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Pharmaceutical Technology is the authoritative source of peer-reviewed research 
and expert analyses for scientists, engineers, and managers engaged in process 
development, manufacturing, formulation and drug delivery, API synthesis, analytical 
technology and testing, packaging, IT, outsourcing, and regulatory compliance in the 
pharmaceutical and biotechnology industries.
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Note from the CEO

F DA approved 37 drugs in 2022, within the normal range for the past decade 
or so. This is quite impressive for the industry given continuing headwinds 
thrown off by COVID-19 working conditions, limiting both productivity 

and in-person site inspections. Twenty-three of these drugs are considered first 
in class, meaning they operate via a unique mechanism of action. Most of that 
group had some speeded-up approval process such as accelerated approval, as 
a breakthrough therapy, fast tracked, or as an orphan drug (1).

More than half of these new therapies were for patients with rare diseases or 
who have few or zero other treatment options, such as acid sphingomyelinase 
deficiency (an inherited disease that affects the body’s ability to metabolize 
fat), metastatic or unresectable uveal melanoma (a rare cancer that develops 
in a part of the eye called the uvea), and generalized pustular psoriasis (a rare, 
life-threatening skin disease). While psoriasis generally affects only approx-
imately 3% of the population, with this pustular variant affecting only a tiny 
percentage of that, there is a moral imperative for the pharma industry to help 
those whom they can. From that viewpoint of looking after minorities, scien-
tists, insurers, manufacturers, regulators, sales, and marketing teams can be 
said to be somewhat in balance. 

It is a similar story from the European Medicines Agency (EMA), approving 
a record 55 therapies including 21 medicines for rare diseases in 2022. Among 
those approved were a number of notable gene therapies for indications in can-
cer and hemophilia (2).  Most readers see these headlines without giving much 
thought to the delicate balance required to incentivize research for subsets of 
the population; hemophilia, for example, might otherwise be left behind, except 
for the delicate negotiations required by all stakeholders to encourage scientists 
to persevere in deciphering intractable biological puzzles. 

Left alone, the so-called free market might tackle only financially obvious 
major disease conditions. The fact that this isn’t the case speaks well of the sys-
tem, and I’d like to suggest a hidden benefit in what is learned. From generalized 
pustular psoriasis treatments, we may yet yield benefits for all psoriasis sufferers, 
or from that expensive gene treatment for hemophilia, we might uncover ad-
vances in gene treatments generally, or for some sickle cell related sequalae we 
are not even currently contemplating. The restraint to not target solely the major 
disease groups has provided good proportion and balance for our industry. 

References
1. FDA. New Drug Therapy Approvals 2022. FDA.gov. Jan. 10, 2023 (accessed 

Jan. 25, 2023).
2. EMA. Medicine Evaluation Figures, Monthly Figures 2022. EMA.Europa.eu 

(accessed Jan. 25, 2023). PT
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The Commercial 
Message mRNA 
Products Send

M essenger RNA (mRNA)-based vaccines have 
been largely optimized for stability, structure, 
and delivery. Integration of naturally occurring modified nucleo-

sides, such as pseudouridine (ψ), reduces cytokine production by masking 
recognition of toll-like receptors, while improving translation and stability 
through decreasing activation of protein Kinase R and 2′-5′-oligoadenylate 
synthetases (1). To the lay person, these seem esoteric and weirdly fringe 
pathways. To immunologists and molecular biologists, for decades these have 
been pedestrian highway blockages to progress in the field. Success here has 
sent this message, “efforts to expand applications to other disease states will 
pay off in a big way.” Inside boardrooms and laboratories, fervent activity 
continues to push the boundaries for both vaccine applications, and mRNA 
more generally. With regard to novel delivery in particular, but in tandem 
with efforts to ramp up (by orders of magnitude) dose loading capabilities, 
new intellectual property filings abound. Novel strategies from related fields 
have been tested, rejected, modified, and integrated. Cancer vaccine activity 
has seen huge efforts and, to some degree, positive results. While none are 
currently approved for standard treatment, early clinical trials with mRNA 
vaccines as monotherapy and in combination with checkpoint inhibitors look 
encouraging (2). There is a cross pollination between the fields. But direct 
translation requires new biological thinking. For example, while checkpoint 
inhibitors appear to work most effectively when dealing with multiple DNA 
damage repair mutations in patients, it is unclear what that means when 
combining with mRNA treatments. Fundamentally, the industry is at the 
early stages of unraveling what similarities and differences can be taken 
advantage of for mRNA modalities in oncology, infections disease, or neural 
degeneration indications. This new pioneering phase of mRNA is loaded with 
potential, but also obstacles and false dawns. That’s what makes commercial 
mRNA prospects so captivating—the hidden biology being unpacked behind 
the headlines. The message here is that success begets success, and biological 
understanding has driven that whole process forward. 

There are plenty of funny jokes about venture capitalists acting as lem-
mings. They are all true. Molecular biologists are not much different, however, 
and that’s the phase the industry is in now.  More respect then to Uğur Şahin, 
Özlem Türeci, Drew Weismann, Kati Karikó, and every pioneer. 

References
1. Gal-BenAri, S.; Barrera, I.; Ehrlich, M.; K Rosenblum. PKR a Kinase to Remember. 

Front. Mol. Neurosci. Sec. Molecular Signalling and Pathways. 2019, Jan. 9, 2019, 11. 
https://doi.org/10.3389/fnmol.2018.00480 

2. Lorentzen, C.; Haanen, J.; Met, O.; Savane, I. Clinical Advances and Ongoing Trials 
of mRNA Vaccines for Cancer Treatment. The Lancet, Oncology, October 2022. PT
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as manufacturing quality control and biodistribution, all master 
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display and icon-based navigation. Its software and networking 
capabilities are 21 Code of Federal Regulations Part 11 compliant and 
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FDA Interactions with 
Industry Under Scrutiny

A   detailed report from key House 
Committees blasts FDA’s role 
in advising, assessing, and pro-

viding accelerated approval in 2021 
for Biogen’s controversial Alzheimer’s 
treatment Aduhelm (aducanumab). 
The critique calls for changes in agency 
interactions with manufacturers to 
more carefully document meetings and 
other communications and to clarify 
the agency’s role in advising sponsors 
on product testing and submissions. 

The joint investigation by the 
House Energy and Commerce Com-
mittee and the House Committee on  
Oversight and Reform on FDA ap-
proval of Aduhelm slams FDA officials 
for failing to record multiple interac-
tions with the company, particularly 
their assistance in developing Biogen’s 
briefing documents for a key advisory  
committee meeting (1). 

The Democrat-led panels reviewed 
hundreds of reports and records 
that document how FDA formed a  
working group with the sponsor that 
engaged in dozens of meetings and 
more than 100 calls, email exchanges, 
and other interactions to review re-
search data on the drug. The investi-
gators report that FDA staffers helped 
Biogen revise its clinical trials and then 
surprised all observers with its decision 

to adopt the accelerated approval  
pathway for Aduhelm despite question-
able efficacy data and opposition from 
some agency units. 

Concerns about this unusual collab-
oration in developing and approving 
Aduhelm was compounded by Biogen’s 
high launch price for the drug despite  
limited evidence of treatment value 
and benefit. The Congressional report  
closely examines the company’s deci-
sion to set a price of $56,000 for treat-
ment per year, along with its extensive 
plan for marketing the new drug and 
details on company board meetings to 
approve the program. In the end, Bio-
gen’s strategy failed dismally, as the po-
tential for huge outlays for Medicare 
beneficiaries prompted further as-
sessment by the Centers for Medicare 
and Medicaid Services (CMS) that led 
to highly limited coverage of the drug 
and similar curbs on prescribing by 
insurers and health plans.   

The House report calls on FDA to 
take actions to restore public “trust in 
the agency’s processes and assurances 
of drug safety and efficacy.” This in-
cludes fully documenting “all sub-
stantive FDA interactions with drug 
sponsors” and developing a protocol to 
address the preparation of joint brief-
ing documents for advisory commit-
tees. The legislators also recommend 
that FDA update industry guidance 
for developing new Alzheimer’s drugs. 

Tightening the process
Meanwhile, FDA officials have revised 
the accelerated approval process by 
limiting time frames for manufactur-

ers to conduct requested confirmatory 
studies and expanding efforts to re-
move from the market drugs that fail 
to document post-approval efficacy. 
The agency gained support for such 
action from provisions in the massive 
Consolidated Appropriations Act for 
2023 designed to ensure that sponsors 
conduct required post-approval con-
firmatory studies in a timely manner. 
The legislation clarifies that FDA re-
viewers may require sponsors to begin 
post-approval studies prior to product 
approval and speeds up the process 
for the agency to withdraw from the 
market drugs that fail to confirm an-
ticipated benefits in a timely manner. 
Sponsors must update the agency on 
confirmatory trial status every six 
months, and a new FDA accelerated 
approval oversight council will review 
the program and its policies and ex-
plain rationales for accepting confirm-
ing evidence, or for pulling a product 
from the market. 

The agency also addresses concerns 
about defining study requirements for 
drugs seeking accelerated approval in 
2022’s revisions to the Prescription Drug 
User Fee program (PDUFA), which clar-
ifies the process for FDA and industry to 
assess likely requirements for post-mar-
keting studies earlier in the development 
process. At the same time, FDA has in-
tensified actions on drugs granted ac-
celerated approval that fail to provide 
acceptable confirmatory evidence of 
product efficacy in a timely manner. 

A big question is whether FDA will 
put off difficult approval decisions 
when facing questions about initial 

A Congressional probe of FDA’s approval of Alzheimer’s  
treatment targets the agency’s interactions with drug manufacturers. 

