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pharmaceutical and biotechnology industries.

August 2022 Volume 46 Number 8

PEER-REVIEW RESEARCH

35 Thermogelling Matrix-Containing Platelet Lysate- 
Loaded Elastic Liposomes as a Potential Treatment of Wounds
This work focuses on the preparation, characterization, and  
evaluation of a thermogelling matrix of Pluronic F-127 containing elastic  
liposomes loaded with a platelet lysate and which is intended for healing wounds. 

PEER-REVIEWED RESEARCH

COVER STORY

16 What Goes Wrong When  
API Quality is Compromised?
The nitrosamines contamination in “sartan” drugs emphasized the importance 
of risk assessment in the manufacture of active pharmaceutical ingredients.

Cover Design by Maria Xelo Images: polesnoy, Wirestock - Stock.adobe.com

FEATURES

SPECIAL REPORT: EXCIPIENT QUALITY

20 Mitigating the Risk 
from Excipient Variability
This article reviews sources of excipient 
variability, including raw materials and 
processing, both of which may vary 
from supplier to supplier and from plant 
to plant for a single manufacturer.

DEVELOPMENT

24 Progress in the  
Development of  
CAR NK-Cell Therapies
Further advances in construct design and 
manufacturing scalability are still needed.

MANUFACTURING

28 Vaccine Administration: 
The Growing Role of 
Prefilled Syringes
The option of using prefilled syringes for 
vaccinations is not (yet) available for all  
types of vaccines. 

 

31 Overcoming Engineering 
Challenges to Enable 
Commercial Scale mRNA 
Vaccine Manufacturing
This article provides an overview of 
solutions to address key challenges 
facing vaccine developers or CDMOs 
wishing to build their own commercial-
scale mRNA production facilities.

ANALYTICS

42 Inspecting Finished 
Products with Precision
Automated finished product inspection 
has been widely adopted in the 
bio/pharmaceutical industry.

44 An Integrated 
Approach to the Data 
Lifecycle in Biopharma
Successful digital transformation  
in biopharma requires an integrated  
approach to the data lifecycle.

OUTSOURCING

47 Automating Packaging 
of Bio/Pharmaceuticals
Automation of pharmaceutical  
packaging saves costs and time, 
say contract packagers.

Continued on page 6



Cart base transporting  
products coming from  

GRADE C area.

Cart top slides onto a 
new, clean base.

Cart base ready to move  
products going to a 

GRADE A area.

LINE OF DEMARCATION

SEPARATING ROOM CLASSIFICATIONS

✓  Reduces safety concerns with cleaning.
✓  Provides the ability to steam sterilize 

bases & wheels.
✓  Eliminates the over use of disinfectants, 

reducing corrosion and pitting.
✓  Reduces garment contamination and 

gloves ripping. 

ELIMINATE CART WHEEL DISINFECTION

For more information visit: sterile.com/cart2core

VELTEK ASSOCIATES, INC.

Veltek Associates, Inc. 
15 Lee Boulevard 
Malvern, PA  19355

Patents: sterile.com/patents
STERILE.COM

MOVE PRODUCTS
NOTCONTAMINATION

CHOOSE FROM

4 
Custom Built Carts also available.

CART 
STYLES

https://sterile.com
https://sterile.com/product-category/cart-transfer-systems/
https://sterile.com/patents/


6    Pharmaceutical Technology AUGUST 2022  PharmTech .com

Pharmaceutical Technology is selectively abstracted or indexed in:

 » Biological Sciences Database  
(Cambridge Scientific Abstracts)

 » Biotechnology and Bioengineering Database 
(Cambridge Scientific Abstracts)

 » Business and Management Practices (RDSI)

 » Chemical Abstracts (CAS)

 » Current Packaging Abstracts

 » DECHEMA

 » Derwent Biotechnology Abstracts  
(Derwent Information, Ltd.)

 » Excerpta Medica (Elsevier)

 » International Pharmaceutical Abstracts (ASHP)

 » Science Citation Index (Thomson)

Pharmaceutical Technology is proud to be a member of IPEC and PDA.

NEWS & ANALYSIS
FROM THE EDITOR

10 Navigating 
the Future
To optimize any journey, 

one must make calculations regarding 
prevailing weather patterns, current 
good health, and the indispensability 
of certain predestined ports of call.

 
 
 

REGULATION & 
COMPLIANCE

REGULATORY WATCH

14 FDA Joins 
Effort to Curb Drug 
Patent Abuses

FDA and the USPTO hope to promote 
competition by challenging strategies 
designed to block timely approval 
of generics and biosimilars.

ASK THE EXPERT

50 Regulatory  
Applications for Biologics
Susan J. Schniepp, distinguished fellow at 
Regulatory Compliance Associates,  
answers some commonly asked questions 
about biological license applications.

DEPARTMENTS/
PRODUCTS
  8 Note from the CEO

12 Product Spotlight

49 Marketplace

49 Ad Index

Continued from page 4

PHARMACEUTICAL TECHNOLOGY (Print ISSN: 1543-2521, 

Digital ISSN: 2150-7376) is published monthly, except two 

issues in July, by MultiMedia Healthcare LLC, 2 Clarke 

Drive, Suite 100, Cranbury, NJ 08512. Subscription rates: 

US and possessions — 1 year (13 issues), $86.00; 2 

years (26 issues), $151.00. Canada and Mexico — 1 year, 

$112.00; 2 years, $171.00. All other countries 1 year, 

$164.00; 2 years, $298.00. International price includes 

air-expedited service. Periodicals postage paid at 

Trenton, NJ and additional mailing offices. POSTMASTER: 

Please send address changes to Pharmaceutical 

Technology, PO Box 457, Cranbury, NJ 08512-0457. 

PUBLICATIONS MAIL AGREEMENT NO. 40612608, 

Return Undeliverable Canadian Addresses to: IMEX 

Global Solutions, P. O. Box 25542, London, ON N6C 6B2, 

CANADA. Canadian G.S.T. number: R-124213133RT001. 

Printed in the U.S.A.

Subscribe to Newsletters!
Interested in more content  
like this? Subscribe to our  
newsletters!

Go to PharmTech.com



The gold standard for 
topical development and 

manufacturing.

AIRWAYS
MUCOSAL

MEMBRANES
SKIN NAILS EYE EAR

FORMULATION DEVELOPMENT | PERFORMANCE TESTING | GMP MANUFACTURING

https://www.medpharm.com/us/


8    Pharmaceutical Technology AUGUST 2022  PharmTech .com

F O U N D E R
Mike Hennessy Sr

196 0 -  2021

© 2022 MultiMedia Pharma Sciences LLC All rights reserved. No part of this 
publication may be reproduced or transmitted in any form or by any means, electronic 
or mechanical including by photocopy, recording, or information storage and retrieval 
without permission in writing from the publisher. Authorization to photocopy items 
for internal/educational or personal use, or the internal/educational or personal 
use of specific clients is granted by MultiMedia Pharma Sciences LLC for libraries 
and other users registered with the Copyright Clearance Center, 222 Rosewood Dr. 
Danvers, MA 01923, 978-750-8400 fax 978-646-8700 or visit http://www.copyright.
com online. For uses beyond those listed above, please direct your written request to  

PTpress@mmhgroup.com with “Permissions Department” in the subject line.

MultiMedia Pharma Sciences LLC provides certain customer contact data (such 
as customers name, addresses, phone numbers, and e-mail addresses) to third 
parties who wish to promote relevant products, services, and other opportunities 
that may be of interest to you. If you do not want MultiMedia Pharma Sciences LLC 
to make your contact information available to third parties for marketing purposes, 
simply email mmhinfo@mmhgroup.com and a customer service representative 

will assist you in removing your name from MultiMedia Pharma Sciences LLC lists.

Pharmaceutical Technology does not verify any claims or other information appear-
ing in any of the advertisements contained in the publication, and cannot take 
responsibility for any losses or other damages incurred by readers in reliance of such 
content. Pharmaceutical Technology welcomes unsolicited articles, manuscripts, 
photographs, illustrations, and other materials but cannot be held responsible for 

their safekeeping or return. 

Reprints: Contact Mike Tracey, mtracey@mjhlifesciences.com. Display, Web, 
Classified, and Recruitment Advertising: Contact, tel. 732.346.3027. 

To subscribe: mmhinfo@mmhgroup.com

SALES
Publisher Mike Tracey MTracey@mjhlifesciences.com 
East Coast Sales Manager Joel Kern JKern@mjhlifesciences.com
Mid West, West Coast Sales Manager BJ Ghiglione 
    BGhiglione@mjhlifesciences.com
European Sales Manager Linda Hewitt LHewitt@mjhlifesciences.com
European Senior Sales Executive Stephen Cleland 
    SCleland@mjhlifesciences.com
C.A.S.T. Data and List Information Michael Kushner  
    MKushner@mjhlifesciences.com 
Executive Vice President, Healthcare and Industry Sciences
    Brian Haug BHaug@mmhgroup.com

ADDRESS
485 Route One South, Building F, Second Floor,  Iselin, NJ 08830, USA
Tel. 732.596.0276, Fax 732.647.1235 
PharmTech.com
Audience Development Stacy Argondizzo    
     SArgondizzol@mjhlifesciences.com

MJH LIFE SCIENCES®
President & CEO Mike Hennessy Jr
Chief Financial Officer Neil Glasser, CPA/CFE
Chief Operating Officer Michael Ball
Chief Marketing Officer Brett Melillo
Executive Vice President,  
Global Medical Affairs & Corporate Development Joe Petroziello
Senior Vice President, Content Silas Inman
Vice President, Human Resources and Administration Shari Lundenberg
Vice President, Mergers & Acquisitions Chris Hennessy
Executive Creative Director Jeff Brown

Note from the CEO

I n the pharmaceutical industry, the Venn diagram intersection be-
tween shortages and quality manufacturing issues occupies more 
space than anyone wants. There has long been discussion about 

the best way to reduce this. Recently, FDA formed a “multidisciplinary, 
multi-Center working group to facilitate the development of a Quality 
Management Maturity (QMM) rating program. This working group 
is developing a framework to objectively assess and rate the QMM of 
manufacturing sites through the integration of interactive site assess-
ments and relevant intelligence pertaining to the site’s state of quality.” 
To some degree this framework has been borrowed and modified from 
similar manufacturing industries. In discussions, FDA is “...considering 
standardized assessment tools, policy approaches, industry incentives, 
transparency, and communications” (1).

In a recent Pharmaceutical Technology Drug Solutions podcast, Cindy 
Buhse, Deputy Director of Operations, Office of Pharmaceutical Qual-
ity at FDA, made a relevant insightful business observation saying, “I 
think the key words here are business processes and continual improve-
ment. It’s not about the product. We already know the product is of high  
quality because its being made under current good manufacturing prac-
tices (CGMPs) with inspections and assessments and everything FDA 
does, so QMM is really about the busines processes, and rewarding 
those manufacturers who have robust processes … because if you have  
robust business processes and really understand your supply chain, you 
have risk management plans, you have continuous improvement plans 
in place, … you end up making sure your particular product does not 
end up in shortage” (2).

A paper by the Brookings Institution discusses the ongoing baby formula 
shortage, but also calls out excipients such as Microcrystalline cellulose 
and Magnesium Stearate, as of special consideration given the number of 
drug products affected were there to be a disruption in supply (3). It con-
tinues, saying the baby formula shortage falls into the national Academy 
of Science “A Framewrok for Resilient Medical Product Supply Chains” 
recommendations (4), and so should include those excipients also. Given 
what we now know, it’s hard to disagree. 

References
 1. FDA, CDER Quality Management Maturity, FDA.gov, accessed July 28, 2022.
 2. PharmTech Editors, “FDA Weighs in on Advancing the Science of Pharma-

ceutical Manufacturing,” Drug Solutions Podcast, May 17, 2022.
 3.  M. E. Wosinska and R. G. Frank, “To Prevent Public Health Crises, We Need 

to Update the Essential Medical Product List,” Brookings.edu, June 24, 2022. 
 4.  National Academies of Sciences, Engineering, and Medicine, Building Re-

silience into the National Medical Product Supply Chains (Washington, DC: 
The National Academies Press, 2022).
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President and CEO
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I  n August it feels odd to be speculating what 
people will find important on the final days 
of December 2023, but that’s the job when 

creating next year’s editorial calendar. Sensible 
navigation typically means maintaining a series 
of fixed compass headings. But to optimize any 
journey one must make calculations regarding 
prevailing weather patterns, current good health, 
and the indispensability of certain predestined 
ports of call.  As part of a large team, this engen-
ders boatloads of discussion. Ultimately, however, we end up in the same 
spot and in the same boat.

Writ ing about the ca lendar a l lows me to i l lustrate how inputs 
arr ive f rom diverse sources . This includes feedback f rom ar t i-
cles, discussion at conferences, and mining our own podcasts, video 
inter v iews, and sy mposia presentat ions. An upcoming Septem-
ber Drug Solutions podcast is a conversation with Dr. Uwe Schoen-
beck, chief scientif ic off icer, External Research and Development 
Innovation (ERDI); and senior vice president, Worldwide Research 
and Development (WRD), Pf izer. Quite a job t it le and quite the 
challenging job. He is a lso navigating the industries future, a lbeit  
with a broader mission than our editorial team. In this dialogue, Uwe 
covers what’s important to Pfizer when in comes to partnering, by em-
phasizing areas such as repeat expansion disorders, senescence, DNA 
damage response and nucleic acid sensing, deubiquitinase pathways, 
and neuroinf lammation. Pfizer feels these hold special promise for new 
innovative therapies.

And I was struck by a Parthian shot. “An area everyone, including us, 
is looking into for further improvements,” he fired at me, “is targeted 
delivery. True not just for RNA but true for small molecules, large mol-
ecules, and also oligo-based therapies … there’s a lot of activity for lipid 
nanoparticles for local delivery, there’s a lot of activity in the capsid 
space, so any kind of tropism that you can introduce that would really 
be selective, and could be dialed in and out as desired, would be a very 
promising platform that we would be very interested in, obviously.” 

I can look into the future and it is manifestly obvious targeted delivery 
will be on next year’s calendar. PT

Navigating the Future

from the editor

Chris Spivey is  
editorial director of  

Pharmaceutical Technology. 

Send your thoughts and story ideas to:  
cspivey@mjhlifesciences.com.
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Planetary Dual Dispersers 
for Viscous Batches
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of shear intensity and rapid dispersion 
of dry powders into viscous batches. 
This system allows solid additions to 
be made quickly and efficiently via 
two stainless steel high viscosity (HV) 
stirrer blades and two high-speed 
shafts with saw-tooth dispersers.

When equipped with removable 
disperser shafts, the PDDM can be 
used as a regular double planetary 
mixer for processing even more 
viscous applications. This includes very 
stiff, dough-like formulations that rely more on a purely kneading 
action. Sizes range from lab scale to full production models.

Charles Ross & Son Company 
www.mixers.com

 
 
 
 
 

Multipurpose Lab Sampler
PerkinElmer’s GC 2400 Platform is 
an automated gas chromatography 
(GC), headspace sample, and 
GC/mass spectrometry solution 
designed to simplify lab operations, 
drive precise results, and 
perform flexible monitoring.

The GC automated sampling 
is designed to reduce hands-on 
time and human error in high throughput lab environments and 
complex applications. Additionally, its unique automated headspace/
pneumatics technology is intended to significantly improve precision.

The device can monitor multiple GC 2400 systems via a wireless, 
customizable touchscreen table interface. Built-in sensors 
and a software-driven gas saver mode reduce operational gas 
consumption and support carrier gas alternatives such as hydrogen.

PerkinElmer 
www.perkinelmer.com

Automatic Vial Format 
Change System 
Telstar’s Smart Format 
system is designed for 
the transportation of vials 
using a mobile platform 
that is configured to fit a 
wide range of vial sizes 
in the freeze-drying 
loading and unloading 
process. It presents an 
alternative to manually 
changing multiple vial formats, instead automatically adapting 
to vial diameter without disrupting the isolation process. 

The system is made up of different modules that interact and 
connect various blocks of transition, straight sections, and corners 
that can be combined in any way to form a complete loading 
and unloading line. It does this via a mechanism that transforms 
rotary movement into a linear motion while actuators and the 
guiding system are mounted below the conveyor structure.

The Smart Format is designed to be easy to clean and 
sterilize. It has a setting range between 2R and 100R.

Telstar 
www.telstar.com

 

Accurate Level Switches
The Dynatrol G Series Level 
Switches are intended for 
special problem applications 
involving very light or fluffy 
products or for heavier 
bulks solids that pack or 
bridge easily. Designed 
for accuracy on high, 
intermediate, or low-point 
level detection, the switches 
are built to work in dusty environments, while specialized 
units can be used in temperatures exceeding 300°F.

The Type GJ switch is designed for pharmaceutical powders, 
powder materials for coating beads and tablets, fillers, and other 
substances that vary widely in bulk density or particle size. The 
Type GS and GSS switches are also intended for fine powders while 
working with beads as light as polystyrene, for example, as well.

Automation Products Inc., Dynatrol Division 
www.dynatrolusa.com
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FDA Joins Effort to  
Curb Drug Patent Abuses

A  s part of the Biden administra-
tion’s ongoing campaign to reduce 
outlays for prescription drugs, 

FDA is collaborating with the US Patent 
& Trademark Office (USPTO) to limit 
patent extensions for minor changes 
to a medicine. The initiative aims to 
promote competition in the biophar-
maceutical market by challenging strat-
egies designed to block timely approval  
of less costly generics and biosimilars to  
innovator products.

The joint effort was outlined by 
FDA Commissioner Robert Califf and 
USPTO Director Kathi Vidal in a state-
ment issued July 6, 2022 on the need 
to prevent the patenting of “incremen-
tal, obvious changes to existing drugs.” 
The aim is to prevent delays in generic 
drug competition “based on trivial 
changes” to a drug product (1). While 
the “issuance of robust and reliable 
patents to incentivize pharmaceutical 
innovators is critical, our patent sys-
tems must not be used to unjustifiably 
delay generic drugs and biosimilar 
competition beyond that reasonably 
contemplated by law,” President Biden 
noted in an Executive Order last year.  
The two agencies aim to “leverage 
our collective expertise” in advancing 
innovation, competition, and the ap-
proval of safe and effective drugs.  

To ensure that patent examiners 
have the time and resources needed 
for thorough rev iew of pharma  
patent applications, FDA wil l as-
sist the USPTO by providing patent  
examiners with training on pharma-
ceutical and biologics state-of-the-art 
development to help determine whether 
similar innovations already exist. FDA 
will ensure USPTO access to sources 
maintained by the agency for this  
purpose, and the two agencies will  
collaborate on developing policies 
aimed at protecting and promoting US 
innovation, a process that will solicit 
public input in upcoming events and 
listening sessions. 

