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from the editor

T
he summer of 2017 was a busy one 
for US citizens and companies. It 
seemed that every week a new 

crisis or revelation would push equally 
pressing issues from the front page. 
The past few months saw an ongo-
ing investigation into alleged Rus-
sian meddling in the 2016 election, 
staff turnover at the White House, 
violence driven by racial divisions, a 
nuclear threat from North Korea, and 
the devastation to lives, homes, busi-
nesses and infrastructure in Texas and 
Louisiana from Hurricane Harvey—to 
name just a few crucial issues.

Lawmakers in Washington faced dif-
ferent types of storms as they prepared 
to return to the Capital from a summer 
recess. And much of the unsettled at-
mosphere was of their own creation.

After much contentious rhetoric—
and with limited voter or industry 
input—Congress failed to agree on 
a new healthcare plan in July. After 
years of debate, the lack of agreement 
and action by lawmakers left many 
unanswered questions about health-
care, including a battle against a killer 
that takes tens of thousands of lives 
per year. 

A National Academies of Sciences, 
Engineering, and Medicine (NASEM) 
report, sponsored by FDA, stated that 

approximately 90 Americans die every 
day from overdoses that involve an opi-
oid. As of 2015, at least two million peo-
ple in the United States were addicted 
to prescription opioids, and almost 
600,000 had an opioid use disorder in-
volving heroin, the report said (1).  

FDA Commissioner Scott Gottlieb 
has made the opioid crisis a priority. In 
June 2017, FDA asked Endo Pharmaceu-
ticals to voluntarily remove Opana ER 
from the market when postmarketing 
data indicated a shift in the route of 
abuse after the drug was reformulated. 
This action marked the first time the 
agency requested a company remove an 
opioid from the market. The drug was 
withdrawn on July 6, 2017 (2).

Suggested solutions, lack of support
The NASEM report recommended a 
fundamental shift in the approach 
to prescribing practice for opioids 
and improved access to naloxone to 
combat the effects. The report also 
suggested that FDA consider public 
health impacts when making opioid-
related regulatory decisions, moving 
beyond the traditional product-spe-
cific approach drug approval deci-
sions, which evaluate data submit-
ted by the drug’s manufacturer and 
weigh the benefits against the known 
risks to individual patients.  

The recommendations offer some 
good suggestions; however, without 
guidance or funding from Washington, 
elected officals, law enforcement, and 
healthcare professionals in individual 
states, for now, are on their own to 
come up with solutions to the epidemic.

Congress agrees—on FDA user fees 
Before leaving for its August recess, 
Congress overwhelmingly passed the 
FDA Reauthorization Act (FDARA) 
approving user fees and FDA program 
changes needed to maintain the FDA 
medical product review and approval 
process. The fees will generate $8–9 
billion over five years to support regu-
latory oversight of prescription drugs 
and biologics, generic drugs, medical 
devices, and biosimilars.

President Trump signed the legisla-
tion without fanfare in mid-August. His 
administration had called for a major 
increase in industry-paid fees to fully 
support FDA regulatory programs.

The reauthorization legislation was 
the result of two years of negotiations 
between Congress, FDA, and industry 
groups. The overwhelming support of 
the Act demonstrates that Congress 
can reach consensus. Perhaps they 
can keep that in mind as they head 
back to work in September to tackle a 
full agenda that includes funding for 
hurricane relief, passage of a spend-
ing bill, raising the debt ceiling, tax 
reform, immigration reform, and the 
unresolved healthcare issue.
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ergonomically designed to be lightweight and easy to packout. The 

new Ansys Fluent simulation software helps create a more tailored 

solution. This thermal modeling capability will allow for an optimized, 

cost-efficient Cube design to meet specific customer requirements. 

Cryopak 

www.cryopak.com

Industrial Vacuum 
for Fine Powders 
and Combustible 
Dusts
Vac-U-Max’s MDL15 combustible dust 

air-vac offers high-volume cleanup of powders and combustible 

dusts from floors, walls, machinery, and overhead surfaces. The 

vacuum’s features include manual blow-back filter cleaning with 

static-conductive PTFE pre-filter and secondary cartridge filter, and 

static-conductive casters. Dust, debris, and fine powders are col-

lected in “off-the-shelf” static-conductive polybags, eliminating 

“the mushroom cloud” that comes with drum dumping. Standard 

construction includes anti-sparking stainless steel in 304SS or 316SS 

bead-blast finish. The device is equipped with a static-conductive 

compressed-air hose, ATEX-certified vacuum hose, and complete 

cleaning tool kit assembly for floors, walls, machinery, and over-

head cleaning. The vacuum uses the company’s Venturi power 

unit, which allows for low compressed-air consumption with no 

electricity required. The unit offers suction power at 16 in. Hg 

(208 in. H20), with Air Flow of 100 SCFM, requiring 35 SCFM at 60 

PSI. Suction connection is 1.5 in. in diameter, with compressed-air 

connection at half inch NPT (Female). Noise levels are below 79 

DBA at 8 in. Hg. Bonding and grounding requirements meet NFPA 

77-2007 “Recommended Practice on Static Electricity” standard. 

The device also is suitable for Class II, Division 2 environments.

Vac-U-Max 

www.vac-u-max.com

Wireless PLC System for 
Manufacturing Processes

Ross, Charles & Son’s SysCon, a 

full-service machine and controls 

fabrication facility, added wire-

less connection to its control 

panel, allowing users to access 

the programmable logic con-

troller (PLC) system using tablets, 

laptops, and smartphones via 

Ethernet, WLAN, or Bluetooth. 

The company provides a tablet 

that enables end users to control 

the panel from non-hazardous 

and hazardous locations, including Class 1 Division 1. Tablets have 

a 12-hour battery life, with additional tablets available for multiple 

shift applications. The 100-meter range of the wireless connection 

allows users to move freely on the job site. Other features include 

fan and ventilation kit, light tree with audible alarm functions, color 

touch screen HMI, and USB ports for data acquisition in a CSV format.

Ross, Charles & Son 

www.mixers.com

Quaternary 
Diaphragm Pumps
The Quattrow QF4400HT qua-

ternary four-piston diaphragm 

pump from PSG, a Dover com-

pany, is suitable for a variety of 

biopharmaceutical applications. 

In addition to a high turndown 

ratio and accuracy in control-

ling flow rates, the device has an 

integrated controller containing 

the pump chamber, pump drive, 

motor, and control box, which 

is suitable for processes that require a smaller pump 

offering a flow range of 50–5000 lph (13–1,321 gph). 

Compatible with the brand’s PID controller, the design also 

includes “plug-and-play” installation and startup, a keypad for manual 

control and display of the motor speed, and a three-phase 400V 

power supply. The pumps are available in single- and multiple-use 

variations with clean-in-place and steam-in-place capabilities for the 

stainless-steel pump chambers. Analog input (4–20mA) is standard.

PSG, a Dover company 

www.psgdover.com

http://www.cryopak.com
http://www.vac-u-max.com
http://www.mixers.com
http://www.psgdover.com
http://www.pharmtech.com/
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regulatory watch

A
mid mounting excitement over 
remarkable efficacy rates for new 
genetically modified cellular 

therapies, regulators and manufactur-
ers alike face continuing challenges
for ensuring consistent potency, purity, 
and identify of these complex therapies. 
More than 100 experimental chimeric
antigen receptor T-cell (CAR-T) thera-
pies are in development, generating
optimism that regenerative medicine 
will transform treatment and lead 
to cures for many deadly diseases. 
Such advances, though, require further 
clarification of regulatory policies gov-
erning gene therapy production and
quality assurance.

FDA is considering at least three
CAR-T applications, and more are on 
the way. An FDA advisory commit-
tee voted unanimously to recommend
approval of Novartis’ new CAR-T, de-
spite concerns about the firm’s ability 
to process patient T-cells consistently 
and safely (1). Similar issues have been 
discussed related to applications for 
Kite Pharma’s therapy for aggressive 
non-Hodgkin lymphoma and Spark 
Therapeutics’ new gene therapy to 
treat a rare condition causing blind-
ness, which are moving through the
FDA approval process.

Regulatory initiatives
FDA will address these regulatory 
developments further in a compre-
hensive framework for oversight of 
regenerative medicine slated for pub-
lication in September 2017. This will 
be part of a comprehensive Innovation 
Initiative, Commissioner Scott Gott-
lieb announced in July in presenting 
FDA’s plan for implementing the 21st 
Century Cures Act (2). New guidance 
documents will be part of the frame-
work, which covers therapeutic tissue 
engineering products, human cell and
tissue products, and certain combina-
tion products intended to treat serious 
or life-threatening diseases or condi-
tions. Genetically modified cellular
therapies, such as those manipulat-
ing CAR-T cells, fall under the regen-
erative medicine advanced therapy 
(RMAT) umbrella.

FDA’s Center for Biologics Evalu-
ation and Research (CBER) is imple-
menting this program, including a
RMAT designation process to identify 
experimental advanced therapies that 
warrant special attention and advice 
from FDA. Gottlieb noted in early 
July 2017 that manufacturers have filed
nearly two dozen requests for RMAT 
designation, and that CBER’s Office 
of Tissues and Advanced Therapies 
(OTAT) had granted four. Similar to 
FDA support for breakthrough thera-
pies, the RMAT designation offers 
early interactions with FDA staff and
the potential for priority review and
accelerated approval based on strong 
preliminary clinical evidence. CBER 
Director Peter Marks and other FDA 

officials applaud the RMAT program
established in Cures for providing FDA 
with f lexibility in evaluating these
cutting-edge products, including the
ability to accept a variety of endpoints 
for RMAT clinical trials.

Quality control challenges
The larger issue for regulators is to
ensure consistency in critical qual-
ity attributes (CQAs) for identity and 
purity of these products, a task that
has prompted FDA and a number of 
research organizations to collaborate
on setting standards and methods 
for defining and characterizing these 
complex therapies and for conducting
assays able to measure performance.
A Forum on Regenerative Medicine 
established in 2016 by the National 
Academies for Science, Engineering, 
and Medicine (NASEM) is addressing 
these issues as part of its broader ex-
amination of the state of science and 
strategies for facilitating development 
of therapies able to generate, repair, or 
replace patients’ tissues. A June 2017 
workshop on “Navigating the Manu-
facturing Process and Assuring the 

FDA works with industry on strategies for 

assuring high-quality regenerative medicines.

Jill Wechsler

Manufacturing Standards 
Key to Advancing Cellular 
and Gene Therapies

The larger issue 
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ensure consistency 
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and purity of these 

products.
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Would you like to process your liquid or semisolid formulation in a more reliable, more economical, and more user-friendly way 

than is possible with conventional packaging methods? Then it’s time for blow-fi ll-seal technology from Rommelag. Our bottel-

pack systems enable aseptic fi lling in application-optimized, tamper evident, break-proof polymer containers, which are directly 
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Regulatory Watch

Quality of Regenerative Medicine 
Therapies” discussed challenges in 
evaluating the quality and purity of 
unique cell populations. The experts 
examined possible mechanisms and 
technologies for improving methods 
and capabilities for measuring CQAs 
and for setting standards to help ad-
vance development of these promising 
therapies (3). 

The federal government’s National 
Institute of Standards and Technology 
(NIST) is working with academics and 
industry to develop measurements criti-
cal to characterization of advanced cel-
lular and gene therapies (4). A provision 
in the Cures legislation directs FDA and 
NIST to collaborate with stakeholders 
in developing standards for regenerative 
medicine, and in 2016 NIST formed a 
public-private partnership with a group 
related to the Alliance for Regenera-
tive Medicine (ARM) to advance such 
industry-wide standards. 

FDA’s Oncologic Drug Advisory 
Committee meeting on July 11, 2017 
to evaluate Novartis’ CAR-T therapy, 
tisagenlecleucel-T, addressed difficul-
ties in dealing with variability in the 
potency and other quality measures re-
lated to gene therapy production. From 
the outset, FDA reviewers said that 
efficacy was not an issue due to over-
whelming patient response to treat-
ment, and that safety would involve 
long-term post-market assessment.  
But the experts sought assurance of 
security, accuracy, and reliability for 
Novartis’ complex system for remov-
ing blood T-cells from the patient, 
cryopreserving them for transport 
to a company processing facility, and 
shipping transduced T-cells back to the 
clinic for re-injection into the patient. 

FDA’s staff memorandum on the 
product emphasized the importance 
of establishing a well-controlled manu-
facturing process that can consistently 
produce high-quality CAR-T cells that 
are safe, pure, and potent (5). FDA 
notes that the product has unique qual-
ity attributes that can directly impact 
final product safety and potency, and 
that several manufacturing failures 
occurred at Novartis facilities in the 

United States and Germany. Novartis 
scientists explained how each batch of 
patient tissue is handled in dedicated 
equipment, materials, and personnel 
in an enrichment process to obtain a 
highly pure T-cell population and to 
ensure that the right cells go to the 
right patient (6). 

These issues were explored further 
at the July 2017 CMC strategy forum 
organized by CASSS on manufactur-
ing quality and regulatory consider-
ations for cell and gene therapies (7). 
The meeting attracted a record number 
of participants, reflecting heightened 
industry interest in discoveries that 
promise to revolutionize the treat-
ment of serious health conditions. 
Participants explored strategies for 
analytical method development, assay 
validation, product characterization, 
specification setting, and for estab-
lishing relevant manufacturing con-
trols for these highly perishable and 
biologically complex products. 

Experts from biopharma companies 
and research organizations discussed 
the importance of advanced analytics 
in evaluating product consistency and 
purity and in avoiding process varia-
tions. They debated the relevance of 
quality standards set by the Interna-
tional Council for Harmonization 
(ICH) and how well quality-by-design 
concepts can help understand and 
manage change. There were many 
questions about dealing with vari-
ability in raw materials, evaluation of 
stability, and addressing unique supply 
chain issues.  

Bryan Silvey, senior director for 
quality compliance at Kite Pharma, 
emphasized that personalized cell 
therapy production, utilizing a “one 
lot–one patient” manufacturing plat-
form with a 15-day rapid manufac-
turing cycle and “a new world of cold 
chain” transport, must provide a high 
level of assurance that the patient re-
ceives back the correct cells as quickly 
as possible. Anne Plant, division chief 
for biosystems and biomaterials at 
NIST, observed that comparability as-
sessment is key to determining that 
changes in a production process do 

not undermine quality and safety, but 
that such measurements are difficult 
to define. 

Mohammad Heidaran, CMC re-
viewer in CBER’s OTAT, described 
manufacturing challenges for cellular 
therapies related to cell variability, lack 
of reference standards, small lot sizes, 
limited material for testing, and an 
often poor understanding of the prod-
uct. Comparability protocols are im-
portant for managing change and can 
benefit from FDA input on the design 
and risk that a change poses for product 
quality. He advised manufacturers to 

“know your product,” including CQAs 
and critical process parameters, and 
to conduct a full risk assessment that 
links all these factors to product quality. 
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s trade in counterfeit pharma-
ceuticals continues to increase, 
security and enforcement efforts 

are barely making a dent in a complex, 
multinational industry. “The trade in 
illicit or falsified medicines is by far the 
most sophisticated organized crime 
that any of us have ever seen, with 
tentacles that reach all over the world,” 
says David McKelvey, director of TM 
Eye, a detective agency based in the 
United Kingdom whose work recently 
led to the arrest, in India, of Paresh 
Patel, the head of a major counterfeit-
ing ring (see Sidebar) with operations 
in Mumbai and Bangalore. 

“The global scale of this type of 
crime is extremely difficult to inves-
tigate or tackle,” he says. One large 
counterfeiting ring that TM Eye is 

now tracking has more than 45,000 
affiliate websites running all over the 
world, using online hosting in Canada 
and the United States, says McKelvey. 

Each of its fulfillment houses, based 
in India but run from Romania, sends 
out between 300 and 500 shipments of 
fake medicines each day, he says, using 
printing facilities in India, sourcing 
API from China, and receiving pay-
ment through “front” clothing com-
panies in Singapore connected to bank 
accounts in Panama. 

