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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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2023 PDA
ANNEX 1 WORKSHOP
Are You Ready for Annex 1 Implementation?
PDA can help!
Join us for another installation of our hugely successful Annex 1 Workshop
to prepare for anticipated obstacles.

This interactive workshop will cover important aspects of the Annex 1 revision and will feature small, topic-focused group 
discussions where you can ask complex questions and come away with practical solutions for implementation challenges 
at your company.

Visit pda.org/annex1raleigh to learn more and register!

2023 PDA
Contamination Control
Strategy Workshop
How Effective is Your Contamination Control Strategy?
This workshop, back by popular demand, will provide expert insight and practical guidance
on how to establish an effective contamination control strategy (CCS) for either a new or existing
manufacturing facility, focusing on best practices to implement and outdated practices to avoid.

A focus of this workshop will be the soon-to-be-published PDA Technical Report: Contamination Control Strategy, 
that outlines a holistic approach to implementing an effective CCS.

Visit pda.org/ccsraleigh to learn more and register!

REGISTER BY
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TO SAVE!

REGISTER BY
15 JANUARY

TO SAVE!
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Note from the CEO

I n Pharmaceutical Technology’s annual employment survey, respondents 
have been asked a consistent set of questions year to year to build some 
inherent statistical confidence in the replies. In this year’s survey, we 

also asked respondents to sum up the industry in a single word. The answers 
(often not restricted to one word only) were a mix of the expected—such as 
“normalizing,” “supply chain,” and “vaccines and mRNA platform for other 
therapeutic area.” We also received plenty of the unfathomable, like “stagnant,” 
“dichotomous,” “safe,” or “CDMO services seem to be very oversubscribed.” 
It’s not that those answers don’t make sense, it’s that given the context of the 
questionnaire itself, it seems odd to single out those particular aspects only. 
With question 10, we went yet one step further by asking, “what are the biggest 
opportunities in the bio/pharma space?” Half of all respondents answered, “cell 
and gene therapies.” It was clear and unequivocal. In terms of the survey, “op-
portunities” was really a surrogate term for future research and development. 
This seems a surprisingly unbalanced perception of how things should unfold, 
and yet it’s probably an accurate predictor for future action. 

A December 2022 article in Wired magazine stated, “Hemgenix gained US 
approval from the Food and Drug Administration on November 22 to treat 
patients with severe hemophilia B. Shortly after its approval, CSL Behring, the 
pharmaceutical company commercializing the drug, announced its price: $3.5 
million for a one-time dose. It’s now the most expensive drug in the world.” 
The researcher who led the clinical study, Steven Pipe, a hematologist at the 
University of Michigan Health System, said of some of these patients, “don’t 
have to think about their hemophilia anymore ... for all intents and purposes, 
this looks like a cure” (1). 

In PharmTech’s September issue (2), I took the position that against a lifetime 
of treatments, the cost of single dose therapy means a fair value despite the ini-
tial sticker shock. The Wired article goes on to quote one of BioPharm Interna-
tional’s Editorial Advisory Board members, Nicole Paulk, assistant professor of 
gene therapy at the University of California, San Francisco, who said, “the price 
tag is not a surprise. This is super reasonable, super expected. It’s a very fair 
price” (1).  As we observed in September, beyond the regulatory approvals lies 
the battle with insurance reimbursement and competing therapies for support 
and engagement. But it seems certain now that treatment paradigm has shifted 
toward the “cure” side of the spectrum for some diseases. 

References
1. Mullin E. The Era of One-Shot, Multimillion-Dollar Genetic Cures Is Here. 

Wired Magazine. Dec. 5, 2022.
2. Hennessy M. What Does Cost Mean? Pharma Technol. 2022 46 (9). PT 

Mike Hennessy Jr
President and CEO
MJH Life Sciences®

Paradigm Shift

F O U N D E R
Mike Hennessy Sr

196 0 -  2021

© 2023 MultiMedia Pharma Sciences LLC All rights reserved. No part of this 
publication may be reproduced or transmitted in any form or by any means, electronic 
or mechanical including by photocopy, recording, or information storage and retrieval 
without permission in writing from the publisher. Authorization to photocopy items 
for internal/educational or personal use, or the internal/educational or personal 
use of specific clients is granted by MultiMedia Pharma Sciences LLC for libraries 
and other users registered with the Copyright Clearance Center, 222 Rosewood Dr. 
Danvers, MA 01923, 978-750-8400 fax 978-646-8700 or visit http://www.copyright.
com online. For uses beyond those listed above, please direct your written request to  

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

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

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

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

their safekeeping or return. 

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

To subscribe: mmhinfo@mmhgroup.com

SALES
Publisher Mike Tracey MTracey@mjhlifesciences.com 
East Coast Sales Manager Joel Kern JKern@mjhlifesciences.com
Mid West, West Coast Sales Manager BJ Ghiglione 
    BGhiglione@mjhlifesciences.com
European Sales Manager Linda Hewitt LHewitt@mjhlifesciences.com
European Senior Sales Executive Stephen Cleland 
    SCleland@mjhlifesciences.com
Audience Development Stacy Argondizzo    
     SArgondizzo@mjhlifesciences.com
Executive Vice President, Healthcare and Industry Sciences
    Brian Haug BHaug@mmhgroup.com

ADDRESS
485 Route One South, Building F, Second Floor,  Iselin, NJ 08830, USA
Tel. 732.596.0276, Fax 732.647.1235 
PharmTech.com

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



pda.org/2023annual

03-05 APRIL | NEW ORLEANS, LA
EXHIBITION: 03-05 APRIL

#PDAannual

REGISTER BY 
05 FEBRUARY 

TO SAVE

2023 PDA
ANNUAL MEETING
Back to the Future: Learning from the Past in a Patient-Centric World

Save the Date for the
2023 PDA Annual Meeting!
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Pedestrians  
as Priority

I t’s easy to get excited about flamboyant paradigm 
breaking inventions. As editors, we don’t hesitate. 
Coverage of COVID-19 vaccines, alongside the 

business and regulatory innovations that allowed their 
warp speed passage, was surprisingly displaced by this 
year’s astounding oncology and iconoclastic gene therapy “cures.” Without 
taking shine off these mercurial performances, the background workhorse 
approaches and tools to these atypical advances have generated consistent 
growth, performance, and adaption to increasingly complex demands. 

By sheer readership percentages, the most absorbing content in 2022 was 
ALCOA+ (attributable, legible, contemporaneous, original, and accurate—
with complete, consistent, enduring, and available components added). As 
Industry 4.0 demands spread, there is increasing need for more layers of 
deeper equipment integration and coordination as digital data acquisition 
and transfer ramps up; hence, the need for aligning processes to ALCOA+. 
In close second place came perspective and context on various international 
pharmacopoeias and regulatory requirements, monographs, reference stan-
dards, and protocols. This is no surprise, and we’ve allocated many spots for 
these topics on the 2023 editorial calendars.

A fair way behind, but well ahead of all others, we see topics such as chew-
able tablet formulation, chromatography development and validation, tablet 
disintegration, dissolution testing, statistical understanding, and updating 
supply chains. Next are perennial primers like assessing shelf life through 
stability tests, establishing acceptance criteria for analytical methods, and 
closure design and test controls. If I were an advertiser seeking to speak di-
rectly to any of our 2 million annual website users, I would circle any of the 
above that my clients were active in or in some fashion, supported. 

But I would also target staff recruitment and training. For ordinary roles, 
but also for advanced therapy medicinal products, one of the most pedestrian 
needs you can conjure is the experienced staff to execute these activities. 
Alongside digital transformation, I see trained staff (even pedestrian team 
members) as being a requirement no winning pharmaceutical company can 
avoid placing at the top of the priority list. PT 
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Flexible Inline  
High Shear Mixer
The ROSS Model HSM-405SC-25 Inline High 
Shear Mixer with solids/liquid injection 
manifold (SLIM) Technology is designed 
for production floors that require flexibility. 
The stainless-steel portable skid features 
a built-in workbench that helps save time 
and money. It allows the mixer to be used 
anywhere in a plant, eliminating the need for 
separate mixers for each vessel or product.

As an external mixer, the Inline SLIM can be piped to the 
recirculation loop of virtually any size vessel. Featuring sanitary 
tri-clamp connections, this 3A-compliant machine can be 
cleaned in place or quickly disassembled for deep cleaning and 
sanitation. Using the tabletop workbench, operators can open 
bags and load powders into the hopper that sits on top of the 
mixer, ensuring a consistent feed and minimizing aeration.

The SLIM is a unique rotor/stator device capable of injecting 
powders directly into a fast-moving liquid stream without the 
use of an eductor or pump. Engineered for high-speed and high-
volume mixing requirements, this device can wet out powders 
and create a fine immediate dispersion, greatly reducing the 
occurrence of floating powders, lumps, and agglomerates. 

Charles Ross & Son Company 
www.mixers.com

Remote Microbial  
Air Sampler
Particle Measuring Systems’ MiniCapt 
Pro Remote Microbial Air Sampler is an 
air sampler designed to enable remote 
microbial monitoring for cleanroom 
professionals. The device, which is fully 
compliant with the European Union’s 
Annex One regulatory revisions, can 
be mounted in tight spaces. This is 
intended to give users flexible installation 
options, including a high efficiency 
particulate air filter-compatible internal 
pump, various power options, WiFi, 
and digital input/output capabilities.

The device’s external 316L 
stainless-steel enclosure is liquid for simple installation, 
removal, and reprogramming after service. Additionally, the 
quick-release mounting bracket stores essential sensor data, 
such as IP address at the point of measurement, to reduce 
installation time and errors after calibration or servicing.

Particle Measuring Systems 
www.pmeasuring.com 

Cloud-Based Dossier 
Management Solution
Dossplorer, from 
Qdossiers, a Celegance 
company, is a cloud-based 
dossier management 
solution designed to 
help pharmaceutical 
companies import 
product registration dossiers and ready regulatory submissions 
for electronic common technical documents compliance. The 
solution is designed to find documents and registrations in seconds 
and can filter searches as needed. A novel search functionality 
has also been added to identify and assess where a given 
substance or manufacturer has been referenced previously.

This solution allows for the retrieval of regulatory information 
saved in PDFs via full text indexing. Additionally, users can holistically 
view the data across multiple applications, which is intended to 
enable fast and informed decision making. Obsolete documents 
and version history can also be viewed to prevent two versions 
of the same document from being worked on simultaneously.

Celegence 
www.celegence.com 

Biologics-Oriented Antibody 
Discovery Platform
Bio-Rad Laboratories Pioneer Antibody Discovery Platform is an 
antibody discovery service specifically designed to develop best-in-
class biologic candidates. The platform, which includes more than 
200 billion unique sequences, is capable of identifying high-affinity 
antibody candidates via Bio-Rad’s SpyDisplay selection technology; this 
technology is optimized for candidates suitable for drug development.

The platform is tailored to specific client requirements and 
uses proprietary TrailBlazer technology to provide prototypes of 
therapeutic antibodies in various formats for streamlined lead 
identification. Final immunoglobulin G antibodies are delivered 
functionally characterized with a complete data package 
and sequences. Customers retain exclusivity and ownership 
over antibody sequences produced from the platform.

Bio-Rad Laboratories 
www.bio-rad.com 

PRODUCT SPOTLIGHT

https://www.mixers.com
https://www.celegence.com
https://www.pmeasuring.com
https://www.bio-rad.com


Whether it’s balancing CMC testing complexities, 
regulatory requirements or the latest innovative 
technologies, we are your talented testing partner toward 
successful submissions and commercial market supply.

As the largest network of harmonised bio/pharmaceutical
GMP product testing laboratories worldwide, Eurofins
BioPharma Product Testing combines mastery and agility 
to help you deliver what matters most.

Partner with us for all your current and next generation
testing needs.

www.eurofins.com/BPT

BioPharma
Product Testing

Adeptly advancing
biologics testing...

for this generation
and the next. 

Harmonised quality system across our global laboratory testing network • Impeccable 

data integrity • 24/7 secure online data access with LabAccess.com® • High value 

investments in latest scientific advancements, instrumentation and regulatory knowledge

Comprehensive GMP Testing Services Biologics 

Monoclonal Antibodies • Vaccines • Antibody 

Drug Conjugates • Cell & Gene Therapies • 

Oligonucleotides/RNA • Therapeutic Proteins

Global Facilities

Currently providing services in over 40 

laboratories throughout:  

Europe, North America & Asia-Pacific

https://www.eurofins.com/bpt
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regulatory watch
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A Rocky Road Ahead  
for FDA and Industry 

T he coming year promises to em-
broil federal health agencies, pro-
viders, and biomedical research 

organizations in a range of contentious 
issues, as promising research on break-
through therapies confronts policy-
makers looking to limit government 
spending on public health, R&D, and 
regulatory operations. Politics also will 
shape global health initiatives to combat 
antimicrobial resistance and to prepare 
for future pandemics, while drug cover-
age and costs remain a hot topic. FDA’s 
accelerated approval program will be 
in the spotlight, with manufacturers 
facing more pressure to withdraw from 
the market products that fail to confirm 
efficacy in timely postapproval stud-
ies. Drug shortages will also continue  
to draw attention and proposed rem-
edies, as rising infection rates send 
patients to hospitals and drive a surge 
in demand for treatments. 

An anticipated end in 2023 to the 
public health emergency adopted two 
years ago to facilitate the approval of 
new treatments and preventives to 
COVID-19 will limit FDA emergency 
use authorizations (EUAs) that have 
helped speed promising treatments to 
patients. The change also may limit tele-
health flexibilities and broader health-
care coverage for lower income patients. 

At the same time, FDA faces tight 
deadlines for implementing a host of new 
programs and policies established by re-
cently reauthorized user fee legislation 
for drugs and medical products. These 
include initiatives to modernize manu-
facturing processes and for testing in-
novative therapies and monitoring their 
effects. Looking ahead, 2023 promises 
to be a big year for cell and gene ther-
apies, as seen in FDA’s formation of an 
expanded Office of Therapeutic Prod-
ucts to handle the surge in regenerative, 
genetic, and messenger RNA therapies. 