FDA’s role in addressing patent 
practices likely to delay competition 
were described earlier in a Septem-
ber 2021 letter from then-Acting FDA 
Commissioner Janet Woodcock to 
her PTO counterpart, urging greater 
collaboration and engagement be-
tween the two agencies to prevent 

“possible misuse of the patent system” 
(2). Woodcock outlined how FDA’s 
Orange Book aims to ensure trans-
parency in patent listings, as does 
additional similar information on 
certain licensed biological products. 
She further described concerns about 
companies creating “patent thickets” 
by obtaining multiple patents on dif-
ferent aspects of the same products, 
as well as patent “evergreening” and 

“product-hopping” practices designed 
to forestall competition without ad-
vancing innovation. 

Woodcock suggested that FDA 
assist USPTO by offering patent ex-

aminers training on its public in-
formation and databases that can 
help identify what is “prior art” to a 
claimed invention. Joint efforts could 
cover product eligibility for patent 
term extensions and information to 
help USPTO “accurately and fairly” 
grant patent term extensions where 
they are appropriate. 

Curbing high prices
The FDA-USPTO collaboration comes 
as Congress appears to be moving 
forward with drug pricing legislation, 
which Democrats hope to include in 
key budget reconciliation legislation 
before Congress. The Senate lead-
ership released the text of a bill that 
updates previous price reform efforts 
and claims to have support from all 
50 Senate Democrats (3). The main 
proposal requires the Department of 
Health and Human Services (HHS) to 
negotiate lower prices paid by Medi-
care for certain prescription drugs, 
with the exception of insulin, where 
separate legislation has been  proposed 
to address the need for significant cost 
controls. Additional provisions in the 
Senate bill would cap out-of-pocket  
spending on drugs by Medicare pa-
tients at $2000 a year, and ensure free 
vaccines to patients. The measure also 
revises manufacturer rebates on Med-
ical Part B and D and repeals the con-
troversial Part D rebate rule proposed 
by the Trump administration. 

Biotech and pharma innovators 
have strongly attacked the legisla-
tion as a threat to innovation and 
global competitiveness of US-based 

FDA and the USPTO hope to promote competition by challenging 
strategies designed to block timely approval of generics and biosimilars.

Jill Wechsler
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firms, predicting big drops in devel-
oping new cancer drugs and thera-
pies for rare diseases. At the same 
time, marketers of generic drugs and 
biosimilars claim that the revised  
Medicare negotiating process would 
undermine the development of low-
er-cost therapies. 

FDA officials acknowledge that the 
agency plays only an indirect role in 

drug pricing debates, largely by insti-
tuting added efficiencies to drug devel-
opment and ensuring a transparent and 
responsive product review process. At 
the same time, Woodcock noted earlier 
that  the agency is “committed to iden-
tifying abuses of the system that can 
impede competition” and to recogniz-
ing how pharmaceutical patents impact 
access to approved medicines. 
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The approval of certain critical medicines based on preliminary clinical evi-
dence continues to raise questions about reliance on too-weak efficacy data 
and delays in sponsors submitting confirmatory evidence from postapproval 
trials. FDA has approved dozens of valuable therapies under the program, many 
of them able to confirm efficacy through subsequent clinical studies. However, 
the controversial approval in 2021 of Biogen’s Aduhelm to treat Alzheimer’s 
Disease by the Center for Drug Evaluation and Research (CDER) continues to 
haunt the program, triggering widespread scrutiny of accelerated approvals 
and generating a range of reform proposals to accelerate the conduct of con-
firmatory studies. FDA’s Oncologic Drugs Advisory Committee (ODAC) added to 
the debate with its April 2021 meeting that challenged several “dangling ap-
provals” for cancer therapies. That prompted some manufacturers to withdraw 

earlier approvals for certain indications and others to renew confirmatory study 
efforts. The agency recently announced another ODAC meeting on Sept. 22 and 
23, 2022 to review additional medicines that raise questions about efforts to 
confirm indications in later studies. The expert panel will assess a multiple-my-
eloma treatment from Oncopeptides, where a confirmatory trial demonstrated 

“worse overall survival and failed to verify clinical benefit,” the FDA announce-
ment stated (1).  Also on the agenda is Secura Bio’s lymphoma therapy, which 
has raised questions about the benefits and risks of overall survival information.
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lishment of a Public, Federal Register, July 21, 2022.

—Jill Wechsler

FDA Continues to Grapple with Accelerated Approval Issues
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What Goes Wrong When  
API Quality is Compromised?
Susan Haigney

The nitrosamines contamination in  
“sartan” drugs emphasized the importance  
of risk assessment in the manufacture 
of active pharmaceutical ingredients.

product? It’s all about assessing risk. Per-
forming robust risk assessments of the 
manufacturing process is crucial. 

“Robust risk assessments help manufac-
turers understand their processes, includ-
ing degradation pathways and impurity 
formation, and optimize them to meet 
quality targets. In this way, manufacturers 
can ensure quality by design—develop-
ing a process that detects and minimizes 
impurities and guarantees quality,” says 
Ankur Deshpande, director, Process De-
velopment Quality at BIOVECTRA.

“One of the key considerations for API 
and resulting [drug product] safety is as-
sessing potential impurities that may be 
introduced from the interaction of the 
manufacturing process stream to manu-
facturing component materials (e.g., fil-
ter membranes, polymeric or elastomeric 
tubing, polymeric storage vessels and 
closures, etc.),” says Xiaochun Yu, senior 
principal scientist, PPD. “The approach 
for evaluating and controlling this risk is 
well described in United States Pharma-
copeia <1665>.”

A quality system that employs good 
manufacturing practices (GMPs) is also 

E ffective and safe APIs provide the 
necessary element of drugs to treat 
patients with a variety of health 

conditions. It is, therefore, crucial that 
the quality of APIs, along with other in-
gredients that make up a medicine, is of 
primary importance to drug developers 
and manufacturers. 

“It is the API, that attributes the efficacy 
of a drug,” says Aloka Srinivasan, prin-
cipal and managing partner at RAAHA 
LLC. “In other words, a drug is a drug 
because of the API, otherwise it is just a 
placebo. Thus, it is of utmost importance 
that the pharmaceutical manufacturers 
assure the safety of the API.”

According to Meera Khullar, senior 
vice president of Quality and Compli-
ance, Curia Global, API quality is an es-
sential requirement. “Current regulations 
worldwide provide zero flexibility when 

it comes to the quality of APIs released 
from [manufacturing] sites and reaching 
the market,” Khullar states. “Without 
global standards of quality, production of 
much-needed treatments can be derailed 
just when patients need them the most.”

“The clue is in the name; the API has an 
‘active’ impact on the patient. The pharma 
manufacturer is ultimately responsible 
for the safety of the drug product and 
therewith of the API. In the worst case, 
an unsafe API can do harm to a patient, 
which can result in recalls, damage to 
reputation, financial loss, and potentially 
punitive actions by regulatory agencies,” 
warns Siegfried Schmitt, vice president, 
Technical at Parexel. 

Best practices for API manufacturing
So how do API manufacturers and spon-
sor companies ensure the quality of their 
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necessary, adds Schmitt, and the person-
nel involved in the quality system are key. 

“A system is only as good as the persons 
who apply it and adhere to it. Thus, hav-
ing suitably trained and qualified staff 
and of course, also suitably designed and 
equipped facilities are a prerequisite. It 
sounds simple and logical, but it requires 
a quality mindset to implement and follow.”

Documentation is also key, continues 
Mike Johnson, senior director, Quality, 
Cambrex High Point. “A sponsor might 
develop an API that is a miracle to the 
patient, but if the quality system has not 
been properly built or continuously man-
aged, missing parts or inaccuracies within 
the development package may arise. This 
can cause delays in approvals and rework, 
as auditors and regulatory reviewers may 
question the quality and validity of the API 
being developed,” he says.

A crucial area in API quality is cleaning 
with contamination controls, specifies 
Johnson. He also points to facility design, 
equipment, and personnel training as part 
of a robust cleaning program. “When an 
API is produced in a reactor or isolated 
for final pack out, we must confirm that 
only the one API is present and there are 
no concerns for contamination from other 
materials,” says Johnson.

Testing effectiveness. Performing testing 
on APIs, whether produced in house or 
obtained from a supplier, is essential to 
establishing the quality of the API used in 
the finished drug product. High-perfor-
mance liquid chromatography (HPLC) 
is a key testing method for ensuring API 
purity, asserts Johnson, and it is a com-
mon and critical testing method. Mass 
spectrometry (MS) and gas chroma-
tography (GC) are also effective testing 
methods, but numerous methods should 
be used to meet regulatory guidelines, 
stresses Johnson. “A series of different 
methods and analytical techniques must 
be used to ensure a full battery of tests 
is performed to support that the API is 
effective and safe for patients,” he says.  

Other testing methods include charged 
aerosol detectors and multi-angle light 
scattering (MALS) detectors, according to 
Peter Phillips, vice president of Quality at 
BIOVECTRA. “But the use of these meth-
ods depends on the areas of risk identified 

by the sponsor through their clinical trials. 
This information drives the manufacturer 
towards the appropriate technology to de-
tect and eliminate that risk,” he says.

“Continual advances in the sensitiv-
ity, specificity, and accuracy of analytical 
technologies contribute to increasing con-
fidence in the ability of API manufacturers 
to ensure the quality of final API products,” 
says James Lawler, general manager  at C2 

PHARMA. “For small-molecule APIs, 
common techniques include Raman, ul-
traviolet, infrared, and UV spectroscopy; 
HPLC; LC–MS; LC–tandem MS (MS/
MS); GC; GC–MS and GC–MS/MS; and 
particle analysis, among others. These 
methods are used during product and 
process development and for final API re-
lease. GMP drug substance release testing 
requirements are extensive and include 
testing materials against specification for 
identity, purity, the level of impurities, cer-
tain physical properties, among other at-
tributes. The specific requirements depend 
on the modality.”

Sourcing and the supply chain. Sponsor 
companies often source APIs from third-
party suppliers. Sourcing of these materi-
als often requires a commitment to quality 
above costs to ensure that the final product 
is effective and safe. 

The selection of low-quality APIs to 
reduce manufacturing costs can put the 
whole supply chain at risk, notes Lawler. 

“The lowest commonly acceptable quality 
API manufacturer typically put everyone 
else out of business for that API while 
also being the one with the highest risk of 
failure. Once they fail, like a domino ef-
fect, they wipe out the whole supply chain 
leading into shortages which are extremely 
detrimental to patient health,” says Lawler. 

Raw material selection is an important 
aspect of API quality, especially combined 
with robust process validation, according 
to Adriana Malizia, director of Quality, 
Aceto. “Raw material selection and quali-
fication involve the evaluation of the sup-
plier QMS [quality management system] 
and lay the foundation for the processing 
of the material to manufacture the API,” 
says Malizia. “This is further supported by 
a thorough validation of the manufactur-
ing process which should identify critical 
process parameters that will act as the con-

trol mechanisms to establishing consistent 
process and product quality.”

A holistic approach to qualifying sup-
pliers is also key, emphasizes Khullar. 
This approach should consider the quality 
aspects of the supplier at the beginning of 
the relationship and include the supplier’s 
technical capabilities, equipment, technol-
ogy, and personnel. “The assessment also 
should evaluate a supplier’s track record of 
reliability for producing consistent prod-
ucts in line with emerging requirements, 
including its history of regulatory com-
pliance. Furthermore, it should address 
whether the supplier’s ongoing quality 
performance is in line with the spon-
sor’s standards across the supply chain. 
Sponsors should gauge and confirm an 
environment and culture of continuous 
improvement. Ultimately, the strongest 
sponsor and supplier partnerships require 
alignment between each organization’s 
quality systems,” says Khullar. 

Site audits of API suppliers must be 
performed as part of a sourcing program, 
asserts Johnson. “Keep in mind that audits 
are a snapshot in time, so it’s important to 
incorporate additional technical and busi-
ness oversight throughout the relationship. 
Sponsors can ensure a second confirma-
tion of quality checks at periodic time-
points through a use test in the production 
environment, followed by quality control 
testing,” Johnson says.

Suppliers should have a robust quality 
system to detect and correct problems with 
their product, confirms Phillips, and API 
manufacturers should have the technical 
background and expertise to plan for prob-
lems. “It is essential that manufacturers can 
walk sponsors through the technical pro-
cess, both from a manufacturing and an 
analytical perspective,” says Phillips. 

An additional consideration for 
sourcing of APIs is ensuring critical 
quality attributes (CQAs) of the API. 

“For example, shipping an ingredient 
at the wrong temperature can cause 
issues severely impacting quality. De-
pending on the particular product and 
its unique [CQAs], some factors might 
be more important than others, but it 
is always case-dependent, and there are 
always multiple areas that can impact 
API quality,” says Phillips.
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Sponsors should request information 
from the API supplier related to the drug 
master file, asserts Srinivasan. “The spon-
sors should make sure that the API was 
adequately characterized, the impurities 
were identified, and their limits justified. 
The controls for the API should be ade-
quate,” she says. “In addition to impurities, 
one should make sure that assay, polymor-
phic forms, particle size, and water content 
are adequately controlled. The sponsors 
should also make sure that the analytical 
methods used by the API manufacturer 
are suitable for the purpose and robust.”

The nitrosamines problem 
An example of what can go wrong with 
APIs when impurities are present is the 
nitrosamine contamination in sartan 
drugs (1). Individuals are exposed to nitro-
samines, which are common in water and 
foods, to some level in their environment. 
However, these impurities may increase 
the risk of developing cancer in some peo-
ple, according to FDA, and in 2020, indus-
try began issuing recalls of drug products 
contaminated with nitrosamines (2).  

“The nitrosamine saga is ongoing, and 
industry is learning new things every day 
related to nitrosamines,” says Srinivasan. 

“Currently, the agencies have moved be-
yond low molecular weight nitrosamines, 
which arise from reagents and solvents to 
larger API like nitrosamines, which FDA 
has termed as NDSRIs (nitroso drug 
substance related impurities). These 
nitrosamines are formed when the API 
itself is an amine (secondary, tertiary, or 
quaternary) and is capable of forming a 
nitrosamine in presence of a nitrosating 
agent like nitrite, which are ubiquitous. 
This has made the industry aware that 
they need to make sure that the water or 
the reagents they use are nitrite free. It 
has also made the industry more careful 
regarding the cleaning of shared equip-
ment to avoid any contamination with 
a nitrosating agent. Industry is rethink-
ing the route of synthesis for many APIs, 
including “sartans” to see if nitrosating 
agents can be avoided. Last but not least, 
industry has started paying serious at-
tention the quality of recycled solvents, 
which could be a player in the formation 
of nitrosamines.” 

Root cause: the process. The presence of 
impurities may not be obvious, accord-
ing to Duu-Gong Wu, Regulatory Affairs, 
PPD, especially when an interaction with 
non-toxic excipients results in impurities 
in the API. With the nitrosamine contam-
ination in sartan medications, the man-
ufacturing process itself was the culprit 
and dimethylformamide combined with 
sodium nitrite in the presence of an acid 
led to the formation of N-nitrosamines.

According to Lawler, the N-nitrosodi-
methylamine (NDMA) and N-nitroso-
diethylamine (NDEA) contamination in 
these drugs occurred because recycled 
solvents were used to reduce costs, and 
formulations of some APIs with spe-
cific excipients resulted in nitrosamine 
formation. “When the problem first 
arose (due to poorly considered process 
changes), awareness of the need for bet-
ter risk analysis of the synthetic routes 
used to manufacture APIs with respect 
to the potential for production of both 
known and unknown impurities and 
how to prevent/control them increased 
substantially across the industry. The 
importance of effective process-change 
control processes and the need for care-
ful oversight of API suppliers was also 
highlighted,” Lawler says. “Furthermore, 
the critical need for scientific compe-
tence and the negative impact that con-
tinuous cost-cutting measures can have 
on quality was clearly demonstrated 
from the nitrosamine crisis.” 

The nitrosamine situation stressed 
the importance of a robust process val-
idation, which can identify by-products 
and/or impurities created during man-
ufacturing, explains Malizia. “The ni-
trosamine contamination … has under-
scored the importance of these initial 
process analyses and risk assessments 
which should be supported by analyti-
cal testing where doubt exists. It further 
demonstrated that the collaboration of 
raw material and excipient suppliers in 
identifying potential risk factors is nec-
essary for early detection and ultimately 
patient safety,” says Malizia.

Because contaminates can be intro-
duced early in the manufacturing pro-
cess, which can then impact the entire 
process, the need for “strict control” over 

the pharmaceutical supply chain was also 
emphasized by the nitrosamine situation, 
emphasizes Deshpande. 

Srinivasan believes the scope of the ni-
trosamines problem has expanded from 
small nitrosamines created from reagents 
and solvents to NDSRIs, and the problem 
may take years to resolve. “Considering 
that more than 40% of drugs approved by 
agencies all over the world are secondary 
and tertiary amines, there are potentially 
hundreds or thousands of drugs that need 
to be evaluated for these larger nitrosa-
mines, which have very little to no data 
in the public domain. Agencies have rec-
ommended limits which in most cases are 
unachievable based on currently available 
analytical capabilities,” she says. “The API 
industry should take a holistic look into 
the route of synthesis of an API and the re-
agents, solvents used to make sure that they 
are not missing anything related to muta-
genic impurities. The other aspect, which 
cannot be stressed enough, is the need to 
follow appropriate GMP during API man-
ufacturing and avoid contamination.”

The nitrosamines situation has shown 
that an analytical assessment of the manu-
facturing process, in addition to a paper as-
sessment, is essential, according to Niamh 
Lynch, Executive Director, Global Head 
of Quality, Lonza Small Molecules, Basel. 

“It also became apparent that if a change 
is made to a process, whether to solvents, 
catalysts, or a new supplier of starting ma-
terials, it can result in the formation of ad-
ditional impurities,” Lynch says. 

Industry and regulators react. Industry 
and regulatory bodies jumped quickly to 
tackle the nitrosamine problem. Regula-
tors across the globe have collaborated to 
assess the risk and develop recommenda-
tions, according to Khullar. “For example, 
the US guidance [issued by FDA] goes 
beyond products of known concern and 
applies to all chemically synthesized APIs 
and drug products containing chemically 
synthesized APIs.  Recommendations for 
both API and drug product manufactur-
ers cover approved and marketed drugs 
as well as those in development. This is 
an ongoing effort, which underscores 
the need for continuous improvement 
and the need to adjust to meet evolving 
standards,” says Khullar.

Cover Story: Ingredient Quality
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Regulators are using tools to track po-
tential contamination trends, asserts Phil-
lips, but manufacturers should remain 
diligent and use risk assessment tools to 
anticipate potential issues before their 
products reach patients. “That being said, 
we are dealing with complex molecules 
and products, so it can be very difficult to 
predict everything that can happen. There-
fore, it’s important that CDMOs [contract 
development and manufacturing organi-
zations] and pharma manufacturers work 
hard to foster a culture where quality is 
highly valued,” says Phillips.

