat-based lubricants such as 
magnesium stearate and stearic acid can 
create a hydrophobic barrier within the 
dosage form to ensure proper delivery.

For nanoparticulate suspensions, 
which offer increased dissolution rates 
and potential higher bioavailability due 
to the high surface area of the particles, 
the high-energy milling process used 
to create the nanoparticles generates 
crystals with high surface energies. 
Use of excipients to lower the surface 
energy and stabilize the nanoparticles 
is therefore necessary, according to Lee. 
Polymeric stabilizers such as polyvinyl 
pyrrolidone provide steric stabiliza-
tion, while charged excipients such as 
sodium lauryl sulfate participate in 
electrostatic interactions. 

APIs containing aromatic groups can, 
in some cases, benefit from interactions 
with polymeric excipients that also pos-
sess aromatic functionality, according 
to Lee. In this case, there is the potential 
for the aromatic rings to stack together 
(π-π stacking), which may lead to stabi-
lization of the API. 

Some chemical reactions are also 
desirable. For instance, Shook points 
to the use of pH-enhancing excipients 
such as citric acid, sodium hydroxide, 
etc., which can stabilize pH-sensitive 
APIs by creating microenvironments 
within dosage forms. Alternatively, cer-
tain excipients can be added to partici-
pate in competitive reactions as a means 
of protecting the API. One example is 

butylated hydroxytoluene, which in 
some formulations is preferentially ox-
idized over the API.

When interactions of the API with 
functional excipients lead to degra-
dation and the formation of known 
or unknown impurities, however, the 
results are generally not beneficial. In 
these cases, the interactions can have 
a number of consequences, such as 
physical changes including discolor-
ation, agglomeration, plug formation, 
precipitation, cloudiness in liquids, etc., 
according to Kane. 

One of the most important undesir-
able reactions is the Maillard reaction be-
tween amines and alcohol functionalities, 
the latter of which are common in sugar 
excipients such as lactose. The result is 
formation of high-molecular-weight 
brown polymeric material with a strong 
aroma, leading to formulations that are 
discolored and have an unpleasant odor, 
according to Shook. Another common 
issue is the degradation of pH-sensitive 
APIs due to exposure to acidic or basic en-
vironments. In some cases, encapsulation 
can protect APIs that are hydrolytically 
or enzymatically labile, Lee notes.

“The main impact of the interactions 
of APIs and excipients, however, is not 
only loss of potency and the intended 
therapeutic efficacy, but also formation 
of degradation products that may or 
may not be toxic,” he observes. “Deg-
radation of the API will result in a drug 
product not meeting specifications for 

its assay (or potency) and content uni-
formity. The dissolution performance 
of the active drug substance may also 
decrease. Thus, the drug product will 
not meet its expected critical quality 
attributes,” he continues.

Chemical functionality  
must be understood
With efforts to reduce time and cost to 
market, the potential for stability is-
sues increases dramatically, according 
to Kane. The ability to rapidly predict 
and assess the potential for stability 
and safety concerns is, therefore, an 
important part of speeding the devel-
opment of innovative drug therapies. 

“Degradation prediction enables under-
standing of labile functionalities critical 
in designing less reactive, more stable 
analogs, and degradation studies con-
ducted by a chemistry-guided, predic-
tive, stability approach enable analysts 
to deliver stability-indicating methodol-
ogy more efficiently,” he asserts. 

The first step is to examine the pos-
sible mechanisms of chemical decom-
position for the API in the context of 
the common functional groups that are 
present in the molecule. APIs contain-
ing functional groups, such as ionizable 
moieties, amines, and carboxylic acids, 
present the greatest risk for interacting 
with excipients, according to Lee. Ex-
cipients that can enhance these mech-
anisms should be avoided.

In addition, it is important, accord-
ing to Kane, to consider the excipient 
impurity profile, which is generally lot 
specific. Impurities of concern include 
water, solvents, metals, acidic/basic 
compounds, and reactive molecules 
(e.g., peroxides, aldehydes, organic 
acids). The amorphous content is an 
additional factor, as is the equilibrium 
moisture content and hygroscopicity 
profile, effective pH in water, and the 
thermal and thermal/humidity sol-
id-state stability (chemical and physical).

It is worth noting, adds Lee, that in 
some cases, excipient suppliers offer spe-
cial, extremely high-purity versions of 
certain products. When an API is identi-
fied as being susceptible to oxidation, for 
instance, “cleaner” excipients with very 
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When the  
API-excipient 
interaction leads 
to degradation 
and the formation 
of impurities, the 
results are  
generally not  
beneficial.
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low limits of oxidizing substances would 
be preferred as a means for reducing the 
risk of undesirable interactions.

Proper characterization is essential
The choice of excipients is usually based 
on forced degradation data for the API. 

“Forced degradation data provide infor-
mation about the potential degradation 
pathways for the API and for the for-
mation of impurities in acidic and basic 
environments, when exposed to light or 
oxidative conditions, and under high 
temperature and high humidity condi-
tions,” he says. 

Proper characterization of excipient/
drug substance interactions using phys-
ical and chemical testing is paramount, 
Shook agrees. “No stone should be left 
unturned when identifying critical 
material attributes of a target drug sub-
stance. For example, various excipient 
compatibility studies, such as binary 
blends, formulated prototypes, com-
pressed versus loose powder, etc., can 
be designed to align with the available 
API and timeline,” he observes. The 
studies, he adds, are best employed in 
a phase-appropriate manner. 

Prior to initiation of any compat-
ibility studies, a thorough review of 
relevant drug substance information 
available at the time of the compati-
bility studies is extremely important, 
according to Kane. This evaluation 
should include a review of the struc-
tural understanding of the molecular 
scaffold and the sites of known reac-
tivity, a detailed review of the synthetic 
route, a review of the API solution state 
stability data (pH, thermal, and photo-
stability challenges), any and all forced 
degradation data, and metabolite for-
mation information and output from 
predictive models of degradation.

“A risk-assessment approach should be 
used that involves combining the knowl-
edge of reactive impurities in excipients 
along with an understanding of the po-
tential degradation pathways for the API. 
Other factors such as the drug-to-excip-
ient ratio, crystal form of the API, envi-
ronmental conditions, surface acidity, 
and microenvironmental pH must also 
be considered during the assessment and 

mitigation of risk. Finally, mitigation 
strategies should include ‘designing out’ 
the incompatibilities through formula-
tion design, packaging configurations, 
or through establishment of a control 
strategy,” Kane comments.

Formulation and packaging 
There are a number of strategies that can 
be employed to minimize undesirable 
excipient-API interactions ranging from 
avoidance of problematic excipients to 
the use of excipients that stabilize or pro-
tect APIs, devices that physically sepa-
rate formulation ingredients until the 
time of administration, and packaging 
that incorporates chemical agents that 
inhibit certain chemical reactions. 

For oral solid-dosage forms, there are 
several different options for protecting 
APIs that are sensitive to moisture or 
oxidative degradation. In the former 
case, Kane notes that excipients with low 
moisture content should be used to re-
duce the probability of chemical interac-
tion due to hydrolysis and silica should 
be added to adsorb any moisture picked 
up in the formulation. Moisture-barrier 
film coatings can also be employed, ac-
cording to Shook. Inclusion of desiccant 
packs in the drug product bottle pack 
and/or flushing an inert gas such as ni-
trogen or dry air during packaging are 
also recommended.

For APIs that can react with oxygen, 
excipients that contain or can generate 
peroxides should be avoided, while anti-
oxidants should be added to the formu-
lation in the optimal quantity, according 
to Kane. Selection of the right packaging 
components and reducing the headspace 
of the pack may help prevent exposure 
of the product to an oxidative environ-
ment. Inclusion of oxygen scavengers 
in the bottle pack and blistering and/or 
bottling the drug product under inert 
atmosphere (dry air or nitrogen) is also 
recommended to improve the stability 
of a packaged product.

For fat-based lubricants such as mag-
nesium stearate and stearic acid, proper 
characterization of material blending is 
important, according to Shook. “Blend-
ing times must be optimized to balance 
proper introduction of the lubricant 

with minimal coating of the drug sub-
stance particles,” he says. 

For non-sterile oral liquids and liq-
uid injectables, the addition of acidic or 
basic excipients or buffering agents as 
appropriate can help maintain the de-
sired pH and prevent degradation of the 
API, according to Kane. If an excipient 
is necessary to achieve proper delivery 
but cannot be in contact with the API 
for extended periods of time, the use of 
dual-chamber syringes or packaging 
in separate vials are options for keep-
ing the ingredients physically separate 
until the time of administration, ac-
cording to Lee. “The key for these solu-
tions is to have a good understanding 
of the length of time during which the 
combined ingredients will be stable in 
order to ensure that patients are being 
administered the correct formulation,” 
he comments.

Question every excipient
Whichever solutions are chosen, they are 
selected based on extensive pre-formula-
tion and analytical work and intended to 
provide design control that will lead to 
acceptable products, according to Lee. 

