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from the editor

A
s a consumer, I get frustrated with 
the lack of service or skills offered 
by local business establishments. 

For example, the counter staff at the 
neighborhood franchise of a national 
coffee shop cannot master the skill of 
pouring coffee and milk into a cup 
without overfilling it or spilling it 
down the side of the container. Some-
times I need to remind them that the 
coffee should be hot.

Then, there is the bagger in the su-
permarket who likes to mix cans of 
soup and fresh tomatoes in the same 
bag. Fortunately, the store does not 
charge extra for the bruised produce.

In these situations, I want to grab 
the coffee or groceries and say: “just 
let me do it myself!”

This venting is a long introduction to 
a recent news story with a message for 
pharma. A consortium of four health-
care groups, citing frustration with 
ongoing shortages and high costs of ge-
neric medications, announced that they 
would form a not-for-profit generic drug 
company. The new company intends to 
provide patients “an affordable alter-
native to products from generic-drug 
companies whose capricious and unfair 
pricing practices are damaging the ge-
neric-drug market and hurting consum-
ers,” according to a joint press statement.

The healthcare groups, Ascen-
sion, Intermountain Healthcare, SSM 
Health, and Trinity Health—working 
in consultation with the US Depart-
ment of Veterans Affairs (VA)—rep-
resent more than 450 hospitals in the 
United States.

In announcing the new venture, the 
groups said they want to stabilize the 
supply of essential generic medica-
tions used in hospitals, many of which 
have been subject to chronic shortages; 
make drugs more affordable; and bring 
competition to the market for generic 
drugs. The founding members report 
that other health systems will soon join 
the initiative.

Drug shortages are a source of pain 
for hospitals. As of Jan. 23, 2018, FDA 
listed more than 80 drugs in shortage—
including sterile water—and almost 
125 as discontinued. Drug price hikes 
have been well documented. It is easy 
to understand the frustrations of the 
founding organizations and their desire 
to “do it themselves.” The execution of 
the plan, however, faces major hurdles. 

The new, unnamed company plans 
to be an FDA-approved manufacturer 
or will sub-contract manufacturing to 

contract manufacturing organizations. 
At the time of the announcement, de-
tails about production facilities, the 
types of drugs to be manufactured, and 
other information were not available. 
The planning, development, construc-
tion, and validation of a manufactur-
ing facility will be a lengthy, expensive 
process. One advantage the consortium 
will have over legacy facilities is access 
to newer technologies and processes for 
drug manufacturing, which could offer 
better production efficiencies. 

An advisory committee from pharma, 
business, and government includes 
Madhu Balachandran, retired execu-
tive vice-president of global operations, 
Amgen; Martin VanTrieste, retired se-
nior vice-president and chief quality 
officer, Amgen; Don Berwick, president 
emeritus and senior fellow, Institute for 
Healthcare Improvement and former 
CMS administrator; Clayton Chris-
tensen, professor at the Harvard Busi-
ness School and founder of Innosight; 
Bob Kerrey, managing director, Allen 
& Company and former Nebraska gov-
ernor, US senator, and pharmacist; and 
senior-level leaders from the organiza-
tions founding the company.

The initiative has lofty goals, framed 
around the need to serve patients. 
While some pharma manufacturers 
may shrug off this initiative as un-
achievable, impractical, or not a threat, 
they should consider the reasons behind 
the action: generic-drug manufacturers 
are failing to deliver quality drug prod-
ucts or are charging unaffordable prices. 
In other words, they are not serving pa-
tients, their customers. PT

Rita Peters is editorial 

director of Pharmaceutical 

Technology. Send your 

thoughts and story ideas to 

rita.peters@ubm.com.
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PRODUCT SPOTLIGHT

USB Data Logger 
for Temperature-
Sensitive Products
LogTag has added two new devices to its temperature data logger 

series. The new two single-use USB data loggers, USRIC-8 and 

USRIC-4, are suited for transport monitoring of temperature-

sensitive products. The devices store real-time temperature 

readings over a measurement range of -25 °C to +60 °C.

The USRIC-8 and USRIC-4 models join the other devices in the 

series comprising of reusable USB loggers UTRIX-16 and UTRID-16, 

which are suited for all applications where a logger can easily be 

recovered and reused several times, as stated by the company.

All USB models come with a built-in USB plug for direct connection 

to a computer. The USRIC-8, UTRIX-16, and UTRID-16 models can 

also automatically generate a detailed PDF report for analysis 

with no proprietary software required, according to the company. 

Additionally, the UTRID-16 uses a six level multi-alarm display.

LogTag

www.logtag-recorders.com

Safety Light Curtain 
Feature on Tumble Blenders

Ross, Charles & Son’s Tumble Blenders now offer protective 

light curtains that provide automatic safety shutoff whenever 

an operator crosses a defined security boundary to 

improve operatoral safety, according to the company.

The company also offers special customizations for multi-

purpose intensifier/spray bars, abrasion-resistant valves, 

and automated recipe controls for advanced processing 

and improved workplace environment safety.

The tumble blenders provide gentle agitation and are used for 

dry applications such as powders and pellets. They are suitable 

blenders for batches requiring the dispersion of extremely small 

minor components and low shear intensity. The 1-, 5-, and 7.5- ft³ 

blenders are equipped with type four finger protection light curtains; 

V-cone vessel for internal pressure up to 5 psi (argon purge), and 

vacuum operation up to 29-in. Hg.; 50-psig heating/cooling jacket; 

explosion-proof brake motor; and NEMA 4 control panel with Type X 

purge system, appropriate for Class 1 Division 1 hazardous locations.

Standard models are rated for bulk densities up to 125 

lb/ft3. The blenders shown are suited for 400 lb/ft3.

Ross, Charles & Son

www.mixers.com

Tabletop Peristaltic 
Liquid-Filling Machine

The Flexicon PF7 peristaltic 

tabletop aseptic liquid-filling 

machine from Watson-Marlow 

Fluid Technology Group is suitable 

for GMP-regulated biotechnology 

and pharmaceutical operations.

The machine is suited 

for precision dispensing by 

weight or by volume using 

the company’s Accusil platinum-cured silicon tubing, and 

can work with aseptic single-use fluid paths, removing risk 

of cross contamination. Changing the fluid path can be 

achieved in less than 60 seconds, according to the company.