Additionally, FDA and industry face 
a November 2023 deadline for full im-
plementation of the Drug Supply Chain 
Security Act. This ten-year-old pro-
gram requires all prescription drugs 
to be traceable from manufacturers to 
distributors and pharmacies, but it has 
been difficult to establish and has been 
subject to multiple delays. 

These and other FDA initiatives require 
the agency to attract hundreds of new 
scientists and analysts able to evaluate 
innovative therapies, handle complex reg-
ulatory requirements, and monitor man-
ufacturing operations needed to ensure 

quality standards. The likely retirement 
of dozens of senior staffers, moreover, will 
further challenge agency capabilities.

Politics in play 
Notable changes in Congress promise to 
alter the tone and substance of the legis-
lative debate and put pressure on federal 
funding of healthcare and biomedical 
research. New GOP committee chairs 
in the House are readying probes of 
Biden administration mismanagement 
of the pandemic and failure to fully as-
sess the Chinese origins of COVID-19. 
Republican promises to reduce federal 
spending also threaten anticipated in-
creases in budgets for FDA, the National 
Institutes of Health, and Medicare and 
Medicaid. Cost-cutting for Medicare 
includes an increase in the eligibility 
age for seniors, reduced payments to 
providers and hospitals, and further 
revisions in Medicare reimbursement 
and coverage of prescription drugs. 

Although Democrats continue to 
control the Senate, there will be notable 
changes at the Senate Health, Education, 
Labor, and Pensions (HELP) Committee, 
as Sen. Bernie Sanders of Vermont is in 
line to become chair. Sanders has long 
championed universal health care and at-
tacked high drug costs, and it remains to 
be seen where he can gain support from 
Republicans on the panel. 

The battle over abortion drugs will 
continue to escalate, with pro-life orga-
nizations challenging FDA’s approval of 
mifepristone based on alleged inadequate 
safety testing. While the suit appears 
weak to legal experts, this attack strategy 
will consume considerable agency atten-
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tion and resources. The fight is slated to 
go global, moreover, as some advocates 
work to increase access to abortion pills 
in other countries, while others seek 
curbs on abortion access. 

Drug pricing contentious
Continued Democratic control of the 
Senate makes it unlikely that Congress 
will revise the provisions in the Inflation 
Reduction Act (IRA) that authorized 
Medicare price negotiations, curbs on 
certain drug price increases, and a price 
cap on insulin for Medicare beneficia-
ries. Democrats still want to extend the 
insulin cap and price hike limits to all 
patients, but that may be too costly to 
advance. Sky-high launch prices on new 
treatments, though, draw criticism, as 
seen in the $3.5 million list price for CSL’s 
new hemophilia B gene therapy (1). FDA 
leaders are exploring if less costly clinical 
testing strategies could reduce develop-
ment costs for such bespoke therapies. 

In the name of reducing outlays for 
medicines, some states will continue to 

push for FDA authorization of drug im-
port plans, as permitted by policies ad-
opted during the Trump administration. 
Several states have devised such Cana-
dian drug import programs, but so far, 
FDA has not approved any due to con-
tinued concerns that the administrators 
cannot prevent distribution of unsafe or 
unregulated products. 

Pharmacy benefit managers (PBMs) 
also will be in the spotlight, as Congres-
sional leaders move to examine their role 
in drug access and pricing, issues already 
under investigation by the Federal Trade 
Commission (2). Both parties are review-
ing the role PBMs play in determining pa-
tient outlays for drugs and in influencing 
Medicare drug coverage and costs. 

While FDA avoids direct involvement 
in drug pricing issues, the agency will 
continue to support the development 
and marketing of generic drugs to pro-
mote market competition, particularly 
for products with complex formulations 
and dosage forms. Some members of 
Congress look to ensure that generic 
makers can access innovator products 
needed for testing and support efforts 
to advance the development of biosimi-
lars by simplifying testing requirements 
for interchangeable therapies. The 
growth in follow-on treatments, though, 
promises to generate even more patent 
disputes, as will efforts to limit inter-
national patent protections strongly 
opposed by industry. 
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This compilation allows readers to adjust their 
thinking to appreciate the full impact certain select 
technologies will make on the industry by 2026.

replace a defective version of a protein 
will require much larger amounts than 
for immunization, perhaps by factors of 
up to a thousand. Such manufacturing 
challenges though are not insurmount-
able given the exciting opportunities 
mRNA offers drug hunters,” he contends. 

The next hurdle, common to any drug 
therapy, is liver metabolism and toxicity. 
An approach here, Rapecki continues, “is 
to attach a targeting portion to your LNP 
[lipid nanoparticle], which typically could 
be a peptide, antibody, or antibody frag-
ment. This doesn’t avoid the liver but can 
potentially swing the selectivity in favor 
of your cell type of interest. The final 
challenge to expanding mRNA beyond 
vaccines could be a strength or weakness 
depending on your point of view. This is 
the transient nature of mRNA expression 
which can vary from hours to many days 
but not the months or years that might 
unlock applications which currently are 
the domain of viral delivery. The itera-
tive development of non-natural mRNA 
sequences, self-amplifying mRNA and 
now circular mRNA are beginning to 
extend the length of protein expression 

D   evoting time to track what devel-
opments will impact bio/pharma-
ceutical manufacturing isn’t easy, 

unless (like an editor of this publication) 
it’s your primary task. In a framework 
of descending order of impact, the first 
trend discussed in this article is messen-
ger (mRNA) applications beyond vac-
cines. At the end of this list is bringing 
pharmaceutical manufacture right to the 
patient’s bedside. For near-patient and 
distributed manufacturing, FDA calls 
for not only fresh approaches but the 
willingness to use new ways of thinking 
to achieve this goal. Being focused on the 
year 2026, we allow the reader time and 
space to better reset, and prepare for only 
the most seismic events.

mRNA applications beyond vaccines
“The very essence of what makes mRNA 
a great way of delivering vaccines is 

the very real challenge of making them 
anything other than fit for that purpose, 
namely their inherent ability to cause 
activation and alarm within out highly 
sophisticated adaptive immune systems,” 
says Stephen Rapecki, director, Experi-
mental Therapeutics, UCB. “We need 
to devise improved means to disguise 
and deliver both mRNA itself and also 
it’s delivery packaging, if that can be ac-
complished,” continues Rapecki. “The 
second challenge is delivering mRNA 
to its chosen cell or organ. mRNA vac-
cines administered subcutaneously most 
likely deliver their immunogenic payload 
to antigen presenting cells at the site of 
injection and to draining lymph nodes. 
This allows small and targeted doses of 
vaccine to be amplified as the immune 
reaction is the intended outcome not the 
production of the protein per se. To de-
liver a protein to correct a condition or 

Six Approaches Making  
the Most Significant  
Impact in the Future
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delivered by mRNA, but it is still envis-
aged that mRNA therapies outside the 
vaccine field will need repeat dosing to be 
truly effective. This leads to which appli-
cations will come after infectious disease 
vaccines. The low hanging fruit will be not 
to avoid an immune response, but to rely 
on it and deliver cancer vaccines, many 
of which could be personalized through 
sequencing tumour antigens to discover 
which give the best anti-tumor responses 
... Beyond vaccines lies the non-immu-
nogenic applications already mentioned. 
Assuming, and it’s a very big if, immu-
nogenicity is greatly reduced, the next 
application is likely protein delivery to 
enclosed organs such as the eye, brain, etc. 
These will need larger doses and repeat 
administration so the durability of these 
responses will be key. In the periphery 
non-immunogenic targeted LNPs, which 
have the most scientific hurdles to cross, 
also have the potential to open the largest 
therapeutic space. Here you can envisage 
altering your own T cells to temporarily 
become CAR-T [chimeric antigen re-
ceptor T cell] cells circumventing the 
need for expensive cell therapy and with 
a safety profile that could work outside 
of oncology. Delivering a protein to cells 
in the blood altering their sensitivity in 
the case of autoimmunity should also be 
a possibility giving dosing regimens sim-
ilar to current biologic drugs.” 

Organ on a Chip
Donald Ingber, founding director, Wyss 
Institute for Biologically Inspired Engi-
neering at Harvard University, believes 
Organ Chip technology is at the tip-
ping point when it comes to drug dis-
covery and personalized medicine. He 
points to a study where scientists per-
formed a comparison between animal 
models and human Liver Chips that 
shows these chips offer a way to predict 
drug-induced liver toxicities (1). 

“Perhaps even more important for 
their acceptance by regulatory agen-
cies and the pharma world, this study 
included an economic analysis that 
estimated drug developers would save 
about $3 billion per year if this one 
animal model were replaced by Organ 
Chip technology, given the huge costs of 

drugs failing once they get into clinical 
trials,” says Ingber. “My hope is that this 
will catch the eye of those in C-suites, 
which would ensure this transition to-
wards a faster and less expensive way of 
developing safer and more effective drugs. 
At the same time, the ability to create 
Organ Chips lined by patient-derived 
cells, which we do standardly, opens the 
possibility of an approach to personalized 
therapeutics in which not only are better 
drug choices made, but the administra-
tion regimens—how frequently the drug 
is administered, by what route, and at 
what dose—may be optimized as well.” 

Tissue Dynamic, an emerging organ-
oid company, estimates (in a dramatic 
claim) that the company could cut 
drug development costs by 40–80%, 
and time required by 30–50% overall. 
Their approach is to ab initio embed 
sensors into the organoid while its 
being grown, which allows AI-driven 
computation to directly interrogate bi-
ology every step along the development 
process. “This allows the robot to start 
screening drugs against different mod-
els of disease. It can perform, by itself, 
safety assessments in the microtissues 
and identify the drug that works best 
and causes the least damage to human 
organs, and it does this extremely fast. 
We can do it in 19,000 tissue samples at 
once. It is the equivalent of [testing on] 
5000 patients,” said Yaakov Nahmias, 
founder and chief scientific officer of 
Tissue Dynamics LTS (2).

Artificial intelligence (AI)  
and machine learning (ML)
In a presentation at the 2022 PDA-FDA 
Joint Regulatory conference, Martin 
Van Trieste spoke about quality 4:0, 
six sigma, and the date deluge, saying, 

“We’re now using machine learning and 
AI, and that will really help eliminate 
failures, eliminate deviations, eliminate 
non conformances, and get past what I 
call blind compliance.” 

At the conference, Van Trieste spoke 
about saving an in-process batch of 
protein product at Amgen as a case ex-
ample, before proclaiming that because 
of AI, “the future looks really bright for 
patients with improved safety, reliabil-

ity, and quality, and all at a lower cost, 
some of which will be passed on to the 
consumer. Now if the future is bright 
for this group of people, it must be bleak 
for somebody else. And it’s going to be 
bleak for the dinosaurs of the industry, 
for the large quality organization that 
have been built around testing and in-
specting the product, because if you are 
doing AI, you don’t need large testing 
organizations. The computer will not 
allow a mistake to happen, and it will 
safety check everything at the end … 
It’s really good for the patients. It’s not 
good for the quality unit, so I suggest 
that you really learn data analytics, you 
really learn AI‚ become that resource in 
the company, because that’s how you’re 
going to keep your job in the future.” 

In concrete terms, Nicholas A. Geisse, 
CSO of Curi Bio, explains, “Where 
we’ve been using AI at Curi is to unbias 
the observer. We routinely use AI/ML 
routines to analyze our imaging data in 
an unbiased way and use it to find the 
unquantifiable subtle idiosyncrasies that 
are within the data. One thing that al-
ways frustrated me was that for certain 
procedures, for example stem cell differ-
entiation, we’d have to grab one specific 
expert to look down the microscope and 
give a thumbs up or a thumbs down for 
our go/no go criteria.” That was the past. 

According to a press release, PictorLabs 
(3) uses deep learning algorithms to stain 
tissues in silico, producing near-instanta-
neous virtual stains, claiming, “From a 
single unstained tissue sample, PictorLabs’ 
proprietary platform can produce an un-
limited number of virtual stains that are 
indistinguishable from analogous chemi-
cal stains.” To even imagine this requires 
a robust adjustment of our preconceptions. 

Quality management 
maturity (QMM)
Drug recalls, warning letters, and per-
sistent repeated drug shortages have been 
a drag on both the bottom line and the 
perception of the pharmaceutical indus-
try for many years. FDA has now moved 
ahead in its plans to push for higher cor-
porate quality culture through its QMM 
assessment program. In an article pub-
lished in Pharmaceutical Technology (4), 
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the authors state their experiences run-
ning the overseas pilot program. The 
program assessed eight overseas excipient 
companies’ quality culture and business 
process performances. “While FDA pro-
vides oversight of the site quality man-
agement processes and product quality 
via CGMP [current good manufacturing 
practice] inspections, and other surveil-
lance methods, there are currently no 
comparable regulatory tools that examine 
a site’s business processes and how well 
they are integrated with quality objectives. 
QMM fills that much needed gap.” 

In an interview with PharmTech, Som-
nath Mishra of Shabas Solutions pointed 
to senior management’s role in con-
trolling aspects of quality (5). “They’re 
the ones that control the purse strings 
and the decisions that are made that ac-
tually breathe life into a quality system 
... Those people can better solve some of 
the pernicious intractable problems that 
exist … Pharmaceuticals are simply rec-
ognizing the initiatives and successes that 
these other industries have achieved, and 
realizing these only so much that can be 
done at the technical level, …. you can 
train technicians, provide SOPs [stan-
dard operating procedures], specifica-
tions … You can oversee with managers, 
supervisors, even director level personnel, 
and still there are problems. So, it was 
these other industries that solved that. 
They illuminated the source of some of 
the pernicious problems, and it pointed 
back to senior management … [who] had 
underappreciated the quality aspects of 
corporate culture.” 

To clarify the reasoning to include 
QMM in this list of trends, QMM won’t 
promote pharmaceuticals to make a big-
ger impact on patients directly, but it will 
make a very big impact on how the indus-
try conducts itself internally, in particular, 
at C suite levels, and how better outcomes 
and efficiencies cascade outwards.