Jill Wechsler
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Regulatory Watch

clinical data and uncertainty over 
post-approval assessment. Of note is 
a six-month delay last year in approv-
ing Relyvrio, a new treatment for ALS 
(amyotrophic lateral sclerosis or Lou 
Gehrig’s disease) developed by Amylin 
Pharmaceuticals (2). Now all eyes are 
on FDA’s evaluation of additional Alz-
heimer’s treatments that target amyloid 
plaque in the brain, as with Aduhelm. 
First up was lecanemab from Eisai and 
partner Biogen (brand name Leqembi). 
FDA met its Jan. 6, 2023 deadline for 
granting accelerated approval for the 
drug after reviewing additional clini-
cal trial results last year showing some 
benefit for Alzheimer’s patients (3). The 
sponsors also had to address safety is-
sues following deaths of two, or pos-
sibly more, patients enrolled in clini-
cal trials. However, FDA declined in 
January 2023 to grant accelerated ap-
proval for Eli Lilly’s new antiamyloid, 
donanemab, instead requesting more 
long-term data from a larger ongoing 
clinical trial (4).  

Fewer new drugs?
Added concerns have been raised by the 
recent year-end reports of new drugs 
for 2022, which reveal a notable de-
cline in innovative therapies gaining 
market approval. One interpretation is 
that the agency is going slow on speed-
ing innovative therapies to market to 
avoid more criticism of its review pro-
cess. The Center for Drug Evaluation 
and Research approved only 37 new  
molecular entities (NMEs) last year, far 
below the usual 50 or more new ther-
apies in recent years (5). The total in-
cludes 12 new cancer therapies and a 
range of treatments for skin conditions, 
diabetes, insomnia, and ALS. 

In addition, the Center for Biolog-
ics Evaluation and Research approved 
eight new therapies, including several 
new gene therapies and vaccines, but 
again fewer than in 2021 (6). Analysts 
cite a broad range of factors shaping 
the new drug approval process, noting 
that important new rare disease treat-
ments and innovative gene therapies  

advanced last year. Going forward, FDA 
will be under pressure to ensure that it 
fully considers risks as well as potential 
benefits of new therapies, and that its 
assistance in guiding drug development 
is impartial and transparent. 
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The COVID-19 pandemic has led to many 
changes and shifts in the pharmaceutical 
industry, specifically with how pharmaceutical 
companies develop vaccines.

turned to a new vaccination modality 
via the use of messenger ribonucleic acid 
(mRNA), according to Patrick Erbacher, 
chief scientific officer at Polyplus.

“The speed of development and the 
capacity for large-scale production 
make mRNA a vaccine strategy of 
choice. Combined with a lipid deliv-
ery system (lipid nanoparticles), this 
vaccine strategy has been shown to be 
effective with an easy and safe appli-
cation through intramuscular injec-
tion,” says Erbacher. “To support this 
new area of development, [Polyplus 
has] have been working on a platform 
of tailored plasmids for production 
of mRNA or viral vectors, as well as 
transfection reagents that improve titer 
and quality and lower cost.”

In addition, the pharmaceutical in-
dustry has seen the new drug devel-
opment timeline of vaccines reduced 
from several years to several months, 
remarks Park Eonyoung, lead scientist 
in the mRNA-based research team at 
Samsung Biologics.

“Pharmaceutical companies found 
that potential that vaccine development  

S ince the beginning of the 
COVID-19 pandemic, pharma-
ceutical organizations have expe-

rienced major changes, a prime example 
of which has been the rising require-
ment for collaborations on multiple 
different fronts across the industry. In 
some cases, companies have turned 
to doubling down on building more 
digital capabilities to enable virtual con-
nectivity with healthcare professionals 
and patients rather than focusing on 
restructuring business units (1).

Many of the bio/pharma innova-
tions that have been driven by the pan-
demic look like they are here for the 
long term, with a particular emphasis 
on vaccines that are being developed 
at the highest quality and astonishing 
production speeds. The future of vac-
cine development and the acceleration 

of novel delivery methods for these 
innovative therapies will be the most 
effective only if the industry manages 
to stay abreast of the rapid changes in 
technology. Some efficient tactics that 
will be brought into focus include im-
proving manufacturing processes for 
quick vaccine delivery, reducing the 
need for multiple doses of a vaccine 
through boosting body immune re-
sponse, and bettering transportation 
and storage of vaccines to reduce waste 
and improve access (2).

Preparation and cohesion in  
vaccine development is a must
The COVID-19 pandemic has led to 
many changes and shifts in the pharma-
ceutical industry, specifically with how 
pharmaceutical companies develop vac-
cines. Some of these organizations have 

Combatting Future Viral 
Threats with Vaccine Advances
Jill Murphy
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timelines can be reduced by several years 
and accelerated the development of new 
modalities like mRNA with advanced 
technologies including AI [artificial 
intelligence]-based approaches,” says 
Eonyoung. “These fast phases of the 
development of drugs and the need for 
preparation against future pandemic sit-
uations provide a positive impact on the 
investment of pharmaceutical companies.”

Even with the positives seen through 
the recent changes, there are some, like 
Marc Sauer, chief scientific officer at  
BIOVECTRA, who feel that applying 
parallel efforts from the COVID-19 vac-
cine creation to other vaccines would be 
a major benefit and lead to a sequential, 
development approach. 

“Conducting manufacturing, clinical 
activities, and a rolling regulatory review 
in parallel comes with increased risk and 
requires a lot more funding than ‘the tra-
ditional’ way of doing development,” says 
Sauer. “We have certainly seen what is 
possible when economic pressures drive 
drug development.”

Tech transfer and CDMOs
Another area that has changed since 
the COVID-19 pandemic is the use of 
technology transfer and how it has im-
pacted contract development and man-
ufacturing organizations (CDMOs). 
As an example, Kerstin Pohl, senior 
manager of Gene Therapy and Nu-
cleic Acid at SCIEX, shared how the  
expectations of CDMOs have increased 
due to the pandemic, which has led to 
biopharma and pharma customers 
needing more accelerated timelines 
for new products.

“CDMO partners must therefore de-
ploy advanced technologies for manu-
facturing and analytics, including dig-
ital and automated solutions, as well as 
apply a quality-by-design approach that 
ensures the development of optimal 
processes that can be industrialized 
to be robust, efficient, cost-effective 
and deliver high-quality, high-purity  
products,” says Pohl.

Sauer shared that established pro-
cesses are being outsourced to CDMOs 
by pharma companies to create capacity 
for new modalities internally. 

“New modalities like mRNA, for  
example, also drive increased tech 
transfer activities as only a few compa-
nies have the scale and existing quality 
system in place to manufacture under 
GMP [good manufacturing practice] 
right now,” says Sauer. “CDMOs are 
certainly not immune to the finan-
cial pressures the global community 
has seen, and development programs 
require a lot more f lexibility to pivot 
today than pre-COVID, due to in-
creased pressure on portfolios and the 
ability to raise money in the market.”

Delivering new modalities
On top of mRNA being used as a 
new vaccination modality, there has 
been a greater interest in non-viral  
delivery methods for mRNA in com-
parison to DNA to develop new vac-
cines, according to Erbacher. He ex-
plained how the delivery of mRNA 
occurs in the cytoplasm where the 
DNA needs to be transported into the 
nucleus of cells, which remains the bot-
tleneck in DNA delivery.

“[MessengerRNA] vaccines seem to 
be appropriate to develop prophylactic 
vaccine especially against viral infec-
tions. However, mRNA suffers from its 
fragility and the encoding expression 
is very short,” says Erbacher. “In some 
cases, and particularly for anti-tumoral 
vaccines, it is expected to extend the ex-
pression duration to elicit more cellular 
immune response. Still, DNA vaccines 
may represent a solution for extended 
gene expression.”

Different technologies
Recently, technologies like inhaled 
vaccines and pill-versions of immuni-
zations have been discussed as possi-
ble solutions for issues like storage and 
routes of administration for improving 
immune response. 

Erbacher says that improving the 
formulation stability of both mRNA 
and LNPs through these options can 
help avoid freezing storage and increase 
the targeting and antigen presentation  
to the dendritic cells in the human 
body. However, Eonyoung stated that 
these types of vaccines continue to 

bring many challenges and less stabil-
ity to the industry, but are still being 
pursued by scientists.

“Although it is difficult to develop, 
scientists are pursuing a nasal vaccine 
because respiratory viruses are found 
and infect cells in the respiratory tract 
including the nose, throat, and lungs,” 
Eonyoung says. “If a vaccine can create 
a localized immune response like the 
nasal cavity, it will have the advantage 
of capturing the virus before it gets 
into our body preventing transmission 
and spread of disease.”

The future of vaccine development
Some of the major focuses for the  
future of vaccine development in-
clude lowering cost solutions, apply-
ing the same resources to every other  
disease program, developing univer-
sal vaccines, and ensuring access on a 
global standpoint.

Sauer is hopeful for what is to come 
due to the amount of effort is being 
made to design and build specialized 
manufacturing programs for vaccines 
that could be applied to future and ex-
isting health issues. 

For Pohl, increased stability and 
simplified application should be given 
full attention to eliminate the need for 
a cold chain and enable self-adminis-
tration without the need for injection 
and staying affordable. Further, she 
mentions how manufacturing pro-
cesses should be improved to enable 
more rapid production of high-quality, 
high-purity vaccines.

“Given the complexity of modern 
vaccines and their potential application 
to millions of people, a wide range of 
complementary established and novel 
analytical technologies that can be 
leverage across the full development 
cycle should be pursued to reduce risk, 
optimize efficacy, and decrease devel-
opment timelines,” emphasizes Pohl.
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reach the intended target within the eye—
the surface, the anterior segment tissues 
(cornea, aqueous humor, iris, ciliary body, 
and lens), or the posterior segment tissues 
(vitreous humor, retina, and choroid)—
providing the correct dosage.

