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Mike Hennessy, Sr.

N ine months. In March 2020, the 
United States was in the early 
stages of the COVID-19 pan-

demic. We shut the entire country down 
and ground the economy to a halt in an 
effort to slow the spread of the virus. 
Think back to March, and how much 
uncertainty we were living under.

Nine months later, FDA approved two 
COVID-19 vaccines under emergency au-
thorization. Before New Year’s Day, mil-
lions of Americans had received the vac-
cine, including front-line physicians and 
health care providers and nursing home 
patients, our most vulnerable citizens. 

Nine months. Take a moment to let 
that sink in.

The mainstream media has crafted a 
narrative around the COVID-19 pan-
demic that’s almost entirely negative. 
For the purpose of ratings, they have 
described the US response to the pan-
demic as blundering from one mistake 
to the next. This narrative is false. 

There is another way—a more accu-
rate and underappreciated way—to tell 
the story of the past nine months. It 
is a story of heroism, innovation, and 
precise science, performed under un-
believable pressure. 

Let’s not mince words: The United 
States and the world need to appreciate 
the role of the pharmaceutical indus-
try—the researchers, physicians, and 
business leaders—who are rescuing the 
world from COVID-19. It’s the medical 
breakthrough of our lifetime. 

Instead of dwelling on why many in 
the media are ignoring this, let’s review 
some facts:

Since the discovery of COVID-19, 
here is what scientists have accom-

plished: They identified a novel virus, 
unlocked and sequenced its genetic 
code, created new therapies to save 
lives, and developed multiple safe and 
effective vaccines using messenger 
RNA technology, a technology hope-
fully applicable to future vaccine de-
velopment. Margaret Liu, MD, a mem-
ber of the MJH Life Sciences COVID 
Coalition, called it a breakthrough for 
mRNA vaccines. 

The United States has two vaccines 
approved for emergency use, one from 
Pfizer–BioNTech and another from 
Moderna, and the AstraZeneca/Ox-
ford vaccine has been approved for 
emergency use in the United King-
dom. In addition, there are 64 vaccine 
candidates undergoing clinical trials at 
the moment, including 20 in Phase III 
trials. In the United States and around 
the world, the pharmaceutical indus-
try has answered the call and invested 
heavily in this effort. 

This was the fastest vaccine develop-
ment program in history, and it’s not 
even close. David Pride, MD, a micro-
biologist at the University of Califor-
nia San Diego, estimates that vaccines 
typically take 10 to 15 years to develop. 
Until the COVID-19 pandemic, the 
fastest development timeline was four 
years, for the mumps vaccine.

Many government systems moved 
quickly to lessen the burden of oner-
ous regulations and provide funding 
so that vaccines could be developed 
quickly but with still rigorous stan-
dards. Perhaps it should be a lesson to 
all of us that regulation/innovation can 
be calibrated more effectively during 

“normal” times as industry races to 
develop new therapies for our world’s 
other pandemics—cancer, diabetes, 
heart diseases, and more.

The next step of the process—distri-
bution of the vaccine—will be as chal-
lenging as the development phase, if not 
more so. But again, the pharmaceutical 
industry is rising to the occasion. Fac-
tories around the world are working in 
overdrive to produce hundreds of mil-
lions of vaccine doses. 

Already, less than a month after the 
Pfizer vaccine was approved, more than 
15.4 million doses of vaccine have been 
distributed across the country, and more 
than 4.6 million people have received 
their first dose, according to Centers for 
Disease Control and Prevention (CDC) 
data. Many patients are already receiving 
their second dose. 

While 15.4 million doses are impressive, 
some expected 20 million doses. But even 
that is moving the goal line a bit, as six 
months ago many observers didn’t think 
we’d get a vaccine until 2021. 

Members of our COVID Coalition 
told us that the holidays slowed the 
rollout considerably. Nancy Messonnier, 
MD, a physician with the National Cen-
ter for Immunization and Respiratory 
Diseases at the CDC, expects a rapid 
jump in administered vaccines during 
these first few days of 2021. 

Every day, more people will be vacci-
nated. After health care workers and our 
most vulnerable citizens, other frontline 
workers will be next. Teachers will be vacci-
nated so our children can return to school. 
And soon, all Americans will be able to go 
to their doctor or walk into a CVS or Wal-
greens and receive the vaccine.

Remember, we did all this in nine 
months, with the help, dedication, and 
expertise of our pharmaceutical indus-
try heroes. Next time you turn on the TV 
and see negativity, turn it off an imagine 
instead where we will be nine months 
from now. PT

How Pharmaceutical  
Innovation Is Saving the World

Mike Hennessy, Sr.  
is the founder and chairman of  
MJH Life Sciences.
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Rita C. Peters

A s the COVID-19 pandemic en-
tered its second year, vaccines 
from Moderna and Pfizer-BioN-

Tech were being distributed throughout 
the United States; however, the initial 
rollout was characterized by confusion, 
supply shortages, and information gaps 
overshadowing the impressive perfor-
mance of drug companies to bring 
COVID-19 vaccines to people in less 
than one year.

As of Jan. 24, 2021, the US had ad-
ministered more than 22 million doses 
of the vaccine, representing 54% of the 
doses delivered and about one-third of 
the global doses administered, accord-
ing Bloomberg data (1). And while the 
vaccination rate was scaling up, the na-
tion still had a long way to go and a lot 
of bugs to work out.

As governors clamored for increased 
and more predictable supplies of vac-
cines, Rochelle Walensky, the new di-
rector of the US Centers for Disease 
Control and Prevention (CDC) told Fox 
News on Jan. 24, 2021 that based on the 
information from the previous admin-
istration, the federal government did 
not know how much vaccine was avail-
able and could not tell state officials how 
many doses they would receive (2). 

Some disruption is to be expected 
with any government transition; the 

incoming administration criticized the 
planning efforts of the Trump admin-
istration and many local governments 
are struggling to implement efficient 
distribution programs. Still, the lack of 
a reliable inventory of COVID-19 vac-
cines—and the poor communication 
with the public—is unacceptable.

In late January, with an uncertain 
number of vaccine doses available and 
mutations of the SARS-CoV-2 vaccine 
threatening more widespread infec-
tions, some leaders are suggesting ways 
to get more doses out of the existing 
supply. With the United Kingdom con-
sidering delays in the dispensing of the 
second dose of vaccines, a recent CDC 
statement created confusion in the US.

On Jan. 21, 2021, CDC updated its 
guidance for administering the vac-
cines, noting that while the second 
dose of the COVID-19 vaccines should 
be administered as close as possible to 
the recommended schedule—21 days 
for the Pfizer-BioNTech vaccine and 
28 days for the Moderna vaccine—the 
second dose could be administered 
up to six weeks after the first. In ad-
dition, CDC said in the guidance that 
in “exceptional situations” where the 
first-dose vaccine product cannot be 

determined or is no longer available, 
any available mRNA COVID-19 vac-
cine could be administered (3).

For some, this guidance suggests 
a delay in getting the second dose of 
the vaccine is acceptable. Walensky 
strongly clarified that the CDC was not 
recommending a change in the dosing 
regimen and urged people to follow 
the original FDA-authorized dosing 
guidelines. The January 21 statement, 
she said, was only for specific situations 
where FDA recommendations could not 
be followed (2).

I’ve recently heard vaccinated first 
responders tell news reporters that they 
were relieved that the vaccine would 
protect their families from getting the 
virus. Reporters failed to clarify that 
the vaccine has not been proven to pre-
vent transmission. Mask wearing and 
social distancing are still in order.

For the average person, such govern-
ment statements and medical details can 
be confusing. Walensky expects vaccine 
production to ramp up with fewer sup-
ply issues by the end of the first quarter. 
That leaves little time for the public health 
information void to be filled with clear, 
trusted communication.

References
1.  Bloomberg, “More Than 65.7 Million 

Shots Given: Covid-19 Tracker,” www.
bloomberg.com, accessed Jan. 25, 2021.

2.  Fox News Sunday, “CDC Director Pre-
dicts COVID-19 Vaccine Distribution 
Will Increase Dramatically by Late 
March,” Interview, Jan. 24, 2021.

3.  CDC, Interim Clinical Considerations for 
Use of mRNA COVID-19 Vaccines Cur-
rently Authorized in the United States, 
www.cdc.gov, accessed Jan. 24, 2021. PT

A Hopeful but  
Dangerous Phase

A complicated vaccination rollout and mixed 
messages may derail the pandemic endgame.

Clear, trusted 
communication is 
essential to ending 
the COVID-19 
pandemic.
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typical high-speed disperser blade, the 
mixer comes equipped with a rotor and 
slotted stator mixing head, also called 
a homogenizer, for more advanced 
deagglomeration and emulsif ication 
capabilities. The product also features a 
two-wing anchor that supports bulk flow 
and uniform batch temperature.

The ROSS Model CDA-25 (pictured) includes dry-running Double 
FlexiLip seals on both agitator shafts, making it appropriate for vacuum 
operations up to 29.5” Hg. This model also features a portable mixing 
vessel with heating/cooling jacket. 

Charles Ross & Son Company
www.mixers.com

Liquid Chromatographs 
for Remote Work
Advanced i-Series liquid chromatographs 
from Shimadzu provide users with the 
ability to analyze a large number of 
samples and re-process data while working 
remotely. Consisting of the company’s 
Prominence-i HPLC and Nexera-i UHPLC 
systems, the series features pressures of 
50 MPa or 70 MPa, respectively, which can 
be combined with various detectors and a 
touch panel for simplified instrument and 
analysis checking. 

Additionally, the series uses analytical intelligence to control its 
automated features such as mobile phase monitoring for continuous 
analysis, mobile phase flowrate control function, and i-PeakFinder for 
automatic peak integration. All instruments included in the series are 
available with UV and PDA detectors, or as a detector-less version, and 
users can select models with or without a sample cooling function.

Shimadzu 
www.shimadzu.eu

Compact Granulation Line
Romaco Innojet’s IGL 100 granulation 
line is intended for production-scale 
processing applications and combines 
high-shear mixing and granulation, 
fluid bed drying, fluid bed granulation, 
fluid bed pellet coating, and fluid bed 
hot melt coating into one unit. The 
granulation line has the ability to 
process a variety of bulk materials such 
as fine powders, crystals, granules, and pellets with a bulk density 
ranging from 0.2 up to 1.2 g/m³ and batch sizes from 30 up to 600 kg 
depending on the size of the equipment.

The compact unit comes equipped with built-in wet and dry mills for 
dust-free operations, while the relocation of the finished wet granulate 
from the high-shear mixer into the fluid bed processor is completed 
gravimetrically and without external air supply. All components of the 
granulation line are integrated into a centrally controlled washing in 
place system for easily inspectable inner surfaces. 

Romaco
www.romaco.com

Robotic Modular System 
for Small Batch Filling
The GENiSYS R from AST (pictured) 
is a modular system that automates 
aseptic filling and the closing of vials, 
syringes, and cartridges. Formulated 
for small batch filling, the system uses 
robotics from Stäubli, a mechatronics 
solutions provider, to attain complete 
in-process control for applications 
involving drug manufacturing, compounding, cell and gene therapy 
development, personalized medicine, and cytotoxic drug processing. 

Stäubli TX2-40 and TX2-60 Stericlean robots are included in the 
system, making it equipped to process small batches and offering 
protection from contamination. The robots are formulated to perform 
intricate and repetitive tasks to protect product quality and save the 
operator and end user from potential risks. 

The system can meet dif ferent process requirements and 
containers through the combination of its modular design and robotics. 
Users of the system can program recipes particular to container 
formats and drug products, along with specific robot movements and 
pump settings by using its human-machine interface, ASTView. This 
includes fine-tuning needle fill depth and speed and exact positioning 
to alleviate air disturbance.

AST   Stäubli
www.ast-inc.com  www.staubli.com

PRODUCT SPOTLIGHT

https://www.mixers.com
https://www.romaco.com/en/home/
https://www.shimadzu.eu
https://www.ast-inc.com
https://www.staubli.com/en-us/
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FDA Inspection Shutdown 
Delays Drug Approvals

I n March 2020, FDA halted most 
field inspections of biopharma-
ceutical facilities and clinical re-

search sites due to travel and contact 
restrictions imposed by the COVID-
19 pandemic. Agency officials said 
they would rely more on the past 
compliance history of a production 
site, quality control documents re-
quested from the manufacturer, and 
inspection reports and other infor-
mation from other trusted regulatory 
authorities to determine whether an 
inspection was needed to approve a 
new or changed product from that 
facility. The agency also has weighed 
the viability of conducting virtual in-
spections, with limited success. More 
commonly, FDA has expanded prod-
uct inspections in its labs or import 
control facilities to assure quality. 

The inspection hiatus did not delay 
most new product approvals for much 
of 2020, as many drugs came from 
facilities that had been recently in-
spected or had a sufficiently strong 
compliance record to support a reg-
ulatory decision. But now inspection 
issues are delaying more new product 
approvals. In December 2020, FDA 
postponed approval of an important 
new cholesterol therapy, inclisiran, 
from Novartis because of concerns 

about the European contract manu-
facturer producing the new product. 
FDA sent Novartis a Complete Re-
sponse Letter (CRL) on Dec. 18, 2020, 
explaining that it could not approve 
the drug by its user fee action date 
due to “unresolved facility inspec-
tion-related conditions” that could 
not be overcome due to foreign travel 
restrictions (1). 

FDA also delayed approval in No-
vember 2020 of a chimeric antigen 
receptor T cell (CAR-T) liso-cel ther-
apy to treat adults with large B-cell 
lymphoma from Bristol Myers Squibb 
(BMS) when travel restrictions pre-
vented an inspection of the contract 
manufacturer’s (Lonza) production 
facility in Texas (2). Also in November, 
Revance Therapeutics acknowledged 
it would not be able to market a new 
injectable anti-wrinkle skin treatment 
because FDA was unable to inspect 
the company’s California manufac-
turing facility on time (3). FDA simi-
larly delayed the review of Spectrum’s 
neutropenia drug, Rolontis, which 
the company licensed from a South 
Korean firm that FDA was unable 
to inspect (4). And Alkermes said it 
received a CRL for its new treatment 
for schizophrenia and bipolar disorder 
when a remote records review done 
in place of a preapproval inspection 
found issues related to a tablet-coat-
ing process at its Ohio facility (5). 
Alkermes resubmitted its application 
in late December and now expects an 
approval decision by mid-2021. 

Although agency officials indicated 
in July 2020 they might start con-

ducting some critical domestic site 
visits, few occurred as infection rates 
accelerated again. FDA issued guid-
ance in August addressing a range of 
questions related to the inspection 
situation to help manufacturers cope 
(6). The agency further acknowledged 
the growing difficulties created by the 
inspection hiatus in guidance posted 
Dec. 21, 2020 to clarify how quickly 
(or slowly) it would act following a 
manufacturer’s response to a CRL 
when a facility assessment remains 
necessary before FDA can approve 
an original drug application or im-
portant supplement (7). The advisory 
states that reviews of resubmitted ap-
plications for products that require 
an inspection may take four or six 
months or more.

Little support for remote methods 
The December guidance notes the dif-
ficulties in conducting necessary fa-
cility assessments and acknowledges 
that it often is not feasible to rely on 
alternative tools, such as records re-
quests or review of inspection reports 
from trusted foreign regulators, and 
that such strategies “can be as re-
source intensive as inspections” (7). 
Analysts note, moreover, that some 
FDA requests for GMP-related docu-
ments have been extensive, involving 
line listings, lab reports, and adverse 
event notices, requiring multiple data 
submissions that raise concerns about 
data security. 

The agency’s distrust of alternative 
oversight methods applies particularly 
to production sites with past compli-

Drug applications are put on hold  
as FDA limits alternative oversight methods. 

Jill Wechsler

Jill Wechsler  
is Pharmaceutical 
Technology’s  
Washington editor, 
jillwechsler7@gmail.com.
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ance problems, observed Don Ashley, 
director of Office of Compliance at 
the Center for Drug Evaluation and 
Research (CDER). He reported that 
the agency is doing more product 
sampling this past year, relative to site 
inspections, in weighing the need to 
issue warning letters or import alerts, 
at a December 2020 FDA enforcement 
conference sponsored by the Food & 
Drug Law Institute (FDLI).

Ashley further expressed skepticism 
about utilizing alternative oversight 
strategies for follow-up inspections of 
companies looking to remedy issues 
raised in earlier Official Action Indi-
cated (OAI) citations. He noted that 
most follow-up inspections of such 
sites in prior years revealed that earlier 
problems had not been corrected, giv-
ing him “reason for pause” in relying 
closely on company reports on resolv-
ing serious issues. 

An interesting point is that an FDA 
prior-approval inspection is not re-
quired to authorize an Emergency Use 
Authorization (EUA) for a drug or bi-

ologic. FDA officials emphasized that 
they were not cutting corners in mov-
ing quickly to approve EUAs for critical 
vaccines to counter COVID-19 based 
on accelerated clinical testing, and that 
companies had to submit full informa-
tion on manufacturing processes and 
to establish quality control operations. 
But actual site inspections are not re-
quired until the manufacturer files a 
biologics licensing application for its 
vaccine, although enforcement officials 
may take other steps to ensure quality 
production. In granting an EUA in No-
vember 2020 to Eli Lilly for a monoclo-
nal antibody (bamlanivimab) to treat 
moderate COVID-19 infections on an 
outpatient basis, FDA directed Lilly to 
retain an independent third party to 
review batch records for discrepancies 
in drugs made at a New Jersey facility 
that had been cited for quality control 
issues at previous inspections (8). 
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Drug Developers  
Put Pedal to  
the Metal
Agnes Shanley 

New approaches to clinical trials, spurred by 
the COVID-19 pandemic, have dramatically 
sped development times. Can practices 
developed during a crisis continue once 
things return to normal?

animal testing; some safety tests were 
run simultaneously with efficacy tests, 
and elements of Phase II and Phase III 
trials were combined. 

On the preclinical side, work on 
Moderna’s COVID-19 vaccine was ac-
complished within a few months (3), 
CEO Stéphane Bancel explained at 
the 2020 Galien Foundation Forum. 
Scientists had sketched the experi-
mental design in January 2020, the 
first test product was sent to the US 
National Institutes of Health in Feb-
ruary, and Phase I testing started 
in early March. By the autumn of 
2020, chemistry, manufacturing, 
and control (CMC) documentation 
had been submitted to FDA while 
safety testing was sti l l going on.  
 
Setting the bar higher for R&D
Clearly, achievements in time reduc-
tion for COVID-19 therapies and 
vaccines have proven what is possible 
and set the bar high. One question is 
whether achievements made during a 
time of crisis can be sustained after the 
pandemic and move into mainstream 

D espite the limitations set by 
the COVID-19 pandemic, bio/
pharmaceutical manufacturers 

achieved unprecedented speed in de-
veloping new products in 2020. This 
was most evident with the first two 
COVID-19 vaccines, which reached 
the public under Emergency Use Au-
thorization in December 2020. Where 
developing a vaccine has traditionally 
required 10 years, Pfizer-BioNTech 
and Moderna Therapeutics cut that 
time to less than a year (1,2) with their 
messenger RNA (mRNA) vaccines.

Developers attribute this speed to 
developers’ willingness to assume 
more risk from the start and to lever-
age years of past research and clinical 
experience with the platforms them-

selves (e.g., mRNA or, in the case of 
J&J’s COVID-19 vaccine candidate, 
with human adenoviral vector [Ad26]). 
With J&J’s vaccine, cell-line optimi-
zation was also crucial, not only for 
speeding the vaccine’s development but 
for optimizing its manufacturability 
and stability, as Paul Stoffels, executive 
vice president and chief scientific offi-
cer told attendees at the 2020 Galien 
Forum (3). Stability was optimized to 
levels of 2-8 °C, simplifying global dis-
tribution to developing nations. 

However, with COVID-19 vaccines 
and therapies, the greatest increases 
in agility were achieved on the clini-
cal side. New adaptive clinical study 
models were used; some early testing 
in humans was done concurrently with 
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bio/pharmaceutical development. New 
approaches, and the use of innovative 
technology, promises to enable addi-
tional gains in speed and efficiency.

A number of trends have already 
been in place to speed new drug de-
velopment, including increased use of 
biomarkers and better patient target-
ing during clinical stage planning. In 
addition, more bio/pharma companies 
are using data analytics. One platform 
that is seeing increased adoption is 
artificial intelligence/machine learn-
ing (AIML), which can be applied to 
real-world data from such diverse data 
sources as electronic health records, 
lab test results, and insurance claims, 
to ensure that trial design and patient 
recruitment reflect actual conditions. 

Efforts by FDA and other regulatory 
agencies to speed review of important 
new drugs have also helped shrink 
development timeframes. Where the 
first decade of the 2000s saw slower 
development times and higher attrition 
rates for new drug candidates, notable 
increases in efficiency were made be-
tween 2010 and 2020, according to a 
recent study (4).

In a speech on June 1, 2020 (5), for-
mer FDA Commissioner Stephen Hahn 
pledged to make permanent some in-
novations that the industry and agency 
made to increase agility during the pan-
demic. He emphasized FDA’s interest in 
advancing practices such as decentral-
ized clinical trials and increased use of 
real-world evidence in clinical trials.

Technology is becoming increasingly 
important in optimizing clinical trial 
study design, site selection, and patient 
recruitment, and also in predicting 
R&D and clinical outcomes, to help 
prioritize, early on, the most promis-
ing candidates, says Natalia Kotchie, 
vice president of R&DS Applied Data 
Science Center at the contract research 
organization (CRO), IQVIA. 

Moderna used predictive models in 
the earliest phases of its COVID-19 vac-
cine development planning (3). Mean-
while, in its work with bio/pharma 
clients, IQVIA has been developing 
AIML-based tools and systems for the 
past five years to optimize clinical trials.

