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RECYCLED BOTTLES
Post-consumer bottles 

are collected

CHIP
Bottle flake is melted, filtered, 

and formed into chip

FLAKE
Bottles are chopped into flake 

and cleaned 

RECYCLED FIBER
Chip is melted and made 

into yarn

WIPE
Yarn is knitted into 

ReFIBE Wipes

Here’s how it works!

FACTS
100% polyester • Low in particles and fibers • Sustainable option without jeapordizing quality • 

Available 9”x9” and 12”x12” • Heat-sealed edges • One case saves up to 840 bottles from landfill

For more information, go to www.contecinc.com/refibe

Order a 
Sample  
Today!
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From Waste 
to Wipe
Contec introduces a range of 

cleanroom wipes manufactured 
from recycled materials

#cleangreen

Sustainability. It’s more than claiming you have a full line of products derived from 
plastic bottles. At Contec, it’s a commitment to improving the world we live in.

At Contec®, it includes the installation of solar panels at our U.S. manufacturing facility 
and ensuring that 95% of our fi nished goods packaging is recyclable. It’s corporate social 
responsibility initiatives driving substantial changes impacting our company, our people and 
our community by 2024. And yes, it includes our recent launch of ReFIBE® – the cleanroom 
industry’s FIRST polyester wipe made from recycled post-consumer plastic bottles. One 
case can save up to 840 plastic bottles from our planet’s oceans and landfi ll. Sustainability.
At Contec, it’s one more example of our commitment to doing Whatever it Takes™ for the 
industries we serve and the world we share. See more at www.contecinc.com/refi be
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MORE TECHNOLOGY.

With many Cyclodextrins, you’re only adding 
new issues into the equation. Not with Captisol. 
With revolutionary, proprietary technology, 
Captisol is rationally engineered to significantly 
improve solubility, stability, bioavailability and 
dosing of active pharmaceutical ingredients.

SOLVE PROBLEMS WITH CAPTISOL SOLUTIONS.

CAPTISOL.com

https://www.captisol.com/
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Cart base transporting 
products coming from 

GRADE C area.

Cart top slides onto a 
new, clean base.

Cart base ready to move 
products going to a

GRADE A area.

LINE OF DEMARCATION

SEPARATING ROOM CLASSIFICATIONS

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

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

reducing corrosion and pitting.
✓  Reduces garment contamination and 

gloves ripping. 

ELIMINATE CART WHEEL DISINFECTION

For more information visit: sterile.com/cart2core

    MOVE PRODUCTS
     NOT 
    MOVE PRODUCTS
     NOT CONTAMINATION

VELTEK ASSOCIATES, INC.

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

Patents: sterile.com/patents
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https://sterile.com/


6    Pharmaceutical Technology JULY 2020  PharmTech .com

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 
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Continuous drug manufacturing
/// Solid-Liquid Blending with the MHD 2000 System

MHD 2000 FOR CONTINUOUS PRODUCTION
When production quantities require a continuous process, the MHD 2000 can
get the job done. It has a unique, patented design that doesn’t require suction to 
draw in the powders, which essentially eliminates aeration. The MHD accurately 
combines the solid and liquid, and disperses them into a homogeneous, final 
product. Tanks and other auxiliary equipment can often be eliminated, saving 
capital and operating expenses. 

UTILIZE OUR ENGINEERING SERVICES FOR MHD INTEGRATION
In addition to standard machines and units we offer individual procedural 
solutions for your specialized mixing tasks. Our long-standing experience in 
machine and plant construction for clients in varying application ranges as well 
as numerous innovations and advancements are the foundation for a successful 
collaboration. If you decide on a turn-key plant, we will take care of the basic 
and detail engineering as well as the necessary coordination with sub-suppliers, 
including commissioning and training of your employees.

ALSO AVAILABLE: SCALE-UP FROM R&D TO PRODUCTION
From the lab machine to the processing plant and back again using a single 
technology. The magicLAB was designed for small scale product requirements 
and, specifi cally, to simulate various IKA inline high shear homogenizers and 
batch processing plants. Thus, you can utilize outstanding technology from 
only one single supplier, which enables process simulation and a seamless 
scale-up from development to the production phase.

Engineered Solutions Available  Processing, Detailing, Design

ALSO AVAILABLE: SCALE-UP FROM R&D TO PRODUCTION
From the lab machine to the processing plant and back again using a single 
technology. 
and, specifi cally, to simulate various IKA inline high shear homogenizers and 
batch processing plants. Thus, you can utilize outstanding technology from 
only one single supplier, which enables process simulation and a seamless 
scale-up from development to the production phase.

MHD magicLAB

IKA Works, Inc.
2635 Northchase Parkway SE Wilmington, NC 28405
Phone: +1 910 452-7059, Fax: +1 910 452-7693
eMail: process@ikausa.com, web: www.ikausa.com

The simplest way is to look for 
the 3-A Symbol

IKAworldwide // #lookattheblue

http://www.ikausa.com/
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Rita Peters

F or researchers involved in the 
development of new treatments 
and vaccines to combat COVID-

19, the past five months have been a 
scramble to research potential thera-
pies, collect and analyze data, acceler-
ate clinical trials, and plan manufac-
turing processes. While the biopharma 
industry knows these development 
efforts are moving at record pace, for 
some patient groups, policymakers, 
and the public, the efforts are not 
moving fast enough.

When someone is seriously ill, fam-
ily members and healthcare providers 
are desperate for an effective treatment. 
History has shown that many “promis-
ing” therapies initially raised the hopes 
of patients, only to disappoint when 
the therapy did not work as predicted. 
During this global pandemic, public 
and policymaker pressure can make 
the R&D task more difficult. 

For example, earlier this year, hy-
droxychloroquine was touted as a possi-
ble treatment for COVID-19; FDA faced 
criticism when it issued emergency use 
authorization (EUA)—based on limited 
data—on March 28, 2020. When subse-
quent clinical trials showed the drug was 
unlikely to be effective as a treatment for 
COVID-19, and the cardiac side effects 
outweighed the benefits, FDA withdrew 
the EUA on June 14, 2020. 

Keeping pace with the rapidly emerg-
ing research about the SARS-CoV2 virus  
and vaccine and therapy development is 
a monumental task. Thousands of scien-
tific papers have been released, and drug 
companies and research organizations 
have been collaborating and sharing 
information on levels described as un-
precedented. These findings need to be 
reviewed to ensure decisions about ther-
apies are based on data rather than polit-
ical motives, or undue influence.

Missteps and misinformation related 
to diagnostic testing, distribution of 
personal protective equipment, and the 
wearing of face masks have eroded pub-
lic trust in the abilities of FDA and other 
government authorities to manage the 
pandemic. While anecdotal evidence 
points to the availability of a vaccine be-
fore the end of 2020, public confidence 
in FDA, the government, and drug com-
panies needs to be established. 

Following the “North Star”
During a BIO 2020 digital event on 
June 10, 2020 (1), FDA Commissioner 
Stephen M. Hahn emphasized the 
importance of science-based decision 
making, as well as regulatory authority 
independence to make approval deci-
sions, key factors to assuring the pub-

lic that the vaccines and therapies are 
approved with public safety and health 
at the forefront. 

As applications for emergency use 
and investigational new drug appli-
cations poured into FDA in the ini-
tial days of the pandemic, Hahn says 
the agency reviewed all applications, 
and prioritized those with the high-
est level of science behind them and 
the greatest chance of making it to 
clinical trials. 

Some bio/pharma companies are 
participating in and receiving funding 
from the federal government’s Oper-
ation Warp Speed and Accelerating 
COVID-19 Therapeutic Interventions 
and Vaccines programs. Hahn noted, 
however, that FDA has established a 

“barrier” between itself and these pub-
lic-private partnerships to reinforce 
the agency’s regulatory independence. 

“We will prioritize based on science, 
we will not prioritize based on who 
comes through the door,” he said. “We 
are agnostic with respect to the spon-
sor, but we are very much aligned with 
where the science appears to us to be 
the highest level.”

Hahn said he understands the 
“enormous amount of pressure” related 
to the pandemic; however, the agency’s 

“North Star” will be data and science. 
The agency may have to update de-
cisions as new data are available, he 
noted, but will continue to make deci-
sions based on science.

Reference
1.  BIO, Fireside Chat with FDA Commis-

sioner Dr. Stephen M. Hahn, BIO 2020 
Digital Event, June 10, 2020. PT

Navigating  
Uncharted Waters
Data and science must guide FDA in COVID-19 
crucial vaccine and therapy approval decisions.

FDA Commissioner 
Hahn commits to  
a science-based 
review and 
approval process.

Rita Peters is editorial 
director of Pharmaceutical 
Technology. Send your 
thoughts and story ideas to 
rpeters@mjhlifesciences.com.



pda.org/2020micro

OCTOBER 19-21
EXHIBITION: OCT. 19-20

2020 PDA RAPID MICROBIOLOGICAL METHODS WORKSHOP: OCT. 21-22
TRAINING COURSES: OCT. 22

#PDAmicro

PDA is committed to maintaining opportunities for volunteers and individuals from the pharmaceutical industry 
to meet, wherever we can do so. PDA considers safety and health of event attendees as a subject of utmost 
importance. PDA has implemented a set of measures to protect participants and staff from potential risks 
related to COVID-19 as best as possible. This includes a close and regular monitoring of the situation, adherence 
to recommendations of health authorities and offi  cial travel warnings, precautions being implemented at our 
venues, and the possibility of remote presentations or virtual events.

REGISTER BY AUG. 10 AND SAVE UP TO $600!

This year marks a milestone for this popular Conference – 15 years of expert presentations, deep 
insights into regulations and advances, and constant inquiry that drives the industry forward. 

We will be looking back across the years to see the ways in which the fi eld has evolved and how we 
can take those lessons learned into the future.

Join us in October as we examine these questions and many more.

To learn more and register, visit pda.org/2020micro 

15th Annual
PDA Global
Conference on
Pharmaceutical
Microbiology
Keeping Microbiology in the Loop

https://www.pda.org/global-event-calendar/event-detail/15th-annual-pda-global-conference-on-pharmaceutical-microbiology
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Double Planetary Mixer
The Double Planetary Mixer from 
Ross is scalable through 1000-gallon 
production models and is offered in 
a sanitary turnkey configuration that 
features a stainless-steel workbench 
for the mixer and discharge system. 
The sanitary four-gallon Double 
Planetary Mixer & Discharge System Model DPM/DS-4S (pictured) 
includes interior and exterior stainless-steel, and type 316 surfaces with 
an electropolished, 150-grit finish. The mixer’s jacketed mixing vessel 
and high viscosity blades are equipped to produce thick gels, pastes, 
putties, and other semi-solids under specific temperatures, and its 
sealed gearbox and stirrer shafts help ensure complete cleanability and 
eliminate cross-contamination between batches. 

Charles Ross & Son Company
www.mixers.com

Triple Quadrupole 
Mass Spectrometer

The LCMS-8060NX from Shimadzu is a triple quadrupole mass 
spectrometer that works to enhance method development and 
routine analysis. With various analytical intelligence functions 
included, the device enhances analysis throughput and improves the 
operational efficiency of the workflow, from preparations for analysis 
to data processing.

The mass spectrometer comes equipped with an IonFocus unit 
for reduced instrument contamination that navigates ions toward the 
interior while removing unnecessary components to help prevent 
decreases in detection accuracy or sensitivity. In combination with the 
company’s Nexera LC system, the device can start up or shut down 
analytical instruments automatically. 

Shimadzu
www.shimadzu.eu

Pump Tubing System
A d v a n t a P u r e ’s  G O R E 
STA-PURE Pump Tubing 
s y s t e m s  c a n  n o w 
overmold into any manifold 
tubing assembly as its 
pump element. Designed 
for optimal performance 
in peristaltic pumps, the 
s ys tem is  made w i th 
platinum-cured silicone rubber and ePTFE for a fluid transfer product 
that uses overmolding technology to provide a smooth contact surface 
for fluid flow.

The tubing system can also lessen the risk of tubing ruptures 
in pumps, withstand operating pressures up to 100 psig, maintain 
consistent flow rates, lower spallation, and support sterile fluid 
processing. 

AdvantaPure
www.advantapure.com

Settle Plate Stand 
for Cleanrooms
Cherwell Laboratories 
expanded its l ine of 
stainless-steel prepared 
media accessories for 
cleanroom monitoring 
programs with its new 
f loor standing set tle 
plate stand. With the 
ability to hold one to two plates, the stand features a two-shelf design 
that has space for the exposed plate and its lid to prevent them from 
separating or getting damaged. The new model is floor standing and 
mounted on a single rod with a circular base for stability. Available 
at heights of 800mm and 1000mm, the stand can also be made to a 
customer-specified height. 
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Pandemic Spurs Efforts to Boost 
Pharma Manufacturing in US

O ngoing shortages of critical med-
icines, many linked to supply 
chain disruptions due to the 

COVID-19 pandemic, continue to gen-
erate calls to shift production of drugs 
and pharmaceutical ingredients from 
foreign nations to the United States. The 
globalization of the biopharmaceutical 
industry during the past 30 years has 
encouraged production of drugs, par-
ticularly generic medicines and APIs, 
in regions offering cheap labor and less 
restrictive environmental and other 
regulations. Now the White House and 
some members of Congress look to “on 
shore” drug production to better ensure 
reliable access to vital medicines now 
produced overseas.

An example of how the Trump Ad-
ministration’s “Buy American” cam-
paign could apply to pharmaceuticals 
is the announcement on May 19, 2020 
of an initial $354 million, four-year 
award to Phlow Corp. by the Biomed-
ical Advanced Research and Develop-
ment Authority (BARDA) to boost US 
production for both the ingredients and 
finished dosage forms of certain drugs 
experiencing supply shortages (1). Peter 
Navarro, director of the White House 
Office of Trade and Manufacturing Pol-
icy, made clear that a prime objective is 
to reduce US reliance on foreign man-

ufacturing and supply chains for “our 
most important medicines and active 
pharmaceutical ingredients,” to avoid 
placing “Americans’ health, safety, and 
national security at grave risk” (2). 

A main question about the BARDA 
award, which can rise to $801 million 
over 10 years, is whether the investment 
can ensure access to high-quality, made-
in-the-USA drugs at affordable prices 
without the large government subsidy. 
It’s well documented how production 
of APIs and generic drugs moved to 
India and China and other regions in 
the 1980s to reduce costs. One result has 
been ongoing product shortages, many 
related to quality manufacturing issues, 
as firms at home and abroad delayed 
improvements and modernization of 
facilities and accepted ingredients with 
limited quality assurance. 

Members of Congress have proposed 
multiple measures to address US reli-
ance on foreign drug production, some 
specifically targeting products made in 
China to protect access to vital medi-
cines in case of a trade war. Other bills 
seek to encourage more US manufac-
turing through tax credits and other 
economic incentives, and to require 
firms producing finished drugs to 
disclose more information to FDA on 
sources for APIs and starting materials. 
There is little talk, though, about ac-
cepting higher prices for generic sterile 
injectables to ensure product quality.

Inspecting quality
One rationale for boosting pharma 
production in the US is to facilitate 
FDA oversight of product quality and 

compliance with good manufacturing 
practices (GMPs). The rise in foreign 
drug production has strained FDA ef-
forts to monitor and inspect manufac-
turers that export to the US, a situation 
aggravated by the halt to all drug facil-
ity inspections since March 2020 due 
to the pandemic (3). 

FDA oversight of foreign drug manu-
facturing was revisited at a hearing before 
the Senate Finance Committee in early 
June, following up on earlier Congres-
sional reviews of the need for FDA to 
increase its oversight of overseas firms, 
particularly those in China and India 
(3). FDA reported to the Senate panel 
that it was conducting more inspections 
of foreign plants in recent years, a devel-
opment supported by the Government 
Accountability Office (GAO), which has 
conducted regular assessments of FDA’s 
foreign pharmaceutical inspection pro-
gram since 2008 due to concerns about 
inadequate oversight of foreign producers 
(4). Yet, GAO continues to criticize FDA 
for routinely providing advance notice 
to foreign manufacturers of planned site 
visits, as opposed to unannounced in-
spections in the US. FDA foreign inspec-
tors also have to rely on local company 
translators and limited time frames for 
examining extensive foreign facilities. 

Pharma companies, not surpris-
ingly, oppose requirements to shift 
manufacturing to the US or to disclose 
proprietary information on ingredi-
ent sources. The Pharmaceutical Re-
search and Manufacturers of America 
(PhRMA) emphasizes that US firms 
support more than four million jobs in 
the US, including 120,000 high-wage 

FDA can better monitor quality  
production of domestic versus foreign firms. 
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manufacturing positions at more than 
1300 facilities. PhRMA maintains that 
“geographic diversity” in drug pro-
duction can best ensure supply stabil-
ity and warns that efforts to shift all 
global manufacturing to the US would 
upset the entire supply chain (5). 

Generic-drug makers also are not 
enthusiastic about made-in-America 
requirements, but are more receptive 
to economic incentives for boosting 
US operations. The Association of Af-
fordable Medicines (AAM) issued a 
supply chain security “blueprint” in 
April that calls for the federal govern-
ment to identify certain “priority med-
icines” to set the stage for negotiating 
long-term price and volume guaran-
teed contracts with manufacturers and 
for funding construction of US-based 
facilities to produce needed drugs in 
short supply. Additional tax incentives 
would encourage relocation of foreign 
operations to the US, and FDA would 
streamline regulatory processes to ex-
peditiously approve new facilities and 
tech transfer processes (6). 

Advocates for boosting pharmaceu-
tical production in the US emphasize 
that FDA can better ensure the quality 
of these products through more regu-
lar and comprehensive inspections and 
oversight, while also addressing con-
cerns about security and product avail-
ability. At the same time, FDA officials 
would like to see manufacturers, par-
ticularly those gaining public support 
for constructing new facilities, adopt 
advanced manufacturing systems better 
able to ensure more efficient and reliable 
production of quality medicines, and to 
bolster supply chain redundancy and 

reliance. One hope is that policy mak-
ers assess issues raised by the current 
pandemic in considering approaches to 
better handle future emergencies, which 
may include strategies to support more 
drug manufacturing in the US. 
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Demand for Custom  
Dosage Forms Fuels Innovation

Demand for custom drug delivery solutions is 
increasing and bringing forth an exciting period  
of valuable, innovative development opportunities.

on experiences with aptamers, Drum-
mond adds that work has been done to 
demonstrate the ability of delivering bi-
ologics topically, despite the traditional 
issues with large molecular weight po-
tentially impeding skin penetration (1). 

As a result of the amplified level of in-
terest in biopharmaceuticals, there has 
been increased attention by industry in 
the development of parenteral products, 
comments Torkel Gren, science and 
technology officer, Recipharm. “An-
other driver for the development trend 
of parenterals is the increasing interest 
in hospital care products,” he continues. 

“Finally, people are beginning to see 
that even though parenteral adminis-
tration is less convenient than oral ad-
ministration, it is not that difficult. For 
many more serious indications, inject-
able dosage forms are acceptable when 
looking at the balance between benefit 
and inconvenience. The development of 
convenient and reliable autoinjectors is 
of course contributing to this opinion.”

In addition, Steve Rode, manager 
business development, capsules and 
health ingredients, Lonza, specifies 

V arious factors have impacted the 
evolution of drug dosage forms 
over the years, including the 

growing complexity of compounds 
entering the development pipeline, an 
aging population, increased focus on 
niche therapeutic markets, and aug-
mented awareness on patient-centric-
ity. Although oral solid dosage forms 
remain the most popular option within 
the industry, due to the convenience, 
cost-effectiveness, and ease-of-use of-
fered by this dosage form, innovative 
delivery approaches are required to 
accommodate the rising demand for 
more customized solutions.

“Over the past 5–10 years, increased 
competition in the market, complexity 
of APIs, and focus on patient-centric 
products has led to increasing demand 
for custom drug delivery solutions,” 
confirms Andriy Kuzmov, drug delivery 

innovation fellow, science and technol-
ogy, Catalent. “With increasing compe-
tition, it is important for new treatments 
to differentiate themselves from com-
petitors by meeting the unique needs of 
the target patient population. This can 
be achieved by decreasing a patient’s pill 
burden, improving palatability, elimi-
nating variability due to food effects, 
improving swallowability, or decreasing 
the frequency of administration.”