Improving yield and standardizing 
manufacturing for viral vectors
One of the constraints to cell and gene 
technology (CGT) growth is to scale 
vector production. “By its very nature, 
transient transfection is an inconsis-
tent process and really limits the ability 

of the field to make significant yield im-
provements,” says Clive Glover, general 
manager, gene therapy, Pall Corporation. 
Comparatively monoclonal antibod-
ies (mAbs), “are three to five orders of 
magnitude greater than when the field 
started out. We are aiming to reproduce 
this in the viral vector field, but it turns 
out to be significantly more difficult to 
make a stable producer cell line for viral 
vectors due to the inherent toxicity of 
some of the proteins to the producing 
cell,” Glover observes. 

Optimally, we might have producer 
cell lines that can produce vectors with-
out the need of transient transfection, 
but creating high-titer stable producer 
cell lines is difficult. “In time, research-
ers rediscovered the potential for gam-
maretrovirus in CGT, focusing where 
oncogene promoter-adjacent insertion 
is less of a concern, including CAR-T 
therapies—and this is where the in-
dustry stands now, at an exciting nexus 
point where potential is becoming real-
ity,” Bill Vincent, founder and executive 
chairman, Genezen remarked (6).  

Glover elaborates on his earlier point 
saying, “CEVEC, a Germany company, 
recently acquired by Cytiva, has figured 
out how to solve this problem by put-
ting the genes required for viral vector 
production behind an inducible switch 
that can be turned on once the producer 
cells have been grown up to their final 
production volume.” 

Near-patient manufacturing
Adam Fisher, director, Science Staff, 
Office of Pharmaceutical Quality, Cen-
ter of Drug Evaluation and Research 
(CDER), FDA, rhetorically asked (7), 

“If a future with distributed and point-
of-care manufacturing doesn’t look like 
traditional brick-and-mortar manufac-
turing, what might it look like? Prefabri-
cated, mobile, modular manufacturing 
units might move frequently between 
different geographical locations. Man-
ufacturing units at multiple locations, 
perhaps even 3D [three-dimensional] 
printers at patients’ bedsides may oper-
ate under a single remote quality man-
agement system. This is no longer sci-
ence fiction. FDA has seen some of these 

technologies from developers of distrib-
uted manufacturing processes.” While 
FDA’s CDER does not have any approved 
drugs in its current purview made with 
distributed or point-of-care technology, 
experts know they are coming. 

CDER’s outreach is asking input by 
Dec 13, 2022 to: “How can manufac-
turers ensure location changes do not 
impact product quality?” The article 
ends by quoting FDA’s Larry Lee, “I 
think pharmaceutical manufacturing 
is on the verge of reconstruction; we 
have reached the point where change 
is necessary to improve quality and 
access” (7).  A sentiment echoed by the 
Journal of Cancer Gene Therapy (8), “…
cryopreservation has become a critical 
area of interest in cell-therapy manu-
facturing, as issues of cell viability, 
functionality, and patient safety be-
come increasingly important to resolve 
as more therapies reach the market. 
For autologous cell-based applications, 
many have argued that the best place 
for cell production is the ‘bedside’.” 
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industry is de-escalating many of the 
practices associated with it. Setting aside 
the validity of this approach, this shifts 
industry discussion to other aspects of 
the pharmaceutical market and what the 
future may hold.

Trouble on the homefront?
Among survey respondents, wage growth 
appeared to stagnate relative to last year’s 
survey. As seen in Figure 2, 72.8% of re-
spondents indicated that their salary 
remained “approximately” the same, al-
most twice as much as last year’s 39.0%. 
Similarly, just 22.1% of respondents in-
dicated a significant increase in salary, 
less than half of last year’s 55.4% num-
ber. Salary decreases also had a modest 
reduction, as they did in 2021, dropping 
from 8.1% to 5.1%. 

Approximately 24.3% of respondents 
felt some increase in job security, a slight 
dip from the 30.4% number observed in 
2021; the percentage of those who felt 
no change in job security dropped just 
three tenths of a percentage from 52.6% 
to 52.3%. As seen in Figure 3, these mod-
est reductions appear to have funneled 
into a slight increase in those who felt 
less secure, from 17.0% to 21.3%. As it 
pertains to job satisfaction, while those 
who felt somewhat satisfied or unsat-
isfied with their jobs remained similar 
to 2021’s numbers, those who felt fully 
satisfied dropped from 23.7% to 14.5% 
and those who felt mostly satisfied in-
creased from 39.2% to 51.4%, resulting 
in a slight drop to the weighted average.

Interestingly, this only appears to have 
corresponded with a slight decrease in 
overall salary satisfaction. While those 
who were fully satisfied with their salary 
did drop from 18.8% to 14.9%, there was 
an increase from 37.7% to 41.9% in those 

E very year, the editors of Phar-
maceutical Technology conduct 
a survey (1) designed to measure 

the state of the bio/pharma indus-
try. More specifically, the survey 
assesses various employment met-
rics, thoughts on ongoing trends, 
and predictions for the future of the 
industry. The intent is to not only 
create a snapshot of the bio/pharma 
industry as it exists in 2022, but to 
also encapsulate the thoughts and 
feelings of those within.

In recent years, this has been dom-
inated by the specter of a generational 
pandemic. While most are reluctant 
to declare  the end to COVID-19—the 
continual discovery of new variants 
would stay the hand of even the boldest 
of public health officials—its influence 
has nonetheless diminished, even in an 
industry that has become inextricably 
tied to the virus. 

However, in this year’s survey, con-
sisting of 296 respondents in the bio/
pharmaceutical industry, almost all key 
metrics that concern COVID-19’s im-
portance to daily operations (Figure 1) 
decreased. One of the largest practices, 
social distancing, dropped to 28.2%, less 
than half of the percentage  in last year’s 
survey (2). And while remote work re-
mained prominent, with approximately 
58% still engaging in the practice—es-
pecially notable given that many phar-
maceutical positions require working 
on-site—it still had an approximate 
10% drop from last year’s sample. Of the 
eight measures, the only pandemic-re-
lated metric that saw a rise in use was 

“assuming additional responsibilities,” 
which saw a modest increase of approx-
imately three percentage points. 

While the reticence to banish COVID-
19 will continue to permeate through so-
ciety, it is clear that the pharmaceutical 

Cautiously setting aside pandemic practices, 
pharma workers appear ready for flux, change, 
evolution, and expanding molecular diversity.

Crossing the Same  
River Multiple Times
Grant Playter

It is clear that 
pharma is 
de-escalating 
many COVID-19 
practices.
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Figure 7.  Industry and business predictions.
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Figure 1. COVID-19 responses, 2021 compared to 2022.
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Figure 5. Industry expectations.
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Figure 6. Business expectations.
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who were mostly satisfied; this means the 
total number of those who responded 
positively to the question (i.e., fully or 
mostly satisfied) actually increased 
slightly. It is worth noting that the survey 
slightly changed the wording of the pay 
assessment question to include the word 

“significantly” to prevent raises designed 
to keep pace with inflation from being 
considered a metric of real wage growth. 
This change could result in some degree 
of variance among responses in the sur-
vey population, especially given the oth-
erwise bullish market for employees in 
the greater economic landscape.

However, in tandem with work wages, 
job security, and overall job satisfac-
tion metrics dropping, concerns of the 
survey population (Figure 4) revolved 
around finding proper staff. More spe-
cifically, over half of the respondents 
indicated that either an insufficient 
number of staff with specialized train-
ing (35.0%) or number of staff in gen-
eral (22.8%) were their biggest concerns. 
Taken together, this could suggest that 
the pharmaceutical industry is strug-
gling between attracting skilled talent 
and raising compensation for existing 
workers, an especially difficult task with 
inflation in countries like the United 
States outpacing many company’s  
standard annual raises. 

Alternatively, given decreases in job 
security metrics and the fact that just 
26.4% of the respondents have changed 
jobs in the past two years, this could 
perhaps indicate a reluctance to re-en-
ter the job hunting market. While it is 
generally understood that pay bumps 
from job to job will be, on average, 
higher than those within the same com-

pany, the uncertain state of the market 
could be staying the hands of those who 
would otherwise pursue new opportu-
nities. In conjunction with high infla-
tion and the perceived need for spend-
ing on additional staff, this could result 
in fewer raises and lower wages.

Past and future
While wages and employment remain 
in a murky place, the other questions 
on the survey—those concerning past 
trends, future trends, and how they 
might intersect—painted a clearer pic-
ture of where the future of the industry 
might be headed.

In last year’s survey, the pharma in-
dustry had begun its recovery from the 
lows of COVID-19 and responses cor-
responded with that. Approximately 
53.2% of respondents felt the industry 
had performed better than anticipated, 
while 47.4% thought the same about 
their company’s performance. As one 
would expect, those numbers both 
dropped significantly this year, as seen 
on Figure 5 and Figure 6, to 25.1% and 
28.5%, respectively. 

However, there were only modest in-
creases in those who felt it did worse than 
expected, an especially notable statistic in 
light of the fact that over half of the 2021 
respondents expected increases in the 
industry. This affirmation of last year’s 
inclinations toward continued growth 
in the industry could perhaps explain 
the continued optimism in this year’s 
sample. As shown in Figure 7, nearly half 
of respondents believe their individual 
company’s and the industry itself will 
continue to improve in the following year, 
while only a small fraction of the sample 

(10.9% and 11.5%, respectively) believe 
that things will get worse.

This, however, begs the question of 
where this growth may occur. The edi-
tors selected several intriguing areas of 
opportunities for participants to choose 
between, and as shown in Figure 8, just 
under half (47.3%) chose cell and gene 
therapies. While chimeric antigen re-
ceptor-t cell therapies have been draw-
ing increased interest from companies 
since tisagenlecleucel’s approval in 2017, 
this interest can also be explained by the 
rise of mRNA vaccines. Following their 
accelerated development in wake of the 
COVID-19 pandemics, there have been 
many vocal proponents for their use in 
personalized vaccines, in particular for 
conditions like cancer. In addition to 
cell and gene therapies, machine learn-
ing and artificial intelligence (22.3%) 
also drew significant interest from the 
survey population.

State of the industry
In total, while this year’s employment 
survey did shine a light on some intrigu-
ing trends throughout the industry, it 
has also reiterated, as it almost always 
does, that the industry continues to be in 
a state of flux. While there is continued 
optimism and hope for promising tech-
nologies, struggles among employees and 
business could easily boil to the surface. 
Employees may continue to face wage 
stagnation, while businesses may face 
struggles to maintain proper staffing for 
current operations, let alone branch out 
into new technologies of interest.

To get a coda on this from the survey 
respondents, we asked every respondent 
to submit one word that they felt best de-
scribed the industry as it currently stands. 
While there were a variety of responses, 
two words kept popping up: “Challeng-
ing” and “Evolving.” 

Will this prove true? Only time will 
tell—see you next year.
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FAST-ACTING IBUPROFEN:  
A WAY TO DIVERSIFY YOUR PAINKILLER PORTFOLIO

After its discovery in 1961 by Dr. Stewart Adams and chemist John Nicholson, ibuprofen has become one of the most common 
painkillers used today. With a global market of $8.1 billion in 2022, this analgesic can be found in the cupboards, pockets, and purses 
of billions worldwide. However, the commoditization of ibuprofen also means that competition in the market is fierce, as generics 
compete with brand names, and brand managers seek new ways to differentiate their products from their competitors. Therefore, 
one of the most common questions we get from customers is, “How can we stand out in the ibuprofen market?” To answer this 
question, we consulted our technical experts, Joao Marcos Assis, Global Technical Marketing Manager, and Thorsten Cech, EU 
Application Lab Team Leader, to find the answers: 

Q. Ibuprofen, being a commoditized drug, has a large and competitive market. What are some ways drug manufacturers 
can diversify their portfolios?  

A. There is no question that competition in standard ibuprofen is fierce; however, one way drug manufacturers can beat the 
competition is by diversifying their portfolio to include products in the specialty ibuprofen market—especially with fast-acting 
ibuprofen. Fewer players in this market means more opportunities to innovate and diversify. 

Q. What is fast-acting ibuprofen? 
A. Fast-acting ibuprofen grades are salt forms of regular ibuprofen that are more water soluble than their standard 

counterparts. Standard ibuprofen exists as an organic molecule with poor water solubility, which means uptake into the body and 
pain relief can be slow. However, ibuprofen can also be converted into two types of ibuprofen salts: inorganic salts and amino acid 
salts. The former consists of ibuprofen paired with a metal—commonly sodium or potassium. The latter is similar except ibuprofen 
is paired with an amino acid like lysine or arginine. 

Q. How does fast-acting ibuprofen work? How is it different from standard ibuprofen?
A. Ibuprofen salts are much more water-soluble than standard ibuprofen and, as a result, are absorbed faster and can 

provide pain relief more quickly. For example, racemic ibuprofen lysinate is a fast-acting ibuprofen salt formulated with lysine. 
In a review of clinical studies, the solubility of standard ibuprofen in distilled water is reported to be less than 0.1%; in contrast, 
the solubility of ibuprofen lysinate is approximately 17% (1). Similar results can be seen for ibuprofen sodium dihydrate, a 
sodium salt of ibuprofen. In-vitro studies showed that this API dissolved more rapidly than its standard counterpart in various 
buffers (2). Consequentially, the uptake of these fast-acting salts is also faster in the human body, resulting in quicker pain relief 
(3). According to the literature, pain intensity was reduced to half after 30 minutes for ibuprofen sodium dihydrate compared to 
57 minutes for standard ibuprofen (3).

Q. Is fast-acting ibuprofen effective? Where is it currently sold? 
A. With primary markets in Europe, fast-acting ibuprofen has been especially successful in Germany and the United Kingdom. 