Untangling this type of web is be-
yond the power of local or national law 
enforcement, and a major challenge to 
international groups as well, which is 
one reason why counterfeiting is in-
creasing and the true size of the market 
remains a mystery, McKelvey says. 

The rise of the homegrown lab 
But if large global crime networks are at 
work, fake pharmaceuticals are also be-
coming a “local” problem. “From buying 
pill presses to preparing batches of illicit 
opioids in garages and living rooms, 
we’re seeing an emergence of home-
grown labs,” says Bob Miglani, chief 
of business development with Applied 
DNA Sciences, which sells taggants de-
signed to prevent counterfeiting. “Today 
it’s opioids, but tomorrow it could be 
mom’s diabetes medicine. Pharmaceuti-
cal companies, the federal government, 
states, and the entire supply chain must 
work together to increase the security of 
the pharmaceutical supply,” he says.

“The ease by which counterfeiters can 
procure component packaging and in-
gredients, combined with their use of 
more sophisticated production and 
distribution methods, present a serious 
and ongoing challenge,” says Rich Kae-
ser, vice president of brand protection at 
Johnson & Johnson (J&J). 

Pharmaceutical companies have been 
approaching this problem by layering 
different approaches on top of each 
other (see Sidebar). “Anticounterfeiting 
started decades ago with holograms 
and UV-based covert inks, progressing 
gradually to solutions that included vis-
ible color-shifting inks and near infra-
red covert marks, and pharmaceutical 
manufacturers will continue to adopt 
more secure technologies in the future,” 
says Kent Mansfield, president of Tru-
Tag Technologies, which manufactures 
microscopic silica taggants for on-dose 
brand protection. 

Brand owners have become much 
more sophisticated about managing 
the security of their products, he notes, 
but so have counterfeiters. Nevertheless, 
progress is being made, Mansfield says, 
and some of these efforts hinge on col-
laboration. 

Need for forensic testing
“The notion of anticounterfeit strategies 
feels outdated,” says Miglani, “and the 
current model is reactive, based on tests 
done after a suspect product is found,” 
he says. “There is a need for more ad-
vanced forensics, to analyze the chemi-

From Reactive to Proactive 
Supply Chain Protection

Agnes Shanley

It’s time to stop talking about “anticounterfeiting,” 

and move to integrated, collaborative supply chain 

security, experts say.
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cal makeup of suspicious products,” says 
Tom Kubic, president and CEO of the 
Pharmaceutical Security Institute (PSI). 
The idea would be to look at competing 
products advertised online, order sam-
ples, and test them to find out what’s in 
them. Sanofi set up a dedicated lab to do 
this in Tours, France, in 2010, and Pfizer 
has this capability as well, Kubic notes.  

Testing services could also be out-
sourced. Applied DNA Solutions plans 
to introduce these capabilities in the 
near future. “Customers would take 
samples from supply chains in various 
countries and have them tested for au-
thenticity, with results used to develop a 
‘heat map’ to display the relative strength 
of various supply chains and regions, 

much as the US Centers for Disease 
Control do when they map and track 
the flu virus each winter,” says Miglani. 

These forensics efforts would, ideally, 
involve enforcement and regulatory au-
thorities, as well as other manufactur-
ers—perhaps, through industry groups 
such as Rx-360. Advanced analytics 
would help drive these efforts, says Steve 
Tallant, director of product marketing 
at Systech, which offers expertise in se-
rialization, traceability, and brand pro-
tection through its Unisecure platform. 

Manufacturers would collect data 
on the chemistry, or on spectroscopic 
or other signatures generated by coun-
terfeit drugs, labels, and packaging. 
Working together, companies and law-
enforcement agencies could compare 
recently seized materials with similar 
counterfeits seized in the past, and note 
patterns, says Tallant.  

For now, industry is moving closer to 
this goal with collaborative programs. 
A number of pharmaceutical com-
panies are using market-monitoring 
strategies, including J&J, which set up 
an enterprise-level Office of Brand Pro-
tection in 2010 to focus on best prac-
tices. J&J is working with Rx-360 and 
partnering with brand-protection tech-
nology suppliers and others focused on 

Counterfeit pharmaceuticals: a franchise business

The counterfeit pharmaceuticals business is made up of networks of “affiliates,” 

which run illicit websites that sell the fake or substandard drugs.In many cases, 

the organized criminal gangs behind these networks appear to be based in 

Eastern Europe, but they operate globally, says David McKelvey, director of TM 

Eye, a detective company based in the United Kingdom that has been follow-

ing these groups for years and recently launched successful sting operations in 

India with India’s drug regulatory authority. 

As he explains, the operation is much like any franchise. The criminal 

gangs contact each prospective affiliate and carry out full due diligence on 

each applicant, all the while maintaining their own anonymity. Once they 

are convinced that the affiliate will be a good recruit, they send him or her 

templates to use for the web sites, instructing the affiliate to buy anonymized 

domains that have a link to medicines or drugs.

Once the affiliate has set up the anonymous domain, he or she uses 

the templates provided to develop the website. Each affiliate site links to 

an “anchor” site, run by the criminal gang. The operations are extremely 

sophisticated and completely anonymized, says McKelvey. “If taken down, 

the anchor sites automatically switch to another domain with a functioning 

website. The links to all affiliates are automatically transferred, in less 

than a minute,” he explains. Prospective online customers go through the 

affiliate site, and when they purchase anything, they are redirected, often 

without knowing it, to the anchor site. Once they click on the shopping cart 

icon to complete the transaction, they are taken to a completely different 

website (e.g., the site for a clothing factory in Singapore), where they pay 

by credit card. Many sites are using bitcoin to hide the money trail, says 

McKelvey.  

Once the purchase is made, the order goes to the fulfillment house and the 

fake drugs are mailed to the customer in a plain brown envelope sent through 

the postal system.

As McKelvey explains, affiliates are paid a percentage of every sale in the 

form of a monthly commission. They never touch the drugs or the money from 

transactions, but function simply as gateways to anchor sites.

TM Eye worked for six months to break up one network, McKelvey  says. So 

far, the work has resulted in over 7000 linked affiliate and anchor sites being 

taken down. In addition, a raid on one fulfillment house, Dada Impex, in India, 

recovered significant amounts of falsified medicines.

Fake pharmaceuticals netted in an operation that led to the recent arrest of a 

counterfeiting ring leader in India.
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product security and advanced analyt-
ics capabilities, says Kaeser. 

Kaeser and Tony Strange, director 
of global brand protection for J&J’s 
biopharma subsidiary Janssen Phar-
maceuticals, both participated in the 
University of Tennessee Health Science 
Center’s first Pharmaceutical Safety 
Conference in June 2017. They are 
working closely with Michigan State 
University’s Center for Anticounter-
feiting and Product Protection, and, in 
early October 2017, will be sponsoring 
the Brand Protection Strategy Summit. 

At this point, global law enforcement 
efforts are focused on anti-terrorist ac-

tivities, and some agencies have not yet 
been convinced that drug counterfeit-
ing is a serious crime, says Kubic. 

Efforts in the past have shown what 
might be possible if enforcement agencies 
were actively engaged. Kubic recalls Op-
eration Pangea in 2015, a global effort in-
volving Interpol and 115 countries, which 
led to the seizure of $81 million in coun-
terfeit pharmaceuticals and shut down 
2400 websites (1). Within Canada alone, 
Kubic says, in eight days, 3800 packages 
were inspected and 90% of them seized. 
Then everything went back to status quo 
after initial efforts officially ended. 

FDA increases support
FDA Commissioner Scott Gottlieb has 
pledged to step up enforcement, by 
doubling the number of agents in the 
agency’s Office of Criminal Investiga-
tions (OCI) (2). In addition, FDA has 
established a program designed to make 
pharma professionals aware of best prac-
tices, and to help them train employees. 
The program will involve cooperation 
from the US Pharmacopeial Convention 
and the University of Michigan, and dis-
seminate best practices developed by J&J 
and other Rx-360 members (3).

In the US, illegal product diversion 
and counterfeiting increased in 2016, 
with 3147 products counterfeited or 
diverted, up by 5% from 2015, and by 
51% from 2011’s figure. Theft and di-
version were up 14% from the previous 

year, says Kubic, summarizing PSI’s 
most recent data. “These medications 
are genuine, but are getting into the 
country illegally, and 2016 is the first 
year that we saw more diversions than 
counterfeiting,” says Kubic.  

Globally, arrests for pharmaceutical 
counterfeiting and diversion were down 
by 9% in 2016, says Kubic, although ar-
rests in China increased by 24%, with 
94 arrests taking place in in 2016 (com-
pared with 19 in the US). Arrests fell by 
35% in India. 

In 2016, injectable formulations made 
up 18% of incidents in which a specific 
formulation type could be identified, 
compared to 13% in 2015, says Kubic. 
Also evident is a move from fakes that 
include no active ingredient at all to 
those using locally produced substan-
dard generics, says McKelvey. 
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A fulfillment house in India, recently 

shut down by investigative efforts.

A growing number of options

A wide variety of anticounterfeiting measures are available to pharmaceutical manu-

facturers today. Taggants, whether added directly to the drug or to packaging, are 

attracting interest. TruTag Technologies offers its taggants for use in on-dose produc-

tion, not only for commercial products but for medications in development. “This 

approach allows customers to hit the ground running upon approval of the drug, 

with a known cost, standard operating procedures, and logistics plan,” says TruTag 

President, Kent Mansfield. He notes that taggants will be used in products that are 

expected to be commercialized in the United States, Europe, and Asia next year. The 

company’s facility received cGMP qualification in 2016, and TruTag has been working 

with partners, Colorcon and WuXi PharmTech, to test its technology in new products. 

Applied DNA is working with two companies to determine the feasibility 

of embedding its taggant technology onto tablets and capsules, says Robert 

Miglani, chief of business development. The company is also developing plans 

to offer outsourced forensic testing services, he says. 

In addition, authentication capabilities are becoming more important, both in 

regions where serialization mandates do not yet exist, and as manufacturers focus 

on preventing diversion of crucial therapies such as injectable cancer drugs, says 

Systech’s Jim Sinisgalli, director of brand protection solutions. Early authentication 

technology offered a “yes or no” answer to whether product was real or not. Today, 

technology can handle many use cases, including counterfeiting and diversion. 

“Once you can prove uniqueness, you can also provide important metadata with 

each item, such as where the item has been, where it is supposed to go, lot number, 

expiration date, active ingredient, source and manufacturing plant, as well as 

enabling authentication data from the field, which can be accessed via a smart 

phone application,” he says. The company is evaluating Internet of Things (IoT) 

approaches, and starting to look at the possibilities of blockchain, or advanced 

digital ledger technology. which could play an important role in helping to secure 

the pharma supply chain in the future.
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A
lthough drug repurposing has 
been receiving growing attention 
in recent years, drug companies 

have taken this approach, at least seren-
dipitously, for decades. Viagra, originally 
developed as an angina treatment, is one 
of the most well-known examples. Today 
many groups are focused on identify-
ing new indications for existing drugs 
including academic researchers; non-
profits such as Cures Within Reach; and 
government institutions including the 
National Center for Advancing Trans-
lational Sciences in the United States 
and the UK Medical Research Council. 
Other drug repurposing research ven-
tures include public-private partnerships 
like the Center for Drug Repurposing 
(operated jointly by Ariel University [Is-
rael] and Drug Rediscovery Ltd) and the 
Drug Repurposing Hub (a collaboration 
between the Broad Institute Cancer Pro-
gram, the Center for the Development of 
Therapeutics, and the Connectivity Map 
group); and companies such as Biovista, 

GVK Bio, and NuMedii. In 2012, it was 
estimated that drug repurposing, re-
positioning, and rescue (DRPx) efforts 
accounted for 30% of FDA-approved 
new drug products (1). In addition, in 
2015, Biovista President and Co-founder 
Aris Persidis reported that these drugs 
accounted for approximately 25% of 
pharmaceutical industry revenues (2).

Known safety
The known safety of existing APIs is 
one of the biggest benefits of using them 
for new indications discovery, accord-
ing to Gini Deshpande, founder and 
CEO of NuMedii, a drug-discovery 
company that applies its proprietary 
big data platform based on integrative 
genomics, network-based methods, 
large-scale machine learning, and che-
moinformatics to improve efficacy. One 
application of NuMedii’s technology is 
to identify new indications for existing 
APIs. “Safety data for these APIs can be 
leveraged to expedite the development 
process via the 505(b) 2 approach in the 
United States or the hybrid approach in 
the European Union,” she explains. IS
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Drug repurposing, repositioning, and rescue 

can be faster, cheaper, and target more diseases 

than traditional drug discovery approaches.

Expediting the 
Discovery and 
Development 
of Drugs
Cynthia A. Challener

For instance, a new chemical entity 
would normally take 10–15 years to get 
to the market, whereas an existing API 
being developed for a new indication 
can reach the market in five to eight 
years depending on the indication for 
which it is being developed. “This re-
duction in development time results in 
a significant cost and time savings for 
companies,” Deshpande says.

Success rates in Phase III trials are 
also much higher for products devel-
oped via 505(b) 2-type approaches com-
pared to traditional approaches. Evalu-
ating new indications for existing APIs 
can also expedite the discovery and de-
velopment of new therapies for rare dis-
eases and for other conditions where ex-
isting APIs can be used to validate novel 
biology and thus speed up the discovery 
process, according to Deshpande. She 
notes that there are approximately 2800 
drugs and more than 4000 compounds 
that have been discontinued at Phase II 
development, so there is a rich pool of 
existing APIs with which to work. 

Finding the needle in a haystack
One of the biggest challenges to repur-
posing of existing drugs is in finding 
that novel indication. NuMedii’s big-
data, artificial intelligence (AI)-driven 
methods provide a distinct advantage 
with such an effort, according to Desh-
pande. “Because our technology uses 
both data- and knowledge-driven ap-
proaches to find the broadest possible 
landscape of new indications, we often 
identify out-of-the-box new indications 
for existing APIs that have previously 
been undiscovered,” she explains. 

Ensuring market exclusivity and reim-
bursement level are two other key chal-
lenges with this approach. These issues 
are further compounded by geographic-
specific issues, because rules differ in the 
EU, the US, and the rest of the world. 

Four factors to consider
Four major factors need to be consid-
ered when looking for new indica-
tions for existing APIs, according to 
Desphande: scientific rationale, clini-
cal viability, commercial viability, and 
regulatory path. 

Cynthia A. Challener is a contributing 

editor to Pharmaceutical Technology.
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Scientific rationale involves ensur-
ing that the biology being modulated 
by an existing API is relevant and as-
sessing whether formulation or delivery 
for the new indication is feasible. Clini-
cal viability relates to whether there is a 
specific unmet need being solved by the 
API, the fit within a treatment paradigm, 
and the risk/benefit equation for using 
an existing API for the new indication. 
Commercial viability factors include the 
nature of the competitive landscape, re-
imbursement issues, and target pricing. 
Questions regarding the regulatory path 
are focused around the type and amount 
of available existing data that can be used 
for approval, and what additional studies 
need to be conducted and at what cost for 
the various phases of development.

Numerous approaches
In the past, drug repurposing relied on 
serendipity, according to Deshpande. 

“Case reports of off-label uses and side ef-
fects of drugs reported (either approved 
or those in development) were often a 
good starting point to look for new in-
dications/uses for these APIs,” she notes. 
Recent approaches have now made the 
process more systematic. She points to 
in-silico approaches that span a multi-
tude of both computational biology ap-
proaches such as the one NuMedii uses 
and computational chemistry methods, 
screening approaches using both cell 
lines and animal models and literature-
based searches, although the latter can 
have potential issues due to prior art with 
regards to intellectual property.

NuMedii began using genomic-data 
driven methods, but now leverages mul-
tiple types of ‘omic’ information, as well 

as information from the literature, clini-
cal information, and other data types to 
ensure that the company captures the 
best possible indications for existing 
APIs, according to Deshpande.