Key trends
One key trend affecting drug develop-
ment has been the rise of biologics and, 
thus, the need to find novel ways to de-
liver such complex entities effectively, 
remarks Jeremy Drummond, senior 
vice-president, business development, 
MedPharm. “Biologics create new chal-
lenges in terms of packaging, analysis, 
delivery, and stability,” he says. Drawing 

Felicity Thomas
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that the growth of biologics as well as 
small molecules being delivered via 
alternative routes has been trending 
in the industry. “Innovation in larger 
molecules and biotech drugs has also 
meant increased focus in developing 
and delivering larger molecules such as 
proteins, peptides, and monoclonal an-
tibodies orally,” he says. “So, the space 
is benefiting from both the sustained 
market focus on continuing to deliver 
small-molecule APIs orally while de-
velopers look to deliver high-value bio-
logics via the same route. More recently, 
there has been an emergence of live bio-
therapeutics for which specific dosage 
forms are essential to ensuring stability 
and targeted delivery.” 

The use of more high potency com-
pounds has led to the requirement for 
low-dose drug products to be developed, 
which has impacted both formulation 
development and manufacturing strat-
egies for the targeted dosage form, ex-
plains Richard Shook, director, Drug 
Product Technical Services and Busi-
ness Integration, Cambrex. “Formula-
tors must utilize a holistic approach to 
development by integrating the appro-
priate excipients and ensuring that the 
final dosage form is stable and uniform 
in dosing,” he states. “During process 
development the manufacturing strat-
egy must be robust while balancing ef-
ficiency and cost effectiveness.” 

Harder-to-formulate and manufac-
ture compounds are further permeat-
ing the development pipeline, requiring 
new formulation and/or delivery strate-
gies to ensure that the desired therapeu-
tic effects are achieved, asserts Lonnie 
Barish, vice-president, business devel-
opment and marketing, Bora Pharma-
ceuticals. “The demand for expertise 
on how to overcome challenges, such as 
low solubility, low permeability, or short 
half-life, has soared, and drug develop-
ers are increasingly seeking solutions 
from technical experts, such as contract 
development and manufacturing orga-
nizations (CDMOs), to commercialize 
these APIs,” he says.

In concurrence, Paul Kippax, phar-
maceutical sector director, Malvern 
Panalytical, highlights that the move to-

ward delivery of increasingly insoluble 
APIs has led to the need for evermore 
complex formulations and processes, 
even for ‘simple’ oral solid dose prod-
ucts. “Techniques such as API micron-
ization or nano-milling are applied to 
improve the solubility of APIs,” he says. 

“Additionally, companies are looking to 
use amorphous APIs; these are inher-
ently less stable but show higher solu-
bility. As a result of these requirements, 
there has been a significant increase in 
the physicochemical characterization 
tools required to confirm the micro-
structure and stability of the API within 
a formulation.”

According to Rob Lee, president, 
CDMO division, Lubrizol Life Science 
Health, the biggest trends impacting 
drug dosage forms have been the rise 
in long-acting injectables, implants, 
and the use of water-insoluble mole-
cules. “Water-insoluble compounds 
have always been around, but with 
new drug development technologies, 
we are better able to formulate them 
instead of discarding them like for-
mulators used to a few decades ago,” 
he confirms. “This means that more 
formulation-challenged compounds 
stand a greater chance of making it to 
market and being utilized in break-
through treatments.”

“The last few years have seen an in-
crease in the demand for advanced 
dosage forms, such as controlled-release 
products, multiparticulates, orally dis-
integrating tablets, intranasal dosage 
forms, or new fixed-dose combinations,” 
adds Kuzmov. “The new dosage forms 
address key challenges for patients by 
improving adherence, ensuring proper 
administration of the dose, or improv-
ing the quality of life for the patient.”

For Manuel Leal, business develop-
ment director, Idifarma, the biggest 
trend in drug dosage forms has been the 
development of hybrid drugs, involving 
the re-purposing of existing molecules 
into new indications or dosage forms. 

“These drugs take advantage of the hy-
brid regulatory pathways enabled by 
FDA—505(b)(2)—and the European 
Medicines Agency (EMA)—10(3),” he 
explains. “This trend uses innovative 

technologies to achieve the required 
dosage form, and can be very beneficial 
to certain groups of patients (pediatric 
and geriatric), and can also help sustain 
healthcare systems.”

Other areas of change for drug de-
velopers is the expansion of the orphan 
drug market, which is anticipated to be 
twice that of the overall prescription 
drug market by 2024 (2), due in part to 
the implementation of FDA’s orphan 
drug modernization plan. “Personal-
ized medicine principles are being ap-
plied ito tailor treatments to individual 
patients or to their subpopulation to 
minimize side effects and to achieve 
the best possible therapeutic effect,” 
notes Barish. “Genetic profiling and 
epigenetics, the study of heritable phe-
notype changes, are providing insights 
into different patient populations and 
the pharmacokinetic and pharmaco-
dynamic effects of various drugs. With 
these understandings, it is hoped that 
doctors can be more selective in their 
choice of pharmaceutical products for 
their patients, taking into consider-
ation their efficacy in certain subsets of 
the population.”

“Development pipelines are moving 
away from blockbuster drugs with one-
size-fits all dosage forms into more per-
sonalized medicines,” agrees Frederique 
Bordes-Picard, manager business devel-
opment for innovative products, Cap-
sules and Health Ingredients, Lonza. 

“More targeted actives are the focus in 
areas like oncology, thus addressing 
more specific and smaller patient pop-
ulations.”

Furthermore, increased regulatory 
scrutiny has amplified the industry’s 
efforts into risk-based approaches and 
increased the need for integration of 
quality-by-design methodology during 
drug development, stresses Shook. “To 
apply this methodology appropriately, 
a clearer determination of the critical 
quality attributes of a dosage form and 
what factors impact those attributes is 
needed,” he adds.

Investing in innovation
“To help meet the demand for complex 
drug delivery solutions, manufacturers 
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have been investing in the infrastructure 
and capacity to successfully produce, at 
scale, the novel dosage forms that are 
required by next generation treatments,” 
says Kuzmov. “Along with capital in-
vestments, manufacturers need to en-
sure they have the right personnel and 
expertise within their network to handle 
a variety of development projects.”

There has been continuous im-
provement of existing development ap-
proaches over the years, asserts Gren, 
with devices offering an excellent ex-
ample of advancements. “Inhalation 
devices have been around for decades; 
however, new devices are much easier 
to use. The same is true for injection de-
vices,” he notes. “Many technologies for 
modified release, such as coated pellets, 
were also developed decades ago but are 
now easier to use as we have more expe-
rience in how to apply them.” 

Bordes-Picard adds that there has 
also been the wider use of personal de-
vices, such as mobile phones and wear-
ables, to improve treatment manage-
ment and support patient compliance in 
a number of therapeutic areas. “There’s 
also been greater exploration of nasal, 
pulmonary, and transdermal routes as 
alternatives to injection and oral dose 
innovation as manufacturers look to de-
velop increasingly patient-centric doses,” 
she states.

Excipient development has also im-
pacted formulation approaches, with 
novel excipients and innovative tech-
nologies aiding formulation scientists 
in the development of better injectable 
dosage forms for insoluble compounds, 
confirms Lee. “Innovations in excipient 
development have had a significant im-
pact on low-dose drug products,” adds 
Shook. “Formulators can identify criti-
cal material attributes of the drug sub-
stance and work with manufacturers 
to ensure that excipient specifications 
align with those attributes.”  

Additionally, functional excipients 
have been made available that improve 
stability and solubility of biopharma-
ceutical compounds or that enable tar-
geted delivery, which has removed some 
of the potential barriers to oral bioavail-
ability, reveals Rode. “To improve the 

opportunities and potential for drug 
candidates with low solubility or bio-
availability, we’ve seen increased utili-
zation of techniques such as spray dried 
dispersions,” he continues. “There’s also 
been a greater adoption of equipment 
that more accurately fills neat API into 
capsules allowing developers to speed 
up first-in-human clinical studies.”

According to Leal, innovative tech-
nologies, such as spray drying, have 
been instrumental for the development 
and repurposing of many drugs with 
solubility problems. “Spray drying is 
one of the most suitable technologies 
to improve the solubility, and hence 
the bioavailability of low soluble com-
pounds,” he says. “Solving this complex 
problem opens a wide range of potential 
applications and innovations.”

For Barish, the use of extrusion 
spheronization offers even and predict-
able distribution and transportation of 
API in the gastrointestinal tract. “Be-
cause of its simple and fast processing 
and its ability for high drug loading 
capacity, this manufacturing technol-
ogy is gaining more attention,” he as-
serts. “It is incredibly versatile so that 
pellets composed of different drugs can 
be blended and formulated together to 
deliver two or more APIs to the same 
or different sites in GI tract in a single 
capsule.”  Additionally, the technique 
can improve the safety and efficiency 
of the API and help increase the APIs 
bioavailability by controlling or mod-
ifying the release characteristics.  The 
technique has been widely utilized to 
formulate sustained and controlled re-
lease delivery systems as well. 

“One key innovation over the past 10 
years has been the growing acceptance 
by regulators of in-vitro physicochemi-
cal analysis methods for assessing bio-
availability and/or bioequivalence,” says 
Kippax. “Application of these methods 
provides a possible means of avoiding 
complicated clinical studies to show 
equivalence for complex dosage forms. 
This has been a significant enabler for 
the development of complex drug prod-
ucts by generic companies.”

Further to opportunities within the 
field of generics, the in-vitro approaches 

can offer development opportunities for 
novel drug products, Kippax continues. 
Combining physicochemical analysis 
with the application of new modeling 
approaches and digital design tools, it 
is possible to predict the drug prod-
uct properties that will be required to 
achieve bioavailability. “This can be an 
enabler in the selection of the most ap-
propriate dosage form, and in ensuring 
the development of a robust processing 
route,” Kippax says.

Particularly focusing on locally act-
ing products, Drummond adds that 
major advances have been seen in the 
use of in-vitro models that are based 
on fresh human tissue, which can opti-
mize the activity of drug formulations. 

“These models are now used not only to 
measure permeation but also monitor 
the activity of formulations and de-
risk the decision to enter clinical trials 
through the use of fresh human tissue,” 
he notes.

Trends driving demand
As access to healthcare increases, so 
too will demand for all kinds of ther-
apeutics, exclaims Barish. “There is 
already a greater demand for the treat-
ment of more novel and niche diseases, 
prompting even more development of 
new modalities, techniques, materials, 
and excipients to ensure the safety, effi-
cacy, and stability of future challenging 
drug substances,” he says. 

Patient-centricity and the increas-
ingly complex nature of molecules in 
the development pipeline are drivers 
for demand in advanced dosage forms 
and formulation techniques, confirms 
Kuzmov. “The trend of patient-centric 
dosage forms will continue in the de-
velopment of parenteral formulations 
as well through the development of 
long-acting injectable products or the 
use of devices to simplify injection 
procedures for patients,” he notes. “At 
the same time, researchers will con-
tinue the push to develop non-invasive 
methods for the delivery of biologics 
and other treatments that are not read-
ily absorbed after oral administration.”

Contin. on page 33
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production is useful in a few contexts, 
such as treating rare genetic diseases 
or making vaccines, there are far more 
uses for silencing genes. “For example, 
silencing can be used to treat viral dis-
eases, cardiovascular conditions, cancer, 
inflammatory diseases, fibrotic diseases, 
select rare diseases, and generally any 
condition where biological processes are 
inappropriately activated,” he asserts. 

Sirnaomics and Dicerna are both 
focusing on RNA interference thera-
pies. Belgium-based biotech company 
eTheRNA immunotherapies, on the 
other hand, has elected to focus on mR-
NA-based technologies that lead to the 
expression of proteins the body is unable 
to produce on its own, according to Wim 
Tiest, a special advisor at the company.

Several advantages over DNA
Unlike DNA-based gene therapies that 
must be delivered into the nucleus and 
create permanent changes, RNA ther-
apies only need to reach the cytoplasm 
to perform their post-transcriptional 
activity and are not permanent, thus 
treatment can be modified or halted if 
necessary. They are also smaller, more 
easily manipulated, and do not present 
the risk of unintentional genetic effects.

“Messenger RNA and other RNA-
based therapies have the advantage 
of being versatile (they can code for 
a broad range of targets), easy to pro-
duce (basically the production pro-
cess is transposable between mRNA 
designs), and safe (due to the transient 
expression of the target and absence 
of risk for integration into the patients 
genome),” asserts Tiest. “Additionally,” 
he says, “mRNA is compatible with a 
range of systemic and local delivery 
modalities and can be designed to be 
nearly invisible to the host’s immune 
system, thus avoiding any vector-di-
rected immune responses.”

RNAi technologies such as siRNAs 
also provide high target specificity 
by using gene sequences that match 
with targeted genes and rely on nat-
urally occurring cellular enzymes to 
mediate gene silencing, according to 
Fambrough. Due to this high specific-
ity—and reversibility—they offer the 

O riginally it was thought that the 
only role of ribonucleic acid (RNA) 
was to translate genetic informa-

tion encoded in DNA into protein se-
quences that perform critical biologi-
cal functions. While messenger RNA 
(mRNA) is crucially important, it is just 
one of many types of RNA involved 
in a range of activities that affect the 
transmission of genetic information and 
the functioning—or dysfunctioning—of 
cells. Appropriately designed RNA-based 
therapies can thus modulate genetic in-
formation in a controlled and targeted 
manner, effectively acting as gene ther-
apies. They also offer several advantages 
over DNA plasmid-based therapies. 

Strands of RNA by themselves, how-
ever, are unstable and degrade rapidly in 
the bloodstream. Delivery to specific tar-
geted cells is one of the main challenges 

that developers of RNA-based gene ther-
apies are tackling today.

RNA technologies fall into two main 
categories: those that directly interfere 
with expressed mRNA or mRNA ex-
pression, blocking protein production, 
and those that cause the expression of 
target proteins whose deficiencies can 
lead to disease. 

The first type includes RNA inter-
ference (RNAi) and antisense therapies, 
which in effect silence the expression of 
specific genes that are drivers of disease 
mechanisms. One example is small inter-
fering RNAs (siRNAs), which according 
to David Evans, chief scientific officer at 
Sirnaomics, are useful as therapeutics 
where the gene(s) to be targeted is (are) 
overexpressed in the diseased state and 
where silencing these genes may produce 
a therapeutic benefit.

Indeed, Doug Fambrough, president 
and CEO of Dicerna Pharmaceuticals, 
believes that while supporting protein 

RNA is easier to manipulate than DNA  
but challenging to deliver to the right cells.

Can RNA Simplify Gene 
Therapy Development?
Cynthia A. Challener

Cynthia A. Challener, PhD, is a 
contributing editor to Pharmaceutical 
Technology.
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potential of fewer side effects. “Unlike 
gene therapy or gene editing, which 
can be permanent and could have 
unknown, unwanted, and irreversible 
consequences, RNAi therapies can 
offer targeted, effective treatment that 
does not permanently edit or change 
DNA. An RNAi therapy’s effect is tar-
geted, precise, and can be stopped at 
any time by discontinuing treatment,” 
he explains.

More druggable targets
With the rapid progress made in se-
quencing the human genome, there 
is now a wealth of information on se-
quences of genes, some of which have 
been identified as playing a direct role 
in the etiology of diseases, according to 
Evans. “Many of these therapeutic tar-
gets, however, are undruggable by tra-
ditional small molecules or antibodies 
but are upregulated in disease states like 
cancer and fibrosis,” he notes. “siRNAs 
are readily designed against these gene 
sequences and can silence expression 
of the proteins that are driving disease, 
producing therapeutic benefit to pa-
tients with disease,” Evans says. 

In addition, RNAi therapies offer a 
highly versatile approach that can benefit 
patients with an array of diseases, Fam-
brough points out. “Today, we can create 
siRNAs to match almost any messenger 
RNA. In effect, the RNAi approach to 
drug development can silence virtually 
any gene,” he notes. 

Another benefit of RNA therapies com-
pared to many conventional small-mole-
cule and biologic drugs is the possibility 
of reducing the treatment burden for pa-
tients, according to Fambrough. “With a 
longer duration of effect, RNAi therapies 
can be administered with infrequent sub-
cutaneous injections, and depending on 
the disease modality, can be self-admin-
istered at home,” he observes.

Stabilization and delivery challenges
RNA by its nature is rapidly degraded 
once injected. As such, delivery to the 
targeted cells is the main hurdle at this 
time. “We need to ensure that the siR-
NAs are able to reach their target tissue 
and cell types,” Evans states. In cancer, 

for example, that means accumulation 
of nanoparticles, for instance, at the 
tumor site with delivery of the RNA 
into the tumor cells specifically. Stabi-
lization of RNA by modification of the 
chemical backbone is possible, and this 
approach can also help to make the 
RNA less immunogenic, Tiest notes. 

Similarly, the inhibitory or expres-
sion effect wanes as the RNA degrades 
inside the cell. Self-amplifying RNA 
can to some extent prolong this active 
period, according to Tiest. The need for 
regular, repeated dosing and mainte-
nance of a sufficient active dose is there-
fore also a major bottleneck. He does 
note that local administration helps to 
overcome some of this limitation.

Overall, careful selection of targets 
that require short interventions and 
can benefit from the increased safety 
profile of RNA is required to fully 
profit from RNA-based therapy devel-
opment, Tiest concludes. 

Multiple delivery solutions
Like most DNA plasmid-based gene 
therapies, RNA therapies can also be 
delivered into cells using viral vectors, 
but the majority of these therapies 
under development today rely on non-
viral methods, such as organic (lipid) 
or inorganic nanoparticle-encapsu-
lated complexes, extracellular vesicles, 
and patient-derived dendritic or mes-
enchymal stem cells, allowing delivery 
even across the blood-brain barrier (1).

Delivery technologies for intrave-
nous, subcutaneous, and intramuscu-
lar administration are largely focused 
on preventing RNA-based therapies 
from degrading in the blood stream. 
For mRNAs administered in this 
manner, lipid nanoparticle solutions 
appear to be most common. Other de-
livery technologies are designed to en-
able local administration of mRNAs 
to the target site or organ, according 
to Tiest. “For cancers,” he explains, 

“intratumoral injection of mRNA of-
fers advantages in safety (very local 
effect), dosage (no need to saturate 
circulation and reach the target), and 
easier combination with other exist-
ing therapies.”

Lipid-based nanoparticles have also 
been used for siRNA-based drugs, in-
cluding some that have been approved 
by regulatory authorities. N-Acetylga-
lactosamine (GalNAc)-mediated deliv-
ery of chemically modified siRNAs has 
been demonstrated to result in significant 
delivery and silencing of genes within the 
hepatocytes of the liver and has also re-
sulted in an approved product. 

Dicerna’s GalXC platform is a lead-
ing example. “This approach uses a 
unique, proprietary, and rationally de-
signed tetraloop configuration of dou-
ble-stranded RNA molecules that inter-
faces effectively with the RNAi process 
and allows us to easily modify a com-
pound’s chemical structure to maxi-
mize stability and potency,” Fambrough 
explains. He adds that it offers the po-
tential for more convenient administra-
tion, infrequent dosing, high specificity, 
a high therapeutic index, and scalable, 
straightforward manufacturing. So far, 
the company has focused on treating 
diseases of the liver, but is now explor-
ing the use of its GalXC platform across 
different organs, systems, and rare and 
common diseases.

Sirnaomics uses a polypeptide 
nanoparticle consisting of a histi-
dine-lysine branched-chain polypep-
tide (HKP). HKP mixed with siRNAs 
spontaneously forms nanoparticles 
due to the charge-charge interaction 
between the negative phosphates on 
the siRNAs and the positively charged 
lysines, Evans notes. An advantage of 
this technology over some other deliv-
ery mechanisms, he says, is its ability 
to deliver multiple siRNAs to a cell at 
the same time, allowing synergistic 
effects of two siRNAs to be utilized 
as a therapeutic. 

HKP-based nanoparticles can also 
accumulate near tumors, possibly me-
diated by the enhanced permeability 
and retention (EPR) effect, according 
to Evans. They further benefit from 
the presence of histidines, because these 
moieties have a pKa of approximately 
6.3 and become protonated during 
acidification of the endosomes that are 
intermediary in the uptake of siRNAs 
by the nanoparticles. “This protonation 
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helps release the siRNA payload into the 
cytoplasm where the siRNAs function 
to silence targeted genes,” he observes.

