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OPTIMIZED DRUG SOLUBILITY AND STABILITY
Captisol is the trade name for Ligand’s solvent-free processed modified cyclodextrin preparation. 

Captisol is a patent-protected mixture of chemically modified cyclodextrins with a modifying 

structure to optimize drug solubility and stability. Captisol was invented and developed 

by scientists at the University of Kansas’ Higuchi Biosciences Center specifically for drug 

development and formulation. 

Captisol overcomes solubility and stability hurdles faced during each phase of development. 

Captisol can make a substance more soluble and an agent more stable. Captisol can convert 

a solid to a liquid or an oil to an aqueous solution. Combinatorial chemistry, high throughput 

screening (HTS), and molecular genetics have led to an increase in the number of insoluble and 

unstable molecules, peptides, and proteins being investigated for their therapeutic activity. There are 

currently more than 50 Captisol-enabled products in clinical development. This unique technology 

has enabled several FDA-approved products, including Amgen’s KYPROLIS®, Baxter International’s 

NEXTERONE®, Gilead’s VEKLURY®, Acrotech Biopharma L.L.C.’s and CASI Pharmaceuticals’ 

EVOMELA®, Melinta Therapeutics’ BAXDELA™ and Sage Therapeutics’ ZULRESSO™. There are 

many Captisol-enabled products currently in various stages of development. 

SEAMLESS TRANSITION TO CLINICAL TRIALS
Captisol may increase systemic exposure for toxicology studies of investigative compounds 

and has a proven clinical safety record. In early development, captisol formulation can lead 

to a seamless transition from nonclinical safety to clinical trials. Captisol-enabled products are 

approved in more than 60 countries.

MULTIPLE ADMINISTRATION ROUTES ENSURE 
TARGETED DELIVERY
Captisol’s chemical structure was designed to create new products by improving solubility, 

stability, bioavailability, and dosing of active pharmaceutical ingredients. Routes of 

administration investigated include parenteral, oral, ophthalmic, nasal, topical, and inhalation 

products. Once inside the body, captisol releases the drug agent, which then travels to its 

target. The interaction between captisol and the agent is not permanent, and captisol is safely 

expressed from the kidneys.

PATENTED AND VALIDATED MANUFACTURING
Of all modified cyclodextrins, Captisol is an ingredient in the most approved products in the U.S.

Manufactured under cGMP, at multiple locations, using a patented and validated all-aqueous

process, annual manufacturing capacity is being increased to 500 MT. Captisol is supplied in ultra-

low endotoxin, ultra-low bioburden, low-chloride forms in 100g, 1kg, 5kg and 20kg packages for 

R&D use. Commercial pack sizes include 1kg, 5kg, and 20kg, with the ability to fill metric-ton orders.

Captisol,  
A Ligand 

Technology
3911 Sorrento Valley Road

Suite 110
San Diego, CA 92121

877-575-5593
cdinfo@captisol.comcdinfo@captisol.com
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Pharmaceutical Technology is the authoritative source of peer-reviewed research 
and expert analyses for scientists, engineers, and managers engaged in process 
development, manufacturing, formulation and drug delivery, API synthesis, analytical 
technology and testing, packaging, IT, outsourcing, and regulatory compliance in the 
pharmaceutical and biotechnology industries.
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In Memoriam

Michael J. Hennessy, Sr., was the beloved chairman and 
founder of MJH Life Sciences, parent company of Phar-
maceutical Technology. Hennessy spent his career turning 
his passion for building businesses and creating jobs into 
a run of successful ventures and brands. Following his 
graduation from Rider University in 1982, he started his 
career in medical publishing as a sales trainee. In 1986, 
Hennessy became chief operating officer of Medical 
World Business Press, which was part of the launch of 
medical newspapers and other media products. The com-
pany prospered and was eventually sold to a Boston-based venture capital firm.

Hennessy launched Multimedia Healthcare, LLC, in 1993 and built a port-
folio of award-winning clinical journals. In 2001, Freedom Communications, 
Inc., acquired Multimedia Healthcare, about the time that Hennessy was 
pioneering a new approach to print and digital publishing with Intellisphere, 
LLC (now part of MJH Life Sciences). Guided by the principles of innovation 
and entrepreneurial spirit, and reflecting its founder’s dedication to improv-
ing quality of life through health care research and education, Intellisphere 
publishes a variety of integrated print and digital products focusing on a range 
of topics in research and clinical medicine.

To build a comprehensive multimedia and education platform, Hennessy 
added additional companies and capabilities to the MJH Life Sciences portfo-
lio. In February 2008, Hennessy acquired the rights to the journals Pharmacy 
Times and The American Journal of Managed Care, both recognized in their 
respective markets as authoritative, trusted media platforms that provide 
essential information to a large audience of health care professionals.

In 2019, MJH Life Sciences made its largest acquisition to date when it ac-
quired the Healthcare and Industry Sciences divisions of UBM Medica, nearly 
doubling the size of the organization and adding legacy titles such as Medical 
Economics and Pharmaceutical Executive to his already impressive portfolio. 
This acquisition made the organization the largest independently owned med-
ical communications company in North America. In addition to acquisitions, 
Hennessy organically developed ancillary in-house agency divisions with Prox-
imyl Health, Truth Serum NTWK, and MJH Global Medical Affairs. 

Later in 2019, Hennessy elevated his own role to Chairman while naming 
his son, Mike Hennessy, Jr., to assume the leadership role of the organization 
and carry on the family legacy. Under Mike Jr’s leadership, the company 
enhanced its global potential by entering into a long-term partnership with 
BDT Capital Partners, LLC in November 2021. 

Due to his broad business and educational experience and understanding 
of the challenges facing New Jersey, Hennessy’s counsel and insight had been 
sought by several organizations, including his alma mater Rider University, 
where he served on the Board of Trustees and was elected to the executive 
committee. In addition to being active in state and national politics, Hen-
nessy also had a long record of service at the local level, where he was a strong 
advocate for veterans and environmental issues. 

Hennessy was preceded in death by his wife, Patrice Hennessey, who 
bravely battled cancer for almost 10 years until her death in January 2020. 
Hennessy donated $4 million to Rider University to expand the Science and 
Technology Center at their alma mater. The Mike & Patti Hennessy Science 
and Technology Center is set to be completed in 2022. PT

Michael J. Hennessy, Sr. 
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Chris Spivey

J anuary lends us a default perspective looking 
back while also forwards. In doing so, we 
might better see the big picture and what 

this offers in terms of setting goals and aligning 
resources. Warren Buffet is almost as famous for suggesting methods to 
focus priorities, as he is for having sacks of money lying around. Almost. 
The best place to start looking is what worked last year.

Humira will be the top selling drug in 2021 with around $20 billion 
in sales, followed by Keytruda at nearly $17 billion, then Revlimid a 
little under $13 billion, with the rest of the best all coming in around 
$8 billion—Eliquis, Eylea, Opdivo, Stelara, Biktarvy, Imbruvica, and 
Xarelto—all household names, if they were not so challenging to pro-
nounce (1). What stands out is the rising complexity and technical brav-
ery of the research and development that went into making these drugs 
effective and accepted. 

Pharmaceutical sophistication has advanced in lockstep with the 
startling discoveries of the golden biotech era. While working in-the-
trenches, it makes sense to intellectually understand how a therapeutic 
antibody might block a PD 1 receptor, or why a ubiquitin E3 ligase 
(a kissing cousin of thalidomide) induces tumor cell apoptosis. What 
requires end-of-year clarity to comprehend is that we are entering at 
long last an era when we can, shockingly, use the word cancer and the 
word cure, in the same sentence. This key obvious trend, becoming an 
imperative in the financial accounting of industry performance, has 
been somewhat obscured by the limelight stealing COVID-19 vaccines, 
pills, and rapid tests. 

This takes nothing away from pandemic success stories. It does not 
diminish the salutary effects of increased and improved communica-
tions skills across the board. It will have occurred to some of our more 
alert readers that vaccine and therapeutics sales during 2021 will have 
dramatically changed the picture of who came out on top in the sales 
of drugs this year. But that’s precisely the point—those large numbers 
for COVID-19 vaccines and treatments hide the importance of ongoing 
progress toward multiple other cures. Pandemic discussion has taken 
the oxygen out of the room for everyone else. January is the kind of 
month that can make your head spin.

REFERENCE
1. Statista, Projected Top 10 Global Pharmaceutical Products by Sales 

in 2026, Statista.com, accessed Dec. 14, 2021.

January Makes  
Your Head Spin

from the editor

Chris Spivey is  
editorial director of  

Pharmaceutical Technology. 

Send your thoughts and story ideas to:  
cspivey@mjhlifesciences.com.

James P. Agalloco
President ,
Agalloco & Associates
Larry L. Augsburger, PhD
Professor Emeritus,
University of Maryland
David H. Bergstrom, PhD
Chief Operating Office,  
Bridge Therapeutics
Phil Borman, DSc
Director,
Product Development & Supply
Medicinal Science & Technology
Pharma R&D 
GlaxoSmithKline
Evonne Brennan
Director,  
Atam Health Ltd 
Rory Budihandojo
Independent GMP Consultant
Metin Çelik, PhD
President, 
Pharmaceutical Technologies 
International (PTI)
Suggy S. Chrai, PhD
President and CEO,
Chrai Associates, Inc.
Roger Dabbah, PhD
Principal Consultant ,
Tri-Intersect Solutions
Robert Dream
Managing Director,
HDR Company 
Tim Freeman
Managing Director, FreemanTechnology
Sanjay Garg, PhD
Professor and Director,  
Centre for Pharmaceutical  
Innovation and Development, 
University of South Australia
R. Gary Hollenbeck, PhD
Research Faculty 
University of Maryland  
School of Pharmacy
Ruey-ching (Richard) Hwang, PhD
Executive Director,  
Clinical Supply Operations,  
Pfizer Global R&D
Maik W. Jornitz
President,
G-CON Manufacturing Inc.
Mansoor A. Khan, PhD
Professor & Vice Dean
Irma Lerma Rangel College of Pharmacy, Texas 
A&M Health Science Center

Russell E. Madsen
President,  
The Williamsburg Group, LLC
Heidi M. Mansour, PhD
Professor, College of Pharmacy  
College of Public Health and College of Medicine
Program Leader of Drug Development  
& Drug Delivery
FIU Center for Translational Science
Jim Miller
President, Advisor on  
Bio/Pharmaceutical Manufacturing Strategy
Colin Minchom, PhD
CMC Consultant
R. Christian Moreton, PhD
Partner  
Finnbrit Consulting
Fernando J. Muzzio, PhD
Director, NSF Engineering 
Research Center on Structured Organic 
Particulate Systems,   
Dept. of Chemical and Biochemical Engineering, 
Rutgers University
Moheb M. Nasr, PhD
Principal
Nasr Pharma Regulatory Consulting
Wendy Saffell-Clemmer
Lead Scientist and Sr. Director,  
Baxter Healthcare
Gurvinder Singh Rekhi, PhD
Department of Pharmaceutical and Biomedical 
Sciences,
The University of Georgia College of Pharmacy
Susan. J. Schniepp
Executive Vice-President of  
Post-approval Pharmaceuticals and 
Distinguished Fellow
Regulatory Compliance Associates
David R. Schoneker
President, 
Black Diamond Regulatory Consulting
Aloka Srinivasan
Principal and Managing Partner 
RAAHA LLC
Read board members’ biographies online at  
PharmTech.com/view/pharmaceutical-
technology-editorial-advisory-board. 
Pharmaceutical Technology’s  
eNewsletter Team: 

• ePT, Editor Grant Playter,  
ptpress@mmhgroup.com 

• In the Lab, Editors Grant Playter and Feliza 
Mirasol, ptpress@mmhgroup.com 

• Equipment & Processing Report,  
Editor Jennifer Markarian,  
JMarkarian@mjhlifesciences.com

• Send news and product releases to  
ptpress@mmhgroup.com

EDITORIAL
Editorial Director Chris Spivey CSpivey@mjhlifesciences.com
Senior Editor Meg Rivers MRivers@mjhlifesciences.com
Managing Editor Susan Haigney SHaigney@mjhlifesciences.com
European Editor Felicity Thomas FThomas@mjhlifesciences.com
Manufacturing Editor Jennifer Markarian JMarkarian@mjhlifesciences.com 
Science Editor Feliza Mirasol FMirasol@mjhlifesciences.com 
Assistant Editor Grant Playter GPlayter@mjhlifesciences.com
Creative Director, Publishing Melissa Feinen
Senior Art Director Marie Maresco; Senior Graphic Designer Maria Xelo  
Contributing Editors Jill Wechsler jillwechsler7@gmail.com;  
Hallie Forcinio editorhal@cs.com;   
Susan J. Schniepp sue.schniepp@mac.com; Eric Langer info@bioplanassociates.com;  
and Cynthia A. Challener, PhD challener@vtlink.net 

485 Route One South, Building F, Second Floor, Iselin, NJ 08830, USA

Tel. 732.596.0276, Fax 732.647.1235, PharmTech.com

EDITORIAL ADVISORY BOARD
Pharmaceutical Technology publishes contributed technical articles that undergo a 
rigorous, double-blind peer-review process involving members of our distinguished 
Editorial Advisory Board. Manuscripts should be sent directly to the managing editor. 
Below is a partial list of the Pharmaceutical Technology brand editorial advisory members. 
The full board, which includes advisory members from Pharmaceutical Technology Europe, 
can be found online at PharmTech.com.

http://www.statista.com/statistics/314580/leading-global-pharmaceutical-products-and-revenues/


c o n t a c t . u s @ e l e m e n t . c o m      e l e m e n t . c o m      + 1  8 8 8  7 8 6  7 5 5 5

E X P E R T I S E  AT  E V E R Y  S TA G E 
O F  D R U G  D E V E L O P M E N T
E N D - T O - E N D  C D M O  S O L U T I O N S  F O R 
P H A R M A C E U T I C A L S  A N D  B I O L O G I C S

Our dedicated team of industry-leading experts offers 

comprehensive solutions to support the entire product 

development life cycle. Leading healthcare brands trust 

Element to accelerate drug development programs, 

from discovery to clinical small-scale aseptic liquid and 

sterile fill-finish manufacturing, best-in-class regulatory 

support and everything in between. 

Realize the full potential of your drug or therapeutic with 

Element by your side. 

https://www.element.com


12    Pharmaceutical Technology January 2022  PharmTech .com

PRODUCT SPOTLIGHT   

Dual-Shaft Mixer with 
High Shear Rotor/Stator
ROSS has incorporated a high shear 
rotor/stator into its Dual-Shaft Mixer 
to meet more intense shearing and 
homogenization requirements.

Rather than including a typical high-
speed disperser blade, the mixer comes 
equipped with a rotor and slotted stator 
mixing head, also called a homogenizer, 
for more advanced deagglomeration and 
emulsification capabilities. The product also 
features a two-wing anchor that promotes 
bulk flow and uniform batch temperature.

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

Charles Ross & Son Company 
www.mixers.com

Next-Generation 
Cas9 Proteins
Thermo Fisher Scientific’s Invitrogen 
TrueCut Hifi Cas9 Protein is designed 
for research applications that require 
highly precise genome editing, such 
as the engineering of chimeric antigen 
receptor (CAR)-T cells and the creation 
of cellular models for disease discovery.

The Invitrogen TrueCut HiFi Cas9 Protein significantly reduces 
off-target events while retaining maximum on-target editing 
efficiency. It does this by minimizing edits in unintended locations, 
which are disruptive in translational research, drug screening, and 
drug modeling. It has demonstrated near complete elimination of 
off-target effects compared to wild-type Cas9 in several cell types, 
including T cells and induced pluripotent stem cells (iPSCs), as well 
as shown improved off-target profiles relative to similar proteins.

Thermo Fisher Scientific 
www.thermofisher.com

Digital Integration Platform
Scitara’s Scientific Integration Platform (SIP) is a cloud-native 
infrastructure designed to realize the full benefits of digital 
transformation. SIP establishes a flexible, adaptable framework that 
facilitates a fully connected laboratory and an in-situ configurable 
platform. Its flagship technology, the Scitara Digital Lab Exchange, 
forms an independent, vendor-agnostic integration layer.