“Since 2010, NuMedii has demon-
strated that its discovery technology 
and machine learning algorithms can 
dramatically impact the time, cost, and 
success rate of drug development in the 
fields of inflammation and oncology, 
thus revolutionizing the drug discovery 
process as we know it,” she attests. “We 
have demonstrated the predictive capa-
bility of NuMedii’s technology in the 
areas of inflammation and oncology 
with many pharma partnerships and 
projects,” Deshpande adds. One such 
example is NM-001, an undisclosed car-
diovascular drug that has been in use for 
more than 30 years. NuMedii’s software 
uncovered wide-spectrum anti-inflam-
matory activity that was validated in an 
ulcerative colitis animal model. 

Still more data needed
Even with the successes being achieved 
with the information and approaches in 
use today, Deshpande believes that more 
data needs to be incorporated to ensure 
that the in-silico approaches become more 
predictive. Policy changes are also neces-
sary, in addition to advancements in the 
technology to identify new indications 
for existing APIs, to ensure appropriate 
incentives are in place to speed the use of 
existing drugs for new indications. “For 
instance,” says Deshpande, “the [Orphan 
Product Extensions Now] OPEN Act—a 
key part of the 21st Century Cures Act 
before it was removed from that bill just 
before being signed into law in December 

2016—would have provided an additional 
six months of market exclusivity to drugs 
that are repurposed and approved by FDA 
to treat rare diseases,” she observes. 

Important avenue for discovery
There remains significant pressure on 
the pharmaceutical industry both from 
payers and patients to identify new 
therapies for diseases. “Given the total 
cost and time to develop new therapies 
from scratch, and the high failure rates 
involved, drug repurposing will provide 
an important avenue for the discovery 
of new treatments, particularly for rare 
diseases,” asserts Deshpande. She does 
not expect such an approach to com-
pletely replace traditional approaches, 
but rather supplement them. 

“If one looks at developing countries 
like China and India, where the costs 
for new drug development will seem 
prohibitive, drug repurposing, reposi-
tioning, and rescue can rapidly create 
new treatments in these areas. That is 
precisely why we at NuMedii are proud 
to pioneer the use of big data and AI 
with systems biology to disrupt the tra-
ditional drug discovery paradigm and 
create a faster, highly predictive drug 
discovery engine to help more rapidly 
bring life-saving medicines to the peo-
ple who need them most,” she states.
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Catalent and Rutgers University to study pediatric drug challenges

The Catalent Applied Drug Delivery Institute and the Department of Pharmacy 

Practice at Rutgers University (NJ) announced a collaboration to identify and 

address the challenges of pediatric formulation and drug delivery. The goal of 

the collaboration is to identify therapies and diseases for which there is a high 

need for pediatric-friendly formulations, and to build awareness for targeted 

translational research for this underserved patient group, Catalent reported 

in a July 20, 2017 press release. The groups will research the development and 

administration of medicines to children, including the prevalence of extem-

poraneous compounding of drug products for ease of administration, and any 

safety and efficacy consequences. “Clinical experience has shown us that cur-

rent pediatric drug formulations are often difficult to administer to children 

and increase the likelihood for a medication error when compared with adult 

formulations. There is a clear need for research in this area, to further elucidate 

the gaps in drug delivery for young children, and in order to improve therapeu-

tic outcomes and the patient experience,” commented Rachel Meyers, clinical 

associate professor in the Pharmacy Practice Department at the Ernest Mario 

School of Pharmacy, Rutgers University.

—The editors of Pharmaceutical Technology
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I
nhalation drug products are some of 
the most complex dosage forms on 
the market and, as such, can present 

a number of challenges to manufac-
turers. Setting these challenges aside, 
the inherent advantages of inhalation 
drug delivery compared to oral ad-
ministration of medications include a 
faster onset of pharmacological action 
because the drug is being delivered to 
the site requiring therapeutic effect, 
and a lower systemic bioavailability, 
which reduces the occurrence of ad-
verse effects. 

The development of an inhalation 
product involves a combination of both 
formulation and device selection. As a 
result, choosing an appropriate dos-
age form for a development program 

necessitates a comprehensive deci-
sion-making process. When deciding 
between metered dose inhaler (MDI), 
dry powder inhaler (DPI), and nebu-
lized dosage forms, multiple technical, 
business, and regulatory factors need 
to be given appropriate evaluation. 
This article looks at some of the key 
considerations for today’s developers. 

Physicochemical factors
MDIs, DPIs, and nebulized solutions 
and suspensions each present their 
own advantages, disadvantages, and 
challenges. The dosage forms differ 
considerably in the availability of off-
the-shelf-devices, while they also ac-
commodate varying dosage ranges. In 
addition, they have very different types 
of formulations, which means the se-
lection of a drug form, or salt form if 
applicable, should be considered in 
tandem with selection of the dosage 

form. This is a key factor because the 
physiochemical properties of the drug 
may play a leading role in dosage form 
feasibility. 

One of the most important steps in 
the selection of an inhalation dosage 
form is salt form screening. Today, ap-
proximately 50% of active pharmaceu-
tical ingredients (APIs) in approved 
products are salt forms (1), with the 
proportion for APIs in approved inha-
lation products being slightly higher 
at 60%. Some salt forms are better 
suited than others for different for-
mulations or dosage forms. As with 
all pharmaceutical development, un-
derstanding the unique physical and 
chemical properties of the API will be 
crucial in defining the dosage-form 
design space. 

Based on the inhalation formula-
tion and dosage form being consid-
ered, API characterization studies 
may be warranted, including poly-
morph screening, amorphous con-
tent, hygroscopicity, moisture content, 
surface properties, solubility in the 
formulation matrix, morphology and 
size, density, flowability, and chemical/
physical stability (including excipient 
and device compatibility). 

MDIs and nebulized products can 
be formulated as solutions or suspen-
sions. For a solution formulation, the 
API should be completely soluble in the 
formulation, with a safety margin to 
prevent precipitation during cold tem-
perature excursions. Fine particle gen-
eration by micronization for example 
can be explored as a means to increase 
the solubility of a given API. For a sus-
pension formulation, the API should 
be essentially insoluble in the formu-
lation (e.g., < 0.1 ppm solubility), oth-
erwise particle growth (i.e., Ostwald 
ripening) may occur (2). Such particle 
growth may adversely affect the aero-
sol performance of these products, 
thereby, decreasing the efficacy of the 
drug product. 

Today, most marketed MDIs are 
formulated as suspensions, primarily 
because of the challenges associated 
with solubilizing APIs in hydrof luo-
roalkane (HFA) formulations. In cases 

Targeting the Lungs
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where APIs are solubilized using a cosolvent such as ethanol, 
chemical stability can be a significant issue. Early in the 
MDI formulation feasibility process, the solubility of the 
API, as well as chemical stability, should be evaluated in HFA 
formulations. In contrast to MDIs, most nebulized products 
are solution formulations. The chemical and physical stabil-
ity considerations for solutions and suspensions remain the 
same as those outlined for MDIs. 

For DPIs, salt selection should be made with a focus on 
carrier compatibility, ease of processing and dispersion (e.g., 
flowability), minimizing hygroscopicity, and ensuring sta-
bility. The feasibility of micronization is another factor to 
consider for APIs used in DPI formulations. 

A plan can be developed to conduct dosage form feasi-
bility studies based on the limitations of a particular API. 
In some cases, preformulation data can suggest that more 
than one dosage form may be feasible, and a parallel path 
of formulation development and stability characterization 
may be warranted for those dosage forms. These paths may 
converge on one dosage form to promote to preclinical toxi-
cology or first-in-man studies. Getting these early studies 
off to the right start can be crucial to the timeliness and, 
ultimately, the success of an inhalation drug product de-
velopment program. 

Dose
Another factor that plays a significant role in the selection of 
an inhalation dosage form is the required dose. MDIs, DPIs, 
and nebulizers can each perform well in delivering small 
doses in a consistent fashion; however, delivering high doses 
is significantly different. MDI suspension formulations can 
deliver 1 to 5 mg of drug per actuation. Doses greater than 
this range may result in clogging or malfunctioning of the 
metering valves. The delivery capacity for MDI solution for-
mulations is, therefore, dictated by the solubility of the drug 
in the formulation and the valve metering chamber volume, 
which is normally in the range of 25 to 100 μL. 

In contrast, DPIs can deliver much higher drug payloads, 
up to several hundred milligrams. The limiting factor is 
patient tolerability. Typically, dry powder formulations are 
comprised mostly of carrier particles; however, neat drugs 
can sometimes be delivered effectively with the aid of par-
ticle or device engineering. Nebulized products are also 
capable of delivering high doses, in some instances, up to 
300 mg of drug.

Target patient population
MDIs have been shown to be suitable for a wide range of pa-
tient populations. Children under the age of four and some 
elderly patients, however, may have difficulty coordinating 
their breath with the actuation of the device. In these cases, 
a spacer or valved holding chamber may be used to remove 
the need for breath coordination. Young children or patients 
with compromised lung function may also not be able to 
generate the inspiratory flow required for operation of pas-
sive DPIs. 

Nebulizers, on the other hand, can be successfully used by 
most populations, although they are most commonly used 
with hospitalized or critical care patients. These devices 
tend to be large, difficult to transport, and treatment times 
are generally much longer than those for MDIs and DPIs. 
Cystic fibrosis patients are perhaps the most accustomed to 
nebulized treatments, though many would welcome more 
convenient options (3).

Timeline and budget
In comparing MDIs, DPIs, and nebulized dosage forms, 
nebulized products have typically been shown to be the 
least expensive and quickest to develop. One reason is that 
nebulized formulations are usually aqueous solutions or sus-
pensions and tend to be less complex than MDI and DPI 
formulations. Another reason for the difference in relative 
costs is that MDIs and DPIs are regulated as combination 
products covering both formulation and device.

A significant portion of the total development costs for 
MDIs and DPIs can be the extensive product characteriza-
tion studies required for the formulation with a selected 
device, including priming, re-priming, temperature cy-
cling, device cleaning, effect of orientation, and profiling 
of doses near device exhaustion. Because most nebulized 
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products are regulated separately from 
the device, less product characteriza-
tion is required. The regulatory trend 
for nebulized products, however, may 
be toward regulation of combination 
products in the future (4–6). 

Relative costs and timelines for de-
velopment should also be key factors in 
device considerations. For MDIs and 
nebulized products, off-the-shelf de-
vices are readily available. Few off-the-
shelf options currently exist for DPIs. 
Developing a new DPI device or licens-
ing a device that is still under develop-
ment can add significant time and cost 
to a program; however, the upside can 
be the creation of a higher barrier to 
entry for generic competition. 

The most desirable approach is that 
a drug development program can be 
started using the dosage form that is 
intended to be marketed. Nonethe-
less, there have been situations when 
developers have deemed it faster and 
more cost-effective to reach a Phase I 
clinical study with a nebulized dos-
age form, even when the final prod-
uct is expected to be an MDI or DPI. 
Manufacturers may, however, find 
this overall program approach to be 
longer and more expensive due to re-
formulation and cross-over studies 
that may be required at a later phase 
of development. Despite this, there can 
be sound business reasons to take the 
cross-over approach, such as in cases 
where reaching the clinic quickly with 
a nebulized formulation could secure 
the next round of funding or a strate-
gic partnership. 

Conclusion
The complexity of evaluating dosage 
forms for inhalation drug products 
should not be underestimated. The 
physicochemical properties of the API, 
the dose, the target patient population, 
timeline, and budget are all important 
considerations. In addition, factors 
such as biopharmaceutics, intellectual 
property, marketing, and competitive 
landscape, may be relevant and should 
also be carefully evaluated.  Working 
through these considerations will pro-
vide the first step in matching an API’s 

unique characteristics and target pro-
file with the most appropriate inhala-
tion dosage form. 
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I
n manufacturing drug tablets, granu-
lation may be performed prior to the 
tableting step to improve a powder’s flow 

and compaction properties. An alternative 
to traditional batch granulation for con-
tinuous tableting is continuous granulation 
using a twin-screw extruder. “We continue 
to see demand in the pharmaceutical in-
dustry to switch from batch to continuous 
manufacturing, as pharmaceutical manu-
facturers recognize that its benefits include 
reduced costs, smaller facility footprints 
necessary, and minimal loss of material 
and API,” notes Dirk Leister, technical 
marketing manager, process and pharma 
extruders for Thermo Fisher Scientific. 

Another benefit of continuous manu-
facturing is flexibility of scale, as in many 
cases the equipment can be run for a 
longer time period to produce a larger 
amount of material instead of using 
larger equipment. Scale-up from labora-
tory to commercial scale, however, may 
still be required. Thermo Fisher Scien-

tific, which manufactures twin-screw 
extruders for pharmaceutical develop-
ment and manufacturing, is in the early 
stages of developing a model to support 
customers engaged in twin-screw granu-
lation scale-up projects. Pharmaceutical 
Technology spoke with Leister about con-
siderations for scaling up a twin-screw 
wet granulation process. 

Scale-up parameters
PharmTech: When scaling up a wet 
granulation process, what product 
endpoints must be the same in the 
laboratory and commercial scale, and 
how are these best measured?

Leister (Thermo): Particle size and particle 
size distribution are critical parameters, as 
they influence the tablet properties as well 
as the drug release profile. These param-
eters are critical quality attributes affecting 
the final product. They play an important 
role in scale-up from development and 
small-scale runs to full production.

Traditional batch granulation methods 
use established offline analytical meth-
ods to determine these parameters. A 
recognized analysis to determine the par-
ticle size distribution is the sieve analysis. 
Continuous granulation processes using 
twin-screw granulation require online, 
process analytical technology (PAT) tools 
to deliver comparable results. Optical 
methods have been proven to character-
ize the continuous granulation process 
very well and can therefore be used as 
PAT tools in continuous processes.

Another critical parameter is resid-
ual moisture in the granule after dry-
ing, as this influences the processabil-
ity of the granule in the final tablet and 
API distribution in the granule and the 
tablet itself. This parameter is typically 
monitored using inline, near infrared 
(NIR) spectroscopic methods.

PharmTech: One of the advantages of 
a continuous, twin-screw process is the 
ability to quickly change parameters 
and perform designed experiments to 
define a process window. What are the 
typical parameters that must be con-
sidered for a twin-screw wet granula-
tion process? Which of these factors 
are critical for scale-up? 

Leister (Thermo): Twin-screw granula-
tion has been identified as a viable option 
in today’s drug formulation marketplace, 
and it has been validated in a variety of 
papers and publications that discuss the 
influence of different process param-
eters on the critical quality attributes of 
the final tablet. Most of these papers, in-
cluding those based on research and ex-
periments conducted by Thermo Fisher 
Scientific, emphasize that the influence 
these parameters have on the final prod-
uct is very much dependent on the spe-
cific drug formulation.

Particle size and distribution is af-
fected by the liquid-to-solid (L/S) ratio. 
The twin-screw granulation process typi-
cally reaches a steady state quickly after 
the L/S ratio is changed, which means 
that process parameters can be observed 
as the extruder is running, saving a con-
siderable amount of time in process de-
velopment or the quality control process.

Twin-screw granulation offers a re-
liable, effective way to tailor particle 

Scaling Up a Continuous 
Granulation Process
Jennifer Markarian

Continuous twin-screw granulation offers 

several options for increasing production scale. 
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properties by changing process param-
eters such as screw speed and through-
put. In addition to the screw design (the 
sequential arrangement of conveying 
and mixing zones within the screw 
setup), screw speed determines the me-
chanical energy input and therefore in-
fluences the agglomeration process and 
particle break-up. The filling level in-
side the extruder screw determines the 
probability of particle–particle interac-
tion and is also an important factor in 
the formation of agglomerates. All of 
these critical parameters require obser-
vation during process scale-up (i.e., to 
a larger extruder) and/or scale-out (i.e., 
to multiple extruders of the same size).

Scaling up a continuous process
PharmTech: What should be consid-
ered when scaling up a process from a 
smaller diameter twin-screw extruder 
to a larger one? 