The device comes programmed with recommended 

filling parameters. Users can adapt filling parameters to 

their application needs; up to 200 user programmable 

formulas can be stored and password protected for future 

use. According to the company, the machine’s validation-

friendly operator interface can reduce the risk of filling 

errors, and features large keys and a color display to aid 

operation while working in gloves or behind glass within a 

restricted-access barrier system or laminar air flow unit.

The low shear pumping action of peristaltic fillers 

ensure product is transferred undamaged and with high 

precision. The machine has been developed specifically for 

the filling of high value sensitive fluids in GMP production 

and cleanroom environments, and offers repeatable 

filling of volumes from as low as 0.2mL up to 250mL, with 

accuracy better than ±0.5%, to prevent overfilling. 

According to the company, the unit can connect to a range 

of balances and printers for calibration and batch reporting 

to help compliance with GMP and regulatory demands.

Watson-Marlow Fluid Technology Group

www.watson-marlow.com

Aqueous Sugar 
Film Coating System
Colorcon’s Opadry SGR, Rapid Sugar Film 

Coating System, is an aqueous, 

high-gloss sugar film coating system 

for pharmaceutical products. The 

coating system delivers a streamlined 

application process by reducing 

coating time from days to hours and 

improving manufacturing safety through the elimination of 

organic solvents, according to the company. The system is color 

matched to meet marketing and brand needs and is suited for 

environments where less automated equipment is prevalent.

Colorcon

www.colorcon.com

http://www.logtag-recorders.com
http://www.mixers.com
http://www.watson-marlow.com
http://www.colorcon.com
www.PharmTech.com


2018 PDA Annual Meeting

pda.org/2018Annual

CONNECTING 

PEOPLE 
SCIENCE+

REGULATION
®

March 19-21, 2018 | Orlando, FL 
Exhibition: March 19-21
Post-Meeting Workshop: March 21-22
Courses: March 22-23
#PDAANNUAL

The 2018 Annual Meeting will explore areas 
focused on innovation, agility, and technology 
and how these topics are changing the world 
of healthcare as we know it! 

Industry and regulatory experts will share their insights 
on the future of patient therapies, digital information 
strategies, transformations in manufacturing facility 
design and process technology, and how best to 
navigate the complex regulatory environment.

Don’t miss the Exhibit Hall where vendors and 
suppliers will showcase their latest technologies and 
offer solutions to current and future pharmaceutical 
manufacturing challenges. 

Be a part of one of the most exciting events of 2018 –
Attend to network and hear about the technological 
advances that are powering our industry so that you 
can turn change into a competitive advantage for 
your company! 

Learn more and register at pda.org/2018Annual

And, on March 22-23, 2018, PDA Education will host a choice of seven courses as part of the 2018 PDA Annual Meeting 
Course Series to help you further advance your knowledge. Learn more and register at pda.org/2018AnnualCourses

NEW FOR 2018:
Same high-quality content in an ALL NEW 
meeting format!

Please note these important changes to the 2018 PDA 
Annual Meeting Schedule:

• The Conference will now begin with the Opening 
Plenary at 1:00 p.m. on Monday, March 19

• The Grand Opening Celebration will kick off in the 
Exhibit Hall at 5:00 p.m. on Monday, March 19 –
Ì>�i�>`Û>�Ì>}i��v�Þ�ÕÀ�w�ÀÃÌ��««�ÀÌÕ��ÌÞ�Ì��Ãii�Ì�i�
latest products and services and meet with exhibitors!

• Interest Group sessions will be held at the same time as 
the breakout sessions, giving attendees more sessions 
from which to choose during the day and allowing for 
more free time in the evening.

• The Closing Reception will take place on Wednesday, 
March 21 at 7:00 p.m. – Be sure to stay and
celebrate with us!

Agile Manufacturing
Strategies: Driving Change
to Meet Evolving Needs

http://www.pda.org/conference/2018-pda-annual-meeting/home
http://www.pda.org/global-event-calendar/courses/2018-pda-annual-meeting-course-series
http://www.pda.org/conference/2018-pda-annual-meeting/home
http://www.pda.org/conference/2018-pda-annual-meeting/home
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regulatory watch

G
eneric drugs account for nearly 
90% of prescription drugs in the 
United States due to policies that

facilitate their development and regula-
tory approval. Despite this success, ge-
neric-drug makers face multiple legal
and competitive hurdles to ensuring
patient access to less costly, high-qual-
ity medicines. Tight profit margins
on conventional generics discourage 
investment in modern manufacturing
systems, resulting in contaminated 
and violative products that lead to 
recalls and shortages. Price hikes on 
established products, moreover, have 
generated a backlash and allegations
of collusion and price gouging.

The result is a financial and opera-
tional squeeze on the generic-drug
industry. Teva Pharmaceuticals is un-
dergoing a major corporate overhaul to 
address financial difficulties, involving
massive layoffs and the shuttering of 
manufacturing and R&D facilities. No-
vartis’ Sandoz division says that price 
pressures may lead to reductions in 
its US product portfolio and a greater 
focus on developing biosimilars and 
complex formulations. 

Fierce competition between brand 
and generic-drug makers adds to these 
difficulties. Most of the nine biosimi-
lars approved by FDA remain off the 

market due to patent issues. Yet, FDA 
recently approved the first generic ver-
sion of the leading multiple sclerosis 
therapy Copaxone, and more innova-
tive follow-on drugs are under develop-
ment (1).

Brand “shenanigans”
A major complaint of generic-drug mak-
ers is that pharma companies block ac-
cess to reference drug samples needed
for bioequivalence testing and biosimilar
development by abusing restricted dis-
tribution programs such as Risk Evalu-
ation and Mitigation Strategies (REMS).
The availability of generic medicines “is 
in jeopardy,” asserts the Association for
Accessible Medicines (AAM), as brands 
block the purchase of active ingredients 
and samples; distributor and wholesaler
consolidation further squeezes reim-
bursement; and high costs limit R&D
and manufacturing (2).

These topics were explored at an
FDA public meeting in July 2017, where 
industry representatives and medical 
authorities discussed citizen peti-
tions, labeling issues, late formulation
changes, and use of REMS to stymie 
new generic testing. Similar issues 
were raised at a November 2017 Fed-
eral Trade Commission (FTC) work-
shop on “Understanding Competition 
in US Prescription Drug Markets.” In 
opening the meeting, FDA Commis-
sioner Scott Gottlieb emphasized that 
more streamlined development and ap-
proval of generic drugs and biosimilars 
is key to ensuring consumer access to 
needed medicines. He warned pharma
companies to “end the shenanigans” 

that delay the approval of generic com-
petitors and extend a drug’s monopoly 
beyond intended timeframes (3). To
address such hurdles to generic drug 
entry, FDA published draft guidance
to facilitate implementation of single
shared REMS programs.   