Most importantly, Lee stresses that 
it is essential to make certain that each 
excipient used in a formulation has a 
well-defined function. “It is critical to 
question every excipient that is added 
to a formulation. Formulators must be 
able to justify the use of each and every 
excipient in their formulations, and 
ensure that they are using the minimal 
quantity for each that will afford the 
target product profile,” he asserts.

To achieve that goal requires experi-
ence and expertise in formulation devel-
opment and the potential physical and 
chemical mechanisms of interaction be-
tween excipients and APIs with a wide 
range of functionalities. 

“The best strategy to prevent future 
drug substance and excipient interaction 
headaches is to partner with an experi-
enced, proactive formulation team,” says 
Shook. “Strong collaboration between 
a formulation team and an analytical 
team conducting forced degradation on 
the drug substance can also prove highly 
beneficial,” he concludes. PT
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T he proportion of poorly soluble 
molecules entering the drug de-
velopment pipeline is increasing 

year-on-year, raising the bar for pharma-
ceutical companies in terms of how best 
to approach the challenge of improving 
solubility and bioavailability. “Over the 
past 20  years, drug development pipe-
lines have been filled with drugs that 
present solubility issues,” confirms Már-
cio Temtem, site manager, R&D Services, 
Hovione. “It is estimated (1,2) that the 
current proportion of poorly soluble 
compounds in the development pipeline 
is between 70% and 90%.”

“Where APIs have poor solubility, 
this has a marked effect on a drug’s ef-
ficacy within the body and can lead to 
poor absorption, poor bioavailability, 
and increased pharmacokinetic vari-
ability,” adds William Wei Lim Chin, 

technical specialist, Science and Tech-
nology, Catalent. “Since many of these 
drugs exist as crystalline materials, one 
approach to improve the API’s perfor-
mance is to create an amorphous solid 
dispersion (ASD), for which spray dry-
ing technology is a key part of the man-
ufacturing process.”

An approach with merit
“Solubility, bioavailability, and stability 
are some of the most difficult formu-
lation challenges faced by the pharma-
ceutical industry at present, and spray 
drying offers a very suitable solution,” 
explains Manuel Leal, business devel-
opment director, Idifarma. “The process 
involves spraying a solution or suspen-
sion that contains the excipient and ac-
tive substance inside a drying chamber. 
Dry particles are dispersed and collected 

by a cyclone as the solvent is evapo-
rated at high speed. The ASDs with 
different particle sizes obtained after 
spray drying achieve better solubility 
than the API alone.”

The rates of spraying and evaporation 
in spray drying are crucial, according to 
Chin, who notes that evaporation must 
take place before either crystallization 
or phase separation has time to occur. 

“Amorphous forms are intrinsically 
more soluble than crystalline materials, 
as there is no crystalline lattice energy 
to be overcome,” he says. “Spray drying 
also gives a finely divided powder that 
can be processed into any dosage form 
that can incorporate powders, including 
capsules and tablets.” 

Adding to Chin’s point, Temtem notes 
that the flexibility afforded by spray dry-
ing is a clear advantage of the technique 
over others that are currently available. 

“Spray drying enables development 
across a broad range of drug delivery 
options,” he says. “Additionally, as it is a 
flash drying process, it can be applied to 
many different molecules, such as those 
that have a thermally labile character, as 
the drug product will not be exposed to 
the high temperatures itself.”

There are significant benefits of spray 
drying, specifies Leal. “As is the case 
with many common technologies, batch 
size is not limited by the equipment ca-
pacity as spray drying operates on a con-
tinuous production process, which can 
be easily re-run. This scalability means 
that spray drying represents a swift, 
cost-effective solution,” he confirms.

“Another advantage spray drying has 
is in the formulation of products that 
have unusual or difficult characteristics,” 
continues Chin. “Products that may be 
sticky or hygroscopic, slow to crystallize, 
or difficult to isolate are all good candi-
dates for spray drying.”

For Temtem, one of the most im-
portant advantages of spray drying over 
other techniques is that process develop-
ment can be achieved using minimum 
quantities of materials. “For example,” 
he continues, “comparing with other 
available technologies, it is possible to 
perform process development with just 
a few grams of materials with spray dry-

Spray drying is a versatile and rapid  
technique that can provide companies with a 
suitable and scalable option to improve the 
solubility and bioavailability of drug products.

Tackling Solubility  
in Drug Development
Felicity Thomas

Development
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ing, whereas to get the same informa-
tion with other techniques, such as hot-
melt extrusion or co-precipitation, you 
would potentially need from hundreds 
of grams to kilos of material. This is a 
big advantage, particularly in the pro-
cessing of new chemical entities where 
API availability is limited.”

Multiple applications
“The quality achieved through spray 
drying a powder can inf luence the 
drug’s preparation downstream and 
how it is administered to patients,” ex-
plains Chin. “For example, particle engi-
neering by spray-drying enables further 
development for inhaled delivery, which 
is the cornerstone in the management of 
patients across a spectrum of respiratory 
diseases.”

Concurring, Temtem also notes the 
increased traction that is being seen in 
the field of inhalation. “Spray drying is 
particularly beneficial in the preparation 
of composite particles for inhalation, 
both from a product stability and prod-
uct performance perspective. During 
the spray drying process, ingredients 
are combined at the molecular level, 
improving the stability of the API and 
adjusting the cohesive-adhesive balance 
of the materials,” he says. 

“The advantages of spray drying can 
be applicable to multiple drug products, 
from over-the-counter to prescription, 
and in a wide variety of therapeutic 
areas,” adds Leal. “One therapeutic area 
that can reap the advantages of spray 
drying is oncology. By altering the 
pharmaceutical form of the final prod-
uct, spray drying can facilitate different 
administration routes.” If solubility of a 
drug substance can be improved and the 
route of administration can be changed 
from injection to oral, then patient com-
pliance and quality of life will also be 
positively impacted, he confirms.

“In antibodies, protein, and vaccine 
therapies, the drug substance is usually 
in a liquid state,” asserts Chin. “To im-
prove its stability and to have the flexi-
bility to administer it via dosage routes 
other than injectable and oral suspen-
sion, a spray dried powder offers many 
advantages and can be manufactured 

into conventional oral solid dose forms, 
which are more acceptable to patients 
with chronic diseases.”

Furthermore, as more companies 
are looking to tackle more rare dis-
ease areas and are approaching drug 
development and approval via the fast 
track or breakthrough regulatory pro-
grams, spray drying can provide an 
enabling option, emphasizes Temtem. 

“For instance, by employing spray dry-
ing combined with modeling, for both 
product and process development, it is 
possible to accelerate the development 
lifecycle significantly, while also im-
proving the drug’s performance.”

An attractive investment choice
The broad applications and ability of 
spray drying to improve solubility have 
made it an attractive choice for invest-
ment by companies and outsourcing 
partners throughout the industry. “As 
the industry struggles to find new 
drugs that improve existing therapies, 
the need for more innovative processes 
to advance the galenic formulation of 
a finished product has become essen-
tial,” states Leal. “As spray drying can 
achieve this, it has naturally become 
one of the top investment choices for 
many companies focusing on complex 
development projects.”

“Identifying a suitable dispersion is 
not necessarily easy, but the benefits it 
offers in terms of scalability of manu-
facture and dose form development has 
led to spray drying becoming a crucial 
tool within a formulator’s toolkit,” adds 
Chin. However, Chin iterates that in-
dustry has also experienced issues in 
the development of spray-dried formu-
lations as a result of a lack of capacity 
at the commercial scale. “This issue has 
been addressed by some contract devel-
opment and manufacturing organiza-
tions (CDMOs) investing in additional 
capacity,” he says.

The move towards fast-track pro-
grams and breakthrough therapies is 
also driving investment in spray dry-
ing, states Temtem, echoing his earlier 
thoughts. “The ability to move quickly 
through the development lifecycle is 
critical for companies at the moment,” 

he says. “Spray drying has clear advan-
tages to help in the area of time efficien-
cies, and as a consequence, the number 
of programs using spray drying as a 
technique are increasing exponentially.”

Trends driving adoption
“Both versatility and speed are driving 
adoption of spray drying techniques,” 
says Chin. “The technique offers ver-
satile formulation options and flexible 
downstream dose form manufacturing 
into tablets, powder-filled capsules, and 
inhaled drug products. It is a highly scal-
able process too, that allows for precision 
control of particle engineering, including 
particle size, bulk density, the degree of 
crystallinity, and levels of both organic 
volatile impurities and residual solvents.”

The ability to enhance the physical 
properties of drug products, particularly 
when looking at the ability to change 
parenterally delivered products to those 
that can be administered orally or by in-
halation, will also lead to greater adop-
tion by the industry of spray drying. “It’s 
important for the industry to continue to 
support patient adherence by looking for 
ways to improve comfort such as offering 
products in forms that patients can take 
at home,” adds Leal.