Patient centricity in topicals
Patient compliance is a challenge. Topical 
drugs are easy for patients to apply them-
selves, but there is no way to ensure that 
patients do so at the proper frequency, ac-
cording to Berdy. 

“Studies have shown that patients don’t 
generally take medicines more than twice 
per day, so it can be difficult to get them to 
apply ophthalmic drugs as often as needed 
in some cases. In addition, refill rates for 
many basic drugs are well below 50%. 
There is no way to guarantee medication 
adherence, which requires that patients 
buy/order, pickup, and then take their 
prescriptions. Whether the reason may be 
price, pain, or forgetfulness, compliance 
is a big challenge with self-administered 
treatments,” Berdy explains.

For this reason, Berdy notes that phy-
sicians often prefer intraocular injectable 
drugs that can be administered in the 
office. With these medications, proper 
dosing is assured. In many cases, he adds 
that the injectable treatment schedule may 
be every three months to one year, and 
patients don’t need to worry about refill-
ing prescriptions on a monthly basis for a 
prolonged period. Furthermore, there is no 
worry of accidental harm to the ocular sur-
face while patients apply topical solutions.

Much research has focused on develop-
ing sustained/extended release solutions 
and increasing the bioavailability of the 
active drug substances in formulations.

Delivery challenges 
Frequent dosing requirements for topical 
ophthalmic drugs can be attributed to the 
fact that typically only approximately 5% 
of the of the administered drug substance 
in a standard eye drop is absorbed at the 
site of action, according to Rezak. There 
are several reasons why this issue exists. 
Primarily, she observes, it is due to the 
tricky path a drug must take to effectively 
penetrate the target tissue. The average 
eye drop is 40–50 μL, whereas the tear 

D rug delivery to the human eye is a 
rapidly growing area but it is also 
one of the most challenging. The 

inherent structure and physiology of the 
eye make it difficult for drugs to reach the 
site of action and persist over time. Despite 
these constraints, ocular therapies con-
tinue to garner significant interest due to 
growing patient need, according to Ashley 
Rezak, Global Market Manager for Topical 
Drug Delivery at Lubrizol Life Science 
Health (LLS Health). Developers are seek-
ing options for overcoming barriers and 
effectively delivering ophthalmic drugs.

Ocular injectable products in particular 
are experiencing strong growth with the 
development of gene and other advanced 
therapies. Even so, topicals (mostly liquids 

including solutions and suspensions, but 
also semi-solids) remain the most prom-
inent dosage form for ophthalmic com-
mercialized products and those in devel-
opment, says Dr. Robert Lee, President of 
LLS Health’s CDMO Division. 

Topicals are appealing due to their ease 
of administration, non-invasive nature, 
and ability to be administered at the site 
of action, making them attractive to treat 
eye diseases such as conjunctivitis and 
glaucoma. The big challenge is delivery, 
according to Gregg J. Berdy, MD, voluntary 
associate professor of clinical ophthalmol-
ogy in the Department of Ophthalmology 
at Washington University School of Med-
icine and a physician with Ophthalmology 
Associates of St. Louis, Missouri. 

Formulations must be stable and ho-
mogeneous and designed such that when 
a drop leaves the medication container 
and hits the surface of the eye, it has the 
appropriate concentration of API and can 

Topical eye treatments can be beneficial  
for patients with a growing array of eye  
diseases, but only if taken appropriately.
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film capacity of the eye is only 7 μL, and 
the eye can only hold about 20–25 μL, 
according to Berdy. This situation results 
in a large waste of product and presents 
a significant delivery limitation, Rezak 
notes. Furthermore, the little liquid that 
does remain is subjected to innate solu-
tion drainage and blinking, making it 
difficult to keep a topical drug product 
in place long enough to be absorbed. 

Given that there are significant protec-
tive barriers and mechanisms on the ocular 
surface and achieving relevant drug con-
centrations in various parts of the eye is so 
challenging, it is crucial to understand the 
pharmacokinetics of any topical ophthal-
mic drug (1). Part of this knowledge must 
include the ability to correlate data gener-
ated in animal models—often rabbits be-
cause of anatomical and physiological sim-
ilarities—to humans (2). As a result, some 
suggest that successful topical ophthalmic 
drugs for the treatment of diseases of the 
anterior and posterior segments of the eye 
must be highly potent and administered 
only to the eye, avoiding delivery of the 
topical dose to systemic circulation (1). 

“Without incorporating differentiated 
ingredients or technologies that help over-
come these challenges, frequent admin-
istration of the drug product is required 
to maintain an effective drug level,” says 
Rezak. “In addition to decreased patient 
compliance due to the added inconve-
nience of more frequent administrations, 
toxicity and overdosing can become an 
issue, as can the increased cost if dealing 
with an expensive API,” she continues.

On outer eye conditions
Most topical ophthalmic drugs are for-
mulated as liquids delivered as drops to 
the eye. These drugs generally treat issues 
involving the eye surface or anterior seg-
ment tissues, including both acute prob-
lems and chronic conditions.  

Eye drops have also been formulated 
to treat surface abrasions and infections 
and to prevent swelling of the retina fol-
lowing surgery, according to Berdy. The 
most common use of eye drops today, he 
observes, is for the treatment of glaucoma. 
These treatments take many forms, but all 
must reach the cornea and penetrate into 
the anterior chamber to be effective. 

The first topical treatment for presby-
opia (age-related hardening of the lens) 
was approved in 2021 (3), and several other 
candidates are in development. These 
drugs function by modulating the size of 
the pupil or changing the thickness of the 
optical lens. There are also several new 
treatments for dry eye disease currently 
advancing through the clinic (4).

Bioadhesion 
Despite the challenges to treating diseases 
at the back of the eye, there are several can-
didates in development for the treatment of 
ocular posterior segment diseases includ-
ing age-related macular degeneration, dia-
betic retinopathy, diabetic macular edema, 
retinal vein occlusion, and optic neuropa-
thy glaucoma disease (1).

“The back of the eye is regarded as one 
of the most difficult areas to effectively 
treat. Compared to the anterior portion, 
the posterior segment generally cannot 
be accessed via a topical route due to the 
natural impermeability of the eye exterior 
and the distance a drug would have to 
travel to reach the site of action, which is 
usually the retina. However, the industry 
is making great strides in the area of ex-
ploring topicals to treat both anterior and 
posterior diseases of the eye,” Lee contends. 

The best way to enhance drug deliv-
ery of ocular topicals, Lee continues, is by 
prolonging a drug’s residence time on the 
surface of the eye. “For eye drops, the key is 
thus muco- or bioadhesion,” he states.

Bioadhesion is commonly defined as the 
adherence between two surfaces, at least 
one of which is biological. In the case of 
topical ophthalmic delivery, the surface of 
the liquid drug product and the front of the 
eye are the relevant interfaces, Lee explains. 

There are some drug product developers 
working on advanced delivery systems to 
instill bioadhesive properties, such as those 
utilizing solid-lipid nanoparticles, micelles, 
and liposomes, according to Lee. “Some of 
these approaches are very promising, and 
it is exciting to see so much innovation in 
the ophthalmic space,” he says. 

Both small-molecule drugs and biolog-
ics can feasibly be delivered using these 
systems, Lee adds. He does note, however, 
that the specific active ingredient must be 
evaluated in the given system to assess suit-

ability, and biologics are often much more 
challenging to deliver topically due to their 
large molecule size. 

With respect to successful bioadhesive 
solutions, Rezak stresses that one of the 
most effective and well-established meth-
ods to impart muco- or bioadhesion to a 
formulation is through strategic excipi-
ent selection. “There are many polymers 
a formulator could select for establish-
ing bioadhesion in a formulation, such 
as carbomers, carboxymethylcellulose, 
polycarbophil, and sodium alginate, to 
name a few,” she comments. LLS Health 
provides muco- and bio-adhesive excipi-
ents designed to increase the effectiveness 
of ophthalmic topical therapies. They have 
unique functionalities that impact the 
mucoadhesive product profile and come 
in multiple grades so that profiles can be 
fine-tuned for the individual needs of dif-
ferent products, according to Rezak. “LLS 
Health has conducted studies (5) that show 
formulations containing its Carbopol 
polymers and Noveon polycarbophil ex-
cipients display significantly longer prod-
uct retention at the target site than those 
containing alternative polymers,” she says.

Other innovative delivery solutions
In addition to improving bioadhesion, 
other innovative strategies for improving 
delivery of topical formulations into the 
eye include decreasing the particle size 
to allow greater penetration through the 
mucous barrier and the use of hydrophilic 
coatings to increase API solubility and 
bioavailability, according to Berdy.
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and smaller-volume CGTs, “the reality is 
that the tactical implementation of these 
specialized supply chains for CGT prod-
ucts has yet to be fully established on an 
industry-wide scale,” says Vivian Berni, 
director of product management and 
strategic marketing for Sonoco Thermo-
Safe. “This leaves a significant burden 
on manufacturers of today’s cell-based 
products to distribute their products reli-
ably. Unknowns cause doubt, uncertainty, 
and risk—and these are not friendly  
ingredients in a discipline that strives for 
repetition and predictability.”

“There are already a lot of capabilities in 
place—experienced cold-chain couriers, 
state-of-the-art insulated containers, the 
ability to track and monitor with reliable, 
cost-effective sensors—so it’s more about 
pulling the right mix of the elements to-
gether in the most strategic and effective 
way to maximize visibility and minimize 
the risk,” says Bermudez.