One area of focus has been prior-
itizing the highest potential clini-
cal trial sites. During the pandemic, 
IQVIA-developed COVID-19 mod-
els have informed trial operational 
planning choices, depending on areas 
where COVID-19 outbreaks were 
most likely to occur, says Kotchie.  
 
Increased collaboration and risk  
For bio/pharma companies, one fun-
damental change that is speeding drug 
development has been increased col-
laboration and cross-learning through 
partnerships, says Lance Minor, na-
tional co-leader of life sciences practice 
for the management consultant, BDO 
USA LLP. The industry has engaged in 
collaborative research for decades, but 
during the current pandemic, the level 
of collaboration intensified, focusing 
on non-patented, operational aspects 
of drug development. 

This new collaborative spirit is 
proving to be extremely important in 
COVID-19 vaccine and therapy devel-
opment, which has already brought to-
gether competitors such as Roche and 
Regeneron, Gilead and Roche, Gilead 
and Pfizer, Sanofi and GlaxoSmith-
Kline (GSK), as well as companies 
working in incubators established by 
the World Health Organization, the 
Global Alliance for Vaccines and Im-
munizations, the Coalition for Epi-
demic Preparedness Innovation, as 
well as the Gates Foundation (6). Close 
work involving bio/pharma companies, 
CROs, and healthcare organizations 
has added another dimension to col-
laboration, Kotchie says.

Another important factor speeding 
development of COVID-19 treatments 
and vaccines has been drug developers’ 
increased tolerance for risk, not only 
on the capital and financial side, but 
in the clinic, Minor says. Pfizer-BioN-
Tech and Moderna spent billions of 
dollars on development for COVID-
19 vaccines, but they also took risks by 
changing the traditional sequential ap-
proach to clinical testing, he explains. 

In 2020, assuming these risks, but 
managing them, paid off in shortened 
development times. In 2021, novel ap-

proaches to enrolling patients and use 
of remote patient monitoring should 
also have an impact, he says. Although 
programs in 2020 focused on therapies 
and vaccines for COVID-19, the pace 
of other development projects will pick 
up in 2021, Minor predicts. 

Success in a very challenging year 
has led to optimism for 2021. In BDO’s 
2021 survey of 100 chief financial offi-
cers (CFOs) at medium-to-large life sci-
ences companies, the company found 
that 69% plan to increase spending on 
R&D, most of them singling out three 
or four promising products as targets 
for commercialization efforts. 

Pharma companies are still planning 
to increase investment in the develop-
ment of new COVID-19 treatments 
(mentioned by 43% of respondents to the 
survey) and vaccines (a key investment 
focus for 45% of the CFOs surveyed), but 
a larger number also plan to invest in 
other therapeutic areas, with 57% men-
tioning cell therapies (up from 41% in 
2020) and 56% targeting immunothera-
pies (up from 32% in 2020) (7). 

Significantly, many respondents 
to the 2021 survey see digitalization 
as important to achieving their goals, 
with 63% responding that digital 
transformation would be their leading 
growth strategy in 2021. Digitalization 
is required for any moves into data 
monitoring and analytics as well as a 
broader use of modeling; it can offer 
access to more advanced technologies 
that promise to have additional impact 
on development time reduction. 

Of the CFOs surveyed in the BDO 
study, 47% also mentioned that they 
were planning to invest more in new 
technologies, singling out the wearable 
Industrial Internet of Things-based tech-
nologies designed for use in clinical trials. 

Innovative drug development tools
One innovation that has helped 
shorten drug development timeframes 
has been use of biomarkers, indicators 
of a patient’s medical state that can be 
readily measured that have become a 
mainstay for clinical trials. Biomark-
ers were used in 55% of oncology clin-
ical trials alone in 2018, up from 15% 
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20 years ago (8). FDA has recognized 
biomarkers’ importance, and has been 
improving ways to assess them since 
the agency first established its Critical 
Path initiative in 2004. 

More recently, however, the agency 
has begun to recognize other innova-
tive drug development tools that are 
expected to help shorten drug devel-
opment times, a mandate of FDA’s 21st 
Century Cures Act. On Nov. 30, 2020, 
FDA established a new pilot program, 
the Innovative Science and Technology 
Approaches for New Drugs (ISTAND), 
led by Steve Berman, a science policy 
analyst in the Office of New Drugs (9).  

The effort could help break through 
some of the industry’s reluctance to 
use technologies that have not first 
been applied in approved new drug 
applications. Through ISTAND, tech-
nology developers can apply to FDA for 
qualification of a novel technology for 
a specific use. 

The new pilot would cover new, non-
traditional data collection or analysis 
methods; technologies such as tissue 
chips that serve as micromodels of spe-
cific organ systems for drug safety as-
sessments; and the use of artificial in-
telligence and wearable sensors, which 
could be used during clinical trials. 

To strengthen its foundation for 
data analytics, FDA has been working 
with vendors on initiatives in the food 
import screening and medical devices 
areas. For pharma, key targets are drug 
safety testing during clinical develop-
ment. In December 2020 and January 
2021, the  agency entered into contracts 
with Palantir and SAS to focus on 
building the data foundation required 
(10,11). Big Pharma companies, includ-
ing Novartis, Roche, Merck, Pfizer, 
AstraZeneca, and GSK have also been 
actively working in this area (12,13).  

Among the challenges for pharma 
companies that have already embraced 
new technology is f inding, clean-
ing, and reorganizing data to be re-
search-ready so that AI/ML platforms 
can yield useful results, says Kotchie. 
Another new capability that will be re-
quired, she says, is the ability to trans-
late business problems to how users 

make decisions. The final goal will be 
to ensure that the user experience of 
new systems enhances users’ ability to 
maximize the application of the mod-
els developed. “This is an area that the 
new discipline of ‘decision intelligence’ 
is helping us to address,” she says.

Clinical advances 
But even without the advantage of new 
technology, clinical trial flexibility has 
had to be balanced by strict risk eval-
uation and management. CROs have 
worked more closely with customers 
to manage the many risks posed by the 
COVID-19 pandemic and to ensure the 
success of clinical trials. 

Business continuity programs have 
been crucial, says Teresa Lamentia, 
senior vice-president of operational 
transformation and performance at 
IQVIA, who also leads the company’s 
COVID-19 task force for R&D. IQVIA’s 
clients range from small innovators to 
large pharma companies, and although 
some firms had to halt clinical projects 
in 2020, most have restarted efforts, 
she says. “We’re not back to previous 
levels, but clinical trial recruitment is 
definitely increasing and this trend 
should continue in 2021,” she says. 

Lamentia and her team take a three-
pronged approach to examining every 
trial protocol, from the standpoints of pa-
tient safety, data integrity and robustness, 
and day-to-day realities affecting sites 
(e.g.,  procedures to ensure that subjects 
receive trial drugs and have necessary 
tests performed when COVID restric-
tions cause a site to be shut down). 

Detailed reports were then devel-
oped to ensure that risks did not im-
pact pharma clients or patients. As 
she notes, the company had to adopt 
remote approaches for dosing and pa-
tient testing, and wound up taking a 
hybrid approach combining on-site 
and remote elements. This method 
demanded that both the CRO and 
pharma company pay close attention 
to supply chain issues. 

For IQVIA, an especially challenging 
problem was the sourcing of personal 
protective equipment and ancillary prod-
ucts for technical and business staff. Out-

side the United States, particularly in the 
United Kingdom and European Union, 
conformance with patient data protec-
tion regulations has been another chal-
lenge, although tools are available and in 
use that allow the safe use of patient data.   

In general, clinical trials are being 
run to optimize flexibility. “Taking an 
‘umbrella’ approach to protocols allowed 
us to be able to perform more tests con-
currently,” Lamentia notes. However, it is 
not yet clear which new methods adopted 
during the pandemic’s first year will be-
come permanent best practices, she says. 

Lamentia expects to see more remote 
study approaches and more f lexible 
clinical trial designs dominating drug 
development in the future. Based on reg-
ulatory and corporate plans, data mon-
itoring and analytics promise to play an 
increasingly important role as well. 
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B lood is essential to life and also 
serves as a source of materials 
with significant therapeutic value. 

Of the four main components of blood—
plasma, red blood cells, white blood 
cells, and platelets—plasma and white 
blood, or immune, cells have been used 
to develop treatments for a wide range 
of diseases. Various serious, rare, and 
sometimes life-threatening conditions 
have been treated for decades with 
proteins isolated from plasma donated 
by healthy people. Although autologous 
cell therapies have only existed for 20 
years or so, development of cell-based 
treatments has accelerated in recent 
years, with thousands of candidates 
advancing through the clinic. Each of 
these types of blood-derived therapies 
faces its own range of challenges, but 

demand for both classes of drugs is 
expected to remain strong for the fore-
seeable future.

Plasma-based therapies
Within human blood, plasma comprises 
the largest component at approximately 
55%, with the remainder red blood cells 
(44%) and white blood cells and plate-
lets (1%). Plasma is the clear, yellowish, 
liquid portion of blood and comprises 
water (>90%), proteins, and other cellular 
components. It is collected from healthy 
adults via a process known as plasma-
pheresis. In the body, the role of plasma 
is to transport cell, nutrients, and other 
materials, thus enabling many important 
physiological functions such as blood 
clotting and immune responses.

Via a manufacturing process that can 
take 7–12 months, different proteins are 
fractionated from the donated plasma 
and converted to different protein-based 

Cynthia A. Challener, PhD, is a 
contributing editor to Pharmaceutical 
Technology.
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therapeutics, according to Mathew Gu-
lick, director, global communications, the 
Plasma Protein Therapeutics Association 
(PPTA). Because they are isolated from 
donated plasma and there are no generic 
alternatives, protein plasma therapies fall 
into the regulatory class of sole-source bi-
ologic products.

These therapies are used to treat people 
with conditions such as primary immune 
deficiencies (PIDs), bleeding disorders, 
hereditary angioedema, Alpha-1 anti-
trypsin deficiency, and certain neurologi-
cal conditions. Generally, plasma-derived 
therapies replace missing or deficient pro-
teins and are, therefore, administered via 
injection or infusion on a repeat basis.

There are thousands of different pro-
teins that can be fractionated. The most 
common include immunoglobulin (Ig or 
IgG), which is an antibody, and albumin, 
which is a protein. Others include clotting 
factors such as fibrinogen, prothrombin, 
and proteins such as C1 esterase inhibitor 
and alpha-1-proteinase inhibitor. 

Convalescent plasma and COVID-19
Convalescent plasma (CP) is plasma 
obtained from patients who have re-
covered from an infectious illness and 
thus generated antibodies to the disease. 
It can be used as an emergency measure 
when other treatments are not available. 
Unlike recombinant monoclonal anti-
bodies engineered to bind to a specific 
target, CP possesses a range of antibod-
ies to a viral antigen that provide better 
coverage by interacting with differ-
ent parts of that antigen, according to  
Vu L. Truong, founder, CEO, and direc-
tor at Aridis Pharmaceuticals.

There can be some challenges with 
using CP, however, Truong notes. One 
person’s plasma may not be compatible 
with another’s. In addition, the level of 
antibodies in donated plasma can differ 
from donor to donor. For COVID-19 
patients, there is also a shortage of sup-
ply. “The limitations for ongoing use of 
CP may include lack of consistency in 
specific antibodies in each dose, blood 
type-matching requirements, and com-
plexity of regulatory oversight because 
it is not a standardized product with a 
regulatory approval,” adds Laura Saward, 

Plasma-based proteins and cell-based 
therapies have significant potential  
to address unmet medical needs.

Exploring the Therapeutic 
Value of Blood 
Components
Cynthia A. Challener
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senior vice-president of the therapeutics 
business unit at Emergent BioSolutions.

In the United States, FDA issued the 
first Emergency Use Authorization in late 
August 2020 for investigational convales-
cent plasma for the treatment of COVID-
19 in hospitalized patients (1). Although 
the data demonstrating strong efficacy 
have been variable among different stud-
ies, CP treatment has been shown to be 
relatively safe and well tolerated and has 
a useful role in treating patients infected 
with the SARS-CoV-2 virus that are se-
verely ill and not responding to antiviral 
or other antibody treatments, according 
to Truong.

Transitioning to  
hyperimmune products
Given limitations surrounding CP, there 
is a desire to transition to more consistent 
plasma-based treatments for COVID-19. 
IgGs—which have a long history as a safe 
and effective treatment of many indica-
tions including as potential therapeutics 
against a wide range of pathogens (viral, 
bacterial, toxins)—can be used to gener-
ate hyperimmune globulin (H-Ig) prod-
ucts, according to Saward. “H-Igs are 
polyclonal IgGs that have been enriched 
for antibodies with specific titer to a tar-
get pathogen, leveraging the immune 
response in humans or animals and of-
fering the benefit of containing a broad 
range of antibodies to inhibit a pathogen 
through different mechanisms,” she says. 

The CoVIg-19 Plasma Alliance, a part-
nership of the world’s leading plasma 
companies spanning plasma collection, 
development, production, and distribu-
tion, is developing an investigational H-Ig 
prepared from the pooled plasma of do-
nors with high titers of antibodies against 
COVID-19. “H-Ig products have been 
found to be effective in the treatment of 
severe acute respiratory infections of viral 
etiology and may present the potential to 
treat high risk COVID-19 patients,” says 
Julie Kim, president of the plasma-de-
rived therapies business unit for Takeda 
Pharmaceutical Company, a founding 
member of the Alliance.

In just months, the Alliance estab-
lished the processes to collect conva-
lescent plasma, manufacture the H-Ig, 

and support the initiation of a rigorous 
multi-national pivotal clinical study in 
October 2020 to evaluate four different 
H-Ig candidates. CoVIg-19 is currently 
under evaluation as part of a global clin-
ical trial (INSIGHT013) coordinated by 
the National Institute of Allergy and 
Infectious Diseases (NIAID), part of the 
National Institutes of Health (NIH). The 
results of this study will form the founda-
tion for potential regulatory submissions 
for the H-Ig, according to Kim. 

Meanwhile, Emergent has leveraged its 
experience with H-Ig development and its 
validated platform to expedite develop-
ment of a product to address COVID-19, 
initiating a comprehensive clinical pro-
gram and key partnerships, according to 
Saward. Its candidate, COVID-HIG, is 
supported by funding from the Biomed-
ical Advanced Research Development 
Authority and the US Department of 
Defense (DOD) and is currently being 
evaluated in a global Phase III NIH/
NIAID study as a treatment for hospital-
ized patients with COVID-19. Another 
study is being planned for patients with 
mild-to-moderate COVID-19 at high risk 
of progression to severe disease. COVID-
HIG is also being developed for potential 
post-exposure prophylaxis, with a clini-
cal program initiated at the end of 2020. 

“Even as vaccines are authorized for use 
and are more widely available, COVID-
HIG has the potential to continue to fur-
ther address segments of the population 
that are recalcitrant to vaccination, im-
munocompromised, or excluded from 
vaccination (e.g., infants, pregnant, other 
exclusions) until approved and require 
different forms of prophylaxis or treat-
ments,” Saward observes. 

Cell-based therapies
Cell therapy is the transfer of intact, 
live cells into a patient to help lessen 
or cure a disease, according to the 
American Society of Gene and Cell 
Therapy (2). The most common type 
of cell therapy is blood transfusion. 
Bone marrow transplants are another 
well-established example. 

Cells can be of a fixed type (primary) 
or have the ability to transform into other 
types of cells (pluripotent such as embry-

onic stem cells, induced pluripotent stem 
cells, and multipotent such as hematopoi-
etic and mesenchymal stem cells). Dif-
ferentiated adult immune cells are also 
widely used to develop immunotherapies.

Cells collected from patients can be 
used to produce autologous (patient-spe-
cific), while cells donated by healthy 
people are used to produce allogeneic 
(off-the-shelf) cell therapies. Either type 
of therapy can involve isolation of the 
desired cell type followed directly by ex-
pansion, or genetic manipulation of the 
cells in some manner to boost their abil-
ity to killed diseased cells (i.e., chimeric 
antigen receptor [CAR]-T cells) prior to 
expansion.

Growth for all therapies  
based on blood components
There is a strong clinical need for both 
plasma-derived and cell therapies. 

“Takeda has seen a worldwide increase 
in demand for plasma-derived therapies, 
reflecting how essential they are for treat-
ing patients with rare, life-threatening, 
chronic and genetic diseases,” observes 
Kim. “We believe this increase, especially 
for Ig, is being driven by better diagnosis 
rates and increased patient screening in 
developed markets, as well as improve-
ment in the standards of care in emerg-
ing markets,” she says. This trend is also 
reflected at an industry level.

Technological advances also now allow 
for individuals relying on these therapies 
to be diagnosed earlier in life, and as chil-
dren grow into adulthood, their dosage 
volumes increase, adds Gulick. He also 
notes that innovation has resulted in 
treatment improvements, such as sub-
cutaneous products that grant patients 
greater freedom to administer treatment 
at home but often require higher doses.

In addition, expanded treatments of 
secondary immune deficiencies are also 
now helping others with compromised 
immune systems, such as cancer pa-
tients, but also requires greater amounts 
of plasma-derived therapies, according 
to Gulick. There is also growing demand 
for Ig because it is increasingly being used 
in a number of new indications beyond 
primary and secondary immunodefi-
ciency disease, including neurological 
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conditions, such as chronic inf lam-
matory demyelinating polyneuropa-
thy and multifocal motor neuropathy, 
he adds. 

“Finally,” Kim observes, “as science 
progresses, we are discovering the po-
tential utility of previously untapped 
proteins in plasma that may help with a 
range of diseases with few or no treat-
ment options.” One example is plas-
ma-derived inter-alpha inhibitor protein 
(IAIP). Takeda has signed a global licens-
ing agreement with ProThera Biologics 
to evaluate the therapeutic potential of 
IAIP, a protein found in plasma that 
functions as an immune modulator to 
inhibit acute inflammatory reactions. 

“With this broad mechanism, IAIP has 
a range of potential therapeutic appli-
cations, and in preclinical models has 
shown strong potential in patient pop-
ulations challenged with high mortal-
ity rates, including those with diseases 
strongly associated with inflammation,” 
she explains.

While both plasma-derived protein 
and cell therapies will experience increas-
ing demand, Truong predicts that growth 
for cell therapies will be greater. In addi-
tion, he expects that as the technology for 
screening B cells advances, engineered 
antibody therapies, which are much 
more well characterized than convales-
cent plasma therapies, will attract rapid 
interest, potentially replace some existing 
CP products and experience growth at a 
faster rate.

“Once it is relatively easy to screen for B 
cells that produce the most potent mono-
clonal antibodies (mAbs), the technology 
for cloning the relevant genes into pro-
duction cell lines and producing large 
quantities of those mAbs is relatively 
straightforward today. This approach 
avoids the need for plasma donors and 
allows for the easy scale up of the man-
ufacture of purer antibodies with bet-
ter-defined targets,” Truong says.

In markets outside of the US and 
Europe, however, Truong does note 
that plasma therapies are expanding 
at a faster rate because the technology 
involved is not as sophisticated as that 
required for screening B cells and iden-
tifying desired antibodies.

Different challenges to overcome
The technologies used to support 
plasma collection and processing have 
improved dramatically over time, but 
there is still room for improvement. Of 
course, one of the key limitations to 
sustainable growth for plasma-derived 
therapies is the need to collect sufficient 
quantities of plasma. “The quantities of 
plasma-derived therapies we can pro-
vide is fully dependent on how much 
plasma we can collect,” Kim asserts. 

Currently, more than two-thirds of the 
world’s plasma is collected in the US; that 
limits the industry’s ability to support the 
growing population of patients who can 
benefit from these valued therapies.

To create innovative partnerships 
and address this urgent need, Emergent 
formed a number of partnerships across 
government agencies, blood banks, 
plasma suppliers, academic centers, and 
hospital systems, according to Saward. 
For instance, with support from DOD, 
the company partnered with Mount 
Sinai Hospital System and ImmunoTek 
Bio Centers to establish a new capability 
for plasma collection onsite at Mount 
Sinai to be closer to patients that have 
recovered from COVID-19. “This ca-
pability was established quickly during 
the pandemic, with each party provid-
ing complementary expertise to create a 
new channel for plasma collection within 
the healthcare system in New York. This 
partnership provides a model that could 
be implemented across various sites to 
enable broader access to plasma closer to 
potential donors,” she comments. 

As an industry, Gulick stresses that 
efforts are being pursued in conjunction 
with health authorities and public health 
organizations around the world to elevate 
the dialogue around the importance of 
plasma, with the goal of modernizing 
outdated regulations that restrict plasma 
collection and expanding collection 
infrastructure and processes in more 
countries. “We are hopeful that the pos-
itive awareness of plasma as a potential 
contributing solution to the COVID-19 
pandemic will help foster recognition 
and support for the broader patient need 
for plasma around the world, including 
the need to permanently revise outdated 

regulations in order to improve availabil-
ity of plasma,” Kim adds.

Unfortunately, plasma donations de-
clined significantly in 2020 due to the 
COVID-19 pandemic, and PPTA and 
its members are urging all healthy adults 
to donate plasma, according to Gulick. 
Plasma donation centers have been des-
ignated as critical infrastructure and each 
company is working diligently to return 
to growth in order to meet patient needs. 

As an example, Kim shares that al-
though Takeda has faced some chal-
lenges in plasma collection due to the 
COVID-19 pandemic, which have 
fluctuated in line with restrictions on 
movement of people and travel, the 
company is still on track to achieve its 
target of >65% growth by 2024 due to 
the significant investments made in 
its business and the range of measures 
taken specifically to mitigate the impact 
of COVID-19.

One other area of opportunity for 
increasing the availability of plasma-de-
rived therapies is the development of 
more efficient isolation technology. 
Evolve Biologics was created as the 
plasma products and technology division 
of Therapure Biopharma specifically to 
commercialize an alternative plasma pro-
tein production technique that eliminates 
the need for cold ethanol fractionation, 
the traditional method used for collect-
ing plasma (3). This process, which uses 
acid, alcohol, and salts at low temperature 
to precipitate proteins into fractions that 
must then be resolubilized and further 
separated, takes months and consumes 
significant energy. Because it was initially 
developed to extract albumin, it is also 
not optimized for most proteins. 