For Temtem, the combination of 
spray drying and drug productivity will 
become more prominent in the future, 
along with continuous manufacturing 
in the downstream processing, both of 
which will enable accelerated develop-
ment. “Additionally, another trend for 
the future is the use of Big Data and the 
associated digital transformation. With 
a simple click of a button, it will be pos-
sible to gain information about the most 
adequate process conditions for a mole-
cule, and when combined with empirical 
and mechanistic modeling, [Big Data and 
digital transformation] will also be able to 
speed up development,” he adds. “Speed 
and agility are key to what comes next in 
the area of spray drying.”  
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P 
harmaceutical manufacturers must ensure the qual-
ity, safety, and efficacy of their products (1). Exam-
ples in the past showed the importance of starting 
material testing for the quality of the finished prod-

uct. Unidentified impurities in starting materials, at times, 
have led to serious harm or even death of patients (2,3,4). 

An essential prerequisite for any analysis is that the sam-
ple is representative of the quality of the whole batch (5). A 
non-representative sample will lead to incorrect assump-
tions about the quality of the starting material, because it 
does not truly ref lect the characteristics of the lot being 
sampled (6). The steps from goods receipt to release of the 
starting material are summarized in Figure 1.

Even though quality and other regulatory requirements 
are mandatory, economic aspects are important as well. 
When reduced sampling and reduced testing are considered, 
intelligent approaches fulfill both aspects (7).

The aim of this article is to give an overview of the view-
points from different pharmacopoeias and authorities on 
reduced sampling and testing. The viewpoints are comple-
mented by selected literature. Furthermore, different strat-
egies are discussed to reduce the workload at the steps from 
sampling to release. The focus of the article is on starting 
materials or components. Table I provides clarification on 
terms used herein.

Sampling requirements
According to the European Union good manufacturing 
practice (GMP) guidelines, “the identity of the contents of 
each container of starting material” has to be assured (8). 
This requirement is specified by the European Commission 
(EC) EudraLex Volume 4, Annex 8, which says, “the identity 
of a complete batch of starting materials can normally only 
be ensured if individual samples are taken from all the con-
tainers and an identity test performed on each sample” (9). 

According to Annex 8, it is permitted to deviate from this 
requirement. If it can be assured by a validated procedure 
that no container is labeled incorrectly, it is permitted to 
sample only a proportion of the containers. In addition to 
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this, aspects such as the general GMP level, the manufac-
turing conditions, and the nature of the starting material 
and the finished drug product should be considered. The 
Swiss Medic published a technical interpretation that might 
be helpful for conducting such a validation. The approach 
involves a scrutinized look at the packaging and labeling 
process and to assess potential risks at the different process 
steps (14).

The reduction via validation is generally possible for 
starting materials coming from a single product plant or 
starting materials coming directly from a manufacturer. It 
is unlikely, however, that a validation could be successful 
for a starting material that is obtained from brokers or that 
is for parenteral use (9).

FDA does not have strict requirements for the number 
of containers that must be sampled, but the number must 
be representative, and a scientifically sound sampling plan 
must be used (15, 16). Aspects like the variability of the 
material and the quality history of the supplier should be 
considered (17). ANSI/ASQ Z1.9-2003 for bulk and ANSI/
ASQ Z1.4-2003 for discrete material are considered an ap-
propriate standard for a sampling plan (18). An exemption 
is glycerol (19, 3). Here, FDA and the European Medicines 
Agency (EMA) share the expectation that some tests have 
to be performed on each container.

According to Health Canada, the identity testing of each 
container is mandatory, but a risk-based reduction is pos-

sible. The risk-based reduction is not possible for starting 
material that is obtained from brokers or for starting mate-
rial for parenteral use. Starting material coming in differ-
ent deliveries from the same batch should be considered as 
different batches (20). 

Detailed requirements for API and excipients used in 
listed and complementary medicines are given by the Aus-
tralian Therapeutic Goods Administration (TGA), which 
distinguishes a pre- and post-qualification phase (21).

Beside the identity testing, further analysis (e.g., purity, 
strength, or microbiological testing) is needed to assess the 
quality of the starting material. It is not required to test 
those specifications on each container (9). Often, the square 
root + 1 sampling plan of the World Health Organization 
(WHO) is used for these purposes (22). But it should be 
considered that this plan is only one of three options and 
not WHO’s recommendation for the sampling of starting 
material. Therefore, the general usage of this plan is seen as 
critical by the authorities (23, 18).

The sampling for processing relevant parameters (e.g., 
water content or particle size distribution for solid oral dos-
age forms) has its own unique challenges. For each starting 
material, it must be evaluated if a sampling from different 
areas within the container is required, based on the possi-
bility of an uneven distribution of the parameters. For the 
choice of the containers that should be sampled, a computer 
aided randomization is recommended (18).

Peer-Review Research

Good Receipt Sampling
Identity
Testing Full Testing Release

Figure 1: Steps from goods receipt to release.

Table I: An overview of the different sampling and testing terms. 

Term Where to find Definition

Raw material International Council for Harmonization 
(ICH) Q7

A general term used to denote starting materials, reagents, and 
solvents intended for use in the production of intermediates or 
APIs (10).

Starting material Glossary European Union good 
manufacturing practice (GMP) guide

Any substance used in the production of a medicinal product, but 
excluding packaging materials (11).

Source material ICH Q11 Cell banks are the starting point for manufacture of 
biotechnological drug substances and some biological drug 
substances (12).

Component 21 Code of Federal Regulations 210.3(b)(3) Component means any ingredient intended for use in the 
manufacture of a drug product, including those that may not 
appear in such drug product (13).
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Reduced sampling
Usage of alternative test methods. The European Pharmaco-
poeia (Ph.Eur.) sets clear requirements about the identity 
testing of monographed substances. The identity tests 
described in the first identification may be used in all cir-
cumstances, whereas the second identification requires full 
traceability of the starting material to a batch certified to 
comply with the requirements of the monograph (24). 

The usage of near-infrared spectroscopy (NIR) for phar-
maceutical applications has been discussed since the late 
1980s (25). The United States Pharmacopeia (USP) and 
Ph.Eur. list NIR and Raman spectroscopy as methods for 
identity testing (26–29). According to EMA, it is permis-
sible to perform identity testing on a statistically represen-
tative composite sample when this is supplemented by NIR 
analysis on every container (30). For the validation of NIR 
analysis, detailed requirements are given (31, 32). 

It is common practice to assess homogeneity via NIR and 
ensure identity via compendial methods. No guidance was 
found related to this practice. However, validation of either 
the direct identity testing or the homogeneity testing with 
subsequent identity testing requires similar approaches. 
Some cases in the past showed that the combination of NIR 
and the compendial methods was superior to the usage of 
only compendial methods (33).

According to the Q&A document of Health Canada, the 
identity of each container can be assessed by two approaches. 
First, every container is tested by a discriminating method, 
which may not necessarily be the monographed method. 
Second, the identity and the potency are tested on a com-
posite sample (23).  

Use of composite samples for identity testing. In general, it is 
required to perform identity testing on each container. EMA 
allows the use of composite samples for the identity testing, 
when the identity of each container is additionally assessed 
by NIR (30). FDA and Health Canada accept identity test-
ing on composite samples under certain considerations. The 
main point is that the identity test is specific and selective to 
detect incorrectly labeled substances in a composite sample 
(17,20,23).

For glycerol, FDA and EMA require the testing of each 
container for identity and the limit test for diethylene glycol 
(19,3).

Reduction of sampling by choice of container size. A pragmatic 
approach to reduce the efforts for sampling for identity 
testing could be to increase the container size. As a conse-
quence, fewer tests would be required for the same amount 
of starting material. However, this approach requires the 
assessment of potential other problems, such as handling 
or storage. 

Preparation of the composite samples
According to Annex 8, it is permitted to use representative 
composite samples for purposes other than identity testing 
(9). But no details are given about how many samples of 

single containers can be combined in a composite sample. 
An idea can be found in the Q&A document from Health 
Canada. In the context of identity testing, a maximum of 
10 containers can be mixed (23).

In general, the composite sample should be representative 
and homogenous. The procedure for the preparation of the 
composite sample should be described. It should be evalu-
ated to see if the composite sample is homogenous.

USP describes the preparation of composite samples of 
powder starting material. If it is necessary to sample from 
different places within one container, the samples should 
not be composited (15,18). 

Reduced testing/skip testing 
The term “reduced testing” describes the practice whereby, 
after receipt of the starting material, not all parameters of 
the specification are tested. Only a reduced number of pa-
rameters are tested, while the other parameters are taken 
from the certificate of analysis from the manufacturer. This 
is an established approach in the pharmaceutical industry 
that requires an established system for the qualification of 
suppliers (34–37). The DIN ISO 2959-3 from the Interna-
tional Organization for Standardization (ISO) describes the 
statistical requirements for establishing this approach (38).

According to ICH Q6, reduced testing should not be es-
tablished before the market authorization is granted (39). 
The prerequisite for reduced testing is an audited and qual-
ified manufacturer that has been assessed and classified (34, 
35, 36). 

Some requirements in circumstances where reduced test-
ing is permitted or minimum requirements are applicable 
can be found in different guidelines. According to chapter 
5 of the EU-GMP guide, the manufacturer should have ap-
propriate experience with the material (8). ICH Q7 requires 
full testing on at least three batches (10). Health Canada also 
recommends testing the first three batches of the starting 
material and repeating this procedure whenever the man-
ufacturing process has changed (20). Some authors suggest 
testing the first 30–40 batches in full analysis (37).