Controlling mRNA activity
A third challenge has been regulation 
of mRNA activity once it is delivered to 
the right cells, which is needed to en-
sure the right dose of the targeted ther-
apeutic protein is expressed. A research 
team at the Massachusetts Institute of 
Technology developed one possible 
solution: incorporation of additional 
genes for RNA-binding proteins (2). 
The interaction between the mRNA 
and RNA-binding proteins is con-
trolled using a small-molecule drug, 
and thus dosing of the small-molecule 
drug regulates the mRNA activity.

Breakthrough approvals
Inhibitory RNA approaches are most 
advanced, while mRNA therapies are 
at earlier stages, with some vaccines 
in Phase II trials and candidates using 
mRNA for in-vivo expression of anti-
bodies that target a specific therapeutic 
effect, according to Tiest.

The two RNAi therapies that have 
received approval to date were both 
developed by Alnylam Pharmaceuti-
cals. Onpattro (patisiran) was granted 
approval by FDA in August 2018 for 
the treatment of the polyneuropathy 
of hereditary transthyretin-mediated 
amyloidosis (3). It has received market-
ing authorization from the European 
Medicines Agency. This drug halts the 
production of faulty transrethrytin.

In November 2019, Alnylam re-
ceived FDA approval for Givlaari (giv-
osiran) for the treatment of adults with 
the rare genetic disease acute hepatic 
porphyria (4). This RNAi therapy tar-
gets aminolevulinic acid synthase 1.

Numerous products in development
The three companies interviewed for this 
article alone have several RNA-based 
therapies in development, but they rep-
resent only a small portion of candidates 
moving through clinical development.

eTheRNA is mainly active in oncol-
ogy, with both vaccines against tumor 
targets and intratumoral injection of 

mRNA expressing targets involved in 
cell death and immune stimulation 
in its portfolio that leverage propriety 
LNP and immune stimulation (Trimix) 
technologies. Currently, the company 
has an ongoing Phase I/II program in 
melanoma and breast cancer. It also 
recently entered the field of infectious 
diseases and is working on a cross-pro-
tective coronavirus vaccine based on 
T-cell response that is administered 
intranasally, according to Tiest.

Sirnaomics has developed a com-
bination of two siRNAs targeting 
TGFbeta 1 and Cox2 within an HKP 
nanoparticle that it has formulated 
for intratumoral delivery (STP705 
in Phase IIs in non-melanoma skin 
cancer) and intravenous administra-
tion (STP707 for delivery to key liver 
cells for fibrosis treatment; it also has 
demonstrated in animal models to mit-
igate hepatocellular carcinoma [HCC]). 
STP707 has further been shown to in-
crease the activity and improve the ef-
ficacy of anti-PDL1 antibodies against 
HCC, according to Evans. 

The company is also working on chi-
meric siRNAs that combine a small-mol-
ecule therapeutic into the structure of 
the siRNA. “Once inside the tumor cell, 
the small molecule is released from the 
sense strand where it is designed to aug-
ment the activity of the siRNA inhibitor 
and produce a synergistic effect,” Evans 
says. The activity of these constructs 
has been demonstrated against a num-
ber of tumor types including pancreatic 
tumors, colon cancers, bladder cancer, 
and head and neck cancers.

Dicerna is leveraging its GalXC 
technology on its own and through 
several collaborations. The company’s 
lead candidate, nedosiran, is in devel-
opment to treat primary hyperoxaluria 
(PH), an ultra-rare and devastating 
condition that causes calcium oxalate 
crystals to form in the kidneys and 
often results in kidney failure. Nedo-
siran silences the lactate dehydroge-
nase enzyme, which is implicated in all 
three types of PH. It is currently being 
evaluated in the PHYOX clinical de-
velopment program, which includes an 
ongoing registrational trial. 

Two other top candidates include an 
siRNA therapy to treat alpha-1 anti-
trypsin-associated liver disease (Phase 
I/II) and RG6346 for the treatment of 
hepatitis B virus infection (Phase I), 
which is being pursued in collabora-
tion with Roche. “Between Dicerna 
and our collaborative partners, we 
currently have more than 20 active 
discovery, preclinical, or clinical pro-
grams focused on rare, cardiovascular, 
cardiometabolic, viral, chronic liver, 
and complement-mediated diseases, 
as well as neurodegeneration and pain,” 
Fambrough notes.

Broadening applications
Both mRNA and siRNA therapeutics 
and vaccines are advancing through 
the clinic, with a steady stream of 
readouts expected in the next few years. 

“Apart from clinical data, these results 
should validate a number of delivery 
and chemical modification platforms 
that can then open up the field into an 
increased development of RNA-based 
therapeutics,” Tiest states. 

Over the next year, Evans expects an 
influx of additional siRNAs targeting 
liver diseases and being targeted to the 
hepatocytes using GalNAc conjugates 
because this approach has already 
demonstrated success. “Efforts will 
also be focused on additional chemi-
cally modified siRNAs with different 
targeting ligands that enable delivery 
to tissues and cells outside the liver, 
with the biggest obstacle being avoid-
ance of uptake by the liver for any and 
all systemically delivered siRNAs,” ob-
serves Evans. 

Fambrough agrees that the next fron-
tier for RNAi therapies will be non-he-
patic tissues. “There is significant inter-
est and persistent unmet need across a 
range of disorders,” he says.

Moving new therapies 
on to the main stage
Going forward, the key advantages 
of RNA-based therapies compared to 
DNA-based gene therapies will con-
tinue to drive greater interest in all 

Contin. on page 64
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neous pockets (depots) lasting for several 
hours, or even days. Furthermore, there 
are implants, which provide application 
windows of several years, although this 
is a very specific dosage form requiring 
trained medical staff for application,” he 
says. “Drug products that can be applied 
by the patients themselves are typically 
found in the field of oral solid dosage 
forms, meaning they are either delivered 
as tablet or capsule. Rarely seen are liquid 
formulations, as this concept is quite de-
manding and not suitable for many APIs.” 

Main concepts
There are two main concepts in the for-
mulation of controlled or sustained-re-
lease oral solid dosage forms: matrix 
systems and reservoir systems, specifies 
Krizia M. Karry, global technical mar-
keting manager, BASF  Pharma Solutions. 

“In matrix systems, the drug is embedded 
in an insoluble, sometimes swellable ex-
cipient core, containing the actual ma-
trix-former and additional components 
for tailoring the drug release rate. Drug 
release is either initiated by swelling or 
erosion of the core and diffusion of the 
API through the matrix,” she says. “These 
systems are most straightforward in terms 
of their formulation and manufacturing.” 

Rajabi-Siahboomi suggests that the 
most commonly used oral solid-dosage 
controlled-release technology, out of all 
oral solid dosage types, is hydrophilic 
matrices, due to the fact that tablets are 
easy to develop and produce, while also 
being versatile for a broad range of solu-
bility and dosage strengths. “With matrix 
tablets, high viscosity hydrophilic poly-
mers such as hypromellose are used as 
the rate-controlling polymer,” he explains. 

“Multiparticulate systems are also versatile 
for achieving different release profiles and 
dosage design, suitable for capsule forms. 
Non-ionic, water insoluble ethylcellulose 
is also commonly used in achieving ex-
tended-release formulations, usually mul-
tiparticulates for capsule formulation.”

The other formulation concept, reser-
voir systems, are represented by coated 
dosage forms, Karry continues. “Hereby, 
insoluble or soluble core substrates (e.g., 
pellets, mini tablets) are film coated 
with insoluble polymers to obtain a sus-

C ontrolled-release formulations have 
been around since 1952, after the 
first introduction by Smith Kline 

Beecham (1), and have seen continued 
growth and expansion thanks to tech-
nological advancements. According to 
market research, the controlled-release 
drug delivery market is anticipated to 
grow at a compound annual rate of nearly 
8% between 2020–2027  (2). A drive in 
R&D to improve therapeutic efficiency 
for a variety of chronic diseases and the 
acknowledged improvements in medica-
tion adherence that can be gained through 
controlled-release formulations are key 
aspects to market growth in the field. 

“A distinction of controlled-release, 
compared with other modified-release 
formulations, is that it not only prolongs 
action of the drug but it attempts to main-
tain drug levels within the therapeutic 

window to avoid potentially hazardous 
peaks in drug concentration following 
ingestion or injection and to maximize 
therapeutic efficiency,” notes Ali Raja-
bi-Siahboomi, vice-president and chief 
scientific officer, Colorcon. “So, con-
trolled release is generally understood to 
mean where the drug delivery technology 
delivers the drug at a predetermined rate; 
other modified release technologies may 
not have a specific rate defined.”

There are a multitude of formulation 
concepts that may be used in order to con-
trol drug release and duration, and depen-
dent on the API and its action in the body, 
tailored solutions are required to gain in-
novative drug products, explains Thor-
sten Cech, manager European Pharma 
Application Lab, BASF Pharma Solutions. 
“Application concepts range from topical 
patches to injections, which form subcuta-

Controlled-release formulations offer  
numerous advantages for developers and  
patients, and this market is expected to  
continue to experience growth in the near future.

Taking a  
Controlled Approach
Felicity Thomas
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tained-release functionality,” she states. 
“Independent of the substrate’s formula-
tion, drug release results from permeation 
of dissolved API from within the core 
through the membrane.” 

Critical considerations
“In the field of immediate-release dosage 
forms, general formulation concepts can 
be applied to a variety of different drugs. 
API features, such as solubility kinetics, 
pH-value, particle size distribution, osmo-
larity, dose, and many more, merely pro-
vide minor challenges during the develop-
ment,” emphasizes Cech. “In contrast, the 
understanding of all these characteristics 
is essential when aiming for controlled 
drug release. In this case, every drug re-
quires a customized formulation concept 
to address its unique features.”

The advantages gained through con-
trolled-release dosage forms, such as 
convenience of dosing, better therapeutic 
management of conditions, and lower 
side effects, can override the potential 
challenges associated with development 
and manufacture, asserts Rajabi-Siah-
boomi. Each approach offers its own set 
of advantages and challenges, he states; 
hydrophilic matrices, for example, are 
the simplest technology to use for con-
trolled-release formulations but in cases of 
high-dose and high-solubility ingredients 
can result in an oversized tablet or a fast, 
initial “burst” release profile, respectively.

“Matrix excipients that ensure a con-
trolled drug release independent of pH, 
have a lower ratio of soluble to insoluble 
pore formers, and have binder proper-
ties for strong tablet compacts are highly 
sought for,” notes Karry. “Matrix systems 
are advantageous because they employ 
direct compression processes—the least 
complex of all platforms—and can be 
easily scaled-up, transferred, and vali-
dated. There is the disadvantage, how-
ever, that some amounts of API will 
be present on the surface of the tablet. 
These quantities are immediately dis-
solved after administration.”

Reservoir systems, which are primarily 
attained via film coating processes, also 
offer simplicity for developers, but the 
coating process is less forgiving than direct 
compression, continues Karry. “An imper-

fect tablet coating can lead to fast water up-
take and uncontrolled API diffusion out of 
the defective film,”  she says. “Even if the 
coating process is flawless, elastic recovery 
of the tablets post-compression or during 
stability can crack the polymer film and 
render the system inadequate.” 

As a disadvantage, reservoir systems 
can produce a lag phase before the API 
can be dissolved, which is caused by the 
fact that the dissolution media needs to 
permeate the coat to dissolve the drug so 
that it can diffuse out, Cech adds. “Poly-
mers that can readily meet the latter con-
ditions or require lower concentrations of 
additional components to reach them are 
preferred,” he says.

Cech emphasizes the decisive role pro-
cess parameters can play in the manufac-
ture of controlled-release dosage forms. 

“Variations in the compression force 
during tableting or an alteration of prod-
uct temperature during coating can result 
in a distinctive change of the dissolution 
pattern,” he notes. “When conducting the 
risk analysis as part of the quality-by-de-
sign (QbD) process, the list of potentially 
critical material attributes and process 
parameters appears to be endless.”  

“Furthermore, it’s not only about the 
reliable manufacturing of a controlled-re-
lease dosage form, where each individual 
tablet provides exactly the same dissolu-
tion pattern; the dissolution is also not 
allowed to change during shelf-life, even 
if the dosage form is stored at elevated 
temperature and humidity,” Cech asserts.

“The advantages of barrier mem-
brane-coated multiparticulate extend-
ed-release systems may be related to the 
flexibility of achieving different release 
profiles and co-formulating more than 
one drug or release profile into one 
dosage formulation,” Rajabi-Siahboomi 
notes. “The challenge for this technology 
is fine-tuning drug release and maintain-
ing stable performance over the shelf-life 
of the product.” 

However, Rajabi-Siahboomi also 
stresses the need for consideration of spe-
cific critical formulation and processing 
parameters during development and man-
ufacture of extended-release multipartic-
ulates. “In general, the choice and level of 
polymer, plasticizer, and pore-former, for 

example, all impact drug release perfor-
mance,” he says. “Additionally, coating 
process conditions, such as spray settings, 
air humidity, and post-coating processing 
also affect drug release performance.”

Important innovations
The use of multiparticulate systems rather 
than single-dose systems was clearly a 
milestone in the field of controlled-re-
lease dosage forms. “Even though the 
idea is much older than a decade, there is 
hardly any other formulation concept that 
provided so many advantages,” Cech says.

Listing the advantages gained through 
the use of multiparticulate systems, Cech 
begins by highlighting the inherent risk of 
dose dumping that may occur with tablets 
coated with a sustained-release polymer. 

“Dose dumping may occur either because 
of a defect in the coat or because the pa-
tient decided to break the tablet before 
administration,” he comments. “If the 
dose is split among hundreds of pellets 
(e.g., filled in a capsule or compressed to a 
tablet), defects of a small number of single 
compartments bear no safety risk.”

Further to the safety benefits, parti-
cles below a threshold of approximately 
2–3 mm behave as fluids in the stomach, 
which eliminates the potential effects of 
diet and food during drug absorption as 
the particles are able to freely move to the 
intestine, Cech confirms. “Additionally, 
developers are not obliged to develop one 
product that precisely matches the disso-
lution profile required,” he says. “Com-
binations of pellets coated with different 
coating formulations are often seen in 
these multiparticulate systems. The dif-
ferent dissolution patterns sum up to the 
required one, if the pellets are mixed in the 
right ratio.” An added advantage of using 
a combination of pellets is that if there is a 
variation in one coating batch, there is only 
a minor impact on the overall dissolution 
pattern. Conversely, if there is a variation 
in coating of a product based on one pellet 
formulation, the products are instantly out 
of specification, Cech stresses.

“Finally, multiple pellet formulations 
enable oral delivery of combination thera-
pies without the interaction risk, and they 
reduce first-pass effects for acid-sensitive 
drugs,” Karry adds. “The formulations 
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can either be swallowed or suspended 
in water to release the API-loaded pel-
lets. The pellet nucleus can be a placebo 
bead coated with API and a suitable con-
trolled-release polymer.”

Although many of the technologies 
available for controlled-release formula-
tions have been around for a long time, 
such as matrix tablets and multipartic-
ulate formulations, there have been line 
extensions and reformulations made to 
expand the potential applications of the 
technologies that are enabling develop-
ers to achieve different release profiles or 
formulate challenging drugs, continues 
Rajabi-Siahboomi. “A good example is 
the application of a barrier membrane 
coating to a hydrophilic matrix,” he notes. 

“By adding this top-coat, formulators have 
been able to overcome the so-called ini-
tial burst release for highly soluble drugs, 
which is important to maintaining con-
trolled release.”

Push-pull osmotic pump (PPOP) tech-
nology is very robust in providing a ze-
ro-order release profile, which is critical 
for certain drugs with a narrow therapeu-
tic index or those with undesirable side 
effects related to blood plasma Cmax, Raja-
bi-Siahboomi asserts. “The manufacturing 
technology is multi-step; hence, experience 
and access to expertise in the different unit 
operations is very important,” he says. 

“Furthermore, the use of extended-re-
lease technologies for fixed-dose combi-
nations (FDC) has allowed a significant 
number of new drug applications to be 
made under the 505(b)2 scheme with 
the US Food and Drug Administration,” 
Rajabi-Siahboomi says. “Some of these 
may be a combination of extended and 
immediate release in the same dosage 
form, like bi-layer tablets, or a mix of bar-
rier membrane-coated multiparticulates 
that are loaded into a capsule. The FDC 
technology improves patient experience 
by reducing the pill burden (taking one 
dose rather than two or more) and enables 
synergistic treatment of a condition with 
a single dosage formulation.”

Regulatory hurdles
As is the case with all pharmaceutical 
products, materials used in the develop-
ment of controlled-release dosage forms 

must be safe and ideally have precedence 
of oral use, asserts Rajabi-Siahboomi. 

“Regulators look for data to support stabil-
ity, safety, and efficacy of the dosage form. 
It’s important that formulators select raw 
materials from suppliers with high quality 
standards and who fully understand the 
science and nuances of rate-controlling 
polymers to ensure consistency of the 
materials,” he says.

Rajabi-Siahboomi adds, “QbD can help 
to determine if there is any batch-to-batch 
variability of ingredients and how to man-
age these during manufacture at commer-
cial scale. Demonstrating stability for any 
product is a key requirement (i.e., keeping 
the identity, purity, and performance of 
the drug and dosage unit consistent over 
the assigned shelf-life of the product). 
In addition, formulators must clearly 
demonstrate safety when drugs are ad-
ministered orally as the drug load of many 
of these formulations are higher than their 
immediate-release dosage forms.”

“Especially in the field of controlled 
drug release, QbD-based formulation 
development can be quite demanding,” 
continues Karry. “Various process pa-
rameters and material attributes do not 
only have an impact on the resulting drug 
release, but also provide interactions pro-
nouncing their effect.”

By way of example, Cech highlights 
that the film formation during coating is 
a thermodynamic process. “Consistently, 
the integrity of the coat depends on the 
product temperature during the process 
and process humidity,” he says. “Varying 
one of these parameters already has some 
impact on the dissolution, yet varying 
both at the same time has a major impact 
on the drug release kinetics.”

Concurrently, regulatory hurdles can 
be met when targeting specific patient 
populations, Karry explains. “Pediatrics 
and geriatrics are quite challenging to 
address,” she says. “It is more difficult 
to conduct clinical studies, and the 
age-specific metabolism provides ad-
ditional challenges.”

A demonstration of stability for any 
product is also a key requirement, em-
phasizes Rajabi-Siahboomi. “In addition, 
formulators must clearly demonstrate 
safety when the drug is administered 

orally, because the drug load of many 
of these controlled-release formulations 
are higher than their immediate-release 
dosages,” he states. “There should not be 
any ‘dose-dumping’ due to exposure of 
the dosage form to gastrointestinal tract 
content, so fed and fasted studies need 
to be conducted, in addition to studies 
assessing the effect of alcohol.”

What the future holds
New technologies, such as three-dimen-
sional (3D) printing, are gaining interest 
throughout industry. “The interest in 3D 
printing is because of potentially person-
alized medicine, but it also offers oppor-
tunities in the field of controlled-release 
dosage forms,” Karry highlights. “By 
employing 3D printing, rather complex 
tablet designs are possible. Concepts 
carrying several compartments with 
very specific drug-release features have 
already been tested successfully. Both 
technology and formulation concepts 
are still quite young in the pharmaceu-
tical field, and we need to see in which 
direction we are proceeding. However, 
new opportunities support innovation 
that could lead to a paradigm shift.”

“In addition, there are various efforts 
in personalized medications leveraging 
new technologies or less frequent dos-
ing, such as once a week therapy, which 
enhances patient adherence even further 
than current once-a-day formulation,” 
Rajabi-Siahboomi summarizes. Further-
more, he emphasizes the R&D work to 
achieve oral delivery of large-molecule 
drugs, which also has the potential to 
cause a paradigm shift in targeted and 
controlled-release formulations. 
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Twin-screw granulation sets itself 
apart from other continuous granula-
tion methods because of its minimal 
operating space. It also enhances flow-
ability and compressibility, effectively 
increasing the efficiency of down-
stream processes, such as tablet com-
pression or capsule filling.