Evolve’s PlasmaCap EBA technology 
uses proprietary affinity adsorbents 
(dense tungsten carbide beads coated 
with agarose modified with ligands de-
signed to bind to a specific protein) and 
expanded bed adsorption (EBA) chro-
matography to capture plasma proteins 
directly from plasma without the use 
of precipitating solvents (3). Proteins 
are captured in their native form with a 
higher degree of efficiency and selectiv-
ity and in higher yield per liter of donor 
plasma. Avoiding precipitation also 
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results in the isolation of proteins with 
more consistent quality and purity. 

In addition, the EBA chromatogra-
phy technology can be readily scaled up 
or down in response to market demand 
and allows for small, modular facilities to 
be built that can leverage locally collected 
plasma for the supply of indigenous pro-
teins (3). It also has the potential to facil-
itate the isolation in sufficient quantities 
of plasma proteins that are not economi-
cally feasible to obtain with cold ethanol 
fractionation because they are present at 
very low levels, thus enabling the devel-
opment of new plasma-derived therapies. 

Evolve anticipates filing for FDA ap-
proval of PlasmaCapTMIG, a 10% liquid 
formulation intravenous immune glob-
ulin (IVIG) product manufactured from 
US-sourced plasma, as a replacement 
therapy in PIDs in 2021 (3). Regulatory 
submission is also expected in 2021 for 
albumin produced using the PlasmaCap 
EBA technology.

For cell-based therapies, Truong 
believes one of the key challenges for 
those treatments that involve genetic 
modification is developing more highly 
controlled methods for imparting mo-
lecular changes to cells. For instance, 
viral vectors are commonly used for 
gene transfer, but they can create safety 
issues. “Controlled manipulation of the 
genome is crucial,” he states. “There are 
many questions that need to be answered, 
such as where the gene is inserted into 
the cellular genome, whether the genetic 
modification is permanent or transient, 
and whether the changes will disrupt 
cellular function in some way or activate 
other genes with negative effects.” He 
adds that it is also a challenge to ensure 
that no changes are introduced during 
the expansion of cells whether or not they 
have been genetically modified. “The in-
dustry is making a lot of progress in these 
areas, but they do still present significant 
challenges,” Truong observes.

Different regulatory needs too
Given that plasma-derived protein and 
cell-based therapeutics are medicinal 
products, they are highly regulated as is 
the case for all pharmaceuticals. PPTA 
member companies adhere to all national 

and international regulations, includ-
ing voluntary standards that go beyond 
regulatory requirements, according to 
Gulick. “Licensing processes include the 
review by a regulatory authority of the 
manufacturing processes, facilities, and 
equipment plus the safety and efficacy of 
the therapeutic product as evidenced by 
studies of the product in targeted pop-
ulations. Facilities manufacturing the 
licensed biologics are subject to current 
good manufacturing practice (CGMP) 
requirements and are inspected regu-
larly. In addition, manufacturers employ 
quality systems that provide oversight at 
all stages of manufacturing,” he explains.

Furthermore, the “raw” material 
plasma is regulated far more comprehen-
sively than simple supplier qualification 
standards, according to Gulick. In the US, 
the source plasma is an independently li-
censed product. In the European Union, 
plasma for manufacturing is extensively 
scrutinized in a Plasma Master File. Kim 
adds that there are also policies designed 
to protect the safety of plasma donors. 

One area that still needs to be ad-
dressed, however, is the wide variation 
in regulations around plasma collection 
and processing between countries, Kim 
says. In some cases, she notes that reg-
ulations actually limit processes and 
infrastructure for plasma collection, 

“Given the need for plasma around the 
world, these regulations can pose a chal-
lenge to sustainable supply of plasma 
therapies. We are actively engaging with 
peers, professional associations, patient 
associations, regulators, and govern-
ments to increase recognition of the 
critical importance of plasma sourcing 
and to encourage sustainable collection 
of plasma,” she observes. 

Several different regulations apply to 
cell-based therapies. For some autologous 
products, good tissue practices are appli-
cable, according to Truong. All manu-
facturing processes must comply with 
CGMP requirements. Demonstration of 
genetic stability is necessary for geneti-
cally modified cells. Allogenic products 
must be shown to be non-allergenic. 
Many cell therapies are frozen for dis-
tribution, and thus it is essential to show 
that when recovered from the frozen state 

there is no damage to the cells that will 
impact safety or efficacy. 

“It is important to remember, though,” 
Truong remarks, “that many cell thera-
pies are used to treat patients that have 
no other treatment options available to 
them. Regulators have an incentive to 
work with the pharma industry and cell 
therapy developers to bring these novel 
solutions to the market as safe and effec-
tive therapies for patients in dire need of 
medical assistance.”

Opportunities for innovation remain
Both plasma-derived proteins and 
cell-based therapies have potential to 
address many unmet medical needs. 

“Blood- and plasma-derived therapies 
will continue to provide solutions for a 
range of indications that cannot readily 
be addressed otherwise, with a number 
of organizations exploring the potential 
for recombinant polyclonal antibodies; 
these products are still in development,” 
Saward asserts. 

For future therapies, she notes that 
there remain a number of opportu-
nities to leverage the complex natural 
immune response in order to develop 
therapeutics against many challenging 
diseases. “As the COVID-19 pandemic 
has underscored, blood- and plas-
ma-derived therapies are amongst the 
first to be deployed against emerging 
infectious diseases considered public 
health threats. These applications also 
transcend into potential applications to 
address drug resistance in bacterial and 
fungal infections,” Saward says. 

With demand for plasma-derived 
therapies continuing to outpace supply, 
Takeda sees an important opportunity 
and responsibility to build on its more 
than 75-year legacy in plasma and re-
think every aspect of its business to 
ensure the company meet the needs 
of patients worldwide, according to 
Kim. “We believe there is an incredible 
untapped opportunity to innovate for 
the benefit of patients. Only a fraction 
of the 3000+ proteins that circulate in 
plasma has been tapped for therapeutic 
applications,” she says.

Contin. on page 27
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drug at a high concentration in a smaller 
volume by simple viscosity reduction, to 
the use of more complex systems that 
integrate several mechanisms of actions 
to counter different barriers in the gas-
trointestinal tract,” he says. 

“The second driver [for biologics] 
is targeted delivery, to assure that the 
drug reaches its target and delivers its 
therapeutic efficiently,” Mahdavi con-
tinues. “In contrast to small molecules, 
where formulators are able to optimize 
therapies to suit a certain patient group, 
biologics are personalized right from 
the start during therapy design.”

In concurrence, Arul Balasundaram, 
formulation manager at Recipharm’s 
Queensborough facility (United King-
dom) emphasizes the need for devel-
opment of delivery solutions that can 
achieve more effective, targeted, and 
controlled release within target parts 
of the anatomy. “Large-molecule drug 
substances are becoming more com-
plex, presenting both manufacturing 
and formulation challenges—particu-
larly both the inherent difficulties in 
ensuring the drug’s stability until it 
reaches the target organ and adminis-
tration convenience,” he says.

When considering small-molecule 
therapies that are already available 
and approved, there are numerous 
drivers for the development of novel 
delivery solutions, such as variation in 
the therapeutic need of the formula-
tion for new target patient groups (i.e., 
geriatrics or pediatrics), notes Andrew 
Parker, director Open Innovation, 
Small Molecules, Oral and Specialty 
Drug Delivery, Catalent. “In addition 
to dosing requirements, other drivers 
include the need for a different delivery 
profile (for example extended release) 
to enable a better area-under-curve for 
therapeutic effect; adjacent therapy tar-
get requiring modification of the de-
livery platform (e.g., different in-vivo 
target such as the lymphatic system); 
alternative delivery platforms to en-
able a faster onset (e.g., inhaled versus 
oral administration); second-gener-
ation formulation to improve on any 
relative weaknesses in the initially 
marketed products; and intellectual 

R apid growth in biopharmaceuti-
cals, an increasingly complex drug 
landscape, and rising expectations 

for administration convenience by the 
consumers, are all contributing factors 
that are driving demand for new delivery 
solutions across the bio/pharma industry. 

“The market continues to shift towards 
the development of complex oral and 
complex parenteral drug products that 
require advanced drug delivery tech-
nologies and functional excipients to 
improve targeting, enhance performance, 
or eliminate the need for boosters in 
vaccine applications,” explains Maaike 
Everts, strategic marketing leader for 
parenteral drug delivery at Evonik.

Drivers of development
“The past couple of decades have seen a 
rapid growth in both biologics and bi-

osimilars as treatments for a variety of 
conditions,” asserts George I’ons, head 
of product strategy and insights, Phar-
maceutical Services, Owen Mumford. 
As a result of the composition of bio-
logics, drug delivery is typically lim-
ited to intravenous injections, which is 
considered to be less convenient for the 
patient. Therefore, work is being done 
on the development of more conve-
nient routes of administration, such 
as subcutaneous (SC) injections rather 
than intravenous (IV).

Behzad Mahdavi, vice-president 
open innovation biologics, cell & gene 
therapy, Catalent, agrees that changing 
the route of delivery, to either SC injec-
tions or oral delivery, is a key driver in 
the field of biologics. “The technologies 
and approaches therefore vary in this 
category from having to formulate the 

Rapid growth in biologics and increasing 
complexity of new compounds are  
some of the factors driving development  
of innovative delivery solutions.

Developments Driving 
Drug Delivery
Felicity Thomas
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property drivers such as evergreening 
a delivery portfolio based on a specific 
API,” he says.

Delivery advancements
The well-documented rise in poorly 
water-soluble drugs entering the de-
velopment pipeline over the past few 
decades has led to advancements in 
ways that APIs in an improved ‘bio-
availability-enhanced state’ are deliv-
ered, Parker notes. “These [advances] 
include building on well-known deliv-
ery technologies such as spray drying, 
hot-melt extrusion, and the use of li-
pidic systems, with excipient manufac-
turers developing improved polymers 
that are tailored to improve processing 
and/or solubility, enhance stability, or 
improve performance in vivo for APIs 
with solubility challenges,” he says. 

“Additionally, new ways to process ma-
terials such as supercritical f luid pro-
cessing are also possible under CGMP 
[current good manufacturing practice] 
conditions in the pharmaceutical in-
dustry that can impart desired attri-
butes based on particle size, shape and 
morphology, to further aid with deliv-
ery of poorly water-soluble molecules.”

For Lynn Allen, vice-president 
Business Development, MedPharm, 
de-risking the development process 
has been important in helping to speed 
up timescales and enabling faster pa-
tient access to critical treatments. Al-
though in-vitro performance testing 
models have been used for some time 
in the industry to screen new actives 
and optimize formulations, Med-
Pharm has been applying the models 
to de-risking clinical trials for prod-
ucts targeting skin, eye, and muco-
sal membrane diseases, Allen states. 

“These models allow developers to 
screen with significant throughput for 
the activity and potential side effects 
of drug products against key pathways 
as well as understand their pharma-
cokinetics early in the development 
program,” she says. “Crucially, they 
provide this information using viable 
human tissue thereby greatly reduc-
ing the need for expensive animal and 
human safety/efficacy studies.”

Many new technologies are being 
explored for drug delivery and ap-
proaches are being assessed for new 
skin, buccal, and nasal membrane 
delivery methods, adds Ralph Lan-
dau, head of development, Drug 
Product, Cambrex. “Controlled drug 
delivery has long been pursued in the 
industry, but this still has challenges 
to overcome from dose-dumping, 
erratic dissolution, and food effects. 
Today, modified-release coating in-
gredients can now be modulated to 
enable greater precision for dosing 
the drug substance in targeted areas 
of the gastrointestinal tract,” he says. 

“Further development of modified-re-
lease dosage forms will enable the 
delivery of these molecules to a spe-
cific site of treatment. This [targeted 
delivery] will ensure that the therapy 
is introduced and actively initiated at 
the right time and place to disrupt the 
disease with precision and minimal 
impact to the patient.”

“The new delivery advances to tar-
get drug delivery to specific organs and 
tissues has helped the formulators in 
improving therapeutic response and 
bioavailability with site-specificity,” 
Satish Shetty, director of Product De-
velopment, Cambrex adds. “The avail-
ability of biodegradable polymers en-
ables development of new dosage forms 
that overcomes physiological hurdles.”

Ophthalmic drug delivery is a 
specific area where advancements 
are providing significant opportu-
nities, according to Everts. “Recent 
advances in formulation, process, 
and manufacturing technologies are 
enabling significant opportunities to 
better maintain effective therapeutic 
concentrations over time and reduce 
the total number of injections,” she 
states. “Enhancements in polymers 
and other biomaterials are also en-
couraging the formulation of hydro-
phobic and hydrophilic drugs that can 
precisely match the desired release 
profile, allowing the incorporation of 
drugs with high potency by reducing 
systemic side effects.”

Additionally, Everts underlines the 
use of lipid nanoparticle (LNP) tech-

nologies as a particular highlight of 
2020. “For parenteral drugs, one of the 
highlights of 2020 was the use of LNP 
technologies to enable the rapid de-
velopment and emergency use autho-
rization of the first mRNA vaccines 
for COVID-19,” she says. 

The momentum that has been 
seen in the area of LNPs is expected 
to continue in the future for the de-
livery of nucleic acids, gene and cell 
therapies, and other nanomedicines, 
Everts notes. “However, to maximize 
this opportunity for LNPs, challenges 
relating to stability, shipping, storage, 
and one-time administration need to 
be addressed,” she continues. “So, we 
expect to see many industry innova-
tions focused on formulations that can 
be stored either at normal refrigeration 
or room temperature, and then remain 
stable for several months or more.”

The recent use of mRNA technol-
ogy in the treatment of COVID-19 
has paved the way for formulators to 
target other infectious diseases, ac-
cording to Balasundaram. “Advance-
ment in nanotechnologies has enabled 
the formulators to use drug carriers, 
such as nanoparticles, liposomes, den-
drimers, nanowafer, and hydrogels to 
deliver proteins via non-invasive drug 
delivery routes,” he says. 

“Biologics are increasingly being 
developed with the aim of reducing 
the frequency of administration in 
order to improve patient acceptance 
and also in turn increase adherence,” 
stresses I’ons. “To achieve this, the 
formulations often require either 
higher volumes (typically over 1 mL) 
and/or higher concentrations, and 
hence increased viscosities.” 

To overcome the issues associated 
with increased viscosities, drug deliv-
ery devices have been developed that 
can accommodate a primary con-
tainer with larger fill volumes and ef-
fectively deliver high viscosity formu-
lations, I’ons states. “Newer designs in 
autoinjectors and prefilled safety de-
vices that satisfy these requirements, 
and allow delivery of these more 
complex formulations, are emerging 
on the market,” he says.
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Also, alternative devices to con-
ventional spring-based auto-injectors 
have been developed to facilitate the 
delivery of highly viscous parenteral 
formulations, confirms Balasundaram. 

“There is also a lot of work going on to 
help formulators who need to deliver 
high dose formulations as one dose, for 
example the development of electron-
ically enabled delivery devices such as 
patch-pumps to deliver several mL over 
minutes,” he adds.

Mahdavi adds that there are some 
macromolecules that can now be de-
livered orally, overcoming the per-
meability and stability challenges 
in a more easily administered form 
than injections. “The use of surfac-
tant-based permeation enhancers 
may improve the permeability of 
large-molecule APIs, and when com-
bined with enteric coating, prevent 
degradation of the encapsulated for-
mulation in the stomach,” he says. “In 
turn, this benefits the patient through 
reduced dosing complexity, improved 
safety, and better adherence.”

Targeted approaches
Having the ability to target a drug to a 
specific site within the body or for it to 
be released at a certain time provides 
many advantages. “Targeted delivery 
of drugs not only means less API is 
needed to be delivered to generate a 
desired therapeutic effect, but also a 
lower risk of off-target toxicity issues 
being observed in a patient,” Parker 
reveals. “Additionally, targeted deliv-
ery may facilitate lower dosing regi-
mens and a corresponding reduction 
in a patient’s burden of compliance.”

“Multiple approaches are available 
for the targeted delivery of drugs, 
with varying degrees of precision, 
from highly-targeted approaches such 
as antibody-drug conjugates (ADCs), 
to LNPs that offer degrees of affinity,” 
emphasizes Mahdavi. “There are also 
novel targeting approaches being re-
searched or undergoing early preclini-
cal testing, including natural nanopar-
ticles such as extracellular vesicles. It is 
important to note that in order to get 
high efficacy, other aspects such as sta-

bility and efficient release of the drug 
payload before and after reaching the 
target are key considerations.”

Some of the techniques and solu-
tions that are currently available to 
formulators for targeted drug deliv-
ery include microencapsulation, mi-
crosponges, nanotechnology, immu-
noconjugates, and viruses, reports 
Shetty. These targeted delivery ap-
proaches are important in pharma-
ceutical research to overcome solu-
bility issues, protect the drug from 
the environment and pH changes, 
prevent dose dumping by controlling 
the release profile, control targeting at 
the site of action, and improve patient 
compliance, he says.

Employing a disease or route of 
delivery specific performance model 
can help formulators target specific 
objectives, states Allen. “If we focus 
on nasal delivery, historically the in-
dustry has been reliant on models of 
nasal drug performance that are lim-
ited in their ability to present a more 
complete picture of nasal drug deliv-
ery. Although the passive barrier re-
mains intact within these models (e.g., 
simple cell monolayers), active com-
ponents such as cilia, tight junctions, 
mucus production, and other cellular 
activities do not,” she notes. “Recon-
stituted nasal epithelial (RNE) models 
present an improved version of this 
model system. To more closely mimic 
the in-vivo physiology, cell signaling, 
and architecture, primary human 

nasal epithelial cells are regrown on 
permeable inserts and stimulated 
to develop into a well-differentiated 
nasal epithelium cell.”

Through the continuous develop-
ment of models, such as RNE, formu-
lators are being afforded the opportu-
nities to expand the techniques and 
possibilities available for targeted drug 
delivery, Allen stresses.

Balasundaram believes that there 
will be a greater number of products 
designed for a local effect in the near 
future. “Different dosage forms for 
local effect are very useful when it 
comes to achieving a high drug con-
centration in the target organ,” he says. 

“For instance, inhalation products are 
very useful not only when treating 
respiratory diseases, but also central 
nervous system diseases.”

A targeted delivery approach that 
has proven to be successful in the eye 
of Everts is local drug delivery, whereby 
sustained-release formulations are ap-
plied onto specific anatomical areas, 
such as the knee, eye, and sinus. “With 
this approach, efficacious drug concen-
trations are maintained at the site of 
administration for weeks and months,” 
she says.

“Another successful approach is 
passive targeting,” Everts adds, “for 
example, targeting the liver by achiev-
ing l iver uptake of drug-loaded 
nanoparticles following intravenous  
administration.” 

In addition, active targeting is a use-
ful approach to deliver a drug to spe-
cific cells or cellular compartments 
such as tumor cells, immune cells that 
can be stimulated for immunotherapy, 
or to deliver gene therapy drugs to the 
nucleus versus the cytoplasm of a cell, 
Everts states. “Achieving active tar-
geting is a challenge and requires the 
development of complex parenteral 
formulations that will continue to rely 
upon existing and novel functional ex-
cipients, understanding, and overcom-
ing biological barriers, optimizing new 
emerging drugs, such as nucleic acids, 
and developing manufacturing pro-
cesses that can be scaled up for com-
mercial success,” she says.

Development

Having the ability 
to target a drug 
to a specific 
site or for it to 
be released at 
a certain time 
provides many 
advantages.
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Progressive solutions for biologics
The biologics market is becoming more 
saturated, and it is expected that there 
will be many more large molecules in 
development in the near future. As a re-
sult of this market saturation, develop-
ers will be seeking more ways to deliver 
these complex drugs. “When consider-
ing oral delivery as a possible admin-
istration method for future biopharma 
treatments to avoid parenteral delivery, 
avoiding degradation in the harsh gas-
trointestinal environment, as well as 
transporting large and hydrophilic bi-
ologic molecules into the bloodstream 
remain major barriers to development,” 
stresses Balasundaram.

Research has been undertaken by 
MedPharm experts (1), demonstrating 
the ability for some aptamers to pene-
trate the skin irrespective of their large 
molecular weight, Allen reveals. “This 
research offers hope for the discovery of 
new treatments of difficult-to-treat der-
matological diseases,” she says. “There 
is a tremendous amount of effort to 
prove these diseases can be treated with 
targeted topical delivery.”

Additionally, research into nasal or 
inhaled delivery of biologics is ongoing 

and has the potential to lead to a new 
generation of inhalation biopharma 
therapies, confirms Balasundaram. 

“Possible examples include the delivery 
of gene therapy to the lungs, as well as 
inhaled insulin,” he says.

However, the oral route of admin-
istration remains the most preferred, 
due to convenience, cost-effectiveness, 
fewest sterility constraints, relative 
f lexibility in the design of the dosage 
form, and ease of production, states 
Mahdavi. Innovative approaches that 
can overcome the three main obstacles 
to administering biologics orally—di-
gestive enzymes in the gut that can 
destabilize the molecules, the physical 
barrier of the thin mucus in the gut, 
and the tight junctions of the gut cell 
wall lining that prevent transportation 
of proteins—would be game-chang-
ing in drug delivery of large-molecule 
products. “A combinational integrated 
technology containing enteric coating, 
protease inhibition and absorption 
enhancement will continue to have an 
enormous impact on oral delivery of 
biologics,” he notes.