Cold chain planning and execution “… 
continues to be impacted by not only the 
pandemic but by other factors, such as 
air cargo capacity being down, instability 
related to inflation, the Russia/Ukraine 
conflict, and more, but despite it all, you 
still have patients depending on what 
you’re delivering,” notes Rob Coyle, senior 
vice president, healthcare strategy, Kueh-
ne+Nagel. As such, he says that stakehold-
ers handling high-end CGT products 

“need to be really honest about the risks 
and plan for them ahead of time. Devel-
oping a robust backup plan (and having all 
parties agree to it) ahead of time allows for 
seamless pivot and rapid response should 
any delay arise en route.”

For many routes, it makes sense to 
use passive shipping containers, as they 
require no power infrastructure, have 
a more favorable carbon footprint, and 
can often provide a lower-cost option 
if appropriate. “With careful planning, 
we’re often able to replace active shippers 
with passive units by leveraging existing 
infrastructure, ongoing advances in in-
sulation materials, phase-change materi-
als (PCM), and container designs, using 
advanced GPS and other monitoring de-
vices to ensure continuous access to re-
al-time location, temperature, and other 
data,” adds Scott Ohanesian, senior vice  

T       he coordinated steps required to 
safeguard biologic medications, 
vaccines, and personalized cell and 

gene therapies (CGTs) from the moment 
they begin the journey from origin to des-
tination are notoriously complex. Many 
best practices and lessons learned have 
emerged in recent years as pharma/life 
sciences companies, along with their third-
party logistics partners and vendors that 
supply specialized packaging and mon-
itoring solutions, have all weathered the 
COVID-19 pandemic together and con-
tinued to support ongoing growth in the 
pipeline of therapeutic products that must 
be continuously maintained at refrigerated, 
frozen, or ultra-frozen temperatures.

There is no room for failure if any of 
these high-value—and increasingly one-
of-a-kind—therapy options are allowed 
to experience temperature excursions. 

“Especially when it comes to autologous 

CGT products, the need to track the 
shipment from the donor patient to 
the processing center (laboratory or  
manufacturing location) and back to the 
patient is of paramount importance,” says 
John Bermudez, vice president, product 
marketing, TraceLink.

“What really complicates CGT ship-
ping in particular is that these high-stakes 
shipments must be customized for small-
er-sized, highly individualized parcels,” 
notes Shea Vincent, senior marketing di-
rector of BioLife Solutions. “With some of 
today’s gene therapies priced at $1, $2, or 
even $3 million, failure is not an option 
during distribution.”

Room for improvement
While the industry has learned a lot during 
the steep and fast learning curve imposed 
by the pandemic, and many of the lessons 
learned are now routinely being applied 
to optimize the shipment of both larg-
er-volume biologic products and vaccines 

Efforts to optimize the delivery of  
sensitive biotherapeutics continue to evolve.

Suzanne Shelley is a contributing editor 
to Pharmaceutical Technology.

Safeguarding Biologics—
Blending Engineering 
Ingenuity and  
Managerial Excellence
Suzanne Shelley
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president, commercial operations, Quick-
Stat, a Kuehne+Nagel company.

“Those handling temperature-sensitive 
pharma products and biologics have ex-
perienced a lot of frustration over the past 
few years due to strategic shortages and 
supply-chain issues related to dry ice, liquid 
nitrogen, and the types of specialized pack-
aging that is needed,” says Vincent. “Fortu-
nately, newer materials such as advanced 
insulation materials and PCMs that con-
tinue to come to market are setting up the 
industry for a better, more reliable future.” 

PCMs are engineered materials—based 
on paraffins, fatty acids, alcohols, hydrated 
salts, and more—that are conditioned to 
the refrigerated or frozen setpoint tem-
perature at the outset and placed inside 
the specialized transportation container. 
They are able to store and release energy 
(undergoing a change in phase as they are 
warmed and cooled) as needed to maintain 
the critical setpoint temperatures inside the 
passive thermal containers throughout the 
trip. Meanwhile, to ensure dock-to-dock 
shipping integrity, Vincent says it’s im-
portant “to develop a backup plan and to 
ensure that all stops on the trip have suffi-
cient ultra-low-temperature (ULT) storage 
capacity, or the ability to access more dry 
ice or recondition the PCM.” She notes that 
the planning gets more complicated when 
the customer will be shipping product by 
the pallet but then dividing the pallet to 
repackage smaller volumes to ultimately 
reach many different destinations.

Technology advances
“The Holy Grail for the pharma cold chain 
is ‘how do I get perfect service at a more 
economical price?’” says Dan Gagnon, 
vice president of global strategy for UPS 
Healthcare. Economies of scale and tighter 
overall integration can help to coax out 
some unnecessary expenditures.

A particular challenge is that the end-
to-end distribution of biologics often re-
quires handoffs among multiple partners 
using disparate systems, and this creates 
unnecessary complexity. “Today, exist-
ing tools can be used to reliably track 
individual shipments, but the challenge 
is that it has to be coordinated with ac-
tual patients and the labs that process the 
cells,” notes Bermudez. “The ability to 

closely coordinate all handoffs improves 
visibility and gives timely alerts when a 
shipment has gone out of temperature 
range or needs intervention.” 

In other cases, pharma/life sciences 
stakeholders producing biologics and 
CGT products enlist multiple vendors 
and partners to create complex end-to-
end distribution routes. “Stakeholders 
should choose partners who take a con-
sultative approach,” says Amy DuRoss, 
president, cell and gene therapies, CSafe 
Global. “They can help to identify the 
challenges ahead of time and address 
them effectively when they do arise.”

In recent years, UPS Healthcare “has 
made its mission to streamline and in-
tegrate the pharma cold chain as much 
as possible, bringing as much of the end-
to-end capabilities—in terms of storage 
capacity, ocean, ground, and airline net-
works—in house as possible to maximize 
quality and visibility,” says Gagnon. “Any 
time you can remove a handoff between 
two parties it dramatically reduces the 
risk of excursion, and our singular, uni-
fied system uses the same systems and 
similar training for all personnel, which 
provides a complete end-to-end cold 
chain under one roof.”

In November, UPS Healthcare ac-
quired global healthcare logistics pro-
vider Bomi Group, helping to expand 
its footprint across Europe and Latin 
America. UPS Healthcare customers 
now have access to 216 facilities with 17 
million square feet of current good man-
ufacturing practice and good distribution 
practice-compliant healthcare distribu-
tion space in 37 countries and territories.

“Scientific advances are always ahead 
of the regulatory frameworks, so logis-
tics providers need to work closely with 
regulatory authorities when it comes to 
CGT distribution,” notes Ohanesian. For 
example, delays in Customs vary from 
country to country and can chip away at 
the limited window for which packages 
transporting biologics and CGT products 
is guaranteed to remain at its setpoint 
temperature. “Customers often make 
a packaging choice and get locked in, 
so they don’t really consider qualifying 
newer packaging options—we see that a 
lot,” adds Coyle. 

For instance, Ohanesian says, “If your 
quality team has already qualified a par-
ticular technology that can ensure the 
setpoint temperature is maintained for 
three days, but there exists an option that 
can maintain it for eight days, you need 
to consider making the switch.”

“One of the challenges associated with 
competing technology options is that you 
need to keep investing in new technology, 
but you can’t just get distracted by every 
shiny new technology solution,” adds 
Gagnon. “You have to critically evaluate 
which technology advances will bring 
significant value to customers and focus 
on which offerings are likely to still be 
around in the years to come.” 

Despite ongoing innovation in supply 
chain traceability, real-time tracking, 
and enhanced visibility, DuRoss says, 

“we urgently need solutions that simplify 
and standardize CGT operations so that 
this field can scale. High complexity 
often translates to higher-than-neces-
sary costs, which results in fewer pa-
tients being treated.” To achieve mass 
adoption within the CGT space, “we 
need to both industrialize and person-
alize in parallel,” she continues.

Best practices 
Ensure quality and data integrity. “Having 
a comprehensive commitment to quality 
is a winning strategy and putting the sys-
tems in place now can save you a lot of 
headaches later,” says Gagnon. Meanwhile, 
in all partnerships, specific elements (such 
as hardware, software, service, and more) 
must go through consistent qualification 
and validation processes and be demon-
strated as suitable for use in the regulated 
environment, notes Emanuel Schäpper, 
head of global business management for 
ELPRO. Coyle adds, “If you don’t have 
detailed standard operating procedures 
(SOP) and quality systems in place, and 
enforce that each of your partners im-
plement them, too, it will open you up to 
human and process error.”

Invest in offerings that make sense. “Not 
all technology, tracking devices, and pack-
aging options work across all networks, 
locations, or applications,” adds Berni.  

Contin. on page 28
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H  
and hygiene has become fundamental in the work-
place and in modern life. Pharmaceutical, medical 
device, and other regulated industry personnel are 
trained on handwashing. Reminders encouraging 

repeated handwashing are posted throughout work facilities. 
Reference procedures are available in compendia, from reg-
ulatory agencies, and from professional organizations. Elec-
tronics are used to monitor handwashing and disinfectant 
compliance in hospitals. Numerous YouTube videos demon-
strate actual handwashing performance. The COVID-19 pan-
demic has greatly increased public awareness of handwashing 
and hand disinfection (1–9).

While repeated and frequent handwashings are obviously 
desirable, more relevant are concerns about handwashing 
efficacy (i.e., the effectiveness of handwashing to remove 
contamination). Skin surfaces, handwashing methods, and 
physical force influence handwashing efficacy. Personal at-
titudes toward handwashing are another consideration; how 
serious is the handwashing effort by the individual? Much 
of handwashing information only emphasizes time, such 
as wash for 30 seconds or while singing “Happy Birthday.” 
Handwashing that is minimal, superficial, or careless will 
likely be ineffective.

The following discussion describes experiences with adult 
handwashing utilizing a fluorescence testing method. This 
method has been successfully used in handwashing training 
for many years (10–12). Specific handwashing problem areas 
on hands are identified. Washing techniques to address 
problem areas are proposed; these may be easily incorpo-
rated into established handwashing procedures to supple-
ment ongoing practices. Related topics including ancillary 
tools, contamination sources, and handwashing retraining 
are also addressed. If people have a more thorough under-
standing of handwashing problem areas and focused tech-
niques are applied to individual practices, enhanced hand 
hygiene efficacy will occur.