As with any process, twin-screw 
granulation isn’t perfect. Problems 
with oversaturation can arise because 
of the confined internal operating 
space, which makes aerosolizing the 
liquid feed almost impossible. Oversat-
uration of the powder bed during wet-
ting can ruin granulation, especially 
considering the costly demands of 
downstream milling and drying steps 
that must compensate for inadequacies 
in the process itself. Liquid injection 
streams can also lead to segregation of 
APIs, with substantial heterogeneity re-
sulting in larger granules that contain 
more liquid due to the dominance of 
layering growth in a shear flow field.

Foam liquid delivery
A foam delivery system has been 
discovered to solve oversaturation 
problems associated with introduc-
ing liquids into the powder bed, but 
this method only works if the foam 
is treated as a collapsing solid when 
designing the twin-screw granulation 
process (1). By wetting the powder bed 
differently, many of the challenges in-
volved in designing a twin-screw gran-
ulation process can be overcome.

The advantages of the novel foam 
delivery system are primarily driven by 
the high spread/soak ratio enabled by 
foam, which forces liquid to move slowly 
and evenly along the boundaries of gas 
bubbles, extending its penetration time 
to match the time scale of bulk mixing 
that occurs within the extruder. The re-
sult is improved liquid distribution in the 
powder bed for the short residence time 
distribution of this type of granulator. 

Foam granulation allows for a uni-
form bed wetting, which prevents 
product temperatures from rising be-
cause of improved liquid distribution 
and the lubricious nature of foam. By 
extension, foam can protect thermally 

I n less than a decade, foamed sys-
tems for continuous twin-screw 
granulation have leaped from the 

theoretical confines of academia onto 
the mainstage of industry relevance. 
Once viewed as a fringe technology 
with a lot of potential, the method of 
adding a foam binder during twin-
screw granulation is now a commer-
cially viable way to improve robustness.

Foam granulation introduces bind-
ing liquid into a powder bed without 
oversaturation; it is a tool to solve prob-
lems associated with injection wetting 
during twin-screw granulation. Using 
foam, formulators can achieve more 
uniformly wetted powders and in-
crease the overall lubricity throughout 
the process, which minimizes both wear 

and tear on machinery and dissipative 
heating of the product on continuous 
manufacturing production lines.

Granulation at a glance
Continuous granulation—of which twin-
screw is the most prevalent type—can 
streamline overall manufacturing pro-
cesses by reducing costs and increasing 
output while still maintaining consistent 
product quality. Generally speaking, con-
tinuous granulation depends on a host 
of interconnected variables, including 
process temperature, screw speed and 
configuration, powder feed rate, and the 
introduction of moisture into the pow-
der bed. If any one of those variables is 
improperly adjusted, the process is com-
promised. For example, using a liquid 
stream to wet the powder bed (i.e., in-
jection wetting) can lead to issues such 
as uneven moisture, temperature spikes, 
and inconsistent component distribution.

Using a specific addition method 
to wet the powder bed using a  
foam binder improves robustness.

Innovating Continuous 
Twin-Screw Granulation 
with Foam Delivery 
Kevin O’Donnell and Michael Thompson
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sensitive products, decrease variability, 
and create a more stable process.

Unlike liquid injection methods, API 
concentrations remain constant across 
the process and in the final particles when 
foam delivery is used, preventing segre-
gation even when powders are highly hy-
drophobic. Particle size does not appear 
to impact API distribution as it does with 
liquid injection, and binder distribution (as 
monitored by tracer) is significantly more 
uniform (2). In traditional granulation, the 
imprecise nature of liquid injection over 
a deep bed of powder results in a small 
portion of solids getting mixed with the 
blade. But by implementing foam delivery 
within a twin-screw granulation process, 
the uniform wetting of a much shallower 
powder bed results in nearly all solids get-
ting mixed. This combination of processes 
could lead formulators to novel powdered 
drugs that couldn’t be produced otherwise. 

Because of the highly active explo-
ration into twin-screw granulation in 
both academia and industry, process 
improvements that were previously 
unrealistic are now available to almost 
any researcher or manufacturer. These 
improvements are well within reach, 
too, as foam delivery systems can be set 
up at low cost using mechanical com-
ponents that are already commercially 
available from various vendors. 

Liquid penetration  
time experiment
To further understand the mechanism 
and benefits of foam granulation, 

consider an experiment by DuPont re-
searchers involving two powder beds: 
one of pure lactose monohydrate and 
one containing a 50:50 blend of lactose 
and microcrystalline cellulose (MCC) 
(3). Two liquid introduction meth-
ods—droplets (analogous to liquid 
injection) and foam—were used. The 
team looked at the liquid penetration 
time for each of the four combina-
tions, finding it takes approximately 
100 times longer for foam to saturate 
a bed of powder made up of either lac-
tose or MCC versus simply dropping 
liquid onto a similar bed. 

Researchers began the study by siev-
ing each formulation through a 300-
µm screen. They then poured a sample 
of the powder (roughly 100 g) through 
a funnel suspended 5 cm above a 
glass petri dish measuring 10 cm in 
diameter and 1.5 cm deep. The team 
prepared the powder bed by evenly 
spreading powder around the perime-
ter of the dish to minimize differences 
in porosity between repeats. Variations 
in porosity using this method were ob-
served—roughly 1.89% relative stan-
dard deviation. After preparation was 
complete, they added differing masses 
of either foam or liquid lactose mono-
hydrate on top of the powder bed. 

Researchers monitored the dis-
pensed liquid until it fully penetrated 
the bed, then left the binder-saturated 
powder bed for 48 hours to air dry, be-
fore they removed the resulting gran-
ule nuclei. They defined the specific 
penetration time (tp) as the elapsed 
time until the binder had fully pene-
trated and normalized with respect to 
the binder mass, whereas the nucle-
ation ratio (Km) referred to the mass 
of the resulting granule nuclei relative 
to the binder mass. This penetration 
study corresponds to the method de-
vised by Hapgood and coworkers (4, 5).

The passage of liquid through the 
bed consistently took longer for pure 
lactose compared to the 50% MCC 
formulation because of its lower affin-
ity for water. That difference was only 
statistically significant when looking at 
foam delivery. The difference between 
lactose and MCC was consistent with 

results reported in an earlier study (6). 
As previously found by Hapgood (4, 5), 
the smaller the dispensed binder mass 
on top of the powder, the longer the 
time needed to fully penetrate by ei-
ther method of wetting to the state of 
powder saturation as it affects liquid 
mobility. The difference in the spe-
cific penetration time between foam 
versus droplet was significant—in fact, 
foam took almost two orders of mag-
nitude longer to fully penetrate the 
powder than liquid. This difference is 
attributed to the fact that liquids drain 
from a semi-rigid foam more slowly, 
following a methodical path along the 
plateau borders and film walls of gas 
bubbles—rather than allowing all of 
its retained liquid to be immediately 
available like a droplet (7).

The researchers also found that 
a foam binder addition can prevent 
temperatures from rising because of 
improved liquid distribution and the 
lubricious nature of foam. 

Commercial acceptance 
of foam granulation
Although continuous processing offers 
advantages, there is resistance in an 
industry that has relied on time-tested 
batch production processes. The phar-
maceutical industry is seeing a broader 
range of new products in continuous 

Manufacturing

Moving away 
from a traditional 
wet-granulation 
process opens 
the door for 
formulators to 
start using more 
hydrophobic APIs.  

Foam binder 
addition 
can prevent 
temperatures 
from rising 
because of 
improved liquid 
distribution and 
the lubricious 
nature of foam.
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hot melt extrusion using a twin-screw 
extruder rather than with any form of 
wet granulation (with a twin-screw or 
other technology). Research in twin-
screw granulation, however, is finding 
some interesting developments. For ex-
ample, the process naturally makes par-
ticle-size distribution that is uniquely 
bimodal, as opposed to the unimodal 
distribution made by batch processes. 

Moving away from a traditional 
wet granulation process also opens 
the door for formulators to start using 
more hydrophobic APIs, ensuring 
that binders are properly distributed 
to accommodate a new range of diffi-
cult-to-process formulations. As more 
APIs become mixable, new products 
become available. Additionally, a re-
duction in water usage brings sustain-
ability benefits to the table.

Formulators can implement foam 
granulation to save time compared to 
batch processes, because many of the 
steps associated with batch processing 
are removed from the workstream—in-
cluding weighing of materials, charging 
of the granulator, changeovers between 
batches, cleaning between batches and 
transfer-associated issues. Furthermore, 
by eliminating many of the common 
challenges associated with proper de-
sign and implementation of liquid injec-
tion twin-screw granulation—such as 
proper liquid distribution and prevent-
ing in-process component segregation, 
for example—it is possible to arrive at 
the final process and formulation more 
quickly than before.

While in the past continuous foam 
granulation may have been seen as a 
fringe technique to hypothetically solve 

process-surging issues that relate to poor 
powder-wetting by conventional, liq-
uid-addition methods, understanding the 
high spreading tendency of foam granu-
lation now makes it a valuable technique 
for commercial product development. 
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The growth in biologics is a big driver 
for Lee. “With more biologics on the 
market, the preferred delivery routes 
for those could reshape the status 
quo. There is already more interest 
in long-acting injectables for biologic 
compounds, and this is expected to 
continue,” he says. However, oral dos-
age forms will continue to grow in the 
marketplace, although there may be 
further exploration into alternative 
delivery routes, such as nasal, facili-
tated by regulatory pathways like FDA’s 
505(b)(2), Lee adds. 

Having the ability to dose active 
molecules with precision while min-
imizing adverse systemic impact on 
patient is an important future trend 
according to Shook. “The further de-
velopment of modified-release dosage 
forms will enable the delivery of active 
molecules to a specific site of treat-
ment,” he says. “This will ensure that 
the therapy is introduced and actively 
initiated at right time and place to dis-
rupt the disease with precision and 
minimal impact to the patient.”

Personalized medicines are antici-
pated to drive change in how companies 
approach dosage forms. “In my opinion, 

it is likely that the industry will con-
tinue to move away from a high volume, 
one-dosage-form-fits-all approach to-
wards smaller, fully customized dosage 
forms,” reveals Bordes-Picard.

This drive toward precision medi-
cines for smaller patient populations 
could have many implications, adds 
Gren. “Three-dimensional printing 
is a technology that may allow a very 
high degree of individual adaption of 
the medicine. However, a number of is-
sues regarding quality assurance and 
cost may limit the use of 3D printing 
over the next 10 years,” he continues. 
“Instead, adapting conventional man-
ufacturing technology, making it more 
f lexible and allowing smaller batches 
may be very useful.”

Changes in how companies select 
candidate drugs will be prominent for 
Kippax, who believes that companies 
will seek to select drugs that reduce 
risks associated with scale-up and 
manufacture. “The paradigm is shift-
ing from the development of specific 
processes designed to create a single 
drug product, towards the application 
of standardized continuous-manufac-
turing approaches. Selection of candi-
date APIs and formulations will there-
fore increasingly be based on their fit 
with these processes,” he explains.

Furthermore, Kippax highlights 
the fact that additive manufacturing 
approaches are being employed in the 
design of new dosage forms. “These 
are exciting developments, perhaps 
providing a means of delivering truly 
personalized dosage forms, created to 
simplify the dosing regimens required 
to meet a patient’s needs,” he says. 
“Achieving this will require greater 
understanding of the link between API 
and formulation physical properties 
and the requirements for safe, effective 
drug delivery.”

“An important trend in the future 
is undoubtedly going to be the com-
bination of dosage form delivery with 
technology, whether that be for moni-
toring the patient or in aiding the de-
livery,” summarizes Drummond. “It 
is an exciting time in the drug devel-
opment industry, and the COVID-19 
pandemic has focused the attention on 
the value that innovation can bring to 
patients, as well as the value govern-
ments and populations place on health  
and wellbeing.” 
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• How can the move to Industry 4.0 be 
made most efficiently?

• Does the company have the infra-
structure required for implementing 
the tools and technologies needed (e.g., 
process analytical technologies [PAT] 
and more advanced process control)?

There is no point in connecting ineffi-
cient processes that cannot guarantee the 
required level of product quality. Existing 
process bottlenecks and quality concerns 
should be addressed before attempting to 
enable existing systems for Industry 4.0. 
Processes should be built with the vision 
of generating knowledge along each step of 
the pharma value chain. Ideally, manufac-
turers should use QbD methods to develop 
feedback loops for passing information 
along, so that, at any point along the way, 
the process is ready for the next step (4). 

This article describes how QbD princi-
ples and real-time process monitoring, via 
a PAT tool, were used to optimize a unit 
operation used in oral solid dosage (OSD) 
manufacturing. This work involved col-
laboration between 4Tune Engineering, a 
consulting firm with more than 16 years 
of experience working in pharma and bio-
pharma, and Aché Pharmaceutical Labo-
ratories, whose leaders are moving toward 
the complete adoption of Industry 4.0 prin-
ciples in manufacturing.

Mitigating process bottlenecks 
The process involved was made up of six 
unit operations. The final operation was 
a two-step coating process that, on its 
own, accounted for half of the total pro-
cess time and led to productivity losses 
and extended working hours. An analysis 
of historical process data revealed which 
process parameters had the greatest im-
pact on the duration of the two coating 
steps in that unit operation. 

A subsequent criticality analysis iden-
tified which critical quality attributes 
(CQAs) were most affected by the coating 
and its process parameters. Performing 
this assessment resulted in an extensive 
knowledge base that allowed the team to 
describe the process and pinpoint where 
quality and productivity would overlap. 
Generating this information, in an or-
ganized form, was crucial to reducing 
process time without compromising 

F or several years now, the pharmaceu-
tical industry has been hearing more 
about Industry 4.0 (1), which allows 

massive amounts of data to be collected, 
aggregated, and analyzed in real time and 
then used for predictive and other types 
of modeling. Manufacturers in a broad 
range of industries have embraced Industry 

4.0 concepts and recognized its potential 
to help them respond more nimbly to 
changes, predict future trends, fix prob-
lems without stopping production, and 
trace issues back to root causes (2). 

Industry 4.0 depends on Big Data to 
produce results and support quick deci-
sion-making (3,4). If pharmaceutical qual-
ity by design (QbD) is the methodological 
basis for developing robust processes, In-
dustry 4.0 is the paradigm shift required 
to introduce innovative technology in 
pharmaceutical manufacturing. Its goal 
is to support decision-making based on 
the comprehensive information extracted 
from a full exploration of available data.

Manufacturers must go through evo-
lutionary change in order to be ready to 
implement Industry 4.0. In considering 
readiness, senior managers should ask:
• What operational issues would be 

mitigated by taking an Industry 4.0 
approach to manufacturing?

Real-time monitoring and the principles of 
quality by design were used to optimize an 
OSD coating process.

Using Industry 4.0 to 
Optimize Oral Solid Dosage 
Form Manufacturing
Madalena R. Testas, Sandra D. Silva, José Zanatta, Tiago Oliveira, 
Fabiana Moscovici, Fabiana Salerno, Aline Alencar, Anderson Flôres, 
and José C. Menezes
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product quality requirements. The use of 
small-scale models allowed larger ranges 
to be tested so that the optimal applicable 
values could be found without disrupting 
production schedules. 

Applying DoE 
Through the application of design of 
experiments (DoE), relationships be-
tween process parameters, coating 
times, and CQAs were established and 
quantified. In all, 22 DoE experiments 
were carried out. Results pointed out 

the prospect of accentuated time re-
duction. By applying an optimization 
methodology, operating conditions 
could be tuned so that product quality 
was within specifications and coating 
time was reduced considerably. 

To find the design space, the multi-
variate zone in which the simultaneous 
variation of parameters will guarantee 
product quality and short coating times, 
5000 simulations were run with a nor-
mally distributed variation. The design 
space and optimized runs were tested at 

commercial scale, resulting in an approx-
imately 25–51% reduction in the coating 
time required (Figure 1). 

Real-time monitoring using PAT
Ensuring consistent product quality 
throughout the process is crucial, not only 
for process optimization but also for rou-
tine manufacturing. A real-time monitor-
ing system allows any quality concerns to 
be verified or detected quickly.

To ensure the required pharmacoki-
netics, the OSD form was coated with 
specific functional layers. These coats 
protect the API from being released in a 
low pH environment and guarantee the 
appropriated dissolution profile. In this 
way, the CQAs for enteric and dissolu-
tion profiles were evaluated by collecting 
samples and using conventional analyt-
ical methods (e.g., high-pressure liquid 
chromatography [HPLC]). 

However, this approach is time and 
resource consuming, and the time gap 
between sampling and generating re-
sults  does not allow quality issues to 
be fixed immediately. To make this 
procedure more agile, a near-infra-
red (NIR) spectrometer probe was in-

 

 

 

 

Figure 1. 

 

 

Figure 2. 

 

Figure 1.  Total coating time is reduced in the design space while maintaining an in-
specification quality profile.

 

 

 

Figure 3 

 

 

Figure 2A. Manual sampling and measurement of an enteric profile. The red dotted line represents the 10% specification limit.  The bottom 
arrow indicates the process time. Figure 2B. First step of the cascading monitoring program: real-time measurement of enteric profile by 
near infra-red (NIR) spectroscopy.  Each dot represents an enteric value predicted from the NIR spectra collected in real time during the 
coating process. Note: The manual sampling (A) and spectra collection (B) are not aligned. This is only a visual representation. 
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stalled in-line and set to collect spectra 
every 30 seconds during the two-step 
coating process. 

Achieving specifications
Using the spectra, a real-time moni-
toring program was developed to en-
sure that enteric and dissolution pro-
files were within specifications. This 
program uses a cascading system for 
decision-making: first, a multivariate 
model follows the enteric profile over 
time until the 2% API release thresh-
old is assured (Figure 2); then, a com-
bination of two multivariate models is 
used to monitor the dissolution profile 
evolution (Figure 3). 

The dissolution curve model was 
fitted to Higuchi and Logistic (5) and 
other equations, while the enteric pro-
file was modeled directly from the data. 

If any quality issue arose during these 
phases, the process could be stopped 
immedidately, permitting trouble-
shooting and avoiding resource waste 
until the issue is addressed. 

The real-time monitoring program 
allows for a continuous evaluation of 
the coating steps, ensuring that the 
desired layers of thickness (i.e., mea-
surements that result in the enteric 
and dissolution profiles being within 
specifications) with no sampling, no 
laboratory equipment occupation, no 
reagents needed, and no time gap for 
the identification of issues in the two 
CQAs being monitored. This approach 
constitutes a clean, fast, and agile solu-
tion for process automation.

The road ahead 
The collaboration between 4Tune Engi-
neering and Aché Pharmaceutical Lab-
oratories showed how an Industry 4.0 
approach can be used to revise, and con-
siderably improve, existing commercial 
operations. This project is an example of 
pharma’s first steps toward Industry 4.0, 
with the collection and analysis of big 
data for optimization and decision-mak-
ing. These approaches will undoubtedly 

continue to shape the manufacturing 
world in the future. Pharmaceutical 
companies should pursue Industry 4.0 
and other new strategies to bring about 
innovation and world-class operations 
in terms of operational excellence and 
quality compliance.
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Figure 3 

 

 

Figure 3A. Manual sampling and measurement of a dissolution profile. The bottom arrow indicates the process time.  
Figure 3B. Second step of the cascading monitoring program. Each line represents a dissolution profile predicted from the near 
infra-red (NIR) spectra collected in real time during the coating process. Note: The manual sampling (A) and spectra collection (B) 
are not aligned. This is only a visual representation.

Industry 4.0 offers a 
clean, fast, and agile 
solution for pharma 
process automation.
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R 
esidues of APIs, excipients, and cleaning agents that 
remain on product contact surfaces after cleaning 
can affect patient safety and product quality. Cur-
rent good manufacturing practice (CGMP) regula-

tions require that pharmaceutical and biological manufac-
turers demonstrate that their equipment cleaning processes 
remove contaminants from product contact surfaces or re-
duce them to acceptable levels (1, 2). 