Congress is paying attention to these
concerns as it seeks strategies for manag-
ing drug costs and outlays. At a July 2017 
hearing before the House Judiciary Com-
mittee, Gottlieb outlined leading barri-
ers to generic-drug development related 
to agency initiatives for bringing more
generic drugs to market (4). In examin-
ing drug pricing issues at a hearing in De-
cember 2017, the House Energy & Com-
merce Health subcommittee discussed 
proposed legislation to enable generic 
and biosimilar access to needed brand 
supplies and other measures to support 
development of affordable drugs. 

More competition
In June 2017, Gottlieb implemented a 
Competition Action Plan for bringing 
complex generic therapies and com-
bination products to market as key to
moderating high drug costs (5). Next 
came an FDA “hit list” of off-patent, 
off-exclusivity brand drugs that lack 
approved generic competition and 
thus are eligible for expedited review 
and assistance in developing new ver-
sions of these products (6). FDA also
published more product-specific guid-
ance documents to help speed approval 
of complex products, synthetic peptides, 
and generic versions of opioids with 
abuse-deterrent features. The agency 
held several workshops in October 2017 

Manufacturers tackle regulatory and competitive 

issues to develop complex therapies and biosimilars.
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on overcoming barriers to developing 
complex dosage forms where traditional 
bioequivalency and bioavailability tests 
may not support approval, including the 
use of new quantitative approaches and 
in-vitro tests to facilitate product devel-
opment. Additional advisories aim to 
encourage development of difficult for-
mulations such as ophthalmic suspen-
sions, gels, inhaled drugs, injectables, 
and drug-device combinations. FDA is 
promoting early meetings with manu-
facturers to discuss innovative product 
research and review issues. A key topic 
is how design differences between a 
generic drug and brand drug may be 
addressed by demonstrating a limited 
impact on safety and approving label-
ing that explains such differences. 

Equally important are FDA efforts 
to streamline the overall process for 
evaluating and reviewing all new ge-
nerics. A sign of success is the approval 
of more than 1000 new generics in 2017. 
Much credit goes to the generic drug 
user fee program (Generic Drug User 
Fee Amendments, GDUFA), which was 
established five years ago and recently 
reauthorized as GDUFA II. The fees 
have provided additional resources for 
the Office of Generic Drugs (OGD) in 
FDA’s Center for Drug Evaluation and 
Research (CDER) to reduce a huge back-
log in unapproved abbreviated new drug 
applications (ANDAs) and to achieve a 
more predictable review process. 

OGD Director Kathleen Uhl reported 
at the AAM fall technical conference in 
November 2017 that the agency was 
meeting all GDUFA goals for timely 
review of ANDAs and supplements 
and for issuing new rules and guidance 
documents to clarify expectations for 
testing more complex products and in-
jectables (7). Uhl noted, though, that a 
continued surge in new ANDAs made 
it hard to improve operations, and that 
too many applications with deficiencies 
lead to many refuse-to-file decisions and 
multiple review cycles. In January 2018, 
Commissioner Gottlieb announced ad-
ditional guidance documents to reduce 
application deficiencies and changes in 
internal review practices to streamline 
the ANDA review process (8). 

The challenge 

is to maintain a 

balance between 

encouraging the 

development of 

new therapies and 

assuring access 

to low-cost follow-

on medicines.

FDA also is requiring that all ap-
plications include a complete list of 
relevant manufacturing operations 
to avoid delays in plant inspections 
involved in approving a new product. 
This is particularly important for prior-
ity ANDAs that may qualify for a faster 
eight-month review. But the request to 
see a full roster of facilities involved in 
product testing and production two 
months before ANDA submission has 
raised an outcry from manufacturers 
that the timeframe is inoperable and 
defeats the purpose of the priority re-
view process. 

Seeking balance
The challenge to FDA and industry is to 
maintain a balance between encourag-
ing the development of important new 
medical therapies and assuring access 
to low-cost follow-on medicines. While 
generic-drug makers complain about 
innovator firms using patent strate-
gies and supply restrictions to delay 
competition, bio/pharma companies 
emphasize the need for incentives to 
test new therapies and develop added 
indications to an effective drug; and 
for labeling to ensure safe and appro-
priate use of a therapy. So far, there has 
been limited response to FDA’s list of 
drugs that lack generic competition, 
particularly where markets are small 
and product development is complex 
and costly. Some gains may come from 
efforts by regulatory authorities in dif-
ferent regions to harmonize the use 

of new methods for developing and 
approving new generics and to adopt 
common dossiers to facilitate product 
approvals in multiple markets.

At the same time, continued pres-
sure on generic-drug prices may re-
duce product development and limit 
manufacturing in the US. Numer-
ous state officials have filed lawsuits 
against generic-drug makers for al-
leged price-fixing, and debate contin-
ues over brand vs. generic product la-
beling to warn consumers about safety 
issues. All these trends will shape ge-
neric-drug production and costs in the 
coming months. 
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NNew techhnologiess, such as NIR aand Raman,,

eenable onnlinne meaasuremennts of blennding annd

ccontent uuniformitty in the pproduuctioon of sollid ddosaagee forms.

dvanced analytical instruments, 
such as near infrared (NIR) and 
Raman spectroscopy, have revo-

lutionized solid dosage manufacturing 
by enabling real-time measurements of 
critical quality attributes such as con-
tent uniformity. Content uniformity 
testing is an important assessment 
for oral solid dosage (OSD) forms. “It 
is one of two allowable tests to assess 
the uniformity of dosage units (UDU), 
the other being weight variance,” says 
Darren Andrews, Pharma Business 
Manager, Raman Spectroscopy, Cobalt 
Light Systems, part of Agilent Tech-
nologies. “UDU is a test of the variance 
of the active ingredient over the batch 
manufacturing process.” 