“In general, awareness of the nitrosamine 
contamination issue is high within the 
pharmaceutical industry across the entire 
value chain,” says Lawler. “Collaboration 
between international regulatory agencies 
and API and drug product manufacturers 
continues with respect to identifying any 
additional sources of nitrosamine impu-
rities not yet uncovered. As more infor-
mation is obtained, greater understanding 
and tightening regulations will likely lead 
to a reduction of such occurrences in the 
future. Unfortunately, the root cause of the 
nitrosamine crisis, namely poor scientific 

knowledge at the API manufacturer and 
continuous cost cutting programs for APIs 
is not addressed,” confirms Lawler.

Malizia stresses that while the nitrosa-
mine problem may not be fully resolved, 
better control strategies have been imple-
mented across the world that may help the 
industry avoid similar situations. “The fact 
that risk assessments and testing are being 
adopted by less regulated suppliers (raw ma-
terial and excipient manufacturers) demon-
strates that there is a better understanding 
of the importance of fully comprehending a 
product’s impurity profile and that collabo-
ration across the industry is key in avoiding 
similar recurrences for other potential con-
taminants,” Malizia says. 

“Manufacturers are under pressure to 
better understand the nitrosamine prob-
lem, and regulators require manufacturers 
to perform specific assessments for nitro-
samines under M7 ICH [International 
Council for Harmonisation],” concurs 
Phillips. “There is always the potential of a 
new nitrosamine-type issue arising, but the 
agencies and the companies themselves are 
continuing to monitor processes and prod-
ucts to ensure this does not happen again.” 

Conclusion
Quality control at each stage of API man-
ufacturing is crucial to ensure the quality, 
safety, and effectiveness of drug products. 

“The compliance of all stages of manufac-
turing to CGMP also plays a critical role 
in maintaining the quality and safety of 
API, especially after the regulatory ap-
proval,” says Derek Wood, senior princi-
pal scientist, PPD.

“The moment an API leaves our site, we 
must have full confidence that we have en-
sured the API is the correct quality and has 
been fully tested to meet current product 
specifications. Strong quality oversight en-
sures the patient can confidently use their 
medicine without hesitation. Low-quality 
and ineffective APIs simply break the trust 
of the patient, and more importantly, could 
cause harm to them,” concludes Johnson.
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Pharmaceutical Technology spoke with Ed Gump, VP Small Molecules at the 
US Pharmacopeia (USP) about API quality from the standards perspective. 

PharmTech: How crucial is it for pharma manufacturers to ensure the 
safety of APIs? 

Gump (USP): To ensure the quality (and by extension, the safety)  
of their products, it is crucial that pharma manufacturers ensure 
the quality of their drug product ingredients—the API as well as 
excipients. In the [United States] (and in many other countries), the legal  
burden to ensure the quality of each ingredient, including excipients, is on 
drug manufacturers. 

Unlike APIs, excipients are often not pure and tend to be complex in nature 
and can be sourced from natural (animal, plant, mineral), synthetic, and 
semisynthetic origins. And many (if not most) excipients have uses beyond 
pharma, so it is especially important for manufacturers to test the quality of 
their excipients and ensure they are fit for pharmaceutical use. 

PharmTech: What are the steps to ensure quality throughout the 
development and manufacture of an API? 

Gump (USP): Manufacturers should manufacture their products under 
CGMPs [current good manufacturing practices], adhering to all regulatory 
requirements at the federal, state, and local level.  

When ordering APIs from suppliers, manufacturers should qualify their 
suppliers, perform regular quality audits of their suppliers’ facilities, develop 
specifications to ensure that API is fit for use in their product formulations and 

that API conforms to USP standards, ensure the quality of the API they receive 
such as by testing the API against the USP monograph and reference standard. 

PharmTech: What has the industry learned from the nitrosamine problem?  
Gump (USP): We have learned that it is not just blood pressure medications 

that are at risk of nitrosamine contamination. Many recent drug recalls are due 
to a specific sub-category of nitrosamine impurities known as drug substance-
related nitrosamine impurities (DSRNIs), a class of nitrosamines sharing 
structural similarity to the API.  DSRNIs (and nitrosamines in general) can form 
in several different ways. One of the most common reactions is when an API 
molecule has what’s known as secondary amine group in its structure, and 
when nitrite and acidic conditions are present. Under these conditions, the API 
molecule with a secondary amine can react to form a nitrosamine.   

Nitrites from excipients could react with amines in APIs, or low molecular weight 
amine impurities. Because excipients are generally the greatest component of 
medicinal products, sufficient amounts of nitrite could be present as a reaction partner. 

However, this is not the only chemical route that can potentially lead to 
formation of a nitrosamine. Given that there are a variety of possible routes, 
it’s critical for manufacturers to understand what medicines and associated 
manufacturing processes are at risk to form nitrosamines, confirm if they are 
forming, at what levels, and how they can establish controls to ensure they are 
not present at levels that could be harmful.  

—Susan Haigney
Editor’s Note: Visit PharmTech.com to read the full interview.

Ensuring API Quality—A Pharmacopeia Perspective

https://www.fda.gov/drugs/drug-safety-and-availability/information-about-nitrosamine-impurities-medications
https://www.pharmtech.com/view/pharma-industry-contends-with-contamination-based-recalls
https://www.pharmtech.com/view/pharma-industry-contends-with-contamination-based-recalls
https://www.pharmtech.com/view/pharma-industry-contends-with-contamination-based-recalls
https://www.pharmtech.com/view/ensuring-api-quality-a-pharmacopeia-perspective


20    Pharmaceutical Technology AUGUST 2022  PharmTech .com

Special Report: Excipient Quality

A
LE

S
S

A
N

D
R

O
 G

R
A

N
D

IN
I -

 S
TO

C
K

.A
D

O
B

E
.C

O
M

with polydispersity of particle size, mo-
lecular weight, and chemical composi-
tion, all of which may be process or sup-
plier dependent. Particle size is usually 
controlled as an average or distribution, 
and dilute solution viscosities are often 
used for routine analysis to monitor 
batch-to-batch consistency of polymer 
molecular weight. The composition 
profile of a complex mixture may not 
be well defined, and the performance 
impact of the many components may 
not be well understood.

Silverstein contrasted the control of 
API quality versus that of excipients (3):

“API quality is improved by reducing 
the presence of all materials other than 
the desired chemical. […] Extraneous 
substances may be harmful to the pa-
tient in that they may lead to side effects, 
or they are inert, thus reducing API pu-
rity and thereby compromising efficacy.”

“Excipient quality is described quite 
differently. While one would again 
refer to compliance with the compen-
dial monograph (if there is one) or the 
manufacturer’s specification, a higher 
assay is not always better. While this 
may seem counterintuitive, excipients 
are often complex mixtures that include 
constituents arising from raw materials, 
catalyst, solvent, initiator residue, or 
side reactions” (3).

Excipients are often mixtures of 
materials with major and minor com-
ponents, and the minor components 
may contribute to the overall excipient 
performance in a particular application 
(4). For example, the compactibility of 
coarse grade dibasic calcium phosphate 
dihydrate is influenced by the presence 
of “impurities” in the crystal lattice, 
which cause dislocations and weak-
ness, allowing brittle fracture to occur. 
Very pure coarse-grade dibasic calcium 
phosphate dihydrate does not compact 
as well. However, in general, the exact  
relationship between excipient com-
position and excipient performance is 
not often well understood and will vary 
with each application (5). 

Excipient variability
Many excipients possess some inherent 
variability. Variability in the finished 

E xcipients are substances other 
than the API, which have been 
appropriately evaluated for safety 

and are intentionally included in drug 
delivery systems. Excipients are typi-
cally more complex than APIs, because 
they are frequently multi-component 
and less well-defined. In addition, ex-
cipient variability can present itself in 
various forms, compositionally, physi-
cally, or functionally. 

Most excipients are not pure sub-
stances. Other residual and trace com-
ponents present in excipients can impact 
key excipient functional characteristics 

when used in pharmaceutical formula-
tions (1). The International Pharmaceu-
tical Excipients Council (IPEC) refers 
to these other unavoidable substances 
in excipients as concomitant compo-
nents (2). Performance of many excipi-
ents in a drug formulation may rely on 
the presence of such substances in the 
excipient. These excipient components 
are not considered impurities and could 
vary due to changes in raw materials, 
process variability, and from supplier 
to supplier. Excipients are not controlled 
at an individual parameter level. There 
are many degrees of freedom associated 

This article reviews sources of excipient variability, 
including raw materials and processing, both of 
which may vary from supplier to supplier and  
from plant to plant for a single manufacturer.

Brian Carlin is owner Carlin Pharma Consulting LLC. George Collins is the Vice-President 
for Excipient Mineral Manufacturing, RT Vanderbilt Company. Chris Moreton is partner 
at FinnBrit Consulting. David R. Schoneker is the President/Owner of Black Diamond 
Regulatory Consulting, LLC. Jennifer Putnam is a Senior Supervisor, Analytical R&D at 
Perrigo.  Joseph Zeleznik is Technical Director, North America for IMCD US Pharma. 
Katherine Ulman is the owner and Primary for KLU Consulting, LLC. Stacey Bremer, 
Director, Product Stewardship Medical at Celanese.

Mitigating the Risk from 
Excipient Variability
Brian Carlin, George Collins, Christian Moreton, David Schoneker, 
Jennifer Putnam, Joseph Zeleznik, Katherine Ulman, and Stacey Bremer
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excipient attributes can arise from many 
sources such as, but not limited to those 
in Table I (6).

Excipient variability for some excip-
ients can also be influenced by degra-
dation, which also can be impacted by 
packaging and/or environmental con-
ditions during storage and distribution.

Process variability 
As described in the IPEC quali-
ty-by-design (QbD) guide (6), “excip-
ient manufacturers can control excipi-
ent variability only within the limits of 
their process capability and for which 
the processing equipment was de-
signed and constructed.” Process ca-
pability is a general statistical concept 
based on the ratio of the specification 
limits to the process variability. If the 
variability is the same as the specifica-
tion range the process capability is one, 
with no room for error. The higher the 
process capability the lower the risk of 
failure. Less than one means that not 
all batches will meet specification. 
Therefore, arbitrary narrowing of a 
specification by users may adversely 
impact sustainable excipient supply. 
Robust formulations are not critically 
impacted by typical excipient variabil-
ities, not all of which may be reflected 
in the specification. 

“In addition, the equipment train 
used in the process and the type of pro-
cessing and unit operations included 
may all influence variability. Various 
excipients are continuously manufac-
tured in many metric tons per annum. 
Results reported on a certificate of 
analysis (CoA) will often be a com-
posite or average, potentially underes-
timating variability. Not all excipients 
will have the crystallization or precip-
itation steps typically used to purify 
fine chemicals. Users should discuss 
inherent variability with the supplier 
and their capability to supply product 
as it relates to the user’s needs (7). It is 
the responsibility of the user to identify 
potential critical material attributes 
(CMAs) for the excipients used in their 
formulations but the suppliers may be 
able to assist. A risk-based approach 
will probably be appropriate” (6). 

Variability due to excipient source
Different excipient manufacturers are 
likely to use different raw material 
sources as well as different manufac-
turing processes. Therefore, variability 
introduced by alternate sources encom-
passes variability of both raw materials 
and processing. 

Excipients from alternate sources 
(additional sites within a manufacturer 
and/or alternate supplier(s)) may not be 
compositionally, physically, or function-
ally identical, but may still demonstrate 
equivalent performance within the drug 
product depending on application. Ex-
cipient users should define functional 
performance requirements for alternate 
excipient sources (8). 

When evaluating alternate excipient 
sources, users should not assume that all 
sources conforming with the same com-
pendial requirements are interchangeable 
in all drug product formulations. Vari-
ability in excipient composition and other 
attributes among excipient sources could 
impact performance. To gain an under-
standing of the potential origin for various 
components that may be found in excipi-
ents from different sources, see Figure 1.

Confirmation of equivalent perfor-
mance is necessary to support inter-
changeability. The critical quality attri-
butes (CQAs), including stability, of the 
drug product manufactured with the 
alternate source must be demonstrated. 

Distributors should not substitute an 
alternate excipient source without prior 
notification to the excipient user to  
allow evaluation of the interchangeability 
of the alternate source in their specific 
drug applications. 

In a 2008 article on “Comparative 
Tableting Properties of Sixteen Micro-
crystalline Celluloses” (9), Doelker et 
al. noted that, “Great differences in 
packing and tableting properties and 
in sensitivity to the addition of a lubri-
cant were generally observed between  
products from the various manufactur-
ers. In contrast, lot-to-lot variability was 
quite acceptable.”

Mitigating the impact  
of excipient variability 
Moreton defined a robust formulation as 
being “able to accommodate the typical 
variability seen in API, excipients, and 
processes without compromising the 
manufacture, stability, performance, or 
any other attribute of the product critical 
to the patient’s care or well-being” (5). 

Qualifying multiple sources should 
be considered when establishing the de-
sign space to reduce the time required 
to switch to an alternative supply after 
launch (10). If the impact of an excipient 
variability on finished product CQAs is 
unacceptable, then additional controls 
(CMAs) should be considered. Both limits 
and methods for CMAs must be agreed 
between user and excipient manufacturer.

It may be necessary for excipient 
manufacturers to make changes to their 
processes for various reasons that have 
the potential to impact excipient perfor-
mance and thus finished product perfor-
mance. Excipient manufacturers should 
consult the IPEC Significant Change 
Guide for Pharmaceutical Excipients (11) 
whenever a change is to be made to excip-
ient raw materials, manufacturing pro-
cess, and/or finished excipient testing 

Special Report: Excipient Quality

Table I. Potential variability due to excipient source.

Plants or animal derivatives Mineral excipients Synthetic materials 

• weather conditions during 
° growing 
° harvesting 
° transporting 
° storage
° processing 
° packaging, etc.

• environmental conditions in  
different geographic regions 
° nutrient levels 
° elemental impurities 
° pollution 
° etc.

• geographic source  
of the excipient or  
crude ore

• processing conditions 
° calcining  

temperature 
° type of milling

• composition of  
products derived from 
crude oil or  
gas feedstock varies 
with well location 

• sulfur content 
° elemental impurities
° organic components

• multiphase vs  
single-phase reactions.
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and assess the need for customer no-
tification. Based on a risk assessment, 
the excipient manufacturer should 
apply the same reasoning (as far as is 
practicable) to their own suppliers of 
starting materials, reagent, solvents, 
processing aids, and additives used in 
the manufacture of the excipient.

When investigating potential im-
pacts of notified changes, it is strongly 
recommended that a risk assessment 
be undertaken by the excipient user. 
Based on the results of the risk assess-

ment, the excipient user should deter-
mine their need for further action. 

It may be necessary for the excipient 
user to build product inventory, thus 
requiring pre-change excipient sup-
ply, because regulatory filings may be 
subject to extended review times. This 
may, in turn, require coordination be-
tween excipient manufacturer and user. 

It should also be remembered that 
not all changes to an excipient will be 
detrimental to the performance of the 
excipient or pharmaceutical finished 

product. All changes should be consid-
ered as significant unless it can be sci-
entifically justified as not a significant 
change. Significant changes should be 
notified to the excipient user (11). 

Factoring excipient variability into 
design of experiments, control strat-
egy, and lifecycle management will in-
crease finished product robustness (12),  
which will improve the overall prod-
uct quality and performance, leading 
to better patient outcomes.

Conclusion
Excipient variability should always be a 
concern unless proven otherwise. Rely-
ing only on the excipient sales specifi-
cation or the compendial monograph 
is not enough to account for potential 
variation(s) because many CMAs may 
not be part of these requirements. 
Drug product manufacturers should 
have a robust dialogue with their ex-
cipient suppliers to understand the 
variability of material attributes.
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Figure 1. The complexity in excipient composition.
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T cells includes millions of unique T cells. 
Tumor cells can evade the immune system 
as tumors often do not have antigens that 
T cells can recognize, and therefore, the T 
cells do not attack them,” Stefanski says.

NK cells have the intrinsic ability to 
mediate tumor killing through innate 
recognition pathways without prior sen-
sitization, comments Ryan Larson, vice 
president and head of translational science 
at Umoja Biopharma. “These intrinsic an-
ti-tumor properties can be augmented by 
engineering NK cells to express synthetic 
tumor targeting proteins, such as CARs or 
adapters compatible with tumor-specific 
monoclonal antibodies that can be admin-
istered in combination,” he notes.

Next-generation CAR cell therapies, 
contends William Rosellini, co-founder, 
president, and director of CytoImmune, 
are focused on NK cells because they are 
one of nature’s best killing machines. “The 
NK cell has unbelievable tumor-killing 
activity with significantly reduced safety 
issues like on-target/off-tumor effects, 
GVHD, and cytokine release syndrome 
(CRS),” he explains.

NK cells do not have endogenous T 
cell receptors, nor do they cause the se-
cretion of interleukin 6 and other cyto-
kines that can cause undesired immune 
responses, Stefanski notes. As a result, 
NK cells typically have shown reduced 
cytokine production and expansion, 
and thus reduced rates of some of the 
serious side effects of CAR T-cell ther-
apies, such as CRS and immune effector 
cell-associated neurotoxicity syndrome 
(ICANS), according to Larson. In ad-
dition, NK cells do not express anti-
gen-targeting receptors that are tuned 
specifically to their host, thus eliminat-
ing the graft-versus-host risk that exists 
with allogeneic T-cell therapies.

That latter attribute also makes the de-
velopment of NK-cell therapies less com-
plex than the development of allogeneic 
CAR T-cell therapies, Larson adds. “For 
any allogeneic T-cell product, a genetic 
manipulation must be made to eliminate 
T-cell receptor expression. This step is not 
required for NK cells, and thus simplifies 
their engineering and manufacturing 
processes, as well as removing a potential 
safety issue,” he observes.

A utologous chimeric antigen receptor 
(CAR) T-cell therapies have been 
shown to be effective for the treat-

ment of many types of cancers. Challenges 
with scalability and manufacturing asso-
ciated with autologous cell therapies have 
led to rapid advancement of allogeneic 
off-the-shelf cell therapies. However, al-
logeneic cell therapy products have their 
own challenges including problems with 
excessive immune responses and concerns 
about graft-versus-host disease (GVHD). 

T cells are not the only immune cells, 
however, and there is significant interest 
in leveraging natural killer (NK) cells in a 
similar manner. NK cells are lymphocytes 
that have the ability to target tumor cells, 
releasing chemokines and cytokines that 
activate the innate and adaptive immune 
systems. They can be isolated from a va-
riety of sources and do not have to be pa-

tient-specific. Progress is being made in the 
development of scalable production pro-
cesses. Clinical trial data from engineered 
allogeneic NK cells is already in the public 
domain, additional clinical data continues 
to emerge from early-generation products, 
and data read-outs will soon begin for 
next-generation engineered products.