Content herein expands a previous discussion on handwash-
ing techniques (13).

Submitted: Sept. 26, 2022
Accepted: Dec. 19, 2022

Supplementary 
Handwashing Techniques 
to Improve Hand Hygiene

A fluorescence test method was used to visually 
evaluate handwashing efficacy. Difficult-to-
clean areas on skin such as skin folds and 
webbing between fingers were identified; 
specific washing techniques to address problem 
areas are proposed. These techniques can be 
incorporated into established procedures to 
enhance handwashing methods. If personnel 
become aware of problem handwashing 
areas and learn techniques to address them, 
handwashing efficacy will improve. Content 
described represents more than 2000 actual 
observations of adult handwashing in multiple 
environments over an extended timeframe.

Paul L. Pluta, Bradley D. Bartels, and Varanya Chaiyaperm
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Experimental
More than 2000 adults including post-graduate pharmacy stu-
dents, pharma industry manufacturing personnel, and hospital 
workers participated in handwashing fluorescence testing as 
part of hand hygiene training. This activity was conducted over 
an extended timeframe in respective university and workplace 
environments. Participants were instructed regarding hand-
washing methods immediately before actual handwashing, 
including identification of potential difficult-to-clean areas; 
handwashing performance was thus expected to be successful. 
Most participants also had science education, and some had 
prior industry or hospital handwashing training. Participants 
fully understood the test protocol and were confident of their 
handwashing competency prior to actual handwashing.

Handwashing fluorescence test procedure. The handwashing 
fluorescence test enabled evaluation of hand washing efficacy 
through visual observation of fluorescent residue. In brief, a 
solution containing fluorescent indicator was applied to hands; 
hands were washed; washed hands were then observed under 
ultraviolet (UV) light. Steps were as follows:

1. Both hands of the participants were treated with com-
mercial product containing a fluorescent indicator by 
either spraying (14) or application of lotion (15). Indi-
cator was rubbed into hands in all subjects; some par-
ticipants also distributed indicator on wrists, arms, 
and elbows.

2. Participants donned a rubber glove on one hand. This 
hand served as positive control as well as to demon-
strate indicator distribution over the washing surface.

3. Participants were instructed to wash hands as ap-
propriate for their workplace function (sterile and 
non-sterile compounding, and pharma non-sterile 
manufacturing).

4. Gloved and ungloved hands were then washed, rinsed, 
and dried using an air dryer or paper towels.

5. Gloves were removed. Both hands were observed using 
UV light in a darkened room. Comparison of the 
washed hand to the gloved (unwashed) hand demon-
strated relative improvement of hand cleanliness 
through washing. Areas where purple, f luorescent 

Figure 1. Representative problem areas after handwashing. Note knuckle skin folds, dorsal fingers, thumb web, 
palms, ventral fingers, and callouses.

1 

Figure 1: Representative problem areas after handwashing. 
Note, knuckle skin folds, dorsal fingers, thumb web, palms, ventral fingers, and callouses. 
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residue on the washed hand was observed indicated 
inadequate handwashing.

6. Participants washed fluorescent residue from previ-
ously gloved hand.

7. Consideration for religious practices such as re-
stricted skin exposure during handwashing perfor-
mance were implemented in the above procedure.

Results and discussion
The fluorescence test was successful in clearly demonstrat-
ing inadequate handwashing to participants. Visible fluores-
cence enabled participants to see problem areas and judge 
the effectiveness of their handwashing effort. A wide range of 
handwashing performance among participants was observed. 
Comparison of washed and unwashed hands demonstrated 
definite reduction in residual fluorescence. A small proportion 
of participants had excellent handwashing with essentially no 
fluorescent residue. Most participants demonstrated improved 
hand hygiene but had specific skin-area deficiencies. Many 
participants had substantial handwashing failures; more than 
half of participants required a second handwashing to remove 
residue, and some required three or four re-washings.

Most notable results from fluorescence testing were the 
identification of areas with recurring significant residue 
levels. For example, the web between the thumb and index 
finger had obvious residue in essentially all participants; 
participants who did not wash using a “fist” hand orienta-
tion demonstrated fluorescent residue within knuckle skin 
folds. See Figure 1.

Handwashing problem areas and proposed washing techniques. 
Different areas of the hand have different surfaces, skin folds, 
callouses, scars, and other skin imperfections that require spe-
cialized effort to remove contamination. Superficial washing of 
the palms of hands will not clean problem areas. Several areas 
on hands consistently had high levels of fluorescent residue. 
Some areas were difficult to clean; others were generally over-
looked during washing. A summary of problem areas is pre-
sented in Figure 2. Handwashing techniques to address problem 
areas are proposed. These techniques may be incorporated into 
established procedures to improve handwashing effectiveness. 
Participants must “know their hands” and wash accordingly 
to accomplish effective handwashing.

Palms. Palms have the greatest level of contamination on the 
hand. Palms have direct contact with contaminants. When 
items are held, palms and backs of fingers become contami-
nated. Person-to-person handshaking transfers contamination. 
Palms require the most rigorous handwashing—the rougher 
the skin in the palms, the more effort required to clean. Cal-
louses on palms absorb contamination that is difficult to re-
move; scars and other skin imperfections may hinder washing. 
Natural crevices in the palms retain contamination and require 
vigorous scrubbing to be cleaned.

Palms are a natural and logical first step in the handwash-
ing process and include the tops of hands and beyond the 
wrists. Healthcare workers must wash to the elbows. Palms 

are always contaminated; palm washing must be vigorous, 
intense, and with friction, and not just gentle rinsing without 
robust pressure.

Fingertips. Fingertips under nails, cuticles, and area around 
nails are difficult to clean. Fluorescence was frequently ob-
served on fingertips under the nails. Nails should be clipped 
short to minimize under-nail contamination. Healthcare 
workers must not wear nail polish, artificial nails, or nail 
extensions that may harbor contamination.

Fingertips are cleaned by first removing visible debris un-
derneath fingernails. Additional soap is then added to the 
palm. Fingertips are joined, and the joined tips are washed 
with circular rotation and robust pressure in the center of 
the palm. See Figure 3.

Skin folds—knuckles, wrists, elbows. Skin-fold locations are diffi-
cult to clean. Knuckles have the most prominent skin folds. All 
knuckles at joints must be addressed; fingers have three knuck-
les and thumbs have two knuckles. Fingers must be clenched 
into a fist to eliminate skin folds. When fists were not formed 
for washing, residue remains within skin folds and glowed with 
fluorescence during evaluation. Wrists and elbows must also 
be consciously stretched to eliminate skin folds.

Figure 2. Handwashing general problem areas.
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Knuckles and other skin folds are washed by minimizing 
skin folds and washing stretched skin areas in palms. A fist is 
formed, and the knuckles are washed in the palms with rotation 
and pressure in the same manner as the fingertips. Wrist and 
elbow skin folds are similarly addressed; hands are bent upward 
to stretch wrist skinfolds; arms are bent upward to stretch elbow 
skinfolds. See Figures 4 and 5.

Webs. Webs or interdigital skin are the skin areas between 
fingers and between index finger and thumb. Fingers must be 
stretched apart to adequately clean interdigital skin. Essentially 
every participant did not adequately wash between index finger 
and thumb; this is a routinely overlooked area in handwashing.

Webs between fingers are washed by using fingers of one 
hand intermingled between fingers on the other hand. Webs 
also have skin folds. Stretch fingers apart when washing to 
minimize skin folds.  Stretch the index finger and thumb to 
minimize skin folds. See Figure 6.

Fingers and thumb. Fingers comprise the entire shaft of the fin-
ger from the fingertip to the palm.  The back and sides of the 

fingers are contaminated similarly to the palms. Sides and 
backs of the fingers are problem areas that almost always dis-
play fluorescent residue. Healthcare workers should not wear 
rings, bracelets, watches, or other jewelry that may interfere 
with handwashing. If flat rings must be worn, care must be 
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Figure 3.  Fingertip Washing 
Join finger tips.  Wash finger tips and nails 
in palm of hand with pressure and 
rotation. 

Figure 4.  Knuckle Washing 
Form fist.  Wash expanded skin folds as 
fisted knuckles in palm of hand with 
pressure and rotation. 
 

Figure 3. Fingertip washing. Join finger tips. Wash fingertips 
and nails in palm of hand with pressure and rotation.
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Figure 3.  Fingertip Washing 
Join finger tips.  Wash finger tips and nails 
in palm of hand with pressure and 
rotation. 

Figure 4.  Knuckle Washing 
Form fist.  Wash expanded skin folds as 
fisted knuckles in palm of hand with 
pressure and rotation. 
 

Figure 4. Knuckle washing. Form fist. Wash expanded 
skin folds as fisted knuckles in palm of hand with 
pressure and rotation.
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Figure 6.  Web Washing 
Wash interdigit skin between fingers and between 
index finger and thumb.  Stretch fingers and 
thumbs to minimize skin folds.  

Figure 5.  Wrist and Elbow Washing 
Bend wrist upward to eliminate skin folds.  Wash wrists 
in palm of hand. 
Bend arm upward to eliminate skin folds.  Wash elbow 
in palm of hand. 

Figure 5. Wrist and elbow washing. Bend wrist upward to 
eliminate skin folds. Wash wrists in palm of hand.
Bend arm upward to eliminate skin folds. Wash elbow in 
palm of hand.
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Figure 6.  Web Washing 
Wash interdigit skin between fingers and between 
index finger and thumb.  Stretch fingers and 
thumbs to minimize skin folds.  