Content uniformity is an impor-
tant quality measure of the final solid 
dosage product, notes Ian Robertson, 
spectroscopy applications specialist 

at PerkinElmer. It ensures that a con-
sistent dose of the API is maintained 
between batches so that the patient 
receives the correct dose. Robertson 
points out that content uniformity is 
particularly important where tablet 
splitting is used. “The active ingre-
dient needs to be evenly distributed 
throughout the tablet to ensure that if 
the tablet is split in half, each half of 
the tablet has an equal dose,” he says.

Content uniformity testing sets a 
limit on the variance of API within 
each tablet or capsule. “The inten-
tion is to make sure that OSDs do 
not have an abnormally low or high 
amount of API, which may arise 
because powder is blended and pro-
cessed before being tableted or en-
capsulated,” Andrews says. “Blending 
will cause natural variations in the 
level of a dosage amount.” 

Causes and consequences of 
non-homogeneity in blending 
Blending a large amount of bulk pow-
der such that each small amount has a 
total API content within a few percent 
of the target concentration is a signifi-
cant challenge, observes Andrews. “A 
tablet is often tens or hundreds of mil-
ligrams in weight and is pressed from 
a small amount of a powder blend that 
can weigh more than one tonne. Al-
though the processes that make the 
blend are designed to minimize vari-
ance, it can’t be eliminated completely,” 
he says. “The bulk material may 
change as it is transported, which can 
change the composition of the blend in 
the container as a function of powder 
depth. Sometimes, the beginning and 
end of a batch run can be out of speci-
fication because of this composition 
change and are, therefore, discarded.”

Analyzing 
Content 
Uniformity
Adeline Siew, PhD

Cover Story: Analytical Testing

www.PharmTech.com
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“The aim of blending is to produce 
a homogenous blend of a sample that 
accurately represents the ratios of the 
components within it,” Robertson un-
derlines. “Proper blending is essential 
to ensure consistent dosage and per-
formance of solid dosage forms.” He 
highlights that each different blend will 
require unique blending conditions.

“Non-homogeneities can be caused 
by many factors and can be related to 
the materials to be blended, the type 
of machinery used, and the process-
ing parameters used for the blending,” 
Robertson explains. “The most com-
mon problems are insufficient blend-
ing time and overblending. For any 
given blend, under any given process-
ing conditions, there will be an opti-
mum blend time. With insufficient 
blending time, the materials do not 
have the possibility to achieve a ho-
mogenous mix. The obvious thought 
would be to just continue blending 
for a much longer time. However, this 
would greatly increase manufacturing 
costs and can also lead to overblending, 
which can cause demixing and segre-
gation of the mixture.” 

According to Robertson, the type of 
blender needs to be appropriate for the 
materials being blended and whether it 
will be a batch or continuous process. 

“The size and shape of the blender must 
be appropriate for the blend being pro-
cessed,” he says, emphasizing that the 
processing parameters of the blending 
process play a crucial role in avoiding 
non-homogeneity. “Non-homogeneity 
of the blend will lead to inconsistent 
dosage in the final product and could 
lead to product rejection, which will 
result in significant financial losses. 
Re-blending of a non-homogenous 
product is generally unfeasible, and 
the product needs to be scrapped.” 
Robertson recommends testing the 
blend during or after blending to pre-
vent inhomogenous blends from being 
processed further. 

Processing variables 
Once a suitable type of blender has been 
selected, it is important that the formu-
lation and processing variables are op-

timized for that particular blend. “The 
major processing variables are mixing 
time, speed of mixing, and powder fill 
volume,” says Robertson. “Each of these 
parameters will, individually, have an 
effect on the blending efficiency.”

“In rotational blenders, the mixing 
time is the product of the number of 
rotations and the speed of rotation of 
the blender,” Robertson explains. “The 
speed of mixing (or speed of rotation) 

will affect the quality of the blend. For 
free-flowing materials, the speed can 
be quite high and the materials will 
efficiently mix. However, for cohesive 
materials, the speed needs to be consid-
erably slower to allow the ingredients to 
mix well.” He notes that it is also impor-
tant to determine the optimum powder 
fill volume within the blender. “Too 
large a fill will prevent mixing during 
the blending process,” he says.  

So much more 
than a clean surface
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It’s not just about the products. It’s more 
than just a clean surface. Contec prides 

itself on its longstanding technical 
expertise, innovation and commitment to 
quality. Continued improvements in lean 
manufacturing, safety initiatives, vertical 

global integration as well as Research 
and Development, drive our critical 

environments product range forward.

For more information, email  
wipers@contecinc.com or call 864-503-8333.www.contecinc.com
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The power of synchrotron x-ray powder diffraction for the characterization of pharmaceuticals

X-ray powder diffraction (XRPD) is a powerful technique that exploits the interac-

tion between x-rays and matter to study the structural and microstructural proper-

ties of materials. Its power lies in the direct and unique relationship between the 

powder diffraction pattern of a given substance and its structural order and/or 

disorder. The position and relative intensity of the peaks in a powder diffraction pat-

tern (i.e., the Bragg peaks) reflect the chemical composition and the arrangement 

in space of the atoms of the substance under investigation. In powder mixtures, 

XRPD can determine the percentage in weight of the components. Furthermore, 

the width and shape of the diffraction peaks unveil further information on the 

substance microstructure, such as the domain size and shape, strain, and defects. In 

the field of pharmaceutical powders, XRPD is considered the gold standard method 

for the identification and quantification of solid forms (i.e., polymorphs, solvates, 

hydrates, salts, co-crystals, amorphous forms) (1). It is, however, the quality of an 

XRPD pattern that defines the accuracy and reliability of the technique, and there-

fore, the wealth of information that can eventually be extracted (2). 

Synchrotron x-ray powder diffraction (synchrotron-XRPD), which uses a syn-

chrotron x-ray source, offers better data quality than laboratory XRPD for angular 

resolution, counting statistics, energy tunability, and fast acquisition time (3). In 

synchrotron-XRPD, x-rays are generated by a synchrotron facility and are at least five 

orders of magnitude more intense than the best x-ray laboratory source. The photon 

wavelength can, furthermore, be continuously tuned over a wide range of values, 

allowing one, for example, to hit or avoid specific absorption edges, or to tailor the 

absorption by the sample under investigation. When combining synchrotron-XRPD 

with the new generation of solid-state, ultra-fast, efficient detectors (4) and uncon-

ventional optics set-ups, level of detections (LOD) of the order of 0.01% weight can be 

obtained even when only micrograms of polycrystalline pharmaceutical powder are 

available. Furthermore, efficient data collection with acquisition times ranging from 

milliseconds to a few minutes allows one to control the radiation damage of organic 

compounds and/or perform kinetic studies of structural changes during chemical 

reactions or under temperature and pressure variations (3). 