Leister (Thermo): A chief advantage 
of continuous processes is that they are 

time based rather than volume based (as 
is the case with batch processes). When a 
greater quantity of product is needed in 
a batch process, a second or successive 
batch must be run—which may entail 
some batch-to-batch variation. In a con-
tinuous process, however, a greater quan-
tity can be produced by simply running 
and monitoring the process for a longer 
time. Throughput on the same scale also 
has quite a wide range. For a lactose-based 
formulation, we ran a process on a 16-mm 
extruder from 1 kg/h up to 15 kg/h with 
consistency in the critical quality attri-
butes of the final granules. Scale-up is, 
therefore, not always necessarily the first 
and only option to increase the output of 
a twin-screw process. Additionally, when 
looking at the lifecycle of a drug product, 
it is not always necessary to produce with 
full capacity. A second twin-screw granu-
lation unit at the same scale can be used 
to double the output and bridge the time 
when really high amounts are requested 
in a relatively short period of time.

Having said that, in an early R&D 
stage the availability of material is usually 
limited, therefore experiments on a small 
scale, such as an 11-mm screw-diameter, 
can help to save a significant amount of 
material and development time. In a typi-
cal scale-up project from development to 
production, each extruder should exhibit 
similar machine geometries. Parameters 
such as the inner to outer diameter ratio 
of the screws, length to diameter ratio of 
the barrel, and the geometry of individual 
screw elements help to transfer process 
parameters from small scale to the pro-
duction scale. If the small-scale process 
is robust and stable, a direct scale up 
from R&D to final production size (e.g., 
11 mm to 24 mm or even 36 mm screw 
diameter) should easily be accomplished. 
It is not necessary, nor does it make eco-
nomic sense, to go from one scale-up step 
to the next (i.e., from 11 mm to a larger 
extruder, such as 16, 24, or 36-mm di-
ameter) until the project’s final output is 
determined. PT
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Quality by Design
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O
ver the past several years, the 
pharmaceutical industry has seen 
a steady shift toward increased 

patient centricity. The impact can be 
seen in nearly every aspect of the 
industry—from regulatory guidance, 
trial design, and drug delivery to new 
drugs proliferating the pipeline, such 
as biologics.  

Biologics are used to treat chronic 
conditions, such as multiple sclerosis 
and other autoimmune diseases. Ad-
ditionally, these therapies can help 
acute conditions, such as certain types 
of cancer, become manageable chronic 
conditions by targeting specific com-
ponents of a disease in ways never 
thought possible before. 

However, with this comes new con-
siderations for biopharmaceutical 
companies and their manufacturing 
partners around drug delivery and 
risk mitigation. In this new era, the 
adoption of quality-by-design (QbD) 
principles in the development and 
manufacture of drug products is a way 
to put the patient first. This is driven 
and supported by regulatory guidance 
(e.g., International Council for Harmo-
nization [ICH] 8, 9, and 10) driving 
increased focus on quality within the 
biopharmaceutical industry.

Innovative therapies 
drive new considerations
As biologics and biosimilars enter the 
global pharmaceutical market, they 
can and will present unique pack-
aging and containment challenges. 
Biologics offer promising potential 

for patients through targeted treat-
ments; however, they also bring new 
considerations for biopharmaceutical 
companies and their manufacturing 
partners around drug packaging and 
delivery and risk mitigation. 

With most biologics in development 
taking injectable form, drug makers 
are increasingly exploring the use of 
prefillable syringe and self-injection 
systems for their administration. The 
potential for improved patient experi-
ence only further drives this approach: 
self-injection systems can give patients 
newfound freedom to self-manage 
their diseases outside of traditional 
healthcare settings, such as the doc-
tor’s office or clinic.

The adoption of 

QbD principles 

helps to ensure 

that components 

are engineered 

with stringent and 

specialized needs 

in mind.

While they offer the potential for 
newfound freedom for patients, ad-
vanced biologics often have specialized 
needs around containment and deliv-
ery. Many are highly viscous, which 
may require larger containment sys-
tems and slow dosing of large volumes 
of the drug over time. Additionally, 
biologics can have sensitive chemical 
compositions that pose the potential 
for interaction with materials tradi-
tionally used for packaging and deliv-
ery systems. 

Therefore, demands on packaging 
components are changing: it is essen-
tial to package these new biologics with 
high-quality components that can help 
protect the quality, safety, and efficacy 
of the product. The adoption of QbD 
principles in the design and manufac-
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turing of packaging components for these therapies helps to 
ensure that components are engineered with these stringent 
and specialized needs in mind.

The role of QbD 
The adoption of QbD principles delivers an improved, 
data-driven output, providing manufacturers with supe-
rior product and process understanding that minimizes 
risk, emphasizes patient-critical quality requirements, and 
supports drug product effectiveness in an industry where 
patient-centricity is paramount and quality must be top of 
mind from the very beginning. 

QbD principles were designed to promote an under-
standing of the drug product and manufacturing process 
starting with product development. During the design and 
development process, a QbD-driven approach requires 
manufacturers to define desired product performance 
goals and identify critical quality attributes (CQAs). The 
product and process can then be designed to meet those 
attributes, potentially improving understanding of how 
material attributes and process parameters impact CQAs 
and enabling manufacturers to mitigate variability. 

QbD has helped facilitate more expedient and efficient 
introduction of high-quality biologics to market because 
stakeholders are now armed with critical data that al-

lows them to control potential risk factors. It also allows 
drug, packaging, and delivery manufacturers to continu-
ally monitor and adjust their manufacturing processes 
to ensure consistent quality throughout a drug product’s 
lifecycle. 

The scientific, risk-mitigation based QbD approach is 
fast becoming an essential strategy for bringing high-
quality biologics to market quickly and efficiently while 
identifying and controlling potential quality concerns. 
High-quality components designed using QbD principles 
and processes can help optimize the performance of drug 
delivery systems and protect sensitive drug products with 
exceptional cleanliness and barrier properties, while help-
ing to ensure patient safety.

QbD in component design and considerations
One class of products in particular that is essential to un-
derstand and assess during the QbD process is prefillable 
syringe plungers. Plungers (also called pistons and stop-
pers) are important elements in injectable drug delivery be-
cause they serve as the primary seal for container/closure 
integrity—helping to maintain the purity of drugs during 
shelf life. Plungers are typically made from butyl rubber 
and can be coated with a f luoropolymer film to increase 
lubricity and serve as a barrier between the drug and the 
elastomer, reducing the potential for leachables. 

There are new component offerings on the market de-
signed to address the need for high-quality packaging 
solutions, including components designed using QbD 
principles to provide high reliability for breakloose and 

Quality by Design
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glide force, dimensional accuracy and 
consistency, subvisible and visible 
particulate control, and low parts per 
million (ppm) defect attributes. 

Adhering to QbD principles in the de-
sign and manufacturing of drug pack-
aging components ensures that critical 
product quality criteria are consistently 
met. Additiona l ly, the knowledge 
gained throughout the QbD process is 
used to enable continuous improvement 
in manufacturing and design for future 
pharmaceutical products. 

Conclusion: Early 
collaboration is the key to success
Now, more than ever, employing a 
QbD approach to component design 
and manufacturing keeps the needs 
of both patients and drug manufac-
turers at the forefront. This is espe-
cially important as many sensitive 
biologics are coming on the market 
as combination products—the com-
patibility of packaging components 

with injectable drugs and their de-
livery systems is being closely scru-
tinized.

To achieve the most benefits via 
QbD, though, timing is everything. 
Pharmaceutical companies and their 
packaging and del ivery partners 
should build this level of quality moni-
toring and risk mitigation into the de-
velopment and manufacturing process 
from the very beginning. By doing so, 
not only can high quality standards be 
met through commercialization, but 
patients using cutting-edge therapies 
globally have a better chance of doing 
so safely and effectively. PT
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Inline near infrared (NIR) spectroscopy is a well-

known process analytical tool for monitoring 

blend uniformity in the pharmaceutical 

industry. Based on obtained spectral variance 

throughout the blending process, conclusions 

can be drawn about the degree of uniformity 

of the API in the blend. One of the most severe 

causes for non-uniformity is the presence of 

API lumps in a powder blend, which may cause 

highly concentrated domains or so-called “hot-

spots.” This study shows that the presence of 

API lumps can be detected by inline NIR, and 

elaborates on why NIR sensor dimensions 

and actual measured sample volume by 

the NIR sensor are important variables for 

adequate interpretation of obtained results.
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W
ithin the pharmaceutical industry, inline near 
infrared (NIR) spectroscopy is one of the most 
commonly applied process analytical technolo-
gies to monitor content uniformity of powder 

blends (1). Inline NIR provides direct insight into blending 
operations with respect to the degree of uniformity of the 
ingredient of interest either for process development or con-
trol during commercial manufacturing. A quantitative cali-
bration for a specific ingredient may be applied to predict 
the content of small fractions of the powder blend during 
the blend process, such as for every revolution in the case 
of a rotary blender. The actual size and sampled volume of 
the powder blend is an important variable for interpretation 
of NIR results.   

For formulations in which the API content is a few per-
cent or less, uniformity of the API becomes more critical, 
as the impact of non-uniformity increases dramatically 
with respect to efficacy and safety of the end-product. 
While it is known that inline NIR can provide content 
uniformity information during the blending process, no 
direct link to the cause of observed non-uniformity may 
be revealed. A severe cause of non-uniformity is related 
to presence of lumps in input materials (2, 3); these lumps 
may be formed during processing or storage of the API. 
Environmental conditions during storage and/or handling 
may contribute to the formation of these lumps. Another 
possibility is that lumps or agglomerates may be formed 
during the blending process. In all cases, prevention or ef-
fective breakdown of lumps is required to assure sufficient 
uniformity of the powder blend and the corresponding 
end-product. 

For a specific micronized potent API, formulated at 
0.7%, significant differences in content uniformity were 
observed by manual blend sampling and off line analysis. It 
was decided that inline NIR should be used to investigate 
content uniformity during the mixing process for different 
API batches. Significant differences were observed in inline 
NIR data between API batches, which were related to the 
presence of API lumps. It was revealed that lumps can be 
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detected by inline NIR. For adequate interpretation of the 
presence of lumps in inline NIR data, typical sub-sampling 
effects of NIR sensors must be considered, which will be 
discussed in this article. Understanding these sub-sampling 
effects provides a powerful methodology to detect and fur-
ther study the formation as well as the breakdown of lumps 
with inline NIR.

Materials and methods
Mixing process on rotary blender at 10-L scale. Mixing experi-
ments of two API batches (A: good uniformity and B: poor 
uniformity) with one bulk polymer-based excipient were 
conducted in a 10-L scale Bohle rotary blender equipped 
with a SentroPAT BU TL inline NIR analyzer (Sentronic). 
At every revolution (6 rpm) of the blender, a NIR spectrum 
of the blend was automatically recorded and processed by 
a calibration model to predict API content. In addition to 
API content, uniformity of the blend was estimated in real 
time by calculating the relative standard deviation (RSD) of 
the predicted API values of the last 10 revolutions. 

Inline NIR method. To monitor blend behavior of the API 
of interest, a calibration model was created between 60 
and 140% of the target concentration of the API. The 
blend consisted of 0.7% API and 99.3% of a polymer-
based excipient. The API shows very specific spectral 
features at NIR wavelength areas for which the polymer-
based excipient lacks any relevant absorbance. This result 
allowed a straight-forward univariate calibration model 
for quantification of the API in the blend. In Figure 1, the 
specific NIR wavelength range is shown together with the 
univariate calibration model.

Results
Comparison of API batches. Figure 2 shows the inline NIR blend 
curves of API for batch A and batch B. The blue dots in the 
blend curves represent the predicted relative API content, and 

the solid line represents the “moving” RSD values bases on 10 
preceding revolutions. For batch A, the API content shows 
significant variation up to revolution 50; at this time point, 
the moving RSD value drops just below 5%. Between revolu-
tion 50 and 100, somewhat more variation in API content is 
observed compared to API content variation after revolution 
100. At revolution 230 and 270, a high content spike can be 
observed. The API uniformity of the final blend is estimated to 
be approximately 2.5% based on the moving RSD values. For 
batch B, a significantly different pattern is observed. The over-
all variation of the predicted API content is larger compared to 
batch A, the bulk (average) API content is significantly lower 
than the expected 100%, and many positive content spikes 
are present throughout the blend curve. Overall it can be con-
cluded that API batch B results in a significantly less uniform 
blend compared to batch A.

The observed positive content spikes for batch B must be 
related to high API content measurements by NIR. A slight 
increase in measured API bulk content is observed during 
the mixing process up to revolution 300, resulting in a fairly 
constant content level of approximately 80% of the target 
content at the end of the process. The high content spikes 
may be related to highly concentrated domains of API such 
as lumps or agglomerates; every time a lump or agglomerate 
is within the sampling volume of the NIR sensor, a deviating 
high content would be expected. 

The highest API content spike reaches 140% of the target 
API concentration (Figure 2, batch B) at revolution 202. The 
sampling volume of the inline spectrometer for this blend ma-
terial was determined at 250 mg, which represents the amount 
of sample that contributes to the NIR spectrum (more de-
tails and considerations related to sampling volume by NIR 
are described in the next section). If it is assumed that the 
sampling volume at revolution 202 contains approximately 
70% API (the average level of API measured around revolu-
tion 202) and one API lump, the API lump must contribute 
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Figure 1: Standard normal variate (SNV) normalized and 2nd derivative (Savitsky-Golay) near infrared (NIR) spectra of 0, 60, 80, 

100, 120, and 140% of the API target concentration (0.7%). On the right-hand side, the API specific wavelength area is shown; 

intensities at 1638 nm were used to create a univariate linear calibration model (R2 = 0.993) for API quantification. 
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an additional 70% of API (high content spike is 140%). In 
250 mg, 100% of the target concentration corresponds to 
0.7% of 250 mg, which equals 1.75 mg. The size of the 
expected API lump should then correspond to approximately 
70% of 1.75 mg ≈ 1.2 mg. Assuming a spherical lump and 
a density of approximately 0.6 kg/L, the diameter of the 
largest observed API lump is estimated to be approximately 
1.5 mm. Within the NIR blend curve, no spikes larger than 
140% were detected; therefore, no lumps larger than 1.5 mm 
would be expected in the blend. An additional assumption for 
this estimation is that not more than one lump was present in 
the sampling volume corresponding to 140%.

Sieving of the blends. To investigate actual presence of 
lumps, the powder blends of both batches A and B were 
sieved through a 3.35-mm sieve after the mixing process. In 
Figure 3, the sieve fractions of the powder blends are shown. 
In contrast to previous calculations and assumptions, both 
batches contain API lumps larger than 3.35 mm, while the 
maximum lump size was estimated for batch B at 1.5 mm. 
Several lumps were isolated and identified by offline Fourier 
transform near infrared (FT–NIR) and NIR imaging; both 
analyses confirmed that the lumps obtained in the sieve 
fraction correspond to pure API material. Also, batch A 
shows some API lumps, although significantly fewer com-

pared to batch B. The maximum lump size within batch B is 
approximately 10 mm diameter; the corresponding weight 
of this lump was 314 mg, which is approximately 250 times 
larger than the expected maximum lump weight of 1.2 mg. 

Apparently, the measured NIR signal is not in agreement 
with the expected variation in content caused by lumps, but 
underestimates the size of present lumps significantly. The 
origin of the above discrepancy is attributed to the sampling 
details (NIR ‘sub-sampling’ which is discussed in the follow-
ing section) of measuring inline content with a NIR sensor.

Subsampling by inline NIR sensors. Spectroscopic sensors such 
as NIR probes suffer from subsampling, which is described 
as follows. If powders are measured in reflectance, a specific 
amount of the sample is contributing to the NIR spectrum. 
This amount of sample corresponds to the NIR sample 
size. Because uniformity assessment is directly related to 
the sample size, it is mandatory to have a good estimate of 
the actual NIR sample size that is sub-sampled with a NIR 
probe (4, 5). The NIR sample size is dependent on mate-
rial properties of the blend, such as particle size, density, 
morphology, NIR absorptivity, wavelength, and sensor di-
mensions. The NIR sample size may be defined as the total 
amount of sample that contributes to the NIR spectrum (6). 
By measurement of increasing amounts of sample material, 
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Figure 2: Inline near infrared (NIR) blend curves. The blue dots represent the predicted API content by NIR for each revolution 

of the rotary blender. The solid line represents the “moving” relative standard deviation (RSD) of the blend as an indication 

of blend uniformity. Average relative bulk content of 70% around revolution 202 (  ); high relative content spike of 140% at 

revolution 202 (  ).