Figure 5.  Wrist and Elbow Washing 
Bend wrist upward to eliminate skin folds.  Wash wrists 
in palm of hand. 
Bend arm upward to eliminate skin folds.  Wash elbow 
in palm of hand. 

Figure 6. Web washing. Wash interdigit skin between 
fingers and between index finger and thumb. Stretch 
fingers and thumbs to minimize skin folds. 
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taken to move rings and wash ring-covered surfaces on fingers. 
Participants frequently did not wash the thumbs; the thumb 
is also an overlooked area in handwashing.

Fingers and thumbs are washed by making a loose fist with 
one hand. Insert each finger of the other hand into the fist. Ro-
tate each finger shaft within the fist with rigorous pressure for 
washing. Wash thumb in the same manner; rotate with pressure 
within the fist. This technique washes top, sides, and back of 
fingers and thumb. See Figure 7.

Rinsing. After handwashing is completed, hands are rinsed 
under clean running water. The water rinsing should start at 
the fingertips with the hands and arms in raised positions to 
allow the rinse water to drain down to elbows and away from 

the cleaned hands. The hands and arms are completely dried 
with low-lint disposable towels or wipes. The use of hand air 
dryers is not recommended in healthcare facilities with con-
trolled environments. Some sites recommend hand sanitization 
immediately following handwashing.

Associated topics
Handwashing policies. Site practices related to handwashing must 
be specified, documented, and appropriate for individual ap-
plications. United States Pharmacopeia (USP) <797> guidance 
(16) states handwashing requirements for sterile compounding 
areas. This document addresses fingernails, jewelry, cosmetics, 
and related topics. Ancillary cleaning tools such as disposable 
nail cleaners should be described in site policy or standard op-
erating procedure (SOP). Hand hygiene policies should be de-
veloped for workplace areas based on risk. Related site policies 
such as dedicated clothing, shoes, and related topics must be 
consistent with handwashing policies.

Handwashing ancillary tools. Handwashing ancillary tools are 
devices to aid in the hand hygiene process. Disposable nail 
cleaners should be available for use prior to handwashing. Use 
of scrub brushes for hand cleaning is not recommended by USP 
<797>; fluorescence testing after brushing palms indicated reten-
tion of residue in scrubbed areas perhaps due to surface abrasion  
(Figure 8). Hand drying with air dryers in hospital cleanroom 
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Figure 7.  Finger and Thumb Washing 
Wash fingers and thumbs by inserting digit into fist and rotating 
to wash entire digit shaft.  Stretch fingers and thumb to eliminate 
web skin folds. 

Figure 7. Finger and thumb washing. Wash fingers and 
thumbs by inserting digit into fist and rotating to wash 
entire digit shaft. Stretch fingers and thumb to eliminate 
web skin folds.
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Figure 8: Representative fluorescent residue after hand brushing, 
residue on palm is broad and diffuse compared to control before brushing. 

 
 
 

Figure 8. Representative fluorescent residue after 
hand brushing, residue on palm is broad and diffuse 
compared to control before brushing.
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environments is also not recommended by USP <797>; air dry-
ers are known to generate particulate.

Electronic monitoring systems. Several commercial devices 
to monitor personnel routine hand hygiene are available 
(17,18). Small electronic devices are worn on the individual. A  
timing function reminds the worker to rewash or sanitize 
hands at programmed intervals. After completion, the device 
records performance. Files can then be downloaded to evaluate  
personnel compliance.

Post-handwashing contamination. After washing is completed, 
care must be taken to minimize inadvertent re-contamination 
of cleaned hands. Washing stations, faucets, handles, and doors 
in cleanroom facilities may have electronics or engineering to 
enable foot, arm, or elbow control. Drying towels may be used 
to close faucets and open doors to prevent touching possible con-
taminated surfaces. Handling contaminated or particle-gener-
ating materials in non-sterile manufacturing facilities should 
be segregated; removal of secondary packaging, pre-cleaning, 
and other activities to minimize contamination should be im-
plemented. Frequent sanitizing of surfaces with 70% isopropyl 
alcohol or other disinfectant is recommended. Cleaning and 
sanitization beyond handwashing must be comprehensive to 
minimize hand re-contamination.

Handwashing retraining. Handwashing training must be re-
peated or periodically verified to remind employees of procedure 
subtleties as well as enforce the general site culture regarding 
cleanliness.  Sites identify retraining frequencies on many dif-
ferent procedures; handwashing and hand sanitization training 
must also require retraining.

Hand sanitization. Hand sanitization has been recommended 
as an alternative to handwashing when soap and water are not 
available, or handwashing is disruptive to the work function.  
Sanitization with commercial sanitizer or with isopropyl alcohol 
spray at frequent intervals during the workday may also be spec-
ified. Handwashing techniques described above are likewise ap-
plicable to hand sanitization. Effective hand sanitization requires 
the application of sanitizer to all hand surfaces and especially to 
problem areas as were identified for handwashing.

Hand microbiome testing. Hand microbiome testing demon-
strates levels and diversity of natural microbial contamination 
on hands. Participants touch fingertips or palms to sterile agar 
plates and plates are incubated for several days. After incuba-
tion, plates will demonstrate a variety of microbial contamina-
tion. This testing may be instructive to supplement handwash-
ing training if participants in training have not been previously 
exposed to human microbiome concepts (8).

Summary
This discussion has addressed considerations associated with 
effectiveness of hand hygiene. Much of the current handwash-
ing training and supportive information encourages repeti-
tive handwashing with emphasis on handwashing time but 
with little attention to handwashing efficacy.

Great differences in handwashing effectiveness were clearly 
observed through use of a fluorescent residue test method. 

Some individual handwashings were reasonably successful; 
others were dismal failures. Reasons for differences were var-
ied; some lacked attention to detail while other hands were 
difficult to clean due to roughness, callouses, and skin inden-
tations; some skin areas were simply overlooked. Handwash-
ing should be performed based on individual knowledge of 
personal hand characteristics—the rougher the hand surface, 
the greater the intensity and time required for handwashing.  
Hand areas likely to retain contamination including finger-
tips, skin folds at knuckles, between fingers, and wrists; palms 
and backs of fingers, and other specific areas were identified 
as problem areas. Knowledge of problem areas on hands and 
techniques to address these areas should help to make hand-
washing processes more effective.

Recommendations
The following are recommendations for handwashing practices 
in pharma and related healthcare organizations. Hand hygiene 
practices must be appropriate for work situations based on risk 
and consequences of contamination.

Handwashing training with fluorescence testing.  Fluorescence test-
ing is an effective method to visually demonstrate handwashing 
efficacy and identify problem handwashing areas. Fluorescence 
testing should be included in site training sessions. Depending 
on the backgrounds of personnel being trained and tested, per-
formance of a hand microbiome test to demonstrate the natural 
presence of microbes on the skin should also be available.

Handwashing procedures.  Site policies and SOPs related to hand-
washing must be clear and specific. Handwashing procedures 
should emphasize the following:

• Handwashing should be individualized; each person’s 
hands are different.

• Handwashing problem areas that require additional effort 
in washing should be identified.

• Proposed handwashing techniques addressing problem 
areas should be incorporated into established procedures.

• Sufficient force and friction in handwashing is critical.
Handwashing retraining. Handwashing retraining including flu-

orescence testing should be implemented at periodic intervals. 
Chosen intervals should be commensurate with quality risks 
associated with personnel work functions.

Re-contamination. Potential re-contamination risks such as 
doorknobs and faucet handles should be eliminated in high-
risk areas. Site practices on related contamination practices (e.g., 
dedicated clothing, shoes, material handling) must be consistent 
with handwashing practices.

Hand sanitization. Policies and procedures addressing hand 
sanitization should utilize handwashing practices to thoroughly 
distribute hand sanitizer onto hands including problem areas.  
Skin areas overlooked in handwashing are likely overlooked in 
hand sanitization.
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“Understanding the constraints of each 
option helps all parties to manage expec-
tations and set things up for success.”

Leverage recent developments. “In re-
sponse to the COVID pandemic, we de-
veloped a passive parcel ULT shipper that 
can transport and store mRNA [messen-
ger RNA] vaccines at a range of -60 °C to 
-90 °C for up to 30 days, and it has been 
used to reliably ship COVID-19 vaccines 
to 180 countries,” says DuRoss of CSafe 
Global. “We must leverage all of the global 
COVID-19 learnings and solutions to en-
able scaleup in CGT.”

Strive for continuous improvement 
When it comes to container designs, in-
sulation, and PCM materials, monitoring, 
and control systems and versatile cloud-
based solutions to enable greater visibility, 
stakeholders should keep up with ongoing 
advances and be willing to embrace best-
in-class solutions, rather than becoming 
locked into a particular solution. “The en-
tire chain is only as strong as its weakest 
link,” says Schäpper.

Choose monitoring and tracking devices 
carefully. “From the perspective of a suit-
able monitoring solution, care must be 
taken to ensure that the operability of mon-
itoring devices [is] user-friendly and easy 
to understand, especially in the case of ex-
tensive, global distribution networks,” says 
Schäpper. “The operating elements must be 
clear, and the display must provide unam-
biguous information about the status of the 
product or the measurement parameters.”

Engage logistics partners and  
vendors as early as possible
“The more we can get critical informa-
tion earlier in the product lifecycle, the 
better we can design systems to opti-
mize each of the steps. This has been 
one of the biggest learnings in recent 
years,” says Coyle. Similarly, Berni adds, 
“Involving packaging providers and lo-
gistics partners in the discussions early 
on enables a more cohesive overall strat-
egy. I cannot emphasize this enough; 
start the conversation early with all of 
your partners—don’t wait.”