Drug manufacturers have created formulations with these ibuprofen salts that target specific pains such as a headaches and 
menstrual cramps. Some companies claim that their fast-acting ibuprofen tablets can act twice as fast as their standard ibuprofen 
tablets (4). Others claim that their fast-acting products can offer pain 
relief in 15 minutes (5). The success these products experience in Europe 
indicates that there are consumers in the ibuprofen market who are 
willing to pay a premium for faster pain relief. 
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Learn more about fast-acting grades of  ibuprofen 
on the BASF Pharma Solutions website.

pharma.basf.com/solutions/apis/ibuprofen
INSIGHTS FROM THE TECHNICAL EXPERTS AT BASF PHARMA SOLUTIONS

https://pharma.basf.com/solutions/apis/ibuprofen


Add diversity to your portfolio with 
fast-acting ibuprofen grades

For over 25 years, BASF has been manufacturing ibuprofen at its FDA-audited, 
cGMP-certified site in Texas, offering a portfolio that delivers unparalleled 
quality, safety and security of supply. Learn more about our ibuprofen 
production and portfolio on our website.

Ibuprofen Sodium Dihydrate  
vs. Conventional Ibuprofen

Dissolves more quickly in vitro and is 
absorbed into blood plasma more quickly1

Comparable tolerability and safety profile1

While taken by billions of people worldwide, improvements can still be made to ibuprofen. 
Its low solubility in water can impact drug absorption, leading to delayed results. Salt 
forms of ibuprofen are significantly more soluble in water and can be absorbed faster 
in the gastrointestinal tract.1 Therefore, they offer faster results than traditional ibuprofen 
when comparing the same dosage form.2

BASF offers two fast-acting ibuprofen grades in its portfolio:

1 Soergel, F., et al. Int. J. Clin. Pharmacol. Ther. 43(3):140-149, 2005
2 Dewland, P. M., Reader, S., & Berry, P. (2009). BMC clinical pharmacology, 9, 19
3 Ibuprofen, Rainsford, K.D., Taylor & Francis Ltd. London, UK. 1999 
4 Hermann, T.W., Gtowka, F.K., Garrett, E.R., J. Pharm. Sci. 82(11):1102-11, 1993 

Racemic Ibuprofen Lysinate (RIBL) 
vs. Conventional Ibuprofen

Higher solubility in water3

More rapidly absorbed in the intestinal tract4

pharma.basf.com/solutions/apis/ibuprofen

pharma.basf.com

Scan for more 
information or to 
request a sample.
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Special Report: Market Performance
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capital’]. It’s therefore inevitable that 
this money will flow into biotechs soon, 
and, for CPHI audiences, this is hugely 
positive because outsourcing is where 
biotech spends its money. 

On the back of this trend, at CPHI 
we are introducing more content spe-
cifically for investors looking at the op-
portunities CDMOs present. On a more 
anecdotal level, if you spoke with our 
exhibitors last month you would hear 
how positive the outlook is. The event is 
a crucial platform for meeting the part-
ners that will fill this increased capacity 
many CDMOs are building. Certainly, 
the next 18 months to two years look 
extremely robust, and that’s with macro 
and inflation headwinds factored-in.

Subramanian (Aragen): Our industry is 
cyclical, and we do go through regular 
corrections—we are potentially in one 
such regime. But the drug discovery 
industry has consistently demonstrated 
resilience and always comes back with 
an even better outlook for the mid-term 
future. Even during these times, though, 
there are always opportunities for CROs 
and CDMOs that can adapt and provide 
value to their partners. In the discov-
ery space, with early assets being put 
on hold, potential opportunities exist 
for CROs that can advance those assets 
forward. CROs with integrated discov-
ery capabilities that blend medicinal 
chemistry and biology, and have a team 
of drug hunters, can now create value 
for their partners by driving these pro-
grams cost effectively until the biotech 
partner is ready to bring the program 
back in. This creates significant value 
for both the biotech and the CRO.  

On the early development front, with 
cost rationalization and less personnel, 
biotechs may prefer engaging with inte-
grated development partners that offer 
drug substance and drug product capa-
bilities since it reduces the management 
team and provides better cost metrics 
due to increased buying power. At Ara-
gen, we view this as an interesting op-
portunity, since we provide both drug 
substance and drug product solutions 
through the clinic, but also combine 
that with toxicology support that in-
cludes access to non-human primates. 

P redictive analysis is a tricky busi-
ness–it’s difficult to find experts 
who can not only thoroughly 

document trends of the past year, but 
also understand the underlying market 
forces at work that are causing them. 
Thankfully, the annual CPHI market 
report is an invaluable resource for those 
looking for experts who can not only 
document key trends but also extrapo-
late meaning from them.

In CPHI’s 2022 report, key take-
aways included a bottoming out of the 
biotechnology market, the upswing in 
psychedelics interest, and the continued 
emergence of India (1). Pharmaceutical 
Technology spoke with various experts 
on the topics covered by the report to get 
their insight into the ghosts of pharma 
past, present, and future, including 
Tara Dougal, content director—pharma,  
Informa Markets; Ramesh Subramanian, 
PhD, chief commercial officer, Aragen; 
Steffanie Wilson, PhD, vice-president of 

Neuroscience Therapeutic Research Unit, 
Emmes; and Pushpa Vijayaraghava, Life 
Sciences lead advisory, Sathguru.

Booming biotech?
PharmTech: One finding from the CPHI 
market report highlighted how there’s 
a common perception that we’ve hit a 
‘bottom’ in terms of value in the bio-
tech market. Can you discuss some of 
the factors that led to this, and what is 
changing that is leading to optimism? 
Why do you feel that contract develop-
ment and manufacturing organizations 
(CDMOs) and contract research organi-
zations (CROs) are particularly poised 
to benefit from this?

Dougal (Informa): Looking at the data, 
venture capitalists and private equity 
have well documented cycles for the 
capital they deploy. This means there is 
a limit to how long they can/will sit on 
reserve capital [the CPHI report iden-
tified hundreds of billions of ‘parked 

Experts weigh in on trends in the  
biotechnology market, psychedelics, and India.

Predicting  
Pharma’s Future
Grant Playter
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The ability to rapidly and cost effec-
tively drive programs into IND [inves-
tigational new drug] is always of high 
interest to our biotech partners.

Psychedelics gaining ground
PharmTech: Can you discuss the poten-
tial you see in the psychedelics mar-
ket? Historically, what barriers have 
prevented the pharma industry from 
entering the space? Which of these do 
you expect to come down, and what 
will remain a challenge?

Wilson (Emmes): There has been a histor-
ical reluctance in the psychedelics field to 
look closely at these compounds’ poten-
tial because of culture rather than the 
strength of science. This barrier I think 
we can see is falling away quickly with 
the psychedelic renaissance, and we see 
new market entrants all the time. That 
said, we are yet to see Big Pharma putting 
its considerable resources into this area 
directly, and most trials are undertaken 
by smaller biotechs or research group col-
laborations. It’s such an exciting time for 
the field, and we have worked on several 
large multicenter IND trials already. 

In general, the results for psilocybin 
and 3,4-Methylenedioxymethamphet-
amine have been hugely promising, but 
there are still areas in psychedelic clin-
ical trials that present challenges, nota-
bly around optimal dose, maintenance 
of the study blind, and length of thera-
peutic effects. As one of the few CROs 
with experience in these still novel trials, 
we are now getting many more enqui-
ries, and it’s probably only a matter of 
time before we see Big Pharma making 
a more concerted effort at research. 

The other exciting aspect is that, 
while there are a number of high-pro-
file trials approaching potential ap-
provals, we are still very much in the 
early stages of this research; we are 
learning all the time. In addition to the 
indications which have been the focus 
of recent trials such depression and 
PTSD [post-traumatic stress disorder], 
I think there are other psychiatric and 
neurological applications—from pain 
to headache disorders to addiction—
where we are seeing increased interest. 
So that is what we expect in the next 

year, an increasingly wide and diversi-
fied psychedelic research space.

Dougal (Informa): We put together some 
compelling content sessions for CPHI au-
diences this year on the potential of the 
psychedelics market, which is reflective 
of the increased interest we are seeing. If 
you heard the keynote address at CPHI 
Frankfurt—from Dr. David Erritzoe of 
Imperial College London—you would 
see that from a trial standpoint we are 
getting incredibly close to new approv-
als. The Multidisciplinary Association 
for Psychedelic Studies and COMPASS 
Pathways studies in the United States are 
likely to see approvals of both psilocybin 
and MDMA, and 70% of the global in-
dustry we surveyed expects an approval 
inside the next three years.

India’s growing presence
PharmTech: One of the key findings 
discussed in the CPHI report was the 
growth of India in key metrics such as 
competitiveness and finished product 
manufacturing quality. What is your 
perspective on India’s potential going 
forward? How do you feel it compares to 
the other key raw materials (i.e., APIs and 
excipients) in China?

Vijayaraghava (Sathguru): Over the last 
two years, there has been significant 
thrust on API manufacturing in India, 
and this is likely to continue. The trend 
includes Indian companies securing their 
own value chain by localizing API pro-
duction as well as private equity funds 
and strategic investors prioritizing in-
vestments in API manufacturing in India. 
Several Indian companies have strength-
ened overall competitiveness in API by 
enhancing the level of backward integra-
tion.  N-1 is no longer a viable strategy. 
Sustained competitiveness is likely to be 
driven by greater value chain strength 
as well as upstream innovation. Several 
companies are pursuing opportunities for 
biotransformation and the sustainability 
focus is getting more pervasive. For cus-
tomers seeking to address the Scope 3 
goals, this is going to be paramount.     

Fair to say, therefore, that India is 
placed competitively to gain from the 
current preference and to reduce expo-
sure to Chinese operations. However, in 

the last two years, contract manufactur-
ing has gained greater favor than direct 
investment. In addition to API, India is 
also likely to gain in biologics manufac-
turing (both drug substance as well as 
fill-finish) as well as rest of world focused 
formulations. CDMOs with capability in 
biologics manufacturing as well as an in-
tegrated development platform converg-
ing discovery, medchem, in-vitro and in-
vivo validation are likely to gain the most. 

Segment fundamentals in India are 
being strengthened by upstream in-
vestments. However, we are also staring 
into a looming recession, and, in the 
post-COVID world, several countries/
regions around the world have explicitly 
laid down plans for domestic manufac-
turing for pharma to shore up health 
security. This is likely to result in API 
investments expanding to global regions 
not earlier perceived as dominant hubs 
and the emergence of unforeseen compe-
tition. I envision these trends playing out 
together; and Indian industry is poised 
for an exciting phase of growth provided 
they can manage the macroeconomic 
challenges with foresight, upstream in-
novation, and astute execution.

Subramanian (Aragen): Global diversity is 
now a must have, for any robust supply 
chain initiative. Hence, there is interest 
in both India and the West to ensure that 
clinical trials and commercial supply of 
medicines remain unaffected by any is-
sues in China. At Aragen, we have had 
customers come in requesting an inde-
pendent India-centric manufacturing 
supply chain that back integrates all the 
way to the starting material. This ensures 
security of supply even when a part of the 
globe gets impacted. India is known glob-
ally for its process research and develop-
ment capabilities and its leadership in 
the generic supply chain. The same skills 
translate well for supplying APIs and/or 
intermediates for innovative therapies.

(Editor’s Note: To access the full inter-
view and view additional responses, please 
visit www.PharmTech.com)
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A look at mucosal immunity
Mucosal membranes line the respiratory, 
digestive, and urogenital tracts and form 
an interconnected network of mucosal 
compartments (2–4). Vaccination that 
leads to mucosal immunity at one of 
these mucosal sites thus leads to immu-
nity at distant mucosal sites. Mucosal 
immune responses involve activation of 
antigen-presenting cells (APCs) and the 
production of many different types of 
immune cells, antibodies, and inflam-
matory cytokines/chemokines. 

Targeting mucosal layers in the upper 
and lower respiratory tract and lungs is 
an attractive approach to vaccination 
because most airborne pathogens enter 
the body through this route and infect 
these tissues (5). “Generation of mucosal 
immunity results in activation of many 
parts of the immune system, not just 
antibodies. In addition, replication of 
viruses is prevented in the respiratory 
system, enabling interruption of the 
transmission cycle,” explains J. Robert 
Coleman, CEO of Codagenix.

Numerous advantages  
to inhalation vaccines
Vaccines delivered via inhalation enable 
targeting of the respiratory tract mu-
cosa and generation of both humoral 
and cell-mediated immunity, accord-
ing to Pierre A. Morgon, executive vice 
president, Portfolio Strategy and Supra-
national Affairs and managing director, 
CanSinoBIO Europe. It is also possible 
to achieve good drug absorption, fast 
onset of action, and high bioavailability 
with inhaled vaccines (6).

In addition, they eliminate the need 
for needle-based administration, reduc-
ing the risk of needle-stick injuries and 
allowing avoidance of invasive injections, 
fear of which may keep some people 
from getting vaccinated (7).

In fact, inhaled vaccines delivered 
as liquids using nebulizers can po-
tentially be administered with lower 
requirement for extensive healthcare 
infrastructure or as many trained 
healthcare personnel within an im-
munization center (2). Delivery by 
inhalation should, therefore, make 
large-scale mass vaccination easier to 

T he COVID-19 pandemic remains 
a global threat due to continued 
transmission of the SARS-CoV-2 

virus despite the availability of several 
intramuscular vaccines. Vaccines ad-
ministered intramuscularly via injec-
tion can elicit strong systemic responses 
and thus prevent the occurrence of 
severe disease. These vaccines don’t 
generally, however, lead to the devel-
opment of mucosal immunity, which 
neutralizes the pathogen at the point of 
entry into the body. Mucosal immunity 

reduces viral replication at the level 
of the mucosa, which results in lower 
carriage by the vaccinated individual, 
hence reducing transmission.

Effective vaccines delivered via in-
halation can lead to both strong mu-
cosal and systemic immunity. The 
first such product against COVID-19 
(Convidecia Air)—a collaborative ef-
fort between pharma company Can-
Sino Biologics (CanSinoBIO, Tianjin, 
China) and respiratory device developer 
Aerogen (Galway, Ireland)—received 
regulatory approval in China in early  
September 2022 (1).