Figure 3: Obtained sieve fractions of powder blends with API A and B (sieve size = 3.35 mm). 
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the NIR sample size corresponds to the amount of sample 
at which the NIR spectrum becomes constant in intensity. 
The actual interaction of the incident NIR radiation and 
resulting ref lectance signal complicates the definition of 
the actual effective sample size because parts of the sample 
close to the NIR interface contribute more to the NIR spec-
trum compared to parts of the sample positioned further 
away from the NIR interface. In fact, an intensity (or con-
tribution) gradient exists, which is directly related to the 
properties of the measured material. This gradient can be 
determined by measurement of defined amounts of sample 
and measurement of the corresponding ref lected intensity 
at the wavelength of interest (in this case 1638 nm). Once 
this gradient is determined, the contribution at different 
penetration depths of the sample within the NIR sample size 
can be obtained (7). As significant parts of the NIR sample 
size contribute only at a minor level to the NIR spectrum, 
the effective sample size is consequently smaller than the 
NIR sample size. Particularly when the API is not distrib-
uted evenly throughout the NIR sample size, the impact of 
the NIR intensity gradient should be taken into account.

Figure 4 shows a schematic representation of an API 
lump with a diameter of 5000 μm. For this material, the 
NIR sample size was determined at 250 mg, which corre-
sponds to a penetration depth of approximately 1000 μm. 
The penetration depth of the corresponding NIR sample 
size can be derived by dividing the sample volume (250 mg/ρ 
(0.6 Kg/L) = 417 mm3) by the sensor dimensions (spot size of 
NIR sensor = 24 mm, diameter = 452 mm2), which results in 
approximately 1 mm (1000 μm). The NIR intensity gradient 

was determined at 100, 250, 500, and 1000 μm and resulted 
in 35% contribution to the NIR spectrum at 100 μm, 80% 
at 250 μm, 95% at 500 μm, and 100% at 1000 μm. For lump 
sizes larger than the penetration depth of 1000 μm, parts 
will not be measured since parts > 1000 μm will simply not 
contribute to the NIR spectrum. For lump sizes around the 
penetration depth, the entire lump will contribute to the 
spectrum. However, due to the NIR intensity gradient, parts 
closer to the penetration depth will have a minor contribu-
tion to the NIR spectrum, while parts close to the sensor 
will contribute significantly. Lumps much smaller than the 
penetration depth will suffer less signal loss due to the NIR 
intensity gradient.

The impact of the NIR intensity gradient can be esti-
mated quantitatively by multiplying the lump volume at a 
defined penetration depth with the relative contribution 
percentage. In this case, the impact = lump volume up to 
100 μm x 35% + lump volume 100-250 μm x 45% + lump 
volume 250-500 μm x 15% + lump volume 500-1000 μm 
x 5%; in a case for which the lump diameter is smaller 
than 1000 μm, the contribution of “layers” above the lump 
diameter should be ignored. Note that for all examples, it is 
assumed that the lumps are spherical and ideally positioned 
to the NIR sensor. In practice, however, lumps are neither 
exactly spherical nor positioned ideally to the sensor; 
therefore, the estimated effectively measured lump frac-
tions should be used as indication. For the large 10000-μm 
diameter lump, the calculated effectively measured amount 
of API (0.82 mg, see Figure 4) is, however, very close to the 
expected lump contribution of 1.2 mg. 

Figure 4: Schematic representation of a 5000 μm lump and the near infrared (NIR) sample size corresponding to a 

penetration depth of 1000 μm. In the zoomed picture of the lump, the NIR intensity gradient is shown. By combining the 

fraction of the lump included in the NIR sample size and the impact of the NIR intensity gradient, the effectively measured 

amount can be calculated.
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Besides the intensity of the high content spikes in the 
blend curve, an overall decrease in content of approxi-
mately 20% was observed for batch B (see Figure 2). Given 
that the presence of relative large lumps will result in a 
lower measured content due to the discussed mechanisms, 
it is not surprising that a significant amount of API is not 
measured by NIR when a significant amount of API lumps 
are present in the blend. The magnitude of the decrease 
in content is directly related to the amount and size of 
lumps and the ratio to uniformly distributed API. In gen-
eral, when a decrease in content is observed, and positive 
content spikes occur, there is a strong indication of the 
presence of (large) lumps. 

Discussion 
The provided examples and calculation are based on a 
number of assumptions known not to be exactly true. 
Lumps are not exactly spherical; they do show variance 
in shape, size, and surface; they are not positioned ide-
ally at the NIR interface; and they will most likely not be 
evenly distributed throughout a blend. In addition, the em-
pirically determined NIR intensity gradient is a relatively 
rough estimate of the actual loss of intensity. By more exact 
determination of this gradient, for instance at more pen-
etration depth levels, and by applying a more complicated 
integral function, the NIR intensity gradient impact may 
be predicted more accurately. Whether a more accurate 
intensity gradient will provide relevant information for 
interpretation is somewhat uncertain, because the great-
est uncertainty is related to the dimension of the lumps. 
However, in general, the presence and intensity of positive 
content spikes in combination with a lower overall content 
are strong indicators of the presence of lumps and can pro-
vide information regarding the amount and expected lump 
sizes in the blend. 

The extraction of quantitative information regarding 
lumps from NIR blend curves enables studying the behav-
ior of lumps in a real-life situation, without the need for 
manual sampling and disturbance of the process.  By apply-
ing different shear forces (rotation speed, fill grades, etc.), an 
effective breakdown of lumps can be studied dynamically 
and used for process optimization, setting specifications, or 
troubleshooting. Advanced statistical analysis of obtained 
NIR content predictions within a blend curve may be ap-
plied next to the qualitative interpretation of the NIR data 
to enhance and quantify lump detection and related non-
uniformity. If lumps are present in a blend, normality of 
the predicted content distribution will decrease; by applying 
advanced normality tests to the inline data in real time, the 
sensitivity of lump detection can be further increased. 

Conclusion
In cases where spectral properties allow quantification of 
an ingredient, inline NIR can be a powerful tool to detect 
lumps. It was shown that inline NIR is capable of detecting 

API lumps in low-dosed powder mixtures. It is, however, 
mandatory that the ingredient of interest shows clear and 
specific spectral features in NIR because a content of ap-
proximately 1% or lower is often difficult to quantify. For 
higher doses, the risk of non-uniformity decreases while 
it becomes easier to quantify by NIR. 

Positive content spikes and a lower overall content will 
be observed in inline NIR if relatively large lumps are pres-
ent in a blend. The lower the content, the higher the level of 
detection (if the NIR signal allows adequate quantification 
of the ingredient) for lumps. High content spikes of lumps 
are due to a NIR sub-sampling effect that is less intense 
than expected. For lumps of 5000 μm–10000 μm, less than 
1% of the lump mass is effectively measured as the penetra-
tion depth of the NIR radiation is effectively approximately 
500 μm. The ref lected intensity and contribution to the 
NIR spectrum decreases rapidly as a function of the pen-
etration depth. Sample information at >250 μm distance to 
the NIR sensor already contributes significantly less to the 
NIR spectrum compared to sample information < 250 μm. 
The intensity of the high content spikes caused by lumps is 
also related to material properties and dimensions of the 
NIR analyzer. Determination of the NIR intensity gradient 
and estimation of the effective sample size allows adequate 
interpretation of inline NIR data. In combination with ei-
ther qualitative or more advanced statistical tools, lumps 
can be detected effectively in low-dosed powder blends. 
Besides the well-known content uniformity monitoring ap-
plications, inline NIR may, therefore, also be applied as an 
effective tool to detect lumps in low-dosed powder blends. 
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hysical, chemical, and biological 
stability of pharmaceutical mol-
ecules is a matter of great concern 

as it affects the safety and efficacy of the 
drug product. Stability studies of new 
drug moiety are mandatory before fil-
ing registration. In addition to standard 
stability studies, forced degradation 
methodologies of an API can quickly 
detect if degradants are likely to be 
generated in a drug substance and help 
to develop stability indicating methods.

The quality of an API or finished 
drug product can be affected over the 
course of its lifecycle by a range of envi-
ronmental factors, such as temperature, 
light, and humidity. But studies to as-

sess any physical, chemical, biological, 
or microbiological changes that may 
occur during storage can be complex, 
time-consuming, and costly.

Drug substance stability must be con-
sidered throughout the drug develop-
ment process, from the preclinical stage 
to final product approval. Analytical de-
velopment, forced degradation studies, 
and bulk API stability studies form the 
basis of preclinical work; Phase I stud-
ies cover further analytical development 
and method validation, initial formula-
tion stability studies, and stress tests.

Test procedures for the assessment of 
quality levels of pharmaceutical materi-
als are subject to various requirements. 
In the United States, Section 501 of the 
Federal Food, Drug, and Cosmetic Act 
states that assays and specifications in 
monographs of the United States Phar-
macopeia (USP) and the National For-
mulary constitute legal standards. The 

current good manufacturing practice 
(GMP) regulations [21 Code of Federal 
Regulations 211.194(a)] require that test 
methods used for assessing compliance 
of pharmaceutical materials with estab-
lished specifications must meet proper 
standards of accuracy and reliability. It 
is essential, therefore, that proposals for 
adoption of new or revised compendial 
analytical procedures are supported by 
sufficient laboratory data to document 
their validity.

GMP regulations—such as FDA 
guidelines and the International Con-
ference on Harmonization (ICH) Q1A 
to Q1F guidelines—require a pharma-
ceutical product to have an expiration 
date, determined by appropriate stabil-
ity testing. They also require a written 
stability study program that specifies 
sample sizes and test intervals; con-
trolled storage conditions; validated 
and stability indicating test methods; 
and that an adequate number of drug 
production batches are tested. Follow 
up stability studies of the final product 
in its marketed container or closure 
after approval is also required.

In investigational applications, in-
formation must be submitted to sup-
port drug substance and drug product 
stability during preclinical and clinical 
studies, and the data submitted must be 
consistent within the period needed.

With respect to new drug applica-
tions (NDAs), submissions for ap-
proval by the regulatory authorities are 
required to contain data from stability 
studies conducted on both the drug 
substance and drug product in support 
of the product expiration date. For ab-
breviated applications, such as those for 
new generic drugs, stability data must 
be included to show that the generic 
drug has a stability profile comparable 
to that of the branded products to dem-
onstrate pharmaceutical equivalence.

Forced degradation studies
Forced degradation studies are a reg-
ulatory requirement and scientific 
necessity during drug development; 
compared with stability studies, forced 
degradation studies help in generating 
degradants in a much shorter time span. 
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Forced degradation studies can identify stability 

problems for drug substance and drug products.
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The samples generated from forced 
degradation can be used to develop the 
stability indicating method that can be 
applied later for the analysis of samples 
generated from accelerated and long-
term stability studies.

Forced degradation studies use exter-
nal stresses to rapidly screen material 
stabilities by subjecting new drug sub-
stances and drug products to conditions 
more severe than accelerated conditions. 
These studies are required to demon-
strate specificity of stability indicating 
methods as well as providing an insight 
into degradation pathways and degra-
dation products of the drug substance 
while helping to elucidate the structure 
of the degradation products. Forced 
degradation studies show the chemi-
cal behavior of the molecule, which in 
turn helps in the development of stable 
formulations and suitable packaging. 
Because it is faster and less expensive 
than conducting longer-term storage 
tests, the technique is used for rapid se-
lection and elimination tests.

According to the ICH guideline 
Q1A(R2), Section 2.1.2) (1), stress test-
ing is intended to identify the likely deg-
radation products, which further helps 
in determining the intrinsic stability of 
the molecule and establishing degrada-
tion pathways, as well as validating the 
stability indicating procedures used. 
Knowledge of the stability of a molecule 
helps in providing proper storage condi-
tions and shelf life, which are essential 
for regulatory documentation.

Forced degradation studies have sev-
eral aims, including establishing deg-
radation pathways of drug substances 

and drug products and their mecha-
nisms—such as hydrolysis, oxidation, 
thermolysis, or photolysis—as well as 
understanding the chemical properties 
of drug molecules, and the elucidation 
of the structure of degradation products. 
Studies can be used to determine the in-
trinsic stability of a drug substance in 
formulation, and to differentiate degra-
dation products that are related to drug 
products from those that are generated 
from non-drug product in a formulation; 
this information can obviously be used 
to generate more stable formulations.

That being said, the overriding goal 
of forced degradation is to produce a 
degradation profile similar to that 
which would be observed in a formal 
stability study under ICH conditions, 
so that any problems can be brought 
to light and solved much faster and 
more efficiently.

Case study: Forced degradation
An API was evaluated by a forced deg-
radation study, designed to assess the 
degradation of the compound when ex-
posed to light, heat (60 °C wet, 105 °C 
solid), acid (heat/room temperature 
[RT]), base (heat/room temperature), 
and oxidation (heat/room tempera-
ture). The study used five controls:

• Control A–Sample (0.5 mg/mL), 
no treatment, wrapped in foil

• Control B–Sample (0.5 mg/mL), 
no treatment, wrapped in foil, 
placed into the photostability 
chamber as a temperature control

• Control C–No sample, 5.0 mL of 
0.3% hydrogen peroxide, wrapped 
in foil

• Control D–No sample, 1N hydro-
chloric acid

• Control E–No sample, 1N sodium 
hydroxide.

The  photostab i l it y  test ing  of 
drug substances must be evaluated 
to demonstrate that light exposure 
does not result in any unacceptable 
changes.  L ight  stress  condit ions 
can induce photo oxidation by free 
radical mechanism, and functional 
groups such as carbonyls, nitro aro-
matic, N-oxide, a lkenes, aryl chlo-
rides, weak carbon–hydrogen and 
oxygen–hydrogen bonds, su lf ides, 
and polyenes are likely to introduce 
drug photosensitivity.

Photostability studies are performed 
to generate primary degradants of 
drug substances by exposure to ultra-
violet or f luorescent conditions. The 
most commonly accepted wavelength 
of light is in the range of 300–800 nm 
to cause the photolytic degradation 
and the maximum illumination rec-
ommended is six million lux hours. 

The design of photolysis studies is left 
to the applicant’s discretion, although 
ICH Q1B (2) specifies that the light 
source should produce combined vis-
ible and ultraviolet (UV, 320–400 nm) 
outputs, and that exposure levels should 
be justified.

To test for light degradation, Con-
trol A and Control B were placed into 
a photostability chamber for light 
exposure at room temperature. The 
chamber was set up to fulfill the re-
quirements of ICH Q1B Option 2 , 
which specifies that the same sample 
should be exposed to both the cool 
white f luorescent and near ultraviolet 
lamp. A cool white f luorescent lamp, 
designed to produce an output similar 
to that specified in ISO 10977 (1993), 
and a near-UV f luorescent lamp, hav-
ing a spectral distribution from 320 
nm to 400 nm, with a maximum en-
ergy emission between 350 nm and 
370 nm were used.

Standard exposure is specified as 1.2 
million lux hours of visible light and 
200 watts/square-meter-hours of near-
UV at a temperature below 30 °C. The 
light sources were placed in the top of 

Analytics: Stability Testing

Table I: Final Degradation Conditions. RT is room temperature.

Condition % Degradation

Light -2%

Heat (60 ˚C for 24 hours, solution) 0%

Heat (105 ˚C for 3 days, solid) 2%

Accelerated stability 7 Days 40 ˚C, 

75%RH
-1%

H
2
O

2
/RT 8%

0.1N HCI at RT for 1 hr and 3 hr 7–12%

0.005N NaOH at RT for 30 and 60 min 14–15%

http://www.pharmtech.com/
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the chamber and the temperature was monitored during the 
study using a calibrated environmental monitoring system.

A 2% aqueous solution of quinine monohydrochloride de-
hydrate was also exposed during the same period to show that 
sufficient exposure time had elapsed. The quinine solution 
was placed into two 10mm quartz cells and sealed, and one 
cell was wrapped in aluminum foil to act as a temperature 
control. The length of exposure must be sufficient to ensure 
a change in absorbance of at least 0.5 between the exposed 
solution and the temperature control.