Thanks to recent improvements in 
the understanding of the human ge-

nome, in addition to advanced diag-
nostic and analytical tools, the biolog-
ics market is positioned for explosive 
growth over the coming decade, Everts 
declares. Even though the majority of 
biologics entering the market are using 
parenteral routes of administration, 
limiting therapeutic applications to 
areas where no oral standard of care is 
available, efforts are underway to facil-
itate the oral delivery of peptides, an-
tibodies, and nucleic acids, with most 
platforms in early, pre-clinical stages, 
she confirms. 

“However, there are some encourag-
ing developments using either poly-
meric or lipid-based excipients that 
will protect the biologic from acid and 
enzymatic degradation, increase con-
tact time with epithelium to enhance 
absorption and increase mucosal per-
meability,” Everts says. “The coming 
years will provide greater clarity as to 
which platform technologies will pro-
vide the right balance between safety 
and efficacy.”
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Takeda’s strategy is to work on both 
complete care solutions that integrate 
complementary technologies and de-
vices to improve the experience for 
those who rely on current plasma-de-
rived therapies and seek to discover 
new ways in which proteins in plasma 
might address a significant number 
of diseases with few or sub-optimal 
treatment options today. The com-
pany is not only making long-term 
investments to increase the capacity, 
but also investing in automation, AI, 
and analytics capabilities, some of 
which is supported through Take-
da’s partnership with Accenture and 
Amazon Web Services.

Underlying these efforts is recog-
nition that plasma-derived therapies 
can only be made from human plasma 
donated by healthy individuals. “If 
we are to realize the full potential of 

plasma, we must create the condi-
tions that can deliver increased and 
sustainable plasma availability long 
term,” Kim insists. “That is why we 
are working closely with policy mak-
ers, regulators, patient organizations, 
and industry partners to advocate 
for change. This includes bringing 
a deeper appreciation that domestic 
plasma collection can secure bet-
ter, more sustainable access to plas-
ma-derived therapies and showing 
where regulations and policies, such 
as donor acceptance criteria, donor 
deferral times, and inventory hold 
periods, require updating urgently in 
line with current scientific informa-
tion,” she says. 

While plasma-based therapeutics 
have been around for decades, the 
potential of cell therapy is just be-
ginning to be realized now that the 
required technologies have advanced 
sufficiently. “There are many complex 

diseases that cannot be treated with 
antibodies, proteins, or enzymes, but 
for which engineered cells offer the 
potential to ameliorate or even cure,” 
Truong observes. “While most of the 
current effort is focused on autologous 
solutions, allogeneic cell therapies 
may have the greatest potential due to 
the reduced logistics issues and abil-
ity to scale up manufacturing (rather 
than scale out). Both approaches, 
however, present tremendous growth 
opportunities,” he concludes.
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deeper than simply financial; liter-
ally, tens of millions of patients in the 
United States and abroad depend crit-
ically on reliable access to medicines to 
maintain quality of life, and in many 
cases, life itself.

Refocusing the innovation lenses, 
from offshoring to reshoring 
In the light of the significant threat 
that a future geopolitical or pandemic 
event poses to the pharmaceutics sup-
ply chain, reshoring manufacturing 
activities is the right business decision 
both for business continuity and for 
national security reasons. The trans-
lation of both needs to a coherent and 
viable business model for pharmaceu-
tical manufacturing depends upon our 
ability to establish a strong foundation 
of technology innovations. It is import-
ant to identify innovations that would 
support making a reshoring strategy 
successful, not only in the short term 
when supporting government policies 
are in place, but in the long term, when 
sustainability depends on profitability. 
Taking generic-drug pharmaceutical 
manufacturing as an example, the 
authors seek to propose a viable phar-
maceutical manufacturing reshoring 
strategy. A significant number of ge-
neric-drug products are essential and 
needed medicines that most people 
depend on. Still, manufacturers neglect 
to make them on US soil due to profit 
margins and capacity constraints (8). 
If a case can be made for successfully 
reshoring manufacturing of generic 
pharmaceutical products, where profit 
margins per product unit are small, it 
is then likely that a reshoring innova-
tion strategy can be successful for any 
pharmaceutical product.

COVID-19’s exacerbation  
of the drug shortage problem
Generic-drug manufacturing has been 
under close attention by the US Con-
gress and FDA due to the importance 
of these drugs’ availability as a public 
health imperative need. The causes of 
generic drug shortages belong to three 
primary sources: price of products, 
quality issues, and manufacturing 

T he application of innovation 
strategies often achieves a busi-
ness’ competitive advantage. One 

definition of innovation is either doing 
different things or doing things differ-
ently (1). In the past few decades, cre-
ating new ways of doing business has 
encouraged global corporations to look 
at competitive scenarios that provide 
lower-cost advantages. The innovation 
strategies designed to achieve cost 
improvements included business or-
chestrations or alliances, outsourcing, 
supplier leverage, and the offshoring of 
companies’ manufacturing activities 

to either lower tax or lower labor cost 
jurisdictions (2,3). 

As demonstrated by recent experi-
ence during the COVID-19 pandemic, 
despite the expectation of providing 
a company with competitive advan-
tages, the risks of extensive offshoring 
likely surpass its benefits (4–6). The 
pandemic showed that the potential 
impact of commerce disruptions on 
the worldwide supply chain of goods 
sold is a significant risk element of 
offshoring strategies. Moreover, other 
supply chain disruption events such as 
geopolitical situations, as well as other 
business risks such as competencies 
and knowledge loss, brand damage, or 
deficient intellectual property protec-
tion policies of manufacturing recip-
ient countries are significant sources 
of risk to weight against offshoring 
benefits (2,5,7). Specifically, regarding 
pharmaceutical products, the risks of 
disrupting the supply chain are much 

Advanced manufacturing technologies are 
available, but challenges need to be addressed.

Reshoring Pharmaceutical 
Manufacturing to the US: 
Can We Do It?
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capacity constraints (6,9–11).  Addi-
tionally, the COVID-19 pandemic 
caused lockdowns in China, India, 
and Europe, unveiling the heavy de-
pendence of the US supply of critical 
medicines on products manufactured 
in these countries (6,12). The shortage 
of drug supply due to the pandemic is 
actively tracked by FDA and kept cur-
rent on the agency’s web page (13). The 
shortages affect almost every type of 
product and medical need, from over-
the-counter analgesics (e.g., ibuprofen 
or acetaminophen) to antibiotics, seda-
tives, respiratory support products (e.g., 
albuterol), and many others. In the case 
of APIs, the magnitude of the US de-
pendence on offshore manufacturing is 
enormous; at least 72% of drugs used 
in the US are manufactured abroad (6). 
The impact of this trade imbalance on 
the US trade deficit is tens of billions 
of dollars per year. The need for drug 
manufacturing in-source balancing is 
immense. The regulators are aware of 
the need to increase the domestic man-
ufacturing capacity and our ability to 
reshore them (6,12,14). 

Innovation to the rescue
The fundamental question is: Are we 
ready to execute a massive initiative 
focusing on API and dosage forms 
reshoring? Considering the cost ele-
ments that affect current generic man-
ufacturer decisions, including the labor 
intensity, the environmental controls, 
and capacity constraints, the answer 
is that we have gaps in the technol-
ogy available to support this endeavor 
successfully. The follow-up question 
is: Are we capable of such transforma-
tion? The answer is likely affirmative, 
in particular if we take full advantage 
of advanced manufacturing methods 
that can enable many advantages, in-
cluding a substantial reduction in the 
cost of manufacturing in general and 
the cost of labor in particular. Let’s 
consider the required steps. 

Continuous manufacturing (CM) 
and process analytical technologies 
(PAT) available for final dosage man-
ufacturing can be used to expand do-
mestic manufacturing capacity rapidly, 

at moderate cost, and at significantly 
lower operating cost than the batch 
methods that are prevalent in overseas 
manufacturing activities. Companies 
can build CM lines capable of real-time 
quality control, with the capacity to 
make more than one billion tablets 
(or capsules) per year in a single room 
using dry blending/direct compression 
continuous manufacturing (DCCM) 
methods. Existing integrated PAT 
tools can enable assurance of quality 
of 100% of the product stream, to allow 
real time release of products. Moreover, 
in such a situation where quality can 
be assured for essentially every unit of 
product, processes can be developed 
and should be approved by regulators 
much more quickly. 

Mechanical and computer systems 
integration for such advanced manu-
facturing systems is possible within a 
few months, in a small footprint (i.e., 
1000-ft2 is enough), and at an affordable 
cost (in the order of five million USD 
investment per line). Building such 
lines on movable skids to make them 
portable and capable of manufacture 
at distant geographical locations is 
also feasible, as demonstrated by proj-
ects such as the collaboration between 
Pfizer, GSK, GEA, and G-CON (15). 

Emerging methods for pre-condi-
tioning APIs to make them more man-
ufacturable are radically expanding 
the range of applications of continuous 
direct compression. In fact, as demon-
strated by recent work at Rutgers Uni-
versity in collaboration with Janssen 
Pharmaceuticals, products can be devel-
oped using DCCM methods in a matter 
of a few weeks of effort per product due 
to the knowledge-based available lever-
age, including material property data-
bases, libraries of models for process 
equipment, rapidly growing capabili-
ties in PAT, demonstrated soft-sensing 
methods for predicting product quality 
attributes (including dissolution pro-
files), and growing expertise in appli-
cation of automated process control. 

The primary constraint for reshor-
ing generic drug manufacturing per-
tains to the API. Table I shows the na-
ture of the limitations that need to be 

considered and the strategies to miti-
gate them. Amongst the most import-
ant is the availability of locally avail-
able intermediate materials used in the 
API synthesis. Moving the final stages 
of API manufacturing to domestic fa-
cilities might well be an exercise in fu-
tility if it does not include a strategy to 
obtain the intermediate materials from 
local sources. Otherwise, we would 
simply be moving our dependence 
on external sources upstream on the 
supply chain, while leaving our supply 
chain vulnerabilities intact.

Design and integration of unit opera-
tions for continuous flow synthesis and 
purification started several years ago. 
Still, aspects related to scale-up, flexible 
design of the synthesis platform, and op-
timization through flow-sheet modeling 
needs additional development.  Inter-
estingly, since the basic process science 
for liquid-based systems is significantly 
better developed than for powder-based 
processes, very rapid gains are possible 
in integrating advanced manufactur-
ing systems for APIs, oral liquids, and 
sterile injectable liquids. However, FDA 
had approved only one API for continu-
ous manufacturing (16), and there is no 
continuously manufactured parenteral 
product yet developed and approved 
by FDA. Clearly, additional experience 
in regulatory evaluation of such appli-
cations of advanced manufacturing is 
needed to enable industry to move for-
ward with confidence. 

One of the most promising new con-
tinuous flow synthesis systems is the SRI 
AutoSyn multistep flow synthesis system. 
SRI developed this continuous flow syn-
thesis system as a multistep universal 
synthesizer to develop new drugs using 
SRI’s artificial intelligence proprietary 
tools. The speed at which this system can 
generate a small molecule synthesis route 
allows for the development of new syn-
thetic pathways for generic drugs based 
on intermediate synthesis materials 
available in the US. The main technol-
ogy drawback preventing its current use 
as a pure continuous flow synthesis is the 
units’ current scale, designed to produce 
grams per hour. Nevertheless, transla-
tion of continuous flow synthesis path-
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way into the traditional batch process or 
hybrid continuous and batch process de-
sign is an option that can accelerate the 
development of the needed commercial 
scales of high demand generic products. 

An important constraint faced by 
companies that seek to implement ad-
vanced manufacturing methods, in 
particular generic-drug companies 
with limited experience in this area, is 
that advanced manufacturing is knowl-
edge intensive. Many decision makers 
at generic-drug companies currently 
have limited visibility into the entire 
set of issues required to implement 
these technologies successfully and to 
develop processes that can be approved 
by regulatory agencies. In the past 15 
years, the authors of this article have 
supported many such efforts to success-
ful conclusion. In our opinion, access 
to knowledge and expertise, and man-
agement commitment, are by far the 
most significant elements required for 
success. Fortunately, due to the efforts 

of C-SOPS based at Rutgers University, 
the Massachusetts Institute of Technol-
ogy, the National Science Foundation, 
FDA, and leading US-based pharma-
ceutical companies, such as Janssen, 
Vertex, Pfizer, and Eli Lilly, the US is in 
a position of leadership in access to the 
knowledge base required to implement 
advanced pharmaceutical manufactur-
ing applications. 

Securing medicinal product avail-
ability in the event of a supply-chain 
disruption is a problem that needs a ro-
bust solution. An effective approach will 
take years to implement, which simply 
means that we need to start as soon 
as possible, and we need to mobilize 
resources based on a lucid, long-term 
implementation plan. Patients world-
wide, particularly our fellow US citi-
zens, need to have affordable, available, 
and high-quality medicines produced 
within our geographical boundaries, to 
ensure that they are accessible under 
any supply-chain circumstances. The 

advances in pharmaceutical technolo-
gies achieved in the US are crucial el-
ements of an innovation strategy that 
promises to solve the issue sustainably. 
It is a matter of starting and getting the 
work done as soon as possible.
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Table I. Constraints and challenges for reshoring pharmaceutical  
products from abroad 

Constraint Constraint description Mitigation or strategy 

Sourcing of 
intermediate
materials

Ensure intermedicate materials 
needed for API synthesis are all 
sourced from adequate internal 
or regional reliable sources

Make supply agreements with 
local chemical suppliers.
Develop synthesis design for 
materials availability.

Fiscal Impact of tariffs and taxes States and federal 
governments need to consider 
breakes on tariffs or taxes for 
regionally sources materials. 

Technology The moderate use of 
continuous manufacturing 
(CM) and process analytical 
(PAT) technology for API 
manufacturing 

Develop technologies for CM/
PAT adapted to pharmaceutical 
manufacturing requirements. 
Use strategies of hybrid CM and 
batch operations.

Environment API manufacturing use of 
solvents and their waste 
generation and handing.

Operations are designed to 
minimize the use of solvents 
and waste generation. Provide 
state and federal economic 
incentives to encourage the 
use of environmentally friendly 
technologies.

Workforce After more than 20 years of API 
manufacturing offshoring, the 
skilled workforce availability for 
API manufacturing is limited.

Academia can contribute to 
the creation of training and 
academic programs to develop 
workforce needs.

Regulatory Drug master files and 
supplemental new drug 
applications for advanced 
manufacturing

Ensure alignment with FDA’s 
Emerging Technologies 
Team through efficient 
communications. 

Manufacturing
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Finally, if the product makes it through 
all phases of clinical trials and gets the 
stamp of approval from FDA or another 
agency, it enters commercial manufac-
turing, where the recipe and process 
setpoints are transferred to internal 
manufacturing sites or to external con-
tract manufacturers. Failure modes for 
process safety and quality are evaluated 
using cause and effect analysis, but for 
the most part, the manufacturing site is 
starting from scratch to collect data for 
process efficiency improvements. In the 
event of a process deviation, R&D staff 
may be contacted for additional infor-
mation on a particular failure mode, but 
commercial-scale manufacturers are 
largely unable to mine data or knowledge 
from the entire development process. By 
the time a manufacturing deviation oc-
curs, R&D scientists may have moved 
on to other projects, so the process to 
get materials, set up analytical methods, 
and provide additional information is 
inefficient. There is also an opportunity 
loss when R&D personnel are not able to 
work on new products because they must 
investigate issues with older projects. De-
spite these difficulties, it is critical to find 
the root cause of a deviation to prevent 
repeat deviations.

Data connectivity,  
integrity, and auditing
To support analyses across all stages of 
drug development and manufacturing, 
subject matter experts (SMEs) must 
be able to easily access data across a 
product’s full lifecycle so laboratory, 
pilot, and commercial manufacturing 
can perform comparable analyses and 
utilize the knowledge captured in tech 
transfer. It is crucial to minimize time 
spent cleansing and aligning data sets 
so these experts can speed time to in-
sights. By connecting these disparate 
data sets to an analytics application, 
scientists, developers, and manufactur-
ers can quickly find, explore, quantify, 
and document results about their pro-
cesses to support tech transfer. 

Data connectivity alone, however, 
isn’t enough, as data integrity is also 
of prime importance to guarantee safe 
and effective drug production. Infor-

A  pharmaceutical product can take 
many years to move from drug 
discovery to approval. Starting 

in research and development (R&D), 
significant amounts of data and pro-
cess information are collected. This 
information is generated by many de-
partments, each of which may operate 
in a silo. While the results of the 
process design are shared, often the 
underlying data are not, resulting in 
a loss of knowledge continuity and 
suboptimal tech transfer.

This problem and other related is-
sues can be addressed through the 
intelligent application of advanced 
analytics software to coordinate data 
sharing and insights between teams 
and functional areas. This article will 
explore some examples of how such an 
analytics application can be used to 

support knowledge capture and collab-
oration, from the lab to the commercial 
manufacturing site.

Gaps in the flow of knowledge
As a drug moves into preclinical and 
clinical trials, the development team 
verifies that the process can scale to 
pilot and ultimately to commercial 
manufacturing, all without changes to 
critical process parameters that could 
impact product quality. Pilot-scale data 
are usually stored in a process historian 
and compared to laboratory and pro-
cess analytical technology data, which 
are typically available as disparate data 
sources. As a result, it is often difficult 
to directly compare the pilot data to 
R&D studies. Disparate data sets must 
be extracted from their respective 
sources, then the data must be aligned 
before performing analysis. After this 
data wrangling, a retrospective analysis 
of scalability is performed.

Sharing process insights across the stages  
of drug development improves tech transfer.

Optimizing Tech Transfer 
with Advanced Analytics 
Emily Johnston

Emily Johnston is a senior analytics 
engineer with Seeq.
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mation security considerations for 
authentication and authorization are 
necessary to ensure only designated 
individuals can access the system and 
interact with the appropriate data. 

Tracking changes to calculations cre-
ated in an analytics application is another 
key factor for regulatory compliance. 
Data administrators must be able to pro-
vide evidence that data are used properly, 
especially when making decisions for 
releasing a production run or changing 
parameters during manufacturing. 

To support these types of efforts, 
companies must establish a designated 
good manufacturing practice (GMP) 
computing environment to use for pro-
duction decisions. This environment 
may be an entirely separate system 
with its own connections to the data 
sources. Or, it may exist within the sys-
tem used for engineering, as long as the 
system has access control settings to 
limit user edits of validated data, along 
with the ability to keep an audit log of 
changes made to calculations and other 
analytics configurations.  

In either case, standard operating 
procedures and user permissions are 
leveraged to maintain the integrity of 
the GMP content and to provide SMEs 
with a different workspace in which to 
iterate through in-progress analyses.  

Therefore, advanced analytics ap-
plications must provide secure con-
nectivity to live, streaming, validated 
data, with controls for traceability and 
auditing. Calculations must be trans-

parent and reproducible to provide easy 
understanding of exactly how the un-
derlying data were processed.

Preparing for  
commercial manufacturing
Advanced analytics applications improve 
knowledge capture to support the tech-
nology transfer process by making ex-
perimental information available to com-
mercial manufacturing personnel and 
other departments. Knowledge transfer is 
maximized by connecting to data sources 
at R&D, pilot, and manufacturing scale 
to overlay experiments with batches, and 
by providing tools to capture in-depth 
process learnings during scale-up.

In an example of a continuous twin-
screw granulation process, an advanced 
analytics application was used to analyze 
the data from a design of experiments 
and to build a quality-by-design (QbD) 
multivariate design space around the pro-
cess for ultimate use in commercial man-
ufacturing. This model was developed by 

cleansing the experimental data to align 
upstream and downstream process sig-
nals in time, and then limiting the model 
inputs to steady-state operation. 

These inputs were used in a multivar-
iate regression model to determine the 
influence on critical quality attributes. 
The multivariate QbD model was then 
deployed in commercial manufacturing 
to provide a monitoring view of the pro-
cess, flagging deviations from the defined 
quality specifications as they occurred to 
allow quick remediation (see Figure 1). 

Continued process verification 
through statistical control charting
By proactively monitoring manufacturing 
processes, pharmaceutical companies can 
control variation to ensure quality product. 
Statistical control charting is used to sup-
port continued process verification (CPV), 
ensuring that processes are executed in a 
correct and consistent manner. 

Control limits will change based on 
which product recipe is being run at the 
manufacturing site. It is, therefore, im-
portant to identify both the parameter 
to monitor and the associated product 
campaigns being run so statistical val-
ues for averages and standard deviation 
limits can be calculated for each product, 
as shown, for example, in Figure 2. After 
creating the sigma limits, run rules can 
be applied to search for process excur-
sions, and for trends that may provide 
early excursion warnings.

Once the logic is defined for the CPV 
control charts and desired run rules, it 

Manufacturing

Figure 1. Design space models applied to production data for ongoing process monitoring. Periods of deviation are 
automatically captured for reporting and further analysis.
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can be applied to any period of time, or 
even be performed online to track batch 
variations in near real-time.

Ongoing process monitoring
To support the pharmaceutical tech 
transfer process, SMEs must be able to 
connect to data from many different 
process, lab, maintenance, and manu-
facturing sources to perform analyses. 
Once these data are collected, engi-
neers and scientists can calculate sta-
tistical limits, key process indicators, 
and aggregations using analytics tools. 
Important trends and metrics can then 
be assembled into static batch reports 
or live updating dashboards for ongo-
ing process monitoring. These dash-
boards can continue to update and 
include the latest data for monitoring 
the process in near real-time.

These dashboards and reports pro-
mote knowledge capture and collabo-
ration across organizations by bringing 
together multiple analyses, often config-
ured by a team of process experts. These 
reports can be reviewed by operators, 
engineers, and managers to ensure each 
batch is progressing within the limits 
specified during the drug development 
and pilot scale-up processes. Using the 
digital tools that make data visible across 
the product lifecycle, any observed devi-
ations can be analyzed against lab data 
to search for similar issues and learnings. 