To assess the levels of contaminant that are likely to re-
main on equipment surfaces after cleaning, samples must 
be collected and tested.  Swabbing and rinsing are typically 
used for sampling, while recovery or spiking studies (3) are 
used to demonstrate that sampling methods are effective.
In recovery studies, known amounts of test substances are 
spiked onto representative surface(s), which are dried, sam-
pled, and analyzed using validated procedures. Levels found 
in samples are then compared to spiked levels to estimate 
recoveries, and a correction factor for analytical result is 
calculated. This factor compensates for the variability of 
analyte recovery incurred due to sampling and/or analytical 
errors (4, 5).

Regulatory guidance documents currently focus on sam-
pling method effectiveness and demonstrating recovery (3–
6). They do not provide specific recommendations on how 
recovery studies should be designed. A number of different 
approaches are currently used (7), but methods can be in-
consistent, potentially resulting in poorly designed recovery 
studies, biased results, and misleading recovery factors.

Swab method variability
For swab sampling, variable recovery results could be due 
to variability in the following:
• Technique or procedures (e.g., number of swabs used and 

number or direction of swabbing strokes)
• Materials (e.g., characteristics of swabs and solvent)
• Surface (e.g., material of construction and surface finish 

of the equipment or swab area)
• Residue chemistry and concentration
• Staff readiness, training, experience, and cognitive state.
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Qualification of a Swab-
Sampling Procedure for 
Cleaning Validation

This article presents a simple way to qualify 
a swab-sampling procedure for its ability to 
recover residues of a small-molecule API from 
cleaned equipment surfaces. Spiking studies 
were specifically designed to assess the impact 
of sampling parameter variability on swab 
recoveries. The qualification characteristics 
included accuracy, precision, linearity, and 
robustness. An eight-run Plackett-Burman design 
was used to assess the procedure’s robustness. 
Recovery factors for correcting analytical 
results, taking into account recovery variability, 
were estimated from the data. The average 
and individual recoveries for each spiked level 
were greater than 70%, and the percentage 
relative standard deviations for overall 
precision at each spiked level were <20%. The 
method was found to be robust because none 
of the factors examined had a statistically 
significant effect on swab recovery. Results 
demonstrated that the swab-sampling procedure 
is suitable for use in cleaning validation.

Mohammad Ovais, Queck Chen Huey, Masidahyu Ngadinan, 
and Theventharan A/L Shamungam
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This article focuses on improving the understanding and 
assessment of potential sources of variability, presenting a 
real-world study of sampling methods. The objectives of this 
study were to:
• Examine the effect of the potential sources of variation 

on swab recovery of a small molecule (molecular weight: 
approximately 300 g/mol) API from cleaned equipment 
surfaces

• Identify variables that inf luence sampling recoveries 
and determine which variables should be controlled for 
consistent recoveries. 

The study’s experiments were designed to assess the ac-
curacy, precision, linearity, and robustness of the procedure. 
Because swab sampling methods, like manual cleaning, are 
very technique-dependent, this study also examined the ef-
fect that samplers (i.e., the technicians performing the sam-
pling) had on results.

Design-of-experiment (DoE) techniques (specifically, a 
Plackett-Burman design) were used to assess the robustness 
of the sampling procedure. The study was performed along-
side the validation of analytical method used for testing 
swab samples. The resulting data were statistically evalu-
ated to assess qualification parameters. Recovery factors for 
correcting analytical results were also estimated.

Materials and methods
Chemicals and materials. High-performance liquid chromatogra-
phy (HPLC)-grade methanol (Merck, Germany) was used in the 
study; all other chemicals were of analytical-reagent grade. Flat-
head knit polyester swabs with polypropylene handles (SP-3) 
were used (Contec Inc., USA), and the sterile cotton swabs used 
for surface sampling were obtained from Premier Diagnostics 
Sdn. Bhd., Malaysia. 

Teepol cleaning agent was purchased from Fisher Scientific, 
Malaysia. Two 316-L stainless steel plates, 61cm x 30cm, were cut 
out from the same sheet and used as representative surfaces for 
the study. Whatman UNIFLO 25/0.45 RC syringe filters were 
used for filtering sample solutions.

Study design. To assess the recovery effectiveness of the 
swab-sampling procedure, 18 determinations (i.e., three levels 
of spiking repeated three times by two different sampling tech-
nicians) were made at spike levels that covered 50% to 200% of 

the expected cleaning analytical limit (i.e., 10 μg/mL). Spiked 
levels were set at 50, 100, and 200 μg/25cm2. Each spiked level 
was swabbed three times by two trained sampling technicians. 
This study was performed in parallel with the validation of an-
alytical procedure for cleaning validation. Hence, for compari-
son purposes, samples prepared in triplicate by spiking known 
amounts directly onto the swab tips for testing the accuracy 
of analytical procedure were included as controls in this study.

The representative surface and swabs were also seeded with 
the spiking solvent alone (i.e., without the test substance) to 
provide blanks. This allowed researchers to check cross-con-
tamination and interference from items that were used during 
the study (e.g.,  labware, plate surface, solvents, and solutions).

Design of experiments. An eight-run Plackett-Burman design 
was used to assess the procedure’s robustness. Plackett-Burman 
designs allow researchers to identify, economically, the most 
important factors out of many potential ones. These designs 
are useful for investigating main effects, because they assume 
that interaction effects are negligible (8). Using these designs 
only, N runs can be used to explore N-1 factors. Due to the 
method’s efficiency, these designs are preferred for robustness/
ruggedness studies.

I n  t he  s t udy,  s e ven  f ac tor s ,  b ot h  qu a nt i t a-
tive and qualitative, were selected and considered:                                                                                                                                      
surface finish, swab area, type of swabs used, swabbing di-
rection, sampling personnel, spiked amount, and percent of 
methanol solution used for swabbing. Table I summarizes the 
factors and their levels. Table II presents the DoE scheme and 
the results obtained from each DoE run. The percent recovered 
from the surface was used as the response variable. The exper-
iments were performed at random and the amounts recovered 
were obtained for statistical evaluation. For each of the eight 
treatment combinations, two replicates were taken.

Recovery study procedures
Preparation of spiking solution. The spiking solution was prepared 
by dissolving about 0.05g of the test substance in 100 mL of 
methanol so that the concentration was 0.5mg/mL.

Preparation of stainless steel plates. The plates were cleaned thor-
oughly with Teepol detergent solution and potable water, then 
final rinsed with Milli-Q water and allowed to dry. Prior to spik-
ing, the plates were further cleaned with methanol and dried. 

Table I. Robustness factors and their levels.

Factor Unit Low value (-1) Nominal value (0) High value (+1) Variation (%)

A. Surface finish - Milled - Finished -

B. Spiked area cm² 20.25 25 30.25 -

C. Swabbing method Method B A C -

D. Methanol percent % 95 99.8 99.8 ~5

E. Swab type - Cotton - SP-3 -

F. Sampling personnel - Sampler 1 - Sampler 2 -

G. Amount spiked μg 90 100 110 10
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Spiking onto stainless steel plate. Using a micropipette, six rep-
licates, each of 100-, 200-, and 400-μl aliquots of the spiking 
solution, were spiked separately (and equidistant from one an-
other) onto the finished surfaces of the plates. Using the pipette 
tip, aliquots were spread over a 5 x 5 cm area. Similarly, control 
samples were prepared by spiking each aliquot directly onto the 
tips of two swabs. Amounts spiked per 25 cm2 area or two swabs 
were 50, 100, and 200 μg, respectively.

To test for robustness, a micropipette was used to spike eight 
replicates (four each on the finished and milled surfaces). Each 
180-μl and 220-μl aliquot of the spiking solution was spiked 
separately (and placed so that the aliquots were equidistant from 
one another) onto the plate and spread over 4.5 x 4.5 cm and 
5.5 x 5.5 cm areas, respectively, with the pipette tip. Amounts 
spiked over 4.5 x 4.5 cm and 5.5 x 5.5 cm areas were – 90, and 
110μg, respectively. 

Swabbing procedures. Standard procedures for obtaining swab 
samples (Method A) were used to obtain swab samples. This 
involves moistening swabs with solvent and swabbing the area 
to be sampled in an overlapping zigzag pattern—first horizon-
tally, and then vertically. Two swabs were used for each sample,  
and methanol was used as the swabbing solvent.

Two variations of this method (Method B and Method C) 
were also used to determine robustness. In Method B, the spiked 
area was first swabbed horizontally and then, after rotating/flip-
ping the swab, again horizontally. In Method C, the spiked area 
was swabbed first diagonally upwards and then, after rotating/
flipping the swab, diagonally downwards. These methods are 
illustrated in Table III.

Sample preparation. The collected swab samples were extracted 
with 10.0 mL of methanol by sonicating for 15 minutes. After 
sonicating, the tubes were shaken, and excess solvent was re-
moved from the swabs by lightly pressing their tips against the 
test tube wall. The swabs were then discarded, and the solution 
was analyzed using a validated HPLC method. The expected 
concentrations for the three spike levels were 5-, 10-, and 20-μg/
mL, respectively.

Statistics. R software, version 3.2.3 (R Foundation for Statisti-
cal Computing, Vienna) was used for statistical and graphical 
analysis, along with Minitab Version 16.2.3 (Minitab, Inc.) and 

Microsoft Excel 2007.  The level of significance for all analysis 
was set at α=0.05. Prior to data analysis, the recovery and bias 
were calculated for each swab sample using equations 1 and 2. 

Recovery (R) = Concentration Found / Expected 
Concentration                [Eq. 1]

Bias = Concentration Found - Expected Concentration 
                   [Eq. 2]

Results
Data generated from the recovery study are shown in Figure 1. 
These data were used to analyze the sampling qualification 
characteristics of accuracy (recovery), precision, and linear-
ity. Analysis of blanks did not suggest cross contamination, 
as expected.

Exploratory data analysis. Plots used for exploratory analysis 
are provided in Figure 2. Box plots for the recovery data are 
shown in Figures 2a and 2b and summarize visually the distri-
bution of recoveries by spiked level and Series, respectively. 
As seen from the box plots (Figure 2a), Sampler 1 showed 
lower recoveries than the Control or Sampler 2 at each 

Table II. Design of experiments for assessing the robustness of the sampling procedure.

Exp. 
no.

Plate surface 
finish

Spiked surface 
area

Swabbing 
method

Methanol % Swab type
Sampling 
personnel

Amount spiked
Average 

recovery a

1 Finished 30.25 C 95 SP-3 Sampler 1 90 1.043

2 Milled 30.25 C 99.8 Cotton Sampler 2 90 1.018

3 Milled 20.25 C 99.8 SP-3 Sampler1 110 0.865

4 Finished 20.25 B 99.8 SP-3 Sampler 2 90 1.127

5 Milled 30.25 B 95 SP-3 Sampler 2 110 0.900

6 Finished 20.25 C 95 Cotton Sampler 2 110 1.354

7 Finished 30.25 B 99.8 Cotton Sampler 1 110 1.022

8 Milled 20.25 B 95 Cotton Sampler 1 90 1.002
 
aAverage recovery from two replicates

Figure 1. Interval plot of accuracy data (with lower one-
sided 95% confidence interval for the mean shown as 
dashed line). “Pooled” and the vertical long dash dot 
line in the plot represent pooled recoveries of both 
the samplers and the reference line for 70% recovery, 
respectively. The red (◊) symbol in the plot denotes 
mean of recoveries.
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spiked level. For Sampler 1, the average recoveries could 
also be seen decreasing with increasing spiked amounts. In 
addition, the box plots (Figure 2b) indicated that the over-
all recovery and variation in recoveries for Sampler 2 were 
greater than that for Sampler 1 or Control. Examination 
of the scatter plots (Figure 2c) for Control and Sampler 1 in-
dicated linear relationships between concentrations found 
and expected concentrations. The scatterplot for Sampler 2 
showed a possible slight curvature. The plot of bias values 
against the spiked levels is shown in Figure 2d. For Control 
and Sampler 2, the average bias values at spiked level of 

100µg/25cm2 were lower than those observed at other lev-
els. The plot of bias values for Sampler 1 showed increasing 
negative bias with increasing spiked amounts.

Linearity. Simple regression analysis was used to evaluate 
the relationship between expected and found concentrations. 
The summary statistics, including the regression coefficients 
(slope and y-intercept) with 95% confidence intervals, cor-
relation coefficient (r), coefficient of determination (r2), and 
residual sum of squares, for the series-specific regressions 
are provided in Table IV. 

Linearity of the recovery curves was assessed from the 

Table III. Variants of swabbing directions.

Sampling method With the first side of the swab After rotating/flipping the swab

Method A (usual procedure)

Method B

Method C

Table IV. Linearity summary statistics for the recovery data.

Series r r2 Intercepta Slopea RSS Sy/x PLoF

Control 0.998 0.996 -0.726 (-1.545, 0.093) 1.079 (1.016, 1.141) 1.680 0.490 0.110

Sampler 1 0.997 0.995 0.557 (-0.150, 1.265) 0.832 (0.778, 0.885) 1.253 0.423 0.901

Sampler 2 0.991 0.982 -0.607 (-2.300, 1.086) 1.078 (0.949, 1.207) 7.178 1.013 0.025

a 95% Confidence intervals are provided in the parenthesis; r: Correlation coefficient; r2: Coefficient of determination; Sy/x: Residual standard deviation; 
RSS: Residual sum of squares; PLoF: P-value for the lack of fit test
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correlation coefficients and lack of fit tests. The correlations 
coefficients indicated that the concentrations found were 
strongly correlated (r>0.99) to the expected concentrations. 
Except for the Sampler 2 data, the lack of fits was not sig-
nificant (p > 0.05). A p-value <0.05 for lack of fit suggested 
that the linear model did not fit the data well, and a higher 
order (e.g., quadratic) model would be required. Neverthe-
less, for the purpose of estimating recovery factor, a linear 
model was assumed. 

The 95% confidence intervals for the slope and intercept 
were used to identify proportional and constant bias, respec-
tively. For Control and Sampler 1, the confidence intervals 
for slopes did not include one, indicating the presence of 
proportional bias. 

Comparison using analysis of covariance (ANCOVA) 
showed no significant difference in the slopes (p = 0.99) 
and intercepts (p=0.88) of Control and Sampler 2 regres-
sion lines. However, the regression line of Sampler 1 was 
significantly different from that of Control and Sampler 1. 
The plot of the series data with the fitted regression line is 
shown in Figure 2c.

Precision. The precision of the swabbing procedure was 
evaluated by considering repeatability and overall preci-
sion (i.e., repeatability + sampler-to-sampler variability) at 
the three spike levels. For each spiked level, using one-way 
analysis of variance (ANOVA), a method of moments esti-
mation, average concentration found and recovery between 
and within sampler variance components were estimated. 
The measures of precision—repeatability and overall preci-
sion, respectively, were estimated from within sampler and 
total (between + within) variance by dividing the square 
root of these quantities by the average and multiplying by 
100. The variance components and precision estimates are 
summarized in Table V. The repeatability precision ranged 
from 4.01 to 6.10%, and the overall precision ranged from 
6.10 to 15.43%.

Accuracy
Recovery effectiveness. The recovery effectiveness of the swab 
sampling procedure was evaluated by spiking stainless steel 
plate with known amounts of the API. The spiked samples 
were collected, analyzed, and the results expressed as re-

Figure 2. Exploratory data analysis of recovery study data: (a) Multi-panel box plots (paneled by Series) of the 
recoveries by spiked level; (b) box plots of the recoveries by Series; (c) Multi-panel scatter plot (paneled by Series) 
of concentration found versus expected concentration, overlaid with the linear regression lines; (d) Multi-panel 
scatter plot (paneled by Series) of bias versus spiked level with mean connecting lines. The (+) symbols in box plots 
and bias scatter plot denote average of recoveries and bias, respectively. The horizontal dashed line in (a) and (b) 
denotes the reference line for 80% recovery.
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coveries (i.e., ratio of concentration found to expected con-
centration). The individual recoveries, as shown in Figure 
1, ranged from 0.81–0.97 for Sampler 1, 0.91–1.13 for Sam-
pler 2 and 0.94–1.08 for Control. The average recoveries at 
different spiked levels ranged from 0.86–0.94 for Sampler 
1, 0.92–1.08 for Sampler 2, and 0.97–1.05 for Control. The 
overall minimum and average recovery values for combined 
sampler data were 0.81 and 0.96, respectively. 

For each level spiked onto the stainless steel plate, the aver-
age recoveries and their lower one-sided 95% confidence limits 
were computed and are shown in Table V. Lower one-sided limits 
for recoveries were used because expectations were only set for 
recoveries on the lower side (i.e., the objective was to verify if 
the observed recoveries were higher than 70%). The average re-
coveries at spiked levels of 50, 100, and 200 μg/25cm2 were 1.01, 
0.91, and 0.96, respectively. The lower one-sided 95% confidence 
limits of mean were above 70% recovery in all the cases. 

The interval plot of recovery data is shown in Figure 1. The 
figure shows series-specific individual and average (and their 
lower one-sided 95% confidence intervals) recoveries for each 
spiked level.

Estimation of recovery factor. Because the recovery results for 
Sampler 1 showed significant proportional bias, a recovery fac-
tor needs to be applied for correcting future results. In cases 
where concentration found is linearly related to expected con-
centration, slope of the recovery curve can be used as an esti-
mate of the overall recovery (9). However, because this overall 
recovery does not reflect the variability observed in the recov-
ery data, it cannot be used as the correction factor. Hence, to 
account for statistical uncertainty and provide confidence in 
corrected results, lower one-sided 95% confidence limit of the 
slope was set as the recovery factor. 

The lower one-sided 95% confidence limits of the slope for 
Sampler 1 and Sampler 2 regression lines were computed to 
be 0.79 and 0.97, respectively. These values were then used to 
correct results obtained from swab samples of the respective 
sampler. The corrected results were obtained by dividing the 
measured result by the estimated recovery factors.

Robustness. To assess the robustness of the swab sampling pro-
cedure, the factors that could potentially influence the effective-
ness of the procedure were evaluated using an eight run Plack-
ett-Burman design. Both quantitative and qualitative factors 
were examined in the test. The results obtained from the test 

(Table II) were statistically (using ANOVA) and graphically an-
alyzed to identify significant effects. Based on ANOVA results 
(not shown here), the p-value for each effect was greater than 
0.1. A p-value of less than 0.05 indicates a statistically significant 
difference from zero at the 95% confidence level. 

The Pareto chart, normal probability plot, and half normal 
plot of the standardized effects (i.e., the estimated effects divided 
by their corresponding standard errors) are shown in Figure 3.  
The Pareto chart (Figure 3a) shows the absolute standardized ef-
fects sorted by magnitude in descending order. From the chart, 
it is seen that none of the bars crosses the vertical line at 2.306 
indicating that none of the factors showed an effect that was 
statistically significant at the 95% confidence level. The mag-
nitude of the standardized effects ranged from 0.09 to 1.43. In 
addition, both the Pareto chart and half normal plot (Figure 3c) 
shows that the effects for Surface Finish (Factor A) and Amount 
Spiked (Factor G) were the largest and smallest, respectively. On 
the other hand, the normal probability plot (Figure 3b) shows the 
direction of the effects. The plot reveals that of the seven factors 
examined, Spiked Area (B), Methanol Percent (D), Swab Type 
(E), and Amount spiked (G) have negative standardized effects 
implying that the swab recovery decreases with increase in levels 
of these factors. Whereas Surface Finish (A), Swabbing Method 
(C), and Sampling Personnel (F) have positive standardized ef-
fects indicating that the swab recovery increases when the low 
levels of these factors are changed to high levels.

Furthermore, all the recoveries obtained in the robustness test 
were greater than 80%. Based on the evaluation of robustness 
results, the swab sampling procedure can be considered robust.

Discussion
Key findings. The objective of this study was to qualify a 
swab-sampling procedure to recover residues of an API 
from cleaned equipment surfaces. Data from a swab-sam-
pling recovery study were statistically evaluated and as-
sessed for accuracy, precision, and linearity. This evaluation 
determined the following:
• Average and individual recoveries for each spiked level 

were greater than 70%. 
• % relative standard deviations (RSDs) for overall precision 

at each spiked level were <20%.
• The highest variability (overall %RSD > 15%) in recovery 

was observed at the highest spiked level (i.e., 200 μg/25cm2).

Table V. Linearity accuracy and precision results for the qualification of the swab-sampling procedure.