After exposure, the quinine and sample solutions were 
analyzed within 30 minutes of being removed from the 
chamber and the actual hours of exposure for each lamp 
were documented.

Acceptance criteria
The question of how much degradation is sufficient has been 
the topic of much discussion among pharmaceutical scien-
tists. Degradation of drug substances between 5% and 20% 
has been accepted as reasonable for validation of chromato-
graphic assays; however, some pharmaceutical scientists be-
lieve that 10% degradation is optimal for use in analytical 
validation for small pharmaceutical molecules, for which 
acceptable stability limits of 90% of label claim is common. 
Others have suggested that drug substances spiked with a 
mixture of known degradation products can be used to chal-
lenge the methods employed for monitoring the stability of 
a drug product.

Forced degradation may not necessarily result in a degra-
dation product. The study can be terminated if no degrada-

Table II: Peak Purity. RT is room temperature.

Stress condition Peak angle Peak threshold Status

Control A 0.154 0.351 Pass

Control B 0.169 0.370 Pass

0.3% H
2
O

2
/RT 24 hr 0.184 0.377 Pass

Light 0.209 0.402 Pass

Heat (60 ˚C for 24 hours) 0.208 0.417 Pass

Heat (105 ˚C for 3 days) 0.207 0.400 Pass

Accelerated Stability 7 Days 40 ˚C, 75%RH 0.209 0.411 Pass

Control 1 hr 0.193 0.396 Pass

Control 3 hr 0.199 0.399 Pass

0.1N HCI RT for 1 hr 0.208 0.423 Pass

0.1N HCI RT for 3 hr 0.210 0.421 Pass

Control 30 min 0.062 0.251 Pass

Control 60 min 0.061 0.251 Pass

0.005N NaOH RT 30 min 0.065 0.253 Pass

0.005N NaOH RT 30 min 0.068 0.255 Pass
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tion is seen after the drug substance 
or drug product has been exposed to 
stress conditions (e.g., temperature 
stress of 60 °C for four weeks). Over-
stressing a sample may lead to the 
formation of a secondary degrada-
tion product that would not be seen 
in formal shelf-life stability studies; 
understressing may not generate suffi-
cient degradation products to develop 
a selective test method.

For the API under evaluation, the 
degradation peak was 3–15% (5–20%). 
Had this criterion not been met, then 
the degradation condition could have 
been adjusted accordingly.

The percentage degradation is cal-
culated relatively to the control, non-
stressed sample, by Equation 1.

% Degradation = 100 –
R

Stress

R
Control

W
Control

W
Stress

x x 100

[Eq. 1]

For each condition, the peak shapes 
from stressed and control samples 
needed to be equivalent to indicate that 
no impurities or degradation products 
co-elute with the active ingredient. 
Chromatograms for each of the degra-
dation conditions must not have unex-
pected shoulders or unusual character-
istics when compared with the control 
and the blank. Additionally, for each 
condition, the peak purity angle of the 
active ingredient must be less than the 
purity threshold, demonstrating peak 
purity. All impurities must be resolved 
from the main peak with a USP resolu-
tion of not less than 1.0, but preferably 
not less than 1.5.

Mass balance and % Relative De-
viation (Equation 2) can also be used to 
assess each condition and the follow-
ing criteria applied depending on the 
extent of degradation.

When degradation is between 10% 
and 15%, the lack of mass balance is 
identified by more than 50% relative 
deviation (Equation 2). For results show-
ing degradation is between 5% and 
10%, the lack of mass balance is identi-
fied by more than 60% relative devia-

tion, and this changes to 70% relative 
deviation when degradation is between 
2% and 5%. When degradation is less 
than 2%, results are not amenable to 
mass balance consideration. However, 
it should be noted that degradation 
often results in degradation products 
that may have different absorbance 
characteristics, so mass balance crite-
ria cannot always be met.

% Relative Deviation =
(% Degraded — % Total Degradants)

% Degraded

X 100

Mass Balance = Assay + Total Impurities

[Eq. 2]

The final degradation conditions 
and peak purity are shown in Table I 
and Table II.

For each condition, the peak shapes 
from stressed and control samples 
were equivalent; this is an indication 
that no impurities or degradation 
products co-elute with the active in-
gredient. Chromatograms for each of 
the degradation conditions did not 
have unexpected shoulders, or un-
usual characteristics in comparison 
with the control and the blank. Fur-
thermore, for each condition, the peak 
purity angle of the active ingredient 
was less than the purity threshold, 
demonstrating peak purity.

Conclusion
Stability studies are an essential part 
of the drug development process. It is 
clearly preferable to identify potential 
risks to drug product stability in early 
development rather than late-phase 
stages, and forced degradation tests 
can play a key role in providing an in-
sight into degradation pathways and 
degradation products of a drug sub-
stance, as well to establish the stability 
indicating test methods.
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iologics manufacturing facili-
ties are highly complex, often 
supporting multiple products 

with 10–15 batch-mode unit opera-
tions. As biotech companies’ pipe-
lines mature into a stream of com-
mercial products, there is generally 
a financial benefit to utilizing an 
existing facility to meet production 
demands rather than building a new 
facility, and over time, many facili-
ties are pushed up to or beyond the 
capabilities envisioned during initial 
construction.

In nearly all cases, pushing a biolog-
ics manufacturing facility to its capac-
ity limit and/or expanding capacity 
generates a number of complex ques-
tions that must be answered before suc-
cessfully delivering a capacity increase. 
Often, plants don’t have a clear and ob-
vious bottleneck, and the capacity may 
be limited by a series of steps across 
many pieces of equipment, such as 
turnaround of a buffer storage tank at 
one point in a process, a brief delay for 
an ultrafiltration-diafiltration (UFDF) 
setup step, and then a delay in which 

a series of clean-in-place (CIP) activi-
ties are limiting. Additionally, these 
complex “critical path” sequences are 
typically product dependent.

Plant simulation is a powerful mod-
eling discipline that compiles a facil-
ity’s equipment and resource model 
with a process execution recipe to aid 
process engineers in understanding a 
plant’s capacity and in investigating 
how potential investments or opera-
tional changes might affect the capac-
ity. A number of commercially avail-
able tools are currently available, and 
here, the authors present the applica-
tion of one tool (VirtECS, Advanced 
Process Combinatorics) to address 
capacity challenges of a biologics con-
tract manufacturer, KBI Biopharma. 
Case studies address an opportunistic 
(i.e., low budget) debottlenecking ef-
fort, support of scope development for 
a capacity-focused capital project, and 
routine scheduling to support response 
to unplanned delays and events.

Simulation technology
The case studies discussed here were 
implemented using VirtECS version 
8.1.8-Biologics, which addresses schedul-
ing, planning, and analysis problems using 
the Resource Task Network (RTN), a com-
puting language for process scheduling (1). 
Within the RTN, the cell-culture facility, 
mainline manufacturing, buffer, media, 
cleaning, utility areas, and other equip-
ment are described as a set of tasks that 
consume input materials at a time relative 
to the start time of the activity and pro-
duce output materials, such as inoculum, 
fermentation product, media, and purifi-
cation buffers. Tasks occupy one or more 
pieces of equipment and can also utilize 
specified amounts of labor or other shared 
resources for defined time intervals as part 
of a schedule. Materials are tracked and 
occupy storage tanks, totes, or process ves-
sels as appropriate. The software accounts 
for all real-world constraints of the cell-
culture facility including limited storage 
and labor capacities.

The RTN is the inclusive collection 
of all the modeled materials (including 
buffers and media), activities (includ-
ing CIP, buffer prep, and media prep), 

Using Simulation 
to Address Capacity 

Limitations

John Robinson, Spencer Miller, Laurence T. Baxter, 

Stephen Hunt, Bob Todd, and Joseph F. Pekny

Modeling tools help process engineers

optimize a biopharmaceutical facility’s capacity.

John Robinson was previously principal engineer at KBI Biopharma; Spencer Miller 

is senior engineer and Laurence T. Baxter is vice-president of R&D, both at Advanced 

Process Combinatorics, West Lafayette, IN, www.combination.com; Stephen Hunt* 

is director of Process Engineering at KBI BioPharma, shunt@kbibiopharma.com; Bob 

Todd is vice-president of Process Development at KBI BioPharma; and 

Joseph F. Pekny is cofounder of Advanced Process Combinatorics, Inc. 

and professor of Chemical Engineering at Purdue University. 

*To whom correspondence should be addressed.

http://www.combination.com
mailto:shunt@kbibiopharma.com
http://www.pharmtech.com/


2017 AAPS ANNUAL MEETING AND EXPOSITION 

PROGRAMMING PREVIEW!

Expanded Programming Themes:

� Advanced Formulation

Characterization Approaches

� Patient Centered Innovations in 

Healthcare Technology

� Products for Pediatrics:

It’s Not Child’s Play

� Improving Inter-organization

Collaboration

� Cancer Moonshot: Emerging

Modalities for Oncology

PLUS all the targeted

programming you expect

� Latest Research

� Community of Scientists

� Taking Theory to Application

� Over 400 Supplier Resources

www.aaps.org/annualmeeting

ADVANCE REGISTRATION ENDS OCTOBER 13!
See full meeting details: www.aaps.org/annualmeeting/PT

http://www.aaps.org/annualmeeting
http://www.aaps.org/annualmeeting/PT
http://www.aaps.org/annualmeeting/PT


54    Pharmaceutical Technology SEPTEMBER 2017  PharmTech .com

and renewable resources (e.g., shared 
utilities). It describes the essential 
physics of the plant. The RTN is gen-
eral and able to describe scheduling 
problems across a variety of industries, 
but it is used here under a data schema 
tailored to biologics manufacturing 
that enables manipulation of low-level 
RTN components via specification of 
high-level concepts (e.g., executing a 
cell-culture step or preparing a buffer). 

Once the process data are entered, a 
schedule can be calculated in the form 
of a Gantt chart, with corresponding 
material and resource inventory plots 
and reports. The timing of each task in 
the scheduling solution is determined 
by an underlying mixed integer linear 
programming (MILP) solver using a 
specialized mathematical formulation 
that is automatically generated from 
the RTN (2). This mathematical for-
mulation divides time up into small 
slices and enforces material balance 
constraints, storage limitations, and 
other basic physics (e.g., only one activ-
ity can be performed on any equipment 
at one time). This approach prevents 
over-assignment of equipment, stor-
age capacity, or other shared resources 
while maintaining all material bal-
ances to ensure the feasibility of the 
resulting optimized schedule. 

This advanced, mathematica l ly 
grounded approach has many advan-
tages over older technologies including 
solution speed, ease of use, and high fi-
delity to process detail. A typical schedule 
calculation time for a six-month produc-
tion scenario in a large-scale cell-culture 
facility is about three minutes using 
a standard personal computer. Using 
plant simulation tools, process engineers 
and plant schedulers can analyze many 
schedule instances involving demand 
uncertainty, process duration distribu-
tions, or changes in process parameters 
against a base case to understand the ef-
fect of forecast uncertainty or proposed 
engineering changes (3, 4) as discussed 
in the following case studies. 

Case study one:
cell-culture facility debottlenecking
In the first case study, plant simulation 
was applied to debottlenecking a KBI cell-
culture facility. The key challenge was that 
the company had an opportunity to book 
additional projects, but required a deeper 
understanding of the facility capability to 
commit to additional production. Plant 
simulation was employed to determine 
how the facility could increase utilization 
of its existing production bioreactors.

The initial activity in a debottleneck-
ing exercise should always be to docu-

ment the current operational assump-
tions, to build a base case model, and 
to verify that the base case accurately 
reflects the real facility. In the base-case 
model, four diverse products were cho-
sen to represent a typical product mix 
in a scenario of eight production lots; 
changing products between each lot as 
is typical for this facility. The selected 
product recipes captured typical varia-
tions seen across products. The f lask 
stages, seed train, and production reac-
tor durations varied. One product did 
not utilize the wave reactor and had a 
long occupancy of the inoculum growth 
area. The processes had less variation in 
terms of downstream sequence (typical 
three-column downstream process end-
ing with a combination of UFDF, viral 
filtration, and bulk container filling), 
but the column loadings and volumes in 
downstream varied and provided a real-
istic level of process duration variation.

For the KBI mammalian cell-culture 
model, processing rooms were cho-
sen to populate an “equipment” model 
rather than the more common practice 
of modeling specific tanks and process 
skids. For this facility, allocation of the 
process areas more effectively describes 
constraints within and between lots be-
cause one room may host multiple pro-
cess steps, but only one step at a time. 
Other key features modeled include 
changeover between lots, allocation of 
labor, a labor availability calendar, setup 
tasks, and valid connectivity paths for 
upstream. Media and buffer were not a 
major part of the model because the fa-
cility relied on outsourced solution prep 
and disposable containers at this time, 
and was rarely or not limited by solution 
prep or storage.

Analysis of the base-case Gantt chart 
shown in Figure 1 indicated that at a target 
run rate of 12 days per lot, upstream is 
unconstrained, but downstream is un-
able to keep up. The red box indicates 
the delay between upstream comple-
tion of the final lot and continuation of 
downstream for that lot. By the end of 
the eighth upstream production reactor 
step, two harvest pools are awaiting puri-
fication. Each cluster of tasks on Rm2128 
represents initial purification, and each 

Facility Design and Operations

Figure 1: Durham facility base-case capacity for debottlenecking simulation.
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long cyan block on either RM2137 or 
RM2169 represents a production reac-
tor step. Another key observation from 
the base-case scenario was that although 
purification is clearly not keeping up, the 
purification area is frequently idle due to 
the purification staffing hours, which 
were modeled using a resource availabil-
ity calendar.

Generation of the base-case model 
immediately clarified the facility’s 
challenges and explained why there 
were differing viewpoints on the fa-
cility capacity. Using the base-case 
plant simulation output and a variety 
of alternative scenarios, a plan was 
developed to increase staffing and 
implement operational efficiency im-
provements identified by the plant 
simulation exercise to support a ca-
pacity increase. Once the purification 
staffing was increased, the model iden-
tified the next key bottlenecks as the 
inoculum laboratory and allocation of 
purification rooms for column packing 
between lots. A variety of alternatives 
were evaluated using plant simulation 
scenarios such as relocation of the 
wave reactor, elimination of backup 
f lask cultures, and reconfiguration of 
purification equipment locations.

After combining the plant simulation 
scenario capacity forecasts with an assess-
ment of cost, process risk, and business 
risk, the best scenario was implemented 
over a one year ramp-up period, and the 
facility increased capacity by about 60% 
with minimal investment of capital.

Case study two: capital project
scope and alternatives analysis  
The second case study demonstrates how 
plant simulation supported the decision-
making process for capital project scoping 
in the KBI fermentation facility, where a 
capacity limit meant the facility might 
have to forego additional revenue op-
portunities. Traditionally, biotech manu-
facturing facility capital projects have 
poor track records of achieving targeted 
capacity levels. Reasons for performance 
shortfalls vary, but a common theme is 
that rules of thumb, back-of-the-envelope 
calculations, and survey and consensus-
based approaches are insufficient and 
frequently overlook key opportunities 
and constraints for complex biotech fa-
cilities. Capacity-related capital projects 
for biotech manufacturing are typically in 
the millions to tens of millions of dollars 
range, and failure to deliver on expected 
performance is costly.

In this case, the facility’s primary 
limitation was clearly the single chro-
matography skid utilized for multiple 
steps within each production lot. Figure 2 
shows the repeated use of equipment 
CH-509-001 within one production lot 
(outlined in the red box at the bottom 
of the figure). However, the best invest-
ment choice and full scope to alleviate 
the limitation were not well understood. 
Plant simulation was used to investigate 
two key questions:

• Is additional equipment beyond 
the chromatography skid needed 
to improve capacity such as buffer 

prep, buffer storage, or additional 
water-for-injection supply? 

• Would use of an additional manu-
facturing area (already underway 
for other purposes) enable the facil-
ity to deliver higher capacity? 