SIP enables laboratories and science-based organizations to 
access the advantages of data mobility, independent of any digital 
platforms that have already been deployed. It automates scientific data 
exchange across various endpoints and interfaces existing various 
informatics platforms, as well as instrument-specific analysis systems.

Scitara Corporation 
www.scitara.com

 

Sustainable Biowaste 
Treatment System
Suncombe’s MicroEDS BioWaste 
Treatment System is a biologically 
hazardous waste decontamination unit 
that can process between 150 to 500 
L of waste per day. The low-volume 
system is certified to ASME and ISO/EN 
standards for treating biosafety level 
1, 2, and 3 waste through an innovative 
batch process that allows for the 
positive release of all collected waste.

Advances in the MicroEDS include 
thermal energy regeneration, low 
energy usage, and 100% positive 
release for treated waste and 
electronic records generation. The 
system is designed to operate at 
a thermal treatment parameter of 
121 °C for 15 minutes, as well as variable temperature, time 
and f0 lethality settings, for specific requirements.

According to Suncombe, the new unit delivers at least 61% energy 
saving relative to prior models and can reduce energy usage and utility 
consumption by up to 75%. Additionally, based on average use, it reduces 
the carbon footprint by up to 1.68 tons of carbon dioxide each year.

Suncombe 
www.suncombe.eu

https://www.mixers.com
https://scitara.com
https://www.thermofisher.com/us/en/home.html
http://www.suncombe.eu
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Major Challenges Ahead  
for FDA and Pharma 

I n the coming months, public health 
officials and biopharmaceutical 
companies face the task of address-

ing and mitigating the ongoing effects 
of COVID-19, while also continuing to 
develop and produce vital new vaccines 
and therapies. To maintain smooth op-
erations, FDA is relying on swift reau-
thorization of industry-paid user fee 
programs, as well as Congressional ac-
tion on policies affecting the agency 
and biomedical R&D. These ongoing 
imperatives, however, may be sidelined 
by mid-term elections in November 2022, 
where the pandemic response and access 
to medicines and healthcare services 
will be prominent issues. Drug pricing 
will remain a highly charged topic, as 
the debate continues over patent protec-
tions and the need for global vaccination 
efforts to control COVID-19.

A notable change at FDA will be 
the appointment of Robert Califf as 
commissioner. The Senate Health, Ed-
ucation, Labor and Pensions (HELP) 
Committee held a confirmation hear-
ing for Califf in December 2021, set-
ting the stage for his return to FDA 
after holding the top job at the end 
of the Obama administration. Califf 
will provide much-needed permanent 
leadership at the agency, where many 
experienced but exhausted staffers 
have struggled with uncertainty over 

FDA’s future and resources. A prime 
order of business for Califf is to ad-
vance a major staff hiring program to 
ensure the quality and stability of the 
agency’s workforce.

FDA benefitted in 2021 from the 
expert leadership of Acting Commis-
sioner Janet Woodcock, but her tem-
porary status limited the launch of 
new programs and policies. There are 
signs that Woodcock may stay at FDA 
under Califf to further implement re-
forms of the agency’s IT and manage-
ment systems and other long-debated 
research and manufacturing initia-
tives. FDA and industry face ongoing 
difficulties managing clinical trials 
and supply chain disruptions that 
limit manufacturer access to neces-
sary ingredients and supplies. The 
fast expansion of research on gene 
and cellular therapies has taxed bio-
tech scientists and reviewers, as has 
mounting requests from sponsors for 
meetings to discuss the accelerated 
approval of cutting-edge therapies. 
FDA managed to maintain timely re-
view and approval programs for new 
drugs and biologics during the pan-
demic, but it will be a challenge to 
continue those gains. 

In addition to addressing difficul-
ties related to medical product devel-
opment and marketing, Califf will 
need to deal with a range of critical 
regulatory and policy issues. Misuse 
and abuse of opioids continues to es-
calate, while appropriate oversight of 
e-cigarettes and vaping products are in 
the spotlight. FDA needs to ensure the 
safety of much of the nation’s food sup-
ply, while also dealing with Congres-
sional concerns about the regulation of 
cannabis-derived compounds in foods 
and dietary supplements. 

User fees top the agenda 
Effective FDA oversight of new med-
ical products requires timely reau-
thorization of user fee programs that 
are critical for maintaining FDA’s 
eff icient regulatory processes for 
drugs and biologics (the Prescription 
Drug User Fee Act–PDUFA VII), for 
generic drugs (Generic Drug User 
Fee Amendments–GDUFA III), and 
for biosimilars (Biosimilar User Fee 
Act–BsUFA III). FDA officials have 
collaborated with industry represen-
tatives in crafting new “commitment 
letters” for implementing program 
and fee updates linked to product de-
velopment, application vetting, and 
manufacturing oversight (1–3).

The need for Congress to approve 
these and other fee programs by Sept. 
30, 2022, sets the stage for the legisla-
tors to enact additional measures af-
fecting FDA, including the new Cures 
2.0 measure that has been circulating 
on Capitol Hill. Building on the initial 
Cures program approved in 2016, the 

To maintain smooth operations, FDA is relying  
on swift reauthorization of industry-paid user fee programs.

Jill Wechsler

A notable change 
at FDA will be the 
appointment of 
Robert Califf as 
commissioner. 

Jill Wechsler  
is Pharmaceutical 
Technology’s  
Washington editor, 
jillwechsler7@gmail.com.

regulatory watch



14    Pharmaceutical Technology January 2022  PharmTech .com

new bill aims to enhance biomedical 
research and FDA approval of new 
therapies, particularly those for serious 
and orphan diseases. The proposal also 
advances the use of real-world evidence 
and patient reported outcomes in drug 
development and supports efforts to 
approve more complex generic drugs 
and biosimilars. 

Post-pandemic changes
During the past two years, biopharma 
companies adopted innovations in re-
search and manufacturing to enable 
the quick scale up and expanded pro-
duction of vital vaccines and therapies, 
in the United States and abroad. FDA 
has advanced these efforts with ongo-
ing support for modern manufacturing 
systems and quality initiatives able to 
reduce the need for agency oversight 
and inspections. The pandemic greatly 
limited the agency’s field inspection 
process, and many of the resulting 
changes will continue, as FDA relies 
more on manufacturer records, inspec-

tion reports and regulatory decisions by 
trusted foreign regulatory agencies, and 
on remote facility assessments instead 
of on-site inspections. 

These efforts further speak to the 
need for global harmonization in reg-
ulatory policies and for agreement on 
regulatory standards as the pandemic 
continues to highlight the need for 
the testing and production of medical 
treatments around the world. The In-
ternational Council for Harmonisation 
provides support for such efforts as it 
further advances new guidelines to 
modernize the conduct of clinical trials, 
regulation of generic medicines, control 
of impurities in drugs, and quality risk 
assessment by manufacturers. 

At the same time, FDA’s process 
for quickly authorizing access to new 
COVID-19 vaccines and treatments 
through the Emergency Use Authori-
zation (EUA) process will face added 
scrutiny, as the US and the world look 
to shift to a post-pandemic phase. 
FDA will urge sponsors to seek per-

manent approval of EUA products 
or phase out their production. At the 
same time, policy makers see a strong 
need to improve planning for future 
health emergencies, building on the 
lessons learned from COVID-19 at 
home and abroad. 

Many of these regulatory and R&D 
goals may be sidelined, however, if the 
political debate over Biden adminis-
tration proposals for expanding social 
and health programs delays approval 
of new user fee legislation, and other 
measures affecting FDA and its pro-
grams. As the midterm elections grow 
near, action on major legislation will 
face an unofficial deadline of enact-
ment by mid-year or risk being left by 
the political wayside. 

References
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High performance Raman systems for a range of applications
Raman spectroscopy produces chemical and 
structural images to help you understand more 
about the material being analyzed. Renishaw has 
decades of experience developing flexible Raman 
systems that give reliable results, for even the most 

challenging measurements. With Renishaw’s suite 
of Raman systems, you can see the small things, 
the large things and things you didn’t even know 
were there. 

usa@renishaw.comRenishaw, Inc. West Dundee, IL 
© 2021 Renishaw, Inc. All rights reserved.

www.renishaw.com/raman

Next generation Raman Imaging

RamanNextGenSpectroscopy1_2022.indd   1RamanNextGenSpectroscopy1_2022.indd   1 12/23/21   11:19 AM12/23/21   11:19 AM

https://www.fda.gov/industry/prescription-drug-user-fee-amendments/pdufa-vii-fiscal-years-2023-2027
https://www.fda.gov/industry/prescription-drug-user-fee-amendments/pdufa-vii-fiscal-years-2023-2027
https://www.fda.gov/industry/generic-drug-user-fee-amendments/gdufa-iii
https://www.renishaw.com/en/raman-spectroscopy--6150


Pharmaceutical Technology JANUARY 2022  15

FR
E

S
H

ID
E

A
 -

 S
TO

C
K

.A
D

O
B

E
.C

O
M

Warp speed is amazoning  
pharma practices and protocols.

we’ve had to identify better ways of doing 
things, such as intelligent standardization 
protocols. And these same challenges 
have required finding better ways to pro-
vide resources not just to our customers 
but B2B as well. I think it’s important 
to recognize and note down those chal-
lenges, a lot of which we’ll continue to see 
in the next 9–12 months, and even after 
we come out of COVID, we’ll need to 
continue to look to better align resources 
toward goals. We’ve been forced to help 
one another, and we’ve been talking with 
our competitors to make sure we can do 
the right thing for our customers. Which 
has been intensely interesting. The end 
point is asking, what does the customer 
experience look like? And all organiza-
tions are looking to achieve success in 
this regard.” Direct and frequent conver-
sation became the norm rather than a 
luxurious exception, driven by dire need 
more than anything else.

Headlines obscure  
other important events
From a logistics and innovation per-
spective, the pandemic can be consid-

T   he pandemic cast new light on the 
importance and vulnerabilities 
of the distributed nature of the 

pharmaceutical industry’s specialized 
supply and shipping infrastructure. 
Pharmaceutical scale permits, like those 
for semiconductor or surgical hospital 
consortiums, lower barriers to entry for 
otherwise fantastically complicated or 
fit-for-one-purpose-only technologies 
to gain traction. Scale also enables 
designs dedicated to eking out the 
last precious microns of performance 
or purity, which can determine the 
usefulness or failure of an approach. 
But specialization at this scale also 
proliferates nesting doll dependency. 
Each successive layered network of in-
terlocking manufacture depends on an 
exact product or design specification to 
feed it. Shortfalls in one seemingly sur-
vivable area cascade like crashing waves 
onto the following layer, and so on 
throughout the system. Subcontractors 

focused narrowly to a single design task 
are reliant on yet more specialized sub-
contractors. By intention, all are equally 
synchronized in configuration, tolerance, 
and material conformation. Seeking al-
ternatives is not simple, easy, or at times 
even possible. It was a growing source 
of pride to become so finely tuned that 
pharmaceutical manufacturing migrated 
to a just-in-time (JIT) mode to maximize 
these benefits, but this also exacerbated 
interdependencies. 

Multiple industry contacts recently 
emphasized better outcomes these past 
two years from having increased fre-
quency and depth of dialogue. At the 
2021 AAPS, PharmSci 360 event in 
Philadelphia, Gabe Longoria, chief com-
mercial officer at Astrea Bioseparations, 
encapsulated this well, saying, “I think 
supply chain challenges have forced a lot 
of organizations to actually align their 
overall focus on what they are trying to 
achieve. And because of these challenges, 

Industrious Pharmaceuticals
Chris Spivey

Cover Story: Bio/Pharma Industry Outlook
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ered a smaller scale version of World 
War II. Development and deployment 
of radar is a parallel for vaccines in that 
metaphor. In each case they had been 
around for many decades, both had to 
be suddenly optimized and brought 
to scale in an abbreviated timeline. 
Each required highly skilled operators 
working in intensively coordinated in-
terlocking systems. But both were only 
a key part of the overall response, not 
the sole basis for defense. Historians 
and analysts will grasp onto vaccine 
production when writing accounts of 
what happened during the pandemic 
response—just as they did with radar 
for the Second World War. But that falls 
short of telling the full story. Calls cur-
rently abound for a global commitment 
to a fully coordinated response next 
time around. Hence, the need to dig 
into the details, so that lessons learned 
are not so easily lost. The obvious is 
also worth pointing out.  Pandemic 
pressures have transformed pharma-
ceutical manufacturing in a similar 
way that Amazon next day delivery be-
came an inviolate rule for the shipping 
industry, dragging everyone in shipping 
to deliver at the same accelerated pace. 
However, vulnerabilities and downsides 
of JIT manufacturing and specialization 
were widely recognized well before the 
pandemic. FDA and the National In-
stitute for Standard and Technology 
(NIST) came together to draw up plans 
to implement advanced manufacturing 
for medical supplies. Other groups be-
came involved. A new manufacturing 
institute, BioMADE, supported by both 
industry and the defense department, 
began to organize. 

And then COVID-19 hit. 
Kevin Nepveux, vice president, 

Pfizer Global Supply, recalled, “Devel-
opment and launch of the Pfizer-BioN-
Tech COVID-19 vaccine was unlike 
anything I have experienced in my ca-
reer in Pharma Manufacturing—and 
without a doubt the highlight. Multiple 
mRNA vaccine constructs were man-
ufactured and tested in the clinic in 
parallel versus the normal sequential 
approach, and the selected strain was 
immediately scaled, both up and out, 

to begin manufacturing launch sup-
plies before the pivotal efficacy study 
even started. In manufacturing alone, 
Pfizer/BioNTech committed over $1B 
in CapEx and OpEx before the first 
sign of efficacy.” 

Pfizer went all in, coming out the 
other side having a changed perspec-
tive, as Kevin observes. “Learnings 
from the vaccine will be enduring, 
including streamlined internal gov-
ernance, bringing on multiple supply 
chains simultaneously compared to 
normal post-approval expansion, and 
simplified regulatory engagement.”

FDA’s commitment  
to conversation and cooperation
Which brings us nicely to FDA, which 
might otherwise unfairly drop to a foot-
note to the vaccine success. FDA created 
a dialogue framework for COVID-19 
vaccines to be developed at warp speed. 
Communication was excellent. In No-
vember 2021, FDA updated its resiliency 
roadmap, pointing out that since April 
1, 2021, FDA conducted more than 600 
domestic and more than 200 foreign 
remote regulatory assessments, which 
included review of records submitted 
upon request under section 704(a)(4) 
authority, as well as review of docu-
ments and other information volun-
tarily submitted upon request … more 
than 100 human and animal food firms 
participated in voluntary remote regu-
latory assessments (1).

While these assessments cannot be 
used to meet FDA Food Safety and 
Modernization Act (FSMA) mandated 
surveillance inspections, the assess-
ments provided critical oversight to 
FDA during the pandemic. Dr. Eliz-
abeth Miller, assistant commissioner 
for the Office of Regulatory Affairs 
(ORA) Office of Medical Products 
and Tobacco Operations, commented, 

“Throughout the course of this pan-
demic ORA has had to adjust and 
change how we work.  We have been 
more agile than ever before.  Our reg-
ulatory agility is an important cor-
nerstone to delivering the oversight 
and consumer protection the public 
deserves from ORA and FDA.”  FDA 

continued with mission critical inspec-
tions when they paused routine sur-
veillance. They also developed a new 
process to assess facilities submitting 
Emergency Use Authorizations. These 
investigational activities allow the 
agency to directly observe operations 
at manufacturers of COVID-19 ther-
apeutics and assess whether the firm 
has proper controls in place to ensure 
the safety, purity, and potency of the 
COVID-19 product.  

 It was FDA’s open and frequent 
communications that helped keep ev-
erything rolling forward as smoothly 
as possible. FDA made strong efforts 
at transparency in their Resiliency 
Roadmap, and have energetic plans 
to continue this as they inaugurate an 
Inspection Affairs Council to update 
inspection procedures. This new body 
within FDA will be headed up by Dr. 
Judy McMeekin, associate commis-
sioner for regulatory affairs. It is a 
transformative solution born in part by 
the elevated contacts and cooperation 
during the pandemic.