When dealing with pharmaceutical organic powders, there are two major 

challenges related to their structural analyses. Firstly, these powders are made 

up of low-Z elements that are intrinsically poorer scatterers than inorganic high-Z 

materials, therefore, requiring substantially longer acquisition times for sufficient 

signal-to-noise ratios. Secondly, pharmaceutical organic powders are very sensitive 

to radiation damage, which is dose dependent. Counting longer is thus often not a 

workable solution to improve the signal-to-noise ratio. 

Before the advent of the efficient detection systems, the use of synchrotron-XRPD 

for the study of pharmaceuticals was often hampered by radiation damage (4). Today, 

however, synchrotron-XRPD is a powerful tool to support research, development, 

manufacturing, and lifecycle management activities for bio/pharmaceuticals. APIs can 

exist in different crystalline forms (polymorphs), solvates/hydrated forms (pseudo-

polymorphs), and amorphous forms. These different forms can have a profound effect 

on the quality or performance (e.g., solubility, bioavailability, efficacy, safety) of the 

drug products (5). For example, therapeutic failure has been attributed to uncontrolled 

hydrate formation in tablets during storage. For this reason, it is a regulatory 

requirement to conduct a detailed analysis of the polymorphism of the drug substance 

and drug product during development, which includes screening, characterization, 

property determination, and setting of acceptance criteria for the different forms. 

Synchrotron-XRPD can be a key support analytical tool for: 

• Structural solution of a new solid form 

• Development of formulation and screening of excipients, including co-crystals 

• Characterization and accurate quantification of polymorphic forms in 

drug substances and products, including in fully opaque blisters

• Detection and quantification of impurities down to trace levels

• Optimization of manufacturing processes, in particular crystallization, 

formulation, drying, lyophilization, wet granulation, tableting, and 

packaging operations. 

• In-situ non-ambient kinetic studies at millisecond scale 

• Stability studies of polymorphic forms 

• Troubleshooting activities and investigations during commercial 

manufacturing 

• Patent application for new materials and patent-life extension 

• Detection of counterfeits even with minute differences.

Synchrotron-XRPD data quality is useful for both qualitative and quantitative 

analyses at trace levels in complex mixtures of APIs as well as finished products. 

Accurate and precise quantification of traces of APIs in formulated drugs remains, 

however, a challenge that requires the control of both the instrumental background 

and the signal from excipients. The direct detection of API traces in synchrotron-

XRPD patterns is instrumental to the success of quantification in formulated drugs 

as the quality of the quantitative refinements can be validated by qualitative and 

semi-quantitative direct inspection of experimental data.
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Figure 1: Synchrotron x-ray powder diffraction patterns 

recorded on pharmaceutical binary mixtures of similar 

elemental composition ranging from 0.01% to 1% weight of 

minority phase. By carefully fine-tuning the synchrotron optics, 

the smallest signal directly detectable drops down to 0.01% 

weight. LOD is level of detection.

FFabia GGozzzo, PPhD, is CEO of Excelsus Structural Solutions, 

www.excelsusSS.com. With more than 25 years of experience at 

synchrotron facilities, she has constructed and developed a state-of-the-art 

powder diffractometer at the Swiss Light Source before founding Excelsus 

Structural Solutions, a spin-off company that provides synchrotron radiation 

based analytical services to the pharmaceutical and chemical industry.
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Robertson stresses that during the 
blending process, it is necessary to 
determine the blend homogeneity to 
determine completeness of blending. 

“This has traditionally required a sam-
pling strategy to determine where and 
how often samples are taken for mea-
surement,” he says. “Sampling was pri-
marily performed using sample thieves, 
which have their own shortcomings.” 
Thief sampling is not instantaneous, 
produces little data, and has many 
sources of error and bias. 

Sampling strategies
Guidance such as United States Phar-

macopeia (USP) <905> (1), European 

Pharmocopoeia (PhEur) 2.9.40 (2), and 
other pharmacopeia chapters have 
set out the requirements for UDU by 
content uniformity testing. Generally, 
only 10 tablets from a batch have to be 
tested, Andrews notes. “These samples 
are assayed individually and a calcu-
lation using the individual values is 

made to find an acceptance value,” he 
says. “This method spreads the allowed 
variance over the test samples, and de-
pending on the variance of the samples, 
an individual may have >10% deviation 
from the nominal value and the batch 
could still pass the test.”

According to Andrews, using 10 
samples to describe the batch vari-
ance is a limited number to assess the 
UDU of a large batch. He explains that 
if the test fails with n=10, taking an 
additional 20 samples to make n=30 
is allowed, and the content unifor-
mity test may pass as a result. “Tak-
ing more samples from across the 
batch routinely would give greater 
confidence in the batch process,” he 
says. “Some regulators are expanding 
the options for testing a larger number 
of samples, which becomes more fea-
sible using spectroscopic technologies. 
PhEur 2.9.47 (3), for example, provides 
options for testing 100–10,000 indi-
vidual samples.

Robertson points out that the biggest 
challenge in content uniformity testing 
for solid dosage forms is the sampling 
strategy, “namely, how do you ensure 
you are getting representative samples 
that reflect the whole batch?” They note 
that the results from USP <905> lack con-
fidence because the method does not use 
a statistical sampling plan, and therefore, 
provides limited assurance that the batch 
meets specifications and quality control 
criteria. In fact, FDA no longer supports 
the use of USP <905> for product release 
testing. FDA also withdrew, in August 
2013, its guidance document, Powder 

Blends and Finished Dosage Units—Strat-

ified In-Process Dosage Unit Sampling 

and Assessment (4), because it no longer 
reflected the views of the agency (5). In 
response, a group of individuals from in-
dustry, academia, and FDA formed the 
Blend and Content Uniformity (BUCU) 
team, within the International Society 
for Pharmaceutical Engineering (ISPE) 
organization, to come up with alterna-
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tive approaches and best practices for 
assessing blend and content uniformity. 
The team has developed modifications to 
the withdrawn FDA draft stratified sam-
pling guidance and proposed sampling 
plans based on the application of two 
ASTM methods: E2709 (6) and E2810 (7). 
The US Pharmacopeia Convention has 
invited the BUCU team to advise on 
the preparation of the new chapter USP

<1905> on sampling considerations for 
batch release (8). ISPE has launched a 
section on its website to make available 
to the industry the BUCU team’s output. 