The base-case and two alternative 
scenarios were developed to forecast 
capacity under each scenario. The fer-
mentation facility model contains a 
significantly larger number of equip-
ment entities than the cell-culture 
model, because solutions are prepared 
on site, constraints tend to be related to 
specific equipment rather than rooms, 
and the facility has many fixed storage 
tanks that are temporarily rate limit-
ing at various periods of production. 
Analysis of the base-case Gantt chart 
confirmed that the capacity limit of 
the facility was driven by allocation of 
the single chromatography skid (CH-
509, outlined in the red box at the bot-
tom of Figure 2) multiple times per lot. 
However, after relaxing that constraint 
by adding another skid to the model, 
it was apparent that the buffer prepa-
ration and storage would also require 
additional equipment to increase ca-
pacity. In this case, explicit modeling 
of buffer storage (allocating the storage 
tank from the point a buffer is trans-
ferred in until it is fully consumed by 
the process) was a critical set of con-
straints necessary to accurately model 
the facility.

Both investment options (chroma-
tography skid plus buffer storage and 

Figure 2: Capital project alternatives: base-case scenario.
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utilizing an additional suite for final 
purification steps) increased the ca-
pacity by 14%. Ultimately, the addi-
tional skid and buffer storage option 
was selected because the new down-
stream suite had other high value uses 
planned and therefore incurred a high 
opportunity cost. The key contribu-
tion of plant simulation in this project 
was identification of the minimal set of 
additional buffer storage necessary to 
realize a capacity increase from invest-
ment in a second chromatography skid.

Case study three:  
fermentation facility scheduling
The third case study shows how plant 
simulation can be used for f inite 
scheduling and can deliver automated 
constraint resolution to support coor-
dination of manufacturing floor activ-
ities. By linking labor resource needs 
to each task, the facility was able to 
generate a more consistent and sup-
portable initial schedule. 

Using the plant simulation tool for 
scheduling enabled accurate account-
ing for buffer storage tank allocation 
for cases in which multiple solutions 
are assigned to different tanks. For ex-
ample, during the initial trial (while 
still running under the scheduling 
toolset used prior to VirtECS), a one-

day discrepancy between the tools’ 
forecasted lot completion times was 
identified and traced to a missed buffer 
storage constraint in the older schedul-
ing tool. Because there was no concept 
of material storage in the prior sched-
uling toolset, there was an ongoing risk 
of scheduling storage of more than one 
buffer at a time in a tank. As shown in 
Figure 3, the correct handling of buffer 
storage allocates the storage tank (T707 
in this case) from the time Buffer A is 
transferred to it until the time Buffer 
A is fully consumed or disposed of; al-
lowing for accurate representation of 
a changeover of the tank and storage 
of Buffer B later in the process. The 
linkage between the storage task du-
ration and the timing of creation and 
consumption of buffer is important to 
ensure the model accurately ref lects 
the real-world constraint on allocation 
and cleaning of buffer storage tanks. 

As in the previous case studies, 
scheduling requires a wide variety of 
model constraints; however, it’s also 
necessary to be able to accommodate 
an on-the-f ly change in timing or du-
ration of a task and recalculate or re-
optimize the future from that point on 
to account for the fact that real-world 
execution will eventually deviate from 
the initial scheduling plan. Plant simu-

lation creates the ability to quickly gen-
erate a schedule or explore a potential 
schedule change. For example, after 
an unexpected delay on the f loor, a 
schedule revision was needed, but the 
next step’s start time was dependent on 
completion of a quality control sample 
analysis. The expected scenario was 
generated in about 30 minutes, and an 
alternative schedule was prepared in 
advance in case the sample results were 
completed early.

Conclusion
Plant simulation is a powerful model-
ing approach that can deliver answers 
to complex biotech capacity questions. 
Many biotech companies are already em-
ploying plant simulation tools; however, 
significant opportunity remains within 
the biotech industry to expand use in 
support of capital project scoping, facility 
debottlenecking, and facility scheduling. 
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outsourcing outlook

T
he biopharmaceutical industry is 
dynamic and complex, and in 
addition to the overall consistent 

14–15% industry growth, data from 
BioPlan Associates’ 2017 14th Annual 
Report and Survey of Biopharmaceuti-
cal Manufacturing (1) shows that key 
trends are affecting this growth. These 
include the following: 

• Demand for production efficiency
• Growth of international biomanu-

facturing centers, including China
• Biosimilars expansions
• Cell- and gene-therapy approvals.
These general trends are also im-

pacting more specific aspects of the 
industry. For example, current and 
future capacity and production are al-
ready being hit by the inability to hire 
and train staff—in fact, more than 
50% of bioprocessing facilities are 
experiencing capacity problems this 
year due to difficulties hiring certain 
operations staff. Hiring problems will 

continue to increase as the industry 
expands. These human resources 
issues may u ltimately a lso create 
qua lity problems, and are a lready 
increasing demand for technologies 
that reduce staffing, such as automa-
tion and single-use device applica-
tions. Even outsourcing to contract 
manufacturing organizations (CMOs) 
may well be challenged if CMOs con-
tinue to experience growth and hir-
ing problems. 

The biopharmaceutical industry is 
continuously demanding new and im-
proved bioprocessing technologies to 
reduce costs, increase efficiencies, and 
improve weak development pipelines, 
especially in developing economies. 
Some of the ongoing biopharmaceu-
tical trends support a future vision 
that includes:

• More biologica l products, but 
often each targets smaller markets

• More biosimilars and biogenerics
• More multi-product and f lexible 

manufacturing facilities
• More adoption of single-use sys-

tems 
• More efficient bioprocessing—ti-

ters and yields
• More use of continuous process-

ing, including for downstream 
processing

• More automation, monitoring, and 
process control.

The following is a summary of a few 
of the top 15 trends affecting biophar-
maceutical manufacturing from the 
BioPlan 2017 study. This year’s survey 
included responses from 227 biopro-
cessing professionals, 131 industry 

equipment and services suppliers; and 
data from more than 150 bioprocessing 
professionals in China and India. 

Trend number one: 
Greater demand for manufacturing 
efficiency and productivity
Many of the trends in the bioprocess-
ing industry are being driven by per-
ceived needs for improved efficiencies, 
quality, and cost reductions in manu-
facturing processes. Companies invest 
in technology and innovation so they 
can more with less. To remain com-
petitive, better ways are needed to: 

• Make bioprocessing more efficient 
and less expensive

• Decrease new products’ time-to-
market (increase speed)

• Streamline new technology testing 
and adoption, make adopting new 
technologies less painful. 

The largest portion of survey re-
spondents, 16.4%, noted that “Manu-
facturing Productivity/Efficiency” was 
the “single most important biomanu-
facturing trend or operational area on 
which the industry must focus its ef-
forts, 2014–2017.” Essentially, all of the 
top three—and most other cited trends 
or operational areas—are related to 
cost savings though increased effi-
ciency and productivity (see Figure 1). 

Related survey findings include: 
• Average reported titer for commer-

cial-scale biologics (for new mono-
clonal antibodies [mAbs]) this year 
was 2.80 g/L, with yearly data back 
to 2008 showing overall consistent 
year-to-year incremental increases 
to the present. Average reported 
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upstream titers have been growing 
rather steadily over the past three 
decades from a baseline of at best 
a few tenths of a gram/L back in 
the 1980s.

• Average reported titer for clinical-
scale biologics was 3.29 g/L, with 
these data also showing an overall 
consistent incremental growth. 

Trend two: Downstream 
processing remains the 
major bioprocessing bottleneck
Downstream purification including 
chromatography continues to be the 
area cited as requiring the most tech-
nological improvements. Yet, other 
recent BioPlan studies confirm that 
downstream yield improvements re-
main much more resistant to change. 
This year, 74.3% of respondents re-
ported their facility was experiencing 
at least some capacity bottleneck due 
to downstream processes. Overall, re-
spondents are experiencing a higher 
level of bottlenecks than seen in 2011–
2015. Approximately 10% reported that 
their facility is currently experienc-
ing “serious” downstream bottleneck 
problems. CMOs perceive downstream 
bottlenecks as more serious, with 60% 
of CMO respondents reporting either 

“Serious” or “Some” capacity con-
straints due to downstream processing. 

“Serious” capacity constraints were also 
reported much more frequently by Eu-
ropean vs. US respondents, 11.5% vs. 
5.7% (see Figure 2). 

Chromatography remains the top-
cited downstream (or any) biopro-
cessing problem area. This included 
48.3% of respondents citing “Chroma-
tography columns” as causing them 

“Moderate constraints” or worse; with 
80.8% reporting “Minor constraints” 
or worse. 

Trend three: Biosimilars are bringing 
more competing biopharmaceutical 
products (competition) and players
Biosimilar product development con-
tinues worldwide, and appears to be 
accelerating now that the US biosimi-
lars’ market is coming online. The 
Biosimilars/Biobetters Pipeline Data-

base (2) reports nearly 850 biosimilars 
(including biogenerics) in development 
or marketed worldwide, including ap-
proximately 125 in clinical trials; and 
more than 515 biobetters in develop-
ment or marketed worldwide, includ-
ing more than 200 in clinical trials. 
With such a healthy development pipe-
line, within approximately five years, 
biosimilars will outnumber reference 
and other innovative products, includ-
ing in the US market. This increase 
will change the underlying nature of 

the biopharmaceutical industry, as 
biosimilar products eventually affect 
overall sales. CMOs are also reporting 
increased business, about 15% increase 
in revenue, attributed to biosimilars 
development projects.

Biosimi lars  are  resu lt ing  in  a 
number of new players entering the 
biopharmaceutical industry. Estab-
lished drug companies, including 
Big  Pharma,  startup  and  v ir tua l 
companies, foreign companies, ge-
neric-drug companies, and others 

Figure 1: Single most important biomanufacturing trend area, 2014–2017.

Figure 2: Impact of downstream processing on overall capacity.
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Figure 3: Single-use/disposable device adoption factors.
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are work ing to develop portfolios 
of biosimi lars. The United States 
remains a primary location for bi-
osimilar R&D and the largest market 
for biosimilars. Europe, India, and 
China are the other major centers for 
biosimi lars development and mar-
keting. A good portion of the new 
bioprocessing facilities and process 
lines have recently come online or 
under construction and will be solely 
or largely devoted to biosimi lars 
manufacture. 

Trend four: Single-use systems 
in demand, use still growing
Approximately 90% of respondents 
current ly  use  sing le-use  biopro-
cessing equipment, w ith “Tubing 
or disposable operations” cited the 
most. More than 80% reported use 
of sing le-use bioreactors. In con-
trast, the highest rate of reported 
downstream single-use systems use 
was “Disposable chromatography 
dev ices,” reported  by  55.6% and 
membrane adsorbers at 49.6%. The 
rates of usage of diverse disposables 
in biopharmaceutical manufacturing 
have remained relatively steady in re-
cent years, with the market nearing 
saturation, for smaller, clinical-scale 
operations. BioPlan estimates that ap-
proximately 85% of pre-commercial 
biopharmaceutical manufacture is 
done using single-use systems, par-
ticularly upstream. Sales of single-use 
systems will further increase as more 
manufacturers advance to commer-
cia lly manufacture their products 
using single-use systems. 

And the industry itself expects to see 
continued adoption. A significant ma-
jority (66%) expect their own facility 
to involve at least 50% of its substan-
tial unit operations to be done using 
single-use system devices (see Figure 3). 

Trend five: International 
growth in biomanufacturing; 
China and India are maturing
India, China, and other regions are 
rapidly increasing their domestic man-
ufacturing capabilities; however, most 
of the current products are developed 
for home markets, including biogener-
ics (i.e., non-GMP biopharmaceuticals 
for lesser-regulated markets). While 
these are fast-growing geographic 
areas for biopharmaceutical R&D and 
manufacturing, little (as yet) involves 
innovative products. Growth in capac-
ity and  new and expanded facilities 
coming online are most rapid in China, 
India, Korea, and Singapore, but some 
of these countries’ capacities are grow-
ing from low baselines. 

BioPlan’s analysis of China’s biopro-
cessing facilities, Top 60 Biopharma-
ceutical Facilities in China, (3) found 
that China holds approximately 2.4% 
of the total worldwide estimated 17 
million L capacity for recombinant 
protein/mAb bioprocessing capac-
ity. And nearly all growth in China is 
domestically financed, with foreign 
investment in Chinese biopharma-
ceutical manufacturing remaining 
relatively low.  

Most biogeneric developers aspire to 
bring their products as biosimilars into 
major highly-regulated markets. But it 

will take years for developing country-
based facilities (aside from a few outli-
ers) to develop major market-friendly 
GMP manufacturing capabilities. Be-
sides physical plant and needed staff 
expertise, improvements are needed 
in business culture, including aspects 
that have fostered persistent fraudulent 
data manipulation. 

This year, the BioPlan survey in-
cludes data from interviews with 50 
Chinese and more than 100 Indian 
bioprocessing professionals. Among 
the attributes noted as most required 
in Chinese facilities to enable interna-
tional sales/competition are: 

• More innovative biopharmaceuti-
cal pipeline (58%)

• Overall ‘quality’ image (50%)
• Capacity: Commercial scale (50%).
In terms of citing the weaknesses, 

52% cited “Scientific/technical exper-
tise” and the same percentage noted 

“Compliance track record/expertise.” 
From Indian bioprocessing profes-

sionals, the core competencies noted as 
being lacking in Indian biopharmaceu-
tical manufacturers included: 

• Innovation/R&D product pipeline 
(35%)

• Production quality improvements 
(35%)

• Education, expertise, skills (16%).

Summary
Bioprocessing industry trends and 
innovation speeds discovery and can 
drive down costs and improve pro-
ductivity. The current situation in 
biopharma is exciting, with new tech-
nologies, biosimilars, cell and gene 
therapies, and opportunities in emerg-
ing markets.
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SURVEY METHODOLOGY

The 2017 Fourteenth Annual Report and Survey of Biopharmaceutical Manufacturing Capacity and Produc-

tion yields a composite view and trend analysis from 227 responsible individuals at biopharmaceutical 

manufacturers and contract manufacturing organizations (CMOs) in 25 countries. The methodology 

also included over 131 direct suppliers of materials, services, and equipment to this industry. This year’s 

study covers such issues as: new product needs, facility budget changes, current capacity, future capacity 

constraints, expansions, use of disposables, trends and budgets in disposables, trends in downstream 

purification, quality management and control, hiring issues, and employment. The quantitative trend 

analysis provides details and comparisons of production by biotherapeutic developers and CMOs. It also 

evaluates trends over time and assesses differences in the major markets in the United States and Europe.

http://www.bioplanassociates.com/databases/biosimilars-pipeline
http://www.pharmtech.com/


EVENT OVERVIEW:

Biopharma executives face a daunting number of decisions daily 

as they address the challenges of bringing drugs—which may 

be unstable and unpredictable—to market. Perhaps the most 

important decision is selecting the biomanufacturing strategy that 

is the best fit for their organization. Should the biomanufacturing 

stay in-house or be outsourced to a contract development and 

manufacturing organization (CDMO)? 

One approach is to utilize diversified strategies rather than rely on 

a single-pronged attack. With a flexible approach, a biopharma 

company can incorporate multiple solutions if necessary, minimize 

risks, optimize its ability to meet speed-to-market milestones and 

deal with fluctuating demand in highly competitive markets. 

Join this webcast to hear industry experts discuss the benefits of 

having a flexible, multi-pronged approach, along with the pros and 

cons of outsourcing versus staying in-house for biologics drug-sub-

stance manufacturing. Deciding upon the right biomanufacturing 

strategy is not easy, but it is quite possibly the most important deci-

sion a biopharma company will make. 