However, developing these vaccines 
can be challenging. Active substance 
formulation and delivery-device devel-
opment must be pursued simultaneously. 
Once delivered, the vaccination agent 
must penetrate protective mucosal bar-
riers and survive long enough to stimu-
late the desired immune response. 

Inhaled vaccines must resist  
degradation and penetrate the  
mucosal lining in the airways and lungs. 

Cynthia A. Challener, PhD  
has been a freelance technical writer for 
over 20 years, leveraging her education 
from Stanford University (BS) and 
University of Chicago (PhD) and 10+ years 
of industry experience. She currently 
focuses on pharma/biopharma topics, 
writing technical articles, white papers, 
blogs, and other content for a variety 
of clients in addition to contributing 
regularly to BioPharm International and 
Pharmaceutical Technology.

Inhalation Vaccine 
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conduct, according to Ronan MacLough-
lin, associate director of R&D, science 
and emerging technologies at Aerogen.

Importantly, less vaccine is needed 
for delivery via inhalation—typically 
less than 0.2 mL vs. 0.5 mL for injection, 
says Morgon. “Lower doses means more 
doses can be produced per batch, and 
mass vaccination can thus be achieved 
more cost-efficiently,” he says. 

Furthermore, administration via in-
halation can be theoretically achieved 
through the mouth or nose. The pre-
ferred route is, says MacLoughlin, 
entirely dependent on the target re-
ceptors for the vaccine. “If nasally ex-
pressed, then nasal should be the pre-
ferred route. Inhalation into the lung 
via the nose would allow for both nasal 
and lung deposition. Oral inhalation 
allows for a larger dose to be delivered 
to the lung, given that avoiding the 
nasal passages will increase the avail-
able fraction of aerosol,” he comments.  
Aerogen’s proprietary aerosol-gener-
ating technology converts the liquid 
vaccine into fine aerosol droplets that 
are suitable for delivery of the vaccine 
deep within the lung.

Some are of the opinion that vacci-
nation through the mouth may result 
in enhanced induction of mucosal im-
munity. Researchers at McMaster Uni-
versity, for instance, have shown inhala-
tion of a tuberculosis vaccine to be more 
effective than delivery via nasal sprays, 
because the vaccine penetrates much 
deeper into the airway (8). 

Because inhaled vaccines provide 
local immunity to the respiratory tract, 
they are seen to be ideal solutions for 
interrupting the spread of viruses with 
high transmission rates and the potential 
to lead to global pandemics (9).

Real potential, but real challenges
The specific types of vaccines that can 
be formulated for inhalation delivery 
is not fully understood yet, according 
to Jean-Denis Shu, SVP of Medical 
Affairs with CanSinoBIO. “The criti-
cal factors are determined by the tar-
get receptor, the vaccine’s stability in 
the lung, and whether sufficient dose 
can be given to illicit the immune re-

sponse,” he observes. CanSinoBIO’s 
inhaled COVID-19 vaccine, now ap-
proved in China, is based on an ade-
novirus-vectored vaccine (10).  

“Inhalation delivery offers the poten-
tial advantage of bypassing anti-vector 
immunity for viral vector vaccines for 
which people may have already de-
veloped some immunity through, for 
instance, exposure to cold viruses,” 
Morgon adds. The formulation of 
CanSinoBIO’s inhaled vaccine (Con-
videcia Air) is the exact same as that of 
its intramuscular vaccine (Convidecia) 
and there is no need for an adjuvant to 
boost immunogenicity.

Codagenix’s inhaled COVID-19 vac-
cine candidate is a live, attenuated virus 
that, according to Coleman, safely and 
stably brings not only the SARS-CoV-2 
spike protein, but many other proteins of 
the virus to the immune system, allowing 
for broad protection. 

Beyond these two approaches, there 
are inhalation vaccines under develop-
ment based on attenuated influenza virus, 
parainfluenza virus (PIV) 5, lentiviruses, 
Newcastle disease virus (NDV), and 
vesicular stomatitis virus (VSV); bacte-
rium vectors, nucleic acids (messenger 
RNA, DNA), and protein subunits (3). 
Unlike the CanSinoBIO vaccine, the lat-
ter require formulation with adjuvants to 
ensure sufficient immunogenicity (4,11). 
A range of adjuvants have been explored, 
such as polyethyleneimine, N-[1-(2,3-Di-
oleoyloxy) propyl]-N,N,N-trimethylam-
monium chloride, chitosan, toxoids, 
cytokines, saponins, lipids, and toll-like 
receptor agonists.

The need for effective delivery tech-
nologies remains the main challenge for 
realizing successful mucosal vaccines, 
including those administered via inha-
lation (12). Not only are strong adjuvants 
required for many types of vaccines, it 
can be difficult to maintain the integrity 
of the vaccines. The vaccination agent 
must resist degradation in the harsh mu-
cosal environment in order to have time 
to reach the immune inductive tissue 
and elicit the desired immune response 
while also ensuring that oral tolerance 
does not develop (11). Overall, therefore, 
appropriate formulation of inhalation 
vaccines is crucial for their success (13).

Both powder and liquid options
Inhalation vaccines can be formulated 
as liquids or powders. Dry powders 
have the potential for long-term stor-
age without cold-chain requirements, 
while liquid formulations are gen-
erally simpler to develop and imple-
ment, notes MacLoughlin. Dry powder  
formulations can be generated by var-
ious methods, such as spray drying 
and thin-film freezing (4,6). It is cru-
cial to control the particle size and 
particle size distribution to achieve 
the desired release prof i les and  
distribution in the lung.

The aqueous nature of liquid formu-
lations, meanwhile, allows for rapid 
interaction with the airway epithelium. 

“Such interactions may be subdued for 
dry powders due to local conditions in 
the airway surface lining fluid,” Mor-
gon observes. He also points out that 
the need for cold-chain management 
is not an automatic disadvantage for 
liquid vaccines, because storage and 
handling capabilities at 3 to 8 °C are 
generally available at most locations.

Certain attributes are essential  
for successful inhalation delivery
The physicochemical attributes of 
vaccine actives delivered intranasally 
must allow the vaccine to mimic the 
wild type natural virus that comes in 
through the airway, according to Cole-
man. “Such behavior is essential to 
induce very broad immunity and stop 
onward transmission,” he contends. He 

Development

The need for 
effective delivery 
technologies 
remains the main 
challenge for 
realizing successful 
mucosal vaccines.
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adds that Codagenix chose to use an at-
tenuated live virus rather than a viral 
vector or protein subunit for this reason. 

“Using an attenuated virus allows for 
presentation of multiple viral proteins 
and avoids any underlying immunity 
issues, affording increased vaccine up-
take,” states Coleman.

Development of optimized vaccine/
device combination essential
A consideration equally important to the 
design of the vaccine active and formula-
tion is the development of an optimized 
vaccine/device combination, according to 
Shu. “Picking any delivery device off-the-
shelf and applying that increases the risk 
that the immunization is not effective. A 
solid understanding of how the vaccine 
and device interact are critical,” Shu avers. 

Morgon agrees. “Understanding 
formulation, device performance, de-
livered dose, distribution of dose 
within the airways, etc. all impact the  
likelihood of success.” 

“Co-development, such as that con-
ducted by Aerogen and CanSinoBio, has 
enabled an effective immunization ap-
proach that uses a fraction of the injected 
dose by volume or mg of drug substance,” 
MacLoughlin concludes.

Devices use for the delivery of inhala-
tion vaccines should, ideally, be patient 
agnostic. “Taking the variability out of 
the patient input in the process is a key 
requirement in order to ensure consistent, 
reproducible, and reliable dose across a 
population,” MacLoughlin observes. To 
this end, Aerogen has focused on develop-
ment of devices that require the patient to 
make only a single inhalation for their en-
tire vaccine dose. “This way, there is no re-
quirement for coordination of breath with 
aerosol generation, which is a key failing 
of pressurized metered-dose inhalers, and 
every patient has the same dose available 
to them for inhalation,” he notes.

Unique regulatory hurdles
Development of mucosal vaccines, includ-
ing inhalation vaccines, faces an addi-
tional hurdle that vaccines administered 
by other routes generally do not. “The his-
toric body of work in vaccinology has fo-
cused on the production of antibodies in 

the bloodstream. Successful vaccines are 
determined to be so because they result in 
high levels of antibodies,” Coleman says. 

Some mucosal vaccines, however, may 
generate lower levels of antibodies in the 
blood. That does not mean they are less 
effective, but regulators may not be aware 
of the differences and thus still compare 
the data for mucosal vaccines to those for 
injectable versions, Coleman adds. In the 
case of CanSinoBIO’s Convidecia Air, the 
humoral and cellular responses are higher 
with the inhaled booster than with the in-
jectable one, Morgon comments.

One program designed to address 
this concern has been established by the 
World Health Organization (WHO). Its 
Solidarity Trial Vaccines program sup-
ports the development of second-gener-
ation COVID-19 vaccines with greater 
efficacy, greater protection against 
variants of concern, longer duration of 
protection, and improved storage and/
or simplified delivery with needle-free 
administration (14). In the Phase III trial 
of Codagenix’s CoviLiv vaccine candidate, 
both antibody generation and actual ef-
ficacy (determined by comparing vacci-
nated and placebo groups) are being eval-
uated, so the actual efficacy rate will be 
measured. CanSinoBIO has also agreed 
to the request from WHO to include Con-
videcia Air in the Solidarity trial.

Several other inhaled  
COVID-19 vaccines in development
The same group of researchers at McMas-
ter University that compared the delivery 

of a tuberculosis vaccine via nasal spray 
and inhalation also have an inhaled, ad-
enoviral-vectored, aerosol COVID-19 
candidate in a Phase I clinical trial (8,15).

Scientists at MIT have shown that 
peptide vaccines with albumin-bind-
ing lipid tails when formulated with the 
adjuvant CpG and administered via in-
halation generate long-lasting immune 
responses (5). A group at University of 
North Carolina-Chapel Hill, meanwhile, 
used lung-derived exosomes, or na-
noscale vesicles secreted from lung spher-
oid cells (LSC-Exo), to effectively deliver 
nucleotide and protein-based vaccines to 
the lungs via an inhaler (8,16).

Promising future despite challenges
In addition to the above inhalation vac-
cines under development for COVID-19, 
several groups are investigating the po-
tential of intranasal vaccines intended 
to induce mucosal immunity. Some of 
these have been found wanting, most 
recently the intranasal version of the 
AstraZeneca viral-vector vaccine (17). 
These disappointing results, says Mor-
gon, may drive a heightened focus to-
ward the inhalation route.

At the same time, the approval of 
the CanSinoBIO inhaled COVID-19 
vaccine provides evidence that inhala-
tion delivery can be successful at gen-
erating mucosal immunity. “We now 
have significant data on the safety and 
efficacy of an inhaled vaccine. These 
data should give others confidence to 
proceed to trial with what is known to 
be a broad pipeline of vaccines that may 
have utility if inhaled,” Morgon says. 

“Indeed,” he adds, “significant activity 
has begun/restarted in the area, given 
that this new route of administration 
has been shown to be feasible, and on a 
global mass immunization scale.” Fur-
thermore, if Convidecia Air is convinc-
ingly shown to materially reduce viral 
carriage in vaccinated individuals and 
therefore curb transmission, CanSi-
noBIO believes it will turn out to be a 
blockbuster product.

“The future of inhaled vaccines has 
just received a significant boost of  

Contin. on page 35
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oral solid dosage form and the tableting 
process altogether? 

Gupta: The formulation of a drug is 
governed by a number of key factors. For 
a contract manufacturer, this would be 
determined by the customer’s preference 
or need. Otherwise, the formulation of a 
drug is generally dictated by the patient’s 
experience, compliance, and the appro-
priate packaging for the product.

In the case of needing to taste mask to 
achieve a neutral product or to add color, 
capsules would be the preferred choice.  

Although capsules have a good shelf 
life, when exposed to humidity, tempera-
ture fluctuations, or if they are subjected 
to prolonged light exposure, they can 
become brittle. Despite these variances, 
the packaging for capsules is quite simple. 

[On the other hand,] tablet packag-
ing has a higher degree of complexity 
due to varied shapes, sizes, and consis-
tency of the end product.

PharmTech: What processes can be 
used to ensure uniformity/equal dis-
tribution of ingredients in capsules/
tablets during manufacturing? 

Gupta: From a mechanical perspec-
tive, the machinery utilized to ensure 
the uniformity or equal distribution 
of ingredients depends on the require-
ment of the formulation, and also de-
termines the process. For example, in 
cases of a high degree of content uni-
formity, the processes may rely on the 
utilization of a fluid bed drier, proces-
sor, or a high-shear mixer. 

Other dependencies include the dis-
solution time, [need] for fast delivery, 
or the disintegration requirement. 

PharmTech: Can you explain tablet 
tooling and provide some consider-
ations to make when deciding what 
methods to use?

Gupta: Tablet tooling refers to a tool-
ing method that uses upper and lower 
punches, and compression force with a 
die and cup to shape granules or pow-
der into a tablet. The die is used in con-
junction with the punches to accept the 
granules or powder for compression and 
creates the tablet’s perimeter size. The 
cup depth determines the tablet’s depth.

The end product will influence the 
tooling parameters including the tablet 

W hen it comes to solid vs. semi-
solid drugs, there are many  
considerations for manufac-

turers to take in regards to the process in 
which the end product is made. While 
solid dosage drugs may be easier to man-
ufacture, they present more challenges 
regarding regulatory requirements. 
While semi-solid dosage drugs are more 
challenging to manufacture, they are 
subject to fewer regulatory obstacles. 

To learn more about the manufactur-
ing processes for solid and semi-solid 
dosage drugs, Pharmaceutical Technol-
ogy spoke with Shankar Gupta, chief 
sales officer at ACG.  

Solid versus semi-solid drugs
PharmTech: What are the pros and cons 
of solid dosage versus semi solid dos-
age, or capsules vs. soft gels? 

Gupta: Each of them have their own 
pros and cons. On the one hand, from 

a manufacturing standpoint, capsules 
are fairly straightforward. The cap-
sules are filled using a filling machine,  
and the product is ready. However, 
there are a number of standard and 
regulatory requirements that need to 
be met before they are approved for 
consumption and marketing.