Total team  
efforts all around
Other lines of defense also needed 
bolstering, and these are the success 
stories hidden by the glare of vaccine 
successes. Hovione CEO Guy Villax 
said at the 2021 CPhI Worldwide con-
ference in Milan, “In the early days 
of the pandemic, there were hiccups 
and delays, but that we didn’t see huge 
problems points to the resilience of the 
industry … the industry stepped up to 
the challenge. Gilead’s remdesivir has 
a critical excipient which only Hovione 
manufactures, we massively scaled up 
to produce a years’ production in only a 
month. CDMOs [contract development 
and manufacturing organizations] were 
doing heavy lifting to support the needs 
brought on suddenly by COVID-19.” 

Susan Darling, senior director of capil-
lary electrophoresis and biopharma prod-
uct management and marketing at SCIEX, 
echoes the sentiment but also emphasizes 
the knock-on effects of increased calls for 
speed (2). Darling comments, “Compa-
nies are looking to get development times 
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down to 1000 days; they want to develop 
everything at pandemic speed, even when 
they have diverse portfolios that include 
highly complex next-generation prod-
ucts such as multispecifics, gene and cell 
therapies, and RNA-based treatments, all 
of which require new and different ana-
lytical capabilities.” So the trend line is 
becoming obvious. More complex mol-
ecules at faster speeds for development 
equals an opportunity for analytical tool 
makers to sell into a growing unmet need. 
Manufacturers must adapt quickly to new 
types of technologies more quickly be-
cause their competitors are already doing 
so. This will also have a knock on effect 
for products for purification and separa-
tions in both upstream and downstream 
processes, such as novel chromatogra-
phy materials or quicker acting buffers 
and solvents, and so on. It is a defining 
moment for future planning require-
ments. “The industry is really driving to 
be creative, not just in terms of analytical 
solutions, but in how they manage data 
and pull it together to knock the ineffi-
ciencies out of every step,” Darling con-
cludes. “Our customers are challenging us 
to develop new analytical techniques that 
provide more information more quickly, 
and when we bring them new solutions, 
they are adopting them at a much faster 
rate than could ever be imagined even a 
decade ago,” Darling says. 

Corning Incorporated also stepped up 
to the challenge during the pandemic, in 
part supported by the Department of 
Defense (DOD), in coordination with 

Department of Health and Human Ser-
vices (HHS), who awarded a $15 million 
Firm Fixed Price contract to Corning 
Incorporated to expand domestic pro-
duction of pipette tips for robotic liquid 
handling instruments (3). But more well 
known was the Biomedical Advanced 
Research and Development Authority 
agreement to give $204 million to expand 
manufacturing capacity for glass vials to 
store potential vaccines for COVID-19 
(4). Valor Glass vials, first introduced 
in 2017 and made from aluminosilicate 
glass, were of great strategic significance. 

“Velocity Vials” are now being introduced. 
And what more could a marketing de-
partment tell us about the business im-
portance of “Amazoning”, than to use 
velocity in the product name. Velocity 
Vials are borosilicate externally coated 
with Corning’s proprietary technology, 
to eliminate bottlenecks and speed the 
delivery of life-saving treatments. These 
vials have demonstrated a 20–50% im-
provement in efficiency, up to a 96% re-
duction in glass particulates, and a 3x re-
duction in the likelihood of damage that 
leads to cracks and breaks, according to 
the marketing materials (5).

Other than the headline vaccines, 
much of great importance went on or 
evolved behind the scenes to manufac-
ture excellence out of adversity in the fight 
against COVID-19. Landmark efforts in 
communications and cooperation kept 
the conveyer belts moving. Agilent’s dig-
ital solutions group “ramped up to meet 
the needs of customers by offering cloud-

based software for remote instrument 
access and asset utilization monitoring 
(to) pulls together advanced IoT sensor 
technology and data analytics to enable 
lab-wide visibility,” according to Shane 
Elliott, vice president, Global Labora-
tory Solutions Marketing, Agilent.  This 
effort was broad based across multiple 
vendor platforms, again in a concerted 
effort to increase and improve manu-
facturing communications. It was a near 
universal practice over the past two 
years. Production line pace is set to ac-
celerate rather than slow down. Pharma 
production has been industrious in the 
good old-fashioned sense of the word. 
Ingenuity and hard work manufac-
tured positive results out of adverse 
conditions. When serious global poli-
cies begin to become clear for the next 
pandemic planning groups, industrious 
effort, ingenuity, and improved com-
munications will be the seed crystals 
for successful outcomes. 
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Despite major challenges and demands created by the coronavirus pandemic, FDA 
maintained a steady pace in 2021 in approving important new therapies for market, 
including new vaccines and treatments for COVID-19. Last year saw the Center for 
Drug Evaluation and Research (CDER) approve 50 new molecular entities (NMEs), 
many benefitting from priority and accelerated review timelines. In addition, the 
Center for Biologics Evaluation and Research (CBER) approved several vaccines and 
cellular products to further expand the new medicines list.

The CDER total is slightly less than the 53 novel drugs brought to market in 2020 
and the 2018 record total of 59 innovative therapies. As in recent years, a majority 
of the new products received orphan drug status, and 15 had indications to treat 
cancer (1). More than half moved forward through expedited procedures, 14 
benefitting from accelerated approvals and 32 granted priority reviews. Continued 
requests for faster vetting requires additional involvement of CDER experts to 

provide R&D advice and to meet tighter deadlines, which agency officials say 
cannot be sustained without additional review staff and resources.

Despite similar pressures, CBER approved 10 biologics license applications (BLAs), 
notably one granting full approval for Pfizer-BioNTech’s Comirnaty vaccine (2). 
Some analysts include only about half of these in combined lists of FDA’s new NMEs, 
notably new vaccines for Hepatitis B and for tick-borne encephalitis and therapies 
for myeloma and lymphoma.

Read the full story at www.PharmTech.com/view/fda-keeps-new-drugs-coming.
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FDA Keeps New Drugs Coming
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A similar trend can be observed in job 
security metrics. From 2019 to 2020, in-
dividuals who felt increased job security 
(relative to last year’s survey) decreased 
from 30.0% to 17.8%. Those who felt less 
secure slightly increased from 30.6% to 
34.4%, while those feeling no change 
jumped from 39.4% to 47.8%.

In 2021, there were improved metrics 
across the board relative to both 2019 and 
2020. Increased job security hit a three-
year high of 30.4%, a slight increase on 
2019, while those who felt decreased job 
security hit a deep new low of 17.00%. 
Those reporting no changes saw the big-
gest bump, with over half of respondents 
(52.6%) reporting that they felt no changes 
in job security.

While these trends are encouraging, it 
should be noted that one limitation of the 
survey is that these values are measured 
relatively, which necessitates additional 
context in their evaluation. For instance, 
if 2020 can be viewed as a down year, then 
returning to pre-pandemic levels of com-
pensation/job security would inherently 
necessitate higher levels to compensate. If 
exact quantitative measures (for instance, 
a job security confidence scale) were im-
plemented, we may receive further indus-
try insights.

Pandemic-related workplace  
changes may be here to stay
Following the onset of the pandemic, bio/
pharma companies began implementing 
new workplace measures and proce-
dures in order to prioritize the safety of 
their workforce and mitigate the spread of 
COVID-19. In our 2020 survey, we asked 
respondents if their company had imple-
mented any of the following procedures:

• A. Changed work schedule to social 
distance on the job

• B. Remote working/working from 
home

• C. Work hours/responsibility re-
duced

• D. Changed or reduced development 
program

• E. Additional work hours on pan-
demic-related projects

• F. Assumed additional responsibilities
• G. Switched to pandemic-related 

projects

L ast year was meant to be a transitory 
year for the bio/pharma industry. 
With vaccinations deploying in 

December 2020, there was hope among 
many of last year’s respondents to the 
Pharmaceutical Technology/BioPharm In-
ternational annual employment survey 
that the overall state of the industry would 
bounce back in 2021. More than 75% of 
survey respondents expected the indus-
try to improve, while 64.3% expected 
business at their employer to improve (1).

However, while most of the world has 
moved past the quarantine mandates that 
were commonplace at the onset of the 
COVID-19 pandemic, progress has been 
hampered by various unfortunate de-
velopments. These include highly trans-
missible variants, inequitable vaccine 
distribution, and a reluctance to receive a 
vaccine among large portions of the global 
population.

This year’s employment survey focused 
on the state of this transition. More than 
300 respondents answered questions 

about the current state of their workplace, 
pandemic-related changes, and where 
they believe the industry will be headed in 
the future. Refer to the Figures 1 through 9 
for a visualization of this data.

Compensation,  
job security, and more
Last year’s survey observed a dramatic 
decrease in many core metrics. In 
2019, 55.4% of respondents received 
increased pay; this dropped to 41.7% 
in 2020. These lost numbers seemed 
to funnel into the “no changes” bucket, 
which rose from 33.2% to 44.8%. How-
ever, there was an increase in pay cuts, 
which rose from 11.4% to 13.7%.

The 2021 numbers have recovered 
to a state comparable to 2019. Approx-
imately 53% of respondents reported a 
pay increase and 39.0% reported no salary 
changes, a difference of -2.3% and 5.8%, 
respectively. Interestingly, pay cuts hit a 
three-year low, with just 8.0% of respon-
dents reporting a decrease in pay.

Survey respondents ref lect on the state and 
future of the bio/pharma employment.

The Long Path to Normal
Grant Playter
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• H. No significant change.
This year, we asked respondents these 

same questions to measure what, if any-
thing, had changed in widespread im-
plementation of these practices.

Only four measures —C, A, F, and H—
saw a decrease: 10.4%, 9.1 %, 4.7%, and 
3.4%, respectively. Of these, measure H 

indicates no significant changes, which 
suggests more workers felt their company 
had implemented critical, pandemic-re-
lated changes to their workplace. 

The overall headline of this data-set is 
implementation of work-from-home in 
bio/pharma workplaces. At the time of 
last year’s survey, a little over half (53.9%) 

of respondents stated that their company 
had implemented this measure. However, 
in this year’s survey, this number jumped 
to 70.5% of respondents. 

Ongoing changes to the industry
While prior questions helped give a 
contemporary view of the pandemic’s 
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impact, we also wanted to determine to 
what extent pandemic-related measures 
would remain in the long-term. This 
would allow us to not only get a sense of 
individual workplaces, but also provide 
commentary on the industry as a whole. 
In that vein, we asked respondents pre-
dictive questions about two of these pro-
cesses: remote inspections and abbrevi-
ated approval pathways.

Remote inspections have emerged 
as an alternative to traditional on-site 
inspections, as they allow sites to main-
tain quality control compliance while 
also encouraging social distancing and 
accommodating workf low changes. 
When questioned to what degree these 
would occur once the COVID-19 pan-
demic “significantly subsided”, most re-
spondents (62.4%) felt that they would 
continue at a higher-rate than before 
the pandemic. Conversely, just 26.6% 
felt that it would return to the previous 

model, while only 11% felt the current 
increase would continue.

The results were similar as it con-
cerned abbreviated approval pathways. A 
majority of respondents (81.1%) felt that 
either “most” or “some” of these mea-
sures would continue to exist once the  
pandemic significantly subsides, while 
just 18.8% felt that they would com-
pletely/almost completely continue to 
exist or disappear. 

The future of bio/pharma
To this point, the survey has supported 
the notion that the COVID-19 pandemic 
has, is, and will continue to impact the 
bio/pharma industry for the foreseeable 
future. However, various metrics that in-
dicate a degree of economic recovery, such 
as job security and salary changes, can 
also be observed. It is perhaps because of 
this that we are seeing an increased degree 
of optimism among respondentst.

As Figures 6 and 7 indicate, most respon-
dents felt that their company (47.4%) and 
the bio/pharma industry (53.2%) exceeded 
their personal expectations in 2021. Ad-
ditionally, the majority (58.4% and 60.5%, 
respectively) also felt that this upward tra-
jectory of both would continue into 2022.

The precise future direction of 
the bio/pharma industry will be in  
question for as long the pandemic  
continues. However, as this year’s  
survey shows, the prevailing attitude is 
that this impact will not prevent future 
growth and development. Changes 
brought on by the pandemic would  
not have occurred without it, but 
that by no means equates to entirely  
negatively impacts.

Reference
1. R. Peters, “Compensation Does Not 

Necessarily Align With Job Satisfac-
tion,” Pharmaceutical Technology 45 (1) 
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Figure 4. Abbreviated approval processes.
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relative to expectations.
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Figure 7. Industry performance in 2021  
relative to expectations.
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pearance is important for this oral dosage 
form, however, and color and design are 
often used to distinguish different prod-
ucts,” he observes.

For oral dosage products in which a 
bitter API does come in contact with sa-
liva and taste buds in the mouth, differ-
ent sweeteners are often used depending 
on the dosage form, Guy says. For in-
stance, Elizabeth Tocce, AD&I scientist, 
Pharma Solutions at IFF, points to the 
use of sweeteners, often in combination 
with texture modifiers, in orally dissolv-
ing tablets (ODT), chewable tablets, oral 
thin films, and sachet formulations that 
stay longer in the mouth.

“Taste modification using flavors and 
other additives is more complicated, 
though,” Guy comments. Even so, it is 
often needed. “In many cases, and for 
very bitter high-dose drugs in particular, 
just changing the organoleptic proper-
ties is not sufficient, and other methods 
to create a physical or chemical barrier 
around the drug particles, such as mi-
croencapsulation and complexation, are 
used,” Tocce explains. 

The method employed largely de-
pends on the API characteristics and the 
intended dosage form, agrees Krizia M. 
Karry, head of global technical market-
ing for BASF Pharma Solutions. “Poorly 
water-soluble APIs with adequate disso-
lution rates (i.e., BCS [Biopharmaceutics 
Classification System] II APIs) tend to be 
micronized and compressed into tablets. 
At low dosages, adding flavors or sweet-
eners can suffice to ensure palatability as 
most tablets are not meant to disintegrate 
in the oral cavity, but flavors will not sup-
press bitter tastes,” she says. At high drug 
loadings and for orodispersible products, 
Karry adds that film coating with meth-
acrylate copolymers that are insoluble at 
saliva pH is the most effective technology.

If the unpleasant taste is related to grit-
tiness or chalkiness in chewable tables, 
ODTs, or suspensions, a common method 
is to use finer grades of the APIs and ex-
cipients, according to Tocce. 

Liquid prescription drugs are particu-
larly popular in the EMEA (Europe, the 
Middle East and Africa) market, where 
there is a preference for the dosing flex-
ibility and a perception that they offer 

M edication adherence is a crucial 
issue today, and drug manufac-
turers are seeking to develop 

drug products that meet the needs of 
patients with respect to ease of use 
and palatability. For oral formulations, 
taste, appearance, and smell have a 
direct impact on medication adherence. 
Choosing the right excipients to provide 
optimum performance is therefore an 
important part of the drug develop-
ment process. Various factors must be 
considered, from the API properties to 
the dosage form and the characteristics 
of the patient population. 

Multiple approaches  
for different dosage forms
Oral dosage forms available today in-
clude traditional and fast-disintegrating 
tablets; capsules; chewables and gum-
mies; lozenges and other suckable prod-
ucts; effervescent, buccal, sublingual, 

and thin-film formulations; suspensions, 
syrups, sprays, gels, sachets, stickpacks, 
and chewing gum; among others. The 
large number of different formulation 
types creates the need for many differ-
ent approaches to improving taste and 
appearance. For solid formulations 
designed to be swallowed, particularly 
tablets, taste-masking and appearance 
are generally achieved using film coat-
ings, according to Alen Guy, technical 
director IMCD Pharmaceuticals. 

Such coatings prevent the API from 
being dissolved in saliva and interacting 
with the taste buds in the mouth before 
the drug product is swallowed, adds Nas-
rin Mahmoudi, AD&I scientist, Pharma 
Solutions with IFF. She also notes that 
coatings can help with appearance by 
providing a shiny, matte, or colorful look 
and hiding undesirable surface properties.

Capsule formulations are a little dif-
ferent from tablets. “Capsules generally 
don’t require taste masking unless they 
are designed to be opened and sprinkled 
onto a food or poured into a drink. Ap-

Dosage form and patient needs drive excipient choice.