Expected 
concentration 
(μg/mL)

Level of recovery Variance components Precision RSD (%)

Concentration 
found (μg/mL)

[X; LCLA]

% Recovery
[X; LCLA]

Between Within Repeatability Intermediate

5.00 5.03; 4.85 101.24; 97.65 0.24 0.04 4.01 10.54

10.00 8.99; 8.52 90.53; 85.77 0.00 0.30 6.10 6.10

20.00 19.10; 18.37 96.14; 92.47 7.99 0.70 4.37 15.43

Xbar: Average; LCLA: Lower one-sided 95% confidence limit of average; RSD: Relative standard deviation
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• For Sampler 1 and Control, the concentrations found were 
linearly related to the expected concentrations. A potential 
curvature was observed in the data for Sampler 2.

• The effect from different samplers was significant. The 
recovery data for Sampler 1, for example, exhibited sig-
nificant proportional bias (i.e., recovery was statistically 
different from one). 

• Based on the recovery results, taking into account the un-
certainty in recovery results, recovery factors for Sampler 1 
and Sampler 2 were found to be 0.79 and 0.97, respectively.

• From the robustness test, it was found that none of the 
factors that were examined had a statistically significant 
effect on swab recovery (at a 95% confidence level) and all 
the recoveries were above 80%.

Sources of variability
The following potential sources of variation were found:

Sampling personnel. As seen earlier, the sampler-to-sampler 
variation was significant with Sampler 1, showing lower recov-
eries at each spike level. Although both the samplers received the 
same level of training, Sampler 2 showed similar performance in 
other recovery studies. This may be because of the individual’s 
sampling technique (i.e., pressure applied in sampling, over-wet-
ting of swabs, and inconsistency in number of swabbing strokes). 

These experiments also highlight the importance of including 
data from staffers who actually perform the sampling in recov-
ery studies (rather than results from laboratory staff perform-
ing the research) to obtain a true picture of performance and 
variability. Because only two samplers are typically included in 
these studies, one cannot make inferences about the variability 
that would be associated with the whole population of samplers. 

Surface finish. In the robustness experiment, the effect due to 
equipment surface finish (i.e., Factor A) was found to be statis-
tically insignificant. However, as seen from Figure 3a, the effect 
due to this factor is the largest, which suggests that surface fin-
ish or imperfections (e.g., scratches or pits) could influence the 
recovery of process residues.

Apart from these results, it was also observed that over-wet-
ting of swabs (in sampling solution) prior to sampling can also 
contribute to variable recoveries. When swabs are over-wetted, 
when technicians swab along the edges of the template, the extra 
solution would seep under the template, likely taking some dis-
solved residue along with it.

Swabbing is a widely used sampling method. However, re-
sults depend heavily on the swabber’s technique. A number of 
variable factors may influence its ability to recover process res-
idues accurately and consistently. 

Considering these potential sources of variability, recovery 
studies should be designed to assess their impact on swab recov-
eries. Properly designed experiments could help achieve this ob-
jective in an efficient and cost-effective manner. When designing 
such experiments, the factors and their levels can be determined, 
either based on prior knowledge or by using risk-assessment 
methodologies (e.g., failure mode and effects analysis). Identified 
factors should be the ones that are expected to vary during actual 
sampling and that are likely to influence residue recovery.

Setting of recovery factors
Understanding variability and uncertainty in recovery results 
is vital to setting reliable recovery factors. Poorly designed stud-
ies and improper evaluation of recovery results may lead to 
misleading recovery factors. In order to be used in correcting 

Figure 3. Graphical analysis of effects: (a) Pareto chart of the standardized effects; (b) Normal probability plot of the 
standardized effects; (c) Half normal plot of the standardized effects. The vertical dashed line in the Pareto chart 
indicates the smallest magnitude for an effect to be statistically significant. Level of significance = 0.05. 
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analytical results, estimated recovery factors should be data-de-
rived and reflect the variability observed in recovery data (7). 

Table VI provides a simple comparison of recovery factors and 
corrected results estimated using conventional approaches versus 
the approach used in this study. An analytical result of 10μg/mL is 
used as an example to calculate the corrected result. The corrected 
results were obtained by dividing the analytical result by the esti-
mated recovery factor. 

As shown in the table, conventional approaches pool all the re-
covery values regardless of differences between recovery results 
from the two samplers. From a practical standpoint, where the re-
covery data for samplers differ significantly, correcting for recovery 
using conventional approaches can give misleading results. This 
study shows that use of conventional approaches will result in ei-
ther overestimation or underestimation of the amounts recovered.

Swab sampling procedures and training
Swab sampling is the preferred method for sampling equip-
ment surfaces. However, it is highly variable, and its effective-
ness depends on a number of factors. In order to harmonize 
this cleaning validation process variable across the industry, 
efforts should be taken to include detailed and specific in-
structions on how swab sampling should be performed. De-
tails on potential sources of variation and failure modes, and 
critical parameters identified during qualification studies 
should be provided in written procedures. 

This should help cleaning validation scientists minimize 
uncertainty and maximize consistency in sampling results. 
In addition, technicians and operators who perform the sam-
pling should be qualified in the procedures. Samplers respon-
sible for collecting swab samples should be trained to ensure 
that they are well-versed in swabbing procedures. 

Conclusion
This article presents a systemic approach of qualifying swab 
sampling procedures. These simple experiments can help 
identify variables that affect sampling recoveries, so that 
cleaning validation professionals can decide which fac-
tors need to be controlled or optimized for best results, or 
whether additional studies are needed to better understand 
sources of potential variation. 

The proposed approach was applied to qualification of 
a swab-sampling procedure. Results have demonstrated 
that the procedure is effective, precise, and robust, and 
hence qualified for its intended applicability, and that 
recovery data can be used to estimate recovery factors. In 
addition, it should be noted that these experiments can 
be easily completed in a day or two, performed alongside 
analytical method validation studies, and harmonized 
across the industry.
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Table VI. Comparison of recovery factors.

Approach
Recovery 

factor

Analytical 
result 

(μg/mL)

Corrected 
result  (μg/

mL)

Recoveries above 
70% (5)

1.00 10.00 10.00

Overall minimum 
recovery

0.81 10.00 12.35

Lowest average 
recovery

0.86 10.00 11.63

Average of all the 
recoveries

0.96 10.00 10.42

Recovery at the 
cleaning acceptance 
level (100 µg/cm2)

0.91a 10.00 10.99

Lower one-sided 95% 
confidence limit of the 
slope

Sampler 1 
= 0.79

Sampler 2 
= 0.97

10.00

Sampler 1 
= 12.66

Sampler 2 
= 10.31

a Average of all the recoveries at this spike level.

Mohammad Ovais* (mohdovais75@gmail.com; 65-98811613)
is a pharmaceutical consultant; Queck Hen Huey is technical 
services unit manager for Xepa-Soul Pattinson (Malaysia) 
Sdn. Bhd.; Masidahyu Ngadinan is senior innovation and 
development chemist for Xepa Soul Pattinson (Malaysia) Sdn. 
Bhd; and Theventharan A. Shamungam is pharmacist at 
The Zyfas Medical Co.

*to whom all correspondence should be addressed. 



46    Pharmaceutical Technology JULY 2020  PharmTech .com

Quality/Regulations

LI
TT

LE
W

O
LF

19
89

 -
 S

TO
C

K
.A

D
O

B
E

.C
O

M

were severely contaminated with the 
bacterium, Bacillus thuringiensis, and 
a number of other microbes including 
Acinetobacter radioresistens. Although 
contamination levels had exceeded the 
company’s action limit, FDA inspectors 
found, the manufacturer did not thor-
oughly investigate the root causes of the 
contamination, and did not assess the 
potential impact on final product, in-
cluding the ability of its manufacturing 
process to clear any non-host cell con-
tamination. 

Failure to get to root cause
Instead, regulators found, the com-
pany had responded to the problem by 
increasing its use of a sporicidal agent 
in its cleanrooms. However, it did not 
attempt to verify the effectiveness of the 
sporicidal treatment or cleaning proce-
dures before resuming API production.

Subsequently, the company per-
formed additional tests, which it 
used to justify releasing the API for 
additional processing. However, it 
failed to assure the absence of other 
contaminants. In short, the company 
had failed to identify underlying root 
causes of these problems, and, thus, 
could not correct them or demon-
strate that it could prevent them from 
recurring in the future.

Other regulatory citations show the 
importance of clear and complete stan-
dard operating procedures (SOPs) that 
spell out the steps that must be followed 
during an OOS event or other product 
or process failure. In 2019, for example, 
European Medicines Agency (EMA) 
regulators cited a manufacturer for in-
adequate corrective action and preven-
tive action (CAPA) and SOPs (5). Al-
though the company’s CAPA plan met 
regulators’ requirements in some areas, 
it did not address the handling of OOS 
events, and failed to respond adequately 
to two important problems that regula-
tory inspectors had found at the facility.  

Regulators then determined that the 
company’s SOPs for investigating OOS 
conditions were not sufficiently defined. 
As a result, they could not ensure that 
OOS situations would be adequately 
handled in the future. 

I  nvestigations, deviations, complaints, 
and laboratory investigations are crit-
ical to assessing the compliance of a 

company’s quality systems. Deficiencies 
in the timeliness and thoroughness of 
these investigations can jeopardize a com-
pany’s compliance status, with potentially 
serious consequences. 

This article describes a challenging 
biopharmaceutical investigation into a 
quality control (QC) test deviation.  In 
this case, thorough evaluation involving 
a multidisciplinary team determined root 
cause, suggesting strategies that pharma-
ceutical companies can use to probe be-
neath the surface to improve laboratory 
investigations and overall quality systems. 

Whenever product defects, batch 
fa i lures ,  process dev iat ions ,  or 
out-of-specification (OOS) situations 

come up, regulatory agencies require 
that pharmaceutical manufacturers 
determine the root cause of those prob-
lems, using quality risk-management 
and other methods (1,2). 

Corrective and preventive actions 
must be taken in response to investi-
gations, and their effectiveness moni-
tored and assessed. As shown in Table I, 
FDA issued 264 Form 483 citations to 
manufacturers in 2019 for inadequate 
responses to quality failures (3). 

Regulatory citations offer insights 
into failures that many pharmaceutical 
manufacturers make when it comes to 
investigations (Sidebar). Consider an 
FDA warning letter (4) issued in 2013. 
FDA inspectors cited the manufacturer 
for inadequate investigation of critical 
deviations and batch failure. 

The company had manufactured 
a number of lots of an API for more 
than one year, but six of those lots 

Investigating the root causes of OOS conditions, 
product defects, and batch failures requires a 
systematic, thorough approach.

Succeeding With OOS and 
Root-Cause Investigations
James P. Stumpff

James P. Stumpff, RPh, is principal 
consultant with Parexel International, Jim.
Stumpff@parexel.com.
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Warning letters, notes, and data from regulatory inspections offer important 
insights into areas where pharmaceutical manufacturers can improve quality 
control and assurance (1–3). An analysis of FDA current good manufacturing 
practices (CGMPs) inspection citation data for finished drug products from 
2017 through March 2020 highlights negative patterns and suggests ways to 
reduce risk and improve compliance. 

An examination of warning letters issued from 2017–2019, as well as 2020 
warning letters, suggest a shift in regulatory focus during the COVID-19 pandemic. 
Overall, data suggest the need for senior executives to better define the goals 
and missions of quality departments and to improve overall staffing and support.

FDA data show that between 2017 and 2020 (Figure 1), the average monthly 
number of FDA 483 observations trended downward from 241 in 2017 to 
204 in 2018 and 173 in 2019. The lowest monthly numbers were observed in 
January 2019 (83) and December of 2019 (90), while the maximum number of 
observations in a single month, 360, was observed in March 2017.

Observations totaled 2889 in 2017, 2453 in 2018, and 2087 in 2019. 
The average number of observations received per site was 4.4 in 2019, 
compared with 4.7 in 2018 and 4.9 in 2017. The first quarter of 2017 saw 
757 observations—the highest number recorded during this time period—
while the fourth quarter of 2019 showed 409, the lowest number. The 
top 10 FDA 483 observations during 2017–2020 and the specific US Code 
of Federal Regulations (CFR) sections involved, are summarized in Table 
I. It is interesting to note that the quality unit’s direct functions and 
responsibilities—Parts 211.22, 211.160, 211.192, 211.100, 211.165, 211.166, 
and 211.194—made up 73% of the top 10 observations. 

Within the most cited section, CFR Title 21, Part 211.22, subsection (d), 
which pertains to failures in clearly delineating responsibilities of quality 
control, contributed the most (71%). CGMPs require that manufacturers 
have clear quality unit responsibilities and procedures in writing. The 
second most-cited section was CFR Title 21, 211.160, which discusses general 
requirements for laboratory control. 

Of  the facilities that were cited by FDA in 2019 for 21 CFR Part 211.22 
deficiencies, 64% also received a higher number (>5) of 483 observations, 
highlighting the fact that weakness in a quality unit’s responsibility and its 
scientific capability can be a business risk. 

A review of warning letters issued by FDA’s Center for Drug Evaluation 
and Research (CDER) from 2017–2019 showed that the number of CGMP 
compliance-related warning letters for finished drug product sites went 

down in 2019. In the second quarter of 2020, 
CDER was posting many warning letters, 
primarily to websites, for “unapproved and 
misbranded products related to coronavirus 
disease 2019 (COVID-19).”The number of 
warning letters for 2020 numbers may not 
reflect a typical year’s course. However, 
inspection data may be seen as a wake up 
call, and a reminder that strong quality 
departments are crucial to reducing 
compliance risks. 
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Figure 1. FDA Form 483 citation trends, 2017– March 2020 (Source: FDA)

Table I. Top 10 problem areas. (Source: FDA)

US Code of Federal Regulations (CFR) Section
FDA 483 
Observations 
2017–March 2020

CFR Title 21, 211.22: Responsibilities of 
quality control unit

738

CFR Title 21, 211.160 - Laboratory 
controls: general requirements

674

CFR Title 21, 211.192 - Production record 
review

527

CFR Title 21, 211.67 - Equipment 
cleaning and maintenance

512

CFR Title 21, 211.68 - Automatic, 
mechanical, & electronic equipment.

428

CFR Title 21, 211.100 - Written 
procedures; deviations. 

424

CFR Title 21, 211.165 - Testing and 
release for distribution.

368

CFR Title 21, 211.166 - Stability testing 313

CFR Title 21, 211.42 - Design and 
construction features. (308)

308

CFR Title 21, 211.194 - Laboratory 
records. (302)

302
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Timelines and  
laboratory investigations
Regulations and guidance documents 
do not specify a set timeframe for com-
pleting OOS, root cause, and other in-
vestigations, although many companies 
use the 30 business days specified in the 
Barr Laboratories legal decision of 1994 
(6) as a guideline. Currently, it normally 
takes companies anywhere from 30 to 45 
days to complete an OOS or other inves-
tigation in the pharmaceutical industry.

When an OOS occurs, it must be in-
vestigated in the laboratory. Require-
ments for conducting laboratory inves-
tigations have been set by the United 
Kingdon’s Medicines and Health Care 
Products Regulatory Agency (MHRA) 
and FDA. Most companies aim to 
complete the initial Phase I lab inves-
tigation within 10 days.

Phase I of the investigation is com-
monly conducted by QC laboratory 

personnel and management, and 
commonly includes the completion 
of a checklist and an interview with 
the analyst who performed the work. 
Generally, this interview should occur 
as soon as possible to ensure that he 
or she recalls clearly what occurred 
during the analysis.  

Phase II of the investigation typ-
ically involves additional personnel 
(e.g., from QC, quality assurance [QA], 
and manufacturing departments) and 
expanded investigations. During this 
stage, sampling procedures, sample 
management, and the manufacturing 
batch record will be reviewed. 

The following case study, which de-
scribes an actual OOS investigation, 
demonstrates the right way to approach 
the challenge of determining root cause 
and taking appropriate corrective action.

In this case, an established biolog-
ics manufacturer that produces both 

liquid and lyophilized products, had a 
deviation occur after using an estab-
lished bioburden test, membrane filtra-
tion, for final fill load sampling. The 
manufacturer had used this method 
without incident for years. According 
to procedure, the specification for the 
final fill load sample had been set at  
≤1 colony forming units (CFU)/10 mL. 
However, 3 CFU/10 mL was observed 
in the trypticase soy agar media incu-
bated in an anaerobic condition. The 
microorganism was identified as Pro-
pionibacterium sp.

Pinpointing root causes
A laboratory investigation report was 
initiated, and the investigational tests 
and retest were performed using re-
maining sample and retained sample. 
There was no microbial growth in ei-
ther sample. 

To confirm that results of the re-
test were credible (the retest had been 
performed more than 195 hours after 
sampling), a hold-time study for 195 
hours was performed. However, this 
study failed to recover results, and was 
declared invalid. Because there were 
no confirmed laboratory errors and 
the investigational test result was not 
valid due to hold-time study failure, a 
deviation was initiated.

In this type of situation, the entry of 
any microorganisms into the sampling 
process is most likely to occur, either 
during the procedure (i.e., when the 
sampling bag and ultrafiltration/di-
afiltration [UF/DF] pool bag are as-
sembled) or as a result of inadequate 
sampling procedures.

Review of relevant SOPs confirmed 
that sampling procedures had been 
properly established. Also, considering 
that the microorganism involved was a 
human-derived anaerobic bacterium,  
and that the closed manufacturing 
process strictly prevented the process 
from coming in contact with the out-
side environment, it was difficult to 
say that the microorganism had been 
introduced during production. 

Fishbone root-cause analysis ruled out 
personnel, equipment, the environment, 
material, or measurement as potential 

Table I. FDA 483 citations in 2019 due to insufficient investigation.  
(Source: FDA)

Regulation Issue Regulator comments 
Number of 
citations

21 Code 
of Federal 
Regulations 
(CFR) 211.192

Investigations of 
discrepancies, 
failures

There is a failure to thoroughly review 
[any unexplained discrepancy] 
[the failure of a batch or any of its 
components to meet any of its 
specifications] whether or not the 
batch has been already distributed.  

167

21 CFR 211.192
Written record 
of investigation 
incomplete

Written records of investigations into 
[unexplained discrepancies] [the failure 
of a batch or any of its components to 
meet specifications] do not [always] 
include the conclusions and follow-up.  

34

21 CFR 211.192
No written 
record of 
investigation

Written records are not [always] made 
of investigations into [unexplained 
discrepancies] [the failure of a batch 
or any of its components to meet 
specifications].  

26

21 CFR 211.192

Extent of 
discrepancy, 
failure 
investigations

Investigations of [an unexplained 
discrepancy] [a failure of a batch or 
any of its components to meet any 
of its specifications] did not extend 
to [other batches of the same drug 
product] [other drug products that may 
have been associated with the specific 
failure or discrepancy].  

22

21 CFR 211.192
Quality control 
unit review of 
records

Drug product production and control 
records, are not [reviewed] [approved] 
by the quality control unit to determine 
compliance with all established, 
approved written procedures before a 
batch is released or distributed.  

15
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root causes of the deviation. The four op-
erators who had performed the sampling 
were interviewed, and it was determined 
that the sampling had been done properly 
and that contamination had not been in-
troduced during bag assembly.  

Detective work and  
finding ‘the smoking gun’
An interview with the QC analyst then 
confirmed that the bioburden test had 
been performed correctly, according to 
the procedure. To complete investiga-
tion into root cause, the SOP for the 
bioburden tests was reviewed, includ-
ing gowning and aseptic procedures in 
the biosafety cabinet. 

This is where the problem was found. 
As it turned out, the procedures did 
not require face covering, which 
could allow contamination to take 
place. The exposure of the operator’s 
face likely occurred during the test 
when the operator adjusted safety 
googles. Thus, the most probable root 
cause for the bioburden test OOS re-
sult was found to be a deficient gown-
ing procedure.  

Phase II investigation tests were run 
as follows:

• Re-performing the hold-time 
study to confirm the hold time 

for the retest result. The hold 
time for 195 h could not be con-
firmed, so the retest could not 
be validated.

• Simulating the sample-hold 
condition study to reproduce 
the stored conditions before the 
sample was tested.  

In this case, recovery of the microor-
ganism was maintained. The micro-
bial hold-time study (168 h in 2–8 °C 
conditions) did not allow the recov-
ery of contaminated microorgan-
isms, but in a short period of stor-
age, Propionibacterium sp. could be 
found through the bioburden tests. 
• Performing a QC operator 

monitoring study to test three 
QC analysts, including the first 
tester, to determine whether 
microorganisms could have 
been introduced during the test. 