Several advantages over CAR-T cells
NK cells are important lines of defense the 
body has against infectious agents and tu-
mors. They target any cells lacking a major 
histocompatibility complex (MHC), a 
group of genes that code for proteins found 
on the surfaces of cells that are unique to 
each individual and part of the human leu-
kocyte antigen (HLA) system, according to 
Heather Stefanski, vice president of medi-
cal services at the National Marrow Donor 
Program (NMDP)/Be The Match. “Each 
T cell has a unique T cell receptor that rec-
ognizes a cognate antigen presented in the 
MHC complex; the repertoire of human 

Further advances in construct design and 
manufacturing scalability are still needed.

Progress in the 
Development of  
CAR NK-Cell Therapies
Cynthia A. Challener

Cynthia A. Challener, PhD  
is contributing editor to  
Pharmaceutical Technology.



Pharmaceutical Technology AUGUST 2022    25

The ability to produce allogenic prod-
ucts from healthy starting cells is another 
advantage. “Autologous, or patient-specific, 
CAR T-cell therapies are produced using 
cells collected from patients who are very 
sick. Those T cells are potentially not ideal 
for a cell therapy product as some may not 
be good at expressing CAR proteins. In ad-
dition, the types of T cells present in each 
person will vary, and those differences 
can have a direct influence on the ability 
to modify those cells and generate an ef-
fective therapy,” Stefanski explains.

Overall, concludes Chris Nowers, CEO 
of ONK Therapeutics, allogeneic NK-cell 
therapies have the potential to deliver treat-
ments with compelling clinical profiles that 
are better tolerated and more easily admin-
istered, logistically simpler to manufacture, 
and produced at lower cost. “We believe 
that through the reduction of costs and 
a growing accumulation of clinical data 
demonstrating the positive longer-term 
benefits, we will be better able to demon-
strate measurable value,” he states. 

Several sources
NK cells are present throughout the body 
and can be harvested from a number of 
sources. They can be separated from pe-
ripheral blood or isolated from umbilical 
cord blood or the placenta for the develop-
ment and production of allogenic therapies.  
Another option involves differentiation of 
human pluripotent stem cells (iPSCs).  NK 
cells may also be generated from CD34+ 
stem cells present in bone marrow.

According to Rosellini, NK cells isolated 
from umbilical cord blood samples have 
been shown to have a higher cytotoxic ca-
pacity and span as much as 30% of white 
blood cells recovered, while NK cells iso-
lated from peripheral blood tend to be a 
more mature population exhibiting more 
refined cytotoxic capabilities with a lower 
15% of white blood cells recovered.

The lymphoma-derived NK-92 cell line 
is one established cell line designed to be 
easy to maintain and expand, as well as 
easily genetically modified using both viral 
and non-viral methods. It does require 
irradiation prior to clinical use, however, 
which can impact activity.

All of these different sources have been 
used to produce CAR NK-cell therapies 

undergoing clinical development. ONK 
Therapeutics, for instance, uses umbilical 
cord blood provided by Anthony Nolan 
Cell & Gene Therapy Services for devel-
opment of its engineered NK-cell therapies. 

“We believe that cord blood offers a widely 
available source of NK cells that has been 
clinically validated and provides cells with 
a potential attractive phenotypic makeup,” 
Nowers observes. 

Larson’s perspective is that we don’t 
know yet whether the source will affect the 
application. “It is likely that some combina-
tion of source, CMC [chemistry, manufac-
turing, and controls] processes, engineer-
ing/synthetic biology, and tumor-targeting 
approach (e.g., CAR) will determine the 
best therapeutic applications,” he states. 

Similar production methods
As with CAR T-cell therapies, once the NK 
cells for development of the therapy have 
been isolated, they must be expanded and 
genetically modified to express the CAR 
protein. The methods for cell expansion 
and cell engineering are similar for NK 
cells and T-cells, with some specialization 
accruing to each cell type, according to 
Larson. In most cases, large-scale expan-
sion using cytokines and feeder cells is 
required to produce sufficient NK cells for 
clinical applications, notes Nowers. This 
approach facilitates efficient engineering. 

Rosellini adds that retroviral, lentivi-
ral, or non-viral delivery of genetic ma-
terial is used, with viral-vector gene de-
livery systems currently considered the 
most effective. ONK Therapeutics is an 
exception. The company uses a combi-
nation of clustered regularly interspaced 
short palindromic repeats (CRISPR)/
CRISPR-associated protein 9 (Cas9) 
editing and transposition of transgenes 
employing a non-viral TcBuster trans-
poson approach (Bio-Techne) to pro-
duce large numbers of edited CAR-NK 
cells, according to Nowers.

Larson believes that the method that 
gives the largest scale possible will be 
the best to commercialize, as long as it 
can accommodate some engineering 
to make sure that the cells will perform 
well, including in the tumor micro-
environment (TME) for solid tumors. 
He does note, however, that there are 

schools of thought that think it best to 
use minimally expanded cells.

While the theoretical unlimited expan-
sion capacity of iPSCs makes them an at-
tractive option for the production of CAR 
NK-cell therapies, Larson also points out 
there have been challenges to translating 
this feature to downstream yield of relevant 
immune cell progenitor populations in an 
efficient and scalable format. “Solutions for 
scaling a directed differentiation manufac-
turing process will realize the full value of 
iPSC as a starting material from a CMC 
perspective-in terms of simplicity, reducing 
cost, and patient access,” he remarks.

In this vein, Umoja recently entered a 
collaboration with TreeFrog Therapeu-
tics to develop CAR NK-cell therapies (1). 
Umoja’s iPSCs are engineered with a syn-
thetic rapamycin-activated cytokine recep-
tor (RACR) to drive differentiation to, and 
expansion of innate cytotoxic lymphoid 
cells, including but not limited to natural 
killer (NK) cells in the absence of exoge-
nous cytokines and feeder cells. TreeFrog’s 
proprietary C-Stem technology relies 
on the high-throughput encapsulation 
(>1000 capsules/second) of iPSCs within 
biomimetic alginate shells that promote in 
vivo-like exponential growth and protect 
cells from external stress. 

Scalable manufacturing essential
One of the less-desirable attributes of CAR 
NK-cell therapies when compared to CAR 
T-cell therapies is their lack of persistence 
in the body. NK cells have a much shorter 
half-life on the order of weeks. Adminis-
tration of cytokines such as interleukin 2 to 
patients can prolong NK cell lifetimes, but 
Stefanski notes this approach often comes 
with harmful side effects. 

The need for lymphodepletion is an-
other important issue associated with al-
logeneic CAR NK-cell therapies. Prior to 
administration, patients receive a short 
course of chemotherapy to kill their exist-
ing T cells as a means for increasing per-
sistence. “Lymphodepletion adds a veneer 
of immune system damage that provides 
short-term benefits in enabling engraft-
ment of therapeutic cells but is detrimental 
to immune system function and may con-
tribute to recurrences or other problems in 
the long term,” Larson says. 
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It is important to employ strategies to 
improve drug exposure through engineer-
ing strategies and be able to dose more than 
once at high dose levels. “Scalable manu-
facturing solves a lot of problems,” Larson 
states. Developing NK cells that secrete 
their own cytokines, such as interleukin 
15, is also an approach to improving NK 
persistence, according to Nowers. He notes 
that this strategy can be synergistic with 
the knockout of the cytokine inducible 
SH2-containing (CISH) protein. 

The development of stealthy NK cells 
that are edited to evade the immune system 
is another strategy being pursued by sev-
eral companies, according to Nowers. ONK 
Therapeutics is also looking to increase the 
ability of its NK cells to target specific tu-
mors by using cells that express high levels 
of favorable chemokine receptors such as 
CXCR4 and CXCR3 and E-selectin ligands. 

“These features ensure a higher likelihood 
that the NK cells will traffic to the site of 
the tumor within their natural lifetimes,” 
says Nowers.

Other challenges for CAR NK-cell ther-
apies, according to Stefanski, are similar to 
those faced by CAR T-cell therapies: diffi-
culty infiltrating the TME of solid tumors, 
the use of lentiviral vectors for delivery of 
genetic material, and the need to know the 
target antigen. In addition, although CRS is 
avoided by using NK cells, other off-targets 
are possible that must be avoided. There 
are also complexities associated with gar-
nering regulatory approval for cell thera-
pies, Rosellini adds.

Cancer targets predominate
As next-generation treatments, the devel-
opment of CAR NK-cell therapies is not 
as far along as that of CAR T-cell ther-
apies. Most programs are preclinical to 
early-phase clinical, including both Phase 
I and II trials. Cancer is the focus, with the 
greatest number of candidates targeting 
blood cancers including various leukemias, 
lymphomas, and multiple myeloma, but 
there are trials underway in solid tumors 
such as glioblastoma, non-small cell lung 
cancer, head and neck squamous cell car-
cinoma, and prostate cancer. 

Rosellini points out that academic 
research groups are hard at work un-
derstanding how CAR-NK cells could 

be used on other diseases too. “Similar 
to cancer cells, we could train NK cells 
to target other malfunctioning cells in 
inflammatory diseases,” he notes. Ste-
fanski suggests there is a potential for 
genetically modified NK cells to fight 
viruses that infect patients following 
stem-cell transplants and to treat au-
toimmune diseases driven by malfunc-
tioning B cells. “Theoretically, CAR 
NK-cell therapies could be used to treat 
any disease that involves proliferation 
of abnormal cells,” she concludes.

Early days yet
The CAR NK-cell therapy field is still 
quite new. Additional clinical data from 
Affimed and Fate and readouts for some 
of the hypo-immune cells from Century 
are expected during the next 6–12 months, 
according to Nowers.

Stefanski anticipates seeing the num-
ber of Phase II trials continuing to grow. 
Within the next year, she believes at least 
one hematological malignancy candidate 
may advance to Phase III. Five years from 
now, she hopes there will be at least one 
CAR NK-cell therapy on the market. 

CAR NK-cell therapies, Stefanski also 
suggests given their limited persistence, 
may have the potential to get patients into 
remission and in a position to undergo 
stem-cell transplants they wouldn’t be eli-
gible for otherwise. The limited persistence 
of NK cells may also be an advantage from 
a safety point of view, according to Nowers, 
because it could lead to reduced risk of pro-
longed on-target, off-tumor toxicity.

Improvements in manufacturing tech-
nologies are also anticipated, whether using 
NK cells isolated from umbilical cord 
blood or differentiated from iPSCs. “En-
hanced manufacturing procedures and 
the increasing use of automated closed 
platforms both have the potential to signifi-
cantly reduce cost of goods,” Nowers notes.  

More advanced cell modifications are 
also being explored. Approaches that 
include multiple receptors and different 
ligands on the NK cells have shown po-
tential. “Researchers are beginning to fig-
ure out what is best for a given application, 
because solutions that work well for one 
type of cancer aren’t necessarily optimal 
for others,” Stefanski says. As information 

is gained about the current targets and how 
existing CAR NK-cell therapy candidates 
behave clinically, Rosellini believes that 
much will also be learned about how to 
improve their safety and potency.

For instance, Larson observes that orga-
nizations including Umoja will introduce 
second-generation approaches that avoid 
lymphodepletion, include engineering 
strategies to enhance engraftment and 
pharmacokinetic profiles, and enable the 
production of larger numbers of doses with 
higher cell numbers per dose. “As these ad-
vances are layered on, I expect we will see 
better and better clinical results,” he states.

Similarly, companies that are exploring 
gene editing to benefit the cytotoxic po-
tential, metabolic health, and durability 
of engineered cells in-vivo will demon-
strate enhanced persistence and metabo-
lism, improved tumor homing, reduced 
exhaustion and immune invasion, and 
maximization of antigen-independent 
killing, according to Nowers.

Longer follow up and more mature data 
from ongoing studies should give greater 
confidence in the durability of CAR-NK 
approaches as well as in their safety, says 
Nowers.  “The breadth of ongoing research 
and an increased move to better tolerated, 
logistically simpler allogeneic NK cell-ther-
apy platforms will allow evolution toward 
a more traditional treatment model for ad-
vanced cell therapies. Simultaneously, the 
use of big data and artificial intelligence 
to direct selection of the best patient can-
didates will lead to better efficacy, greater 
patient benefits, and increased understand-
ing,” he contends.

The end result will potentially be signifi-
cantly reduced list price costs combined 
with a growing clinical database demon-
strating the positive longer-term benefits 
of CAR NK-cell therapies, according to 
Nowers. “Stronger demonstration of value 
will help support the willingness to pay 
of payors and subsequently drive broader 
patient access and adoption,” he reiterates.

Reference
1. Umoja Biopharma, “Umoja Biopharma 

and TreeFrog Therapeutics Announce Col-
laboration to Address Current Challenges 
Facing Ex Vivo Allogeneic Therapies in 
Immuno-Oncology,” Press Release, June 10, 
2022. PT
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create strategic marketing opportuni-
ties for drug makers,” says Cornell Sta-
moran, PhD, vice-president of corpo-
rate strategy and government affairs for 
Catalent. He is also a co-founder and 
co-chair of Catalent’s Applied Drug 
Delivery Institute, a research and advo-
cacy arm founded in 2012 that explores 
how advanced drug delivery options 
can improve patient outcomes.

“Globally, PFS currently account for 
approximately half of the total market 
for prescription-based vaccine vol-
ume in the Americas and Europe, ac-
cording to IQVIA’s MIDAS database,” 
notes Stamoran. (Note: The MIDAS 
database ref lects vaccine doses that 
are dispensed with a prescription 
in retail or hospital settings, so the 
COVID-19 vaccines and other pub-
lic-health-administered vaccines are 
not fully ref lected in that data set.) 
Stamoran adds, “However, across the 
rest of the world, vial-based vaccines 
still make up the majority of the vol-
ume dispensed.”  Thus, there is plenty 
of room for growth for this newer ad-
ministration device.

The benefits of PFS for vaccines
The use of PFS has been shown to 
streamline and simplify vaccine ad-
ministration, reduce dosing errors 
and wasted product, and minimize 
the potential for microbial cross-con-
tamination and pathogen transmission, 
which can happen when multiple doses 
are withdrawn from a single vial. As a 
result, PFS are now widely used for an-
nual flu shots, heparin injections, and 
a growing list of injectable therapies 
across multiple disease states.

“When vaccine is filled in a PFS, no 
further manipulation is required to 
safely administer it to the patient,” notes 
Vincenza Pironti, PhD, senior staff 
scientist, research and development, 
pharma services for Thermo Fisher Sci-
entific. “For this reason, the risk of dose 
failure or injuries during manipulation 
is reduced to almost zero.” 

Similarly, the use of PFS can help to 
streamline mass-vaccination efforts, 
especially in situations where the avail-
ability of trained staff may be limited. 

V accines have been in the news 
and on the minds of people 
everywhere in recent years, 

thanks to the aggressive effort and 
timetable that was required to discover, 
develop, and disseminate the COVID-
19 vaccines. Meanwhile, developers of 
other types of pediatric and adult vac-
cines have continued to advance the 
manufacturing, drug-administration, 
and packaging options that are used 
to support their products.

Vaccines are traditionally packaged 
and distributed in vials that contain 
either single or multiple doses. This 
approach requires the healthcare pro-
fessional to prepare the vaccine for 

injection, withdrawing the precise 
dosage from the vial using a syringe, 
administering it into the patient, and 
safeguarding the remaining doses until 
the vial is empty.

A newer alternative—prefilled sy-
ringes (PFS)—has continued to gain 
favor among vaccine manufacturers 
and healthcare providers, thanks 
to several demonstrable advantages. 
During manufacturing, PFS are pre-
filled with a single dose representing 
one vaccination, in accordance with 
good manufacturing practices (GMPs).

“Today there is very strong preference 
among physicians and patients that if a 
therapy or vaccine can be supplied via 
PFS, it should, and the tangible results 
the PFS brings—where applicable—can 

The option of using prefilled syringes for 
vaccinations is not (yet) available for all  
types of vaccines. Stakeholders are working to  
expand that option while also pursuing other 
non-traditional routes of administration.

Suzanne Shelley is a contributing editor 
to Pharmaceutical Technology.

Vaccine Administration: 
The Growing Role of 
Prefilled Syringes
Suzanne Shelley
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By not having to prepare traditional sy-
ringe-and-vial vaccines for injection at 
the point of care, frontline workers do 
not need the same level of training. This, 
along with the inherent sterility of vac-
cines in PFS form, is a key differentiating 
factor supporting broader use of PFS in 
developing nations and remote regions 
where the number of skilled medical 
professionals may be limited.

According to a 2021 article  authored 
by Guillaume Lehée, R&D Innovation 
Leader for BD Medical—Pharmaceutical 
Systems, the use of PFS to vaccinate 300 
million individuals in the United States 
in the event of a future pandemic could 
save more than three million hours of 
healthcare practitioners’ time (1).

Traditional vaccines (including the 
flu vaccines) that are based on proteins 
must be maintained at 2–8 °C (refrig-
erated conditions). “One potential 
downside to PFS is that in some retail 
or hospital pharmacies, vaccines stored 
in PFS take up more refrigerator shelf 
space (compared to traditional vials), 
so this may limit uptake by smaller 
pharmacies or smaller physician of-
fices,” notes Stamoran of Catalent. 

“Similarly, if you’re trying to vaccinate 
in a developing country, having multi-
dose vials may make more sense due to 
limited shipping capacity and refriger-
ator space; in more developed regions, 
those limitations may not exist.”

PFS provide advantages for vaccine 
manufacturers, as well. “There is no 
need to overfill the single-dose sy-
ringes,” Pironti says. “This increases 
the overall yield of the manufacturing 
process and preserves valuable vac-
cines and drug substances from losses.” 
By comparison, multidose vials are 
routinely overfilled and excess vaccine 
material is left behind when the multi-
dose glass vials are discarded.

Meanwhile, “if the vaccine manu-
facturer is considering converting its 
product from a traditional vial-deliv-
ery system to a PFS, it may need to 
revise the formulation and carry out 
additional testing (and in some cases 
seek additional regulatory approval),” 
notes Stamoran, adding: “The devel-
oper will also need to explore other 

sources for packaging and materials, 
and all of this must be factored into 
the commercialization timeline and 
supply chain planning.”

Frozen and ultrafrozen vaccines — 
not candidates for PFS (yet)
Despite their advantages, PFS are not 
suitable for all vaccine types. Notably, 
the COVID-19 vaccines that are based 
on the messenger RNA (mRNA) tech-
nology platform (from Pfizer/BioN-
Tech and Moderna) require frozen 
and ultrafrozen temperatures. They 
cannot, therefore at this time, be pack-
aged and delivered in single-dose PFS 
form. “Generally speaking, today’s 
PFS are not yet proven to be compat-
ible with ultrafrozen temperatures as 
the existing glass materials and other 
components may not stand up to the 
extremely low required temperatures,” 
explains Stamoran.