Taste and Appearance: 
Selecting the Right Excipients 
Cynthia A. Challener

Cynthia A. Challener, PhD, is a 
contributing editor to Pharmaceutical 
Technology.
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rapid relief, according to Karry. In North 
America, meanwhile, liquids are mostly 
offered for over-the-counter cold and 
flu medications. In most of these liquid 
formulations, she observes that highly 
concentrated sweeteners and flavors are 
typically employed to mask the bitter 
API taste. In formulations where multiple 
APIs are combined including some that 
are bitter or where product shelf-life is of 
concern, however, Karry observes that in-
soluble polymers are used to envelop API 
particles and allow their suspension in the 
continuous liquid phase.

For liquids, other options if sweeteners 
aren’t sufficient, in addition to microen-
capsulation and complexation, include 
using an insoluble form of the API and 
adjusting the pH of the solution to lower 
the API solubility, according to Mah-
moudi. She adds that viscosity enhancers 
and texture modifiers are also used. Alter-
natively, taste and appearance issues with 
liquid formulations can be overcome by 
containing them in soft or hard capsules. 

Wide range of excipient choices
Many different types of excipients are 
used to improve taste and appearance. 
Because the most common taste chal-
lenge is the bitterness of APIs, sweeteners, 
both natural and artificial, are the most 
commonly used taste-modifying excip-
ients. Beyond compounds such as sugar, 
mannitol and sucralose, actual flavoring 
agents (orange, mint, etc.), flavor-mask-
ers, particularly bitter-maskers, texture 
modifiers (co-processed microcrystal-
line cellulose and guar gum), and poly-
ols are used. Complexing agents such as 
cyclodextrins and ion-exchange resins 
are often used for improving the taste of 
liquid formulations and orally dissolving 
dosage forms, Mahmoudi states.

“Depending on the formulation, dif-
ferent approaches to taste and f lavor 
modification are needed,” Guy says. In 
fast-dissolve forms, short intense flavor 
bursts are needed, while in longer lasting 
products such as chewables, longer-last-
ing flavor effects are needed. 

Hydrophobic (ethyl cellulose) or hy-
drophilic (hydroxypropyl methylcellu-
lose, polyvinylpyrrolidone) polymers, 
lipids, and sweeteners can be used as 

coating materials, alone or in combina-
tions, to modify both taste and appear-
ance, Mahmoudi adds.

In addition to preventing an unpleas-
ant taste, Guy notes that some coatings 
may also include pore-formers to help 
promote dissolution of the drug sub-
stance to meet standard immediate-re-
lease requirements for the API. “In such 
formulations, a careful balance must be 
achieved between taste-masking and 
efficacy. It is therefore a rich area of de-
velopment given the complexity of drug 
particles and granules, varying solubili-
ties, the need to often achieve a specific 
location of delivery (enteric needs for 
instance), and excipient compatibility 
concerns,” he comments.

For appearance, color is most widely 
used to differentiate products and mask 
undesirable product properties. For solid 
dosage forms, color is applied within 
coatings. For liquids, water-soluble dyes 
are generally employed.

Ultimately, Guy contends that the 
choice of excipients for taste and appear-
ance improvement comes down to the 
preferred dosage form and the external 
factors that can impact the effectiveness 
of the choice, which include excipient 
compatibility, resistance to mechanical 
influence (granulation and tableting), 
solubility, stability, etc.    

Impact of need for  
patient-centric formulations
Because taste and appearance are im-
portant factors influencing the patient 
experience, it is essential for formulators 
to understand the preferences of different 
patient populations for drug formats and, 
within those preferred formats, taste and 
appearance qualities that will encourage 
good medication compliance. “Different 
patient groups based on their ages, dis-
ease states, cultures, and demographic 
locations may require certain taste, fla-
vor, texture/mouthfeel, and drug product 
appearance properties, such as tablet size, 
color, and shape for solid products and 
the viscosity and grittiness of liquid for-
mulations,” Tocce asserts. 

Flavor companies, adds Guy, are 
today much more attuned to patient 
and consumer preferences by gender, 

age, and other factors. “This informa-
tion can and does help formulators 
and brand/product managers to make 
smarter decisions for taste and appear-
ance as it relates to the intended patient 
or therapeutic group,” he says. 

In particular, Guy notes that the need 
to create fit-for-purpose formulations for 
aging populations and pediatric patients 
has put pressure on appearance as it re-
lates to the size of oral solid dosage forms. 
For instance, important research con-
ducted by academics and members of the 
European Pediatric Formulation Initia-
tive has revealed that young children are 
more accepting of small or mini-tablets.

“Such a patient-centric approach defi-
nitely benefits patients, but it does present 
manufacturing challenges,” Guy states. 

“For example, it can be difficult when pro-
ducing tablets that are 2 mm in diameter 
or smaller to achieve good flow through 
production equipment for APIs and ex-
cipients, which in turn impacts the ability 
to achieve good content uniformity and 
acceptable taste,” he says.

From a personalized medicine stand-
point, it is also important to understand 
specific age-related elements of physical 
condition that might impact drug per-
formance and the appropriate excipient 
choices. “For pediatric medicines, fac-
tors to be considered include the fat and 
water content along with relevant genetic 
information. It is a tricky area from a reg-
ulatory standpoint, but it does help guide 
the selection of excipients by taking into 
consideration their potential impacts on 
young developing bodies,” observes Guy.

Many excipient selection factors
Age is indeed one of the most important 
factors guiding excipient selection. If a 
medication is intended to treat a wide 
patient age range, Guy recommends de-
veloping modified versions formulated 
for subsets of the population based on 
reasonable age groups, such as pediatric 
through adult and then elderly or long-
term care patients. 

The first consideration, though, Guy 
emphasizes, is therapeutic benefit and 
efficacy, followed by safety, ease of use for 
the patient, and manufacturability. “We 
need to understand the target drug prod-
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uct profile when selecting a taste-mod-
ifying agent/approach to ensure drug 
performance is not negatively affected,” 
Mahmoudi agrees. The characteristics 
of the API and the desired properties of 
the final product directly impact excipient 
selection, she states.

The extent and type of unpleasant taste 
associated with the API (bitter, sour, ir-
ritating) and its aqueous solubility deter-
mine which excipients will be appropriate. 

“It can be more challenging to cover the 
poor taste of a highly water-soluble API 
than that of a less-water-soluble active,” 
Mahmoudi says. 

In addition, the particle size and shape 
of the API can influence the approach for 
taste-masking and appearance improve-
ment. Specifically, Mahmoudi notes that 
spherical particles are easier to coat than 
irregularly shaped particles. The dose 
must also be considered; it is usually eas-
ier to taste-mask a low-dose formulation. 

In film-coating approaches, adds 
Karry, the formulator should ensure 
complete drug solubilization and ab-
sorption to achieve optimum bioavail-
ability. “Doing so is especially import-
ant for reverse-enteric polymers, as they 
should quickly dissolve in the acidic 
stomach media to allow drug diffusion 
out of the coated core and absorption 
in the small intestine. Fast polymer 
solubilization is critical because the 
tablets and pellets have a short resi-
dence time in the stomach, and these 
polymers are not soluble in non-acidic 
media. In other words, if the film does 
not dissolve in the stomach, it will not 
dissolve anywhere else in the body and 
as such, the drug will not diffuse out of 
the protected core,” she explains.

Appearance factors such as shape and 
color can play a role in determining the 
correct identification and/or correct dos-
ing material (syringe or spoon, etc.). In 
some cases, a certain format can address 
appearance concerns. For instance, Guy 
points to single-unit doses such as stick-
packs as a potential means for enhancing 
identification through improved naming 
and ‘branding’ of the unit itself. He does 
stress, however, that care must be taken 
to ensure that these adult/senior-friendly 
products are child-resistant.

Experience and knowledge  
of patients best guides
For some excipients, such as those de-
signed to improve API solubility, for-
mulators have developed predictive 
algorithms that facilitate more rapid 
formulation development. Taste and 
appearance are more challenging, how-
ever, because often these qualities vary 
from one individual to another. 

“Structuring data from humans and 
how they respond takes a great many 
data points and statistical analysis and 
remains subject to less-well-understood 
error knowledge. While augmented in-
telligence approaches can certainly help 
formulators make better choices sooner 
rather than later, there are too many un-
knowns, and the need for structured data 
is too overwhelming for good models to 
work at this point,” says Guy. 

The fact that there is no one method 
that can address taste and appearance 
properties in every oral medication 
makes predictive approaches difficult, 
Mahmoudi agrees. She does note, how-
ever, that evaluating literature reports 
and patient and caregiver surveys has re-
vealed some general “dos and don’ts” that 
should be followed to achieve desirable 
taste and drug appearance.

For example, Mahmoudi says that 
the use of a coating on tablets is pre-
ferred among older patients because it 
can help to optimize both medication 
identification and taste. “Elderly patients 
generally take multiple medications, and 
having tablets that are visually appealing 
and easy to identify and handle, such as 
with a score line for easy breakage and 
optimized dimensions and shapes that 
address dexterity issues, is important,” 
she explains.  “There are more prefer-
ences towards brightly colored tablets 
and identification based on shape and 
color for different indications to avoid 
medication errors,” she adds.

Karry disagrees with Guy and Tocce 
with regard to the ability to predict 
bitterness and believes the process for 
identifying if an API is bitter has rap-
idly progressed in the past few years. 
She points to BitterDB, a free database 
available to formulators with more than 
1000 naturally bitter and synthetic com-

pounds and the use of machine learn-
ing algorithms trained with known bit-
ter API molecules that can predict the 
bitterness of new compounds. “Based 
on these predictions and additional 
physiochemical API properties, phar-
maceutical formulators can proactively 
plan for their choice of taste-masking 
technology,” Karry contends. 

The use of electronic tongues, however, 
has not been successful to date, says Karry, 
and the process to test and optimize taste-
masked formulations continues to be reli-
ant on trained human panels. E-tongues 
are expensive instruments based on ca-
pacitance sensors that are used to rank the 
bitterness of formulations, but have been 
shown to exhibit no correlation to the re-
sults obtained by human taste panels (1).

A new formulating challenge
The use of human test panels presents its 
own set of challenges, including a new 
one that has recently arisen. A study 
published in 2017 by Dagan-Wiener et 
al. showed that 66% of drugs in clini-
cal and experimental stages at the time 
were classified as bitter compounds (2). 
The situation remains the same today, 
according to Karry. Many of the drug 
candidates under development today, 
however, are different because they have 
much smaller differences between their 
therapeutic and toxic doses (NTI-drugs), 
she says. “For these drugs, recruiting 
healthy volunteers for taste panels and 
ensuring no side effects after evaluation 
of test formulations has become more 
complicated,” Karry remarks.

Some new technologies of note
Currently, conventional film coating 
and the addition of sugars, flavors, and 
sweeteners remain the common ap-
proaches to taste masking, but numer-
ous other taste-masking techniques 
have been developed to address this 
challenging task, according to Mah-
moudi. “Microencapsulation, high 
shear mixing, freeze-drying, fluid-bed 
coating, and spray drying have been 
successfully used to modify taste and 
making various dosage forms,” she says.

Contin. on page 45 
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small molecules and a portion of peptide 
and large molecules. Low solubility causes 
poor oral bioavailability and insufficient 
drug loading for parenteral dosage forms, 
which cause issues in generating enough 
drug plasma concentration that is required 
for drug toxicity and efficacy evaluation in 
preclinical and clinical studies. 

Common approaches
PharmTech: What formulation approaches 
are employed to overcome solubility/bio-
availability challenges?

Huang (Ascendia): Using our practice and 
experience at Ascendia Pharma as an ex-
ample, typical approaches for solubility 
and bioavailability enhancement includes 
salt formation, micronation, solution, mi-
celle, lipidic solution, complex formation; 
advanced technologies to address the 
challenge include nanoemulsion formu-
lation, amorphous solid dispersion, and 
nanosuspension; new technologies, such 
as amorphous nanoparticles and lipid 
nanoparticles, have been proved useful 
for certain challenging compounds.

Smith (Aprecia): A number of approaches 
can be explored based on the API’s in-
herent physicochemical nature. Some 
current approaches include microniza-
tion of API, nanoparticles of API (ob-
tained via ball mill, cyromills, jet mill, 
and Nanoform’s Controlled Expansion 
of Supercritical Solutions [CESS] tech-
nology), cocrystals, complexes, prod-
rugs, solubilization (lipids, oils, surfac-
tants, absorption enhancers, etc.), and 
amorphous solid dispersions (e.g., hot 
melt extrusion, high pressure dispersions 
[DisperSol], spray-dried dispersions, drug 
layering on substrate). However, many of 
these approaches require a larger design 
space and/or minimal exposure to pro-
cess stress to ensure optimal solubility/
absorption is achieved.

Novel techniques
PharmTech: Could you highlight some 
novel techniques and how such tech-
niques or disruptive technologies, such 
as three-dimensional printing (3DP), can 
provide formulation advantages when 
approaching poorly soluble compounds?

Smith (Aprecia): 3DP can offer many 
advantages, such as rapid formulation 

I  ncreasingly, poorly soluble com-
pounds are forming part of the de-
velopment pipeline, driving greater 

innovation in ways to overcome the 
associated challenges these compounds 
give rise to. To learn more about solubil-
ity and bioavailability considerations in 
drug development and innovations in the 
field, Pharmaceutical Technology spoke 
with Kyle Smith, president and COO of 
Aprecia, and Jim Huang, PhD, founder 
and CEO of Ascendia Pharmaceuticals.

Still a big issue
PharmTech: Could you provide some insight 
into the issue of poor solubility/bioavail-
ability and how it impacts bio/pharmaceu-
tical formulation, both currently and into 
the near future?

Smith (Aprecia): Up to 40% of commercial 
products require solubility/bioavailability 

enhancement for sufficient exposure to 
achieve therapeutic action (1). For com-
pounds in development, it is estimated 
that up to 90% require solubility/bioavail-
ability enhancement (1). Development of 
products to achieve required solubility and 
absorption presents a critical challenge to 
clinical dosage formulation and process 
development, which can add significant 
time to early formulation development 
work. Furthermore, scientific rationale, 
quality-by-design, and quality risk assess-
ments become more critical when trying 
to formulate poorly soluble compounds, 
as they are necessary to define the func-
tionality, reproducibility, and assurance of 
consistent performance related to efficacy 
and safety to patient.  

Huang (Ascendia): Poor solubility/bioavail-
ability is still a big issue for drug discovery 
and development in a high percentage of 

Poor solubility remains a big issue for drug 
development and, as such, is driving innovation 
in approaches and use of novel technologies  
to help overcome the associated challenges.

Tackling the Big  
Issue of Solubility
Felicity Thomas
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prototypes, fast-to-clinic and to-market 
via expedited timelines for clinical sup-
plies and commercialization, a reduced 
development time, improved stability due 
to less aggressive processing conditions 
(e.g., less heat, water activity, pressure, 
particle deformation), and dose flexibility. 
Additionally, the technology is inherently 
suitable for process condition monitor-
ing and advanced process control; there 
is the option for flexible controlled drug 
delivery if it is required, and it is a ma-
ture technology that has been proven for 
commercial product good manufactur-
ing practice (GMP) manufacturing. Fur-
ther to these benefits, the technology can 
provide unique branding and commer-
cial imagery possibilities and a unique 
and pleasant patient experience that aids 
with compliance. It can be used to create 
easy-to-administer and swallow products 
that allow patients to overcome dyspha-
gia, and is suitable for use when formu-
lating drugs for most patient age groups.

Essentially, 3DP can expediate formu-
lation development, potentially allowing 
clinical supplies with minimal excip-
ients or solid oral dosage forms with  
substantially higher API content, which 
can be a limitation of conventional tab-
lets or capsules related to swallowable 
size limitations. To take advantage of 
these benefits, Aprecia is partnering 
with technology companies, including 
Glatt and Nanoform, to develop novel 
dosage forms that help to overcome 
many of the challenges associated with 
conventional manufacturing.