For OSDs, there needs to be a suit-
able sampling strategy for content uni-
formity testing, Robertson highlights. 

“The most common sampling plans 
suggested by the BUCU team are: sim-
ple random sampling, stratified sam-
pling (partitioning the batch into sec-
tions, then sampling from each section), 
and systematic sampling (at regular in-
tervals throughout the batch),” he says.

Analytical methods to 
assess content uniformity
The most common method for as-
sessing content uniformity in OSDs 
is high-performance liquid chroma-
tography (HPLC), observes Andrews. 

“HPLC has the advantages of f lexibil-
ity, sensitivity, and ubiquity, and many 
analytical chemists are trained to use 
HPLC methods,” he says. “The disad-
vantages, however, are the time and 
resources needed to prepare samples.”

“In blending operations, the sample 
is removed using a sample thief and 
analyzed by HPLC using a calibra-
tion curve for the active ingredient(s),” 
says Robertson. He explains that the 
method involves dissolving the tablet 
in a suitable solvent and analyzing the 
amount by HPLC against a calibration. 
Although accurate and repeatable, the 
disadvantages with HPLC are that 
measurements are off line, samples 
have to be removed from the blending 
process, it is destructive for tablets, and 
analysis can take several minutes per 
sample, Robertson highlights. 

Ultraviolet/visible (UV/Vis) spec-
trophotometry is another technique 
that can be used as an assay for con-

tent uniformity measurements. “The 
absorption at a known, given wave-
length for a material will be directly 
related to the concentration of the ma-
terial present,” Robertson says. “Using 
this correlation requires the material 
being analyzed to have a suitable ab-
sorption within this spectral range 
and for the other materials present not 
to have interfering absorptions, al-
though spectral overlap can generally 
be accounted for by spectral decon-
volution or appropriate curve-fitting 
quantitative methods.” He, however, 
points out that like HPLC, UV/Vis 
spectrophotometry is an off line and 
destructive method.

Near infrared
Over the past decade, there has been 
an increasing emphasis on quality by 
design (QbD) and the use of process 
analytical technology (PAT) to moni-
tor and control pharmaceutical manu-
facturing processes. “FDA encourages 
the use of new technologies and PAT 
techniques, such as NIR spectroscopy, 
for content uniformity analysis,” says 
Robertson. “NIR spectroscopy can be 
used throughout the manufacturing 
process in online, at-line, and offline 
modes of operation.” He explains that 
one such application involves the on-
line monitoring of the blending process 
with small NIR instrumentation fitted 
directly onto the blender, or NIR in-
strumentation connected to the blender 
using fiber optics probes. “This set-up 
allows for real-time measurement of the 
blending process without the require-
ment to remove samples for measure-
ment, which is a significant advantage 
over other techniques, such as HPLC,” 
Robertson says. “Different mathemati-
cal approaches can be applied to the 
spectral analysis to determine when the 
blend is optimized, without the require-
ment for quantitative calibrations.” 

Robertson adds that NIR spectros-
copy can also be applied to the mea-
surement of content uniformity of solid 
dosage tablets. “The measurement can 
be performed non-destructively directly 
on the tablet using reflectance or trans-
mission after suitable quantitative cali-

brations, typically against reference val-
ues from HPLC measurements,” he says. 

“No sample preparation is required, and 
the measurement does not require sol-
vents or other hazardous chemicals.” 

Raman spectroscopy 
As is the case for NIR, Raman instru-
mentation enables non-destructive, 
online measurements of the pharma-
ceutical process, including blending 
and content uniformity measure-
ments of tablets. “Raman spectroscopy 
can be used as a PAT tool for content 
uniformity applications,” says Karen 
Esmonde-White, senior marcom spe-
cialist at Kaiser Optical Systems. “The 
sampling f lexibility of Raman lends 
itself to an offline measurement using 
a Raman microscope or sampling 
compartment and an in-process mea-
surement using sampling probes.” She 
points out that in-process Raman mea-
surements are beneficial because they 
provide real-time process understand-
ing without needing to collect samples 
for offline measurements. 

“The real-time process understanding 
provided by Raman enables in-process 
corrections, improves efficiency, en-
sures quality, and can form the basis of 
automated feedback control,” Esmonde-
White explains. “The specificity of 
Raman spectra, sampling f lexibility, 
and compatibility with aqueous media 
are advantages over other spectroscopic 
techniques. Raman spectroscopy allows 
quantification of the API within the 
excipient matrix, and customers have 
reported API quantification to sub % 
levels using Raman.”

Robertson concurs that Raman has 
the advantage of being extremely spe-
cific in terms of the spectral profiles of 
different materials present in formula-
tions, whereas NIR spectra typically 
contain significant spectral overlap 
of the ingredients. He highlights that 
Raman, however, does have the disad-
vantage of being a weak scattering tech-
nique and is not suitable in cases where 
the samples fluoresce.  

According to Robertson, a limitation 
of Raman spectroscopy for content 
uniformity measurements has been 
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the limited spot size of the laser, with 
only a small fraction of the complete 
tablet being analyzed. “However, re-
cent advances using raster scanning 
of the laser allow the entire tablet to 
be sampled,” he say. “Further advances 
have been achieved using Transmission 
Raman Spectroscopy (TRS), in which 
the Raman signal transmitted through 
the whole tablet is measured, thus mea-
suring a much larger sample volume.”

Transmission Raman Spectroscopy 
TRS is an alternative spectroscopic 
technique to quantify ingredients in a 
dosage form that has been available for 
approximately eight years, according 
to Andrews. “It is fast and flexible and 
can analyze hundreds of samples per 
hour,” he says. “TRS works with a wide 
variety of tablets and capsules and is 
suitable for high-volume testing, with 
significant impact on resource savings.” 

“It is Raman spectroscopy and so is 
complementary to infrared spectroscopy; 
both have information-rich spectra,” An-
drews explains. He adds that by testing 
intact tablets, the solid-state form (e.g., 
polymorph type) can also be quantified. 