The manufacturer of the medicinal product should estab-
lish the frequency for full testing. The accepted differences 
between the internally generated analytical results and the 
results of the supplier certificate of analysis should be de-
fined, before the results are compared (35). 

It is industry practice that at each starting material under-
goes a full testing on an annual basis. According to Health 
Canada, it is permitted to do a rotational full testing if one 
manufacturer supplies more than one starting material. For 
example, if a manufacturer supplies three starting materials, 
it is possible to perform a full test on only one of the starting 
materials each year. At least every five years, a full testing of 
each starting material should be performed (20).

If the testing of the drug product manufacturer identi-
fies a discrepancy in comparison with the starting material 
manufacturer, an investigation should be done first by the 
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drug or medicinal product manufacturer and if he/she does 
not find the root cause, the investigation should be extended 
to the supplier/manufacturer of the starting material. Until 
completion of the measures, the certificate of analysis of the 
manufacturer should not be accepted (8).

Skip or periodic testing means that neither the manu-
facturer of the starting material, nor the pharmaceutical 
company test a certain parameter (37). If a pharmaceutical 
company wants to establish skip or periodic testing for a 
registered specification parameter, this approach must be 
submitted to the authorities (40, 41). In general, accord-
ing to FDA, a required criteria cannot be not measured 
without a surrogate test (42). But for certain parameters 
(e.g., heavy metals or residual solvents), USP allows excip-
ient manufacturers to perform skip testing, if validated 
processes are in place. This approach is also applicable for 
non-monographed excipients. However, full testing is re-
quired annually, and certain parameters, such as identity 
and strength, must be tested every time. The applied testing 
frequency of each parameter must be shown on the certif-
icate of analysis (43).

In the end, it is the responsibility of the pharmaceuti-
cal manufacturer to verify if all necessary parameters have 
been tested. It is recommended to audit the suppliers and to 
verify the results from the manufacturer with results from 
in-house testing (43).

Discussion
As described in the previous sections, there are different 
options to reduce the sampling and testing of starting ma-
terial. The market authorization holder has the ultimate 
responsibility to ensure the quality of the starting material, 
but the viewpoints of the different authorities could help to 
derive a strategy.

Sampling generally requires identity testing of each con-
tainer. Reduced sampling is possible, but requires additional 
work to justify it.  Independently, if the sampling for the full 
analysis is created from the samples of the identity testing 
or separately, a general square root +1 sampling plan might 
be too simple. A risk-based sampling plan is recommended.

The identity testing of only mixed samples is possible 
under certain circumstances. The method used must be 
suitable to identify potential mix-ups even in mixed sam-
ples. In combination with a spectroscopic method, such as 
Raman or NIR, it is possible to perform the monographed 
or the approved methods on mixed samples.

The analysis for the full testing requires a representative 
and homogeneous mixed sample. The preparation of the 
mixed sample should be described in detail, especially the 
number of samples that are permitted to be combined in 
one sample. 

A full testing of all parameters at every goods receipt is 
not required. Results from the manufacturer’s certificate of 
analyses can be used. However, it should be defined when 
it is permitted to move from full testing to reduced testing, 

at which frequency the full testing is repeated, and under 
which circumstances it is necessary to move back to full 
testing. 
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A s we witness a health revolution 
with the development of biologi-
cal medicines, biopharmaceutical 

companies are still facing major challenges 
around how to manufacture these drugs 
and get them to market as quickly and 
safely as possible. 

The wide range of new and emerging 
product types, such as cell-based ther-
apies, gene therapies, antibody-drug 
conjugates (ADCs), monoclonal and 
stripped-down antibodies, RNA interfer-
ence drugs, and live microbe therapeutics, 
all require very different manufacturing 
capability and capacity than traditional 
pharmaceuticals. Moreover, as the bio-
pharmaceutical industry comes of age, 
current blockbuster medicines are, or will 
soon go, off-patent. This means there is a 

growing need to also increase capacity to 
manufacture biosimilars. 

Biopharmaceutical companies are con-
tinuously demanding new and improved 
bioprocessing technologies to reduce costs, 
increase efficiencies, and bring treatments 
to market faster. Year over year, companies 
spend and invest more on their R&D, new 
technologies, bioprocessing capacity, staff, 
and other infrastructure. 

To meet the growing demand for 
manufacturing capacity and address the 
changing needs of an evolving industry, 
digital technologies are becoming in-
creasingly important to biopharmaceuti-
cal manufacturing companies. One area 
of innovation is the virtual design of man-
ufacturing facilities. 

When constructing a new biomanufac-
turing facility, there is an ever-increasing 
number of bioprocessing options. Having 
to design, build, and operate a facility be-
fore knowing whether the right processes, 

equipment, and workflows have been 
chosen, adds considerable risk, especially 
given significant capital expenses. Ad-
vanced visualization, mixed reality (MR), 
and virtual reality (VR) tools are now 
being used to inform planning and im-
plementation decisions and enable engi-
neers and designers to plan a new facility, 
in minute detail, long before construction 
begins. 

Simulation enables biopharmaceutical 
manufacturers to identify and resolve 
problems before they occur. It also cre-
ates an opportunity for those who will be 
working in the facility to virtually walk 
through the infrastructure: to understand 
the space, get used to the instrumentation 
arrangements, and build their knowledge 
of the full biomanufacturing process. They 
can identify any practical shortcomings 
and feed this back to those managing 
the design process, thus enabling them 
to select optimal instruments, tools, and 
processes to maximize uptime and gain 
efficiencies.  

Using VR in facility design
Servier, an independent international 
pharmaceutical company, used a VR tool 
to design, plan, and implement one of its 
new biomanufacturing facilities. Pall and 
digital transformation specialists OUAT! 
worked together to develop the tool using 
a virtual simulation platform (HakoBio, 
Pall), which enabled Servier to design its 
new facility in a virtual, three-dimensional 
(3D) model at the start of the project. 

The virtual facility was used to give 
the team a real sense of the layout and 
test whether there was sufficient space to 
safely and comfortably manipulate the 
equipment when needed. These tests al-
lowed the designers and engineers to re-
fine the design of the space and ensure that 
scientists and technicians would not be 
crowded when working in the space, such 
as when exchanging disposable, single-use 
components like bioreactors. 

They also looked at how well the 
equipment would work in an end-to-
end bioprocess. The virtual visualization 
was used to optimize the location of each 
piece of equipment and maximize usage 
over time by testing different configura-
tions and combinations to find the best 
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solution. Using a Gantt chart to show 
the output from a digital twin of a viral 
vector gene therapy bioprocess, spatial 
issues or bottlenecks could be identified, 
which would improve the overall uptime 
of each unit operation. Spatial issues are 
particularly critical for manufacturing 

suites that incorporate single-use sys-
tems, where the interconnectedness of 
each piece of equipment requires careful 
planning to fit most effectively with op-
erator workflows.

Using this type of digital twin ap-
proach to fully visualize a future man-

ufacturing facility, biopharmaceutical 
companies can find the best layout and 
use of equipment and optimize and re-
duce when possible the size of their over-
all facility. Supported by VR-based infor-
mation, these decisions were made more 
quickly and earlier in the design process, 
avoiding potentially costly issues later 
and accelerating construction of both 
processes and facilities. 

Tackling the skills shortage
There is a shortage of skilled staff in the 
biopharmaceutical industry, which is af-
fecting current and future capacity and 
production. In 2017, more than 50% of 
bioprocessing facilities experienced ca-
pacity problems due to difficulties hiring 
certain operations staff (1). This demand 
for staff is set to increase as the biophar-
maceutical industry continues to grow, 
despite the move toward more automa-
tion and single-use components. 

Increasingly, VR and MR technolo-
gies are being used for training, provid-

Figure 1. Virtual reality or mixed reality can be used for training.
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ing employees with a 3D virtual space in 
which to learn and practice bioprocess 
design skills. Handling equipment vir-
tually in situ means people can “learn by 
doing” without having to be physically 
present in a biopharmaceutical facility or 
needing access to equipment that may not 
be easily available (see example shown in 
Figure 1). In this way, VR offers a means 
of tackling one of the biggest challenges 
faced by those studying at university, as 
well as those already in employment—
not to mention giving learners greater 
control and flexibility over how, when, 
and where they learn. 

There is also an important safety 
aspect. Learning in environments 
that contain hazards and that tend 
to be stringently controlled, such 
as manufacturing suites with bio-
safety levels (BSLs) of 2 or higher, 
can be difficult. VR allows training 
providers to create a “digital twin” 
model that gives safe access to these 
environments. 

Accessibility, too, can be trans-
formed by the use of VR. Trainers 
no longer need to be physically 
present, meaning learners—and 
more of them—can access experts 
and key opinion leaders easily and 
more frequently. From a language 
perspective there are benefits, too, 
where experts can provide training 
in a virtual environment with quick, 
cost-effective translation support 
for international audiences. Ad-
vances in natural language process-
ing using artificial intelligence tech-
nologies means verbal translations 
will soon become instantaneous, 
further enabling the globalization 
of training programs for employees 
and students around the world.