Huang (Ascendia): Novel technologies 
such as 3DP may prove to be useful for 
orally disintegrating dosage forms for cer-
tain patient populations, who have diffi-
culties with swallowing traditional oral 
solid dosage forms, as well as for drugs 
that need fast absorption and to bypass 
first pass [metabolism]. When evaluating 
a new technology, a tailored approach 
would be practical because every com-
pound has unique properties, its own 
specific patient population, intellectual 
property strategy, dose amount, and man-
ufacturing cost requirements, which may 
impact the selection of technology for use 
in dosage form development.

Novel excipients
PharmTech: Are there any limitations 
with the current availability of excipi-
ents that might hinder formulation of 
poorly soluble compounds? Might the 
new pilot program for novel excipients 
drive innovation?

Huang (Ascendia): New excipients that 
improve solubility and bioavailability are 
certainly very welcome for use in dosage 
form development. However, expensive 
long-term pharmacology and toxic effects 
of novel excipients have to be evaluated 
using animal models before FDA can 
approve them for use in humans, which 
could be a barrier to exploration of novel 
excipients for use in drug development.

Smith (Aprecia): A broad range of excipi-
ents used in approved products are avail-
able that provide broad functionality to 
support novel approaches for solubility 
and bioavailability enhancement. This 
approach can potentially provide intel-
lectual property advantages. In general, 
and in the interest of time to market, 
complexity, and cost, the preference is 
to use materials already approved for  
pharmaceutical use within the maxi-
mum amounts established by the FDA. 
Novel pharmaceutical-grade excipients 
can be utilized when necessary but  
require additional testing to meet FDA 
regulatory requirements.

The future is here
PharmTech: What does the future hold for 
formulators in terms of poor solubility 
and bioavailability?

Smith (Aprecia): The future is here! Up to 
90% of new compounds for formulation 
and process development require solu-
bility/bioavailability enhancement. In 
addition, over half of new compounds are 
eligible for accelerated registration path-
ways. New technology platforms provide 
opportunities for efficient and effective 
formulation and process development to 
move compounds quickly through Phase 
Ia and Ib so ‘go/no-go’ decisions can be 
made quickly. With earlier decisions, 
resources for failing candidates can be 
quickly redeployed to other programs. 

Enabling Phase Ia and Ib product 
development programs to be robust 
enough to move quickly into Phase 
II, Phase III, and commercial without 
reformulation or redesign of the man-
ufacturing process is a key driver for 
technology innovation. In addition, 
continuous processing provides a fur-
ther opportunity for eliminating the 
risks and costs associated with scale-up 
and technology transfer of conventional 
batch processes.  

Huang (Ascendia): For most of the com-
pounds in development, traditional tech-
nologies in combination with nano-based 
technology should be able to address sol-
ubility and bioavailability issues. New 
technologies and processes, such as 
amorphous nanoparticles, are worth ex-
ploring for certain types of compounds.

Reference
1. S. Kalepu and V. Nekkanti, Acta Pharm. 

Sin. B, 5 (5) 442–453 (2015). PT

“Poor solubility/
bioavailability 
is still a big 
issue for drug 
development.”

—Jim Huang,
Ascendia 

Pharmaceuticals

“New technology 
platforms provide 
opportunities 
for formulation 
and process 
development.” 

—Kyle Smith, 
Aprecia
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by the COVID-19 pandemic. Growth 
rates continue to expand, as do capacity 
constraints. A critical factor of capacity 
is experienced labor force. Even though 
the sector currently employs more than 
200,000 operations personnel, lack of 
access to technical and production staff 
is one of the top constraints noted to be 
challenging the industry (1).

The need for rapid deployment of 
novel therapies and vaccines against 
the SARS-CoV-2 virus has accelerated 
the deployment of SUT from clinical 
manufacturing to full commercial 
upstream/downstream with fill/finish 
production. This move to SUT is occur-
ring at a time when several drugs whose 
clinical batches were manufactured 
using SUT are receiving fast-track ap-
provals and scaling almost immediately 
to commercial production.

Given the highly regulated nature of 
the pharmaceutical industry, including 
requirements for training of manufac-
turing staff according to current GMPs 
(CGMPs), effective and efficient train-
ing is essential. It imparts safety and 
quality as well. It has, in fact, become 
crucial to the continued, successful 
expansion of the industry considering 
that more than 40% of new hires over 
the next five years are expected to sup-
port bioprocessing operations (1). 

Achieving the appropriate level of 
training during a period defined by 
rapid expansion combined with accel-
erated implementation of SUT solu-
tions is creating challenges for many bi-
ologic drug and vaccine manufactures. 

GMP-compliant training methods
According to CGMP regulations, train-
ing is compulsory and must be properly 
documented to achieve compliance. 
New employees must receive adequate 
training to become competent to fulfill 
all tasks associated with their jobs. De-
spite the importance of ensuring em-
ployees have the knowledge required 
to perform their jobs safely and effec-
tively, gaps in employee and contractor 
training remains one of the frequent 
observations that drug manufacturers 
receive in GMP compliance inspections 
by regulatory authorities (2).

D eployment of single-use technol-
ogies (SUT) has accelerated over 
the past few years as manufac-

turers adopt SUT at the commercial 
scale. The spike in demand has exacer-
bated an existing shortage of employ-
ees trained in the handling, installa-
tion, and use of disposable production  
systems. Knowledge transfer regard-
ing how to use SUT must be achieved 
in a rapid and scalable manner to 
enable the workforce to operate good 
manufacturing practice (GMP)-com-
pliant, aseptic, single-use bioprocesses  
successfully and reliably. 

A collaborative investigation of the 
specific training requirements around 
SUT and key aspects of adult learning 
led to the joint development of an in-

tegrated SUT training approach by 
Lonza Pharma and Biotech and Pall 
Corporation. The program relies on 
digital technologies, such as virtual 
classes, enhanced digital videos, and 
virtual reality, but also includes face-
to-face courses and hands-on learning. 
The result is an effective, accelerated  
training program with reduced time 
spent in cleanrooms. 

In this two-part article series, the 
authors begin by exploring the reasons 
for the SUT training gap. Part one ad-
dresses why SUT training is crucial to 
biopharmaceutical manufacturing. Part 
two outlines the fundamental aspects of 
training related to adult learning prin-
ciples, the value of digital and virtual 
learning elucidated, and an approach 
adopted by Pall and Lonza for training.

A growing industry
The biopharmaceuticals sector has 
seen a flurry of activity further driven 

Workforce training is crucial for 
biopharmaceutical manufacturing.

Addressing  
the Training Gap for 
Single-Use Technologies
Michael Moedler and Helene Pora

Michael Moedler, PhD, is head of 
Training at Lonza Biologics Operations 
Visp, and Helene Pora, PhD, is vice-
president of Technical Communication and 
Regulatory Strategy at Pall Corporation.
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There are several causes for the exis-
tence of training gaps. A general chal-
lenge is the need to get to the clinic and 
the market as quickly as possible. Train-
ing is planned, but with time of the es-
sence and employee turnover combined 
with workforce shortages, companies 
easily find themselves putting training 
off until there is “spare” time on the 
production line—a situation that is un-
likely to occur any time soon. 

In some cases, training gaps can 
be linked to the recent arrival of new 
equipment or the implementation of 
new manufacturing processes and/or 
introduction of products. Comprehen-
sive employee training is essential under 
these circumstances to ensure reliability 
of supply and to stay fully compliant.

SUT-specific training challenges
Single-use systems are now widely 
used for all bioprocessing unit oper-
ations in the manufacture of biologic 
drug substances and drug products, 
including critical steps, from lab to 
commercial scale. Despite the exten-
sive effort made by SUT vendors to 
ensure the integrity of their single-use 
systems and components, as illustrated 
in Figure 1, improper handling once the 
SUTs are in the hands of the end user 
can easily cause damage, leading to 
leakage/breakage of sterile barriers of 
SUT equipment and causing contami-
nation and loss of product (3).

Most established commercial bio-
processing facilities were initially de-
signed around the use of stainless-steel 
equipment for all aspects of manufac-
turing and waste disposal. Operators 
are familiar with these conventional 
processes, which largely involve mak-
ing non-sterile connections and steril-
izing assemblies afterwards.

In single-use processes, operators 
must unpack, visually inspect, and 
install large biocontainers as well as 
make sterile connections right first 
time, then disassemble and dispose the 
used biocontainers. This sequence of 
operations (see Figure 2) is clearly more 
complex with numerous manual opera-
tions than what is required for processes 
performed in permanent stainless-steel 

equipment. In addition, single-use ma-
terials become vulnerable once removed 
from the packaging; therefore, special 
precautions must be taken.

Operator training regarding the in-
stallation and use of SUTs is essential 
to ensure aseptic or sterile operation as 
well as avoiding damage that can lead 
to leaks, contamination, and ultimately 
to batch failures. 

In a 2021 survey of biologics manufac-
turers conducted by BioPlan Associates, 
single-use biocontainer (bag) breakage 
was found to remain a key concern and 
one of the top three reasons preventing 
more widespread use of SUT (1). This 
concern is reasonable, given that integ-
rity failure of single-use systems can have 
major consequences on safety, quality, 
delivery, and cost, negatively affecting 
employees and patients. 

The same BioPlan Associates sur-
vey further found that operator error 
was considered one of the top causes of 
batch failures. Survey respondents said 
that approximately 4.3% of commercial 
batches and 3.5% of clinical batches at 
their facility were lost annually to opera-
tor error (1). Overall, it has been reported 
that approximately 50% of all deviations 
can be attributed to human error (4).

Any failures at commercial scale, in 
particular, are serious and costly. Leak-
age of a single-use bag was reported by 
BioPhorum (a global collaboration of 
biopharmaceutical industry leaders 
and subject matter experts) to cost 
from $50,000 to more than $20 million 
depending on the type of bag and the 
material it contains (4).

The expenses associated with sin-
gle-use bag leakage can be numerous. 

Validated by 
component 
manufacture

Other
components

SU critical
component

Optional leak
or integrity test

Qualified
assembly

pocess

Assembly

Irradiation

Packaging

Optional leak or integrity
test. Dependent on

system size/complexity
and practicality

Shipment

Installation

Use

Disposal

Optional pre- or 
post leak or integrity 
test.Dependent on 

system size/complexity,
practicality and 

criticality
of application

Operator training

Assembly Supplier/Integrator

End-User Deployment

Figure 1. Integrity assurance throughout the single-use (SU) technology 
product lifecycle.  
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Reprocessing is often not possible, and 
product marketing and sales can po-
tentially be disrupted, which can be 
disastrous, both for patients and drug 
companies. Costly and time-consum-
ing forensic studies may also be re-
quired to identify the cause(s) of the 
failure to ensure safety of patients and 
proof for regulators. 

Notably, the BioPhorum also ac-
knowledged that improved training 
methods would considerably decrease 
the occurrence of leakage (4). In a 2004 
presentation, for example, Bayer re-
ported details of damage that caused 
bag chamber failures at its Berkeley, 
Calif. manufacturing site, which used 
bag assemblies of 4 to 2000 L in com-
bination with single-use tubing, man-
ifolds, and aseptic connections (5). 
Nearly three quarters of the 4% leak 
rate were found to be attributed to im-
proper handling during insertion, hoist-
ing, and filling of the bags and operator 
error during fluid transfer. Most leaks 
were due to chevrons that occurred 
during bag adjustment and installa-
tion. In addition to bin and bag design 
changes and supplier corrective actions, 
Bayer identified increased training to 
educate operators and increase their 
awareness of proper single-use bag 
handling and use as effective means for 
significantly decreasing the percentage 
of leaks. The training program was de-
signed by a single-use subject matter ex-
pert and included information on the 
site’s leak history and trends, the root 
cause analysis identifying key factors 
leading to bag leakage, how chevron 
damage occurs, and proper bag filling 
techniques. Once training was complete, 
the percentage failure rate was consis-
tently reduced, as tracked over several 

months. Bayer concluded that effective 
training is crucial, along with in-house 
technology and knowledge, detailed 
equipment design and a good material 
management program, for operation of 
reliable single-use systems (5).  

The design of efficient training in 
the handling and use of SUTs must 
be accomplished by applying the best 
learning and training methodologies 
while understanding the constraints of 
single-use technologies.  

SUT best practices
Training alone will not solve all the 
challenges posed by the rapid adoption 
of single-use technologies in bioprocess-
ing. History has shown that improving 
the design of SUTs and components and 
driving for more standardization both 
contribute substantially to reducing  
failure rates (6). 

One of the first issues to address is the 
complexity of current SUT workflows 
and the need to design new workflows 
that better integrate with other biopro-
cess operations. Some areas that can be 
improved include organization of sys-
tems storage areas; materials interlocks; 
inspection area designs; and mobile 
equipment. These workflows can then 
be incorporated into training programs.

Joint efforts by suppliers and end 
users under the auspices of BioPhorum 
have led to the development of good 
concepts geared toward performing 
root cause analyses of SUT failures and 
new training tools (4). The development 
and deployment of effective training 
methodologies, however, has not yet 
been achieved throughout the industry.

When thinking about effective and 
fast SUT training deployment in the 
biopharmaceutical industry today, sev-

eral important aspects must be taken 
into consideration:
• Most of new employees have lim-

ited or no experience in practical 
biopharmaceutical manufacturing.

• Training must be more self-directed 
when there are travel restrictions.

• Training must be available in several 
languages.

• Accessibility of actual installed 
single-use systems and cleanroom 
suites is limited.
º It is important only to place op-

erators in real situations once 
the discovery phase and initial 
training on basics and funda-
mentals are completed.

º Specially designed training 
rooms and practices will be re-
quired for this initial introduc-
tion to SUT handling. 

• In addition to training on SUT han-
dling, it is essential to ensure that 
operators also fully understand the 
rules and procedures for maintain-
ing aseptic conditions throughout a 
given bioprocess. 

In the second part of this article, the 
authors will take a deeper look at key 
considerations for SUT training and the 
blended approach developed that shifts 
the “one-size-fits-all” training paradigm 
by combining digital and virtual learning 
with face-to-face and hands on training.
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developed new and flexible strategies to 
navigate and de-risk their approach to 
resources, such as phased delivery.

Look ahead. The main key is putting 
those strategies in place early in the delivery 
process, so that companies can secure ac-
cess not only to building materials during 
construction but also to the manufacturing 
resources that are necessary for startup and 
operation. These proactive strategies will 
help industry meet today’s project delivery 
demands, despite ongoing interruptions in 
the global supply chain. One of the more 
interesting supply chain shortages for the 
industry is the availability of glass for vials 
for parenteral products. There is an un-
matched pressure on this part of the supply 
chain currently that is affecting all inject-
able products. It is even difficult to source 
non-production samples for machine de-
sign. This is driving innovation and is forc-
ing drug delivery devices to change. Many 
companies that had shelved more novel 
injection devices are looking again at their 
research to be able to distance themselves 
from this glass shortage (1).

Take a phased approach to delivery. 
Companies of all sizes are now trying to 
establish relationships with the consulting, 
design, and construction partners they’ll 
need to meet their speed-to-market goals. 
Project delivery partners are still in short 
supply. The key to addressing this short-
age is to find partners capable of keeping 
schedules on track by establishing a phased 
project delivery approach. A flexible part-
ner can tailor their delivery roadmap to 
align with both the manufacturer’s target 
milestones and their own available re-
sources, which could mean breaking the 
overall business case into discrete packages. 
For example, if the goal is to have a facility 
with four production lines running at full 
capacity in five years, for example, a part-
ner could develop a plan to design and 
launch two production lines in the short 
term, while leaving spare capacity for fu-
ture expansion. This strategy addresses a 
manufacturer’s goals in a way that’s real-
istic, controlled, and in tune with available 
resources and supply chain activity. 

The digital future 
The pandemic eliminated the luxury of 
time. It was no longer logical to wait for 

D uring the COVID-19 pandemic, 
speed-to-market in drug manu-
facturing went from important to 

“mission critical”—and that is not changing 
anytime soon. CRB conducted a survey of 
500 life and biopharma leaders, and when 
survey respondents ranked their pre-pan-
demic business drivers, speed-to-market 
came second-to-last. After the pandemic 
began, however, it shot to the top of the 
list of must-haves for drug developers (1).