When PFS technology is able to ad-
vance sufficiently to support frozen 
and ultrafrozen vaccines, the break-
through will be met with open arms, 
as the pursuit of more mRNA-based 
vaccines is already underway.

Every year, the seasonal results in 
roughly five million cases of severe 
illness and 290,000 to up to 650,000 
deaths worldwide, according to the 
World Health Organization (2). And the 
currently available seasonal flu vaccines 
prevent just 40–60% of the disease in 
the best-matched seasons, according 
to the US Centers for Disease Control 
and Prevention (CDC) (3). In September 
2021, Pfizer launched a Phase I study 
to evaluate a single-dose quadrivalent 
mRNA vaccine against influenza (4). 
Unlike conventional seasonal f lu vac-
cines that are based on inactivated virus, 

the investigational process of designing 
vaccines based on mRNA “requires only 
the genetic sequences of the viruses, en-
abling more flexible, rapid manufactur-
ing and the potential opportunities to 
improve upon the efficacy of current 
flu vaccines,” said the company at the 
time of the announcement. Hoping 
to capitalize on the “immense scien-
tific opportunity of mRNA,” Beyond 
the seasonal flu vaccine, Pfizer is also 
exploring mRNA-based vaccines tar-
geting other viral diseases, including 
HIV, Zika, and rabies, and is pursuing 
mRNA-based therapies in oncology and 
other genetic diseases.

Moderna is also pursuing flu vaccines 
based on mRNA, as well as mRNA-based 
vaccines against the mosquito-borne 
viral disease chikungunya, malaria, re-
spiratory syncytial virus (RSV), endemic 
human coronavirus, Zika, Epstein-Barr 
virus, HIV, and others (5).  Sanofi is also 
developing mRNA-based flu vaccines, 
while GSK is partnering with CureVac 
on both f lu and second-generation 
COVID-19 mRNA vaccines.

Efforts to make PFS cold-compatible
With the advent of the ultrafrozen 
COVID-19 vaccines, “rubber materials 
and glass were challenged to demon-
strate that the sterility barrier will be 
preserved even when ultra-frozen con-
ditions are required,” says Pironti. “Po-
tential mechanical solutions have been 
introduced and are in a preliminary 
phase, such as design alterations that 
allow the plunger to be rod blocked in 
order to avoid any unwanted move-
ment, and customized combinations of 
plungers and syringes that could pre-
vent vaccine degradation at extremely 
low temperatures.”

Stakeholders are also working to 
address this limitation by evaluating 
alternative materials, such as plastics or 
resins and glass-coated resin syringes 
that remain stable at extreme tempera-
tures. “Ongoing studies and efforts to 
develop new materials are underway to 
address this challenge, with the hope 
of expanding the use of PFS for frozen 
and ultrafrozen vaccines in the next few 
years,” says Stamoran.

Traditional vaccines 
that are based  
on proteins must 
be maintained  
at 2–8 °C.
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Becton, Dickinson and Co. (BD) 
completed a study in 2021 to assess the 
stability of drugs contained in glass PFS 
at frozen and deep-frozen temperatures 
(-20 °C to -40°C), and to evaluate how 
the syringes themselves cope at these 
extremely low temperatures (6). The 
company’s analysis involved syringes 
with different glass barrel coatings, dif-
ferent volumes, and other characteris-
tics that could influence the response to 
deep cold storage. Tests were conducted 
on several combinations of glass barrel 
coatings, different formats (from 0.5 
mL to 3 mL), different tip and flange 
designs, and multiple elastomeric 
closures with various state-of-the-art 
methods. “We’re encouraged by these 
results and look forward to partner-
ing with pharmaceutical companies to  
further advance PFS in deep cold 
conditions,” said Bruno Baney, vice 
president of R&D for Pharmaceutical 
Systems at BD, at the time of the Sep-
tember 2021 announcement.

In December 2020, BD announced 
plans to invest roughly $1.2 billion 
over a four-year period to expand and 

upgrade manufacturing capacity and 
technology for PFS and other advanced 
drug-delivery systems across its six 
global manufacturing sites, and the 
company is adding a new manufac-
turing facility in Europe (to be online 
by late 2023) (7).

Meanwhile, in May 2022, BD and 
Mitsubishi Gas Chemical (MGC) 
signed a letter of intent to explore a 
partnership agreement to explore new 
ways to advance biologic drug develop-
ment. The companies will investigate 
ongoing development of OXYCAPT—
an innovation from MGC that “inte-
grates the best of plastic and glass for 
plastic syringes”—to support the next 
generation of PFS for advanced bio-
logical pharmaceuticals. OXYCAPT 

is a multilayer structure applied on 
silicon-free plastic syringe barrels, to 
provide high breakage resistance, ox-
ygen and vapor barrier, lower protein 
adsorption, very low extractables, high 
UV barrier, and pH stability, according 
to the company (8). 
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Prescribers and patients alike appreciate safe and easy vaccine adminis-
tration. Today, of the 900 or so vaccine-development programs that are 
reported to be in development in Informa’s PharmaProjects database with 
known route of administration, one quarter are being evaluated in non-in-
jectable formats, including oral, inhaled, and nasal routes, notes Cornell 
Stamoran, PhD, vice-president of corporate strategy and government af-
fairs for Catalent, and about one third of these non-injectable programs 
are already in the clinical phases.

“There are also examples of promising R&D activities involving 
microneedle patches (which deliver the vaccine subcutaneously via a 
reservoir or coating on the needles), and, potentially, certain vaccines 
could be dried and stabilized in the microneedles to overcome issues 
related to logistics and ultracold storage conditions,” notes Vincenza 
Pironti, PhD, senior staff scientist, research and development, pharma 
services for Thermo Fisher Scientific. However, Pironti continues, “the 
regulatory landscape is still unclear about the acceptance criteria of 
these newer forms, as methods for release are still unclear, but these new 
modalities can represent potential solutions in the future.”

“Initial theoretical work and early R&D efforts suggest that the transdermal 
route may work, but more study and clinical trials are required to establish 
the safety and efficacy profiles and demonstrate benefits of this alternative 
approach, and then move toward the manufacturing considerations to allow 
these novel products to reach the market,” adds Stamoran.

In June 2022, Catalent announced it is carrying out a feasibility study with 
Israeli biopharmaceutical company MigVax, to investigate the possibility of 
delivering the COVID-19 vaccine to the oral mucosae (for absorption through 
the mouth and intestines) using Catalent’s proprietary Zydis Bio orally 
disintegrating tablet (ODT) technology, which creates a freeze-dried tablet 
that disperses in the mouth without water (1). 

MigVax’s lead oral vaccine program for COVID-19, MigVax-101, which would 
be transported using the Zydis Bio ODT in unrefrigerated vehicles and stored 
in standard warehouses, “has shown positive results in preclinical tests,” said 
the companies at the time of the announcement. MigVax is also working 
with the Coalition for Epidemic Preparedness Innovations (CEPI) to develop 
oral tablet vaccines that are broadly protective against both SARS-CoV-2 
variants and other coronaviruses, such as severe acute respiratory syndrome 
and Middle East respiratory syndrome.

Early work is also underway to pursue intranasal vaccines for COVID-19. 
Today, several dozen companies are at work, exploring not just aerosolized 
sprays but also nasally administered drops, powder, and gels (2). 

References
1. Catalent, “Catalent and MigVax Sign Agreement to Develop an Orally 

Disintegrating Freeze-Dried Tablet Vaccine Against COVID-19,” Press 
Release, June 7, 2022.

2. J. Akst, The Scientist, June 13, 2022. 

—Suzanne Shelley

Over the horizon for vaccines: Oral and inhaled dosing and transdermal patches

There is still 
plenty of room  
for growth in the 
use of PFS.
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such projects, teams with expertise 
across a wide range of specialisms are 
needed to design, build, and operate 
this new class of therapeutics facility. 

Manufacturing process 
Production of mRNA-based vaccines 
differ from the approach used in con-
ventional protein or viral vector-based 
vaccines as they are produced in cell-free 
systems. mRNA manufacturing involves 
the production of a DNA template, typi-
cally using linearized plasmids, followed 
by an in vitro transcription (IVT) enzy-
matic capping reaction, which produces 
the mRNA (See Figure 1).

Following purification using chroma-
tography techniques, the mRNA drug 
substance is encapsulated with a selec-
tion of nanolipids to form lipid nanopar-
ticles (LNP), before further purification 
and buffer exchange using chroma-
tography coupled with tangential flow 
filtration (TFF) to make the bulk drug 
product (BDP) (5) (See Figure 2). 

Low-temperature storage is needed 
until such time the BDP can be for-
mulated, sterile filtered, filled or lyo-
philized in vials, labeled, and packed 
to make the vaccine. At present, mul-
tidose vials plus diluents comprise the 
pandemic vaccine product, but this is 
likely to change in the future (6).

The different process needs necessitate 
different facility design requirements. 
Examples are given in Table I.

From a manufacturing perspective, 
mRNA’s potential lies in the capability of 
smaller-scale facilities to produce clinical 
trial materials as well as larger volumes 
of patient doses with the same equip-
ment. The latter can be achieved via 
more intensive production schedules, or 
semi-continuous processing techniques. 

Challenges and solutions
As a rapidly evolving field using disrup-
tive approaches and technology, mRNA 
requires a reset in terms of the thinking 
around facility design. In contrast to 
the conventional approach, each mRNA 
project needs solutions providers to pro-
vide a ‘bottom up’ strategy, which should 
emanate from teams on the ground who 
have the necessary insight into the spe-

M essenger RNA (mRNA) is an 
ingenious natural molecule in-
volved in the creation of proteins, 

which are essential to biological processes. 
This same molecule is the basis of a new 
breed of mRNA vaccines, which were 
adapted in a matter of months to combat 
the SARS-CoV-2 pandemic (1).

Rapidly evolving mRNA technology 
will be key to addressing many unmet 
needs in vaccines and oncology, as well as 
supporting a more rapid, global response 
to future pandemic threats. The mRNA 

process offers the potential to rapidly 
produce more vaccine doses compared 
to conventional vaccines that use cell-cul-
ture based production routes, which are 
often more prone to failure (2).

Advances in mRNA, coupled with the 
need to ramp up production capacity to 
meet global demand (3), provide an op-
portunity to build flexible manufacturing 
capacity (4). However, larger-scale mRNA 
vaccine manufacturing poses challenges 
relating to facility design. As each project 
will have a unique set of requirements, it 
is important for solutions providers to ad-
dress each consideration. 

New mRNA good manufacturing 
practice (GMP) facility design must 
comply with strict regulatory and sus-
tainability codes of practice, which vary 
globally. When it comes to delivering 

This article provides an overview of solutions 
to address key challenges facing vaccine 
developers or CDMOs wishing to build their own 
commercial-scale mRNA production facilities.

Julie Vickers is a subject matter expert in 
Process Engineering, and Peter Cramer 
is a subject matter expert in Process 
Architecture at Jacobs. Ranna Eardley-
Patel is a sustainable manufacturing lead 
at CEPI. Oliver Excell is an implementation 
expert at PA Consulting. Excell provided 
strategic review and input.

Overcoming Engineering 
Challenges to Enable 
Commercial Scale mRNA 
Vaccine Manufacturing 
Julie Vickers, Peter Cramer, Ranna Eardley-Patel, and Oliver Excell
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cific design, equipment, and materials 
handling considerations. 

Biopharma companies should provide 
their best forecasting estimates for future 
capacity, number of products, and var-
ious formats that mRNA vaccines can 
be formulated into (e.g., liquid vs. lyo-

philized, multi-dose vs. single dose vials, 
transdermal patches, or inhalants).

Where mRNA vaccines currently fall 
short versus their cell culture-based prod-
uct competitors is their dependency on 
steady supplies from others of costly and 
scarce starting materials (plasmid DNA, 

enzymes, nanolipids), plus the need for 
lower temperature storage of intermedi-
ates and products. 

The latter point provides a geo-
graphic constraint for manufac-
turing and distribution sites. Both 
have contributed to a higher cost of  

Manufacturing

Figure 1. Process block flow diagram for a commercial scale messenger RNA (mRNA) bulk drug substance process.

Figure 2. Process block flow diagram for a commercial scale lipid nanoparticles (LNP) bulk drug substance process.

Table I. Typical process facility needs for conventional versus messenger RNA (mRNA)-based vaccines.

Facility engineering aspect
Conventional vaccines (inactivated or attenuated 

viruses, viral vectors)
mRNA-based vaccines 

High purity water (purified water 
(PW), water for injection (WFI)

PW (upstream process), WFI (downstream 
process, formulation, filling) 

 WFI 

High purity gases Oxygen, carbon dioxide, nitrogen, air  Nitrogen, air

Flammable solvents Small volumes for aseptic processes, cleaning Large volumes of acetonitrile and ethanol

Biological Safetly (BSL) /
Containment Level (CL)

CL/ BSL 1 -3 BSL 1

Cold storage capacity
In-process intermediates: 2–8 °C

Bulk drug substance: -80 °C
Filled drug product: 2– 8 °C 

In-process intermediates: 2–8 °C
Bulk drug substance: -20 °C 
Bulk drug product: -80 °C
Filled drug product: -80 °C

Electrical segregation Not needed Some unit operations enclosed within fume hoods
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goods, which may limit market penetration during non-pan-
demic times and affect the facility’s operational and environ-
mental sustainability. 

In the absence of such a capacity estimate, mRNA projects 
could be restricted when it comes to scale, and manufacturers 
may also face limitations in relation to handling and contain-
ment measures for the raw materials used to produce mRNA. 

While each project has a unique set of manufacturing and 
facility design challenges, the key challenges facing mRNA fa-
cility projects are scalability, use of flammable materials, and 
equipment and manufacturing support.

Process scale. Process scalability provides the potential to man-
ufacture product in greater volumes. However, scaling out an 
mRNA process requires careful considerations and can intro-
duce specific design requirements, which mean that it may not 
be possible to renovate a brownfield site or an existing facility. 

The mRNA process can produce more doses than conven-
tional biologics projects, so best practice involves estimating in 
advance the number of doses per batch that a project or facility 
will manufacture, establishing how many doses are required in 
what timeframe, and to evaluate the use of continuous process-
ing strategies. This process will act as the starting point to guide 
each mRNA project and will determine the parameters for the 
design of a commercial facility. 

To address this challenge, prefabricated modular facilities 
offer a solution for phased capacity expansion/scale out, while 
reducing interruption to existing operations. 

Use of flammable materials. The use of significant quantities of 
flammable materials that are central to the mRNA production 
process requires tailored containment, handling, and disposal 
measures. These measures vary from project to project and effec-
tively necessitate solutions providers to deliver one-off, bespoke 
solutions.  Wider regulatory and sustainability issues also need 
to be considered.

Increasing production capacity may necessitate the facility 
to cater for higher hazardous area category (e.g., H-Occupancy) 
design features, such as specialized building construction and 
potential blast zones. These are typically undesirable as they 
adds to the cost and complexity to the project, especially if the 
project is a retrofit. 

Once the scale of operations is defined, it is necessary to deter-
mine flammable quantities and assess whether there is a need for 
hazardous area compliant construction. It is recommended to 
assess if the process can be scaled back or run differently (more 
batches per year) to avoid this specialized aspect by operating 
below the relevant maximum allowable quantities (MAQs). 

Use of semi-continuous processing strategies can minimize 
solvent use.  Such an assessment should cover:

• Quantification of flammable material use for production 
steps, including buffer preparation and LNP storage
° Equipment and facility cleaning strategies that con-

tribute to the facility flammable materials inventory
• Impact of HVAC design to avoid hazardous atmospheres 

(e.g., full fresh air), use of local exhaust ventilation (LEV) 
or fume hoods
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• Solvent distribution methods (e.g., 
closed solvent delivery and waste 
removal systems)

• Location of solvent bulk storage 
outside of the processing area/facil-
ity, and piping in what is necessary 
plus removing spent solvent in a 
timely manner (e.g., piped transfer 
to a waste tank for removal by a 
specialist contractor).

Equipment and manufacturing support. 
Currently, there is limited commercial 
offering of dedicated, single-use, and/
or explosion-proof equipment both for 
mRNA purification and LNP assembly 
at commercial scales (7). 

Prompt equipment specification and 
procurement is needed to fix the facil-
ity design and ensure that their lead 
times are not on the critical path to 
plant start-up. At present, the process 
cannot be fully single-use, so thought 
needs to be put into the cleaning and 
sterilization processes, plus the analyt-
ical support infrastructure needed for 
reusable product-contact surfaces. 

Therefore, it is recommended that 
for each mRNA project, consideration 
is given to the following aspects to 
determine the link between the equip-
ment available and the facility design:

• Need for custom/proprietary 
equipment

• Independent production rooms 
with “through-wall” buffer transfer 
through iris ports in from logistics 
corridor (Buffer Prep/Hold)

• Room electrical classification needs 

versus process step
• Equipment selection versus electri-

cal and fire code requirements
• Benefits and limitations of imple-

menting single-use technologies, 
given that the process will be hybrid 
(with stainless steel).

Operational capacity will be mainly 
dictated by the availability of a skilled 
workforce for GMP manufacturing. 
Thought should be given to staff welfare 
facilities, which are key to retain skilled 
workers. Onsite canteens, adequate 
spaces for parking, lockers, and shift 
handover meetings need to be consid-
ered as well as the manufacturing suites.

From an operational perspective, 
process and facility design should con-
sider continuous processing and imple-
mentation of process analytical tech-
nologies (PAT) to automate selected 
process steps (8). Low-temperature 
storage capacity should be included 
to allow for processing breaks (e.g., 
freezing of intermediates) to enable 
day-shift production. 

Finally, the limited capacity for out-
sourcing of supporting functions, such 
as facility environmental monitoring 
or product sterility testing, should be 
considered during concept design. Just 
because the process is cell-free, the an-
alytical in-process testing and release 
methods needed may not be. Inclusion 
of fully-segregated microbiological 
testing laboratory suites in the scope 
of the project should be considered if 
outsourcing is not an option. Basing 

designs on the use of recent advances 
in microbiological testing such as en-
zymatic indicators and rapid sterility 
testing can reduce the footprint of these 
labs (9, 10). An example of an LNP man-
ufacturing area is shown in Figure 3.

Conclusion
Linking process engineering knowledge 
to facility design is critical for compliant 
and competitive manufacturing in the 
life sciences sectors. 