Perhaps most importantly, VR of-
fers an immersive experience that can 
rarely be replicated in a classroom 
environment. Nothing can replace 
the skills you gain from “learning on 
the job” in a real facility—but being 
able to see the equipment, the process, 
and the layout in a virtual world goes 
a long way to bring theory to life for 
those starting out in their careers in 
bioprocessing.  

Meeting patient needs
Digital tools inform decisions, improve bi-
oprocesses, and enable specialized training 
in a way that supports and sustains bio-
pharmaceutical industry growth, and we’re 
only seeing the beginning of this remark-
able trend. As VR and MR in biopharma 
manufacturing design becomes increas-
ingly prevalent and technologies continue 
to improve, medicines will make it to mar-
ket faster. As an industry, we must embrace 

these innovative solutions. It will require 
focus, innovation, and investment, but it 
will be vital in manufacturing improve-
ments and in providing patients worldwide 
with medicines they need, at a cost they 
can afford.
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E xtractables and leachables (E&L) 
testing, to a certain degree, is a 
requirement for nearly all drug 

product submissions to the rele-
vant regulatory bodies, unsurprising 
given the fact that patient safety is of 
paramount importance. Guidance 
documents provided by regulators, 
however, do not detail how E&L 
evaluations should be performed by 
companies, and expectations by reg-
ulators have become more stringent 
in recent years.

“Nearly all drug products submis-
sions require at least some level of 
E&L evaluation, with the possible ex-
ception for lower-risk items, such as 
oral solid dosage forms,” says Derek 
Wood, associate director, PPD Labo-
ratories. “Failure to comply with reg-
ulatory expectations regarding E&L 

evaluation can result in drug product 
approval delays.”

Importance of E&L testing
Used to determine whet her un-
wanted, and potential ly harmful, 
compounds can migrate into a drug 
product from packaging, delivery 
system, or manufacturing surface, 
under normal or extreme circum-
stances, E&L testing is of critical 
importance in drug development, 
confirms Andrew Kolbert, president 
and chief technology officer at Avo-
meen. “E&L testing results must be 
included with FDA drug submissions, 
for example,” he states.

“The main driver of all regulatory 
authority in drug registration, such 
as product approval and drug/device 
combination approvals, is patient 

safety. Product eff icacy also pro-
vides a basis for regulatory involve-
ment,” notes Frank Hoffmann-Geim, 
director regulatory affairs at Schott 
Pharmaceutical Systems. “One crit-
ical parameter of patient safety, as 
well as for avoidance of loss of effi-
cacy, is to avoid any kind of negative 
interaction between the inner surface 
of the drug container and the medi-
cine inside.”

Ultimately, compounds that have 
extracted or leached into the drug 
product can not only result in di-
rect toxicity to the patient but can 
also impact the efficacy of the drug 
product, which has the potential to 
also impede patient safety, empha-
sizes Wood. “To ensure controls for 
protecting patient safety, E&L eval-
uation is a key requirement for most 
regulatory filings and is critical for 
consideration of drug product safety, 
efficacy, and quality,” he adds.

However, even to this day, Wood 
explains that there are many in-
stances where insufficient or incom-
plete E&L testing is occurring and, as 
a result, causing delays or even com-
plete rejections of regulatory sub-
missions. In illustration of his point, 
Wood raises an example from the late 
1990s, involving a leachable vulcaniz-
ing agent in an Eprex anemia drug 
product. The leachable agent was 
found to cause an increase in cases 
of pure red-cell aplasia (PRCA) in 
some patients, which resulted in the 
product being recalled from 17 coun-
tries (1).

“The source of the problem in the 
Eprex anemia example was deter-
mined to be due to a change in the 
formulation that was made wherein 
the original biologically derived sol-
ubilizing agent, human serum albu-
min, was replaced by polysorbate 
80,” Wood says. “Along with the for-
mulation change, the manufacturer 
changed the rubber material of the 
syringe from a coated plunger to 
that of an uncoated plunger. These 
modifications enabled an interaction 
between the rubber plunger and the 
polysorbate 80 in the new formu-

As regulatory bodies extend the oversight of 
E&L testing, companies working with drug 
products need to make provisions on how to 
best comply with the evolving expectations.

Meeting E&L Expectations 
Felicity Thomas
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lation, resulting in a vulcanization 
agent (2) within the rubber to leach 
into the drug product.”

Giving a further example, Wood 
highlights the cases in 2010 and 
2011, where multiple lots of Lipitor, 
Glumetza, and Tylenol were recalled 
when patients noticed a musty odor 
coming from opened drug prod-
uct bott le containers (3). “It was 
found that the musty odor was from 
2,4,6-tribromoanisole (2,4,6-TBA), a 
byproduct of a chemical preserva-
tive used for the wooden shipping 
pallets on which the products were 
stored and shipped,” he reveals. “The 
preservative byproduct (2,4,6-TBA) 
leached out from the wooden pallets 
and migrated into the drug products’ 
containers.”

Size matters: Potential  
concerns with biologics
It is widely known that increasing 
numbers of large-molecule drugs are 
entering the development pipeline 
and being presented to regulatory 
bodies for review. However, these 
complex molecules present a vari-
ety of potential concerns relating to 
E&L testing.

“Although it is best practice to per-
form leachable testing as part of your 
registration stability for all drugs, it 
is especially more important to do 
this for biologics,” emphasizes Kol-
bert. “This is because in addition to 
leachable toxicology, large-molecule 
drug substances pose greater risks 
of interacting with the packaging, 
delivery system, or manufacturing 
surface in ways that can compromise 
drug activity.”

Biopharmaceutical products are 
generally developed as parenteral 
formulations, which is an adminis-
tration route considered to be higher 
risk for E&L by regulatory bodies. 

“Although many small molecules are 
parenterally administered as well, the 
uniqueness of large-molecule drugs 
is they more often include certain ex-
cipients that are present to enhance 
the stability or solubility of the ac-
tive ingredient,” explains Wood. For 

example, surfactants such as poly-
sorbates and poloxamers, which are 
used to help prevent protein aggre-
gation or degradation and aid with 
solubilization or emulsification, can 
enhance the migration of leachables, 
he adds. 

Additionally, biopharmaceuticals 
present challenges due to the num-
ber of active sites present within the 
molecules themselves that have the 
capacity to react with leachables, 
Wood iterates. “The activity-depen-
dent, tertiary structure of biophar-
maceutical products can be nega-
tively impacted by leachables, such 
as silicone oil,” he says. “Biopharma-
ceutical products can be denatured 
by exposure to inorganic leachables 
such as certain metals.”

Another important consideration 
for Wood is drug product manufac-
turing. “Biologic drugs typically are 
manufactured using a single-use 
system, in which disposable plastics 
and bags are utilized instead of tra-
ditional stainless-steel vessels,” he 
asserts. “The disposable manufac-
turing components have a higher 
propensity to leach compared to the 
stainless-steel components.”

Companies may also be cautious 
in terms of the amount of materials 
available for E&L evaluations. For 
many cell-based production tech-
niques, small amounts of product 
are manufactured with a high cost-
per-unit volume, which means that 
a laboratory must approach E&L 
testing with an appropriate study de-
sign so that the sensitivity required 
can be attained at a scaled-down 
volume compared with traditional 
smal l-molecule products , Wood 
stressed.

Lyophilization may also be an at-
tributing factor to consider for E&L 
testing, as many biologics are lyo-
philized to improve shelf-life storage 
stability. “Although perhaps count-
er-intuitive to the typical expecta-
tion that liquid solvents would pro-
mote more leaching than dry powder, 
our research (4,5) has revealed that 
in the case of lyophilized products 

stored in a vial with rubber septum, 
there can be a greater propensity for 
volatile and semi-volatile leachable 
compounds migration into the lyo-
philized cake than there would be for 
the product in liquid form,” Wood 
says.

Furthermore, packaging and pack-
aging systems are being affected by 
the increasing demands of biological 
products, and consequently are be-
coming more complex. “Of particular 
importance is the use of different ma-
terials for components of such pack-
aging,” confirms Hoffmann-Geim. 

“Much of the United States Phar-
macopeia  (USP) regulat ions and 
norms concerning E&L test ing 
arose from the use of glass vials, be-
cause they were the most common 
container for injectable drugs,” he 
continues. “Over the years, primary 
packaging manufacturers have in-
troduced syringes made of glass as 
well as of polymer, both comprising 
rubber components as stoppers, tip-
caps, or plungers. Now, the norms 
are evolving so that pharmaceutical 
companies have to not only consider 
the packaging itself, like the glass 
barrel of a syringe, but also the addi-
tional components made of different 
materials and which will come into 
contact with the drugs.” 

Regulatory requirements  
and best practices
Multiple guidance documents have 
been published by FDA and the Eu-
ropean Medicines Agency (EMA) 
to support industry with the legal 
requirements of ensuring that impu-
rities in drug substances and drug 
products, above a certain threshold, 
are monitored and/or characterized. 
However, the guidance is generally 
not prescriptive and can be open to 
interpretation in terms of implemen-
tation, stresses Kolbert.