Although soft-gel capsules are sub-
ject to fewer regulations, the manufac-
turing process is both longer and more 
complex, requiring a larger manufac-
turing space. Additionally, the pro-
cesses require greater numbers of staff 
with a wide range of skills. Also, pro-
cesses result in more wastage. Before 
they can be packed, they [also] need to 
be dried, which adds to the time, com-
plexity, and cost. 

Key considerations 
PharmTech: How can the formulation of a 
drug impact the quality of the resultant 

Manufacturers must consider key components 
of manufacturing solid versus semi-solid  
drugs to create a successful end product. 

Considerations for 
Manufacturing Solid 
Versus Semi-solid Drugs
Alivia Leon
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size, based on economies and end-user 
price point. This goes from low-cost 
packaging through to the creation or 
innovative shapes to drive product dif-
ferentiation and competition in a par-
ticular category and market.

Challenges and trends
PharmTech: What are some of the main 
challenges drug manufacturers face when 
trying to process oral solid dosage forms/
tablets quickly and cost-effectively while 
also maintaining high quality?

Gupta: It is widely known that effi-
ciencies in pharmaceutical productiv-
ity are not comparable to productivity 
gains in other manufacturing sectors. 
Running at an efficiency of 60–65%, the 
biggest challenge across the sector is by 
far productivity.

Also, as accuracy and quality are vital 
in cases where products are exported to 
regulatory markets, the levels of inspec-
tion are hugely increased. This, in turn, 
can hamper the ability to streamline 
and drive efficiencies.

The other challenges facing phar-
maceutical manufacturing are varied, 
from API variations to labor shortages, 
speed of product inspection, produc-
tion timelines, and speed of adopting 
new technology. However, the industry 
is accelerating its digital Industry 4.0 
transformation in pursuit of data-con-
trolled processes, which should help the 
sector to increase efficiencies, as well as 
speed to market.

PharmTech: Have you witnessed any 
significant trends in tableting over the 
past decade that have had a positive/
negative impact on the industry?

Gupta: We are seeing a rise in multi-
unit pellet system tablets. This is a solid 
dosage form that is the outcome of 
compressing a mixture of pellets that 
contain drugs and powder excipients 
[in order] to control drug release.

We have also seen a significant 
change in the adoption of inspection 
technology. The COVID-19 pandemic 
made it more evident that human in-
spection regarding the quality of prod-
ucts must be reduced, for example, by 
removing processes such as hand-pick-
ing products to test. Companies that 

focus on cost control, through the use 
of more efficient equipment and less 
onerous inspection processes, will not 
only reduce waste and the need for 
costly labor, but will also benefit from 
a reduction in costly product recall.  

Manufacturers who adopt inspection 
technology benefit from microlevel dis-
tinction differentiation of the product; 
inside and outside. These inspections are 
efficient performing at high speed and in 
real-time, meaning samples do not have 
to be taken off the line to be tested. In-
spection technology assesses every single 
product and provides real-time intelli-
gence regarding rejections so the quality 
of the products in the batch that haven’t 
been rejected can be guaranteed.

Where as the sample method of test-
ing means the entire batch quality is 
based on the test results of a subset of 
the batch and the remaining products in 
the batch are assumed to be of the same 
quality but can’t be guaranteed.

PharmTech: Could you give us your pre-
dictions on the trends within tableting 
for the coming decade?

Gupta: A growing and ageing global 
population, along with new emerging 
markets, are creating high demand in the 
pharmaceutical sector globally. With an 
increase in competition, speed to market 
is vital. Those who are customer-centric, 
provide safety assurance, and deliver 
faster will ultimately win. 

We are seeing the nascent signs of de-
mand for high-output machines. This is 
coupled with the need to drive efficien-
cies in the sector. The combination of ad-
vancements in Industry 4.0 and the need 
for leaner workforces will drive the anal-
ysis of multiple sources of data to provide 
information such as predictive mainte-
nance and even remote maintenance. 
Where machine uptime and efficient 
running costs are improved, cost savings 
will be achieved without compromising 
the quality of the product.

Additionally, we are starting to see a 
greater uptake in 3D printing in the sec-
tor. Being able to print in small batches 
results in waste reduction, coupled with 
reliable outputs and efficiencies. It will 
have a useful place in the set-up of new 
product development and has the po-
tential to revolutionize the delivery of  
personalized medicine. PT

Manufacturing

“Manufacturers 
who adopt 
inspection 
technology benefit 
from microlevel 
distinction 
differentiation of 
the product; inside 
and outside. “

— Shankar Gupta,  
ACG

In the Drug Solutions podcast, brought to you by 
Pharmaceutical Technology, the editors  chat with in-
dustry experts from across the pharmaceutical and 
biopharmaceutical supply chain. 

This episode of the Drug Solutions podcast provides 
a look back at challenge and innovation highlights in 
2022 for oral solid dosage (OSD) forms and reviews 
industry experts’ takes on factors driving the 
evolution of OSD forms as well as innovations in APIs, 
technology, and methodology.

Expert guests featured in this podcast episode 
include Deepak Thassu of LGM Pharma, Marco Gil 

of Hovione, Alex Trombley of Syntegon, Gary Pond 
of Colorcon, and Ali Rajabi-Siahboomi of Colorcon.

For more podcasts on a variety of bio/
pharmaceutical manufacturing topics, visit 
PharmTech.com/drugsolutions-podcast.

Drug Solutions Podcast: Oral Solid Dosage Forms:  
A Look Back at Challenges and Innovations
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The additional cartridge capacity 
addresses the demand for drugs that 
are self-administered via auto-injec-
tors, which make it easy for a patient 
to self-dose safely and accurately (4). 
The pre-fillable syringe (PFS) opera-
tion under construction in Lukácsháza, 
Hungary, will add a second produc-
tion hub to SCHOTT Pharma’s global 
manufacturing network. Scheduled for 
completion in 2024, it will feature fully 
automated manufacturing processes and 
cutting-edge machinery, as well as an 
advanced camera-controlled inspection 
system. “With this move, we are staying 
one step ahead in providing high-value 
solutions to store biologics, vaccines, and 
the latest generation of mRNA-based 
medications,” said Andreas Reisse, CEO 
of SCHOTT Pharma (6). 

A high-quality PFS not only offers 
stable, long-term storage for drugs, but 
also a safe and convenient delivery sys-
tem for patients and clinicians. “With 
our PFS system, we are eliminating al-
most all drug injection preparation steps 
and thereby reducing the risk of medical 
errors and contaminations. This plays 
a vital role in the safety of health care 
professionals and patients,” said Chris-
tian Helbig, vice-president for Prefillable 
Glass Syringes at SCHOTT Pharma (6). 

Two other glass container producers, 
Stevanato Group and Gerresheimer, 
have joined forces to develop RTU glass 
containers that will run on standard fill/
finish lines and accelerate the transi-
tion from bulk to RTU containers. The 
EZ-fill Smart product line, a next-gen-
eration addition to Stevanato’s EZ-fill 
family, will share the same secondary 
packaging, production process, and 
sterilization method to ensure consistent 
reliable double sourcing. “Through our 
collaboration . . . we expect to achieve an-
other important milestone in creating a 
reliable ecosystem to support, accelerate, 
and de-risk the conversion from bulk to 
EZ-fill [RTU] vials,” said Mauro Stocchi, 
chief business officer at Stevanato Group. 

“The newly developed RTU vial platform 
stands out in terms of quality, total cost 
of ownership, and sustainability, and 
takes the use of RTU solutions like vials, 
and, in the future, cartridges to a new 

T he pharmaceutical industry regis-
tered $800 million in sales in 2020 
and is forecast to grow at a 7.6% 

compound annual growth rate through 
2026, according to Pharmaceutical Man-
ufacturing Trends Shaping the Future, 
a report published in March 2022 by 
PMMI Business Intelligence, a division 
of PMMI, The Association for Packaging 
and Processing Technologies (1).

As the production of higher-value in-
jectables and customized products grows, 
packaging formats and production pref-
erences are evolving and pushing man-
ufacturers toward more automated pro-
duction lines, digitization of data, and 
expanded use of contract manufacturing 
and packaging organizations (1).

The report also notes manufactur-
ers must adjust to steady growth in di-
rect-to-consumer e-commerce channels 
and consumer preferences for sustainable 

practices (2). To meet sustainability ob-
jectives, 67% of pharmaceutical manufac-
turers are lightweighting packaging, 53% 
are increasing post-consumer-recycled 
content, 47% are seeking more energy-ef-
ficient equipment, and 40% are changing 
packaging formats (3).

Evolving packaging formats
As the demand for injectables grows, so 
does the need for ready-to-use (RTU) 
vials, cartridges, and syringes. As a 
result, suppliers are increasing capac-
ity. For example, SCHOTT Pharma, a 
standalone company established in Au-
gust 2022 by SCHOTT for its pharma-
ceutical business, started up a produc-
tion facility in Germany for pre-fillable 
polymer syringes; is expanding cartridge 
production in Switzerland, China, and 
Hungary; broke ground on a pre-filled 
syringe operation in Hungary; and plans 
to triple its capacity for high-quality ster-
ile vials in the United States (4,5,6). 

Manufacturers automate production lines  
and increase the use of third-party providers. 

Hallie Forcinio is packaging editor for 
Pharmaceutical Technology. 

Packaging Formats Evolve 
Hallie Forcinio

Manufacturing
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level,” added Dr. Lukas Burkhardt, mem-
ber of the Gerresheimer Management 
Board (7,8). 

Process and product improvements 
and increased automation through-
out the manufacturing process boost 
productivity and reduce human er-
rors. The optimized process eliminates 
glass-to-glass and glass-to-metal con-
tact, which improves vial quality and 
integrity throughout the product life 
cycle. Redesigned secondary packaging 
further enhances quality by reducing 
particle risks during fill/finish opera-
tions. The new EZ-fill Smart line also 
eliminates traditional ethylene oxide 
(EtO) sterilization and is validating a 
safer, more environmentally friendly 
sterilization method, which meets 
guidelines given by regulatory bodies 
supporting the transition away from 
EtO sterilization (8). 

Developed in close cooperation with 
major machine vendors, the EZ-fill 
Smart line seamlessly integrates with 
standard fill/finish operations and 
accommodates small- and large-batch 
production. Designed to automate the 
infeed process, EZ-fill Smart contain-
ers will be available in nest-and-tub 
and tray configurations. EZ-fill Smart 
containers in nest-and-tub arrays are 
scheduled to be available in mid-2023 
for initial validation and by mid-2024 
for commercial use. A tray configu-
ration for high-volume applications 
is expected to be available during the 
first half of 2024. “The new platform 
will enable customers to optimize 
their processes, improve their quality 
and their carbon footprint. In addition, 
our customers can benefit from a sig-
nificant reduction in the total cost of 
ownership,” said Burkhardt (8). 

Stevanato is also partnering with 
DWK Life Sciences to distribute its 
RTU EZ-fill vials in nest-and-tub and 
tray configurations and EZ-fill car-
tridges in nest-and-tub arrays. The 
pre-sterilized containers streamline 
the fill/finish process, reduce total 
cost of ownership, and shorten overall 
time-to-market (9).

A potential alternative to glass con-
tainers, MSI-TX thin film, under de-

velopment by Jurata Thin Film, stabi-
lizes biologic materials (live virus and 
bacterial-based vaccines, as well as 
antibody-based therapeutics) in a film 
matrix for ease of shipment, storage, 
and administration (10). “All compo-
nents of our thin film, except for one, 
are considered generally recognized as 
safe (GRAS) by the US FDA,” reports 
Megan Livingston, senior director of 
Business Development at Jurata Thin 
Film. She notes, “The one component 
that is not GRAS is undergoing toxicity 
studies now, the results of which will be 
submitted to the FDA in a Type IV Drug 
Master File. With that said, the amount 
of the novel excipient included in our 
formulations is so low that we do not 
anticipate any negative toxicity results.”

The thermostable nature of the film 
maintains the therapeutic efficacy of 
its payload, eliminating the need for 
lyophilization and cold-chain logistics 
and enabling a transition from tempera-
ture-controlled cargo containers to a 
sterile envelope, which can travel through 
normal mail channels (10). Livingston 
says, “For our pilot line, we are utilizing 
in-blister manufacturing, so our thin 
films will be dried within their primary 
packaging. This primary packaging will 
be labeled and put into secondary pack-
aging for shipment/distribution.” 

The thin film is adaptable to a vari-
ety of biologics, processes in about three 
hours, and is easily transferable to in-
dustrialized and developing countries. 
It has been validated with several active 
pharmaceutical ingredients, including 
influenza and Ebola vaccines, as well 
as live bacteria at room temperature  
(20 °C) for extended periods (six 
months to three years). Juarta can pro-
vide the technology to pharmaceutical 
companies for in-house use or serve as 
a contract manufacturer using bulk API 
as a starting material (10). “We typically 
require about four weeks to optimize 
the formulation of a new vaccine or bi-
ologic,” explains Livingston. 

MSI-TX thin f i lm can del iver 
vaccines and therapeutic payloads 
through buccal or sublingual routes or 
be rehydrated to recover the therapeu-
tic payload in an aqueous solution to 

be administered intranasally or paren-
terally. These routes of administration 
can improve the potency of biologics 
without using needles, for non-invasive 
vaccine and drug delivery. Juarta Thin 
Film also is optimizing the MSI-TX 
thin film for rapid and/or continuous 
release of therapeutic payloads, further 
increasing potential applications (10). 

Automation and digitization of data
Pharmaceutical production lines are 
becoming increasingly automated to 
boost production, offset labor shortages, 
and minimize human interaction with 
parenteral products. Automation also is 
key to the flexibility and quick change-
over today’s lines need to efficiently 
run multiple products, packaging for-
mats, and sizes, as well as address the 
requirements of the direct-to-consumer 
channel. As a result, the use of robotics, 
increasingly supported by vision tech-
nologies and artificial intelligence, is 
growing (11). In fact, according to the 
PMMI report, Pharmaceutical Man-
ufacturing Trends Shaping the Future, 
nearly three-quarters of respondents 
use robotics now and 53% plan to ex-
pand deployments for secondary and 
tertiary packaging applications (12). 