This newfound focus on speed brings 
along some challenges. So what has the 
industry learned over a year and a half of 

“warp speed” vaccine development? How 
can those lessons impact drug discovery 
and manufacturing timelines? And what 
does the need for speed mean for the fu-
ture of capital planning and project deliv-
ery in the pharma industry? To find out, 
CRB asked survey respondents how they 
plan to keep up with the pace of change 

and overcome obstacles. The following 
sections discuss some key takeaways.

Managing supply-chain risks 
The pandemic brought the fragility of the 
supply chain to the forefront for many fa-
cilities. During the US government’s push 
for vaccine development and manufactur-
ing (dubbed Operation Warp Speed)—
and partly because of it—capital projects 
struggled to acquire adequate construc-
tion materials and equipment. Then, as fa-
cilities shifted into startup and operation, 
teams were tasked with sourcing chemical, 
commodities, personal protective equip-
ment, lab materials, and other supplies 
amidst scarcity. Supply shortages and late 
deliveries plagued almost every project.

The industry, however, is proving to 
be nimble. In fact, 85% of survey respon-
dents aren’t experiencing challenges as 
frequently as they were before the pan-
demic. It seems that drug companies 
and their project delivery partners have 

A new focus on speed to market creates 
challenges for facility design and construction.

The Need for Speed:  
How Operation Warp 
Speed Shifted the  
Pharma Industry
Christa Myers

Christa Myers is a process chemical 
engineer for CRB.
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every piece of information before tak-
ing projects forward. CRB’s clients who 
participated in Operation Warp Speed 
found that all of the various project com-
ponents—design, engineering, construc-
tion, and vendor coordination, as well as 
all of the owner concerns—had to move 
forward in lockstep. 

Leverage online tools. One of the secrets 
to success amidst accelerated timelines 
was fully leveraging online tools to co-
ordinate activities and prevent pileups. 
Once social distancing came into play, 
face-to-face interactions were replaced 
with video calls. At the same time, 
teams made fuller use of programs 
to organize all project documents so 
everyone could comment or write on 
the drawings and sets simultaneously, 
and in-progress drawings were made 
available for early review. Additionally, 
video production equipment was lever-
aged to offer an overview of progress in 
real time and even perform equipment 
testing. Operations and maintenance 
personnel could be in one part of the 
world reviewing and testing equipment 
in a different part of the world, multiple 
time zones away. 

At the same time, the design, engi-
neering, and architecture teams lev-
eraged various building information 
management and virtual design and 
construction programs to coordinate 
closely with trade partners and instal-
lation crews. This tactic allowed con-
struction to begin much sooner than 
by using traditional delivery methods. 

Use of automation. Social distancing 
changed the way manufacturing and lab 
spaces and the need for automation are 
perceived. Dissatisfied with traditional 
manual labor methods and galvanized 
by the need for personnel protection 
and uninterrupted production, many 
project leaders are turning to faster and 
more automated, agile solutions. They’re 
leveraging the predictive capabilities 
of artificial intelligence and machine 
learning to build smarter, more secure, 
and future-ready manufacturing centers. 

A surge of interest in CDMOs 
Perhaps contract development and man-
ufacturing organizations (CDMOs) have 

never shone brighter than during Oper-
ation Warp Speed. Even before they were 
faced with the urgent need for available ca-
pacity for vaccine candidate manufactur-
ing, CDMOs were already expanding to 
serve unmet needs in the industry. When 
the unprecedented speed and scalability 
needed for COVID-19 vaccine production 
was identified, this capacity was relocated. 
More manufacturers of different COVID-
19 vaccines are currently planning and 
building capacity. There is also planning 
to ensure future pandemics can be man-
aged with research and development, and 
fast implementation for rapid manufactur-
ing deployment. CDMOs also continue to 
add capacity to support manufacturing for 
earlier unmet needs.

Large companies are best positioned to 
limit their reliance on outsourced man-
ufacturing. For one thing, they are more 
likely to have the capacity and the capital 
to vertically integrate certain operations—
such as the critical fill/finish step. Start-
ups, however, are especially dependent 
upon leveraging CDMOs because they 
are typically operating with less capital, 
less infrastructure, and a great deal of 
pressure from investors to get product 
to market as fast as possible. That’s likely 
why 73% of survey respondents from this 
group plan to rely on contract manufac-
turing organizations and CDMOs exclu-
sively when it comes to production (1). But 
companies face a significant challenge: 
demand currently outstrips supply, and 
many contract manufacturers have pro-
hibitively long lead times. In short, start-
ups are competing for a few outsourced 
manufacturing slots.

Form strategic partnerships. The main 
solution to limited manufacturing op-
portunities is to work with a consulting 
partner who can help them accelerate the 
process of finding, prequalifying, and ne-
gotiating with appropriate and available 
contract manufacturers. A good partner 
will go even further, though, helping 
startups review their business case with 
alternative options in mind. If a drug de-
veloper faces a five-year wait for capac-
ity with their contract manufacturing 
organization of choice, for example, but 
they could build a small-scale manufac-
turing operation in just two years, they 

may come out ahead; the value of get-
ting their product to market three years 
sooner could more than offset the cost 
of constructing and operating their own 
commercial facility. And if they design 
future flexibility into that facility—by 
integrating multimodal equipment plat-
forms, for example—then they could be 
at an even greater advantage, particularly 
as they grow and diversify their product 
portfolio over time. 

Develop a long-term manufacturing plan. 
As they mature, many drug develop-
ers will choose to bring manufacturing 
under their own control, but this takes 
both time and capital. It’s therefore im-
portant to start with the business case 
first or the “why”. This not only brings 
value and innovation throughout the du-
ration of the project, it also provides flex-
ibility for many years to come. A relent-
less focus on the business case is key to 
controlling cost and schedule, reducing 
risk, and maximizing value. To succeed, 
these manufacturers will need a flexible, 
phased approach to project delivery that 
can withstand the pressures and turbu-
lence of a market in constant motion 
without losing momentum.  It is crucial 
to think about a speed-to-market strat-
egy holistically and not simply in terms of 
getting to the next phase. Looking ahead 
to late-stage clinical or to good manufac-
turing practice manufacturing will help 
drug developers stay ahead of obstacles. 
The earlier that risk management prac-
tices can be integrated into plans, the 
more effective these plans will be in the 
long run. 

The pandemic and its accompanying 
acceleration of vaccine manufacturing 
required drug manufacturers to rethink 
the way the industry operates as a whole. 
Moving COVID-19-related projects from 
kick-off to commercial manufacturing in 
record time required an enormous, coor-
dinated effort, both from those inside the 
pharma industry and from the general 
public. And now, all things considered, 
it seems warp speed is the new cruising 
speed in life sciences manufacturing.

Reference
1. CRB, “Horizons: Life Sciences,” November 

2021. PT
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V 
alidating cleaning in a pharmaceutical manufacturing 
facility is a regulatory requirement (1–4). In regula-
tory guidance documents, program basics, regulatory 
expectations including prerequisites, and acceptance 

criteria are reviewed along with the strategy for selection of the 
product(s) and equipment to validate. Although cleaning vali-
dation (CV) execution is described in general terms, guidance 
documents are limited to describing what to do, but not how to 
do it. The more recent the guidance update (2), the greater level 
of specific expectations are included.

The guidance documents include general instructions on 
how to proceed once cleaning validation is completed. The 
validated state of cleaning is to be monitored using ongoing 
testing of the cleaning process to demonstrate continued 
control of cleaning. This linear approach to cleaning val-
idation resulted in the cleaning maintenance part of the 
program being slowly neglected, resulting in programs that 
fell out of compliance. The concept of lifecycle control of 
manufacturing process validation (5) addressed the short-
comings of the linear approach to process validation using 
Stage 3–Continued Process Verification (CPV). Using a sim-
ilar approach, an ongoing program to collect and analyze 
cleaning parameter data can be applied to cleaning valida-
tion. Although the lifecycle approach better addresses the 
post-validation cleaning program, it still leaves the details 
up to the individual facility. And the concept of CPV is not 
mentioned until after the initial validation is complete. 

Waiting for the completion of cleaning validation to ad-
dress CPV will prove problematic as to how to document, 
gather, and trend the appropriate cleaning process data, 
critical process parameters (CPPs), hold times, and cam-
paign lengths to clearly demonstrate continued control of 
the validated cleaning process. CPV is a factor to be con-
sidered as the cleaning validation strategy is defined. Ad-
dressing cleaning parameters for the long term needs to be 
addressed as part of the cleaning strategy. Otherwise, there 
might not be a viable mechanism to capture and trend ongo-
ing cleaning parameters. The CPV strategy should address 
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Continued Process Verification 
for Cleaning Validation–
Challenges and Pitfalls

Continued process verification (CPV) for a cleaning 
validation (CV) program begins once the validation 
study is complete. Planning for the CPV needs to 
be considered, however, as the cleaning validation 
is planned. Otherwise, the necessary parameters 
for the CPV might not be captured in a way to allow 
the smooth transition from the CV study to the CPV 
program to maintain the validated state of cleaning.

Richard J. Forsyth and Sabine Imamoglu
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what cleaning parameters to check only for compliance and 
what parameters to check for compliance as well as to track 
and check trends.  

Background
To understand the issues of addressing CPV after comple-
tion of cleaning validation, start by considering the require-
ments for cleaning validation:

• The hardest-to-clean product(s) 
• The lowest cleaning limit
• Equipment grouping
• Product/equipment matrix
• CPPs
• Demonstration of acceptable and consistent cleaning
• Dirty equipment hold time (DHT)
• Clean equipment hold time (CHT)
• Campaign length.
There are alternatives for establishing the products and 

equipment to execute cleaning validation, but a grouping 
strategy is accepted by the regulatory agencies (1–4) and is 
the most practical approach. A hardest-to-clean product for 
cleaning can be established using solubility of the formu-
lation API, but this approach ignores excipients and prac-
tical experience. A more rugged approach is to look at the 
cleanability of the formulations using a three-prong meth-
odology (6): formulation composition, personnel experience, 
and formulation cleanability. 

The cleaning limit should be established for every prod-
uct (6), and the lowest cleaning limit should be the target 
for the cleaning validation study.  Equipment needs to be 
grouped for validation so that one piece of equipment is 
representative for the entire group. The product/equipment 
matrix, which contains the equipment train for each prod-
uct, is used to decide the most efficient cleaning validation 
strategy to cover all products and equipment groups. 

The product and equipment selection must be made be-
fore cleaning validation can commence. The cleaning data 
to demonstrate acceptable and consistent cleaning as well 
as the critical cleaning parameters (CCPs) (e.g., time) are 
captured during cleaning validation execution. The agreed 
upon DHT, CHT, and campaign length are targeted prior to 
execution and then confirmed during execution. The CCPs, 
DHT, CHT, and campaign length can be conveniently cap-
tured in the cleaning validation study protocol documenta-
tion along with the product and equipment being validated.

Once cleaning validation is successfully completed and 
a final report documented, the controlled, validated state 
needs to be maintained.

Continued process verification
Product and equipment. To ensure a smooth transition, a flex-
ible plan or protocol to address CPV should be in place as 
the cleaning validation study draws to completion. The CPV 
plan should be drafted by the same team that implemented 
the CV program and should address all the captured pa-

rameters and their ongoing status. The worst-case product, 
cleaning limit, and equipment grouping will not be affected 
unless a change is made to the validated state. Changes 
could include: a new product or a new piece of equipment 
is introduced; a change is made in a product manufactur-
ing process or equipment configuration; or a product or 
equipment is retired from service. Any change should go 
through the change control system and an assessment made 
as to whether an additional CV study is required. The as-
sessment should include an update of the original product 
or equipment assessment documentation. The assessment 
and document update should fall on the CV representative 
to the Change Control Committee.

Critical cleaning parameters. CCPs were established during 
cleaning development and are those parameters that have a 
direct impact on the level on cleanliness from the cleaning 
process. A clean-in-place (CIP) cleaning cycle records all 
cleaning parameters and issues a report at the conclusion. A 
manual cleaning procedure is a more problematic situation 
as far as identifying and recording CCPs. During devel-
opment, it can be shown that detergent concentration and 
water temperature are not critical. Personnel can be trained 
and qualified for consistent cleaning. Minimum cleaning 
times can be established, and specific cleaning tools can 
be identified. During CV of a manual procedure, the CCPs 
can be recorded by an observer to corroborate the cleaning 
outcome. However, post-CV recording of CCPs falls on the 
personnel cleaning the equipment, which is problematic for 
someone wearing wet, soapy gloves and could lead to CCPs 
being captured immediately after cleaning.

Trending of CCP data is even more challenging. The CCP 
data must be extracted from the cleaning checklists, entered 
into a logbook or database, and trended over time.

Acceptable and consistent cleaning data. The CPV plan should 
include periodic testing of equipment after cleaning to 
demonstrate continued control of the validated cleaning. 
The frequency of the testing should be risk-based with the 
rationale clearly defined in the CPV plan. Factors that might 
increase testing frequency include manual cleaning meth-
ods vs. CIP methods; low cleaning limits; and CV data that 
passed but are close to the acceptable residue limit (ARL); 
all of which increase the risk of subsequent cleaning fail-
ures. Capturing and trending CV and CPV data is probably 
the clearest demonstration of continued control of equip-
ment cleaning in the facility. All data should be trended to 
demonstrate consistency of cleaning. The challenge here is 
to update and maintain the CV database. Data processing 
and trending could fall on the personnel assigned to per-
form sampling or testing. An alternative would be to mirror 
the effort used to trend in-process manufacturing data. 

Dirty hold time. DHT is established in the CV protocol 
execution. The end of manufacturing activity is recorded 
in the product batch record. After a designated DHT, the 
beginning of cleaning is recorded in the cleaning record or 
checklist. The executed CV protocol captures both times 
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and determines the effective dirty hold time. DHT is cap-
tured for the three validation runs, and the longest of the 
three is designated the validated DHT based on the equiv-
alency of all CV data. A single DHT, which is applied to all 
equipment for all products, is applied going into the CPV 
stage of the cleaning lifecycle. 

Post-validation, capturing and relating the two times with 
the established DHT becomes more problematic. The two 
times and DHT are in separate documents, and personnel 
filling out the manufacturing batch record do not see the 
cleaning record, while personnel cleaning the equipment 
do not have easy access to the manufacturing batch record. 
The established DHT is reported in the CV final report, 
and because the DHT is a cleaning parameter, the end of 
manufacturing time and established DHT need to be readily 
available to personnel performing the subsequent cleaning. 

There are several options how to capture, maintain, and 
trend DHT data. A logbook kept with the equipment is 
the most straight-forward solution. The validated DHT is 
known and is recorded in the logbook header. The date and 
time of completion of manufacturing activity are entered 
each time the piece of equipment is used. At the beginning 
of cleaning, the date and time are recorded, the DHT is cal-
culated and confirmed to be less than the established DHT. 

A second alternative can be capturing DHT electronically 
in a production record system. This is preferable because 
system checks can be included to prevent moving forward 
without appropriate action if the DHT is exceeded. 

A third alternative is to capture the DHT at the beginning 
of the equipment cleaning checklist or record. This would 
ensure that the DHT is captured but makes trending more 
difficult in that there is no centralized documentation of the 
DHT data in a logbook.

 Attempting to trend the DHT data is more problematic, 
because collating DHT data from logbooks for all equipment 
or individual cleaning records is resource intensive. The best 
option is to periodically download the DHT information 
into a database for ongoing trending.

If an electronic manufacturing batch record is used and 
the equipment cleaning information is captured electron-
ically, then DHT data can be captured. Trending of elec-
tronically captured DHT would have to be programmed 
to download and trend, but once implemented, would not 
require continued personnel involvement.

The value of the logbook option is limited because the re-
cords are paper-based and all entries and data analysis are 
handwritten. However, the advantage is that the logbook stays 
with the equipment and compliance is more readily confirmed.

Trending of DHT data provides another level of control to 
the CPV program. If DHT times increase over time, trend-
ing could indicate a problem with scheduling equipment 
cleaning or manpower resource issues, which could be ad-
dressed before a DHT excursion by extending the DHT.  