Choose partner with global reach. “You can’t 
adequately support CGT patients world-
wide when you have cold chain service 

centers in just a few locations—for in-
stance, you can’t support and service the 
distributed global CGT infrastructure if 
you operate just a few locations in North 
America and Europe,” says DuRoss.

Clinical and commercial teamwork
“More than ever, these two teams—
which formerly functioned largely 
independently of one another—are 
working hand-in-glove from the ear-
liest phases of drug development, and 
that’s the way it should be,” says Coyle. 
“We’re still in the infancy of the era of 
high-end biopharma and personal-
ized medicine, and while we’re already 
learned so much, there’s still so much 
more room for ongoing improvement 
to minimize the risk of product dam-
age and ensure patient access to these 
high-value, lifesaving therapies,” says 
Coyle. As the pharma/life sciences 
pipeline of biologic therapies, vaccines, 
state-of-the-art CGTs, and other gene 
therapies continues to grow, so does 
the need to push for ongoing inno-
vation in the technologies and prac-
tices needed to safeguard them during  
shipping and storage. PT

Manufacturing —  
Contin. from page 21 
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the uncertainties associated with navi-
gating a web of global regulators. Fortu-
nately, global regulators work together 
to keep international expectations from 
becoming disjointed to the point that 
manufacturers are unwilling to develop 
and implement innovations that might 
benefit patients.

ICH and global regulators
An important example of global regula-
tors working together to promote inno-
vation occurred with the November 2022 
adoption of the International Council 
for Harmonisation (ICH) guideline, 
Q13 Continuous Manufacturing of Drug 
Substances and Drug Products. Contin-
uous manufacturing is the continuous 
feed of input materials, transformation 
of in-process materials, and concomi-
tant removal of output materials from 
a process. This new guideline describes 
scientific and regulatory considerations 
for the development, implementation, 
operation, and lifecycle management of 
continuous manufacturing across reg-
ulatory regions. Still less widespread in 
pharma than in other industries, con-
tinuous manufacturing has the poten-
tial to improve process quality, reduce 
waste, lower costs, and increase manu-
facturing agility. Though FDA has had 
success in approving applications with 
continuous manufacturing faster than 
applications with traditional batch 
manufacturing (2), ICH Q13 will give 
manufacturers around the world more 
confidence in the international regula-
tory expectations for continuous manu-
facturing, and by extension increase their 
appetite to adopt it as a strategy. 

FDA is a founding regulatory member 
of ICH, still a relatively young organiza-
tion (considering that FDA is nearly 120 
years old), birthed in Brussels in 1990, 
nearly 4000 miles from FDA headquar-
ters. ICH’s consensus-driven process 
brings together technical experts from 
regulatory authorities and industry to 
develop science-based guidelines on 
critical topics. The overall purpose is to 
achieve harmonized technical require-
ments by regulators to ensure that safe, 
effective, and high-quality medicines are 
developed, registered, and maintained 

W hen a pharmaceutical man-
ufacturer wants to launch a 
product, they submit appli-

cations to dozens of international reg-
ulators for that product’s review and 
approval. The manufacturer faces the 
risk that different regulators will have 
different expectations for the content 
and framework of their application. 
But when it comes to quality, does this 
have to be the case? Patients’ quality 
expectations around the globe are con-
sistent: safe and effective medicines free 
of contamination and defects.

FDA Principal Deputy Commis-
sioner, Janet Woodcock, made head-
lines when she foretold “a single dossier 

for quality in the cloud” and “a single 
regulatory position worldwide” as 
part of a global approach to quality (1). 
Though the world is still far from this 
single regulatory position on quality, 
some regulators are chipping away at 
the international status quo.

While the United States has the larg-
est single pharmaceutical market in the 
world, over recent decades pharmaceu-
tical manufacturing has globalized, and 
many manufacturers now strive for 
product launches that are global events. 
While a regulator may deal with one ap-
plication for a new drug product, one 
manufacturer may deal with multiple 
international regulators for that single 
product’s review and approval. A pub-
lic health worst-case scenario is one in 
which a pharmaceutical manufacturer 
has a promising new technology that 
could benefit patients—and perhaps 
even confidence that FDA will approve 
it—but decides not to pursue it due to 

Harmonization of global regulations fosters 
innovation and ensures quality medicines.

Ashley Boam, MSBE, is the Director 
of the Office of Policy for Pharmaceutical 
Quality in FDA’s Office of Pharmaceutical 
Quality in the Center for Drug Evaluation and 
Research (CDER). Theresa Mullin, PhD 
serves as CDER’s Associate Director for 
Strategic Initiatives and leads CDER’s 
International Program. 

Convergence in the  
Global Regulatory Village
Ashley Boam and Theresa Mullin 
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in a resource-efficient manner. Inter-
national harmonization is a five-step 
process starting when a group of ex-
perts develops a consensus draft of a 
new guideline. The ICH Assembly then 
approves the draft guideline and regu-
latory members endorse it. At this point, 
FDA publishes the document as a draft 
FDA guidance in the Federal Register to 
initiate a public comment period in the 
US. ICH members then use the public 
comments from all of their regions to 
develop a final guideline to be approved 
by the ICH Assembly. The process ends 
in the US when FDA adopts and issues 
ICH guidelines as final FDA guidance 
to industry. A particularly prominent 
example of the value of ICH is the elec-
tronic common technical document 
(eCTD), which provides a common 
interface that standardizes marketing 
applications across ICH regulators (3). 
Continuous manufacturing is only one 
of several quality topics currently being 
developed into international guidelines 
by ICH. For example, other guidelines 
are currently being developed to address 
analytical procedure development and 
validation (ICH Q2(R2)/Q14), viral 
safety evaluation of biotechnology prod-
ucts (ICH Q5A(R2)), extractables and 
leachables (ICH Q3E), and the quality 
portion of the common technical doc-
ument (ICH M4Q(R2)). Together these 
guidelines will provide clearer interna-
tional expectations for manufacturers 
on these critical quality topics. 

Alignment of regulatory practices
The alignment of regulatory practices 
lies a step beyond harmonizing guide-
lines. Even with harmonized guidelines 
in place, the consistent implementation 

of those guidelines can be a challenge. 
Consider that ICH Q8–Q11 guidelines 
describe a harmonized control strategy 
based on science and risk. Yet, when in-
dustry measured the acceptance rate of 
the core chemistry, manufacturing, and 
control (CMC) documents of more than 
100 applications across the US, Japan, 
Canada, and the European Union, the 
probability of a document’s acceptance 
across all four countries was typically less 
than 10% (4). This regulatory inconsis-
tency can lead to control strategies for a 
single product that vary globally. Imag-
ine instead a future ‘regulatory cloud’ 
where applicants could provide one ap-
plication for all global regulators to assess 
simultaneously. Imagine a single ‘collab-
orative hybrid facility inspection’ that 
meets the needs of all global regulators. 
A regulatory future could include harmo-
nized regulatory expectations for data el-
ements and standards, assessments, and 
inspections, and a virtual repository for 
lifecycle management of submissions. 
The future could hold open information 
flow between regulators enabling the 
most pragmatic and efficient regulatory 
oversight possible. This is not as specu-
lative as it sounds; in fact, in some ways 
it’s not even unprecedented. 

Mutual Recognition Agreements 
(MRAs) between FDA and foreign regu-
latory authorities allow drug inspectors 
to rely on information from drug inspec-
tions conducted within each other’s bor-
ders. Under MRAs in place, FDA collab-
orates with inspectorates of 28 different 
countries and reviews their inspection 
reports to determine a manufacturer’s 
suitability for the US market, in lieu of 
conducting an FDA site inspection. The 
2012 Food and Drug Administration 
Safety and Innovation Act gave FDA the 
authority to enter into these agreements 
if FDA determines that a foreign author-
ity is capable of conducting inspections 
that meet US requirements. Under MRAs, 
FDA now collaborates with European in-
spectorates, including those of the United 
Kingdom and Switzerland, to avoid con-
ducting duplicate inspections and focus 
resources on inspecting drug manufac-
turing facilities with higher US public 
health risks. The power of MRAs was 

on full display at the height of the global 
COVID-19 public health emergency; crit-
ical data from MRA partner inspections 
enabled facility assessments and product 
approvals despite the travel restrictions 
imposed by various governments.

FDA is also part of the International 
Coalition of Medicines Regulatory Au-
thorities (ICMRA), a group of 39 regu-
latory authorities that provides strategic 
direction to jointly address common 
challenges, such as those posed by the 
COVID-19 pandemic. ICMRA is working 
to establish a new capability for Pharma-
ceutical Quality Knowledge Management 
that ensures participating regulators have 
timely and complete information related 
to an applicant’s quality and risk manage-
ment. ICMRA’s knowledge management 
strategy could enable the simultaneous 
submission of harmonized pharmaceu-
tical manufacturing information from 
sponsors and the simultaneous access to 
that information by multiple regulators. 
International convergence of this scope 
requires the collaboration of many, and 
ICMRA is calling on the international 
community of regulators, legislators, and 
manufacturers to advance this strategy for 
the benefit of patients.

International regulatory divergence 
can not only keep manufacturers from 
pursuing new treatments and technolo-
gies, but it can also complicate execut-
ing a manufacturing change after FDA 
approves a drug. One manufacturing 

Contin. on page 33
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output. The results of computerized 
operations can vary when the inputs 
change. We don’t need to run a test 
multiple times with the same inputs; 
we need to inject a variety of inputs 
intended to generate errors if we can. 
We want to break it during testing, 
not in production, when errors might 
harm the public directly, or maybe 
through other impacts such as busi-
ness disruption. CSA represents cur-
rent thinking about how to make the 
CSV process value-added. 