Novel mRNA-based therapeutics are 
on the cusp of transforming product 
and project delivery and has the poten-
tial to revolutionize modern medicine. 
By overcoming challenges related to 
manufacturing and facility design, solu-
tions providers can play an important 
role in helping mRNA to face down 
future pandemics and, more broadly, 
make these life-changing medicines 
accessible to a greater number of pa-
tients, faster.
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A    wound on the skin triggers a whole series of events 
that prompt the healing of the wound. The specific 
purpose of the wound healing is to restore the skin’s 
barrier function. If these mechanisms fail, often due 

to pathological conditions, recovery can be prolonged, and an 
acute wound can morph into a chronic condition. Under these 
circumstances, the wound remains in an inflammatory stage, 
where the presence of pro-inflammatory cells and cytokines 
promote a proteolytic environment that generates the degra-
dation of growth factors (GFs), which are necessary for the 
proliferation and migration of cells—thereby, delaying wound 
healing (1–3).

Currently, there are numerous treatments for wound healing, 
most of them focused on preventing microbial contamination at 
the site, maintaining a certain degree of hydration, or promoting 
regeneration by including GFs. These systems generally include 
only one or two GFs that may be affected by the proteolytic en-
vironment (4–6). In such situations, the external administration 
of a mixture of these GFs can help to reduce the healing process 
time. Platelet lysate (PL) is a product derived from platelet GFs-
rich granules that result from the disruption of platelets when 
they are subjected to various processes, such as sonication or 
freeze-thaw cycles (7–8). However, despite being a mixture rich 
in GFs, the conditions of a damaged skin site can negatively 
impact the activity and efficacy of this PL if it is administered 
externally due to its polypeptide nature requiring frequent ad-
ministrations. Therefore, the inclusion of PL in a nanocarrier 
can provide the necessary protection, ensuring the preserva-
tion of its biological activity. In addition, if the carrier offers a 
controlled release for a suitable period, this will prevent the PL 
from being completely exposed to the unfavorable conditions 
of the damaged site (9). Various topical delivery systems have 
been designed to enhance the efficacy of skin regeneration by 
maintaining local high concentrations of GFs for extended peri-
ods (4). Elastic liposomes—biocompatible bilayer vesicular sys-
tems—consist of phospholipids, surfactants as edge activators, 
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Thermogelling Matrix-
Containing Platelet Lysate-
Loaded Elastic Liposomes as a 
Potential Treatment of Wounds

This work focuses on the preparation, 
characterization, and evaluation of a 
thermogelling matrix of Pluronic F-127 containing 
elastic liposomes loaded with a platelet lysate 
and which is intended for healing wounds. In 
this study, elastic liposomes were characterized, 
and their biological activity was confirmed. 
Liposomes were obtained that had a high 
encapsulation rate. The formulation of liposomes 
in a thermogelling matrix based on Pluronic F-127 
improved the properties of the product, favoring 
its application and retention on the skin, and 
promoting tissue regeneration, both on a culture 
of fibroblasts, and in vivo in mice. The results 
showed that this system is a potentially good 
alternative for the treatment of wounds based on 
its ability to protect the platelet lysate, allow its 
gradual release, produce a semi-occlusive effect 
on the skin, and promote fast tissue regeneration.
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and an inner aqueous compartment enclosed within a lipid bi-
layer capable of encapsulating hydrophilic and lipophilic mol-
ecules. The deformation capacity of the vesicles allows them to 
squeeze and thus penetrate intact through spaces much smaller 
than their diameter (10). Certainly, a disadvantage of liposomal 
dispersions is their low viscosity, complicating their application 
and retention on the wound. That is why its inclusion in dress-
ings or gels that avoid these drawbacks has been proposed. In 
this sense, aqueous solutions of poloxamers offer a good alterna-
tive based on their reverse thermal gelation properties and the 
fact that they can be fluid at room temperature—which facili-
tates their administration—and can form a hydrogel when the 
temperature increases as a result of contact with the biological 
environment (11–12).

The aim of this research was to develop, characterize, and 
evaluate a PL-loaded elastic liposome dispersion included in a 
thermogelling matrix based on Pluronic F-127 and with poten-
tial application in treating damaged skin conditions. 

Materials
L-α-phosphatidylcholine (PC) from soybean, Pluronic F127 
(Sigma-Aldrich, St. Louis, Mo.), polysorbate 80 (Tween 80 [T80], 
Merck KGaA, Darmstadt, Germany), sodium hydroxide, potas-
sium phosphate monobasic, and ethanol (Fermont, Mexico City, 
Mexico) were all obtained. All solutions were prepared using 
water from a Milli-Q (MQ) filtration system (MilliporeSigma, 
Billerica, Mass.).

Biological material. Blood was donated by Banco de Sangre, 
Hospital Juárez de México, and platelets from the blood were 
obtained in the Laboratorio de Hematobiología, Escuela Na-
cional de Medicina y Homeopatía, Instituto Politécnico Nacio-
nal (IPN), according to a standardized method as previously 
described by Cerecedo et al. (13). Platelet-rich plasma was col-
lected by centrifugation of whole blood at 400 g for 10 minutes 
at room temperature with an equal volume of citrate antico-
agulant. The platelet-washed pack was suspended in Hank’s 
balanced saline solution (HBSS) deprived of calcium. Platelet 
lysates were obtained after three cycles of sonication with a 
probe for 30 s, filtering the system twice through a 0.22 μm 
membrane. Fibroblasts (PCS-201-012, ATCC, Manassas, Va.) 
were cultured in Roswell Park Memorial Institute 1640 (RPMI-
1640) medium supplemented with 10% fetal bovine serum, 400 
mM L-glutamine, 50 μM gentamycin, 25 mM HEPES, 2 g/L 
sodium bicarbonate, and 1 mM sodium pyruvate in a humid 
atmosphere of 5% carbon dioxide (CO2) at 37 °C. Pig ear skin 
was recovered from the slaughterhouse before the animals were 
treated with hot water or steam. Once the skin was separated 
from the cartilage, it was cut to a thickness of approximately 
750 µm with the help of a dermatome.

Methods: preparation and characterization of EL+PL
Preparation of elastic liposomes. Both placebo elastic liposomes (EL) 
and elastic liposomes loaded with platelet lysate (EL+PL) were 
prepared according to a previously optimized process based on 
the thin film hydration technique (10), using PC as the princi-

pal component of the vesicle and T80 as the surface modifier. 
Briefly, 110 mg of PC and 15 mg of T80 were dissolved in 10 mL 
of ethanol, and this solution was poured into a ball flask where 
the solvent was evaporated under reduced pressure at 40 °C with 
a rotary evaporator (R-300, BUCHI Labortechnik, Brazil). Then, 
the lipid film was hydrated with 10 mL of an aqueous solution of 
PL (in the case of EL+PL) or just MQ water for the placebo (i.e., 
EL). The solution was stirred with a vortex stirrer. The resulting 
suspension was left to stand for 30 min at 4 °C, then sonicated 
for five minutes and extruded through a 0.1 µm polycarbonate 
membrane (MilliporeSigma, Darmstadt, Germany).

Vesicle size, polydispersity index, and Z potential measurements. Both 
EL and EL+PL were characterized by measuring vesicle size (VS), 
polydispersity index (PDI), and Z potential (zP) using a Zeta-
sizer Nano ZS90 (Malvern Panalytical, Worcs, UK). 

Determination of entrapment efficiency and loading capacity. En-
capsulation efficiency (%EE) and loading capacity (LC) were 
calculated using Equations 1 and 2, respectively:
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Free PL (in the supernatant of the liposome suspension) was 
separated by centrifuging EL+PL at 45,000 rpm/2 h, at 4 °C 
(Optima L-90K centrifuge, Beckman Coulter, Indianapolis, 
Ind.). Three washes were carried out with distilled water, under 
the centrifugation conditions previously described. The aque-
ous extracts were combined, quantifying the PL by ultraviolet 
(UV) spectrophotometry at 280 nm using a previously validated 
method for the quantification of total proteins (14).

Morphology. Elastic liposomes were visualized by scanning 
electron microscopy (SEM) using a JSM-7600F electron micro-
scope. 

CD spectroscopy. Circular dichroism (CD) spectroscopy was 
performed in J-815 Perkin-Elmer equipment (Jasco, Easton, 
Md.) by placing the sample in a 1-mm cell. Conditions of the 
analysis included: standard sensitivity, a bandwidth of 1.00 nm, 
a scan speed of 10 nm/min, 25 °C, a wavelength of 250–195 nm, 
and registering at 110 points for reading. The study was carried 
out for the PL solution, EL, and EL+PL. All systems had the 
same concentration of PL.

Effect of temperature on VS. The VS for PL solution, EL, and 
EL+PL was measured by dynamic light scattering (DLS) with 
an increase of temperature from 20 to 65 °C.
In-vitro release study of PL from the EL+PL suspension. One mL of 

EL+PL suspension was placed inside a dialysis bag (Biotech 
Grade Cellulose Ester, molecular weight cut-off [MWCO] 1000 
kDa, Spectrum Labs, San Francisco Calif.). The bag was im-
mersed in 5 mL of phosphate-buffered saline (PBS) solution, pH 
7.2 at 33 °C, under constant magnetic stirring. The total volume 
of the receptor medium was withdrawn at predetermined time 
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intervals, and the PL content was determined by UV spectros-
copy at 280 nm.

Effect of PL on a fibroblast culture. The biological activity of PL 
was evaluated by a scratch assay using a culture of dermal fi-
broblasts (15). Briefly, the fibroblast culture was diametrically 
scratched using a plastic tip. Once the formulation was placed 
on the culture, the progressive coating of the space generated 
by the scratching was followed by sequential photographs. For 
comparison purposes, fibroblasts were treated with a PBS solu-
tion, PL solution, EL suspension, and EL+PL separately.

Methods: inclusion of EL and 
EL+PL in a thermogelling matrix
Preparation of the thermogelling matrix. Both EL and EL+PL were 
included in a thermogelling polymeric matrix (HG) based on 
Pluronic F-127. The HG was prepared by the cold method (11–
12), which consisted of dissolving a quantity of polymer equiv-
alent to 20% (w/v) in deionized water at 4 °C under magnetic 
stirring. HG containing EL (EL HG) or EL+PL (EL+PL HG) 
were obtained by the same procedure.

Characterization of the thermogelling matrix. The viscosity was 
measured using a Brookfield CAP2000+ viscometer (Brookfield 
Engineering Labs., Stoughton, Mass.). A viscosity versus tem-
perature profile (spindle No. 3, 50 rpm, 5–40 °C) was performed 
for HG, EL HG, and EL+PL HG. 

In addition to viscosity measurements as a function of tem-
perature, the sol–gel  transition temperature, as well as the time 
needed to gel, were determined by the following methods (11): 

• Determination of the non-flow time: once at 33 °C, the 
elapsed time for the gel to stop flowing was recorded by 
inverting the tube in which it was located. 

• Loss of movement of a magnetic bar: magnetic stir bars 
were introduced into flasks containing the systems. The 
temperature was gradually increased, and the moment 
when the bars stopped completely was recorded. 

• Brownian motion loss temperature: the VS was measured 
with a Zetasizer Nano ZS90 (Malvern Panalytical, Worcs, 
UK) as the temperature increased, and the temperature at 
which the VS dropped dramatically was recorded.

• Micellization temperature: thermograms were performed 
by differential scanning calorimetry (DSC) using a Q20 
calorimeter (TA Instruments, New Castle, Del.) under the 
following conditions: sample equilibrium at 0 °C, isotherm 
for 1 min, and a heating ramp of 1 °C/min until 70 °C.

The occlusive capacity of the systems was determined by 
measuring the transepidermal water loss (TEWL). Approx-
imately 100 µl of HG, EL HG, or EL+PL HG were placed 
on the surface of pig ear skin (clamped between the donor 
and the receptor compartments of Franz cells). The recep-
tor compartment was filled with pH 7.2 PBS solution. The 
cells were maintained at 33 °C ± 0.5 °C inside an incuba-
tor. After 24 h, TEWL was measured using a Tewameter 
TM-300 (Courage & Khazaka Electronic, Köln, Germany), 
and results were compared with those obtained from 
untreated skin.

In-vivo evaluation of the EL+PL HG system. A group of seven CD1 
mice (seven to nine weeks of age) was used. The mice were anes-
thetized with a ketamine (90 mg/kg)-xylazine (7 mg/kg) cock-
tail, and the hair on their backs was shaved. Four punch biopsies 
were performed, generating a full-thickness cutaneous wound (3 
mm size in diameter). Then, 5 μL of EL HG, EL+PL HG, or PL 
solution were deposited on three of the wounds, using the fourth 
wound as a control. The formulations were applied daily, taking 
photographs to monitor the evolution of the wound. Simulta-
neously, the wound area was determined as a function of time 
using the imajeJ software (version 1.52q, National Institutes of 
Health, United States). Animal experimentation was approved 
by the Ethics Committee of Escuela Nacional de Medicina y 
Homeopatía-IPN, Mexico, (CBE/015/2018), in accordance with 
the Guide for the Care and Use of Laboratory Animals of the 
official Mexican standard NOM-062-ZOO-1999 (16).

Results and discussion 
Preparation and characterization of elastic liposomes. Table I shows VS, 
PDI, and zP values for EL+PL as well as for placebo liposomes 
(i.e., EL). Size-reduction was achieved through the processes of 
sonication and extrusion (17). As can be seen, EL had a size of 
approximately 105 nm, which increased to about 135 nm with 
the addition of PL. In relation to zP, a value of -9.39 ± 2.27 mV, 
which was attributed to the phosphate group present in the PC 
structure, was obtained for EL+PL (17). Nevertheless, even if 
the zP value was low, the steric effect imparted by T80 provided 
stability to the vesicles because the bulky polar head of T80 
prevented aggregation of the liposomes via a hindrance effect. 
This supposition is supported by the fact that EL suspensions 
were resuspendable and showed no evidence of aggregation or 
increase in VS. 

Table I also shows %EE and LC when incorporating two dif-
ferent amounts of PL in the mix. Although %EE is higher with 
a 1:63 PL:PC-T80 ratio, a higher LC is achieved by increasing 
the amount of PL, as shown for the 1:16 ratio (18). Therefore, the 
1:16 PL:PC-T80 ratio was used for the subsequent tests. 

SEM images showed a semispherical shape for elastic lipo-
somes (Figure 1a). The size observed in the micrographs was 
smaller than that obtained by DLS (Table I). The differences can 
be attributed to the preparation process of the samples and the 
effect of the electronic source on liposomes (19–20).

Figure 1b shows the circular dichroism spectra obtained for 
EL+PL and for the PL solution with similar ellipticity values for 
both, indicating the presence of secondary structures in a native 
and functional state within the nanocarrier. Considering that 
PL in liposomes is dissolved in the aqueous core, the similarity 
between these values can be explained (21). 

Changes in the size of PL in solution, EL, and EL+PL were 
monitored as the temperature increased, without any significant 
changes observed until the temperature reached 40 °C (Figure 1c). 
The size of PL in solution increased after 40 °C (e.g., from 34 to 
47 nm at 44 °C and then increasing dramatically from 45 °C up-
ward). This change in size is attributed to protein unfolding and 
aggregate formation (22). The VS of EL and EL+PL remained 



38    Pharmaceutical Technology AUGUST 2022  PharmTech .com

practically unchanged as the temperature increased due to the 
incorporation of PL into elastic liposomes. 

Figure 1d presents the release of PL from EL+PL. As shown, the 
release occurs in a constant and controlled manner over time, 
which suggests the advantages of this system for the purpose 
sought in this work. On the other hand, to corroborate that PL 
does not lose its biological activity due to its incorporation in elas-
tic liposomes, or during the manufacturing process, the effect 
of the systems on a fibroblast cell culture was evaluated. Figure 2 
shows that the space generated in the fibroblast culture by the 

scratching technique was practically covered after 24 hours of 
contact, both with the PL solution and with EL+PL. This was 
not observed with the PBS solution used as control or with EL. 
This test demonstrated that PL maintained its biological activity 
when incorporated into elastic liposomes.

Preparation and characterization of the thermogelling matrix. The 
application and retention of the EL suspension on the skin 
become difficult because of its low viscosity; so, its incorpo-
ration in an HG can solve this problem. In this work, Pluronic 
F127 was chosen as a thermosensitive polymer to formulate 

Peer-Review Research

Table I. Section A shows values of vesicle size (VS), polydispersity index (PDI), and Z potential (zP) for plain elastic 
liposomes (EL) and platelet lysate-loaded elastic liposomes (EL+PL) before and after the sonication and extrusion 
processes. Section B shows values of encapsulation efficiency (%EE) and loading capacity (LC). PC-T80 is L-α-
phosphatidylcholine with polysorbate 80.

SE
CT

IO
N 

A.

Before After

EL EL+PL EL EL+ PL

VS (nm) 1257.7 ± 718.6 2005.7 ± 833.6 105.6 ± 6.2* 134.6 ± 11.0*

PDI 0.790 ± 0.441 0.660 ± 0.155 0.260 ± 0.014 0.273 ± 0.012

zP (mV) -9.47 ± 0.31 -8.94 ± 0.33 -9.64 ± 1.85 -9.39 ± 2.27

SE
CT

IO
N 

B. PL added (mg) PL:PC-T80 ratio % EE LC (µg/mg)

2 1:63 97.4 ± 1.3 15.5 ± 2.5

8 1:16 72.6 ± 2.4**    46.5 ± 4.2**

*p < 0.05 after addition of PL (n = 6). **p < 0.05 after increasing the amount of PL (n = 6)

Figure 1. Results of the tests performed to characterize and evaluate the platelet lysate (PL) in a phosphate buffered 
saline (PBS) solution, placebo elastic liposomes (EL), and elastic liposomes loaded with platelet lysate (EL+PL). a) 
Scanning electron microscope micrographs at different magnifications for EL+PL (the red arrows show some of the 
vesicles). b) The circular dichroism spectra. c) Vesicle size vs temperature. d) Release profile for EL+PL (PL:PC-T80, 
1:16). PC-T80 is L-α-phosphatidylcholine with polysorbate 80.
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liposomes into a hydrogel. This way, it could be applied fluidly 
at room temperature in the form of a spray. Subsequently, at 
the temperature of the skin, it will gel, allowing the formula-
tion to be retained on the skin. The gelation temperature was 
determined by different techniques, including the measure-
ment of viscosity as a function of temperature. As can be seen 
in Figure 3a, the viscosity increased with the temperature, with 
the highest viscosity value at above 32 °C; thus, it is expected 
that, at the moment of its administration, the matrix will gel 
completely, achieving permanence on the skin. Although the 
viscosity began to decrease after 36 to 37 °C, this decrease 
was not relevant, as the HG did not spill out of the skin site 
at those temperatures. 

The thermograms shown in Figure 3b identify the point 
where the systems undergo a change from a fluid state with 

“free” polymer chains into a micellar state (23–24). The wide 
signal observed in the graphs indicated by a black solid arrow 
represents the micellization process. For HG, this occurs at ap-
proximately 32 °C (starting at approximately 10 °C), whereas 
for EL HG and EL+PL HG, this point was found to be below 
15 °C. This observation agrees with reports that have indicated 
that the presence of structures, such as nanocarriers, decreases 
the micellization point of the hydrogel to a lower value than 
that of the system without EL (24). The signal that appears at 
approximately 55 °C for all systems represents a characteristic 
thermal event of the polymer (black dotted arrow). 