Alternatively, depending on how the equipment is han-
dled at the end of manufacturing, it could be argued that 

DHT is not critical (7). If the equipment is scraped, vacu-
umed, and wiped down with solvent (e.g., 70% isopropyl al-
cohol) to minimize the amount of product residue left on the 
equipment, then the DHT might be a non-issue because the 
equipment would be rid of most residue and would already 
be dry. This strategy would minimize the API released into 
the wastewater stream during cleaning and limit exposure 
of personnel during cleaning.

Clean hold time. The issues for tracking and trending CHT 
are comparable to the DHT issues. CHT is established in 
a separate CV protocol execution. The end of cleaning ac-
tivity is recorded in the cleaning record or checklist. After 
a designated CHT, the beginning of manufacturing is re-
corded in the product batch record. The executed CV pro-
tocol captures both times and determines the effective CHT. 
The CHT is captured for the three validation runs, and the 
longest of the three is designated the validated CHT based 
on the equivalency of all CV data. A single CHT, which is 
applied to all equipment after cleaning, is applied going into 
the CPV stage of the cleaning lifecycle.

The options to capture, maintain, and trend CHT data 
parallel those for DHT. For the logbook option, it might be 
able to capture both the CHT and DHT in the same logbook 
and trend quarterly. Downloading and trending the DHT 
and CHT from a logbook for every piece of equipment is 
labor intensive. 

CHT criticality could also be minimized during valida-
tion (7). If CHT is established for an extended period (e.g., 
> 45–60 days), then equipment held in the same controlled 
conditions can be used up to the validated CHT.

For clean equipment held outside the manufacturing 
area, a standard policy of recleaning any equipment being 
brought into the manufacturing area is customary. 

A second option to minimize concern for CHT post vali-
dation is to routinely rinse or wipe the equipment with 70% 
isopropyl alcohol immediately before use.  This action further 
mitigates risk of bioburden proliferation during the CHT.

Trending of CHT data also provides a level of control to 
the CPV program. If CHT times increase over time, trend-
ing could indicate a problem with scheduling of manufac-
turing batches or manpower resource issues, which could 
be addressed before a CHT excursion by extending the CHT 
through a protocol execution.  

Campaign length. The maximum campaign length is estab-
lished in the CV protocol execution. The number of batches 
manufactured and the length of time to manufacture are 
captured both on the equipment logs and the protocol. The 
campaigns are executed three times for validation, and the 
longest campaign length is designated as the maximum 
campaign length based on comparable cleaning data. 

Post validation, the batch campaign length is known 
based on scheduling and equipment use. However, the 
length of time to manufacture a campaign is not typically 
noted and would normally only be unduly extended due to 
mechanical equipment issues. And while bulk hold times 
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are considered for manufacturing process validation, the 
potential effect of increased campaign time on the subse-
quent cleaning is not considered. One option is to have the 
equipment card designed to include a check of the maxi-
mum campaign parameters, both number of batches and 
number of days.  The campaign data can be periodically 
downloaded into a database for ongoing trending.

Non-compliance. The risk of not complying with validated 
parameters is low as long as the validated parameters are 
readily available, limited in complexity (e.g., one DHT value 
of 10 days for all equipment), and the parameters are re-
corded contemporaneously. If there is a non-compliance 
with any parameter, it should be immediately recognized 
and addressed before a non-compliant situation develops.  
For example, if the DHT is exceeded, testing after clean-
ing can be arranged after cleaning to verify a successful 
level of cleaning before the cleaned equipment is used again. 
Additionally, if this type of occurrence could be addressed 
proactively and a protocol documented and approved prior 
to equipment cleaning, the cleaning data might be used to 
lengthen the DHT for the cleaning process. Any delay in 
recording data increases the risk of non-compliance.

Non-compliance investigation. If a non-compliance for a 
cleaning parameter is only recognized after the equipment 
is reused, an investigation is necessary. If a critical cleaning 
parameter (time, temperature, detergent concentration), DHT, 
or campaign length is non-compliant, then the equipment 
might not have been sufficiently cleaned, and carry-over into 
the next batch is possible. A risk assessment should determine 
the level of risk of the non-compliance. The higher the clean-
ing limit of the cleaned API, the lower the risk of unaccept-
able carry-over. Conversely, an API with a low cleaning limit 
increases the risk of an unacceptable carry-over.

If not already established, a visible residue limit (VRL) of 
the cleaned API should be determined (8, 9). If the VRL is 
lower than the cleaned API cleaning limit, it provides a clear 
indication that the visually clean equipment was sufficiently 
cleaned and further batch investigation might be avoided.

The cleaning records and equipment log need to be checked 
to verify the extent of the non-compliance and what subse-
quent batches are potentially impacted. As necessary, the 
subsequent batches should be tested for the presence of the 
carry-over API, which might require some analytical method 
development and validation. Personnel should be interviewed 
to determine the root cause and corrections implemented.

Compliance verification vs. trending
Verification of cleaning validation parameters on an ongo-
ing basis is critical for maintaining the validated state of 
the cleaning program. If a parameter is exceeded, then ac-
tion must be taken to correct the non-compliant condition. 
The value of trending some cleaning validation parameters 
might not be as obvious. Certainly, trending cleaning data 
in the form of swab sample or comparable data results adds 
value in that it provides an ongoing picture of the consis-

tency of cleaning and the level of risk for a potential cleaning 
failure in the future. But once cleaning validation is com-
plete, cleaning data are not generated after every equip-
ment cleaning. Based on the risk of a cleaning failure, the 
frequency of swab testing can decrease, and the lower fre-
quency of cleaning data points presents a periodic snapshot 
of cleaning rather than a continuous record of equipment 
cleanliness. In addition, relying solely on cleaning data for 
CPV is akin to solely relying on release testing for man-
ufacturing process control, which is not acceptable to the 
regulatory agencies.

Therefore, other cleaning parameters that continue to be 
captured after every post-validation cleaning become more 
indicative of continued cleaning verification. They include 
CCPs (times, temperature, detergent concentration as neces-
sary), DHT, CHT, and campaign length. Along with a visual 
inspection performed by qualified personnel, trending of 
these parameters individually might not provide assurance 
of CPV, but taken together, provide a picture of a cleaning 
system that continues to be in a state of control.

Conclusion
Tracking and trending CPV parameters are necessary to 
demonstrate that a cleaning validation system is maintained 
in a state of control. Options are available, but the easiest 
path forward is often the more labor-intensive approach. 
Consideration for long-term use of CCPs, cleaning swab 
test data, DHT, CHT, and campaign length should be taken 
during the CV planning phase rather than waiting until CV 
is complete, to ensure a robust ongoing CV program.
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(CMC)-appropriate, quantitative LC–MS/
MS method for HCPs is challenging. 

Similarly, biological therapeutics re-
quire an in-vitro cellular assay to show 
potency during characterization and 
for release and stability testing. The de-
sign and development of the appropriate 
cellular potency methods, including the 
method for read-out, require personnel 
who understand the mechanism of action 
of the therapeutic, and how to exploit the 
cell biology toolbox to show in-vitro effi-
cacy of the drug in a robust and CMC-ap-
propriate manner. The appropriate skill-
set required to perform this type of work 
is not easy to find in one individual.

Bhalgat (Syngene): Biological drug sub-
stance testing is rapidly evolving, and 
new platforms and technologies are 
being used for testing purpose to suit the 
needs of the assays and drug mechanisms. 
While many labs and lab personnel are 
technically sound, there is still a lack of 
understanding and decision-making on 
the use of analysis models for biological 
product characterization and for the 
mechanism of action (MoA) studies. We 
find the greatest shortage in laboratory 
personnel is scientists trained on the sta-
tistical designs, analysis, and validation 
of the qualitative assays. 

Additionally, there is a lacuna in get-
ting professionals with biologics analyt-
ical training, especially in the structural 
and functional characterization areas. 
Apart from the physicochemical area, 
there is a need to strengthen the knowl-
edge base on analytical ion exchange 
chromatography and N-glycan analysis 
for glycosylated biologics. 

T he complexity of biologic drug sub-
stances requires specialized ana-
lytics and the training to do the 

analyses. It is not enough to know how to 
run the assays, but also how to interpret 
the data to give meaningful clinical value 
to the analyses. To gain insight into meth-
ods with which biologics drug substance 
testing results must be analyzed and 
interpreted as well better understand the 
challenges inherit in dealing with com-
plex biological molecules, Pharmaceuti-
cal Technology spoke with Khanh Ngo 
Courtney, senior director of Biologics at 
Element, and Mahesh Bhalgat, chief op-
erating officer of Syngene International.

The need for skill sets
PharmTech: Is there currently a lack in lab 
personnel with the specific skill sets to 
interpret data from biologic drug sub-
stance testing? If so, what skills training 
is in most dire need?

Courtney (Element): More and more, we 
are seeing that the characterization and 
routine testing of biological therapeutics, 
particularly of advanced therapeutics 
such as gene and cell therapies, require 
advanced analytical techniques com-
bined with a thorough understanding of 
biology, which requires specialized lab 
personnel. For example, enzyme-linked 
immunosorbent assay (ELISA) is be-
coming a less effective way to quantify 
host cell protein (HCP) clearance due to 
emerging data showing that antibodies 
generated against the HCPs do not pro-
vide sufficient host cell proteins coverage. 
Hence, a more comprehensive analysis 
of HCPs is required. Liquid chroma-
tography–tandem mass spectrometry 
(LC–MS/MS) is emerging as a needed 
analytical method to quantify and char-
acterize HCP clearance. Finding talent 
who could develop and perform a robust, 
chemistry, manufacturing, and controls 

There is need for training personnel 
in various analytical skill sets 
for biologic drug substance testing. 

It is not enough  
to know how to  
run [biologics] 
assays, but also  
how to interpret 
the data to  
give meaningful 
clinical value to  
the analyses. 

Biologics Testing 
Highlights Need for 
Analytical Skills
Feliza Mirasol
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Interpreting/analyzing the data
PharmTech: What have been some of the 
major challenges in interpreting and an-
alyzing data generated from drug sub-
stance testing of biologic APIs?

Bhalgat (Syngene): Drugs, including 
APIs and biologics, must be manufac-
tured in compliance with appropriate 
quality standards. Some of the major 
opportunities  associated with analysis 
and interpretation of data from testing 
of biologics include product- and pro-
cess-related impurity identification 
and analysis, which is always chal-
lenging due to the specialized nature 
of testing; assay changes during stabil-
ity studies due to noncovalent interac-
tion-driven oligomer formation; and 
HCP analysis of in-process samples.

The major challenge lies in inter-
preting data for its significance when 
it lacks large data sets generated over 
a sustained period. Since monitoring 
and analyzing the trend of the data is 
important for biologics and other drugs, 
we apply quality-by-design (QBD) ap-
proaches for ensuring data interpreta-
tion and comparison needs are met.

Courtney (Element): The heterogene-
ity of the biological molecule impacts 
how methods are developed, data are 
generated, and interpreted. Large 
molecules are tens, if not hundreds, of 
thousands of small molecules chem-
ically interacting with one another 
to form tertiary structures, which 
translate to function. Yet, not all the 
molecules in a solution of the drug 
substance are going to be exactly the 
same—they vary in the amount of 
post-translational modifications such 
as glycosylation, phosphorylation, 
and other chemical modifications 
as well as endured damages, such as 
amino acid deamidation, reduction, 
and oxidation. All of these chemical 
modifications together impact the 
structure of the biological molecule, 
its function, and how it interacts with 
other molecules in the cell and how it 
behaves in analytical methodologies.

PharmTech: What methods or ap-
proaches have thus far been successful 
in generating clinically meaningful data 
and analyses of that data?

Courtney (Element): Meaningful data 
in the clinic require that the appropri-
ate biomarkers are selected, and the 
methods for detecting and quantifying 
said biomarkers are robust and sensi-
tive. The Meso Scale Discovery (MSD) 
and Quanterix immunological tech-
nologies are common methodologies 
and have been successful in the analy-
sis of clinical samples. LC–MS/MS, if 
available, remains a powerful tool for 
the analysis of clinical data for its sen-
sitivity and robustness in detecting and 
quantifying not only large molecules, 
but small-molecule biomarkers.

Bhalgat (Syngene): In clinical research, 
obtaining meaningful data is built on 
several factors. Best practices that have 
been successful in generating clinically 
meaningful data and have aided the in-
terpretation/analysis of the generated 
data include drug-specific pharmaco-
kinetic (PK), pharmacodynamic (PD), 
and immunogenicity assays, rather 
than generic/off-the-shelf kit assays 
or methods. Validated methods are 
also required in assuring assay per-
formance, as per expectations for the 
set dosage, administration route, and 
intended clinical interventions. In ad-
dition, a careful review of the clinical 
trial protocol early in assay develop-
ment, including a two-way dialogue 
between the clinician and the bioana-
lytical scientist, helps in setting up fit-
for-purpose methods for the relevant 
trial. Finally, paying special attention 
to the performance of the method for 
a particular trial subject population, 
their age, disease state, ethnicity, etc., 
helps in generating reliable data.

Meeting industry’s needs
PharmTech: Where is there the most unmet 
need in term of analytical solutions for 
complex and challenging biologic drug 
substance testing?

Bhalgat (Syngene): The bioanalysis of 
biologics requires the ability to use many 
different approaches, so there are many 
unmet needs. For instance, there is a 
need for high throughput automation 
and practical biostatistics for complex 
and challenging biologic drug substance 
testing. Meanwhile, immunoassays for 

biologics are labor-intensive and peo-
ple-dependent. The move to much more 
automated technology for conducting 
sensitive and specific immunoassays is 
a clear opportunity. There is also a need 
for the availability of assays for biophys-
ical characterization in the presence of 
various process matrices, host-specific, 
HCP assay, and non-destructive assay 
to understand the tertiary structure of 
drugs at the atomic level (for example, 
cryo-electron microscopy or single-mol-
ecule f luorescence techniques are yet 
not available for industrial use). Addi-
tionally, due to  lack of proper guidelines, 
and there are differences in regulation 
across different geographies resulting in 
the development of varying approaches 
to testing products.

Courtney (Element): Highly complex 
biological drug substances, such as ge-
netic information in the form of viral 
or nanoparticle encapsulated therapeu-
tics (e.g., lentivirus, adeno-associated 
virus [AAV], nanoparticles), are ex-
tremely difficult analytically due to the 
heterogeneity in the quality of the drug 
substance. One example is the analyti-
cal challenge of separating and quanti-
fying fill-amounts of viral particles (i.e., 
empty vs. partial vs. full). When AAV 
or lentiviral APIs are produced, the 
drug substance solution will comprise 
partially of viral particles containing 
the correct number of copies of genetic 
information, particles with too much 
material, particles with too few, and 
particles containing no material at all. 
Having the analytical capability and 
technology to obtain resolution be-
tween these different molecular com-
positions of the drug substance is still 
an unmet need. Current methods all 
have their own pitfalls. Analytical ul-
tracentrifugation is expensive, not ro-
bust, and requires a significant amount 
of sample. Transmission electron mi-
croscopy is time-consuming and lacks 
quantitative power. High-performance 
liquid chromatography has poor res-
olution. Finding the right analytical 
solution for the intended purpose is 
unmet need for many quality-defin-
ing methods for advanced therapeutic 
molecules at the moment. PT
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COVID-19-related products that were 
adulterated (7). Quality problems occur-
ring within these companies entering the 
market showcase some of the problems 
regulators see in quality departments, 
according to Susan J. Schniepp, distin-
guished fellow at Regulatory Compliance 
Associates. “I think many of the obser-
vations regarding insufficient quality are 
directed at this phenomena of companies 
producing products that are regulated 
and not understanding those regula-
tions,” she says. Compounding pharma-
cies also got attention by the agency in 
2021, with failures in aseptic and sterile 
manufacturing procedures a common 
notation on Form 483s (8–10). Some 
other common types of citations found 
in warning letters are listed in Table I.

Schniepp also sees the typical qual-
ity problems continuing in the future, 
including insufficient investigations, a 
lack of data integrity controls, not hav-
ing adequate standard operating proce-
dures (SOPs), and not following SOPs. 

“These issues have been responsible for 
the majority of observations in the past, 
and there is no reason to suspect that 
industry has solved these issues. I think 
one of the reasons for this situation is the 
industry doesn’t necessarily change their 
approach to certain key functions even 
as products and processes become more 
sophisticated and outpace a company’s 
ability to revise documents to keep pace 
with the product changes,” she says.