Highlighting experiences with 
FDA specif ical ly, Kolbert contin-
ues to explain that as a result of the 
non-prescriptive nature of the guid-
ance, it is possible for E&L testing ex-
pectations to change readily without 
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regulations changing. “Over time, 
FDA has increased the scope of prod-
ucts for which it expects E&L testing 
results,” he says. “The agency used 
to be concerned only with the most 
high-risk products. FDA has now 
moved on to also focus on products 
that are low risk—such as oral cap-
sules and tablets.”

Additionally, Kolbert reveals that 
FDA has expanded its oversight of 
E&L testing to include components 
that are not necessarily associated 
with risk factors, such as manufac-
turing components involved in the 
drug production process. “So, if a 
drug product has to pass through 
a gasket or hose for any amount of 
time, FDA expects E&L testing to be 
performed on those components,” he 
adds.

“Due to the lack of detail and clear 
direction in the evaluation of E&L, 
various industry group guidance 
documents a lso have been estab-
lished over the years to help comple-
ment the regulatory guidance with 
best practice ‘how-to’ approaches for 
conducting E&L studies and report-
ing thresholds,” Wood notes. A main 
industry group whose approaches 
to E&L testing have been adopted 
by regulatory bodies globally is the 
Product Quality Research Institute 
(PQRI) (6).

“One of the more recent develop-
ments over the past few years is the 
ongoing establishment in the USP of 
more extensive E&L general chapters 
and related monographs that are 
aligned with PQRI and regulatory 
documents, regarding the approach 
and reporting of leachables,” Wood 
says. “This has helped to add consis-
tency to the approach for these types 
of studies, bringing together the ac-
cepted industry group and regula-
tory guidance.”

Testing is typically outsourced
Pharma and drug-device companies 
have a tendency to outsource E&L 
testing to laboratories that have ex-
tensive experience with a wide range 
of systems and materials for a vari-

ety of administration routes, Wood 
reveals. “A contract E&L laboratory 
should be able to provide effective 
consultation for proper study design 
to help navigate regulatory expecta-
tions,” he says.

In agreement, Kolbert adds that 
for the majority of pharma compa-
nies the expertise required for E&L 
testing of materials, such as plastic, 
polymer, and rubber, are not typi-
cally core competencies. To address 
the evolving E&L testing expecta-
tions of regulatory bodies, he spec-
ifies that contract research organi-
zations (CROs) should be employing 
experts from the metals, plastics, 
and polymer industries.

“It is often diff icult for pharma 
companies to keep up with chang-
ing E&L guidance because regula-
tory bodies can take issue with the 
E&L testing methods used without 
precedent,” Kolbert explains. “Usu-
ally a CRO f inds out about these 
things because one company receives 
a finding and word gets around the 
industry through the CRO. When 
a company submits a product for 
review, then learns there is a reg-
ulatory requirement to consider 
additional factors, it can cost the 
company a great deal of additional 
time and money. Often, the entity 
must ask the CRO to do the work in 
a compressed timeframe. Such rush 
requests can be quite costly.”

Growing importance
In light of the evolving regulatory 
stance on E&L testing, greater time 
and effort is required by companies 
and outsourced partners to learn 
and understand how to meet regu-
latory expectations. “The best way 
for CROs, in particular, to prepare 
for more stringent standards in E&L 
testing that may come in the future 
is to hire experts from a wide vari-
ety of industries to provide a greater 
scope of expertise,” Kolbert says.

“For companies with large drug 
product pipelines especially, there 
are benefits to arriving at a list of 
platform material components to 

be used to save time and cost on 
performing separate extractables 
studies later,” adds Wood. “We have 
seen this with multiple large phar-
maceutical companies, where they 
establish a material platform for con-
tainer/closure or device components, 
such as vial stoppers used for stor-
ing liquid injectable products. All 
the potential stoppers to be used for 
all their products are collected and 
a large controlled extraction study is 
performed, and then that data can be 
leveraged for many products in the 
future, saving time and cost. Leach-
able studies are still required, but the 
extractables piece is already in place. 
The component extractables data can 
be leveraged for use on new products, 
thereby helping to shorten the over-
all E&L timeline.”

From t he pr i ma r y packag ing 
manufacturer perspect ive, Hof f-
mann-Geim highlights the poten-
tial challenges of biologics, which 
are very sensitive to chemical inter-
actions with other materials. “The 
importance of E&L assessments is 
going to grow in coming years,” he 
summarizes. “It’s of increasing im-
portance that providers of primary 
packaging work closely with pharma 
companies to understand which in-
gredients and molecules are being 
used in our conta iners .  It ’s not 
enough to only sell a piece of glass 
or a piece of polymer. Primary pack-
aging must also be tailored directly 
to a specific drug, the needs of the 
patients, and the therapy to ensure 
patient safety.”
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T  wo of the world’s most complex 
manufacturing industries—semi-
conductor fabrication and bio-

pharmaceutical production—share a 
common fundamental objective: to 
maximize process yields through rig-
orous control of production equipment 
and process variables.

One process variable that the semi-
conductor industry has long focused on 
is raw material quality. Thorough analy-
sis and full characterization of each raw 
material used will determine the precise 
composition, down to the parts-per-tril-
lion level, providing information on how 
this composition might impact the pro-

duction process. Recently, biopharmaceu-
tical manufacturers have also begun to 
focus on understanding and controlling 
the characteristics of the materials they 
use. In upstream and downstream pro-
cesses, biopharma manufacturers seek 
to correlate raw material data with vari-
ations in their bioreactor and process 
chromatography yields, with a goal of 
achieving greater predictability and con-
trol of process results. In formulation, a 
lot of emphasis goes into correlating how 
variables in excipients affect drug prod-
uct stability (and therefore bioavailability) 
throughout the shelf life of the product. 

There is significant value in assessing 
and potentially applying the semiconduc-
tor industry’s highly developed advanced 
materials analysis, characterization, and 
supply-chain control practices to mate-
rials’ management and process control 
issues in biopharmaceutical operations.  

Maximizing semiconductor yields
Semiconductor manufacturing is ex-
pensive. The cost of building a semi-
conductor foundry can exceed $10 bil-
lion when all the tooling, automation 
and management systems, environ-
mental controls, and quality control 
costs are considered (1). And once in 
place, the additional cost of the raw 
materials and associated processing 
to make a single wafer adds to this 
expense, which is why semiconductor 
manufacturing operations must focus 
on maximizing process yields.

At the beginning of the process, a raw 
wafer, composed of a highly refined form 
of silicon, can cost approximately $500 (1). 
There can be 25 to 50 wafers in a batch, and 
a large fabrication plant can process 50,000 
wafers per month, with each wafer going 
through more than 1000 process steps. A 
wafer containing finished memory chips 
can be valued in excess of $1600, and a fin-
ished high-end processor wafer can reach 
$5000 (1). Every process step has an impact 
on yield and, ultimately, profitability. 

It is crucial for a manufacturer to con-
trol process variables and eliminate un-
known factors that could interfere with or 
contaminate each step of the process. In 
complex integrated circuits such as pro-
cessors in smart phones, a single chip can 
contain several billion transistors, each 
only a few nanometers wide. If any for-
eign material is present in those transis-
tors, the chip may not function according 
to its design. The risks associated with 
these challenges has led the semiconduc-
tor industry and the companies that sup-
ply its materials to make investments in 
ultra-precise materials characterization 
procedures in order to maximize predict-
ability of manufacturing outcomes. 

Each process step is controlled by a 
process of record that defines every detail. 
For example, the exact chemical makeup 
and level of impurities in a chemistry 
used to remove post-etch residue must be 
characterized down to the parts-per-tril-
lion level. While it may not be practical 
to manufacture a chemical to meet 100% 
purity, the chemical should be as pure as 
the best technology can deliver. Any trace 
materials in the post-etch strippers used in 
the process need to be identified and quan-
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tified so they may be incorporated into a 
process of record and monitored. Once 
set, the foundry operator has the statisti-
cal data to assume that, with the properly 
characterized material, that post-etch res-
idue step will yield the defined result, and 
the wafer can move on to the next process 
step. Any variation in trace elements—
even just a few parts per billion—can re-
sult in less-than-desired post-etch cleaning 
that may interrupt production and lead to 
significant costs in time, labor, testing, ma-
terials, and other areas to investigate the 
cause of variation. 

Improving biopharma 
stability and yield
Materials characterization has also 
been of interest in the biopharmaceuti-
cal industry; however, rather than yield, 
manufacturers were initially interested 
in using it to determine stability. Highly 
accurate and detailed materials charac-
terization has been performed for the 
excipients used in fill/finish processing. 
During this process, the biological drug 
substance is combined with a variety of 
excipients to enable delivery and stability 
and is formulated into a final drug prod-
uct. Because the excipients would be used 
within the body during the administra-
tion of the final drug, such character-
ization is necessary, and requirements 
have increased over time to satisfy strict 
regulatory and safety requirements. Also 
critical is the stability of the drug prod-
uct; reducing drug product degradation 
during storage has become a significant 
focus for raw material characterization. 