In the case of determining the sol-gel transition temperature 
by the non-flow time method, it was found that the systems 
completely lost their fluidity after 10 minutes. However, it must 
be considered that a volume of 500 μl of gel was used; so, it 
should be expected that, for the thin layers deposited on the 
skin, the non-flow time will be much less. To determine the 
loss-of-movement of a magnetic bar and the Brownian motion 
loss temperature, sol-gel transition temperature values between 
27 and 28 °C were obtained.

The occlusion capacity of the systems was determined by 
measuring the TEWL. The results showed a reduction in TEWL 
for all formulations in relation to untreated skin. As shown in 
Figure 3c, the presence of HG generated a reduction in TEWL of 
around 20 %, while for EL HG and EL+PL HG, a reduction of 
around 37 % was obtained. Significant differences were found 
between these two values (p < 0.05), which implies that the pres-
ence of liposomes contributes to the reduction in TEWL and, 
therefore, to obtaining a system with semi-occlusive properties. 

It is desirable for a formulation or a wound dressing to gener-
ate a semi-occlusive environment to promote the autocatalytic 
activity that degrades dead tissue. This is only possible if a cer-
tain level of humidity is maintained in the damaged area with-
out reaching total occlusion, which, on the other hand, would 
favor the growth of bacteria, exacerbate the proteolytic activity, 
and degrade endogenous growth factors (25). In this case, a par-
tial occlusion was achieved with all systems.

Comparing the results of this study with those obtained in a 
previous work where PL was included in polymeric nanoparti-
cles (11), the following points are relevant:

• The method of obtaining nanoparticles involved a longer 
process (e.g., the formation of a double emulsion, the use 
of a high-shear homogenizer, and the need to centrifuge 
to remove excess stabilizer), compared to the preparation 
process of the liposomes presented in this article. 

• %EE and LC were higher with liposomes than with 
nanoparticles (an LC = 46.5 µg/mg with liposomes and 32 
µg/mg with nanoparticles). The circular dichroism study 
showed that in no case (liposomes or nanoparticles) did 
the preparation method affect the protein structure of the 
platelet lysate.

• The zP had a higher value for nanoparticles (approximately 
-17.6 mV) than for liposomes (-9.39 mV); although, in both 
cases, it is below an absolute value of 30 mV, which is gen-
erally accepted as a minimum to consider that the system 

Figure 2. In-vitro evaluation of elastic liposomes loaded with platelet lysate (EL+PL) on a fibroblasts cell culture before 
and one day after contact with the different samples. From left to right is the control (phosphate buffered saline [PBS] 
solution), placebo elastic liposomes (EL), platelet lysate in a PBS solution (PL sol.), and EL+PL. 
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will have good physical stability. It should not be forgotten, 
however, that the type of stabilizer may also play an important 
role in steric stabilization.

• Both liposomes and nanoparticles allow a gradual release of 
PL for at least 12 hours. 

• When determining the degree of occlusion, the liposomes 
showed a reduction in TEWL of approximately 37%, while 
a reduction of more than 60% was achieved with nanoparti-
cles, the latter of which is related to the hydrophobic and rigid 
structure of nanoparticles. 

The effect of PL on wound closure, both in its free form (in solu-
tion) and included in EL+PL HG, was evaluated by a cutaneous 
excisional wound-healing model. To contrast the effects, a control 
(wound without treatment) and a placebo formulation (EL HG) 
were also monitored. A graph with the evolution of the wound area 
as a function of time as well as the digital images of representative 
wounds of the mice are presented in Figure 4. As shown, the treat-
ment with EL+PL HG allowed for the complete recovery of the 
wound from day seven, while, for the rest of the systems until day 
10, a trace of the wound was still present, even for the PL solution.

These results are attributed not only to the proliferative and 
migratory effects of PL, but also to the properties of the release 
system such as protection of PL, avoiding its degradation in the 
biological environment; controlled release of the PL; close contact, 

covering the area and acting as a wound dressing; and semi-oc-
clusive effect. Similar results were obtained for PL formulated in 
nanoparticles (11). During the study, no weight loss or evidence 
of infection was seen in the mice. 

Conclusion
A thermogelling matrix containing platelet lysate-loaded elastic 
liposomes was developed, representing a potential alternative for 
wound treatment based on the advantages the matrix offers, such 
as protection for the platelet lysate from the biological environment, 
gradual release, close contact with the affected site, semi-occlusive 
effect, and an adequate response in vitro and in vivo.
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become commonplace, although [they 
are] gaining traction. The newfound 
increase of CCIT in the automated fin-
ished product inspection space comes 
from the development of scalable test 
methods and regulatory pressure. 
Benchtop, offline inspection methods 
validate automated sampling and 100% 
inline inspection systems. The practice 
of offline benchtop quality testing will 
never dissolve or be replaced by auto-
mated inspection; scalability decreases 
validation time, risk, and analysis time. 

Tools and shortcomings
PharmTech: What sort of analytical tools 
are commonly used in automated fin-
ished product inspection?

Stauffer (PTI): The technologies used 
for automated inspection are applica-
tion driven and depend heavily on the 
package format and container contents. 
Typically, headspace analysis, vacuum 
decay, or high-voltage leak detection 
(HVLD) are the go-to inspection tech-
nologies for parenterals.

PharmTech: Are there any pitfalls/an-
alytical shortcomings that need to be 
addressed?

Harris (PTI): The most critical aspect 
of inspection is selecting the best test 
method for the application at hand. 
Some methods are suitable for a vari-
ety of applications while others have 
specific characteristics the applica-
tions must have to be effective. In re-
gard to deterministic non-destructive 
CCIT methods, each have shortcom-
ings that prevent robust, reliable, and 
repeatable results. Headspace analysis 
can only test transparent/translucent 
rigid applications before labeling and 
the package must have headspace. 

One of the more common auto-
mated inspection technologies is tradi-
tional AC HVLD. Applications suitable 
for HVLD must be cylindrical, glass or 
plastic, and conductive liquid with low 
viscosity. High voltage can have nega-
tive effects on active drug product and 
produce large amounts of ozone. 

Over the last half decade, MicroCur-
rent HVLD (HVLDmc) has been proven 
to greatly reduce the voltage exposure 
to the product and reduce ozone to 

P roduction of high-quality, de-
fect-free finished products is a 
top priority in the bio/pharma-

ceutical industry, primarily to ensure 
the safety of the end-user—patients. 
The automation of finished product 
inspection is leading to gains in effi-
ciency for companies and, as such, is 
being widely adopted.

To find out more about automated 
finished product inspection, some of 
the common tools used, potential pit-
falls of approaches, the impact of in-
creasing complexity of therapeutics in 
development, and regulatory changes, 
Pharmaceutical Technology spoke with 
Tyler Harris, applications engineer, 
and Oliver Stauffer, CEO, both from 
PTI—a specialist in packaging inspec-
tion technologies.

Widely adopted
PharmTech: Could you provide a little bit 
of background into automated finished 

product inspection, its importance, 
and where the industry currently sits 
on its use?

Harris (PTI): Automated finished prod-
uct inspection has been widely adopted 
by the pharmaceutical industry with 
the use of various test methods. Addi-
tionally, not all these test methods are 
container closure integrity technology 
(CCIT) methods, non-deterministic, 
or likely to be accepted by regulatory 
agencies in the near future. 

Visual inspection, torque testing, 
high-voltage leak detection (HVLD), 
headspace analysis, vacuum decay, 
and airborne ultrasound all inspect 
finished products in some form from 
label alignment to leak detection, and 
seal quality. No one test method is suit-
able for all applications, and more than 
one test method may be required. 

Although methods such as visual 
inspection are widely adopted by the 
industry, CCIT methods have not yet 

Automated finished product inspection has been 
widely adopted in the bio/pharmaceutical industry.

Analytics

Inspecting Finished 
Products with Precision
Felicity Thomas
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near negligible amounts. Since the 
mid-1980s, vacuum decay has been 
utilized to test full container integrity 
of non-porous f lexible and rigid con-
tainers. Although widely adopted for 
benchtop applications, it is not without 
pitfalls. Vacuum decay is only suitable 
for non-porous packaging and has dif-
ficulty testing large-molecule liquid 
products. Vacuum decay is often used 
for automated sampling systems but 
rarely used for 100% inline testing due 
to its long test cycles. Shortcomings are 
overcome by necessary innovation in 
this regulatory driven climate.  

Increasingly complex therapeutics
PharmTech: How has automated fin-
ished product inspection adjusted to 
the increasingly complex therapeutic 
landscape? 

Harris (PTI): Therapeutics require far 
more attention than standard phar-
maceutical products. With small batch 
sizes and costly product, non-destruc-
tive methods are mandatory in this 
market segment. Therapeutics are 
typically large molecule and some-
times viscous liquids stored in vials, 
syringes, and intravenous (IV) bags. 
The increase in large-molecule, high 
risk products has led to the need for 
HVLD, and HVLDmc in the automated 
inspection space has led to new inno-
vations in handling, test cycle speed, 
and reliability. 

Although superior to vacuum decay 
for large-molecule and viscous liquid 
products, HVLD struggles to effec-
tively test the entirety of an IV bag. 
During an HVLD test, liquid must 
cover every interior surface of the 
package. IV bags are not easily rotated 
and typically contain a large air bubble. 
These two issues lead to false negatives 
and inconsistent results. This is where 
vacuum decay is highly effective. Al-
though limit of detection (LOD) may 
be higher due to the molecule size, vac-
uum decay is able to detect leaks in IV 
bags in automated sampling inspection 
systems and offline systems. 

With small batch sizes and high risk 
of therapeutic products, benchtop sys-
tems are capable of successfully test-

ing product to ensure sterile barrier 
is intact and no leaks in the package 
are present. With small batch sizes 
and frequent changes to the produc-
tion process/line, validation must be 
completed with every change. Auto-
mated inspection system validation 
can stretch across multiple weeks and 
hold up processing of time sensitive 
live product. Benchtop offline testing 
stretches across a few days and can be 
easily completed by a trained opera-
tor without the need for validation of 
the automated handling mechanisms. 
Testing off line allows for increased 
attention to the package and lower 
machine costs. Additionally, many of 
these therapeutic products are man-
ufactured in a manual process which 
does not warrant a need for auto-
mated inspection. 

Regulatory updates
PharmTech: What regulatory changes 
have impacted automated finished 
product inspection, in your expert 
opinion? 

Stauffer (PTI): Foundational regula-
tory guidance documents have been 
updated in both the [United States] 
and European market space. United 
States Pharmacopeia (USP) <1207> was 
recently updated and reflects the shift 
away from probabilistic test methods to 
more reliable and traceable determinis-
tic methods. USP <1207> is prescriptive 
about the technologies that should be 
considered as improved alternatives to 
traditional, less effective methods such 
as dye ingress.  

In Europe, the European Medicines 
Agency (EMA) is updating its Annex 1 
guidance, which is less prescriptive 
around the suggested technologies, but 
with guidance that frequency of testing 
and the method of testing should be 
scientifically appropriate for the com-
mensurate level of risk associated with 
the application. The need to test fused 
containers still stands, and the pro-
posed language further clarifies that 
IV bags also fall within that category. 
The final draft will most likely have 
some leniency related to that require-
ment. Regardless, in both the US and 

Europe, the regulatory guidance doc-
uments are driving towards increased 
testing frequency using deterministic 
test methods.  

PharmTech: Are there further regula-
tory changes, particularly pertaining 
to analytical analysis, in the near fu-
ture that you believe will impact au-
tomated finished product inspection?

Stauffer (PTI): The regulatory space is 
forever in a constant state of f lux. The 
most recent proposed changes revolve 
around the European Union’s (EU’s) 
Annex 1 and its drafted revisions. 
The proposed changes call for 100% 
testing and deterministic test meth-
ods for package integrity on all fused 
containers. This refers to products 
such as ampoules, pre-filled syringes, 
and IV bags. The draft specifies that 
visual inspection alone is not suitable 
for these types of packages and must 
be used in conjunction with a deter-
ministic method. At this moment, 
IV bags are the most difficult appli-
cation to test whether automated or 
benchtop and there are two possible 
outcomes to the final revision of EU 
Annex 1. Regulatory demands can 
force innovation, or regulation must 
wait for further development of the 
aforementioned deterministic inspec-
tion methods. 

Future drivers
PharmTech: Could you highlight any fu-
ture trends that you deem to be import-
ant within automated finished product 
inspection in terms of analytics? 

Harris (PTI): Inspection trends are 
driven by reliability, [regulations], 
and most commonly, cost. An uptick 
in automated sampling systems and 
scalable test methods is on the horizon. 
The ability to have the same technology 
in an automated format and in a labo-
ratory setting is critical in being able 
to compare results, analyze data, val-
idate, and ensure automated systems 
are functioning properly. Automated 
sampling systems allow for less human 
interaction, rapid inspection, and a de-
crease in inspection time. These bene-
fits ultimately lead to a decrease in cost 
despite a larger capital expense. PT
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frastructure and ways of working in 
efforts to maintain compliance and 
avoid future risk through digitiza-
tion of their business and operational 
processes. In many cases, these efforts 
should be seen as complementary to 
programs that modernize data gover-
nance infrastructure to meet Industry 
4.0 aspirations.

The legacy systems headache
The industry has seen good adoption 
of tools to help manage operational 
data and improve data integrity, such 
as electronic lab notebooks (ELN), 
laboratory information management 
systems (LIMS), and manufacturing 
execution systems (MES). Larger or-
ganizations are also seeing a resurge 
in investments in building centralized 
data repositories, such as data lakes, 
to help drive their digitization ini-
tiatives. A core business objective of 
many of these data lakes is to break 
down data silos to create centralized 
repository of data for end users that is 
easily accessible, coherent, and com-
plete. However, automating the inte-
gration of such varied systems, whilst 
ensuring data integrity and regulatory 
compliance, remains a significant in-
dustry challenge (2).

Many biopharmaceutical processes 
lack agreed-upon standards for data 
representation and transmission. 
While standards are emerging, most 
have yet to be widely adopted by 
hardware and software vendors due 
to the lack of industry consensus 
or the immaturity of the standards. 
The problem is compounded as many 
hardware and software vendors fail 

T he BioPharma industry is in a 
state of f lux. As the industry 
modernizes to deliver on the 

promise of a new generation of drug 
modalities, such as cell and gene ther-
apies, it is also seeking to take ad-
vantage of recent advances in digital 
technologies. Many companies have 
digital transformation initiatives to 
leverage the potential of big data, 
cloud computing, machine learning/
artificial intelligence, and the Inter-
net of Things (IoT). The ultimate 
goal of these initiatives is to improve 
operational efficiency, reduce costs 
and time to market, and stay ahead 
of the competition. To enable this 
transformation, the so-called Industry 
4.0 movement must be built on a solid 
foundation of good data governance 

while accommodating the industry’s 
stringent regulatory requirements.

In the race to all things digital, data 
governance, data integrity, and reg-
ulatory compliance may not be at 
the top of the C-Suite’s mind.  Yet, 
digital initiatives often provide an 
opportunity to modernize these 
legacy processes, replacing labor  
intensive and time-consuming man-
ual methods with integrated systems 
that can reduce effort and improve 
overall data quality. 

Recent years have seen the rise of 
“483s,” FDA regulatory warning let-
ters, with data integrity violations 
accounting for most of the notices. In 
2019, almost half (47%) of all warn-
ing letters issued by FDA concerned 
data integrity. By the end of 2021, that 
number had increased to 65% (1). This 
trend has prompted forward-thinking 
organizations to re-evaluate their in-

Successful digital transformation  
in biopharma requires an integrated  
approach to the data lifecycle.

Scott Weiss is vice-president of 
Business Development and Open 
Innovation at IDBS.

An Integrated Approach 
to the Data Lifecycle in 
BioPharma
Scott Weiss

The Industry  
4.0 movement 
must be built on a 
solid foundation 
of good data 
governance.
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to provide adequate programmatic 
interfaces to enable automated sys-
tem-to-system integration, creating 
silos of critical data. 

A less appreciated and more nu-
anced data integrity issue is data con-
textualization. Even if an operator can 
extract data from a specific system (e.g., 
chromatography), the data may be of 
little use without combining it with 
data stored in other systems, such as 
the experimental conditions under 
which the sample was generated, or 
how the sample was stored or subse-
quently processed. Maintaining this 
information context or “chain of cus-
tody” is not only necessary for inter-
preting experimental observations (e.g., 
mechanism of action), but also critical 
when attempting to gain the higher 
level of business intelligence needed to 
optimize a drug candidate’s attributes 
or a process for drug manufacture. 

Human operators are routinely 
required to manually transcribe and 
combine data from multiple systems, 
often using intermediary tools, such 
as spreadsheets. This human-centric 
process is time consuming and error 
prone, and the potential for errors 
escalates with each additional tran-
scription required in data transfer. 
Additionally, manual data transcrip-
tion workf lows require extensive 
additional quality checks to ensure 
data integrity and meet regulatory 
requirements, such as 21 Code of 
Federal Regulations (CFR) Part 11 
or good laboratory/manufacturing 
practices (GxP) (3). 

Moreover, generating and access-
ing high-quality contextualized data 
is a major bottleneck to implementing 
machine learning and other advanced 
analytic techniques. Highly educated 
data scientists can spend an inor-
dinate amount of time on a project 
simply searching for, combining, and 
cleaning data to generate datasets for 
training and validating models. 

Relieving the pain
Improving data governance practices 
and systems integration is a critical 
pre-requisite to implementation of 
the automation and analytics aspira-
tions of Industry 4.0.  

FDA uses the acronym ALCOA to 
describe its expectations of data in-
tegrity to help industry technicians 
stay compliant with 21 CFR Part 11. 
Per ALCOA, data must be attribut-
able, legible, contemporaneous (i.e., 
recorded in real-time when generated 
with a date and time stamp), origi-
nal, and accurate. The concepts were 
expanded to ALCOA+, which incor-
porates additional features and spec-
ifies that data must be complete, con-
sistent, enduring, and available (4). 

The principles of ALCOA+ and re-
quirements of 21 CFR Part 11 for main-
taining data integrity are well estab-
lished within the biopharmaceutical 
industry. More recently, similar con-
cepts are being advocated to address 
broader data integration and system 
automation challenges by a move-
ment known as the F.A.I.R Principles 
for scientific data management and 
stewardship (5). Established in 2014 
by participants of a seminar called the 
Lorentz Workshop “Jointly Designing 
Data Fairport”, F.A.I.R ensures data 
are findable, accessible, interoperable, 
and reusable. More of a design prin-
ciple than a standard, it recommends 
or relies on operators to subscribe to 
one system that enables crosstalk be-
tween two or more different systems in 
a machine-readable format. The output 
generates data that are comprehensible, 
reusable, and contextualizable. (6).