With regard to CSA challenges in 
testing, I’m still trying to wrap my 
head around testing without review-
able evidence. Not because of a per-
ceived need for proof, but to overcome 
human nature to take the easy way out. 
Say it’s Friday afternoon, we’re tired 
and ready to head out for the week-
end. We might be a little less diligent 
about noticing and investigating a dis-
crepancy that occurs during testing; 
especially if we aren’t required to have 
documented evidence. I’ve seen this 
happen too many times over the years. 
If we must have documented evidence 
and sign for our actions, we’re not 
going to be able to bypass procedures 
and ignore those discrepancies. How 
can we focus more on testing and yet 
still ensure due diligence? 

Guidance leading the way?
PharmTech: The Center for Devices and 
Radiological Controls (CDRH) also put 
together a list of planned guidances for 
2023 for computer validation of vari-
ous devices (1). Broadly speaking, what 
are some of the key changes we can ex-
pect out of these guidances? How are 
companies preparing for this?

Miller: My interests are in the CSV 
process itself; I see it as just good IT 
[information technology] business 
practice, so it really applies across the 
board. The guidance in CDRH’s list 
that stands out to me is Cybersecurity 
in Medical Devices. I see that as a doc-
umented awareness of the serious im-
pact cybersecurity has on patient safety. 

But I also think the current thinking 
has broader implications to CSV in 
general, increased emphasis on hazard 

T he exact state of computer software 
validation (CSV) can be tricky to 
pin down. While industry insiders 

can call it slow to change, attempting to 
sort through various complex procedures, 
approaches, and technologies to develop 
a truly validated process can be mystify-
ing for those on the outside looking in.

To remedy this ambiguity, Phar-
maceutical Technology spoke with  
G. Raymond Miller, PhD, course di-
rector for Computer System Valida-
tion at The Center for Professional In-
novation and Education. Miller spoke 
on various topics, including the rise of 
computer software assurance (CSA), 
how to contextualize new draft guid-
ances from regulatory authorities, and 
common CSV pain points.

Embracing alternative approaches
PharmTech: FDA recently put together a 
draft guidance on CSA that describes 

a new validation approach. How does 
this work, where does it differ from 
historical approaches, and why is FDA 
implementing it?

Miller: First, CSA is not replacing 
computer validation; it’s an alterna-
tive approach to the process that has 
evolved since the mid-1980s. For de-
cades, CSV has been an effort in good 
documentation practice.  The outcome 
has too often been perfect documen-
tation that has little to do with correct 
system operation and ends up locked 
away in the event an investigator asks 
for it. The intent of CSA is to focus 
more on challenging system opera-
tions the way we intend to use them, 
not producing piles of beautiful but 
meaningless documentation. 

As FDA’s General Principles of 
Software Validation points out (1), 
software doesn’t wear out; given the 
same inputs it will supply the same 

Shifting guidance and the growing prominence 
of computer software assurance exemplify  
the state of computer software validation.

The Punctuated  
Evolution of Computer 
Software Validation
Grant Playter



Pharmaceutical Technology FEBRUARY 2023    33

analysis, risk mitigation, and sce-
nario testing regarding cybersecurity 
and data integrity. The identification 
of ‘intended functions’ for validation 
should include functions intended 
to mitigate hazards through risk 
management, including more robust 
testing. These are just good IT busi-
ness practices. Companies should be 
proactively building appropriately 
controlled systems, not waiting for  
guidance documents to be finalized to 
start planning actions.  

Isolating pain points
PharmTech: What are some of the most 
common pain points in computer val-
idation? What, if anything, is being 
done to resolve them?

Miller: One is company culture: there 
is a targeted delivery date, but the proj-
ect sees too many delays. Less and less 
time is available for testing and final-
ization. Effective project management 
up-front helps so that stakeholders are 
aware that failure to follow procedures 

will result in schedule delays, not sub-
standard actions.

Something I’ve also seen frequently 
is that QA is not brought into the 
process until the project is in its final 
stages. There is either the need to stop 
progress for corrections or pressure for 
QA to accede and reluctantly approve. 
Prevention comes from procedures and 
education on the importance of fol-
lowing the procedures. I’ve told some 
in the past, ‘Retrospective validation 
is just acknowledgement that proper 
validation and software development 
life cycle procedures were not followed 
from the beginning.’  

Another is inadequate testing such 
that serious defects are encountered 
at a late stage or even in production. 
This can be mitigated through haz-
ard analysis and risk management 
starting at the requirements stage. 
Use the results to proactively define 
the intended testing and data sets to 
catch the problems before the impact 
is even worse. 

Finally, waiting until the validation 
is mostly completed to prepare the 
summary report. People must reread 
and summarize the actions, resulting 
in long delivery times and pressure to 
release the system for use, causing even 
further delays in the summary report. 
Instead, draft the summary report sec-
tions in the beginning and add to them 
as the validation proceeds. As soon as 
the last action has been completed, 
there is only one item to be completed 
in the summary report and it is ready 
for approval, releasing the system for 
use in regulated operations.  

(For additional questions and 
thoughts from Miller, you can view the 
full article at www.PharmTech.com)
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facility may supply drug product to many 
different countries, and it can be difficult 
to move a manufacturing process to a new 
facility unless all of those countries agree 
to it. Consider the impact of COVID-19 on 
supply chains and the need for manufac-
turing agility. Many manufacturers needed 
to quickly move or modify their manufac-
turing processes to respond to challenges 
posed by COVID-19. In the years prior to 
2020, FDA would assess around 7000 ap-
plication supplements for human drugs. 
In 2020 alone, FDA approved more than 
10,000 application supplements for quali-
ty-related changes for human drugs.

To improve international manufactur-
ing agility, FDA is part of two ongoing 
pilot programs with ICMRA on collabo-
rative international assessments of postap-
proval changes and collaborative hybrid 
inspections to inform assessments. The 
objective of the pilot program on postap-
proval changes is for multiple regulatory 
authorities to engage in a single interac-
tive, collaborative assessment of proposed 

postapproval changes. The collaborative 
hybrid inspection pilot of a manufacturing 
facility will use a combination of on-site 
inspection and remote assessment for reg-
ulators to collaboratively assess a facility. 
This pilot will provide information on 
how to prepare, execute, and report the 
inspection and how stakeholders can en-
gage surrounding the inspection. Ideally, 
the pilots will identify potential areas for 
alignment or harmonization across partic-
ipating regulatory regions in the context of 
manufacturing lifecycle management and 
find potential conditions (e.g., products/
cases) for future collaborative assessments.

To be clear, the world is still very far 
from a single regulatory position on 

quality, and barriers undoubtedly exist 
between the unoptimized present and 
the desired future. Yet, the technical 
barriers may be less significant than the 
‘people’ barriers. Consider that technol-
ogy advancements enable many organi-
zations to use international cloud-based 
data systems to collaborate globally. The 
hardest challenge may well be the ‘people’ 
challenge: getting people from different 
countries with different regulations to 
agree to change the way they do things. 
Current international efforts suggest that 
this change may have begun.
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Q.How can an analytical method be validated?

A.When using an analytical method published in a pharmaco-

peia, the method is considered validated and it just needs to 

be verified under actual conditions of use (1). However, when using 

analytical methods for routine testing that are not published in the 

pharmacopeias, it is expected that the method would be validated. 

The United States Pharmacopeia defines validation of an 

analytical procedure as “the process by which it is established, 

by laboratory studies, that the performance characteristics of 

the procedure meet the requirements for the intended analytical 

applications” (2). The European Directorate for the Quality of 

Medicines and HealthCare (EDQM), which publishes the European 

Pharmacopoeia (Ph. Eur.), takes a similar approach stating, “This 

chapter defines the different analytical situations (categories) which 

might occur in an OMCL [official medicines control laboratories] 

and the corresponding validation characteristics which should be 

considered. Refer to the current version of the ICH [International 

Council for Harmonisation] guideline on ‘Validation of Analytical 

Procedures: Text and Methodology (Q2)’ ” (3).

The following examples of industry guidelines provide rationale 

and approach when validating analytical methods:

• The United States Pharmacopeia–National Formulary 

(USP–NF )  general chapter <1225> Validation of 

Compendial Procedures (2)

• PA/PH/OMCL (13) 82 R5, Validation/Verification of 

Analytical Procedures revised in July 2020 (3)

• FDA’s Analytical Procedures and Methods Validation for 

Drugs and Biologics, Guidance for Industry, July 2015 (4)

• ICH guideline Q2(R2) on validation of analytical 

procedures (currently under public consultation) 

published March 31, 2022 (5).

These documents are inter-connected because they 

reference each other and the approach they define is based 

on defining “Typical analytical performance characteristics 

that should be considered in the validation of the types of 

procedures …” (2). In USP General Chapter <1225>, some typical 

performance characteristics referred to are accuracy, precision, 

specificity, detection limit, quantitation limit, linearity, range, and 

robustness. These characteristics should all be considered when 

determining the validation approach for any analytical procedure.

USP <1225> aims at compendial procedures that include 

routine tests on raw materials and finished products. The FDA 

guidance covers new drug applications, abbreviated new drug 

applications, biologics license applications, and supplements to 

these applications. Definitions, data elements, and acceptance 

levels are well documented in these publications. Depending 

on the objectives of the method, data elements could vary. For 

example, USP <1225> defines four categories for consideration. 

For example, the chapter indicates that Category I–Assay, does 

not need to have detection limit, whereas Category II–Limit 

Tests, requires detection limit. The full data elements required 

for validation are detailed in Table 2 in USP <1225>. Similar 

instructions can be found in ICH guideline Q2(R2) table. The OMCL 

(3) document also provides reference tables that discusses the 

source of the method (i.e., Ph. Eur. method, validated method form 

a manufacturer, etc.) and the validation requirements needed to 

ensure it is an appropriate method for its intended use.

In summary, when performing analytical method validation, 

validation parameters and elements are determined based on the 

analytical test method and the intended analytical application. 
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