From this initial focus on meeting reg-
ulatory requirements and drug product 
stability, biopharma producers seeking to 
improve their process yields have more 
recently begun to assess the impact of 
stricter and more comprehensive mate-
rials characterization in upstream and 
downstream process steps. 

Unlike fabrication of precisely engi-
neered semiconductors, however, biolog-
ics production has an inherent variability. 
Even under similar process conditions, a 
molecule can react slightly but measurably 
differently, often depending on genetic se-
quencing for that particular molecule. All 
these molecules react differently to a vari-

ety of trace metals. When large-scale pro-
duction of biologic drugs originally began, 
the focus was on characterizing excipients, 
but not nearly as much attention was paid 
to the buffers, salts, cell culture media, and 
other materials used upstream, until fur-
ther study and analysis tied to improved 
process control was undertaken.

A further challenge to understand-
ing and applying rigorous materials 
characterization practices to biologics 
production is that the presence of trace 
minerals can actually be beneficial to 
upstream and downstream processes. 
The addition of metals, including iron, 
manganese, and zinc, can enhance gly-
cosylation yields upstream in certain 
molecules. It has also been shown that 
understanding and controlling the ratio 
of trace metals, as well as their levels, can 
impact upstream yields positively or neg-
atively—all dependent on the molecule. 

As biopharmaceutical manufacturers 
have begun turning their attention to 
improving trace material characteriza-
tion, they have determined the critical 
importance of lot-to-lot consistency of 
the trace elements in critical materials 
used upstream and downstream. Varia-
tion to that consistency, including min-
imal changes at the parts-per-billion 
levels, can impact glycosylation patterns 
in the reactor, reduce overall target cell 
growth upstream, and impact recovery 
downstream. This knowledge has been 
gained by the biopharma industry while 
responding to problems or unexpected 
shortfalls in upstream yields. As a result 
of lessons learned, the biopharma in-
dustry is turning to a more formal and 
comprehensive process of trace materials 
characterization as a tool to boost yields.

Applying best practices 
The biopharma industry has already 
made great strides in improving its trace 
materials characterization efforts and ap-
plying that data to improving upstream 
and downstream yields. To advance this 
further, three rigorous processes used 
in the semiconductor industry can be 
applied to the biopharma industry: sta-
tistical control, analytical capabilities, 
and in-depth management and control 
of global supply-chain resources.

Statistical control. It is well established 
in the semiconductor industry that every 
process step, including a change to a step, 
goes through a comprehensive qualifica-
tion process that ensures every material 
used in a process is qualified at specific 
ranges down to parts-per-trillion levels. 
Once qualified, suppliers commit to and 
document that every lot has the same 
level of trace materials. Some suppliers 
are able to commit to characterizing, 
within two sigma, each of the compo-
nents of a certificate of analysis (CoA). In 
fact, the trend is moving in the direction 
of even stricter, three sigma levels of con-
trol of impurities in raw materials.

Although biopharma processes can 
deliver projected yields with a parts-per-
billion characterization, there are ad-
vantages to adopting the comprehensive 
model used by the semiconductor indus-
try. By establishing the principle that all 
materials used in upstream and down-
stream processes will be fully charac-
terized and controlled, it should become 
easier to predict process yields, identify 
whether materials are contributing to a 
shortfall, and leverage the ability to mod-
ify the levels and ratios of trace metals in 
bioreactors to potentially improve yields.

Analytical capabilities. For biopharma 
manufacturers to effectively implement 
statistical control along the same lines as 
the semiconductor industry, they will need 
to increase investments in analytical capa-
bilities and tools and begin to implement 
a data-driven production environment. 
Compared to other process industries, 
the biopharmaceutical industry lags in 
the aggressive use of data and predictive 
analytics to uncover ways to improve pro-
ductivity, yields, and costs. The industry is, 
however, making significant investments 
to improve its use of data. 

The objective is to use production 
data to optimize the process, then man-
age the critical parameters within it so 
it can be reliably repeated. These efforts 
are being conducted for both upstream 
and downstream production, but often 
in isolation. There is an opportunity to 
expand the application of data analyt-
ics beyond a specific process compo-
nent to more completely characterize 
the entire process, including the raw 
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materials used in both upstream and 
downstream production. Ultimately, 
this can be integrated into the overall 
optimization efforts for the entire pro-
duction process.

Supply-chain control. One of the most 
important benefits of greater statistical 
control and analytical capabilities will 
be the ability of biopharma manufactur-
ers to have more complete control of the 
quality of the materials they receive from 
their global supply chains. This is a key 
capability that has been established by the 
semiconductor industry to prevent vari-
ations in trace materials from impacting 
their operations.

For example, there are multiple pro-
cesses in semiconductor fabrication that 
use organic solvents. Many of the precur-
sors for these solvents are manufactured by 
petrochemical producers, who normally 
don’t need to exercise ultra-stringent con-
trol of impurities. As a result, suppliers of 
solvents to the semiconductor industry 
have invested in the tools and processes 
to manufacture their products with tight 
purity levels and fully characterized CoAs. 
In addition, they work with their suppliers 
to document any changes made to source 
materials or production processes, well 

ahead of time. This lead time lets the sup-
plier build stock and evaluate that change 
as it comes through the process to see if it 
introduces change to their end product. 

This same attention to detail and 
supply-chain control is also crucial for 
biopharma materials for essentially the 
same reason; minor changes in processes 
or raw materials used upstream can sig-
nificantly affect the downstream product.

In addition to variation caused by trace 
minerals, biopharma processes may use 
organic or plant-based materials. For ex-
ample, sucrose and galactose are sugars 
derived from sugar beets. Plant-based ma-
terials will inevitably have some variation 
in their properties. There are significant 
advantages to working with suppliers who 
have implemented technologies and puri-
fication to further purify and narrow vari-
ability in elemental impurities that would 
affect biopharmaceutical production.

By building networks of suppliers 
who are fully committed to following 
global current good manufacturing 
practices for manufacturing processes 
and documenting all source materials 
completely, it is possible for the bio-
pharma industry to achieve a similar 
level of materials management and 

control over the variability and quality 
of critical sourced components.

Cross-collaboration
Although the two industries have vast 
differences, both semiconductor man-
ufacturers and biopharmaceutical man-
ufacturers have some core common 
ground. Both begin with raw materials 
and process those materials in a highly 
controlled, multi-step fashion to pro-
duce products of high value. And both 
industries are driven to invest time and 
resources into continuously improving 
those processes to achieve better yields 
and return on investment.

By applying some of the hard-earned 
principles and approaches the semi-
conductor industry has developed, the 
biopharmaceutical industry has the po-
tential to significantly advance its ability 
to analyze, characterize, and control the 
trace elemental properties of the materi-
als used in biologics production and ulti-
mately achieve new milestones in process 
efficiency and yields.

Reference
1. J. Handy, “Why are Computer Chips so Ex-

pensive?” Forbes.com, April 30, 2014.PT

Winners of the 16th annual CPhI Pharma Awards, recognized at the annual CPhI 
Worldwide trade show on Nov. 5, 2019 in Frankfurt, Germany, included:

•  Excellence in Pharma: Analysis, Testing, and Quality Control 
MedPharm—Pioneering the regulatory approval of 
topical products using in-vitro bioequivalence

•  Excellence in Pharma: API Development 
Cambrex—Crystallization Screening and Process Development 
Service—Winner 
Hovione—Process Ranking of Inputs from 
Manufacturing (PRIME)—Highly Commended

•   Excellence in Pharma: Bioprocessing and Manufacturing 
Univercells—The NevoLine Platform

•  Excellence in Pharma: Contract Services and Outsourcing 
Nanopharm Ltd, an Aptar Pharma Company—SmartTrack—Winner 
CMAC—CMAC National Facility—Highly Commended

•  Excellence in Pharma: Formulation 
Nanoform—Controlled Expansion of Supercritical Solutions (CESS)

•  Excellence in Pharma: Manufacturing Technology and Equipment 
Spraying Systems Co./Fluid Air Inc.—PolarDry—The Cooler Technology

•  Excellence in Pharma: Drug Delivery Devices 
Phillips-Medisize—Connected Health Platform

•  Excellence in Pharma: Packaging 
SCHOTT Pharmaceutical Systems and W. L. Gore & Associates—syriQ 
BioPure silicone-free syringes with Gore ImproJect Plungers—Winner 
Hoffmann Neopac —Stylo Spatula applicator for Canesten 
Footcare Cream, Bayer Consumer Health—Highly Commended

•  Excellence in Pharma: Regulatory Procedures and Compliance 
Merck Healthcare KGaA—Project SARA (Smart 
Assistant for Regulatory Affairs)

•  Excellence in Pharma: Supply Chain, Logistics, and Distribution 
Kemiex AG—Trade Network for Life Sciences Raw Materials

•  CEO of the Year 
Ge Li, chairman/CEO/executive director, Wuxi Apptec Co Ltd

•  Pharma Service Company of the Year 
Lonza Pharma & Biotech

•  Lifetime Achievement Award 
John Chiminski, chairman and CEO at Catalent Pharma Solutions

The editors of Pharmaceutical Technology

CPhI Pharma Awards Winners



MS_AD2734EN Ver. 1.0

The life science business of Merck KGaA, Darmstadt, 
 Germany operates as MilliporeSigma in the U.S. and Canada.