Conclusion
Throughout the product lifecycle, sub-
stantial knowledge is gathered about the 
process through R&D experiments and 
scale-up batches. Advanced analytics 
applications enable rapid and more effec-

tive tech transfer throughout the product 
lifecycle to shorten the time required for 
handoffs between departments within 
an organization. During tech transfer, 
advanced analytics applications can help 
researchers understand the relationships 
among variables and determine critical 
process parameters at laboratory scale, as 
well as verify scalability and optimize the 
process as it moves into pilot production. 
In addition, these learnings can prove 
critical for monitoring process variability 
and quality and for performing deviation 
investigations at commercial scale.

Advanced analytics applications thus 
empower SMEs to document their anal-
yses, capture information, and mine 
previous information from colleagues 
to speed up the process development 
timeline and improve efficiency at com-
mercial scale. PT

Figure 2. Statistical control chart with averages (light blue center lines), 1 sigma (blue lines), 2 sigma (yellow lines), 
and upper and lower limits (red lines) calculated for four different product types.
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Customer-centricity, near-miss reporting, and data integrity 
are critical components of Big Q at DuPont. 

Quality is one of the most important components of pharmaceutical 
products. Traditionally, the focus has been mostly on the 
manufacturing function to deliver quality. But Big Q, or Quality 

Culture, ensures that quality is up to everyone, and that every member of the 
organization is completely focused on customer needs. 

Kieran O’Dwyer, quality director of pharma solutions at DuPont, tells 
Pharmaceutical Technology more about how the company’s excipient 
platform is taking customer cues to implement this total quality focus. 

PHARMTECH: What is Big Q and why should it matter to pharma? 

O’DWYER: Quality is crucial in the pharmaceutical industry—perhaps the 
most important factor in producing excipients—and is something that 
should be everyone’s responsibility as an excipients supplier. Our ultimate 
goal is to make things easier for customers and to deliver the quality 
product they need.

When we ask our customers how we’re doing, a variety of opportunities 
arise for us to improve across DuPont cross functionally. Big Q elevates 
quality beyond manufacturing, with the goal of improving all aspects and 
contact points for our customers. By implementing Big Q, we make sure 
our teams are completely focused on addressing customer issues—from 
invoicing to logistics to customer service—which creates a better service 
package and makes us a more holistic customer-centric organization. 

PHARMTECH: What are the major components of Big Q?

O’DWYER: We’re currently focusing on three components of Big Q: 
customer centricity, near-miss reporting, and data integrity. First, a 
customer-centric organization is about cultivating an ongoing partnership 
with customers. We’re engaging key customers and distributors to 
collaborate and identify where we can help them streamline their 
processes and address issues they may have on a regular basis. Our goal 
is for customers to have zero complaints, so we’re focused on proactively 
reducing those. 

The second focus is on near-miss reporting. At our manufacturing sites, 
our teams report any quality event or near miss that impacts (or has the 
potential to impact) one of our customers. Our sites track and analyze 
near-miss metrics and hold monthly reviews of the quality issues that 
have been reported. This helps to ensure corrective action is taken to 
prevent reoccurrence and allows for the prevention of similar events 
across the business. The goal is to continuously identify opportunities to 

The Age of Big Q: A Full Organization 
Obsession with Customer Success

improve customer satisfaction and deliver a high-
quality product. 

The third focus area is data integrity. During recent 
customer visits and audits of our plants, customers 
have been increasingly focused on data integrity. Thus, 
we have created a policy that defines our data integrity 
approach and allows us to evaluate our current status 
and identify opportunities for improvement. 

As part of DuPont’s data integrity initiative, we are 
exploring integrating digital tools into our processes, 
such as increasing automation in our laboratories. 
By directly connecting more instrumentation to 
our systems, DuPont analysts can avoid entering 
data manually to ensure complete, consistent, and 
accurate data entry.

PHARMTECH: How do you implement all of that 
into an organization?

O’DWYER: At DuPont, we’ve been focused on quality 
as a key priority since we started making excipients. 
We view 2020 as the start of a continuing journey 
to focus on specific areas of customer centricity, 
Big Q near-miss reporting, and data integrity. We 
intentionally picked these three focus areas to 
start off the journey successfully and make some 
serious progress during our first year of this initiative. 
Culture change isn’t easy, but it’s about setting 
clear targets and staying constantly connected to 
one another and to our customers to make sure all 
of our initiatives align to achieving those targets. 
Because of course, leadership support and employee 
engagement are essential to being successful.

PHARMTECH: Have you tracked to see how this 
initiative has benefited customers?

O’DWYER: To be totally customer centric, it’s vital 
that customers know that we’re listening to them, 
and responding to their needs. For example, one 
of our key customers had been experiencing some 
complex shipping documentation issues on certain 
international routes that were causing logistical 
bottlenecks. They raised this issue and our cross-
functional team devised a solution, which  fixed a 
long-term issue for them, allowed us to streamline 
an internal process, and then proactively address the 
same issue for other customers. It’s just one of many 
examples where customers have already benefited 
from Big Q and created sustainable change. 

PHARMTECH: How does one’s mindset need 
to change or shift during this pandemic to 
implement Big Q?

O’DWYER: All companies have to completely rethink 
how to organize work at their sites to minimize the 
number of people. At DuPont, we’re no different—
how to reduce the risk of contamination, yet still 
deliver quality products for our customers on time, is 
at the forefront of our efforts. 

As a result, there’s been cross training of DuPont 
employees to cover various roles. On the system 
side, this means pushing for even more flexibility 
of assets and materials to make the same products 
at different locations in different regions—all while 
following International Pharmaceutical Excipients 
Council (IPEC) guidelines. 

In terms of implementing our Big Q initiative, we’ve 
had to stay very focused. We haven’t been able to 
be hands on, which forces us to listen even more 
carefully and get creative on how to move forward.

PHARMTECH: How do you measure the success of 
Big Q?

O’DWYER: The overarching idea behind Big Q is that 
it starts with the customer. We’re looking outward 
and having conversations with customers about how 
they perceive quality, the business itself, and what 
we can do to be an even better-quality supplier. We 
measure progress by listening to our customers’ 
feedback and by paying close attention to our quality, 
service, and reliability metrics. When the customer’s 
happy, we know we’ve been successful.

PHARMTECH: What is next for DuPont and its 
quality measures?

O’DWYER: Because quality is so crucial for our 
industry and our customers, we’re committed to the 
continuation of this journey for many years to come. 
Our efforts will continue into 2021, and we plan on 
adding new focus areas over time. 

By implementing Big Q, we reinforce our 
commitment to customers, communicate openly with 
them to determine areas of growth, and align with 
their needs to continually evolve alongside them.

The Pharma Solution platform within DuPont Nutrition & Biosciences aims to help customers 
with both everyday challenges and future solutions. Armed with more than 300 years of cellulosic 
experience, a broad, unique portfolio, and unrivaled, vital expertise, our team fuels innovations that solve all 
types of formulation challenges.

https://www.dupont.com
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at different locations in different regions—all while 
following International Pharmaceutical Excipients 
Council (IPEC) guidelines. 

In terms of implementing our Big Q initiative, we’ve 
had to stay very focused. We haven’t been able to 
be hands on, which forces us to listen even more 
carefully and get creative on how to move forward.
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T  
o ensure the safety and efficacy of APIs and their 
finished dosage forms, these pharmaceutical articles 
need to be of a certain quality. The US Pharmacopeia 
(USP) and other pharmacopoeias establish public 

compendial standards to ensure quality requirements. Such 
compendial standards and their revisions are established in 
a transparent process. These standards are of high relevance, 
as they help facilitate access to affordable medicines (1), and 
they almost always have official status. At the same time, they 
are of high value to the pharmaceutical industry because they 
also decrease the development effort of pharmaceutical arti-
cles (2). The value of compendial standards is also described 
in a recent white paper authored by the World Health Orga-
nization International Meeting of World Pharmacopoeias (3).

Typically, a compendial standard is a combination of a 
documentary standard, such as a monograph or general 
chapter, and an associated physical reference standard (RS). 
These pharmacopeial RS are primary RS and are established 
by a rugged collaborative testing approach; they have official 
status when connected to compendial documentary stan-
dards (4) and are, therefore, generally accepted by regulatory 
authorities without additional qualification by users. When 
assessing the compliance of a pharmaceutical article against 
the official compendial standard, only the combination of 
documentary standard and pharmacopeial RS is conclusive. 
For example, the European Pharmacopoeia (Ph. Eur.) general 
text 5.12 states that (5):

“A Ph. Eur. reference standard referred to in a monograph 
or general chapter represents the official standard that is 
alone authoritative in case of doubt or dispute.”

The United States Pharmacopeia (USP) General Notices 
under 5.80 points out that (6): 

“Where USP or NF [National Formulary] tests or assays 
call for the use of a USP Reference Standard, only those re-
sults obtained using the specified USP Reference Standard 
are conclusive.”

Consequently, the use of other (i.e., unofficial) RS in com-
bination with a documentary standard is not conclusive or 
authoritative. The release or compliance assessment of a phar-
maceutical article based on such a combination is the respon-
sibility of the users and is their risk alone, which would also 
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The Value of Pharmacopeial 
Reference Standards

The US Pharmacopeia and other major 
pharmacopoeias have established that only 
the combination of documentary standards 
and pharmacopeial reference standards (RS) is 
conclusive and determines compliance to their 
official quality requirements. Therefore, the use 
of non-pharmacopeial RS with pharmacopeial 
methods is inconclusive, and the user takes 
responsibility at their own risk. Secondary RS 
are often used for qualitative and quantitative 
purposes. This article provides an overview 
of the key risks that can be associated 
with the use of secondary RS based on the 
measurement uncertainties that are intrinsically 
connected to the approach, and information 
that might help mitigate these risks to some 
extent. Case study examples are included 
to illustrate scientific challenges associated 
when transitioning from pharmacopeial RS 
to secondary RS. The guard band principle is 
discussed as an evocative way to visualize risk. 

Christian Zeine, Doug Podolsky, Jane Weitzel, Ravi Reddy, and Steven L. Walfish
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apply when secondary RS are used, even if they were derived 
by comparison with the corresponding pharmacopeial RS.

The purpose of this article is to provide case study exam-
ples to illustrate scientific challenges associated with transi-
tioning from pharmacopeial RS to secondary RS. This topic 
is approached from the perspective of measurement uncer-
tainties that are connected to reportable values obtained 
using compendial standards and how this might change 
when transitioning from pharmacopeial RS to secondary 
RS. Calculations for measurement uncertainties for the 
use of compendial standards are provided in the Methods 
section, and information on the challenges of transitioning 
from pharmacopeial to secondary RS are provided in the 
Discussion section. Only uncertainties for characterization 
of the pharmacopeial and secondary RS and assay result of 
substance tested will be discussed in this article. There are 
other contributions to uncertainties that may influence a 
measurement, such as contributions for the RS from homo-
geneity and long-term stability (7), but these are not consid-
ered in this paper.

The authors are aware that the calculations performed 
here are beyond most users for technical reasons. Uncertain-
ties for pharmacopeial RS are not provided, as it is unneces-
sary for their official use in the monograph. Pharmacopeial 
RS are not tailored to assign assay values to secondary RS 
or to set up a traceability relation between them, as these 
are non-compendial applications. Therefore, it is difficult 
for users to assess the impact that the switch from pharma-
copeial RS to secondary RS would have on the acceptance 
criteria. This limitation has been clearly pointed out to the 
pharmaceutical community (8). Nonetheless, the impact on 
acceptance and rejection zones can be visualized by this 
approach in an evocative way.

METHODS
The authors examined several USP RS and their relevant 
data for the calculation of the assigned value. The following 
exemplary cases illustrate the differences between two types 
of models used for the calculation of the assay value of the 
primary RS: 

• Type 1 follows a model where all impurities were deter-
mined on a percent weight-per-weight (w/w) basis and 
simply subtracted from 100%(w/w).

• Type 2 follows a model where the chromatographic im-
purities were considered as relative percentages. Every 
other contribution (e.g., water, residue on ignition 
[ROI]) was considered as w/w percentages, to be sub-
tracted from 100%(w/w) before multiplying with the 
chromatographic purity.

A real compendial RS was selected to represent each type. 
For confidentiality reasons, they are referred to in this paper 
as Surrogatine Hydrochloride (HCl) RS for type 1 and Re-
placepam RS for type 2. 

The assay value of the substance tested (ST) is calculated 
as shown in Equation 1 and has two components: 
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        [Eq.1]

The first is a ratio (R) often of areas, response factors, or a 
relative potency comparing the substance tested to the pri-
mary reference material. The second comprises the multipli-
cation of the ratio by the value assigned to the primary (P) 
RS, in this case the pharmacopeial RS, which establishes the 
reportable value for the substance tested. Both components 
contribute to the uncertainty of the value assigned to the 
substance tested, but only the magnitude of the former is 
within the control of the company developing or adopting 
the analytical method (9).

As described in Section 8.2.2 of the Eurachem Guide 
on Quantifying Uncertainty in Analytical Measurement 
(QUAM) (10), the general relationship between the com-
bined standard uncertainty uc(y) of a value y and the un-
certainty of the independent parameters x1, x2, ...xn on which 
it depends is shown in Equation 2:
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[Eq.2]

Here, y(x1,x2,…) is a function of several parameters x1,x2,..., 
and ci is a sensitivity coefficient evaluated as ci=∂y/∂xi , the par-
tial differential of y with respect to xi. Applied to Equation 1, the 
combined standard uncertainty of the measurement result for 
the substance tested can be calculated using Equation 3 (9):
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        [Eq.3]

For Equation 3, the uncertainties for the ratio, uR, and for the 
assay value of the primary RS, up, need to be determined. The 
assay value P can be taken from the information provided from 
the supplier of the RS or from calculations from other sources. 
For the purpose of this article, the value for the ratio R can be 
set to 1, as typically peak areas of similar size are compared.

For the pharmacopeial RS shown in the following sections, 
all measurements relevant for the calculation of the final 
assay value were determined in three different laboratories 
(i.e., standard deviations were obtained on the [precision] 
level of reproducibility). Uncertainty was calculated using 
the (relative) standard deviations of these measurements.

Uncertainty calculation for assay value of pharmacopeial RS, case 
type 1. Table I shows the exemplary data for Surrogatine HCl 
RS, including test results of the collaborating laboratories 
for the tests relevant for the calculation of the assay value. 
All organic and inorganic impurities (residue on ignition 
[ROI]), residual solvents [ReS], water by Karl Fischer [KF], 
organic impurities [I]) were determined as w/w percentages.
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Therefore, this RS’s assigned value (P) was calculated 
using Equation 4, subtracting all single impurity contribu-
tions from 100%(w/w). 
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[Eq.4]

The determination of the combined standard uncertainty for 
the USP RS follows Rule 1 as explained in Section 8.2.6 of Eura-
chem QUAM (10). This rule is used for calculations involving only 
sums or differences. Equation 5 shows Rule 1, applied to the specific 
case, using the standard deviations as uncertainty contributions.
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   [Eq.5]

Uncertainty calculation for assay value of pharmacopeial RS, case type 2. 
In this example, the impurities that are undetectable by the chro-
matographic purity method (i.e., water by KF, ROI, ReS, related 
compound H by gas chromatography [GC], Replacepam R-iso-
mer, and others detectable by capillary electrophoresis [CE]) were 
determined as w/w percentages; however, the organic purity was 
determined as relative percentage (see Table II). The RS’s assigned 
value (P) was calculated using Equation 6, subtracting all w/w con-
tributions from 100% and then multiplying with the chromato-
graphic (organic) purity. 
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    [Eq.6]

Equation 6 contains both sum/difference and product/quotient 
parts. As recommended in Section 8.2.7 of Eurachem QUAM (10), 
the determination of the combined standard uncertainty follows 
a combination of the Rules 1 and 2. Therefore, the interim uncer-
tainty for the first part of the product, “(100-(KF+ROI+ReS+G-
C+CE)) %(w/w)”, will be derived separately using Rule 1. For the 
second part, “(100-I)÷100”, only the uncertainty for the organic 
impurities (I) needs to be considered. These interim uncertainties 
will then be linked together to the combined standard uncer-
tainty for the USP RS assay value. Equation 7 shows the calcula-
tion for interim uncertainty uInt by Rule 1, for the specific part 

“(100-(KF+ROI+ReS+GC+CE)) %(w/w)”:
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Equation 8 then combines both uInt and uncertainty for the 
organic impurities uI, following Rule 2 from Section 8.2.6 of 
Eurachem QUAM (10):
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Table I. Surrogatine Hydrochloride reference standard 
and test results of the collaborating laboratories.

Surrogatine 
Hydrochloride 
reference standard

Lab 1 Lab 2 Lab 3 Mean
Standard 
deviation

Residue on ignition, 
%(w/w)

0.01 0.03 0.01 0.02 0.01

Residual solvents, 
%(w/w)

0 0 0 0.00 0.00

Water content (Karl 
Fischer), %(w/w)

4.00 3.43 3.82 3.75 0.29

Organic impurities, 
%(w/w)

0.037 0.04 0.045 0.04 0.00404

Assigned value, 
%(w/w)

95.95 96.50 96.13 96.19

Table II. USP Replacepam reference standard and test 
results of the collaborating laboratories.

USP Replacepam 
reference standard

Lab 1 Lab 2 Lab 3 Mean
Standard 
deviation

Water 
determination (Karl 
Fischer), %(w/w)

0.11 0.12 0.19 0.14 0.04

Residue on ignition, 
%(w/w)

0.04 0.05 0.02 0.04 0.02

Residual solvents, 
%(w/w)

0.05 0.06 0.05 0.05 0.01

Replacepam 
Related Compound 
H, %(w/w)

0 0 0 0.00 0.00

Replacepam 
R-Isomer and other, 
%(w/w)

0 0 0.1 0.03 0.06

Organic 
Impurities (high 
performance liquid 
chromatography), % 
total detected area

0.21 0.02 0.03 0.09 0.11

Assigned value, 
%(w/w)

99.59 99.75 99.61 99.65
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To calculate test results and their expanded uncertain-
ties, the assigned values and their uncertainties from 
Equations 4, 5, 6, and 8 will be used.

Calculation of test results and expanded uncertainties. The cal-
culation of test results and uncertainties follows Equations 
1 and 3, respectively. In Equation 3, the uncertainty of the 
ratio uR is the last factor to be considered.

Ratio R is determined from peak areas, response factors, 
or a relative potency comparing the unknown sample (ST) 
to the primary RS (P) (9). For the cases presented here, the 
ratio is determined by the comparison of the peak areas 
of both ST and P and, for simplicity, can be set in first 
approximation to 1 (Equation 9), as typically peak areas of 
similar size are compared.
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           [Eq.9]

The uncertainty uR of the ratio can then be calculated 
following the previously described Rule 2 (Equation 10). 
The terms under the root square are the relative standard 
deviations (RSD) of the chromatographic method used 
to determine the areas of the main peaks, see also Sec-
tion 8.2.6 of Eurachem QUAM (10). The authors assume 
a value of 0.2% for the RSD of the method, for both the 
Surrogatine HCl and the Replacepam, described pre-
viously. The actual method’s RSD should be used, but 
RSDs are typically approximately that size, depending 
on the precision regime (i.e., repeatability, intermediate 
precision, reproducibility) used to determine the RSD 
(see Table III).
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All data are now available to calculate the uncertainty for 
an assay result using Equation 3 to determine the combined 
standard uncertainty of a Surrogatine HCl (Equation 11) and 
of a Replacepam substance (Equation 12).
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These combined standard uncertainties are normally re-
ported as expanded uncertainties by multiplying them with 
a coverage factor (k) of 2 to reflect a confidence level (CL) of 
95%, as described in Section 8.3.3 of Eurachem QUAM (10). The 
assay values for substances tested with a pharmacopeial RS, as 
discussed previously, would be reported as follows:

• For Surrogatine HCl with an expanded uncertainty of 
±0.80%(w/w) (k=2, 95% CL)

• For Replacepam with an expanded uncertainty of 
±0.62%(w/w) (k=2, 95% CL).

These expanded uncertainties are of utmost relevance in 
the following discussion, which introduces the concept of 
guard bands.

DISCUSSION
The principle of guard bands is commonly used in com-
pliance testing. It considers the expanded uncertainties of 
analytical methods including the RS used, as outlined and 
calculated in the Methods section. The principle also con-
siders possible risks of false acceptance or rejection, and the 
desired level of probability for the correct/false acceptance 
or rejection. From these considerations, decision rules are 
derived. Guard bands were also suggested for use in phar-
maceutical quality control (release testing) (11, 12).

Basically, decisions for correct acceptance/rejection are 
made on reportable values that have a certain distance from 
the original specification limits. Figure 1 shows the general 
concept of guard bands; more detailed information is avail-
able elsewhere (13). Ideally, they should be chosen to be as 
wide as the expanded uncertainty of the measurement to 
make sure the risk of a false acceptance/rejection stays con-
siderably low. Furthermore, depending on the criticality of 
the true value being within the specifications, the guard 
bands can be either positioned inside the specification zone 
(stringent acceptance zone, see Figure 1) or outside of the orig-
inal specification zone (relaxed acceptance zone) (14). Results 
within the acceptance zone would lead to the release of the 
pharmaceutical article; results outside of the acceptance zone 
would lead to an initial rejection. In case of initial rejection, 
two events could be distinguished by using the following de-
cision rules, depending on the laboratory’s risk management:

• Results within the guard bands could be considered 
outside of expectation (OOE) and would trigger a  

Table III. Dependency of guard bands from reference 
standard type used and measurement relative standard 
deviation (RSD) realized.

Widths of guard bands (expanded 
uncertainties) for reportable values of 
Surrogatine Hydrochloride, depending 
on reference standard used and 
measurement RSD assumed, in %(w/w)

RSD 
0.2%

RSD 
0.3%

RSD 
0.4%

RSD 
0.5%

Pharmacopeial reference standard 0.80 1.00 1.23 1.48

Secondary reference standard 0.96 1.29 1.65 2.01
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predefined OOE retesting routine. This is also known as 
transition decision rule (14).