Who Should Attend: 

Directors, scientists, and leaders in:

■ Biomanufacturing including upstream and downstream processing

■ CMC 

■ Contract services management

■ Production/Operations

■ Process Development

■ Plant Engineering

■ C-Suite decision makers 

■ R&D directors

For questions, contact Kristen Moore at kristen.moore@ubm.com

Sponsored by     Presented by 

Presenters

Barry Rosenblatt, PhD

President

SME Biotech Consulting

Dave Kenyon, PhD

Vice President,  

Process Sciences

Patheon

Moderator:  
Rita Peters

Editorial Director

BioPharm International
Pharmaceutical Technology

Key Learning Objectives:

■ Learn how to choose the biomanufac-

turing strategy that is the best fit for their 

molecule and organization 

■ Learn how the flexibility of a multi-

pronged approach allows companies 

to incorporate multiple solutions if 

necessary, and thereby, minimize risks 

and optimize the ability to meet speed-

to-market milestones 

■ Understand the pros and cons of 

outsourcing versus staying in-house for 

biologics drug-substance manufacturing

Choosing the Best 
Biomanufacturing Strategy:  
The Value of a Multi-Pronged Approachoach

Key Learning Objectives:

■ Learn how to choose the biomanuf

t i t t th t i th b t fit f

ON-DEMAND WEBCAST  Aired August 22, 2017

Register for free at  www.pharmtech.com/pt_p/strategy

mailto:kristen.moore@ubm.com
http://www.pharmtech.com/pt_p/strategy
http://www.patheon.com/
http://www.biopharminternational.com/
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VISIT US AT AAPS 2017 

AAPS 2017 PLANNING GUIDE AND INDUSTRY PIPELINE

VISIT PHARMTECH AT BOOTH 2506

• Meet the editors

•  Review current issues of Pharmaceutical Technology

• Answer surveys

• Meet colleagues and peers

STAY CURRENT ON TECHNOLOGIES AND SERVICES

Visit Pharmaceutical Technology sponsors that are 

exhibiting at AAPS 2017. See descriptions and booth 

information on the following pages.

Plan Your Visit to

                             2017
November 12–15

San Diego, California
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New OptiForm® 

Solution Suite

Catalent has broadened the scope of its 

OptiForm® Solution Suite platform to 

provide an efficient and seamless path from 

late-stage discovery to phase I clinical trials.

The new service includes more 

comprehensive candidate screening 

tools, ADME considerations and in silico 

DMPK modeling, as well as additional 

bioavailability enhancing tools, to provide 

materials for cGLP toxicological studies, and 

on to first-in-human studies.

Catalent Pharma Solutions, 14 Schoolhouse Rd, 

Somerset, NJ 08873, • www.catalent.com • 

tel. +1.888.SOLUTION (765.8846)

AAPS Booth #3016

As a member 

of Eurofins’ 

BioPharma 

Product Test-

ing Group—

the largest 

network of harmonized bio/pharmaceutical 

GMP product testing laboratories world-

wide—Eurofins Lancaster Laboratories 

supports all functional areas of bio/pharma-

ceutical manufacturing, including method 

development, microbiology, process vali-

dation and quality control throughout all 

stages of the drug development process. 

Eurofins Lancaster Laboratories, Inc, 

2425 New Holland Pike, Lancaster, PA 17601 

www.lancasterlabs.com • tel. 717.656.2300

AAPS Booth #1318

Alcami is a world-

class supplier of 

comprehensive phar-

maceutical development and manufacturing 

services headquartered in Wilmington, NC. We 

provide flexible, transparent, and innovative 

services to small and mid-size pharma and bio-

tech companies by offering individualized and 

integrated services across Active Pharmaceuti-

cal Ingredients (APIs), Drug Product, Develop-

ment Services, and Analytical Testing. We strive 

to be the most customer-focused and reliable 

partner built on safety, compliance, strong sci-

entific expertise, and leading technologies.

Alcami, 2320 Scientific Park Drive, 

Wilmington, NC 28405 • www.alcaminow.com • 

marketing@alcaminow.com • tel. 910.254.7000

AAPS Booth #1319

Colorcon® is a world leader in the 

development, supply and technical 

support of formulated film coating 

systems, modified release technologies, 

and functional excipients for the 

pharmaceutical and nutritional 

industries. Our best-in-class products 

and technologies are complemented by 

our extensive application data and value-

added services to support all phases of 

solid oral dose design, development and 

manufacture. 

Colorcon • www.colorcon.com.

AAPS Booth #1721

CordenPharma is your full-service Contract 

Development & Manufacturing (CDMO) 

partner for APIs, Drug Products, and 

Packaging Services. Through a network 

of cGMP facilities organized under 

five technology platforms—Peptides/

Lipids/Carbohydrates/Oligonucleotides, 

Injectables, Highly Potent/Oncology, Small 

Molecules, Antibiotics—CordenPharma 

experts translate complex ideas at any 

development stage into high-value 

products.

CordenPharma • www.cordenpharma.com

AAPS Booth #1110

Your Preferred 

Preclinical CRO

MPI Research is a leading 

drug development 

CRO, providing 

discovery and preclinical services to 

the biopharmaceutical, medical device, 

and chemical industries. MPI Research 

is passionate about the mission of our 

Sponsors, the excellence of our science, 

and the quality of our studies.

MPI Research, 54943 North Main Street, 

Mattawan, MI 49071 •  Tel. +1.269.668.3336 •  

www.mpiresearch.com.

AAPS Booth #2406

N b 12 15
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Canisters, bottles, tubes, ampoules, 

drop bottles, bellows containers, and 

portion packaging made of polyethylene, 

polypropylene, or plastic blends—the scope of 

Rommelag’s bottelpack machines is virtually 

unlimited. Bottelpack Blow-Fill-Seal machines 

are capable of manufacturing up to 34,000 

containers an hour, with filling volumes ranging 

from 0.04 to 10,000 mL, aseptically, and taking 

all the applicable pharmaceutical regulations 

into account. Rommelag USA, Inc., 27905 Meadow 

Drive, Suite 9, Evergreen, CO 80439 • mail.

romus@rommelag.com • www.rommelag.com

AAPS Booth #2542

Emergent provides contract manufacturing 

services for the aseptic fill/finish of vials and 

syringes: liquid and lyophilized products. 

Emergent’s manufacturing facility currently 

produces 20 commercial products and has 

contributed to the development of over 200 

clinical products.

Emergent BioSolutions • 

www.ebsi.com/CMO • CMO@ebsi.com •

tel. 800.441.4225

VAI’s manufacturing 

and testing opera-

tions mirror current 

GMP/GLP standards.  

With over 35 years 

of contamination control experience, our 

products and services include a compre-

hensive line of disinfectants, sporicides, 

residue removers, process cleaners, quality 

water, saturated and dry wipes, disposable 

garments, cleanroom paper, documentation 

materials, printing systems, viable monitor-

ing, cleanroom cart systems, cleaning equip-

ment, consulting, and laboratory services.

Veltek Associates, Inc. • 15 Lee Blvd, Malvern, 

PA 19355 • tel. 610.644.8335 • vai@sterile.com 

• www.sterile.com

Company Services

Patheon, a business unit of DPx Holdings B.V., 

is a leading provider of contract development 

and commercial manufacturing services to the 

pharmaceutical and biotechnology sectors. 

The company offers one of the broadest sets of 

solutions to customers including commercial 

manufacturing, drug product services, biolog-

ics, pharmaceutical development services, and 

active pharmaceutical ingredients. 

Patheon, 4815 Emperor Blvd. Suite 300, 

Durham, NC 27703 • www.patheon.com •  

tel. +1 919.226.3200

AAPS Booth #1829

Dispersers

Ross Bow Tie Dispersers, 

or High Viscosity 

Dispersers, are heavy-

duty mixers designed 

for heavy pastes and 

viscous liquids up 

to several hundred 

thousand centipoise, 

with stainless steel 304 wetted parts. An 

explosion-proof inverter-duty motor helps 

the mixers incorporate solids into liquid 

vehicles in a consistent manner without 

running at high speeds.

Ross, Charles & Son Company  • Hauppauge, NY • 

www.mixers.com • tel. 800.243.ROSS

Unither Pharmaceuticals is 

a unique development and 

manufacturing partner for 

proprietary and generic 

dosage forms, and a global leader in single 

unit dose technologies such as sterile blow-

fill-seal, and liquid and powder stick-packs. 

Unither’s focus is delivering medicines that 

are convenient, affordable, and easy-to- 

use. Unither technology benefits patients 

by offering improved dosing safety and 

compliance with pre-measured, correct dosing 

that reduces the risk of medication errors.

Unither Pharmaceuticals • 755 Jefferson Road 

• Rochester, NY 14623, USA • www.unither-

pharma.com • anthony.reda@unither-

pharma.com • tel. +1.585.475.9000 • 

fax. +1.585.272.3905 • AAPS Booth #2515

Contec, Inc. is a leading manufacturer of 

contamination control products for mission-

critical cleaning in manufacturing environ-

ments worldwide. Our extensive product 

line for cleanrooms and critical environ-

ments includes knitted, woven, and nonwo-

ven wipes; presaturated wipes; sterile and 

non-sterile wipes; disinfectants; mops; wall 

washing systems; sponges; and swabs.

Contec, Inc. • 525 Locust Grove, Spartanburg, 

SC 29303 • tel. 864.503.8333 • 

www.contecinc.com • wipers@contecinc.com

Eppendorf is a leading life-science company 

that develops and sells instruments, 

consumables, and services for liquid-, 

sample-, and cell handling. Its portfolio 

includes pipettes and automated pipetting 

systems, mixers, spectrometers, and DNA 

amplification equipment, bioreactors, CO
2
 

incubators, shakers, and cell manipulation 

systems. Consumables such as pipette tips, 

plates, and disposable bioreactor vessels 

complement the range of premium products.

Eppendorf, 102 Motor Parkway, Hauppauge,

NY 11788 • www.eppendorf.com • 
custserv@eppendorf.com • tel. 800.645.3050

Connecting People, 

Science, and 

Regulation®

The Parenteral Drug Asso-

ciation (PDA) is the leading 

global provider of science, 

technology, and regulatory information 

and education for the pharmaceutical and 

biopharmaceutical community. Founded 

in 1946 as a nonprofit organization, PDA 

is committed to developing scientifically 

sound, practical technical information and 

resources to advance bio/pharmaceutical sci-

ence and regulation through the expertise of 

its more than 10,000 members worldwide, so 

members can better serve patients.

Parenteral Drug Association (PDA) • 

www.pda.org 

NEW PRODUCTS AND SERVICES

VISIT US AT AAPS 2017

NEW PRODUCTS AND SERVICES
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Using Health-Based 
Exposure Limits (HBELs) 
to Assess Risk

ON-DEMAND WEBCAST

Presented by

Sponsored by

Register for free at http://www.pharmtech.com/pt_p/exposure  

All attendees will receive a FREE executive summary of this webcast!

For questions contact  

Ethan Castillo at  

ethan.castillo@ubm.com

Presenters

Ester Lovsin Barle, 
DVM, MSc, PhD, MScTox
Corporate Occupational 
Toxicologist 

Lonza

MODERATOR

Rita Peters
Editorial Director

Pharmaceutical Technology

Health-based exposure limits (HBELs) were introduced in the European Union 

in 2015 with very strict deadlines, and followed the introduction of acceptable 

daily exposures (ADEs) defined in SIPE’s Risk-MaPP Baseline Guide in 2010. 

These limit guidelines were established identify exposure risk in facilities that 

manufacture multiple products.

It has since become apparent to the inspectors that manufacturers were slow 

to adopt the guide approach and many did not have the expertise within their 

organizations to deliver HBELs.

Additionally, due to difficulties and inconsistencies in the application of 

previously used approaches in setting cleaning validation limits to the variety 

of pharmaceutical dosage forms, there was lack in consistency and 

consequently a lack in a proper risk assessment associated with carry-over.

This webcast will review:

• What are health-based exposure limits and why is this method better than 

previous methods used in cleaning validation?

• What are connections between HBELs used in GMP manufacturing and 

occupational exposure limits (OEL) used in industrial hygiene?

• What are good practices in applying HBELs to small- and large-molecule 

pharmaceutical manufacturing operations?

Key Learning Objectives

• Describe the applicability of health-based exposure limits (HBELs), such as 

occupational exposure limit (OEL) and permitted daily exposure (PDF).

• Identify the key ingredients of HBEL documentation.

• Use the HBELs in risk assessments for carry over and worker safety in 

multipurpose drug manufacturing. 

Who Should Attend

Professionals who work or are involved in GMP manufacturing and 

occupational health including:

• Manufacturing associates  

and managers

• Laboratory associates  

and managers

• Production managers

• Quality assurance associates

• Project leaders

• GMP inspectors

• Toxicologists

http://www.pharmtech.com/pt_p/exposure
mailto:ethan.castillo@ubm.com
http://www.lonza.com/
http://www.pharmtech.com/
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Mixing/Blending/Drying

MANUFACTURING/PROCESSING EQUIPMENT

1-800-243-ROSS
 www.HighShearMixers.com

Scan to learn more. 
Try our mobile app:
mixers.com/web-app
 

HIGH SHEAR 
MIXERS

World’s Widest Selection,
Single Stage to Ultra-High Shear!

Marketing solutions fi t for:

Outdoor | Direct Mail | Print Advertising

Tradeshow/POP Displays | Social Media | Radio & TV

Content Licensing for Every 

Marketing Strategy

For information, call Wright’s Media at 877.652.5295 

or visit our website at www.wrightsmedia.com

Leverage branded content from Pharmaceutical Technology to create a 

more powerful and sophisticated statement about your product, service, 

or company in your next marketing campaign. Contact Wright’s Media to 

fi nd out more about how we can customize your acknowledgements and 

recognitions to enhance your marketing strategies.
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The differences between the quality control and quality assurance units can 

be found in their names, according to Siegfried Schmitt, principal consultant at PAREXEL.

Q:The US Code of Federal Regulations (CFR) mentions the

role and responsibilities of the quality control unit in 21 

CFR Parts 210 and 211 (1); however, there is no mention of a 

‘quality assurance unit.’ Can you advise on the correct distinc-

tion between these two entities?

A.This can indeed be confusing, especially as other regula-

tions and guidance documents refer to a ‘quality assur-

ance system’ (2). Additionally, the European Union current good 

manufacturing practice (CGMP) regulations require a quality 

control (QC) unit and mention a quality assurance (QA) unit

without being specific about the differences between these

two roles (3). In general, only the tasks of the quality control unit

are detailed in the regulations. The difference in the respective

roles lies in the titles (4): control serves as the activity of man-

aging, while assurance grants freedom from doubt.

In a pharmaceutical enterprise, it is necessary to measure, 

test, check, or verify things such as incoming materials, 

in-process/f inished product samples, environmental

conditions, etc., which are often part of programs like

environmental control or process control. These require the

active involvement of the quality control unit, with the support

of analytical laboratories or metrology workshops.

A pharmaceutical company must establish a pharmaceutical

quality system (PQS) (5), which governs all regulated

pharmaceutical activities, and is implemented, maintained, 

and owned by the quality assurance unit. A PQS provides a

framework that enables a company to operate in accordance

with the regulations and its marketing authorization, therefore

enabling compliance. Quality assurance can be viewed as the

legislative, with the QC unit being the executive. The below 

examples describe this difference:

• Standard operating procedures (SOPs): An operating unit 

within the company writes the SOP using templates and

following guidance provided by QA. The QA department’s

signature does not normally confirm the technical

accuracy and correctness of the contents of the SOP; 

rather, QA’s signature on the SOP certifies that it has 

been written using the correct template and followed the 

process prescribed in the PQS. The analytical laboratory,

which is part of QC, prepares the SOP for sample storage. 

QC’s signature on this SOP certifies the correctness and

accuracy of its contents, whereas QA’s signature will only 

confirm adherence to the PQS.

• Audit trail reviews: These reviews are performed

regularly in computerized systems used in a regulated

pharmaceutical environment, such as an analytical

laboratory. QA should review the audit trail with regards

to compliance with the PQS and the regulations; 

QC should perform the review with regards to the 

correctness of the analytical work performed.

• Sampling: While QC prepares the sampling procedures

and takes samples, QA does not perform sampling. Rather, 

QA reviews the sampling procedures and observes the 

sampling in irregular intervals—typically unannounced.

QA must, however, assure that all processes are duly 

described and followed in compliance with the PQS and 

the regulations. This process of review and observation is

also referred to as an internal inspection. 

In summary, despite some apparent vagueness in

regulations, the roles and responsibilities of the QC and QA

units can quite easily be deduced from their respective titles,

and by carefully reading the regulations.
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