One of the common FDA observations 
in warning letters is the lack of adequate 
response to FDA 483 notices. “Effectively 
responding to a 483 and/or warning letter 
requires familiarity with processes, sys-
tems, and data because a proper response 
should address how you are going to fix 
the situation observed, how you are going 
to prevent the situation observed from re-
curring, and why the situation observed 
did not impact the patient safety/product 
quality of the product that was released 
before the situation was corrected,” says 
Schniepp. “I think many people forget to 
include this historical look back. Without 
this historical perspective, a response will 
never be sufficient.” 

In Europe, Schmitt points to a lack 
of quality oversight as a quality issue at 

T he pandemic created many chal-
lenges in 2021 for both pharma-
ceutical manufacturers and reg-

ulatory organizations. The quality of 
pharmaceutical products continued to 
be a focus, but many facility inspections 
were postponed in 2020, and FDA offi-
cials evaluated their inspection programs 
during the pandemic and issued guid-
ance for remote monitoring and other 
virtual activities (1–3). From March 2020 
through March 2021, FDA conducted 
821 mission-critical inspections (49 for 
human drugs, 10 for biologics) and 777 
prioritized domestic inspections (106 for 
human drugs, 53 for biologics) (4). 

In Europe, there were fewer regula-
tory inspections in 2020 than in previous 
years (5). Siegfried Schmitt, vice president, 
Technical at Parexel, feels the limit on 
in-person inspections might have a long-
term impact on the expertise of quality 
personnel. “The current pandemic limits 

the opportunities for in-person meetings, 
visits, and travel. These have proven to be 
important elements of professional devel-
opment, particularly for budding quality 
professionals, as these allow learning and 
experiences that cannot be conveyed 
through virtual/electronic means. This 
may limit the pool of experienced and 
seasoned quality and compliance experts 
in years to come,” he says. 

These challenges have made the already 
difficult task of inspecting facilities more 
problematic. Regulatory agencies, however, 
worked to get back on track in 2021 (6).

Regulatory trends
The pandemic created another compli-
cation for regulators: a flurry of compa-
nies claiming to sell products to treat or 
prevent COVID-19. A good number of 
FDA warning letters listed on FDA.gov in 
2021 appeared to be directed at facilities 
manufacturing hand sanitizer or other 

As regulators balance pandemic tasks and 
rethink procedures, quality at manufacturing 
facilities is still a priority.

Quality Still a Priority
Susan Haigney
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some facilities. “European agencies expect senior management 
to actively engage with the quality department and to drive 
quality and compliance in the company. To that end, a company 
must be able to demonstrate regular [documented] meetings 
between senior management and the quality department. In 
addition, quality and compliance key performance indicators 
should be in place,” he says.

As regulatory agencies work to combat COVID-19, facility 
inspections, either performed in-person or remotely, will con-
tinue to be one of the tools regulators use to ensure the safety of 
medicines. Inspections also provide pharmaceutical companies 
with the information they need to produce the most effective 
and safe products possible. 
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Table I. Common trends in FDA warning letters in 2021.

FDA comment Date
FDA issuing 

office
Facility 
location

Reference

“It is a prohibited act under section 301(e) of the FD&C Act (21 
U.S.C. 331(e)) to refuse to permit access to or copying of any 
record as required by section 704(a).”

10/12/21 CDER Portland, 
OR 

https://www.fda.gov/inspections-com-
pliance-enforcement-and-criminal-in-
vestigations/warning-letters/health-
meds-inc-618484-09292021

“We note that, while your firm is registered with the FDA 
as a manufacturer of OTC drug products, your website 
indicates your firm is also involved in pipeline operations 
and fracturing, also known as fracking. Fracking operations 
typically involve multiple chemicals that could be harmful 
to patients if they were to contaminate drugs, such as your 
hand sanitizers.”

10/5/21 CDER Midland, 
TX 

https://www.fda.gov/inspections-com-
pliance-enforcement-and-criminal-in-
vestigations/warning-letters/true-chem-
ical-solutions-llc-616672-09292021

“Your firm failed to test samples of each component 
for identity and conformity with all appropriate written 
specifications for purity, strength, and quality (21 CFR 
211.84(d)(1).”

9/21/21 CDER Malaysia https://www.fda.gov/inspections-compli-
ance-enforcement-and-criminal-inves-
tigations/warning-letters/furley-bioex-
tracts-sdn-bhd-614592-09132021

“Your firm failed to have, for each batch of drug product, 
appropriate laboratory determination of satisfactory 
conformance to final specifications for the drug product, 
including the identity and strength of each active ingredient, 
prior to release (21 CFR 211.165(a)).”

8/31/21 CDER Turkey https://www.fda.gov/inspections-com-
p l i a n c e - e n fo r c e m e n t- a n d - c r i m i -
nal- investigations/warning-let ters/
gulsah-uretim-kozmetik-sanayi-anonim-sir-
keti-611591-05132021

“Your firm failed to thoroughly investigate any unexplained 
discrepancy or failure of a batch or any of its components to 
meet any of its specifications, whether or not the batch has 
already been distributed (21 CFR 211.192).”

8/24/21 CDER Japan https://www.fda.gov/inspections-com-
pliance-enforcement-and-criminal-in-
vestigations/warning-letters/toyobo-co-
ltd-614177-08192021

CDER is Center for Drug Evaluation and Research. CFR is Code of Federal Regulations. 
SOURCE: FDA, Warning Letters, FDA.gov, accessed Dec. 13, 2021. https://www.fda.gov/inspections-compliance-enforcement-
and-criminal-investigations/compliance-actions-and-activities/warning-letters
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repeated success in finding promising 
candidates will continue to get hired.

Armin Spura, CEO of Crown Biosci-
ence, stated that a major advantage of 
outsourcing drug discovery is access 
to specialized technology and exper-
tise. Because of the high attrition rate 
associated with drug development, the 
better your preclinical program, the 
stronger the position you can estab-
lish in terms of program design and 
patient identification (2). If one can 
improve their preclinical process with 
a CDMO, they will ultimately improve 
their chances of approval.

Biosimilar production
In recent months, biosimilar produc-
tion has seen a boon in development. 
Following the Biologics Price Com-
petition and Innovation Act in 2010, 
FDA had approved just 30 biosimilars 
through 2020 (3). However, FDA an-
nounced the approval of the first inter-
changeable biosimilar insulin product, 
Mylan Pharmaceuticals’ Semgle (insu-
lin glargine-yfgn), in July 2021. 

Since then, FDA has approved mul-
tiple biosimilars, such as Boehringer 
Ingelheim’s Cyltezo (ada l imum-
ab-adbm) for Humira (4) and Samsung 
Bioepis’ Byooviz (ranibizumab-nuna) 
for Lucentis (5). This situation presents 
a unique opportunity for the commer-
cial viability of interchangeable biosim-
ilars. However, because of the relative 
scarcity of approvals over the past de-
cade, companies looking to capitalize 
on this new market are likely to require 
specialized knowledge to get through 
the approvals process. Kelli Phillips, 
associate director of ImmunoChemis-
try at PPI Laboratories, noted that be-
cause contract research organizations 
routinely support biosimilar product 
submissions to regulatory agencies, they 
understand the current best practices 
expected by said agencies (6).

mRNA services
Messenger RNA (mRNA)-based ther-
apies took center stage following the 
release of the Pfizer-BioNTech and-
Moderna COVID-19 vaccines. The 
development of these vaccines was 

B io/pharma is a fast-paced in-
dustry that is continuously in-
novating via new technologies 

and techniques. The determination 
of what, if anything, should be out-
sourced throughout the development, 
manufacturing, and commercial-
ization process is subject to various 
interlocking factors that necessitate 
thoughtful consideration. What an 
outsourcing company can specifically 
offer over in-house offerings or cheaper 
competitors is crucial. Consequently, 
many outsourcing companies seek to 
adopt new technologies that can set 
them apart from competitors.

Early development solutions
Small drug companies own a large por-
tion of the overall drug candidate pipeline, 
but they typically require more assistance 

throughout the early process to success-
fully bring their drug to market. Inexperi-
ence in regulatory filings, trial design, and 
other early design elements can doom a 
drug before development.

According to Jeetendra Vaghjiani, se-
nior director of clinical development and 
strategic marketing at Lonza, emerging 
biotech companies are reliant on CDMOs 
because of their development and manu-
facturing capacity, expertise, and flexibil-
ity. These can prove pivotal in successfully 
bringing candidates to clinical trial, plac-
ing increased importance on end-to-end 
CDMO services (1).

In a similar vein, companies that can 
provide drug discovery solutions for these 
same, inexperienced start-ups looking to 
advance their product are also attractive. 
As companies enter the bio/pharma in-
dustry, CDMOs that can demonstrate 

Recent developments in the outsourcing 
industry include a focus on early  
development services, biosimilar  
production, and RNA technology.

Outsourcing’s Race  
Toward Novelty
Grant Playter
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built on over 50 years of foundational 
research into mRNA (7), but it is only 
after the release of mRNA vaccines 
that we haveseen this rapid expansion 
in demand.

Moderna outsourced some pro-
duction of its COVID-19 vaccine to 
CDMOs like Lonza, one of the world’s 
largest pharmaceutical services compa-
nies. Shortly thereafter, demonstrating 
one’s ability to provide some form of 
mRNA service became a hot commod-
ity. In the past six months alone, large 
CDMOs, such as Samsung Biologics 
and Lonza, have advertised massive 
expansions of their mRNA manufac-
turing capabilities, which has been 
mimicked by various smaller compa-
nies scrambling to keep up (8, 9, 10).

The race to receive lucrative partner-
ships is on. While the industry is still in 
the infancy of this boom, as mRNA ca-
pabilities become a utility tool in drug 
development, CDMOs will attempt to 
present themselves as the best option for 
development and manufacturing.
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In fact, Karry notes that there is a 
move away from the use of flavors and 
sweeteners to mask bitterness because 
studies have shown that sucrose-sweet-
ened medicines are associated with 
increased dental issues in children. Ad-
dition of acids to generate sour liquid 
formulations rather than bitter medi-
cines, meanwhile, affects tooth enamel 
and causes dental erosion. 

“For these reasons,” Karry says, 
“film-coating approaches are increas-
ingly used for taste masking of bitter 
compounds. Commonly used polymers 
include methacrylate copolymers such 
as Kollicoat Smartseal or Eudragit E-PO 
since they are insoluble in saliva (pH 6.2 
–7.4), but readily soluble in the stomach.”

Hot-melt extrusion and 3D printing 
for personalized medicines are emerg-
ing pharmaceutical technologies that 
Mahmoudi believes can be efficiently 
used to mask the taste of very bitter 
APIs. In particular, Mahmoudi notes 
that 3D printing is a powerful tech-
nique with the potential to enable the 
design of visually appealing tablets 
with modified taste.

With respect to advances in excipi-
ent technology, Mahmoudi points to 
the introduction of several taste-mask-
ing polymers with pH-dependent and 

independent solubility, new excipients 
such as co-processed microcrystalline 
cellulose (MCC) and guar gum, colloi-
dal MCC, and many different f lavors 
and taste-masking agents developed 
by excipient manufacturers as being 
tremendously beneficial in modifying 
taste and drug appearance.  

For Guy, the use of taste-masking 
agents as ingredients, rather than simply 
applying a coating as a physical barrier, 
is transforming flavor and flavor per-
ception. “Such an approach has allowed 
us to tackle ‘off-notes’ in products, par-
ticularly in nutraceutical formulations. 
Specifically, combining bitter-maskers 
with an appropriate f lavor combina-
tion helps to reduce or even eliminate 
off-notes to a background level that is 
tolerable,” he says.

Orally disintegrating and dispersible 
solid-dose formulation have increased 
in popularity in recent years, creating 
challenges for taste masking and ap-
pearance. “It can be difficult to navigate 
the possible excipient choices and strate-
gies that will ensure the desired product 
performance, for which there are nu-
merous requirements and constraints,” 
Guy observes. “Facing challenges is 
not unfamiliar territory, though, and 
formulators do have an extensive and 
growing toolbox of excipients that can 
be applied for these and other novel oral 
dose forms,” he concludes.

Always remember:  
patients are people
When formulating any type of drug and 
using excipients of any kind, including 
for the modification of taste and appear-
ance, the safety, regulatory acceptance, 
and daily allowable intake of each ex-
cipient must clearly be considered in 
addition to process and cost, according 
to Mahmoudi. “Beyond that, patient-cen-
tric drug design is paramount. There are 
great taste-masking excipients/texture 
modifiers and techniques that should be 
considered from the early formulation 
development steps when pursuing pa-
tient-centric solutions,” she says.

In addition to ensuring safety and ef-
ficacy, Guy reiterates that the most im-
portant thing formulators must do for 
any drug product is to ensure that the pa-
tients and care-givers that will be using/
administering the medicine will not be 
afraid or put-off by the nature of the drug. 
“It is essential to have and apply good 
people knowledge and consider different 
formulation options for different patient 
populations as dictated by their differing 
needs. Patients are people, and that must 
always be top of mind,” he insists.
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Q.We have been manufacturing specialty 

chemicals for many years. Some clients 

have asked us to manufacture intermediates 

and drug substances for them in compliance 

with good manufacturing practices (GMPs). We 

are very interested to do so, but how do we manage two quality 

systems (GMP and non-GMP) within the same facility?

A.It is understandable that you wish to have a non-GMP 

quality system for your specialty chemicals business 

and a GMP system for pharmaceutical intermediates and drug 

substances, as these have a direct bearing on the cost of 

goods. Companies can certainly operate more than one quality 

system; the difficulty however is to operate them within one 

and the same facility. In short, I have never seen it work. Let us 

look at some of the reasons for this. 

Your personnel will need to be trained in the respective 

quality system. Following a particular system requires more 

than training; it needs repeat experience (i.e., learning on the 

job). Having to switch between two rather different systems 

would be like having to cook over a campfire today and to 

prepare the same meal in a professional kitchen tomorrow. 

This is confusing, to say the least. Where GMP-trained and 

untrained staff work in close proximity, there is always 

a chance that untrained operators are called for help, thus 

creating a risk to product quality and compliance.

Your equipment must be suitably qualified, calibrated, and 

maintained to meet GMP requirements. Especially during 

times of high demand, the temptation is all too real to use 

unqualif ied equipment due to production pressure and 

looming deadlines. Or, if there is no clear physical segregation 

between non-GMP and GMP equipment, the probability to 

erroneously use unqualified equipment (in manufacturing or 

the laboratory) is unacceptably high.

You may require the same raw materials for pharmaceutical 

product manufacture and for other goods, yet in differing 

qualities (i.e., different specifications). It requires a very 

robust dispensing and documentation system to prevent 

any accidental use of raw materials with the incorrect 

specification. It is, however, not merely the use of the correct 

material that is of concern. You also need to consider the risk 

from accidental cross-contamination from non-GMP materials. 

Such materials may have unknown impurities, which may be 

difficult to detect and remove during cleaning. Unless you have 

dedicated GMP and non-GMP equipment, there is a real risk of 

accidental cross-contamination.

Where things go wrong most often where more than one 

system is in operation is with documentation. GMP requires 

not only good documentation practice, but also must meet 

the strict requirements for data integrity. It matters for GMP 

products who performed the task, documented the task, and 

documented it contemporaneously. Yes, mistakes happen 

with GMP documentation too, but these errors need to be 

corrected in a controlled manner. GMP processes need to 

follow documented, controlled procedures and instructions, 

whereas non-GMP activities don’t. It is human nature to 

follow the path of least resistance. Thus, there is a real 

likelihood that staff may not want to bother with onerous 

procedures, particularly when there is a high workload and 

pressure to meet deadlines.

In summary, it is conceivable to have more than one quality 

system, but it is nigh impossible to operate them alternating 

or in parallel within one and the same facility. Physical and 

organizational segregation is a necessity, or deviations and 

costly mistakes will be encountered almost inevitably. PT

Good Manufacturing  
Practice on Demand?

Siegfried Schmitt, vice president Technical at Parexel, discusses the  
difficulty of operating non-GMP and GMP quality systems in the same facility.
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