© 2019 Merck KGaA, Darmstadt, Germany and/or its affiliates. All Rights Reserved.

MilliporeSigma, the vibrant M, and BioContinuum are trademarks of Merck KGaA, Darmstadt, 
Germany and/or its affiliates.  All other trademarks are the property of their respective 

owners. Detailed information on trademarks is available via publicly accessible resources.

Explore  
The BioContinuum™ Platform 
The BioContinuum™ Platform is the next evolution 
in bioprocessing, empowering biomanufacturers to 
confidently enter the era of next generation processing 
and make the factory of the future a reality. With 
proven and novel technologies, connected software, 
applications and expert support, our platform enables 
you to increase speed, flexibility and reliability through 
intensified, connected or continuous manufacturing.  
In collaboration with you, the BioContinuum™ Platform  
is ready to accelerate access to biopharmaceuticals  
for patients worldwide.

Let’s Explore What’s Next at  
EMDMillipore.com/BioContinuum

Intensify and Evolve. Together.

MSGM544_PT_7.75x10.5_MS_1219.indd   1 11/6/19   3:43 PM

http://www.emdmillipore.com/US/en/20180329_155610?RedirectedFrom=http://emdmillipore.com/biocontinuum


 

 
 

 
 

 
 

Biocompatibility

Redefined.

The Foundations for Single-Use Manufacturing.
Redefined from A – Z. 
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Pharmaceutical Technology and Pharmaceutical Technology Europe 

cover all aspects of pharmaceutical drug development and 

manufacturing, including formulation development, process 

development and manufacturing of active pharmaceutical 

ingredients (both small molecule and large molecules) and finished 

drug-products (solid dosage, semisolid, liquids, parenteral drugs and 

topical drugs), drug-delivery technologies, analytical methods 

development, analytical testing, quality assurance/quality control, 

validation and advances in pharmaceutical equipment, machinery, 

instrumentation, facility design and plant operations.

We are currently seeking novel research articles for our peer-reviewed journal as well as manuscripts for our special issues. 

For peer-reviewed papers, members of the Editorial Advisory Board of Pharmaceutical Technology and Pharmaceutical 

Technology Europe and other industry experts review manuscripts on technical and regulatory topics. The review process is 

double-blind. Manuscripts are reviewed on a rolling basis.

Our single-themed issues, which include literature reviews and tutorials, address excipients and ingredients, analytical 

testing, outsourcing, solid dosage and more. 

Please visit our website, www.PharmTech.com/pharmtech-author-guidelines-and-editorial-calendars, to view our full 

Author Guidelines. Manuscripts may be sent to Editorial Director Rita Peters at RPeters@mmhgroup.com.

We look forward to hearing from you. 
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ask the expert

Q: We have recently contracted with a client to 

manufacture a pre-filled syringe. Can you tell 

me what changes I should make to my investigation procedure 

when investigating deviations and complaints for this type of 

combination product?

A: The purpose of performing an investigation into a deviation 

is to determine why the deviation happened and what 

impact it has on the product quality. It is important to determine 

the ‘root cause’ of the deviation. The process used in industry 

to determine the root cause is the investigation procedure. The 

investigator should review various quality and manufacturing 

systems to determine whether they were the cause of the devi-

ation under investigation. Each investigation must address the 

following elements: root cause, impact to the material or product, 

the immediate correction taken, the corrective action to prevent 

re-occurrence for specific product/operation, and the preventive 

action taken to prevent re-occurrence for all products/operations. 

The complication with combination products is that the investiga-

tion procedure needs to accommodate both the drug and device 

components of the product. 

One size does not fit all. Simple errors require simple corrections, 

while serious deviations require broader investigations. The 

complexity of the investigation is related not only to the seriousness 

of the investigation but also to the complexity of the factors 

that could influence the outcome. The best trait to have as an 

investigator is inquisitiveness. Continuing to ask questions and 

avoiding assumptions leads to better outcomes. Using other tools, 

such as fishbone diagrams and determination of most probable 

number (MPN), are to be encouraged, but they do not take the 

place of asking questions. The best way to ensure events are not 

related is to try and relate them, not the other way around. Keep in 

mind that human error is rarely a true root cause. In addition, you 

should always verify the facts of the investigation. 

Once you develop an investigational history with the pre-filled 

syringe, include a historical review in your investigation. This 

review should determine if the deviation occurred with this or 

other products, with the specific manufacturing line or other 

manufacturing lines, and/or with one group of operators or 

multiple sets of operators. The historical review can help you 

prioritize the resources and aid in your detailed system review. 

In the situation you described, you can provide a historical 

review for the drug component part of the pre-filled syringe but 

you will need to outreach to the syringe supplier and your 

client to start developing the historical review for the device 

component until you have a body of knowledge for this 

component. The best way to obtain necessary information 

for the investigation of the device component is to establish 

a communication channel between your company and the 

supplier of the syringe, with your client’s knowledge and 

approval. It would be wise to codify what information you 

would like to have access to through quality agreements with 

both the syringe supplier and your client. 

The detailed investigation should include a review of 

equipment and machinery, the manufacturing process, the 

raw materials used in manufacturing, the specifications, the 

environment, and finally, the operators. These systems are not 

the only areas you should look at but are the most probable 

areas where you will uncover the root cause of the deviation. 

The raw material or supplier system may need to be updated 

to accommodate the syringe supplier. Rather than rely on the 

client’s evaluation and audit of the syringe supplier, it would 

be beneficial for your company to perform their own audit 

and assessment and establish a quality agreement. Inform 

your client that you want to develop your relationship with the 

syringe supplier to assure their assistance and timely responses 

for an investigation; make sure you inform your client when 

you do reach out to the supplier during an investigation. This 

will help facilitate both your client’s and the syringe supplier’s 

involvement and open the lines of communication should you 

require either of their assistance for an investigation. 

Results from the investigation must be documented. The 

written narrative should clearly explain what happened, when it 

happened, and who was involved or observed what happened. 

The narrative documents the solution and rationale for the root 

cause that was determined through the investigation process. 

This should also include any action being taken by the syringe 

supplier should this component be implicated in the investigation.

The key to any successful investigation is not stopping too 

soon, and assuming you have the solution prior to completing 

the investigation. If you follow your investigation procedure, 

make adjustments to accommodate the new component, and 

thoroughly document your results, you should have an acceptable 

investigation regardless of whether you are manufacturing a 

traditional product or a combination product. PT

Investigating Combination  
Product Failures

Investigating deviations of combination products needs to accommodate  
both the drug and device components, says Susan J. Schniepp, executive vice-president  
of post-approval pharma and distinguished fellow, Regulatory Compliance Associates.
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MISSION

Protect the Joint Force from 

weapons of mass destruction by 

generating affordable capabilities.
VISION

A resilient Joint Force enabled to 

fight and win unencumbered by a 

chemical, biological, radiological, 

or nuclear environment; 

championed by innovative, agile, 

results-oriented acquisition 

professionals.

The right technology, at the right time, in 

the right place, and for the right cost.

Medical CBRN Defense Consortium

Other Transaction Agreement (MCDC OTA)

FY-19-21 Forecast

• Autoinjector Development 

and Drug Manufacture to 

Deliver MMB4/Atropine

• Single Chamber 

Autoinjector to Deliver 

Small Molecule Nerve 

Agent Therapeutic

• Distributed Biological 

Reconnaissance

• Unattended Perimeter 

Monitoring

• Emerging/Novel Biological 

Threat Sensing

• Medical Artificial 

Intelligence

• Proteins on Demand
• Animal models for arena, 

filo, alpha viruses

• Animal models for 

burkeholderia spp, and 

coxiella

• Platform based MCM 

targeting bacterial and viral 

threats agents

• Host/Immune modulators 

as short term anti‐

infectives‐(bacterial and 

viral)
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expanded european capabilities. 
better treatments. locally supplied. 

With 3 NEW facilities, Catalent has expanded its European solutions and expertise by adding 
two sites in the U.K. focused on oral drug development and spray dry technology, and one in 

Italy* providing clinical and commercial manufacturing, fill finish and packaging for tech transfers 
and new launches of oral dose and biologics. These new sites complement 11 existing Catalent 
manufacturing facilities that provide clinical logistics and supply, softgel and oral technologies, 

and drug product manufacturing of injectables, with the flexibility to offer individual services and 
integrated solutions. The leading European development, delivery and supply network.

Development | Technology | Manufacturing

Oral | Biologics | Consumer Health

Catalent. more products. better treatments. reliably supplied.™ 
eu 00800 8855 6178 catalent.com
*Subject to transaction closing  ˝ 2019 Catalent, Inc. All rights reserved.

european network 
of 14 facilities

haverhill, uk

anagni, italy

nottingham, uk
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