• Results outside the limits could be considered out of 
specification (OOS) and would trigger a stringent  
investigation, according to the predefined OOS routine.

Guard bands for Surrogatine HCl. For the example of Surroga-
tine HCl, expanded uncertainties for the assigned value of the 
substance tested were described as calculated in the Methods 
section; however, for monograph purposes they are usually 
not known to the user and there-
fore not considered. This situation 
is illustrated in the Surrogatine HCl 
monograph example (Figure 2) by 
showing the uncertainties as guard 
bands in dotted lines within the 
monograph’s specification zone. 
The acceptance zone in this case 
(i.e., when combining the mono-
graph as documentary standard 
[DS] and the pharmacopeial RS) 
would be identical with the spec-
ification zone of the monograph. 
Any result outside the acceptance 
zone would be OOS. However, in 
practice (and not considered here), 
laboratories would probably allow 
a slightly stricter acceptance zone, 
in particular regarding the lower 
limit, because they need to make 
sure that the pharmaceutical article 
fulfills the monograph specifica-
tion over its whole lifecycle.

Guard bands for Surrogatine 
HCl with a secondary RS. The sce-
nario would change if a sec-
ondary RS is used, compared 
to the pharmacopeial RS for its 
assigned value (Figure 3). Add-
ing that additional measure-
ment step results in a larger un-
certainty for the secondary RS. 
Consequently, the expanded 
uncertainty for the overall mea-
surement increases as well. The 
outcome is an extension of the 
guard band (i.e., a narrowing 
of the acceptance zone). Again, 
this narrowing is usually not 
known to the user. However, as 
per definition, only results ob-
tained with the original phar-
macopeial RS are conclusive; 
there is a real risk of obtaining 
an OOS result without realiz-
ing it when working with an 

unchanged acceptance zone. To illustrate that risk, the ad-
ditional measurement uncertainty has been added, reaching 
further into the acceptance zone (see Figure 3). Moreover, the 
full guard band should be considered now for narrowing the 
acceptance zone, as only the combination of documentary 
and pharmacopeial RS allows—theoretically—for a congru-
ent specification and acceptance zone. For the user, however, 
it is not possible to estimate how much narrowing of the 
acceptance zone is necessary.

Figure 1. Schematic acceptance and rejection zones for simultaneous upper and 
lower limits. The guard band (g) is usually as wide as the expanded uncertainty for 
the measurement result.

Figure 2. Schematic acceptance and rejection zones for Surrogatine Hydrochloride, 
a combination of its documentary standard (DS) and pharmacopeial reference 
standard (RS). Acceptance, specification, rejection, and guard band (g) zones are 
not true to scale; only uncertainties for characterization of the primary RS and assay 
result of substance tested have been considered.
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To calculate the extension of 
the guard bands for a secondary 
RS, the candidate material for the 
secondary RS would first take the 
place of the substance tested and 
have an expanded uncertainty 
of 0.8%(w/w). Following the ap-
proaches outlined (see Methods) 
for Surrogatine HCl, and assum-
ing an RSD of 0.2% for the method, 
an assay result of a substance 
tested with the secondary RS 
would then have a combined stan-
dard uncertainty of 0.48%(w/w), 
and an additional contribution 
of 0.08%(w/w) would be realized. 
In Equation 13, for simplicity, the 
assay value for S, the secondary 
RS, was assumed to be the same 
as for P in Equation 11. The guard 
bands would widen, from 0.80 to 
0.96%(w/w), in agreement with 
the expanded uncertainties. Con-
sequently, the acceptance zone 
should be narrowed down by 
0.16%(w/w) on both sides.

MANUFACTURED BY SOUTHAMPTON, PA,USA
888-599-6099 • Distributors Worldwide
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Figure 3. Schematic acceptance and rejection zones for Surrogatine HCl, 
combination of documentary standard (DS) and secondary reference 
standard (RS) compared to the pharmacopeial RS. Acceptance, specification, 
rejection, and guard band (g) zones are not true to scale; only uncertainties for 
characterization of the primary/secondary RS and assay result of substance 
tested have been considered.
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Depending on the precision of the chromatographic meth-
ods used for the comparison, the scenario can change to the 
better or the worse. As mentioned above, an RSD of 0.2% is 
realistic, but larger RSD (and lower) are also possible. Table III 
shows guard bands as expanded uncertainty results for RSDs 
from 0.2 to 0.5% for Surrogatine HCl. Inevitably, the guard 
bands widen with transition from pharmacopeial to second-
ary RS; they also widen with increasing measurement RSD.

CONCLUSION
As noted in the Discussion section, a significant change in the 
uncertainties of reportable values can clearly be seen between the 
pharmacopeial and secondary RS. The guard band principle illus-
trates this in an evocative way. When applying the principle on the 
topic of secondary RS in quality control (QC) release testing, the 
range of acceptance/rejection zones will change, as the use of the 
secondary RS introduces an additional measurement uncertainty.

Although the authors do not intend to take a position on the 
appropriateness of the use of secondary RS in individual circum-
stances, consider two important facts:

• Assigned values of secondary RS inherently carry a larger 
measurement uncertainty, compared to primary (pharma-
copeial) RS, as an additional measurement step is taken (8). 
Consequently, measurements obtained with the secondary 
RS carry larger uncertainties as well, compared to measure-
ments with the corresponding pharmacopeial RS.

• It is inappropriate to work with certain acceptance crite-
ria when using documentary standard (monograph) and 
pharmacopeial RS, and to work with the same acceptance 
criteria when using a secondary RS derived from compar-
ison with the pharmacopeial one. In fact, the users of sec-
ondary RS should narrow down the original acceptance 
zone to ensure they would still be within specification 
limits of the monograph for their acceptance decisions.

The authors understand that it is difficult for users to assess 
the impact that the switch from pharmacopeial RS to secondary 
RS would have on the acceptance criteria, because uncertainties 
for pharmacopeial RS are usually not provided, for the reasons 
discussed previously. 

To address this issue, the pharmaceutical QC community 
could opt to: 

• Work exclusively with pharmacopeial RS when compliance 
through combination of pharmacopeial documentary and 
RS is established

• Establish the identity of the secondary RS against phar-
macopeial RS. The assay value and related measurement 
uncertainty should be determined independently for the 

secondary RS, using mass balance calculation instead 
of assay against the pharmacopeial RS. Acceptance 
zones should be adapted according to the measure-
ment uncertainties found. This approach is practiced 
in the pharmaceutical community (15) as suggested by 
a WHO expert committee (16). The results obtained 
with pharmacopeial and secondary RS should be com-
pared; based on the comparison, the secondary RS can 
be released. Regular checks should be considered as to 
whether the relation is still valid, for example, during 
lot changes of the pharmacopeial RS. 
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demic has ‘greatly increased/will greatly 
increase’ problems with diversion, theft, 
and counterfeiting of critical products 
such as test kits, vaccines, and antivirals,” 
reports Aimee Genzler, vice-president, 
Corporate & Brand Communications at 
TraceLink, the study sponsor (2).  

In fact, in anticipation of a spike in 
counterfeiting, the US Immigration and 
Customs Enforcement Homeland Secu-
rity Investigations (HSI) has launched 
Operation Stolen Promise 2, to halt the 
production, distribution, and sale of il-
licit COVID-19 treatments and vaccines. 
HSI reported that its agents have seized 
illicit proceeds and goods, made arrests, 
and shut down fraudulent websites (3), 
including the seizure of two domain 
names in December 2020 (4).

The proliferation of counterfeit 
goods stems in part from the shift to 
e-commerce, which has been acceler-
ated by stay-at-home orders and advi-
sories and reduced access to physical 
retail pharmacies. “The emergence 
of on-line pharmacies poses a signifi-
cant threat of escalation in counterfeit 
pharmaceuticals and underscores the 
urgent need for on-dose countermea-
sures,” reports Peter Wong, chief op-
erating officer at TruTag Technologies, 
which recently entered a partnership 
with Colorcon to provide advanced 
security coatings for on-dose use. 

 “Counterfeiters are opportunis-
tic,” explains John Pitts, key account 
manager for Antares Vision, noting, 

“COVID-19 provided the ‘perfect storm’ 
for the counterfeiters: panic in consum-
ers; product shortages from the brand 
name ethical providers; desire and, in 
many cases, requirement to purchase 
via e-commerce; and lack of and often 
conflicting information from the media 
and authorities.” 

Joe Farrell, life sciences expert at 
Loftware, concurs, “It seems clear that 
whenever there are high-value phar-
maceutical products, there will be 
people trying to profit illegally. The 
fact that the COVID-19 vaccines need 
to be shipped in stringent cold storage 
containers with radio frequency iden-
tification (RFID) temperature sensors 
along with specialized transportation 

T he never-ending battle against 
counterfeit pharmaceutical prod-
ucts has become fiercer with the 

pandemic. With product protection a 
constant concern, the market for an-
ticounterfeiting technologies is strong, 
regulatory efforts are ongoing, and 
authentication and anticounterfeiting 
technologies are evolving. As a result, 
the anticounterfeiting packaging market 
is projected to grow at a 7.8% compound 
annual growth rate to $189.9 billion in 
2026 (1). A major driver for this growth 
is the expanding use of e-commerce 
platforms, which make it easy to set up 
shop to sell fraudulent products and are 
largely unregulated. A study by Local 
Circles noted that approximately 20% 
of all products sold on e-commerce sites 
are counterfeit (1). 

Anticounterfeiting laws and regu-
lations, such as the European Union’s 
Falsified Medicine Directive and the 
US’s Drug Supply Chain Security Act 
(DSCSA), safeguard prescription drugs 
available from pharmacies. “However, 
pharmaceutical manufacturers should 
be aware that these measures alone will 
not guarantee a product’s integrity and 
authenticity,” says Gene Dul, president 
of Schreiner MediPharm US. He says, 

“Only additional counterfeit-proof au-
thenticity features can provide a com-
prehensive approach against fraud, mis-
use, and tampering.” 

Unfortunately, the coronavirus pan-
demic has increased the opportunities 
for counterfeiting. “In a survey issued 
by IDC in June 2020, 70% of companies 
agreed that their supply chain is ‘very 
vulnerable’ to suffering more problems if 
the COVID-19 crisis lasted more than a 
couple of months longer, and 75% of com-
panies agreed that the COVID-19 pan-

Anticounterfeiting technology protects the 
supply chain from manufacturer to patient. 

Countering Counterfeiters  
and Diverters 
Hallie Forcinio

Hallie Forcinio is packaging editor at 
Pharmaceutical Technology, editorhal@
sbcglobal.net.
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methods will make it more difficult for 
counterfeiters to enter the supply chain, 
but not impossible.”

With COVID-19 vaccines now roll-
ing out in limited quantities, demand 
will outstrip supply in the coming 
months. “This will create a ripe envi-
ronment for unscrupulous parties to 
offer fake product,” says Wong, noting, 

“Distribution of the COVID-19 vaccine 
is designed to go to many more points 
of dispensing than for a normal phar-
maceutical drug, as governments seek 
to deliver vaccinations broadly and as 
quickly as possible while maintaining 
demanding cold-chain requirements. 
These logistical requirements will create 
higher than normal transition points in 
the overall supply chain, which in turn 
create increase opportunities for diver-
sion, adulteration, and fake product to 
reach the patient.”

Counterfeiting countermeasures
The pharmaceutical industry has been 
on the leading edge of anticounterfeit-
ing and brand protection efforts for 
many years. “Anticounterfeit solutions 
are usually tailor-made according to the 
needs of the brand owner,” says Paavo 
Sillanpää, senior business manager, 
Pharma at UPM Raflatac.

A diverse strategy considering threat 
scenario and product is needed. “Most 
pharma companies have a multi-layered 
approach,” notes Farrell. The most com-
mon physical solutions are tamper-evi-
dent labels and packaging materials, 
designs that prevent the placement of 
a counterfeit product into the original 
packaging, serialization, and overt and 
covert authentication methods such as 
holograms, invisible markers, and tag-
gants. “Ideally, multi-level security con-
cepts should be used that are individually 
tailored to a specific use case, combining 
analog and digital features, which can be 
verified by different stakeholders within 
the supply chain,” says Dul. 

There is heightened interest in tools 
and technologies that go beyond the 
package to protect patients, such as on-
dose solutions. In addition, says Wong, 

“the industry is increasing its public 
awareness campaigns of the problem of 

fake and unsafe medicine in an effort to 
educate consumers about the dangers of 
unauthentic drug products.”

As a result, Pitts predicts an increased 
focus on consumer engagement. He 
notes, “Enabling the end consumer 
and the dispenser to authenticate their 
products is powerful on so many levels. 
It makes counterfeiting more difficult, 
provides vital and real-time data to the 
consumer, and can offer the manufac-
turer feedback.”

Labeling technologies
Labeling plays an important role in 
the fight against counterfeit products. 
As the passport for moving products 
through the global supply chain, it con-
tains any track-and-trace or authentica-
tion information. “In the label business, 
we have seen an increased interest in 
various tamper-evident (TE) solutions 
and holograms,” reports Sillanpää. One 
new product from UPM Raflatac com-
bines heat resistance, advanced adhe-
sion, and conformability. Designed 
primarily for the European market 
where cartoned blister packaging is 
common, the heat-resistant TE label 
won’t shrink in heat tunnels used to 
produce multipacks. UPM Raflatac has 
also introduced sustainable TE labeling. 
It’s produced from Forest Film, which 
Sillanpää says is “the world’s first wood-
based plastic labeling material.” Bene-
fits include performance equivalent to 
traditional plastic film label materials 
and the ability to help pharmaceutical 
brands achieve sustainability goals. 

Demand for more sustainable prod-
ucts extends to RFID and near-field 
communication (NFC) tags. Eco-
friendly RFID and NFC tags from 
Identiv feature paper-based transpon-
der inlays that reduce polyethylene tere-

phthalate content, resulting in a repul-
pable substrate (5). 

RFID technology is integral to the 
Cap-Lock plus RFID cap adapter and 
label combination from Schreiner 
MediPharm. The label-integrated 
RFID inlay provides digital proof of 
integrity and first-opening evidence 
for syringes as well as product authen-
tication. Dul explains, “The adapter 
is placed on top of the syringe’s pri-
mary closure and interlinked with it 
to equalize the diameter differences of 
the syringe body and closure. The label 
wraps around the syringe body and cap 
adapter and—once opened—provides 
irreversible tamper evidence due to an 
integrated perforation.”

Printing and tagging technologies
Magnetic ink is another potential an-
ticounterfeiting tool. Technology from 
Inspectron relies on a proprietary 
reader, track-and-trace software, and 
magnetic ink, long used on checks to 
facilitate automated sorting. The mag-
netic ink is used to print a barcode, 
which is detectable even if it’s not visible 
to the eye. That means the code, which 
may be serialized, can be hidden on the 
inside of a carton or under a label and 
still be read. The current reader works 
from a distance of up to 2 mm, but units 
with longer read ranges are under devel-
opment. “However, longer read ranges 
require bigger codes,” notes Nathalie 
Muller, head of Innovation at Inspec-
tron. Although the first commercial 
application of the technology inkjets 
the codes on paper to enable identifi-
cation of diverted product, Muller says, 
the permanent magnetic codes could be 
printed on plastic or glass containers 
and potentially support tasks like vial 
tracking. Also under development is a 
hybrid one- and two-dimensional bar-
code that would hold more data. 

On-dose technology enables authen-
tication at the product level. Edible 
microparticles coupled with the Smart 
Medicine solution from TruTag Tech-
nologies confirms product authenticity 
and can help boost patient adherence 
and outcomes. A new Pharma Mobile 
App allows patients to scan each dose 

Operations
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with their smartphone, authenticate it, 
and record that it was taken. If desired, 
the record of the dose can be shared with 
healthcare providers. The system also 
can link to other product information. 

In April 2020, FDA accepted molec-
ular tagging technology from Applied 
DNA Sciences into its Emerging Tech-
nology Program (6). The company says 
that its technology is a multilayered 
platform that gives both the dose and 
the packaging an immutable identity 
for authentication.

On Nov. 30,  2020, A lpVision 
launched its Alpvision COVID-19 Ini-
tiative to protect COVID-19-related 
therapeutics and vaccines against 
counterfeiting. Under the program, 
AlpVision provides pharmaceutical 
companies and their suppliers with the 
tools to deploy its Cryptoglyph digital 
security feature on their packaging. In-
visible to the human eye, the Crypto-
glyph feature can be authenticated via 
smartphone. Adopting the technology 
does not change the production pro-
cess or involve additional consumables. 
In addition, the smartphone applica-
tions connect to AlpVision’s Brand 
Monitoring System, a centralized 
server platform that enables real-time 
monitoring of product authentication 
activities. AlpVision plans to provide 
this service for free until the World 
Health Organization declares the pan-
demic has ended (7). 

Software tools
Physical technologies are common an-
ticounterfeiting tools, but counterfeit 
and diversion prevention also relies on 
software. Farrell reports, “At Loftware, 
we are being asked for help in getting 
the correct information onto the label. 
It’s important to have an enterprise la-
beling solution that integrates with a 
company’s sources of data to make sure 
the correct approved information is au-
tomatically applied to the labels. This 
includes languages, barcodes, regula-
tory symbology, and regional product 
information. You also need a labeling 
solution that can aid with approving, 
managing, and promoting electronic 
information for use [data] to help speed 

the process for a faster time to market 
for these critical products.” Although 
not specifically an anticounterfeiting 
product, Loftware Spectrum software 
integrates with serialization solutions 
and ensures labeling is consistent, ac-
curate, and contains the right serialized 
data and barcodes. “The use of global 
templates in an enterprise solution 
also helps our life sciences customers 
to globally standardize on the look of 
their supply chain labels to help identify 
counterfeited products,” he explains.

The scalable Track My Way platform 
from Antares Vision offers single-unit, 
batch, and custom traceability; provides 
direct consumer engagement; and can 
extend from raw materials tracking to 
end-of-life package disposal/recycling. 
Geolocation functionality can track the 
harvesting of the raw materials, pack-
aging locations, the movement of prod-
ucts through the supply chain, and the 
point-of-sale location. 

In April 2020, TraceLink released 
an anticounterfeiting tool called Smart 
Distribution Tracking.  By integrating 
the Internet of Things with product se-
rialization, Smart Distribution Tracking 
provides full track-and-trace visibility 
for the secure delivery of vaccines, test 
kits, and high-value products. 

Another software tool, the Summit 
Authentication Platform from Micro-
trace Solutions, is a customized sys-
tem consisting of a self-authenticating, 
encrypted barcode; a Spectral Tag-
gant; and a handheld detector plus a 
smartphone mobile app. “Our Spectral 
Taggant is a chemistry formulated into 
an ink that, when printed, is a highly 
secure ‘signature’ or ‘fingerprint,’” 
explains Brian Brogger, president at 
Microtrace Solutions. This signature 
can be authenticated instantly via the 
handheld spectrometer or smartphone 
without an Internet connection. For 
vaccines and therapeutics, the barcode 
and Spectral Taggant can be applied to 
security labels. The mobile app is then 
able to verify that the barcode was gen-
uinely issued and the Spectral Taggant 
verifies that the barcode has not been 
copied. The system also can provide 
real-time reporting and analysis. 

The latest release of the Systech Brand 
Protection Suite from Systech Interna-
tional, the software solutions division of 
Markem-Imaje, delivers a fully integrated 
solution to combat counterfeiters, identi-
fies product diversion, meets regulatory 
compliance, and provides analytics. The 
centerpiece of the suite, the company’s 
non-additive e-Fingerprint technology, 
turns any existing barcode into a unique, 
digital identifier to provide end-to-end 
visibility and actionable information 
as a product moves through the supply 
chain. New functions include the ability 
to push unique responses and content to 
users and smartphone authentication of 
e-Fingerprinted products. Responses can 
be tailored to the user, location, time, and 
safety of the product, and include photos 
or other information. A new analytics 
platform, Systech Insight, offers a series 
of Information on Demand dashboards 
and an analytics data pool (8). 
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limit patient exposure,” notes Daniel 
Ingles, technical leader for trace ele-
ments, Metrics. “Other metals, such as 
lead and cadmium, are not commonly 
encountered in pharmaceutical prod-
ucts but are controlled because they 
accumulate in patients over time.”

Taking cadmium as an example, 
which is known to be toxic, Ingles 
iterates the necessity of the analysis 
and removal of trace metals in phar-
maceuticals. “Cadmium toxicity is as-
sociated with liver and kidney injury, 
osteoporosis, skeletal deformations, 
neurological deficits, and it’s classified 
as a category 1 carcinogen,” he says. 

“The biologic half-life of cadmium in 
the kidney is estimated to be between 
six to 38 years, and between four and 
19 years in the liver (1). These half-lives 
ref lect the fact that humans do not 
have effective elimination pathways for 
a number of toxic metals which have 
no known biologic function in humans. 
Excessive bioaccumulation is therefore 
regarded as potentially toxic and every 
effort must be made to analyse and 
limit patient exposure.”

“Raw materials used for chemical 
synthesis can contain traces of elemen-
tal impurities based on their produc-
tion or origin source,” adds Johannes 
Hesper, product manager, Spectroscopy,  
Shimadzu Europe. “Catalysts and fil-
ters may release inorganic ions, and 
surfaces of tube reactors may react to a 
very low extent with the synthesis prod-
ucts. Additional risks are changes in 
ion strength and pH of synthesis media 
as often occurs during the process. Last 
but not least, formulation and packing 
can introduce impurities into the final  
pharmaceutical products.”

For biopharmaceuticals in partic-
ular, any materials that potentially 
come into contact with the final prod-
uct should be inert, Hesper confirms. 