TRS is not an absorption technique, 
Andrews points out, hence, it is less 
sensitive to sample thickness than 
NIR. “A single measurement contains 
the data needed for analysis, allowing 
multiple APIs, excipient concentra-
tions, and more to be determined with 
no additional effort.” TRS is currently 
used to release tablets and capsules 
with regulatory-approved tests for 
content uniformity, assay, and drug 
product identification.

Conclusion
Having in place control procedures to 
monitor the blending process is key 
to ensuring consistent and efficient 
production of OSDs. PAT tools, such 
as NIR and Raman, provide an alter-
native to sample thieves by enabling 
online analysis of content uniformity. 
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mpurities can have a negative impact 
on the stability, safety, and efficacy 
of protein therapeutics. “Aggregates 

are of particular concern, either in sol-
uble dimer/oligomer form or subvisible 
particle form,” notes Jay Kang, director 
of analytical and formulation develop-
ment at Patheon, part of Thermo Fisher 
Scientific. “It is well documented that 
even a small amount of aggregates can 
cause a significant and sometimes life-
threatening immunogenic reaction.” 

“Impurities may interact with the 
therapeutic protein in a way that blocks 
and/or compromises the activity and 
potency of the therapeutic protein in 

vivo, hence, reducing its efficacy,” ex-
plain Michael Sadick, principal sci-
entist, Catalent Biologics Analytical 
Services, and Michael Merges director 
of strategic growth, Catalent Biologics. 

“On the other hand, the impurity may 

exaggerate or enhance the therapeutic 
protein’s bioactivity in an uncontrolled 
way, leading to adverse events. Some 
impurities (especially host cell pro-
teins) may add an immune-stimulating 
or adjuvant behavior to the therapeu-
tic, causing the patient to generate 
antibodies or cell-mediated immunity 
against the protein.”

“Host cell proteins co-extracted with 
the therapeutic protein can contain 
enzymes such as oxidases and lipases 
that will break down the protein over 
time, affecting the stability of the prod-
uct,” adds Niall Dinwoodie, Edinburgh 
biologics site lead at Charles River Labs 
(CRL). “Other host cell proteins and 
binding agents carried over from pu-
rification columns may mimic the ac-
tion of the therapeutic protein in assays, 
leading to mis-formulation of the prod-
uct outside the therapeutic window.”

According to Dinwoodie, some im-
purities have less insidious effects, but 
can still render the therapeutic unac-
ceptable. “For example, trace levels of 
rapidly oxidized materials cause sig-
nificant color change,” he says. “His-
torically, contamination with trace 
amounts of metals was a problem 
leading to aggregation of therapeutic 
proteins, which can cause significant 
changes in efficacy, but understanding 
of the phenomena has led to improved, 
metal-free production processes.” 

In general, impurities come from 
two major sources, observes Bérangère 
Tissot, general manager, SGS Life Sci-
ences, West Chester, Pennsylvania: 
product-related impurities and process-
related impurities. “Product-related 
impurities can be categorized as prod-
uct variants, and basically correspond 
to any undesired modification of the 
protein amino-acid sequence or post-
translational modifications,” she high-
lights. “Variants also include forms of 
the therapeutic proteins in solution that 
are different from the intended drug 
product (i.e., different conformation 
or aggregation state). They can also be 
identified as a sub-form of the thera-
peutic protein, possessing a biological 
activity either higher or lower than the 
one of the drug product.”

The second type of impurities are 
mostly related to the production pro-
cesses, says Tissot. Dinwoodie adds 
that the materials used in the produc-
tion process to support cell growth, ex-
tract, and purify the therapeutic pro-
tein must be removed from the final 
dosage form. “Residual amounts of 
these materials can be carried through 
the production process to become im-
purities in the final form,” he points 
out. “Examples include growth selec-
tion agents, surfactants, purification 
column binding agents, and viral in-
activation agents.” 

“The use of cells and growth media 
in the production process also presents 
risks of adventitious agents, such as vi-
ruses, entering the production system,” 
says Dinwoodie. “Whilst removal or 
inactivation of these agents is con-
sidered under the production process 

Impurity Testing 
Adeline Siew, PhD

Experts share insights on the various 

methods used for purity and impurity 

analysis of therapeutic proteins.

Biologics Formulation

www.PharmTech.com


Pharmaceutical Technology FEBRUARY 2018    23

validation as a safety issue rather than 
tested in the final product as a qual-
ity concern, these agents can also be 
considered impurities in the product.” 

Process- and product-related impu-
rities should be carefully monitored 
and controlled in the production of 
therapeutic proteins. In this roundta-
ble discussion, industry experts share 
insights on the various methods used 
for purity and impurity analysis of 
therapeutic proteins.

Method development and validation 
PharmTech: What is the right approach 
to method development and validation 
for therapeutic proteins?

Kang (Patheon): Two concepts are key 
to approaching method development 
and validation for therapeutic proteins: 
‘fit-for-purpose’ and ‘phase appropri-
ate.’ A ‘fit-for-purpose’ strategy means 
a method should be suitable for its in-
tended use and phase of development. 
The requirement to establish an analyti-

cal method depends on whether it is for 
an identity test, content test, or purity/
impurity test; whether it is for release, 
in-process testing, or characterization. 
For example, the only requirement 
for an identity test is specificity, while 
specificity, linearity, range, precision, 
robustness, and sensitivity are manda-
tory for the purity test. Determining 
whether the method is for early-phase 
development or for biological license 
application (BLA) filing is also crucial 
because it will dictate the size and thor-
oughness of the validation data package.

Sadick and Merges (Catalent): The un-
derpinning to this response is the 
knowledge that each protein therapeu-
tic is quite different from any other pro-
tein therapeutic, whether in terms of its 
final tertiary or quaternary folding, bi-
ological activity, or purity profile. This 
is true even when considering differ-
ent monoclonal antibody therapeutics. 
Consequently, while similar strategies 
may be used for different protein thera-

peutics, true ‘toolbox’ approaches/plat-
forms may not be completely successful. 
In the strategies for assay or method 
development and optimization, we 
consider a combination of ‘one factor 
at a time’ (OFAT) to define individual 
factors, at least initially, and ‘design of 
experimentation’ (DOE) to look at mul-
tiple and interacting factors. The use of 
fractional factorial DOE as soon as is 
practical allows for a more rapid and 
robust method development.