Even quality control systems are 
becoming more automated. For exam-
ple, PTI has introduced the modular 
E-Scan RTX model, a fully-automated 
container/closure integrity tester for 
pre-filled syringes. Its adaptable ro-
botic design relies on micro-current 
high-voltage leak detection, which is 
compatible with delicate biologic liq-
uids, including those with extremely 
low conductivity. The test yields a pass/
fail result in seconds. Listed in United 
States Pharmacopeia Chapter <1207> 
as a recommended method for par-
enteral liquid package inspection, the 
system offers a good signal/noise ratio 
between good and defective products. 
Low-voltage exposure reduces the pro-
duction of ozone (13).

Meanwhile, the pace of digitization is 
accelerating to meet regulatory require-
ments, address cybersecurity concerns, 
achieve operational visibility, and sup-
port blockchain product tracking (12). 

Manufacturing
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Reliance on third parties
The global pharmaceutical contract 
packaging market reached US$18.44 
billion in 2021 and is forecast to expand 
at a compound annual growth rate of 
8.07% through 2027, according to a 
market study available from Research 
and Markets (14). This forecast tracks 
with information in the PMMI report, 
which notes three out of five pharma 
manufacturers outsource at least a  
portion of their operations to a third-
party contractor (12). 

Contract manufacturing and pack-
aging organizations help pharma 
manufacturers address the growing 
demand for injectables and person-
alized medicine. Benefits of hiring a 
third party include access to formats 
and production methodologies that 
are not available in-house, accommo-
dating spikes in demand, and cutting 
costs by eliminating the need to source, 
install, and validate new machines and 
lines. This also frees up capital for use 
elsewhere in the operation (12). 
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momentum with the CanSinoBio/
Aerogen approvals,” summarizes 
MacLoughlin. “It is likely that more 
researchers will focus on this now bet-
ter-known route of administration, and 
we can expect to see a greater selection 
of inhaled vaccines under develop-
ment across the globe. Vaccine devel-
opers will be looking to leverage the 
anticipated benefits of this approach, 
including the potential for lower dose 
volumes, reduced risk of needlestick 
injuries and bloodborne pathogens, 
increased acceptance of non-invasive, 
needle-free administration, and suit-
ability for all age groups.”

Work won’t be limited to COVID-19 
vaccine development, either, according 
to Coleman. “Everyone in the vaccine 
field recognizes that intramuscularly 
delivered vaccines are great at protect-
ing people from severe diseases but 
do not prevent transmission, and that 
mucosal vaccines are the only way to 
achieve that goal. We expect, there-

fore, to see a push from not only the 
scientific community, but the public 
and governments to pursue mucosal 
vaccines for many types of infectious 
diseases,” he concludes.
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where a drug product, Cholestyramine 
Resin, was recalled due to contamination 
with pesticides as a result of insufficient 
cleaning of solvent drums (3). 

“Cleaning validation is a subject that 
receives a great deal of attention within 
biopharmaceuticals, not least due to 
the risks presented in terms of prod-
uct adulteration from cross-contami-
nation and, hence, patient harm from 
improperly cleaned surfaces (and not-
ing additional concerns such as opera-
tor protection),” specifies Tim Sandle, 
head of microbiology at Bio Products 
Laboratory (BPL) in Elstree, UK. 

Sandle also highlights microbial 
proliferation as an area of importance 
because of the risk it poses in terms of 
the numbers of organisms adhering to 
surfaces and the release of microbial 
toxins. “Under the least desired con-
ditions, a combination of organic resi-
dues and the presence of microorgan-
isms can lead to a biofilm developing,” 
he says. “Biofilms are difficult to detect, 
and they are challenging to remove.”

Therefore, it is expected, by the regu-
latory bodies, such as FDA, that a drug 
manufacturer has a cleaning process in 
place for all equipment to ensure that 
no drug residue exceeds the maximum 
allowable carryover (MACO) level—a 
level that is determined based on tox-
icological risk—and that there are no 
cleaning agent residues and so forth, 
Kolbert asserts. “The cleaning process 
must also be validated to ensure it is 
consistently reproducible and effective. 
The exact form of this validation de-
pends on the nature of the equipment 
as well as the cleaning process,” he says. 

“If cleaning is to be done manually, the 
reproducibility across workers will be 
need to be explored. If solvents or de-
tergents are used, reduction to an ac-
ceptable level must be demonstrated.”

Common procedures
“Approaching cleaning validation should 
always begin with a risk assessment,” 
emphasizes Sandle. “To be effective, the 
risk assessment needs to be built upon 
a thorough understanding of the equip-
ment to be cleaned and the cleaning re-
agents and mechanisms.”

W ithin the bio/pharma industry, 
there is a certain expectation 
for companies to maintain re-

quired levels of cleanliness within their 
facilities to ensure products that are 
manufactured are at minimal risk of 
contamination. All cleaning processes 
must also be validated for effectiveness 
and reproducibility. 

As drug products become more com-
plex and sensitive to potential contami-
nants, there is an increasing demand for 
cleaning validation throughout indus-
try. According to market research, the 
cleaning validation market is forecasted 
to grow by a compound annual growth 
rate of 5.7% between 2021 and 2027 (1).

Significant attention
Of course, the requirement for man-
ufacturing equipment to be clean is 

nothing new; as Andrew Kolbert, PhD, 
senior leader, Technical Solutions, El-
ement, points out, this facet of drug 
production has been a necessity for 70 
years since the introduction of the 21 
Code of Federal Regulations (CFR) 210 
Part 133.4 (2). “Early efforts [in this 
field] were focused on avoiding micro-
biological contamination or just filth, as 
seen at food manufacturers,” he states.  

“In 1978, the GMPs [good manufactur-
ing practices] were amended to 21 CFR 
Part 210.67, which specifically addressed 
the issue of cross contamination, as op-
posed to mere unsanitary conditions, 
with particular focus on manufacturers 
that made penicillin and other pharma-
ceutical products on the same equipment 
train,” Kolbert continues. The issue of 
cross contamination was brought to 
the fore by a case in 1988, he highlights, 

As the therapeutic landscape grows 
more complex, so too must the analytical 
techniques for cleaning validation to 
ensure the utmost cleanliness is achieved.

Cleaning Up in Bio/Pharma
Felicity Thomas
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Additionally, any residue(s) that 
needs to be removed must be identified 
and the optimal method to remove the 
residue(s) must be considered, Sandle 
continues. “For example, some residues 
are best cleaned by either an alkaline or 
acidic cleaner (or both types of cleaning 
agent may be required). To ensure the 
designed process has a greater chance 
of being effective, it is also important to 
understand how the residue is actually 
being removed (which requires detail of 
the residue chemistry),” he states.

“The next step is whether to use prod-
uct residues or an alternative soil to 
challenge the designed cleaning pro-
cess,” Sandle adds. “Users need to assess 
whether product residues are suitable for 
the cleaning validation because some 
process soils pose little challenge to the 
cleaning system, and it may be more ap-
propriate to use a surrogate with greater 
viscosity and binding characteristics.” 

Furthermore, Sandle points out that 
consideration should be made to how 
much residue may be permitted to 
be left, which will impact the level of 
cleaning that is required. “This [con-
sideration] means selecting appropri-
ate sampling methods, typically based 
on rinsing and swabbing, and the ap-
propriate test methods for microbial 
and chemical analysis,” he says. “With 
methods, there needs to be an under-
standing about the metrology of the test 
instruments and the likelihood they can 
quantify the minimum acceptable res-
idue. In addition to typical analytical 
method validation parameters (spec-
ificity, accuracy, linearity, limit of de-
tection, precision), the actual sampling 
procedure must be qualified.”

For Kolbert, swabbing all of the drug 
product contact surfaces along the 
manufacturing train using the sim-
plest analytical finish that will achieve 
an appropriate limit of detection is the 
most common approach. “If the drug 
product has a chromaphore, HPLC 
[high-performance liquid chromatog-
raphy] or even UV [ultraviolet]/vis [vis-
ible] may be sufficient,” he says. “It is 
important to detect not only the drug 
product but any degradants or by-prod-
ucts that may be created.” 

Also, if a detergent mix or solvent is 
required for the cleaning process then 
merely analyzing the rinsate does not 
suffice, Kolbert admonishes. “The prod-
uct path components must also be tested 
for residue by direct swabbing,” he states. 

“A commonly used metaphor is if you are 
cooking in a pot, it is not enough to an-
alyze the water rinse, you also need to 
look at the pot for old product residue 
that may break off over time.”

Potential pitfalls
Increasingly, companies are utilizing 
highly potent drugs in biopharmaceu-
ticals, which is creating challenges in 
terms of cleaning validation, asserts 
Kolbert. These drugs have extremely 
low MACO, which has driven analytical 
limits of detection to barely achievable 
levels, he adds. As a result, it is becoming 
necessary to use liquid chromatography 
coupled with tandem mass spectrom-
etry to hit the toxicologically driven 
thresholds, Kolbert states.

In Sandle’s opinion, the main chal-
lenges in cleaning validation are in re-
lation to residue removal, which is par-
tially dependent upon the required level 
of cleanliness and the level of cleanliness 
that can actually be achieved—which 
relates to the design of the equipment. 

“Ideally, equipment selection will have 
embraced quality-by-design and there 
will be no inaccessible parts,” he con-
tinues. “However, in reality, some areas 
of large items of equipment are easier to 
clean than others and the main chal-
lenges that arise are often cantered on 
developing cycles that can reach chal-
lenging locations [such as] narrow pipes, 
u-bends, valves, and so on.”

Another area that is sometimes ne-
glected is consideration of the age of 
equipment, Sandle specifies. “Manu-
facturing activities have the potential 
to induce abrasion and corrosion,” he 
says. “Hence, consideration must be 
given to ageing equipment with any 
aspect of cleaning.”  

Regulatory expectations
Regulators expect companies to con-
duct a risk assessment, Sandle points 
out. “With the risk process, it is good 

practice to use a multi-disciplinary 
team. The team should assess indirect 
product contact pars in relation to: the 
ability to build-up residues and the abil-
ity to transfer residues to product con-
tact sites,” he explains.

Additionally, there is an expectation 
from regulators that all sample locations 
selected are represented and that poten-
tial ‘worst cases’ are indicated, Sandle 
notes. “I have seen several regulatory 
findings for cleaning validation that has 
been undertaken using locations that 
are not sufficiently challenging,” he says.

“A common regulatory issue also re-
lates to manual cleaning,” Sandle con-
tinues, “especially around verification 
[as to whether] the operators can con-
tinue to undertake manual cleaning to 
a reliably high standard.”  

Essentially, the cleaning process 
needs to be documented and demon-
strated to be valid as per the regulatory 
bodies’ guidance, such as FDA outlined 
in Validation of Cleaning Processes 
(7/93) (3), confirms Kolbert. “There are a 
number of pitfalls that must be avoided, 
such as an overreliance on rinse analy-
ses instead of direct observation of the 
equipment product contact paths; lack 
of sufficient evidence of reproducibil-
ity of any manual steps in the cleaning 
process; and verification of the absence 
of cleaning agents at the conclusion of 
cleaning,” he emphasizes.

“Perhaps the most important lesson 
from regulatory findings is the impor-
tance of running a risk assessment to 
manage the process, focusing on the 
proactive identification of hazards, se-
lecting the optimal process to reduce 
the risk presented by these hazards, and 
with that ensuring there is a suitable 
measure of detection in place to verify 
the outcome,” Sandle says.

What’s next?
Sandle hopes that there will be increased 
use of rapid methods in cleaning valida-
tion that can provide real-time assess-
ments in the near future. “Adenosine 
triphosphate (ATP), protein residue, and 
glucose residue swabs are among the 

Contin. on page 39
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failures. “Your investigations into the fol-
lowing media fill failures were inadequate 
in that they lacked sufficient rigor in de-
termining root causes and scope of im-
pact after the media fills revealed serious 
non-sterility risks in your aseptic process 
operations,” the letter stated.

After the agency’s inspection and 
findings, the company took steps that 
included a Field Alert Report, batch re-
jections, and suspension of operations. 
However, FDA stated these actions were 
not sufficient. “However, you continued 
to observe contaminated units in sub-
sequent media fills. The recurring inci-
dents of contaminated units in media 
fills are an indicator of an adverse trend 
in your aseptic filling line. You did not 
provide a comprehensive assessment 
of contamination risk factors in your 
aseptic processing operations that sup-
port robust and holistic remediations to 
your aseptic processing operation design. 
Systemic remediations are essential to 
address a pattern of recurring contam-
ination events and ensure sustainable 
control of your aseptic processing oper-
ations,” the letter stated.

In response, the company was re-
quired to provide FDA with a compre-
hensive risk assessment of contamina-
tion hazards in its aseptic facility and 
processes. The company must also 
provide a remediation plan and a CAPA 
plan to implement routines, operations, 
and management. An evaluation of the 
company’s aseptic processing operations 
was also required by the agency.

Write it down
Following good manufacturing prac-
tices (GMPs) helps produce a qual-
ity product that is effective and safe. 
Having written standard operating 
procedures (SOPs) is a staple of GMPs. 
These written procedures not only en-
sure that employees know the required 
steps to perform manufacturing op-
erations, they also assure FDA that a 
company’s processes and methods are 
sound and efficient. 

In a warning letter dated Sept. 27, 
2022 (2), FDA inspectors found a com-
pany in India had not established ade-
quate written procedures for equipment 

O f the variety of FDA warning 
letters sent to bio/pharmaceutical 
manufacturing and distribution 

companies at the end of 2022, a good 
amount seemed to be targeted at those 
companies trying to market unadul-
terated COVID-19 treatments. But the 
agency did have some feedback for 
bio/pharma manufacturers producing 
legitimate medicines. 