“Metal ions may interact with or co-
valently bond to the molecular struc-
ture [of the drug], replacing standard 
counter ions,” he says. “In the worst 
case, [the metals] are transferred into 
the human body where they can neg-
atively influence the normal metabo-
lism pathways.”

E lemental impurities present in  
a drug product are associated  
with potential safety and toxico-

logical risks, and, therefore, appropri-
ate analysis of elemental impurities  
is imperative to minimize patient 
exposure. “Elemental impurities are  
any elements that are not meant  
to be present in the final formu-
lation of drug product,” asserts  
John Ferencz, manager, Trace Ele-
ment and Contaminant Analysis at 
Avomeen. “These [impurities] can 
be introduced through numerous 
steps in the drug manufacturing  
process … Since most medica-
tions are taken on a daily or weekly  
basis, routine exposure to toxic ele-
ments and chronic health conditions 
could occur without proper impuri-
ties testing.”

Sources of impurities
According to regulatory guidance, 
there are two sources of elemental 
impurities, explains Paul Kippax, 
Pharmaceutical Sector director at 
Malvern Panalytical, which are ei-
ther intentionally added impurities 
or non-intentionally added ones. For 
the former, impurities could enter the 
drug product via the use of catalysts 
in the synthesis of APIs, for example. 
Non-intentionally added impurities 
can include contaminants from nat-
urally sourced materials or from man-
ufacturing equipment, dose container 
systems, or water used in drug manu-
facturing or formulation.  

“Several potentially toxic metals, 
such as palladium and rhodium, are 
used as catalysts or reagents in the syn-
thesis of APIs and must be removed to 

Common approaches to analyze  
elemental impurities for compliance  
with regulatory requirements are  
robust but still have some limitations.

Approaching Elemental 
Impurity Analysis
Felicity Thomas
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Regulatory requirements
In recent years, regulatory require-
ments for elemental impurity test-
ing have been adapted and harmo-
nized (2,3), and manufacturers are 
expected to demonstrate compliance 
via validated instrumental methods. 

“The most significant change in re-
cent years is the withdrawal of the wet 
chemistry method for determination 
of heavy metals from all regulatory 
guidance,” states Ferencz. “Elemental 
impurities testing must now be per-
formed using validated instrumental 
methods to ensure proper exposure 
limits are met.”

“For nearly a century, heavy metals 
were controlled using a benchtop wet 
chemistry procedure, of which the US 
Pharmacopeia (USP), European Phar-
macopoeia (Eur. Ph.), British Pharmaco-
poeia (BP), and Japanese Pharmacopoeia 
(JP) had similar versions,” Ingles reveals. 

“The assumption was that any metals that 
formed an insoluble sulfide would re-
spond to it. Unfortunately, in practice, it 
was not effective in detecting heavy met-
als at concentrations of interest to mod-
ern industry and was gradually phased 
out and replaced by more technologically 
advanced methodologies.”

Cu r rent ly,  d r ug ma nu fac t u r-
ers are required to demonstrate 
compliance with the International 
Council for Harmonization’s guid-
ance—ICH Q3D  (4)—and USP’s 
guidance—USP  <232>  (5), Kippax 
highlights. Additionally, USP <233> 

outlines which analytical procedures 
may be used for the detection of ele-
mental impurities (6), he adds.

“ICH Q3D sets out the harmonized 
requirements for detection of 24 el-
emental impurities, depending on 
whether these are intentionally or un-
intentionally added to a product. These 
limits are based on an understanding 
of the bioavailability of each element,” 
Kippax says. “USP <232> sets the maxi-
mum permissible daily exposure (PDE) 
for elements, again based on an assess-
ment of their bioavailability. In general, 
the guidance provided is harmonized 
with ICH Q3D, except for total paren-
teral nutrition (TPN) products.”

Hesper stresses that regulations 
around the detection of elemental 
impurities are updated frequently. 

“Thanks to modern detection tech-
nologies and methods, the limits of 
detection are getting lower and lower,” 
he notes. “New studies on the effects 
of such impurities trigger reconsider-
ations of risks and limits.”

“While the elemental impurities 
themselves are well defined, the expo-
sure limits are under constant review 
by various governing and regulatory 
bodies,” concurs Ferencz. “There have 
been efforts to harmonize these limits 
internationally, but several regulatory 
agencies still choose to set their own 
levels based on alternative guidance.”

In terms of potential future up-
dates, Ferencz reports that there have 
been several pushes to introduce sep-
arate limits for additional exposure 
pathways. “While drug introduction 
techniques have been expanding, the 
guidance has not, and parenteral now 
covers a large range of introduction 
techniques that do not necessarily 
have the same exposure risks for the 
various elemental impurities,” he says. 

“As more research is done on organ spe-
cific effects of different elements, the 
pressure for this [regulatory update] 
will increase.”

“Based on the actual push in terms 
of biopharmaceuticals, especially due 
to vaccine development, regulations 
on limits for metal contamination 
could again be under discussion to 

avoid influences on final products by 
metal ions,” adds Hesper. “As processes 
for release and approval of new phar-
maceuticals and vaccines are getting 
shorter and faster, it becomes more 
important to reduce possible risks to 
a minimum.”

Commonly used techniques
The most commonly used techniques 
to analyze elemental impurities is in-
ductively coupled plasma–mass spec-
trometry (ICP–MS) or inductively 
coupled plasma–optical emission spec-
troscopy (ICP–OES). “Both techniques 
use a high energy plasma to ionize any 
elements present in the sample prepa-
ration and detect them using elemental 
masses or elemental emission bands,” 
Ferencz states.

“The advantage of using ICP is that 
it can detect a wide range of elemental 
impurities at very low concentrations,” 
confirms Kippax. “This [capability] 
enables the product safety require-
ments for the main product types 
(oral solid dose, inhaled, and injectable 
products) to be assessed.”

Hesper concurs that ICP–MS is a ro-
bust and highly sensitive method used 
for trace analysis of heavy metals and 
adds that ICP–atomic emission spec-
troscopy (ICP-AES) has the ability to 
quickly analyze multiple elements in 
a large concentration range. “Of some 
use regarding elemental impurities is 
atomic absorption spectroscopy (AAS) 
for quantitative and qualitative analy-
sis of many elements mostly in aqueous 
solutions and solids,” he says. “Rarely 
applied to the detection of elemental 
impurities is energy dispersive X-ray 
fluorescence spectroscopy (ED–XRF), 
which can analyze toxic elements 
in solid and liquid samples with  
high sensitivity.”

Some limitations
Even though ICP–MS is required  
to reach the desired levels of sensitiv-
ity, there are some limitations to the 
technique, according to Ingles. “The 
instrumentation is expensive and re-
quires a trained analyst to operate 
it,” he says. “Additionally, there are  

In recent years, 
regulatory 
requirements 
for elemental 
impurity testing 
have been 
adapted and 
harmonized.
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technical complications in the analysis 
of arsenic and the digestion of nearly 
insoluble oxides of silicon and titanium.”

Although, it is possible to mitigate 
the complications with ICP–MS or 
ICP–OES through the use of appro-
priate sample preparation and back-
ground correction techniques, the 
cost and operation remains a barrier 
to businesses and leads to outsourcing, 
Ingles continues.

Another issue with ICP is that the 
sample preparation can be a lengthy 
process, asserts Kippax. “In addition, 
the preparation route, which involves 
sample digestion and dilution, requires 
a high degree of training,” he says. “As 
a result, although the method is rou-
tinely used in batch release, it is more 
difficult to apply during process de-
velopment, where more rapid feedback 
and the application of quality-by-de-
sign (QbD) aids with process optimiza-
tion and the development of a realistic 
process design space.”

There is also the possibility of gaining 
false positive results when using ICP–
MS, as some elements have different iso-
topes with the same mass to charge rela-
tion, Hesper highlights. “But, basically, 
all 24 elements of the ICH classes can 
be analyzed using the ICP–MS tech-
nique,” he notes. “Gold, mercury, and 
osmium can sometimes be challenging. 
If the focus [of the analysis] is only on 
the seven most toxic elements, AAS can 
be the method of choice.”

A major limitation, as is the case 
with any instrumentation, can be sen-
sitivity, stresses Ferencz. “Methods 
must balance matrix effects with detec-
tion limits to properly monitor for the 
elemental impurities at the required 
levels,” he says. “The other major lim-
itation of these techniques is speciation. 
Because ICP requires the atomization 
and ionization of elements for analy-
sis, it cannot provide the information 
about the valence states and molecular 
forms of the elements.”

Ferencz explains that even though 
speciation can be relatively more com-
monplace for certain elements, such 
as arsenic and mercury, for other ele-
ments it is still a niche technique. “As 

pharmaceutical companies experiment 
with the use of different elements, es-
pecially transition metals, in novel 
molecules and biologic therapies, there 
is a growing need to quickly and accu-
rately assess whether the element ex-
ists free in the toxic elemental form or 
properly bound in the clinically proven 
novel product,” he asserts.

The next step
“In the future, species analysis may be-
come more important,” reveals Hesper. 
For example, if an analyst was seeking 
to differentiate chromium III/VI rather 
than simply measuring total chromium, 
then liquid chromatography (LC) cou-
pled with ICP–MS is more interesting, 
he states.

The use of chromatography was also 
key for the future for Ferencz, who be-
lieves that the next shift in elemental 
impurities analysis will be the use of 
high-performance liquid chromatog-
raphy (HPLC) coupled with ICP–MS. 

“The ability to separate and speciate 
all elements in a drug product allows 
for a more thorough risk assessment, 
especially as studies continue to prove 
the marked difference in toxicity be-
tween free elements and various bound 
states,” he notes. “This technique is still 
only used for very specific novel drug 
products, but as the market grows, it 
will move to be the technique of choice.”

When considering the practical is-
sues that are associated with ICP-based 
methods, Kippax asserts that XRF, 
which offers a faster turnaround of 
samples, cost efficiencies, and simpler 
measurement workflows, is starting to 
be more widely adopted. He explains 
that there are two main areas in which 
XRF provides the greatest advantages—
in-process development and quality 
control (QC) screening.

“XRF is applied to guide process 
development scientists toward effec-
tive elemental scavenging processes, 
providing rapid feedback on the ca-
pabilities of the process,” Kippax says. 

“This [application] can speed the time 
to release of candidate batches. In 
this mode of use, ICP may be used as 
validation that a realistic endpoint is 

achieved, ensuring that the concen-
tration of impurities within the final 
dosage will be within specification.”

In QC screening, XRF can be applied 
in the manufacturing process to track 
the elemental concentration, Kippax 
continues. “For some pharmaceutical 
products, this may be sufficient to meet 
ICH Q3D or USP <232> requirements, 
depending on the product dosing reg-
imen,” he says. “Where XRF is unable 
to meet the requirements for detection, 
it can provide information on the gen-
eral concentration of elements within 
a sample—this can then guide sample 
preparation for ICP, avoiding measure-
ment failures caused by the elemental 
concentration within the sample being 
too low or too high.”

However, Ingles states that, de-
spite the technique being useful in the  
detection of a variety of metals, there are 
significant cost and operation barriers to 
the implementation of XRF in the phar-
maceutical industry. “Alternative tech-
niques more commonly adopted in the 
agriculture and food sectors may at some 
point be considered for pharma, they in-
clude AAS, atomic emission fluorescence 
spectrometry (AES/AFS), neutron acti-
vation analysis (NAA), and anodic strip-
ing voltammetry (AVS),” he says. “As 
mentioned earlier, the techniques will 
need to meet ICH and USP reference 
requirements. There will also need to be 
a good use case to move away from the 
current, widely accepted  approach.”
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that drug products manufactured with 
such excipients should not be consid-
ered adulterated/misbranded and 
made specific recommendations for in-
clusion of exemptions in the USP–NF 
General Notices labeling requirements 
for additives and processing aids.  
IPEC-Americas believes this provides 
a means for FDA to ensure the safe use 
of additives and processing aids while 
protecting excipient manufacturers’ in-
tellectual property and allowing excipi-
ents already demonstrated to be safe to 
continue to be used (2).

This article explores challenges of 
understanding concomitant compo-
nents as part of the excipient composi-
tion profile. As described in the IPEC 
Excipient Composition Guide, con-
comitant components are components 
other than the nominal component 
that are inherent/integral to excip-
ient composition and are often re-
quired for functional performance (3). 
The USP stimuli article, “The Com-
plexity of Setting Compendial Spec-
ifications for Excipient Composition 
and Impurities,” also describes con-
comitant components:

“The term ‘concomitant compo-
nent’ is used in this Stimuli arti-
cle to encompass all components 
that are a necessary part of the 
excipient, and hence should not 
be considered impurities unless 
they are shown in some way to 
compromise the quality of the ex-
cipient. Concomitant components 
of an excipient include substances 
that either are known to promote 
excipient function or have an un-
known contribution to excipient 
function and are clearly not del-
eterious to excipient quality” (4).

Excipient concomitant 
components vs. impurities 
The International Council for Har-
monisation of Technical Require-
ments for Pharmaceuticals for Human 
Use (ICH) Q3A, Q3B, and Q7 guide-
lines define impurities in drug sub-
stances and drug products; however, 
these definitions, as follows, do not 
apply to excipients:

T   his article is the third in a series 
related to excipient composition 
authored by members of the In-

ternational Pharmaceutical Excipients 
Council of the Americas (IPEC-Amer-
icas). The first article, “The Real Com-
plexity of Excipient Composition,” de-
scribed types of excipients, which vary 
from simple single-chemical entities 

to co-processed materials to complex 
natural or synthetic polymer mix-
tures. The article also discussed excip-
ient composition profiles, which may 
include concomitant components, ad-
ditives, processing aids, by-products, 
degradants, residual starting materi-
als, solvents, catalysts, and reagents 
in addition to the nominal (labeled) 
component. It concluded that the 
current labeling requirements in the 
United States Pharmacopeia–National 
Formulary (USP–NF) General Notices 
are not appropriate for excipients due 
to the complex nature of excipient 
composition (1).

The second article, “Additives and 
Processing Aids in Pharmaceutical 
Excipients,” revealed that many ex-
cipients with a long history of safe use 
contain additives and/or processing 
aids required for the excipient to func-
tion as intended. The article asserted 

Viewpoint: Continued dialogue among 
pharma stakeholders is needed to achieve  
consensus regarding excipient composition.

Understanding 
Concomitant Components 
in Pharmaceutical 
Excipients
Jennifer Putnam, Katherine Ullman, Priscilla Zawislak,  
David Schoneker, George Collins, Douglas G. Muse,  
Brian Carlin, Joseph Zeleznik, and Chris Moreton
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• ICH Q3A—“Any component of the 
new drug substance that is not the 
chemical entity defined as the new 
drug substance” (5)

• ICH Q3B—“Any component of the 
new drug product that is not the 
drug substance or an excipient in 
the drug product” (6)

• ICH Q7—“Any component of the 
intermediate or API that is not the 
desired entity” (7).

An API is “intended to furnish phar-
macological activity or other direct ef-
fect in the diagnosis, cure, mitigation, 
treatment, or prevention of disease or 
to affect the structure and function of 
the body” (8). Any components that are 
not the API are considered impurities 
because they reduce its purity, thereby 
potentially compromising the efficacy 
of the drug product (1). 

Unlike most active ingredients, ex-
cipients are not typically small mole-
cules where the goal of manufacture is 
to have the highest assay or purity (4). 
Drug substances are typically syn-
thetic chemicals yielding a single, 
highly purified, chemical entity. Ex-
cipients, however, are made using 
many different types of manufactur-
ing processes, from purification of 
natural materials to polymer synthe-
sis, which often yield complex mix-
tures of components. Therefore, API 

“impurity” concepts cannot be applied 
to excipients; differentiation of con-
comitant components from impurities 
is required.

USP General Chapter <1195> differ-
entiates concomitant components from 
impurities (bold type indicates authors’ 
emphasis): 

“Excipients may contain minor 
components that are known to be 
or might be necessary for the correct 
functioning of the excipient. The 
presence of these ‘essential concom-
itant components’ in the excipient 
should not be construed as unde-
sirable. These concomitant com-
ponents are not considered part of 
the impurity profile but should be 
considered separately. Water may 
be a concomitant component in 
some excipients but may be included 
in the impurity profile for others” (9).

The USP Stimuli Article also provided 
definitions for excipient impurities and 
concomitant components, as follows: 

“Concomitant Component: A 
minor component of an excipient 
that accompanies the nominal 
component, which is identified 
either in the title or definition of 
a monograph. Concomitant com-
ponents are characteristic of many 
excipients and are not considered 
to be impurities if there is no neg-
ative impact on drug products. 
Some but not all concomitant 
components are defined or spec-
ified in excipient monographs. 
Added substances and toxic im-
purities are not considered to be 
concomitant components.”

“Excipient Impurity: Any sub-
stance that detracts from the qual-
ity of the excipient (i.e., that is not 
the substance appearing in the of-
ficial name, or a concomitant com-
ponent or added substance)” (4).

IPEC-Americas agrees that con-
comitant components should not be 
regarded as excipient impurities and 
that added substances are not consid-
ered concomitant components. How-
ever, concomitant components are not 
always “minor” and may comprise a 
significant amount of the overall com-
position. The phrase “identified in 
the title or definition of a monograph” 
presumably refers to the nominal com-
ponent but should be clarified to avoid 
misinterpretation that concomitant 
components are identified in the title 
or definition of a monograph. Most 
importantly, the impact of concomitant 
components on drug products cannot 
be assessed at the raw material level. 
Only the drug product manufacturer 
can determine whether a concomitant 
component has a negative impact on 
the specific drug product formulation.

Further, the term “quality” is too 
broad to be useful for distinguishing a 
concomitant component from an impu-
rity. IPEC-Americas asserts that an im-
purity is a substance that has inherent 
toxicity and may pose a potential neg-
ative impact on the safety of the excip-
ient or that renders the excipient unfit 

for pharmaceutical uses. Any substance 
inherent to the excipient that does not 
pose a safety or a significant good man-
ufacturing practice (GMP) concern is 
not considered an impurity. 

Characterization of concomitant 
component in excipients
An excipient’s composition profile is 
defined by the components present in 
typical excipient lots produced by a de-
fined manufacturing process. For APIs, 
high purity is deemed a superior prod-
uct. But for excipients, high purity is not 
necessarily better and could even lead 
to decreased functional performance (2). 
The excipient composition profile often 
includes other concomitant components 
that may be important for the excipient’s 
performance. These concomitant com-
ponents could vary from supplier to sup-
plier due to different raw materials and 
manufacturing processes (3). 

There are many well-established 
excipients for which it is neither feasi-
ble nor necessary for quality or safety 
purposes to identify, classify, and quan-
tify all components. However, where 
feasible and necessary, a composition 
profile should include identification, 
classification, and quantification of 
each component or, if unidentified, an 
appropriate qualitative description (e.g., 
peak retention time). 

Polyethylene glycols (PEGs) are 
polymers of ethylene oxide and water 
labeled by the polymer’s mean molec-
ular weight. PEG 600, for example, is 
a complex mixture of tridecamer (mol. 
wt. 590), and other oligomers (con-
comitant components). While the “600” 
nomenclature indicates mean molecular 
weight, the other higher and lower mo-
lecular weight oligomers present may 
impact performance. Historically, PEG 
grades were specified by viscosity, but 
modern chromatographic techniques 
(1) now show them to contain multi-
ple oligomers. However, because the 
function of PEG 600 in pharmaceuti-
cal formulations is predicated on the 
presence of these oligomers, the effect 
of removing all oligomers except the 
tridecamer is unknown. The presence 
of these oligomers may provide essential 
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contribution to PEG 600’s drug delivery 
properties and has not been shown to 
pose a health or safety risk.

Historically, excipient manufactur-
ers have used non-specific techniques, 
which did not detect the presence of 
multiple components. Due to excipient 
sourcing globalization and the increased 
need to detect adulteration, advanced 
analytical techniques have been devel-
oped that reveal previously undetected 
excipient components. These more so-
phisticated methods (e.g., high-perfor-
mance liquid chromatography [HPLC]) 
can detect the presence of multiple com-
ponents within a given sample. These 
components have always been present 
and should not be cause for concern 
because historical safety studies were 
conducted using these materials (2). 

Characterization of excipient func-
tionality or processability may be per-
formed by the excipient manufacturer 
for their intended target market and 
communicated directly to the excipient 
user (10). However, many times, excipi-
ent manufacturers do not know exactly 
how their excipient is being used by the 
excipient user. It is the responsibility 
of excipient users (i.e., drug product 
manufacturers) to establish that there 
is sufficient characterization, safety, 

and toxicological information available 
to support the specific intended use in 
their drug product formulation (11).

Criticality of communication
IPEC-Americas’ position is that excip-
ient manufacturers and users should 
have open dialogue regarding concom-
itant components. Excipient manufac-
turers should understand how their 
materials are being used because con-
comitant components may be critical to 
the excipient’s function in a drug prod-
uct. Excipient users should be aware of 
an excipient’s concomitant components 
because of the potential impact on drug 
product quality and/or interaction with 
APIs and other excipients. 

For example, a non-crystalizing grade 
of sorbitol contains concomitant com-
ponents that prevent the sorbitol from 
crystalizing in the container closure. 
Without the concomitant components, 
the packaging would essentially glue 
shut. Another example is sucrose, where 
the concomitant components glucose 
and fructose have been incorrectly de-
fined as impurities by the USP in the re-
cent Pharmacopeia Forum postings (12). 
Optimal performance of sucrose in 
some applications may depend on the 
glucose and fructose level; changes in 

amounts of glucose and fructose, or 
complete removal, could adversely im-
pact compaction. Glucose and fructose 
levels could vary between suppliers due 
to differences in refinement and other 
manufacturing processes. 

When necessary, limits for concom-
itant components should be justified 
and jointly agreed upon between the 
excipient manufacturer and excipient 
user to meet the needs of an individual 
drug product formulation.