F.A.I.R. and ALCOA+ complement 
each other to help tie the data together. 

F.A.I.R. focuses on infrastructure, 
namely metadata, to increase the reli-
ability of electronic data capture, while 
ALCOA+ addresses data integrity chal-
lenges to improve the trustworthiness 
of the data output in the process.

Emerging informatics trends 
The current state of biopharmaceuti-
cal informatics is heavily dictated by 
larger organizations which leverage 
considerable purchasing power. A 
high proportion of these organizations 
have made substantial investments in 
a trove of disparate systems stitched 
together with in-house integration 
code, bespoke data lakes/warehouses, 
and a variety of analytics tools. They 
are understandably hesitant to under-
take the cost and risk associated with 
wholesale change, especially if the 
systems in question are validated to a 
GxP standard. Progress is often incre-
mental, and this can stymie innova-
tion by incentivizing incumbent ven-
dors to maintain the status quo and 
creating a barrier to entry for newer, 
more disruptive technologies. There 
are, however, several emerging tech-
nologies to help automate the capture, 
integration, and contextualization of 
data from these legacy systems that 
can both improve data integrity and 
drive broader Industry 4.0 initiatives, 
such as implementation of IoT, robot-
ics, and the creation of digital twins 
for predictive modeling. 

Systems integration remains a 
perennial problem. Some organi-
zations have the necessary IT/soft-
ware development skills in-house to 
integrate their digital topography 
by working directly with individual 
vendors to create custom solutions. 
This approach is not ideal for many 
companies, however, because it is 
resource-intensive, time consuming, 
and creates custom software code 
that must be maintained in perpetu-
ity, creating a resource overhead debt. 
Its viability is also dependent on sup-
port from hardware/software vendors 
for system integration, which varies 
considerably from vendor to vendor 
and should be a decisive factor when 

Digital initiatives 
can modernize 
legacy processes, 
replacing labor-
intensive manual 
methods with 
integrated systems.
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procuring a new system or platform. 
When procuring new informatic 

systems or instruments intended to 
be integrated with your digital topog-
raphy, key questions that should be 
asked include:

• How good are the vendors’ APIs 
and documentation? 

• Do they offer services or have 
certified partners that support 
integration? 

• Can they provide references to 
examples of successful integra-
tion projects? 

Increasingly, procurement teams 
are placing an emphasis on integration 
support, putting pressure on hardware/
software vendors to ascribe to F.A.I.R. 
principles when designing their prod-
ucts. For many small to mid-sized 
organizations, building an integrated 
ecosystem of hardware and software to 
drive automation is beyond their tech-
nical or budgetary reach. To address 
this need, a number of companies have 
developed softwares designed to sim-
plify the integration of popular labora-
tory hardware and software platforms, 
by creating libraries of connectors to 
common laboratory equipment and 
key informatics applications, and pro-
viding the mechanism to automate the 
exchange of data between systems (7). 

Cleaning, contextualizing, and 
aligning the data pulled from different 
systems presents a challenge as daunt-
ing as accessing the source data itself. 
Recreating the information “chain of 
custody” typically requires combining 
partial data sets from different systems, 
harmonizing terms and identifiers, 
and ensuring data are aligned correctly. 
This is one of the most tedious and er-
ror-prone steps, creating significant 
data integrity risks, particularly when 
done manually with a human operator. 

Automating this process may be ac-
complished often in conjunction with 
some form of centrally-managed meta-
data/ontology library to automatically 
annotate data or create knowledge 
graphs that map terms from different 
systems and join together the data. The 
availability of ontology management, 
semantic enrichment, and knowledge 

graph tools continues to expand apace, 
led by open-source initiatives as well as 
a number of commercial vendors that 
specialize in this market.

Systems integration and automated 
data contextualization focus on integra-
tion of hardware, their control systems, 
and other operational tools, such as 
ELN, LIMS, or MES. However, the dy-
namic of wet-lab work does not always 
provide access to software interfaces 
for capturing all observations. Some 
data are still manually documented in 
hand-written notes, which can be criti-
cal to properly qualify an experiment or 
analytical run. This information may or 
may not become part of the electronic 
information chain of custody; it can be 
lost, erroneously transcribed, or inten-
tionally omitted from the record. 

To address this issue, some compa-
nies have introduced scientifically in-
telligent digital voice assistants to pro-
vide a more efficient, hands-free user 
experience for lab workflow and data 
capture (8). For example, the assistant 
can prompt the user through a com-
plex protocol with voice instruction, 
import data at critical steps directly 
from lab equipment, and capture key 
observations and ancillary notes by 
transcribing the operator’s voice dic-
tation. These tools can operate both 
independently as well as integrate di-
rectly with other systems such as ELN.  

Looking ahead
As small-molecule drug development 
gives way to newer drug modalities, 
the suitability of legacy informatics 
and hardware systems comes into 
question. Combined with a grow-

ing purchasing power of mid-market 
biotechnology companies, which are 
often greenfield sites with little or no 
legacy infrastructure, the opportunity 
for a more innovative and disruptive 
change to the traditional informatics 
landscape will emerge. 

Many of these newer technologies 
seek to embrace a holistic integrated 
approach to BioPharma Lifecycle 
Management, by combining elements 
of out-of-the box workflow execution, 
preconfigured system and hardware 
integrations, contextualized data stores 
built on F.A.I.R principles, and inte-
grated analytics to drive business in-
telligence through an integrated digital 
platform. Their adoption will be driven 
on whether they can be implemented 
quickly, deliver business benefits im-
mediately, reduce total cost of owner-
ship, and provide a scalable foundation 
of data lifecycle management to accel-
erate Industry 4.0 initiatives.

Technology is finally maturing to 
address the challenge of integration 
and automation in the lab and man-
ufacturing plant, whilst ensuring data 
integrity and regulatory compliance. 
Regardless of how organizations re-
evaluate and modernize their current 
processes, the solution starts with a 
willingness to embrace new-world ap-
proaches to these old-world problems. 
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such as blister packs, prefilled syringes, 
vials, bottles, etc.?

Ferguson (Tjoapack): In the pharma-
ceutical packaging industry, equip-
ment providers have continued to 
develop solutions to tackle nearly any 
task. Quality and robustness are being 
designed into the processes from the 
ground up. Inspections, verifications, 
integrity, and repeatability are all stan-
dard concepts in terms of the overall 
design of a particular solution. 

While the sequence of individual 
tasks for the packaging of blisters, pre-
filled syringes, vials, bottles, kits, etc. are 
often different from one type of SKU to 
another, they all have many common at-
tributes where automation is being used. 
Examples include: presence and verifica-
tion of packaging component, presence 
and verification of product (bulk and/
or semi-finished goods), presence and 
verification of labeling, documenta-
tion of critical attributes, inspection of 
components, WIP, and finished goods, 
[and] serialization and aggregation of 
packaged goods.

Hörburger (Vetter): Automation adds 
the most value when various packaging 
process steps, such as labeling, assem-
bling, and cartooning, can be processed 
within a fully automated line. Ideally, 
different packaging types can be pro-
cessed on one line. For example, syringes 

A utomation plays a role in several 
pharmaceutical manufacturing 
operations, including packaging. 

Specifically, the automation of pro-
cesses can save resources, time, and 
money. Outsourcing the packaging of 
bio/pharmaceutical products can offer 
sponsor companies and manufacturers 
a variety of options from clinical de-
velopment to commercial production.

Pharmaceutical Technology spoke 
with Patrick Ferguson, managing di-
rector at Tjoapack, and Markus Hör-
burger, product and service manager 
at Vetter Pharma International GmbH, 
about the benefits of automating phar-
maceutical packaging and the services 
contract organizations can provide. 

Automating packaging
PharmTech: How can automation be used 
to optimize pharmaceutical packaging?

Hörburger (Vetter): Similar to other 
industries, the main benefit of auto-

mation in pharmaceutical packaging 
is replacing time-consuming manual 
assembly and packaging steps. Often, 
automation also has the advantage of 
being accompanied by digitalization. 
Digital processes allow for the gath-
ering of various data around the auto-
mated packaging that are a significant 
basis for the identification of further 
process improvements (for example, 
predictive maintenance). 

Ferguson (Tjoapack): The introduction 
of automation into pharmaceutical 
packaging processes has become the 
industry standard for any packaging 
company looking to positively impact 
the bottom line. Investment in automa-
tion has a direct and positive impact 
on quality, efficiency, productivity, and 
profitability. Additionally, it allows 
contract packaging organizations, such 
as Tjoapack, to be more competitive. 

PharmTech: How is automation used 
for the different types of packaging, 

Automation of pharmaceutical packaging  
saves costs and time, say contract packagers.

Automating Packaging of 
Bio/Pharmaceuticals
Susan Haigney

Outsourcing

“Investment 
in automation 
has a direct and 
positive impact 
on quality, 
efficiency, 
productivity, and 
profitability.”

— Patrick Ferguson, 
Tjoapack
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can be automatically assembled in safety 
devices or autoinjectors respectively. Fur-
ther down the line, syringes, assembled 
autoinjectors, or safety devices can then 
be packed in blisters and folding boxes or 
in more sustainable paper-based solutions 
depending on customer requirements.

PharmTech: What goes into formulat-
ing effective automation strategies for 
pharma packaging?

Ferguson (Tjoapack): In my opinion, the 
formulation of an effective automation 
strategy starts with an evaluation of the 
process needed to create the end product. 
Critical inputs include batch size, annual 
volume, margin, and the tasks required. 
Obviously, it doesn’t make sense to invest 
millions of dollars to fully automate a kit-
ting process that runs only 500 units once 
a year. The investment into an automated 
solution must make good financial sense. 
Once the critical data has been collected 
and evaluated, a strategy can be developed 
with multiple automation options in-
cluded. A cost-benefit analysis should then 
be developed for each option. Depending 
on the level of investment, proposals are 
then routed to the appropriate level with 
collaboration from multiple departments. 

Working with equipment manufac-
turers and solution providers is another 
critical part of this process. Choosing the 
right vendor to partner with can make or 
break a project. Vendors often have stan-
dard solutions that work as is or can be 
customized to your need. When no solu-
tion currently exists, a good partner can 
take your concept and develop a custom, 
turn-key solution. 

Hörburger (Vetter): The development 
of our packaging strategy starts by con-
sidering the needs of the end-user. As a 
CDMO [contract development and man-
ufacturing organization] in high-quality 
filling, device assembly, and secondary 
packaging for injectables, developing an 
effective automation strategy involves 
the incorporation of many different as-
sembly and packaging processes. As it 
pertains specifically to automation, the 
high complexity of the diverse processes 
plays a central role in the formulation of 
a suitable strategy. In addition, the life-
cycle status of the products has a major 
influence on the degree of automation 

and, therefore, the automation strategy. 
In early clinical phases when batch sizes 
are small, highly automated processes 
can limit flexibility and efficiency. As the 
product matures, the batch size typically 
increases. When clinical Phase III is 
reached or at the launch and associ-
ated start of commercial production, 
highly-automated assembly and pack-
aging processes are preferred. 

PharmTech: Which kind of automa-
tion services/equipment are available for 
pharma packaging?

Hörburger (Vetter): Common automa-
tion concepts include equipment that 
is being used for single-packaging pro-
cesses; for example, assembly as well as 
the incorporation of a fully integrated 
line that combines several pieces of 
equipment for the entire packaging 
process. Collaborating robots (cobots) 
are another concept for the automation 
of pharma packaging. Through the use 
of cobots, the interaction between em-
ployer and machine is achieved, result-
ing in increased automation of manual 
processes. At Vetter, we have been using 
this collaborative approach for several 
years and are currently using cobots 
within our secondary packaging lines 
for feeding-in alcohol swabs. We have 
also gained experience in the assembly 
of piston rods and repacking syringes in 
trays in stand-alone systems. 

Ferguson (Tjoapack): Automation 
comes in a variety of f lavors. Many 
people not familiar with automation 
think of assembly lines with robots per-

forming all the tasks. Automation in its 
entirety can range from lights-out op-
erations with virtually no human inter-
action, to simple line-level, task-specific 
enhancements to a process. Sensors, 
gating mechanisms, and other me-
chanical inputs can easily be added to 
a line to improve a process and reduce 
labor and waste. Fully automated solu-
tions can be implemented to perform a 
full sequence of tasks yielding a quality 
product with little human intervention. 
Naturally, the validation of these auto-
mated processes is critical. 

Outsourcing automation of packaging
PharmTech: Why should manufacturers 
outsource their packaging needs?

Ferguson (Tjoapack): Contract packag-
ers, such as Tjoapack, offer a wide range 
of services to drug manufacturers that 
they may not have been able to handle 
on their own. For example, a manufac-
turer may have a small-volume product 
or a unique pack-out that doesn’t fit into 
their existing capabilities or capacity. 
The contract packager is able to pool 
these together with other similar prod-
ucts from other manufacturers, mak-
ing an investment into automation and 
technology more feasible (financially). 
In the end, the manufacturer is able 
to have their product packaged with a 
higher level of quality and with an over-
all reduced cost. 

Hörburger (Vetter): Contract manufac-
turers typically run state-of-the-art pro-
duction facilities that enable a wide range 
of services and packaging solutions. As a 
CDMO, we are a one-stop partner for our 
customers, offering services that range 
from clinical and commercial filling to 
final packaging solutions.

Having a proven track record demon-
strates the ability of a CDMO to support 
customers’ special needs in secondary 
packaging. This includes production 
equipment for a broad range of order 
sizes and formats, broad expertise for 
country-specific needs, and extensive 
experience with international authori-
ties. It also demonstrates leaner project 
coordination, streamlined fill-and-fin-
ish services, as well as reduced time to 
clinic and market. PT

Outsourcing

“The development 
of our packaging 
strategy starts  
by considering  
the needs of  
the end-user.” 

— Markus Hörburger, 
Vetter
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reactants including master cell banks and fermentation 

reagents, equipment integrity, and performance. Further 

considerations for the downstream purification process 

variables and the effect of a final configuration (e.g., folding) also 

need to be considered.

The purpose of performing an investigation into a deviation 

is to determine why the deviation happened and what its 

impact was on the product quality. To determine the impact 

of the deviation on the product quality, it is important to 

determine the ‘root cause’ of the deviation. The process 

used in the industry to determine root cause is, of course, 

the investigation procedure. This procedure, regardless 

of whether the product you are investigating is biotech or 

traditional, should require the investigator to review various 

systems and determine whether they were the cause of the 

deviation being investigated. 

The systems most often reviewed are equipment and 

machinery, the manufacturing process, the raw materials used in 

manufacturing, the specifications, the environment, and finally, 

the operators. This is not to imply that these systems are the 

only areas you should look at during the investigation but that 

these are the most probable areas where you will uncover the 

root cause of the deviation. Each investigation must address 

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

product, the immediate correction taken, the corrective action 

to prevent re-occurrence for specific product/operation, 

and the preventive action taken to prevent re-occurrences 

for all products/operations. Once these elements have been 

investigated, results from the investigation must be documented. 

The written narrative should clearly explain what happened, 

when it happened, and who was involved or observed what 

happened. The narrative documents the solution and rationale 

for the root cause that was determined through the investigation 

process. If you follow your investigation procedure and thoroughly 

document your results, you should have an acceptable 

investigation regardless of whether you are manufacturing a 

traditional product or a biotech product.

Reference
1. US Public Health Service Act,  Section 351, Part F—Licensing—

Biological Products And Clinical Laboratories, Subpart 1—Bio-
logical Products Regulation Of Biological Products As Amended 
Through P.L. 117–159, Enacted June 25, 2022. PT
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Q.What is a biologics license application (BLA)?

A. BLA is an application sent to FDA that provides informa-

tion on introducing biological product into interstate com-

merce. Similar to a new drug application (NDA), a BLA should 

include the comprehensive product information generated 

during a development demonstrating safety, purity, and potency 

of the product including the proposed labeling information to be 

included in the packaging.  All biological products are approved 

through the BLA pathway, are licensed under Section 351 of the 

Public Health Service (PHS) Act, and are regulated by the US 

Food, Drug, and Cosmetic Act (FD&C Act).

Q.What’s the difference between a BLA and an NDA?

A.BLAs and NDAs differ slightly in terms of their application 

content and submission requirements. The requirements 

for an NDA are that the drug is proven to be safe and effective, 

the labeling contains the necessary information, and the manu-

facturing process does not alter the identity, strength, quality, and 

purity of the drug. BLAs should also establish that the biological 

product is safe and potent, but because biologics are manufac-

tured biological living material, the BLA must also provide informa-

tion that demonstrates the final product does not contain potential 

extraneous material or viral contamination due to the nature of bio-

logics and the complexities of manufacturing this type of product.

Q.What types of products are filed as BLAs?

A.In Section 351 of the PHS Act, biological products are 

defined as a “virus, therapeutic serum, toxin, antitoxin, 

vaccine, blood, blood component or derivative, allergenic 

product, or analogous product, … applicable to the prevention, 

treatment, or cure of a disease or condition of human 

beings” (1). FDA regulations and policies have established that  

biological products include blood-derived products, vac-

cines, in vivo diagnostic allergenic products, immunoglobulin  

products, products containing cells or microorganisms, and 

most protein products. 

Q.What FDA center has oversight of BLAs?

A.While traditional drug products (i.e., small molecules) 

are regulated by FDA’s Center for Drug Evaluation and 

Research (CDER), biological products can be regulated by either 

CDER or the Center for Biologics Evaluation (CBER), depending 

on the product’s classification.

Q.What is the difference between manufacturing a biological 

product versus a traditional pharmaceutical product?

A.Traditional drug products are formulated pure chemical 

substances that are easily analyzed and quantified after 

manufacturing. Biological products are formulated from living 

material; therefore, there may be limited ability to identify the 

active component(s) of a complex biological product. 

As a result, these products are often defined by their 

manufac tur ing processes.  Because changes in the 

manufacturing process, equipment, or facilities could result 

in changes in the biological product itself, the production of 

biologics is monitored by FDA from the early stages to make 

sure the final product turns out as expected.

Q: How does the failure investigation process differ  

for biologics?

A. The short answer is there is no process difference 

when performing deviation investigations for traditional 

pharmaceutical products versus biological products. The dif-

ferences lie in the complexity of the manufacturing processes 

and thus the variables that need to be considered regarding 

what could have impact on the deviation. 

Chemical processes, although sometimes quite complex, 

often have fewer variables even thoughmany of the categories 

are the same. For instance, when investigating an unknown 

impurity in a biological process from a simple oligopeptide 

fermentation process, the considerations may include 

fermentation conditions (e.g., time, temperature, oxygen 

uptake, byproduct production), potential contamination of 

Regulatory Applications  
for Biologics

Susan J. Schniepp, distinguished fellow at Regulatory Compliance Associates,  
answers some commonly asked questions about biologics license applications.

Contin. on page 49
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