As expected, quality assurance 
and control were the top issues FDA 
pointed out to companies. Investigat-
ing deviations through corrective ac-
tions and preventive actions (CAPA), 
establishing robust quality control 
units (QU), and having written pro-
cedures in place were mentioned in a 
variety of warning letters sent to drug 
manufacturers in 2022. 

The following are some notable com-
ments from FDA.

CAPA, CAPA, CAPA
In a warning letter (1) regarding an in-
spection done in March and April of 2022 
at a Phoenix, Ariz. facility, the agency 
reproached the company for not thor-
oughly investigating batch discrepancies, 
failures, and out-of-specification results. 

“You failed to effectively implement 
corrective actions and preventive actions 
(CAPA) and return your aseptic process-
ing line and manufacturing operations 
to a state of control. Multiple media fill 
failures occurred between April and 
October 2021, when simulating aseptic 
processing operations on the filling line 
used for your drug product Abraxane (a 
sterile (b)(4) drug),” the letter stated.

According to FDA, the company did 
not adequately perform an evaluation 
and remediation of the loss of control of 
aseptic operations and released batches 
that may have been impacted by the batch 

FDA sent a variety of warning letters to drug 
manufacturers at the end of 2022 highlighting 
myriad CGMP and quality control violations.

Write it Down,  
Investigate, and Control
Susan Haigney

Quality/Regulations
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cleaning and for monitoring control of 
processing steps that may cause vari-
ability in quality characteristics. This 
lack of written procedures resulted in 
the agency asking the company to pro-
vide an independent, retrospective as-
sessment of effectiveness of their clean-
ing processes to evaluate the possibility 
of cross-contamination. A CAPA plan 
and improvements in the company’s 
cleaning validation program were also 
required. The agency also asked for a 
procedure for a risked-based review of 
all of the company’s products. 

A China facility also received no-
tification from FDA that they lacked 
written procedures for equipment 
cleaning (3). “You manufacture drug 
products using the same equipment 
that you use to manufacture non-drug 
industrial products such as (b)(4) and 
(b)(4). Inadequate removal of residues 
from manufacturing equipment during 
cleaning can lead to contamination of 
drug products subsequently manufac-
tured on the non-dedicated equipment 

… In your response, you provided a 
document outlining your procedures 
for cleaning and disinfecting manufac-
turing equipment. It is unacceptable as a 
matter of CGMP to continue manufac-
turing drugs using the same equipment 
that you use to manufacture industrial 
products due to the risk of cross-con-
tamination,” FDA stated in the letter.

In addition to a risk assessment of the 
products manufactured on the shared 
equipment, the agency requested a sum-
mary of updated SOPs that showed an 
appropriate validation and verification 
program for cleaning procedures. 

Control quality
The creation of an adequate quality con-
trol unit has been something FDA has 
continually mentioned in warning let-
ters to drug manufacturing companies. 
In October 2022, a Mexico facility (4) 
was given an FDA warning letter that 
pointed out the company’s quality con-
trol unit did not ensure the products 
manufactured met CGMP compliance 
or established specifications. 

The letter stated the quality unit did 
not provide adequate oversight and did 
not have adequate procedures for han-
dling vendor qualification, batch release, 
reserve samples, investigations, com-
plaints, and training. The QU also did 
not properly test incoming components 
or adhere to a stability program. 

In another FDA warning letter (5), a 
China facility failed to fully investigate 
API impurities in associated batches. 
“Though you identified at least four 
lots that failed your (b)(4) impurity 
specification, you did not extend your 
investigation to all lots manufactured 
prior to August 2018 after you identi-
fied (b)(4) had a higher risk of forming,” 
FDA stated in the letter. The firm also 
did not establish an impurity profile 
for identified and unidentified poten-
tial impurities. “Your firm failed to 
perform a systematic evaluation of the 
manufacturing process of (b)(4) API 
and have robust procedures to identify 
the potential formation of (b)(4) impu-
rity,” the agency stated. 

Computer and systems controls 
were mentioned in an FDA warning 
letter to a German facility (6), where 
the company did not have appropriate 

controls ensuring changes to master pro-
duction and control records were limited 
to authorized personnel. “You failed to 
have adequate controls in place for your 
Fourier Transform Infrared Spectrom-
eter (FTIR) system. For example, you 
did not establish unique usernames and 
passwords for each analyst. In addition, 
the audit trail function was disabled even 
though this Fourier Transform Infrared 
Spectrometer is routinely used for raw 
material and finished product testing … 
Your quality system does not adequately 
ensure the accuracy and integrity of data 
to support the safety, effectiveness, and 
quality of the drugs you manufacture,” 
the agency stated.

Conclusion
The issues included herein have been seen 
in a variety of FDA warning letters this 
year and in the past. It is apparent that the 
agency is still focused on ensuring that 
manufacturers are following GMPs and 
taking product quality seriously. 
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more useful rapid methods, although 
further development is required to  
improve accuracy and repeatability,” 
he highlights. “Of the different ‘PAT  
[Process Analytical Technologies] meth-
ods’, ATP bioluminescence technology 
offers a higher sensitivity compared with  
colorimetric methods.”

In terms of management of cleaning 
validation processes, software develop-

ments are piquing Sandle’s interest, in-
cluding some that are employing artificial 
intelligence. “Such packages can help to 
sort equipment into types where a matrix 
approach is preferred, as well as enabling 
scheduling and for setting re-validation 
targets,” he states.

At its very essence, cleaning valida-
tion will require greater consideration, 
simply as a result of the evolving thera-
peutic landscape, Kolbert asserts. “The 
increased use of biological therapeutic 
agents in pharmaceutical manufactur-

ing will require increased complexity of 
analytical techniques as activity of the 
residue is as important as chemical pres-
ence,” he summarizes.  
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services like formulation develop-
ment, analytical method transfer and 
verification, and good manufacturing 
practice (GMP) batch manufacturing 
and fill/finish (2).

Other companies are focused on 
expanding their CDMO services for 
parenteral drugs to customers outside 
of the United States. For example, Ter-
umo Pharmaceutical Solutions is set 
to offer end-to-end services with pre-
filled syringes (PFS) design, molding, 
drug preparation, filling, assembly, 
and final packaging for biotech drugs 
and small molecules (3).

Additionally, the services would in-
clude early development stage to large-
scale commercial production for global 
pharmaceutical customers, such as as-
sembly of PFS with devices such as au-
toinjectors and needle safety devices (3).

Acquisitions 
With the ever-changing state of CDMOs, 
acquisitions are continuing to occur for 
the overall better development of the 
pharmaceutical industry (4).

Kindeva Drug Delivery, a CDMO, 
acquired iPharma Labs, which is a 
CDMO focused on inhaled medi-
cines, in June 2022. iPharma comes 
from a specialization background in 
inhalation formulation and the de-
velopment of liquid, dry powder, and 
propellant-based therapies and has 
worked with dry powder inhalation, 
soft mist inhalers, and nebulizers for 
both small and large molecules in the 
earlier stages of drug development (4).

Catalent has also completed the ex-
pansion of its clinical supply facility in 
the Waigaoqiao Free Trade Zone (FTZ) 
in Shangai, China. The expansion has 
allowed for installation of additional 
refrigerated and deep-frozen storage, 
including the development of second-
ary packaging capabilities (5).

New facilities
As new facilities begin to open, such 
as Thermo Fisher Scientific’s opening 
of a new facility in Hangzhou, China, 
more companies are aimed to be at the 
forefront of boosting biologics, sterile 
development, manufacturing capabil-

O utsourcing has become a crucial 
part of the biopharmaceutical in-
dustry, with many contract manu-

facturing organizations (CMOs) being the 
only facilities with the ability to produce 
vaccines and therapies in the vast volumes 
requested. Other reasons for outsourcing 
include the need to control costs/minimize 
internal staff and resources, getting a 
product out to the market in an efficient 
way, and having no alternative ways to 
complete manufacturing capabilities (1).

For the near future, CMOs are hop-
ing to grow outsourcing to signifi-
cantly higher levels in many different 
areas, with a focus on analytical testing,  
toxicity testing, and fill/finish opera-
tions. In addition to these predictions, 
CMOs are already making shifts in 
their operations to have more options 
and advanced services (1).

Contracts and expanded services
An example of this is how many sponsor 
companies are heading toward contract 
development and manufacturing orga-
nization (CDMO) service agreements 
to further improve their processes. In 
October 2022, Societal CDMO entered 
two new contract development and 
manufacturing service agreements, 
which will provide an array of analyt-
ical method, technical transfer, formu-
lation, manufacturing, and packaging 
services for novel therapeutics (2).

The first contract focuses on ser-
vices such as analytical method de-
velopment and validation, technical 
transfer combined with formulation 
optimization, clinical trial batch man-
ufacturing, and primary packaging 
for the drug. Meanwhile, the second 
contract targets on Societal CDMO’s 

CMOs are hoping to grow outsourcing to 
significantly higher levels in many different 
areas, with a focus on analytical testing,  
toxicity testing, and fill/finish operations.

The Growth and 
Emergence of Technology 
in the Outsourcing Space
Jill Murphy
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ities, and more. In addition to offering 
integrated clinical and commercial 
drug substance and drug product ca-
pabilities, the company plans to feature 
commercial packaging and labeling ca-
pabilities in the near future (6).

The expansion of new facilities calls 
for an effort on new investments to bet-
ter manufacture products. For example, 
Recipharm announced it would be ad-
vancing their CDMO with a new high-
speed filling line for pre-filled syringes 
and cartridges at one of their sterile 
manufacturing facilities in Germany. 
The line will be fully Annex 1 compli-
ant and designed to support both small- 
and large-volume projects (7).

Trends in outsourcing
As for trends in outsourcing strategies, 
the latest CPHI report predicts that 
a significant shift in outsourcing  
strategies is being experienced glob-
ally, with innovators planning out a 
product’s full lifecycle as early as the 
pre-clinical stage (8).

A key finding in the report found 
that “pharma-ready” synthetic routes 
are being planned much earlier in 
the development process, whereas 

“phase-appropriate development” is 
believed to be an outdated approach 
speci f ica l ly when dea l ing w it h 
accelerated pathways. Further, the 
report mentioned that innovators 
will need to decide on using a single 
end-to-end provider or a multi-pro-
vider model, and CDMOs need to  
reevaluate their approaches to develop-
ment and marketing (8).

Through single-use/disposable sys-
tems, advanced therapeutics/cell and 
gene therapy technologies, continu-
ous bioprocessing, and other differ-
entiated bioprocessing services, the 
future of biopharmaceutical CMOs is 
set to emerge into multiple markets to 
increase productivity and cut costs (1).
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Q.Creating a contamination control strategy (CCS) 

is now a requirement defined in Annex 1 of the 

European good manufacturing practice regulations 

(1). The document does not describe how to create such a strategy. 

Can you provide us with some best practice information?

A.Any company that must comply with that regulation have 

until Aug. 25, 2023 to be compliant. Several industry asso-

ciations are working on or have already issued some best practice 

documentation to their members. Therefore, it may be beneficial 

to become a member of such an organization. 

In the meantime, the following are some best practices: 

• Define the CCS scope, which should encompass sterile 

products, and any products or ingredients requiring 

bioburden control. Identify all contaminants, including those 

that impact quality, sterility, or efficacy.

• Position the CCS, which means developing the CCS relative 

to process and facility design. The CCS will be related to 

the site master file and the site’s pharmaceutical quality 

system (PQS), as well as the life cycles for the products 

manufactured on site. 

• Establish the CCS structure, which is typically a Site Master 

CCS that is an overarching approach to contamination 

control document. The Site Master CCS links the detailed 

area CCS documents together, which address the area 

specifics and product specific information.

A CCS is a holistic approach to contamination control that 

will take into account all existing measures in place. These are 

likely to include (in no particular order) housekeeping, materials 

storage and management, personnel and material flows, facility 

and equipment design, process design and controls, heating, 

ventilation, and air conditioning (HVAC) and utilities, preventive 

maintenance, corrective and preventive actions, training, cleaning 

and disinfection, outsourced activities, continuous improvement, 

and quality by design.

The control measures in these will comprise:

• Technical control measures based on science and 

knowledge of process, product, and risks 

• Organizational/procedural control measures defined in the 

PQS based on quality risk management principles.

The goal of the CCS is to document detailed process knowledge 

and all associated potential contamination sources, and how 

the company assures appropriate controls to manage the risks 

at an acceptable level. Furthermore, the CCS documents the 

interrelation of the various control measures. As mentioned, many 

control measures are in place, but it may not be clear if there are 

any gaps (i.e., lack of a comprehensive overview).

This may still sound abstract, so here is an example. For a 

cleanroom suite, a company has gowning and operating 

procedures in place, HVAC installed, and is monitoring differential 

pressure, room temperature and relative humidity, amongst 

other measures. That is considered good practice and addresses 

regulatory requirements. However, it does not describe what 

the gowning procedure is achieving, (i.e., whether the gowning 

is reducing the shedding of particles, or whether the gowns are 

of the appropriate material and size). It also does not address 

whether this gowning regime is appropriate in relation to the 

contamination in the rooms, as controlled by the HVAC system 

and as measured by the room monitoring system. Only if this is 

reviewed, assessed, and documented as part of a CCS, will it be 

known if the technical and procedural controls are balanced and 

represent compliant controls.

Hopefully, this shows that a CCS is not merely a regulatory 

requirement, but provides significant benefits to the industry, not 

least to help understand the controls holistically

Reference
1. EC. Annex 1 : Manufacture of Sterile Medicinal Products. Eu-

draLex, The Rules Governing Medicinal Products in the European 
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Your opinion matters.
Have a common regulatory or compliance question?  

Send it to shaigney@mjhlifesciences.com, and 
it may appear in a future column.

Creating a Contamination  
Control Strategy

A CCS provides significant benefits to the industry and helps with holistically  
understanding contamination controls, says Siegfried Schmitt, vice president, Technical at Parexel. 

A CCS is a holistic 
approach to contamination 

control that will take 
into account all existing 

measures in place. 
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