Using results to improve procedures
The identical microorganism (Propi-
onibacterium sp.) was found from the 
same analyst. Only Staphyloccus sp. 
were found from the other analysts, 
so contamination could have been 
due to the microorganism from the 
QC operator.  

The procedure was revised to in-
clude the wearing of a facial mask 
during the bioburden test. It is im-
portant to note that this had been a 
first-time event, despite many years of 
bioburden testing with the established 
procedure and personnel. QC analysts 
and supervisors had not recognized 
deficiencies in the gowning procedure. 

The usual checklist and analyst in-
terview failed to identify the root cause. 
QA does not typically conduct routine 
oversight of laboratory operations as 
they do for aseptic manufacturing op-
erations. QA internal audits had not 
identified this deficiency either. 

Phase II of the investigation in-
volved more, and a more diverse 
group of, specialists, who brought 
their knowledge to the investigation. 
They reviewed the manufacturing 
process and event, which led to the 
hypothesis that the most likely root 
cause was sample contamination. 

Lab procedures were reviewed again 
with the additional investigational staff 
involved, and the root cause was identi-
fied. Finally, the team prepared a Pow-
erPoint presentation to make this in-
vestigation easy to explain to regulatory 
authorities.  

A number of lessons were learned 
from this event. For one thing, supervi-
sors and QA should spend time watch-
ing critical operations in the lab, just as 
they do in production. 

It was also determined that multi-dis-
ciplinary teams should be used for inves-
tigations and internal audits, and that the 
QA staff should be included in Phase I of 
OOS investigations. On the technology 
side, the team concluded that the use of 
isolators should be considered, in order to 
further reduce the likelihood of sample 
contamination occurring in the future. 
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an OOS event or 
other problem is 
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success, bringing 
diverse knowledge 
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learning more about engineering particles for 
respiratory delivery

 •  Product developers looking to identify the 
most efficient path to commercialize an API 
for respiratory delivery

Engineering Approaches to 
Respiratory Drug Delivery: 
Mannitol Case Study

Register for this free webcast at:  
www.pharmtech.com/pt_p/approaches
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cannot be completed before patient treat-
ment. This unique challenge in cell-ther-
apy manufacturing requires tighter envi-
ronmental and handling controls to greatly 
reduce the risk of sterility failure.

Batch variation. Additionally, each dose 
of a cell therapy product is a single batch 
and is derived from a different source. Al-
though the cell type will be the same for a 
given therapeutic approach, the cells from 
different patients will still behave differ-
ently when cultured. Source material will 
contain a variety of cell types with varying 
growth and differential capacity. There-
fore, the duration of cell expansion and 
the overall cell product manufacturing 
timeframe for each batch may vary.  

Scale out. The scale-up of autologous 
cell therapy manufacturing does not re-
sult in the use of larger equipment, but 
rather, the increased handling of small, 
laboratory scale equipment.  Therefore, to 
increase the manufacturing capacity of the 
cell therapy facility, the facility and oper-
ations require “scale out,” which requires 
the introduction of additional stations and/
or suites to support cell therapy manufac-
turing for an increased number of patients.  

Facility design
Cell therapy processing involves multiple 
operation and process steps that can be 
performed in different room classifications, 
based on the open versus closed process 
steps being performed. The primary op-
erations may include:

• Receipt, inspection/verification of 
patient cells (not classified)

• Kitting of supplies for each stations 
(controlled not classified [CNC] 
transfer to ISO 8/Grade C)

• Liquid nitrogen (LN2) freezing 
(CNC) 

• Isolation/separation of cells (ISO 8/
Grade C)

• Solution preparation (ISO 8/Grade C 
with local protection)

• Thawing, cell wash, and media addi-
tion (ISO 8/Grade C)

• Antibody and viral vector prepara-
tion (ISO 7/Grade B with an ISO 5/
Grade A biosafety cabinet [BSC])

• Expansion, including antibody and 
viral vector addition (ISO 8/Grade C)

• Harvest (ISO 8/Grade C)

A lthough only a few cell-therapy 
treatments have regulatory ap-
proval, recent years have seen a 

sharp increase in the number of treat-
ments in development, many are now 
moving rapidly from late clinical stage 
to commercialization. Most approved 
autologous (i.e., patient-specific) cell 
therapies are being produced for small 
numbers of patients in laboratory facil-
ities. To support the accelerating com-
mercialization of autologous cell-ther-
apy products and to provide wider 
access to these innovative treatments 
globally, cell-therapy manufacturers are 
increasingly scaling out production.

Operational challenges
There are various operational chal-
lenges that production facilities face. 
The following sections discuss how 

these challenges are being addressed 
in a rapidly evolving environment.

Sterile processing. The manufacture of 
cell therapy products must address the 
requirements for sterile processing. Cell 
therapy products are administered to 
patients via a leukapheresis process, and 
products are not sterile filtered or termi-
nally sterilized prior to filling. Process op-
erations and room classification, therefore, 
must take into consideration the require-
ment for sterile processing, with process 
operations driving the room classification.

Product testing. Numerous in-process 
and final-product release methods must 
be applied to cell therapy products to ver-
ify that the process can produce the prod-
ucts within the desired critical quality at-
tributes. Many cell therapy products are 
fragile preparations that must be shipped 
and applied to a patient rapidly.  

This time pressure means that standard 
product release testing procedures are not 
feasible. In particular, sterility testing often 

Manufacturers must address scale-out 
challenges for commercial manufacturing.

Overcoming Operational 
and Regulatory Challenges 
in Autologous Cell-Therapy 
Facilities
Francesca McBride

Francesca McBride is director of 
Regulatory Compliance at Jacobs,  
Francesca.McBride@Jacobs.com. 
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Approach to Enhance 
Drug Solubility?
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Event Overview
Join this webcast to explore different formulation aspects to address 
low aqueous solubility of active pharmaceutical ingredients. A 
widely discussed challenge faced by the pharmaceutical research 
community today, is that many new chemical entities (NCEs) have poor 
bioavailability due to low aqueous solubility when administered orally.   

In this webcast, learn about various classic and specialized techniques 
like hot melt extrusion, spray drying, and electrospinning for solubility 
enhancement, with other optimizing formulation factors including 
complexation and surfactants for oral solid dosage forms.  

Discover the right approach to consider while formulating an oral solid 
dosage form, ensuring enhanced solubility of drug substances.

Key Learning Objectives
 •  Significance of drug solubility
 •  Assessment of best suitable solubility enhancement and 

characterization techniques
 •  Understanding solid state solubility

Who Should Attend
 •  Formulation Scientists 
 •  Process Development Scientists
 •  Analytical Scientists
 • Chief Scientific Officers
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• Filling and LN2 freezing (ISO 8/
Grade C if functionally closed or 
ISO 7/Grade B with an ISO 5/Grade 
A BSC)

• Preparation for shipment to patient 
(not classified).

Support operations include quality 
control/quality assurance (QC/QA) lab-
oratories, warehousing, and utilities gen-
eration/supply. 

An additional challenge facing cell 
therapy facility operators is the fact that 
key process equipment used for cell ther-
apy operations, such as cell washer, cell 
counter, cell separation, cell selection, and 
controlled rate freezing, is not standard 
equipment typically used in the production 
of therapeutics and vaccines. 

This equipment is new to the good man-
ufacturing practice (GMP) manufacturing 
environment and will require a robust 
validation and generation of procedures 
for operation and control. Additionally, 
this equipment is new to the regulatory 
agencies and may result in a more detailed 
review to confirm the use in cell processing. 
Primarily, cell therapy equipment is bench-
top design with an internal process control 
system for operation, and connections and 
transfers between the process equipment 
and steps are manual.  

Additionally, the design and layout of 
early-phase clinical autologous manufac-
turing facilities is different from late-phase 
clinical and commercial manufacturing 
facilities. The production of clinical cell 
therapy product is typically done in a single 
lab limited to one or two biosafety cabinets 
that allow for simultaneous production of 
two patient products at a time (one in each 
biosafety cabinet). All open manipulations 
are performed in the biosafety cabinet, and 
the products may be expanded in a com-
mon incubator, providing that each patient 
product is located on a separate shelf.

The production of autologous product 
in a launch or commercial manufactur-
ing facility setting has expanded to large 
ballroom/single room design process 
suites with more than six stations for cell 
expansion. All process operations are func-
tionally closed, with limited to no use of 
biosafety cabinets. Expansion may occur in 
either incubators, with each patient prod-
uct located on a separate shelf, or in rocker 

bioreactors, with each dedicated to a single 
patient. All connections made to the rocker 
bioreactors are through sterile tube-weld-
ing aseptic connections, enabling the ISO 
8/Grade C room classification. Separate 
process suites are provided for isolation, 
cell expansion/harvest, for antibody and 
viral vector preparation, and for filling. If 
the process if fully closed, filling may be 
performed in the expansion/harvest suite. 

There is a need for a greater focus on 
the ballroom design to mitigate the risk of 
mix-up and contamination. A full evalu-
ation of the flow of apheresis, in-process 
and final product, samples, solutions, raw 
materials/consumables, and waste should 
be performed.  

In general, there is limited to no flow 
of process equipment, nor the provision 
of an equipment wash area because sin-
gle-use process systems are primarily used 
that are received pre-sterilized. Regulatory 
preference is for the flows in and flows out 
operations of the process suites to be uni-
directional. Therefore, airlocks for material 
in and out and personnel in and out should 
be provided. Dynamic pass-throughs may 
be provided for the transfer of in-process 
product, final product, and samples.

The need to define a biosafety bound-
ary is driven by the use of viral vectors and, 
as appropriate, the processing of human 
cells. The classification of the viral vector, 
the process operations performed, and 
the rooms where the handling of the viral 
vector occurs must be considered to deter-
mine if the processing requirements must 
be good large scale practice (GLSP) or bio-
safety level  (BSL) 1, 2, or 3. 

Handling of BSL 2 or higher viruses 
requires provision for waste decontam-
ination. BSL2 allows for the transfer of 
contained waste to external facilities either 
on-site or off-site for waste decontamina-
tion. BSL3 requires waste treatment prior 
to exiting the biosafety boundary.

Typically, viral vectors are purchased 
from contract manufacturing organiza-
tions and, therefore, only require limited 
processing prior to addition. In general, 
viral vector processing in the cell therapy 
facility is limited to thawing, transfer to 
syringe/addition device, and addition to 
the cells during expansion. 

Due to the high demand for viral vec-

tors, cell therapy facilities are consider-
ing that they be manufactured in-house, 
which raises the need to provide separate 
suites with the appropriate biosafety clas-
sification and design controls. Dynamic 
pass-throughs may be provided to enable 
transfer of the prepared viral vectors into 
the cell processing suite.

Media and buffers required for cell ther-
apy manufacturing may be purchased pre-
formulated or prepared within the facility. 
A common solution preparation area may 
support multiple cell therapy processing 
suites. Single-use systems are commonly 
used for the preparation of media and buf-
fer solutions. The bags of media and buffers 
are transferred into the process suites for 
addition to the product during processing.

Kitting areas are provided for the 
preparation of materials and consumables 
as they transition from the warehouse to 
each process suite. A common practice is 
to prepare a single kit for each station in 
the process suites. In relation to kitting, 
best practices in these facilities involve 
provision for:

• A common staging area in a 
CNC-classified area adjacent to 
the kitting area for the transfer of 
supplies from the warehouse and 
removal of external wrappings and 
initial sanitization of materials

• Provision of multiple dynamic pass 
throughs for the transfer of supplies 
from staging into the classified kit-
ting area 

• Classification of the kitting area the 
same as the process suites to which 
the supplies are transferred

• Classified kitting area for the final 
sanitization and placement of sup-
plies into individual containers that 
can be sealed and staged for transfer 
to the process suite.

Provision of a common kitting area 
minimizes the sanitization procedures that 
would need to be performed in the airlock 
for transition of the supplies into the pro-
cess suite, because only a final, overall san-
itization of the external kit container needs 
to be performed in the airlock.  

Case study
As an example, a client’s US-based autol-
ogous manufacturing facility provides 

Operations
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Event Overview
As the bio/pharma industry develops new container delivery 
solutions, greater understanding and control of primary 
container quality is needed. Deterministic technologies that 
provide a more reliable test measurement can be leveraged 
to automated inspection platforms. Vials and prefilled 
syringes create challenges that call for deploying alternative 
technologies and inspection methods.  

This presentation will cover various challenges and pitfalls 
of specific applications and solutions to assure reliable 
container closure integrity (CCI). Scientific case studies 
will establish criteria for successfully deploying a next-
generation automated CCI inspection technology.  

Key Learning Objectives
 •  How to evaluate your container and product classes 

against available CCI test technologies 

 •  Technology capabilities and how they can be leveraged 
for automated CCI assurance 

 •  Solution and pathways to navigate the next generation 
CCI quality requirements 

Who Should Attend
 •  Technical specialists within the parenteral 

pharmaceutical field, focused on lab space, fill-finish  
and all container/packaging operations

Automated Inspection 
Technologies for Vial 
and Syringe Fill-Finish
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space to produce both late-stage clinical 
and commercial cell therapy products. The 
facility is a multiproduct cell therapy facil-
ity with initial focus on chimeric antigen 
receptor T-cell (CAR-T) manufacturing.  

All open batch manipulations occur 
within BSCs located in ISO 7/Grade B 
rooms, and all processes utilize ster-
ile, single-use equipment. All other 
processing occurs in ISO 8/Grade C 
cleanrooms. The primary manufactur-
ing process operations consist of isola-
tion and freezing, thaw, initiation and 
transduction, expansion, harvest, and 
freezing. Support operations include 
materials receipt, solution preparation, 
kitting, apheresis receipt, product ship-
ping, and QC testing.

The facility has five, independent cell 
process suites; all are accessed from a 
common CNC corridor.  Each suite has 
unidirectional, in-and-out airlocks for 
materials and personnel. Process sup-
port suites within three of the cell ther-
apy suites support the preparation of 
antibody and viral vectors. 

Viral vector preparation is limited 
to thaw and open transfer to appro-
priate devices for transduction/addi-
tion to cell expansion. Dynamic pass-
throughs are provided for the transfer 
of the antibody and viral vector into 
the cell therapy suite. 

Multiple stations for different opera-
tions within the cell therapy suite include 
six for initiation, 10 for expansion, and 
three for harvest. At the completion of 
harvest, if the cell count is appropriate, pa-
tient product is filled into bags via closed 
addition and transferred for freezing.

The design of each process suite took 
into consideration the need for required 
segregation at each station to prevent risk 
of mix-ups, utilization of closed process-
ing to prevent product contamination 
and cross-contamination, use of closed 
processing to support classification of the 
process suite as ISO 8/Grade C, in-pro-
cess testing, staging of materials within 
each station, and unidirectional flows in 
and out of the suites.  

QC laboratory space is located on the 
second floor of the facility. All waste is 
placed in closed containers and is trans-
ferred out of each suite via separate waste 

airlocks to the waste holding area. Waste 
is transferred offsite for treatment. Sep-
arate rooms are provided for in-process 
product freezing and final product freez-
ing, all in liquid nitrogen freezers. 

Regulatory challenges
Because autologous cell therapy manufac-
turing facilities are new and differ from 
the more traditional monoclonal antibody 
(mAb) therapeutics and vaccine manufac-
turing facilities, cell therapy facility opera-
tors need to give consideration to a presen-
tation to the regulatory agency during the 
early phase of the design process.  

Typically, presentations to FDA for 
a Type C meeting involves submitting 
a written report that fully describes the 
products, operations, and facility and 
defines key questions that the manufac-
turer requires regulatory feedback on as 
part of their review and facility drawings. 
The Type C meeting can provide strong 
confidence that the design is acceptable or 
identify what risks or changes should be 
considered. Key aspects that have been de-
fined by FDA in Type C meetings for both 
clinical and commercial manufacturing 
cell therapy facilities include:

• Preference for unidirectional flows 
through the facility

• Segregation of viral vector prepara-
tion from other operations

• Separate areas for processing/
in-process testing from QC labo-
ratory testing

• Consideration for the risk of product 
quality from multiple patient stations 
in a common room.

Within FDA, manufacturing of cellu-
lar therapies is reviewed in the Division 
of Cell and Gene Therapies in the Office 
of Cellular, Tissue, and Gene Therapies, 
and there are two separate product re-
view branches, one for cell therapies and 
one for gene therapies.

Within the structure of the European 
Medicines Agency (EMA), the Commit-
tee for Advanced Therapies (CAT) plays a 
central role in the scientific assessment of 
advanced therapy medicines. It provides 
the expertise that is needed to evaluate ad-
vanced therapy medicines.

Additionally, the international regula-
tory requirements that apply to the man-

ufacture of cell therapy products include 
guidance from FDA (1–4), EMA (5), and 
the National Institutes of Health (6). 

Staying ahead of operational 
and regulatory challenges 
The operational and regulatory chal-
lenges facing cell therapy operators are 
numerous and complex. These include 
the need for sterile processing and for cell 
therapy products to be shipped and ap-
plied rapidly. Adding a layer of complex-
ity is the fact that testing often cannot 
be completed before patient treatment, 
which requires tighter environmental 
and handling controls. Also, as equip-
ment is new to the GMP manufacturing 
environment, it requires validation and 
regulatory review, while from a design 
perspective there is a need for a greater 
focus on the ballroom design to mitigate 
the risk of mix-up and contamination.

From a regulatory perspective, cell 
therapy manufacturers should present 
to the relevant regulatory agency during 
the early phase of the design process. 
This proactive engagement will ensure 
that the manufacturer will receive a de-
tailed review from regulators and that 
all key issues are addressed. In turn, 
this review provides strong assurances 
that the design is acceptable or can 
identify risks or what changes should 
be considered.
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The ever-changing regulatory environment faced by 
manufacturers in pharmaceuticals and other regulated industries 
can cause confusion and doubts about compliance. Instrument 
systems designed to meet regulatory requirements can relieve 
the burden for manufacturers. How do they do it?

Watch this webcast to see how two different instrument 
platforms—Fourier-transform infrared spectroscopy (FTIR) 
and microvolume ultraviolet-visible (UV-Vis)—help labs assure 
compliance in their processes. 

During this webcast, you’ll learn:

 •  How 21 Code of Federal Regulations (CFR) Part 11 is 
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	 •		The	simplified	workflows	to	create	and	deploy	standard	
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inherent to CROs. As volume in the 
market f luctuates, CROs are able [to] 
easily accommodate increases of work 
in a short time frame. Also, of course, 
during this time, other work hasn’t 
stopped. So, we’ve made a concerted 
effort to accommodate new projects 
while maintaining existing programs 
for other indications,” says Frieling.

Some non-essential clinical study vis-
its stopped or were delayed during the 
pandemic because of patient reluctance 
to travel and local restrictions, says 
Michael Brooks, president, Covance 
Clinical Development and Commer-
cialization Solutions. “The business 
has experienced customer-initiated trial 
delays, limitations and access to certain 
trial sites, and interruptions to the sup-
ply chain,” says Brooks. 

But Brooks also sees a healthy bio-
pharma drug development market. “In 
fact, COVID-19 is likely to strengthen 
the fundamentals of drug development 
operations to enable more effective use 
of data insights, digital solutions, and 
better patient engagement,” Brooks 
states. “As countries and regions begin 
to reopen, we expect impacted non-
COVID-19 clinical trials to resume, po-
tentially with more focus on decentral-
ized trial solutions, which can include 
digital capabilities and mobile nurses/
phlebotomists. These trials reduce the 
need for patients to travel, which for 
many is a burden to trial participation.”

Development and  
manufacturing increases
Contract manufacturers are also seeing 
an impact. CDMO Recipharm has seen 
an increase in demand for the produc-
tion of antibiotics to treat secondary in-
fections in COVID-19 patients, says Erik 
Haeffler, vice president, manufacturing 
services and head of sustainability. “To 
meet this demand, we are working hard 
to ensure our facilities can continue to 
operate while at the same time protect-
ing the safety of our employees,” he says. 
The company is manufacturing antibi-
otics in four facilities, taking steps to in-
crease the safety stock of API and raw 
materials, evaluating shift patterns for 
existing team members, and recruiting 

T he first half of 2020 will be re-
membered for the rapid spread 
of the SARS-CoV-2 novel coro-

navirus. As the bio/pharmaceutical in-
dustry raced to develop vaccines and 
treatments, drug companies looked for 
ways to balance the demands for pan-
demic-related research and development, 
while maintaining ongoing development 
projects for diseases and conditions.