Compositional information is often 
considered proprietary to the excipient 
manufacturer. Therefore, it may be nec-
essary to define a mechanism for shar-
ing information between the two parties, 
such as a confidential disclosure agree-
ment (CDA) or a drug master file (13).

Communicating significant changes 
for concomitant component is also im-
portant. While concomitant compo-
nents pose no safety risk, changes (or 
their absence) could impact excipient 
performance or drug product proper-
ties, such as stability and efficacy in a 
particular drug formulation. Therefore, 
potential changes in levels of concomi-
tant components are an important con-
sideration when assessing significance 
of change (14).

Concomitant components  
and alternate sources of excipients
As previously discussed, concomitant 
components are frequently required for 
an excipient’s functional performance 
in a drug product application, and can 
vary in type and amount due to differ-
ences in manufacturing processes and 
materials used. 

Excipients from alternate sources 
may not have the exact same compo-
sition and therefore may not demon-
strate equivalent performance in all 
drug product applications. Excipient 
users should apply their understanding 
of the role of concomitant components 
(as identified and characterized by the 
excipient manufacturer or the excip-
ient user) in defining functional per-
formance requirements for alternate 
sources of an excipient.

USP General Chapter <1059> Excip-
ient Performance states: 

Regulators require drug manufacturers to qual-
ify excipients used in their drug products, as well 
as the excipient manufacturers and distributors 
providing the materials. While this information 
typically is conducted through on-site audits, 
such investigations are not always possible, par-
ticularly during a global pandemic. 

In a position statement released Jan. 14, 2021, 
the International Pharmaceutical Excipients 
Council of the Americas (IPEC-Americas) outlined 
alternative approaches that drug manufacturers 
can take to assess the quality management 
systems of excipient manufacturers when onsite 
inspections and audits are not practical (1). 

Excipient good manufacturing practice 
certification by a third party such as EXCiPACT 
or third-party on-site audits offered by the  
Rx-360 Audit Program and the USP Excipient GMP 
Verification Program are leading alternatives to 

on-site customer audits, IPEC-Americas suggested 
in the position paper. 

A virtual audit, where documents are reviewed 
remotely and a remote video tour may be 
conducted, may substitute for an on-site review.  
Desktop reviews of information provided by the 
excipient manufacturer is another option. Drug 
manufacturers, however, must assess any risks 
inherent with the lack of a physical audit to 
confirm information provided by an excipient 
supplier. The paper also suggested that excipient 
users update existing supplier qualification or 
requalification programs to allow for alternative 
assessment methods.

Reference
1. IPEC-Americas, Qualifying an Excipient 

Manufacturing Site, Position Paper, Jan. 14, 
2021.  
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“[drug product] manufacturers 
should anticipate lot-to-lot and 
supplier-to-supplier variability in 
excipient properties. […] The ef-
fects of excipient properties on the 
critical quality attributes (CQAs) 
of a drug product are unique for 
each formulation and process and 
may depend on properties of excip-
ients that are not evaluated in USP 
or NF monographs” (15). 

These critical properties may be 
physical or chemical attributes, includ-
ing concomitant components. When 
evaluating alternate sources of excipi-
ents, excipient users should not assume 
that all sources meeting the same com-
pendial requirements are interchange-
able in all drug product formulations. 

Differences in types and amounts 
of an excipient’s concomitant com-
ponents could result in differences 
in functional performance between 
excipient sources. Alternate excipi-
ent sources must be evaluated in the 
drug product formulation and pro-
cess where intended to be used. Con-
firmation of equivalent functional 
performance is necessary to confirm 
interchangeability. For excipients with 
complex composition profiles, it is crit-
ical to evaluate drug product batches 
prior to full implementation of an al-
ternate source. The critical quality at-
tributes (CQAs), including stability, of 
the drug product manufactured with 
the alternate source must meet the es-
tablished requirements. 

Distributors should not substitute 
an alternate excipient source without 
prior notification to the excipient user 
to allow evaluation of the interchange-
ability of the alternate source in their 
specific drug applications. Consider the 
example of petrolatum used as the oint-
ment base in a topical drug product. Per 
the USP monograph, Petrolatum USP is 
a “purified mixture of semisolid hydro-
carbons obtained from petroleum” (16) 
having a melting point of 38–60 °C. 
The range in melting point results from 
variations in the hydrocarbon mixture 
from different petrolatum sources. The 
manufacturing process developed for a 
drug product formulated with petrola-

tum having a melting point near 38 °C 
would likely not adequately distribute 
API in petrolatum having a melting 
point near 60 °C due to differences in 
handling properties. 

The potential impact of changes in 
concomitant components—and hence 
to excipient functional performance—
should be considered when changes are 
made to the excipient manufacturing 
process or materials used. Because only 
the excipient user can confirm whether 
a change impacts the functional per-
formance of the excipient in the drug 
product, the excipient manufacturer 
should notify the excipient user of any 
change with potential to significantly 
impact the excipient composition.

Compendial requirements  
for concomitant components
The current global excipient supply 
chain is vast and complex. When de-
veloping compendial requirements, it 
is important to consider that mono-
graph requirements must be appli-
cable to all pharmaceutical suppliers 
and grades. Because pharmaceuti-
cal excipient composition can vary 
greatly between suppliers and grades, 
compendia l l imits for concomi-
tant components are challenging to 
develop and difficult for excipient 
manufacturers to implement. Setting 
acceptance criteria for concomitant 
components should be avoided. When 
included, composition-related quan-
titative or qualitative methods and 
specifications should be justified. 

In response to the USP stimuli ar-
ticle (4), comments submitted by in-
dustry and the subsequent responses 
from the USP Expert Committee were 
published (17). Industry stakeholders 
and USP agreed on the complexity of 
distinguishing between impurities 
and “minor components.” Industry 
stakeholders commented that, due 
to their global use, excipient mono-
graphs should establish minimum 
quality standards that are applicable 
to all pharmaceutical grades currently 
being safely used in approved drug 
products. However, the USP response 
implies that new excipient monograph 
requirements are based on emerging 
detection methods: 

“The USP has an obligation to 
investigate all components found 
to be present when a new analyt-
ical method is being implemented. 
Additionally, USP must provide 
clear information to allow for a 
quality control (QC) analyst to 
conduct the testing, and that would 
include determination of the iden-
tity of components that are readily 
detected using modern analytical 
techniques” (17). 

IPEC-Americas understands that 
advancements in analytical technology 
have made it possible to develop increas-
ingly sensitive and specific methods 
for studying the composition of phar-
maceutical materials. Knowledge of 
the compositional profile is important 
for appropriate selection of excipients 
during drug product formulation de-
velopment and evaluation of significant 
changes, including alternate sources. 
However, control of all components via 
compendial limits is not necessary to 
demonstrate quality of each excipient 
batch manufactured and distributed. In 
addition, developing compendial lim-
its based on advanced technologies may 
impede their implementation in coun-
tries where the advanced technologies 
are not available.

The impact of concomitant compo-
nents on drug product performance 
differs from product to product; the 
criticality of concomitant components 
is not universal to all applications. USP 
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General Chapter <1059> provides an introduction for how 
concomitant components impact CQAs: 

“… the effects of excipient properties on the quality and 
performance of a drug product may be unique for each for-
mulation and process, and could depend on properties of ex-
cipients that are not evaluated in USP or NF monographs, and 
which may vary from supplier to supplier and batch to batch 
[….] The impact of excipient properties and their variability 
depends on the role of an excipient in a formulation and the 
critical quality attributes (CQAs) of the drug product”(15).

As described in ICH Q8 (18), it is the responsibility of 
the excipient user to determine the criticality of the ex-
cipient composition to the quality of the drug product. 
IPEC-Americas supports the development of an infor-
mational USP General Chapter (i.e., >1000) to provide 
guidance to excipient manufacturers and users for char-
acterization of excipient composition. Attempts to develop 
acceptance criteria in monographs for every concomitant 
component create the potential for divergence from other 
global pharmacopeias and the inclusion of unnecessary 
tests and limits. Further, the USP guideline for submission 
of new and revised excipient monographs should be re-
vised to clarify that limits for concomitant components are 
not recommended for inclusion in excipient monographs 
unless there is a specific quality concern that applies uni-
versally to all applications.

Conclusion
Concomitant components are often required for functional per-
formance. Concomitant components are not considered part of, 
and must be considered separately from, the impurity profile. 

Excipient composition can vary greatly between grades 
and suppliers. Monograph requirements must be applicable 
to all global pharmaceutical suppliers and grades. Limits 
in NF monographs for all concomitant components are 
not appropriate. An excipient user may establish their own 
limits for concomitant components, when necessary, to en-
sure functional performance and drug product quality for 
a specific drug product. 

IPEC-Americas supports the development of an infor-
mational USP General Chapter (i.e., >1000) for characteri-
zation of excipient composition. Further, the USP guideline 
for submission of new and revised excipient monographs 
should be revised to clarify that limits for concomitant 
components are not recommended for inclusion in excipient 
monographs unless there is a specific quality concern that 
applies universally to all applications.
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W hile the process for developing 
human therapeutics is long, 
complex, and requires con-

siderable resources, in urgent situations 
such as COVID-19, the pace of develop-
ment can move much faster. Steps that 
ordinarily take years were completed 
in months. Whether for a cardiac drug 
or a COVID-19 drug, the development 
process must show that the drug has an 
effect on the disease it is being used to 
treat and is safe for human use.

Safety testing must be a priority 
during the discovery, nonclinical phase, 
and clinical phases of drug development 
(Figure 1). While some nonclinical safety, 
or toxicology, testing is performed 
during the discovery phase, the majority 
of the toxicology testing occurs during 

the nonclinical phase and concurrently 
with the clinical phase. The goal of the 
toxicology testing is to determine, using 
animal models, if a potential new drug 
is safe to use in humans and to identify 
compounds that could potentially cause 
more harm than good. 

Preparing for the IND
The endpoint of the nonclinical phase 
for US drug candidates—the investi-
gational new drug (IND) submission—
features a summary of the toxicology 
work performed to support the admin-
istration of the potential new drug to 
humans in a Phase I clinical trial.

During the nonclinical phase, the 
following four types of studies generate 
data for the IND application:

• Short-term acute toxicology stud-
ies are conducted to determine 
what doses should be tested in lon-
ger-term animal-model studies.

Shannon Parisotto, MBA, is the 
corporate senior vice-president of  
Charles River Laboratories.
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• Repeat dose toxicology studies, 
which use the doses identified in 
the acute studies, are designed to 
administer doses to animal mod-
els daily for up to 30 days. These 
studies are typically run at doses 
many multiples above what a 
human would receive, with the 
goal of characterizing any ad-
verse effects or toxicities that the 
potential new drug may cause. 
Key endpoints for these studies 
include determining how much 
drug the animals are exposed to, 
what effect the drug may cause on 
their appearance (such as changes 
in their coat, eating habits, body 
weight, etc.), what effect the drug 
may have on their blood chemistry 
(such as serum chemistry, hema-
tology, and coagulation changes), 
and what effect the drug may have 
on their organs (also known as the 
histopathology evaluation). 

• Safety pharmacology studies are 
designed to see if the new drug has 
any effects on the cardiovascular 
system, the respiratory system, and 
the nervous system.

• Genetic toxicology studies are de-
signed to assess whether the new 
drug can damage the animal and/
or human DNA. 

Once the studies are conducted, the 
data are assessed to estimate a safe 
starting dose for the Phase I clinical 
trials. Once a positive risk assessment 
determines an appropriate dose for 
Phase I clinical trials and any adverse 
effects are identified in animal toxi-
cology studies, the drug development 
company files an IND application. If 
FDA reviewers agree with the assess-
ment of the potential new drug, the 
Phase I clinical trials in humans can 
be initiated. An unfavorable toxicity 
profile at the nonclinical stage of drug 
development is a common reason why 
a compound fails and does not prog-
ress in the drug development process. 

Safety studies  
support clinical trials
As drug candidates progress through 
clinical trial phases, sponsors must 

Accelerated drug development timelines  
must accommodate all crucial  
elements of nonclinical safety studies.  

Toxicology: Ensuring  
Drugs are Safe for People
Shannon Parisotto
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continue toxicology testing and data 
collection for a new drug application 
(NDA), mindful of the requirements of 
different global regulatory authorities 
where submissions may be planned. 

While the potential new drug is ad-
ministered to people during the clini-
cal phases of development, the safety 
testing of the compound in nonclinical 
animal models must continue for the 
same duration as the clinical study. For 
example, if the duration of treatment 
of patients in a clinical trial is months, 
nonclinical safety studies, typically 
three to nine months in duration, will 
be conducted to cover the time patients 
will be treated. The typical nonclinical 
toxicology studies conducted during 
the clinical phase of development in-
clude the following:

• Sub-chronic and chronic toxicol-
ogy studies are similar to the re-
peat dose toxicology studies used 
to support the IND. However, 
they are run at longer durations 
(typically three, six, nine, or 12 

months) and are used to assess 
the long-term effects of the drug 
on animal models.

• Reproductive toxicology studies are 
designed and conducted to deter-
mine if the potential new drug has 
any effects on male and female re-
productive organs, male and female 
fertility, or on a developing fetus. 
Additionally, these studies are con-
ducted before the drug can be given 
to women that can bear children.

• Carcinogenicity studies are typi-
cally conducted in rats and mice 
where the potential new drug is 
given to the animals for the major-
ity of their life span. The studies 
are typically two years in duration 
and are used to determine if a life-
time exposure to the potential new 
drug can cause cancer or tumors. 

Extensive data reviews are conducted 
to determine the drug candidate’s effi-
cacy and safety, and if the data point to 
a favorable risk-benefit assessment, the 
company will submit an NDA to FDA 

or similar application to other regula-
tory authorities for market approval.

Nonclinical study 
design considerations
While nonclinical animal toxicology 
studies follow accepted designs, the fol-
lowing crucial points must be considered:

• What animal species to use? The 
toxicology studies are typically 
required to be conducted in two 
species: one rodent and one large 
animal species. The specific species 
selected depends on several factors 
including which species are most 
sensitive to the effects of the po-
tential new drug and which best 
mimics the metabolism of humans.

• How should the drug be adminis-
tered? Often the avenue selected to 
administer the potential new drug 
to animals mimics the avenue that 
will likely be used in humans. This 
may include oral, intravenous, in-
tramuscular, or intermuscular 
routes of administration. 

Outsourcing
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•   Subchronic & Chronic
     Toxicology
•   Reproductive Toxicology 
•   Carcinogenicity
•   In Vitro Laboratory
     Support

•   Acute & Short Term
     General Toxicology
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•   Safety Pharmacology
•   In Vitro Assay Support

IND Enabling

Phase I
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Phase III

Safety Studies Supporting Clinical Trials 
& the NDA
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ToxicologySupport, if Needed
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FDA Time

FDA Advisory 
Committee

Sponsor Requested 
Meetings With FDA

Figure 1.  Safety assessment (toxicology) support of drug development. NDA is new drug application.
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• What special endpoints (biomarkers) should be in-
cluded? While there are expected endpoints that are 
included in almost every study (clinical observations, 
blood chemistry, histopathology, measuring food con-
sumption, and body weights), the type of compound 
the potential new drug—chemical, antibody, protein, 
vaccine, RNA, etc.—can dictate what other endpoints 
will be measured. These can include assays to measure 
immunogenicity, cytokines, enzyme activity, special 
cell types, and immune function. 

The majority of nonclinical toxicology studies must be 
conducted according to good laboratory practices (GLPs) 
and include a robust quality management and documenta-
tion system that ensures the validity, integrity, and reliabil-
ity of the nonclinical safety data submitted for regulatory 
evaluation and approval. 

Accelerating drug 
development timelines 
Rapid advancement of the availability of drugs that treat 
serious diseases and unmet medical needs are in every-
one’s interest, especially when the drugs are the first avail-
able treatment or if the drug has advantages over existing 
treatments. FDA’s approaches to speed development—pri-
ority review, breakthrough therapy, accelerated approval, 
and fast track—have proven successful in bringing treat-
ments, especially for unmet and orphan designations, to 
market quickly.

The COVID-19 pandemic has offered the public a glimpse 
of how drug and vaccine development can be accelerated 
during a public health emergency. The scientific response to 
COVID-19 has been unprecedented, from both clinical and 
nonclinical contributors. The global research community—
which includes government labs, academic researchers, 
contract research organizations (CROs), and biotech and 
pharmaceutical companies—is racing to find solutions, and 
regulatory agencies are helping to accelerate these vaccines 
and treatments. 

In 2020, FDA launched the Coronavirus Treatment Ac-
celeration Program (CTAP) (1), an emergency program de-
signed to speed up the regulatory processes for SARS-CoV-2 
research without compromising safety. A notable change 
in CTAP is that it now consolidates the typical pre-IND 
meeting request and package development process into a 
single step to save time. The pre-IND meeting request will 
be expedited and prioritized based upon the completeness 
of the submission and scientific merit. 

For drug developers, outsourcing the nonclinical toxi-
cology work to a CRO can have a positive impact on the 
pace of research during the pandemic. Online scheduling 
of studies, accelerated reporting, remote study monitoring, 
and live streaming of key events allow studies to progress 
faster than before. This versatility has been extremely help-
ful to pharma companies as they race to find therapies and 
treatments in record time.

Safety testing remains a top priority 
Nonclinical toxicology is an important component in the 
drug development process and ensures that safe drugs are 
made available to people. A sound nonclinical toxicology 
program should address all regulatory authority concerns 
and ensure that time and resources are properly used.

Rapid research and development efforts in 2020 demon-
strated that bio/pharma companies must be positioned to 
move swiftly through the drug development process with 
unwavering commitment and oversight to ensure the com-
pounds slated for the clinic are safe. The combined efforts 
of pharmaceutical companies, governments, and CROs were 
instrumental in reducing the development timeline from a 
decade or more to one year for some R&D programs. Time 
will tell what impact the current pandemic has on the over-
all approval for all therapeutics for all diseases outside of a 
global pandemic, but regardless of what these changes bring, 
safety will always be a priority. 

Author’s Note
Charles River scientists Steven Bulera, PhD, DABT, Rebecca 
Comba Walker, PhD, and Sam Chuang, PhD contributed to 
this article.
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ask the expert
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Q.What documentation should I have ready to present to 

the inspectors?

A.There are a number of documents and supporting evi-

dence that can be staged prior to an inspection whether 

it is in-person or is being handled remotely. The objective is to 

make the inspection process go smoothly for both parties. At a 

minimum, there should be a list of all current standard operating 

procedures (SOPs) provided to the auditor so they can choose the 

specific ones they are interested in reviewing, a listing of customer 

complaints for the past two years, a list of current closed and 

open deviations and corrective and preventive actions (CAPAs) 

for the past two years and the site’s quality manual, the current 

organizational charts, a copy of the employee training program, 

and a map of the facility. In addition, it is advisable to have a short 

introductory presentation (5–10 minutes) that describes the facility, 

the products produced, and the operating hours of the facility. This 

information can be provided up front for the inspectors.

Q.How long should an inspection/audit take? 

A.There is really no specific time frame defined for an 

audit. Typically, supplier and internal audits should take 

between one to two days and a regulatory inspection typically 

takes three to four days. Any inspection/audit can be extended 

depending on what the auditors/inspectors observe during the 

inspection. If things go well, the inspection will be completed 

quickly. If problems arise, the auditors may wish to extend the 

inspection and pursue the issue. This time frame is consistent 

whether the audit is done in-person or remotely.

Q.Do I need to make copies of everything the inspectors 

request? 

A.In organizing for an inspection, it is advisable to track 

all documentation provided to the inspector. This is 

an important activity whether the inspection is performed 

in-person or remotely. The inspection tends to run more 

smoothly when both parties are looking at and discussing the 

same documents. Whatever documentation is provided and 

kept by the inspector, it is advisable that the hosting site keep 

a record of the documentation being provided so they can refer 

to the specific document when responding to any observations 

associated with that documentation. Basically, the hosting site 

needs to have an accurate log, so they are able to recreate 

the audit activities after the inspector leaves. This is especially 

important when responding to the audit observation because 

it eliminates any questions about which document/information 

was discussed. Audits are fast paced, and anything that helps 

people remember what was discussed benefits the ability to 

understand and respond to any observations associated with 

the documentation that was reviewed.

Q.How much time do I have to answer a question after the 

inspector asks it?

A.There really isn’t a defined time frame to answer the 

questions. Questions that can be answered immediately 

should be answered immediately. Questions that need a little 

more investigation or clarification before answering should be 

responded to in a timely manner. 

Let’s look at an example. If the inspector is reviewing a 

technical document, they may ask to see a previous version 

of the document. If this document is stored off site, then it 

may take a day or two to retrieve it. This is acceptable as long 

as you inform the inspector why there is a delay in providing 

the requested information. Bottom line, all questions and 

documentation should be answered as soon as possible, and 

if there is a delay, it is important to be transparent with the 

inspector and explain the reason for the delay.

Q.If an inspector makes an observation, do I need to have a 

corrective action in place before the inspection ends?

A.No, there is no reason to have a corrective action in 

place before the inspection ends. In some cases, the 

observation may be easily corrected, so it might be possible 

to have the corrective action in place before the conclusion 

of the inspection, and if the correction is acceptable to the 

inspector, it may actually help remove that observation from 

the final inspection report. Having said that, the best advice is 

to wait until the inspection is completed before you implement 

any corrective action so you can be sure the action is appro-

priate for the observation and you have had time to make sure 

related documentation and activities have also been updated in 

relation to the observation. PT

Frequently Asked Questions  
on Regulatory Inspections
Experts Steven J. Lynn, executive vice-president, Pharmaceuticals for Regulatory Compliance 
Associates, Inc., and Susan J. Schniepp, distinguished fellow for Regulatory Compliance Associates, 
Inc., provide simple answers to frequently asked questions regarding regulatory inspections, 
although many of the concepts can be applied to internal and supplier audits as well.
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