The urgency of new research programs, 
combined with altered work environ-
ments due to social distancing require-
ments, made contract service providers a 
viable option for many bio/pharma com-
panies. These contract research organiza-
tions (CROs), contract development and 
manufacturing organizations (CDMOs), 
and contract manufacturing organiza-
tions (CMOs) also faced the challenge of 
managing existing workloads, changing 
needs of clients, as well as rapid turn-
around to address pandemic concerns. 

Impacts of the pandemic on the con-
tract services industry—as well as the 
response—have been varied.

R&D, clinical trials, and COVID-19
While the long-term impact of the pan-
demic is too early to understand or pre-
dict, says Cindy Reiss-Clark, senior vice 
president, commercial marketing and 
customer solutions at West Pharmaceu-
tical Services, some trends have been 
observed, including delays in clinical 
trials themselves, development pipeline 
reprioritization, and finding new ways 
to connect to patients. 

 Wilbert Frieling, corporate senior 
vice president, global discovery ser-
vices at Charles River, has seen the 
shift in focus to COVID-19 treat-
ments push work to contract research 
organizations. “This boost of directly 
COVID-related work has been ab-
sorbed by the f lexibility and capacity 

The COVID-19 pandemic has created  
a rise in demand for R&D and a shift  
in focus for some contract organizations.

Contractors Balance 
Increased Demand  
During COVID-19
Susan Haigney
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more personnel where needed. “Our 
safety protocols have also undergone 
enhancement, with additional risk as-
sessment undertaken and the introduc-
tion of workflow adjustments to max-
imize social distancing,” says Haeffler. 

He expects the demand has reached 
its peak, however, and hasn’t seen an 
impact on the company’s normal oper-
ations because their manufacturing of 
beta-lactams and cephalosporins oc-
curs in dedicated plants.  “While there 
have been necessary changes to how our 
business is operating in terms of safety 
and distancing, our broader business 
plans continue as normal,” he says. 

Inhalation specialist, Vectura, has 
seen an increase in formulation and 
analytical services during the pandemic, 
according to Mark Bridgewater, chief 
commercial officer, Vectura, including 
an increase in demand for dry powder 
inhaler and pressurized metered-dose 
inhaler expertise and technology plat-
forms, he says. 

The pandemic’s impact on the com-
pany’s overall business has not been as 
great as anticipated, however, Bridge-
water explains. “Recruitment to clinical 
trials was initially impacted, but we are 
seeing a move back towards normality. 
Priorities have, of course, changed to 
meet the immediate needs of patients, 
but it is amazing how robust our society 
has proven in dealing with the COVID-
19 impact. The industry’s resilience has 
been truly outstanding.”

Catalent, which has facilities in 
China, Italy, and other areas affected 
by the pandemic, took steps to track 
the pandemic and interpret how it may 
affect the company’s business by setting 
up a dedicated management team. “We 
have also had to respond quickly, in-
novating and adjusting our processes 
and ways of working to help vaccine 
innovators around the world to move 
their COVID-19 projects forward with 
greater speed, enabling the ingenuity, 
technology, and manufacturing exper-
tise and passion of our people to come 
through,” says Elliott Berger, vice presi-
dent and chief marketing officer, Catal-
ent. Proactive investments made by the 
company have helped to mitigate the 

impact of the pandemic on their cus-
tomers’ products. “For example, well 
before the COVID-19 outbreak, Catal-
ent announced that it was to spend $200 
million to expand capacity for biologics 
drug substance in Madison, WI, and 
fill/finish capabilities in Bloomington, 
IN. Such investments are now helping to 
accelerate availability of manufacturing 
capacity,” he says.

Operations adjustments
The pandemic has changed the way many 
companies in the pharmaceutical indus-
try conduct business. Contract organiza-
tions and suppliers have been adjusting 
their practices as they also protect their 
employees, with many implementing re-
mote processes. 

“We have been impacted in our ability 
to support our customers with tradi-
tional face-to-face meetings, so we have 
embraced technology to stay connected 
virtually. Because West is a global orga-
nization, our manufacturing operations 
and supply chain efforts are aligned with 
local government guidelines,” says Re-
iss-Clark. “We continue to work closely 
with our customers to mitigate any im-
pacts to our ability to deliver goods and 
services. To date, we have had minimal 
disruption due to the pandemic.” 

Catalent has restricted visitor access to 
the company’s facilities, limited employee 
travel, and implemented remote working. 

“But the pandemic has proven again that 
‘necessity is the mother of invention’, and 
we are trying new things every day,” says 
Berger. “For example, we have rolled out 
new wearable camera technology to over 
30 facilities in just weeks, enabling our 
customers to do virtual plant visits and 
audits, collaborating with us in a very 
innovative, secure, and interactive man-
ner, as well as allowing our sites to bring 
together expertise and support from the 
global network.”

Charles River has moved to a virtual 
model when working with clients. “Be-
fore the pandemic, there was still a lot 
of personal contact, in-person project 
discussions, and on-site audits. Now, we 
are leveraging all types of virtual connec-
tions for meetings, as well as virtual site 
audits. By these means, we have stayed 

close to our clients and continued to ful-
fill their needs,” says Frieling. The com-
pany is also examining their processes 
for working with suppliers. “Our pro-
curement team has been monitoring any 
changes very closely and helped signifi-
cantly in sourcing the required supplies 
to keep the business going. This combi-
nation of staying close to our clients and 
managing our supplies allowed us to con-
tinue to deliver for our clients,” he says.

Recipharm is also using a virtual 
model, providing virtual access to its fa-
cilities so customers can audit and inspect 
their services. “This initiative will allow 
our customers to virtually experience our 
facilities and capabilities, while simulta-
neously satisfying their need to review 
the robustness of our processes. While 
we are continuously monitoring the im-
pact of COVID-19 on all our worldwide 
operations, we are also working hard to 
maintain our number one priority, which 
is to uphold our responsibilities to all our 
customers,” says Haeffler. 

“Clearly, there has been no physical 
interaction,” says Bridgewater. “Due 
diligence and audits have been virtual 
or paper based. There has been a level 
of innovative resilience that people and 
companies have adopted to continue to 
drive business forward.” 

Collaboration during a pandemic
With the health crisis creating an all-
hands-on-deck situation, a collaborative 
approach between health authorities, 
regulators, pharmaceutical companies, 
and contractors will be necessary to de-
velop and manufacture effective and safe 
treatments. “I believe it will take strong 
partnerships and a holistic approach to 
expertise and resources in order to de-
velop, manufacture, and fill the vaccines 
for distribution around the globe,” says 
Reiss-Clark. “Planning is key. We have 
to think about the total supply chain and 
capacity to make the doses required for 
herd immunity. Everyone will be needed.”

According to Brooks, the pandemic 
has created a stronger relationship for 
Covance and its clients, finding com-
mon ground with the goals of patient 
safety and data integrity. “This has 
also been true of regulators, and we 

Outsourcing
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have seen remarkably productive col-
laborations,” he says. “In addition, we 
are collaborating with sites on critical 
patient safety considerations, evaluat-
ing the use of Covance and third-party 
technology to help research sites more 
effectively manage trial activities, and 
have deployed enhanced solutions for 
clinical trials and research sites to lessen 
the burden on patients, investigational 
sites, and healthcare providers.”

Frieling believes that outsourcing com-
panies can play a key role in battling the 
pandemic. “By beginning to outsource 
research programs, the industry reduces 
their necessity for constant on-site sup-
port, and places that requirement on 
outsourcing partners, who are equipped 
and capable to carry out those activi-
ties anyway, with expertise across drug 
development. An increased reliance on 
outsourcing with a geographic spread 
will allow the biopharma industry to 
better continue research under extreme 
circumstances like we’ve experienced 
with COVID-19,” he says.

“We think the industry has now 
realized that we have to realistically 
assess capabilities and gaps and work 
closely together to move projects for-
ward,” says Berger. “Catalent has gone 

to the extent of risking starting work 
before contracts were finalized and 
signed, we have repurposed capacity 
and equipment between programs, we 
moved to purchase equipment avail-
able on the secondary market for the 
new programs outside the usual bud-
geting and procurement cycle. We have 
also created innovate contracting mod-
els to account for those ‘at risk’, and 
if approved, we will need millions of 
doses in a few months. This flexibility 
and willingness to work in new and 
collaborative ways makes a big differ-
ence,” he says.  

Catalent is helping pharma and 
biopharma partners prepare for antic-
ipated demand by offering outsourced 
capacity to complement in-house capa-
bilities, Berger says.  “To illustrate this, 
we are currently helping a customer 
to prepare for large-scale commercial 
manufacturing of a vaccine candidate 
for COVID-19 in Bloomington, and 
we are partnering with a leading clin-
ical-stage messenger RNA (mRNA) 
medicines and vaccines company in 
Madison to support the expected man-
ufacture of an mRNA vaccine candi-
date against the SARS-CoV-2 corona-
virus,” Berger says.

Future impact
The pandemic will drive an increase 
in the outsourcing of biologics de-
velopment, at least in the short-term, 
says Haeffler, noting that “as vaccine 
production increases, considerable 
manufacturing capacity is going to be 
required to meet the ambitious annual 
capacity targets for 2021 that are in the 
region of 1 billion doses.” 

Short-term growth created by the 
pandemic will increase as the devel-
opment, testing, and manufacturing 
of these products ramps up, Haef-
f ler says. He also believes there will 
be a future impact to the industry. 

“Spurred by the current crisis, the 
bio/pharmaceutical industry is also 
likely to see long-term adjustments 
that will result in increased measures 
being put in place to handle the threat 
of future pandemics,” he explains. “I 
would expect to see greater focus on 
the development of more collaborative 
relationships, as well as an increase in 
pharmaceutical companies looking 
for partners that can offer the rapid 
and f lexible end-to-end development 
and production processes necessary 
to speed products to market in crisis 
situations.” PT

Emergent BioSolutions announced on July 6, 2020 that it is entering into 
a five-year, $480 million manufacturing services agreement with Janssen 
Pharmaceuticals, a Johnson & Johnson company, for the large-scale drug 
substance manufacturing of Johnson & Johnson’s investigational COVID-19 
vaccine, Ad26.COV2-S (1). Through the agreement, Emergent will offer large-
scale manufacturing at its Bayview facility in Baltimore, MD, an Emergent 
press release said. Starting in 2023, Emergent will provide a flexible capacity 
deployment model to support additional drug substance batches annually.

Vetter and Rentschler Biopharma announced on July 6, 2020 that they are 
entering into a strategic collaboration to increase their services and offer 
corresponding skills and experience along the biopharmaceutical value chain 
(2). The agreement will combine Rentschler’s experience in drug substance 
manufacturing and Vetter’s expertise in aseptic fill/finish and secondary 
packaging, a Vetter press release said. The companies have already identified 
specific projects to be further validated in pilot client projects with joint 
teams from both companies as part of the collaboration.

CordenPharma expanded its solid-phase peptide manufacturing capacity 
at its CordenPharma Colorado GMP API facility in Boulder, CO. The expansion 
was made to accommodate a large spike in the demand for peptide APIs, and 

to continue an overall growth strategy, the company said in a July 7, 2020 
press release (3). 

The facility already had large-scale capability, with a with a 10,000-L SPPS 
vessel and a 100-cm high-pressure reverse phase purification column. The 
company said in the press release that it can develop and manufacture 
APIs from laboratory scale to commercialization at ton scale, and that the 
purification of the final peptide is performed at any scale in columns ranging 
from 5 cm to 100 cm. 

References

1. Emergent, “Emergent Biosolutions Signs Five-Year Agreement for 
Large-Scale Drug Substance Manufacturing for Johnson & Johnson’s 
Lead Covid-19 Vaccine Candidate,” Press Release, July 6, 2020. 
2. Vetter, “Joint Goals: Rentschler Biopharma and Vetter,” Press Release, 
July 6, 2020. 
3. CordenPharma, “CordenPharma Increases US Peptide Manufacturing 
Capacity to Accommodate Global Market Growth,” Press Release, July 7, 
2020.
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types of RNA treatments. “RNA combines the advantages 
and versatility of genetic-based therapy modalities with the 
lack of (perceived) risks associated with DNA-based gene 
therapy. Technology has now reached a level of maturity, 
particularly around stabilization and delivery of RNA, and 
the upcoming flow of clinical data could enable the break-
through of this technology onto the main stage of drug de-
velopment,” comments Tiest.

Looking specifically at RNAi therapies, Fambrough notes 
that while the technology is a newer approach to treating 
disease, it has experienced a “coming of age” in the past 
couple of years. “We have seen not only the first approvals in 
the space, but also a surge of interest among big pharma and 
big biotech companies seeking an entry into RNAi,” he says. 

References
1.  X. Tang, et. al. Front. Oncol., 9:1208 (2019). 
2.  MIT, “This RNA-Based Technique Could Make Gene Therapy 

More Effective,” Press Release, Oct. 16, 2018.
3.  Alnylam Pharmaceuticals, “Alnylam Announces First-Ever FDA 
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the Treatment of the Polyneuropathy of Hereditary Transthyre-
tin-Mediated Amyloidosis in Adults,” Press Release, Aug. 10, 
2018..

4.  FDA, “FDA Approves Givosiran for Acute Hepatic Porphyria,” 
Press Release, Nov. 20, 2019.  PT

Development — Contin. from page 25 

https://www.mixers.com/web-app.asp
https://www.mixers.com/web-app.asp


Pharmaceutical Technology JULY 2020    65

Table I. Benefits versus limitations of remote versus in-person audits.

Activity
In person audit Virtual audit

Pro Con Pro Con

Agenda and contents 
planning meeting

Body language can be 
observed.

None
Persons not on location 
can participate.

Body language more 
difficult or not possible 
to observe

Travel to site/logistics
Allows for cultural 
interaction

• May require visa
• May face travel 

restrictions
• Requires free 

meeting space
• Available space  

may limit number  
of participants

• No travel required
• Saves time
• No restrictions on 

who can participate
• No need for physical 

meeting space

None

Conduct of the meeting Dependent on available 
technology

• Presenting the 
agenda and talking 
points

Body language can be 
observed.

None  None None

• Timing and 
attendance

Participants commit to 
attend.

None

Individuals unable to 
be on location can 
participate (includes 
persons who cannot 
obtain a visa).

Dependent on people 
showing up on time, 
virtual meetings can be 
easily overlooked.

• Participation
Body language can be 
observed.

Number of participants 
typically limited

Does not require 
physical access 
and thus no risk to 
environment (e.g., to 
cleanrooms).

• Number of 
participants 
principally unlimited.

• Difficulty to attract 
attention.

• Body language 
more difficult or not 
possible to observe.

• It is easy to get 
distracted.

• Taking notes

Looking up for a 
confirmatory view 
(checking the note) is 
easy.

Potential contamination 
issues with bringing pen 
and paper into the area

No contamination 
issues around pen and 
paper being brought 
into the area

Depending on the 
sound quality, it may 
be difficult to hear and 
catch all comments.

• Control over 
meeting progress

Quick word with anyone 
attending is easy.

None
Likely a strictly adhered 
to agenda

None

• Spontaneity

Ability to break into 
smaller groups to 
discuss and resolve 
issues and challenges

Too many small groups 
forming

 None

Not possible to break 
into smaller groups to 
discuss and resolve 
issues and challenges

• Transparency
It is difficult to conceal 
items from the auditors.

None  None
It is easier to conceal 
items from the auditors.

Budget  N/A Can be costly Minimal  N/A

checklist with minimum requirements, such as Internet upload 

and download speeds, for each technology, and to share this 

checklist in advance with the sites to be audited.

 It is also important to consider in advance not only the 

feasibility of each type of audit, but its respective benefits and 

limitations. Table I provides an example for such a comparison. 

Whichever audit model is selected, it should be based on a 

documented risk assessment, and standard audit procedures 

should be developed in advance of the audit.

References
 1. EMA, “Update to Guidance on Regulatory Expectations in the 

Context of COVID-19 Pandemic,” Press Release, April 20, 2020.
 2. FDA, Medical Device Single Audit Program (MDSAP), FDA.gov. 
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Q.In light of the COVID-19 pandemic, many 

of our planned on-site audits can no 

longer be performed for the foreseeable future, and there is 

a need to replace these by remote (desktop) audits. Under 

what circumstances can such remote audits be considered 

equivalent to on-site audits? 

A.Regulatory agencies around the world are facing the 

same challenge of deciding when inspections can be per-

formed remotely and when they must be performed in person. 

Each respective agency has its own guidelines, but across the 

board, they all rely on the fundamental principle of a risk-based 

approach to compliance. 

In April 2020, the European Medicines Agency (EMA) 

updated its guidelines to allow for quality personnel to 

conduct remote audits when on-site audits are not possible, 

noting that, “… on-site audits as well as remote audits can be 

considered, after agreement with the investigator and if the 

audits are assessed as essential, e.g., triggered audits with 

the purpose of investigating serious deviations from the trial 

protocol or from the applicable legislation” (1). 

Similarly, FDA announced postponement of both foreign 

and domestic inspections, except those deemed mission 

critical, and the agency is now relying on off-site monitoring 

and the commitment of companies to quality in the absence 

of in-person regulatory oversight. For medical devices, FDA 

has published a “Remote Auditing Pilot Program” document 

outlining a voluntary pilot program for remote auditing of 

processes, the Medical Device Single Audit Program  (MDSAP) 

as part of the audit of a medical device organization (2). An 

important aspect of this pilot is the use of technology that 

facilitates remote audits, including: 

• Videoconferencing

•  Web-based meeting systems with screen sharing 

capability 

• Teleconferencing in conjunction with e-mail

• Smart glasses or optical mounted head displays

• Secure fileshare repositories

•  Remote ‘read only’ access to automated systems, 

such as electronic quality management systems 

(e.g., to view standard operating procedures 

[SOPs], deviations, electronic batch records, video 

recordings from the operational area, etc.).

As part of the audit preparation, it is important to ensure that 

all involved parties have suitable and compatible technological 

means in place, as tools and technology vary considerably 

across organizations. It is recommended to prepare a 

Performing Remote 
Audits During the Pandemic 

It is important to consider the feasibility, benefits, and limitations of each  
type of audit in advance, says Siegfried Schmitt, vice president technical, Parexel.

On May 14, 2020, the International Coalition of Medicines Regulatory Au-
thorities (ICMRA) held a virtual meeting with international regulators to 
discuss policy issues and regulatory requirements in relation to the COVID-
19 pandemic. The meeting, which was moderated by Janet Woodcock, 
FDA’s director of the Center for Drug Evaluation and Research, was con-
ducted to align global regulations and approaches to clinical trial manage-
ment, drug supply issues, and pharmacovigilance during the pandemic (1).

The use of master protocols for clinical trials around the world to 
accelerate development and approval of COVID-19 treatments and 
vaccines was discussed. The World Health Organization (WHO) detailed 
its Solidarity Trial and its plan to enroll patients in more than 100 
countries. The Solidarity Trial will “compare multiple treatment options 
against standard of care in different countries,” according to EMA. 

“There is broad agreement among regulators that such large multi-
centre, multi-arm clinical trials need to be prioritized because they are 
most likely to generate the robust evidence needed to enable rapid 
assessment and authorization of COVID-19 therapeutics and vaccines,” 
EMA said in a press release.

Regulatory considerations regarding exploratory clinical trials 
and pivotal studies with investigational or repurposed medicines 
for the treatment of COVID-19 were discussed. Concerns were raised 
about underpowered clinical trials and observational studies that 
compete for essential resources and patients and may not generate 
sufficient data. The need for regulatory requirements for COVID-19 
studies was determined, and it was agreed that further guidance 
on the prioritization of clinical trials and on serology was needed to 
harmonize efforts.

Reference
1. EMA,” Global Regulators Work Towards Alignment on Policy Ap-

proaches and Regulatory Flexibility During COVID-19–Update #2,” 
Press Release, May 18, 2020.
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