Validation would be accomplished 
in a phase-appropriate manner. The 
guideline for all phase appropriate lev-
els would be the International Council 
for Harmonization (ICH) Q2 (R1) (1), 
although different technical platforms 
(e.g., enzyme-linked immunosorbent 
assay [ELISA] or bioassay potency 
tests) may have specific levels of adher-
ence to the ICH guidelines, in addition 
to other guidelines, for example United 

States Pharmacopeia General Chapters 
<1033> and <1034> (2, 3). Validation 

Renishaw Inc �West Dundee, I,��www.renishaw.com

Formulate tablets more efficiently with the RA802 Pharmaceutical Analyser; a compact benchtop Raman 

imaging system, designed exclusively for the pharmaceutical industry.

Introducing the RA802 Pharmaceutical Analyser

For more information visit www.renishaw.com/RA802

Redefi ning 
formulation 
analysis 

•  Efficiently analyze samples with rough, uneven

or curved surfaces.

•  Reveal detailed chemical and physical

information.

•  No sample preparation needed.

•  Track the surface live while acquiring surface or

subsurface Raman data.

•  Analyze multiple tablets without the need for

user intervention.

http://www.renishaw.com/RA802
http://www.renishaw.com
http://www.renishaw.com


24    Pharmaceutical Technology FEBRUARY 2018  PharmTech .com

for an investigational new drug or 
at Phase I level would have the more 
basic requirements, with fewer tests to 
be executed, a smaller number of rep-
etitions, and wider acceptance criteria. 
Late-phase (Phase III/BLA-enabling) 
validation will include all appropriate 
test categories, as well as robustness, 
with an increased number of sample 
repetitions along with more stringent 
acceptance criteria. The establishment 
of appropriate validation acceptance 
criteria should be based upon data-
driven decision. Those data are best 
generated via a prevalidation exercise 
conducted prior to the drafting of each 
phase-appropriate validation protocol.

Tissot (SGS): This is not straightfor-
ward, as validation approaches will 
depend on the nature of the method, 
its intended use, the development 
stage of the product, and the type of 
therapeutic proteins. In all cases, the 
method should be evaluated, prior to 
its validation, through a risk manage-
ment process that will dictate which 
parameters to validate, which accep-
tance criteria to aim at, and all other 
necessary components of a validation 
study. These considerations include na-
ture and number of replicates for each 
of the parameters, robustness condi-
tions, and intermediate precision de-
tails among others.

Dinwoodie (CRL): The extent of devel-
opment needed for a new analytical 
method will depend on the purpose 
of the method and the body of knowl-
edge available on the product to which 
it will be applied. Physicochemical 
methods can be largely based on com-
pendial procedures and require little 
development, and parameters for plat-
form techniques such as size-exclusion 
high-performance liquid chromatog-
raphy (SE–HPLC) can be established 
from an understanding of the protein’s 
molecular weight. 

Binding or potency assays, however, 
require the selection of suitable anti-
bodies or modification of detector cell 
lines. Non-therapeutic host cell pro-
teins can also present a considerable 
challenge to method development in 
ensuring that the polyclonal sera used 

provides full coverage of the range of 
proteins that may be extracted from 
the production cell line.  

Method development also must con-
sider the robustness of the approach 
and ensure that reagents and consum-
able items, such as columns, are read-
ily available and consistent in the re-
sults they generate. Validation of the 
method will then serve to confirm the 
robustness of these elements and assess 
the variability introduced by different 
analysts and equipment. 

Both the number of replicates run for 
the determination of repeatability and 
intermediate precision, and the number 
of batches of the product tested in each 
run are affected by the product’s stage 
of development. They also must be 
defendable in covering all possible op-
tions for how the method will be used 
in the future. Other aspects of method 
validation are more easily derived from 
the guidance given in ICH Q2 (R1).

Analytical methods  
PharmTech: What are the commonly 
used analytical methods for character-
izing therapeutic proteins?

Tissot (SGS): The main document used 
by anyone characterizing a therapeutic 
protein remains the ICH Q6B guide-
lines (4). Now these guidelines are a 
little outdated, mainly with regards 
to biophysical methods but they still 
remain a good basis for the design of a 
characterization method panel. There 
are many ways to address some of the 
key elements that need to be evaluated 
during a characterization study, but 
some of the most commonly used are 
listed in the following: 

Physicochemical characterization:

• Liquid chromatography–tandem 
mass spectrometry (LC–MS/MS) 
following digestion for primary 
amino-acid sequencing, which 
could be completed by N-terminal 
sequencing using Edman degra-
dation. The same type of meth-
odology can be applied to the 
evaluation of the most common 
post-translational modifications 

• Liquid chromatography–mass 
spectrometry (LC–MS) or electro-

spray ionization–mass spectrom-
etry (ESI–MS) for intact molecular 
weight when the therapeutic pro-
tein does not present any major 
challenge for ionization (such as 
heavily glycosylated proteins)

• Amino-acid analysis and extinc-
tion coefficient estimation

• A combination of matrix-assisted 
laser desorption ionization–time of 
flight mass spectrometry (MALDI–
TOF MS), LC–MS, and other liquid 
chromatography with ultraviolet de-
tection (LC–UV) or  high-pressure 
anion exchange chromatography 
coupled to pulsed amperometric 
detection (HPAEC-PAD) methods 
for the quantitative and qualitative 
analyses of N- and O-glycosylation

• Liquid chromatography or electro-
phoresis methodologies to evalu-
ate product heterogeneity (charge 
variants, size variants, hydropho-
bicity variants etc.)

• Circular dichroism (CD), Fourier 
transform infrared spectroscopy 
(FTIR), intrinsic/extrinsic fluores-
cence for the analyses of second-
ary and tertiary structures

Impurities can have a negative 

impact on the stability, safety, 

and efficacy of therapeutic proteins 

and should, therefore, be carefully 

monitored and controlled during 

the production process.

Biologics Formulation

www.PharmTech.com


Pharmaceutical Technology FEBRUARY 2018    25

• Sedimentation velocity analytical 
ultracentrifugation (SV–AUC), size 
exclusion chromatography coupled 
to multi angle light scattering (SEC–
MALS) or dynamic light scattering 
(DLS) for the analysis of quaternary 
structures.

Activity characterization:

• ELISA-based bioassays
• Cell-based bioassays
• Surface plasmon resonance (SPR) 

or bilayer interferometry (BLI) for 
binding activity.

Then we have to consider what are now 
called the emerging techniques, at least 
for their application to complex biologics 
in an industry context, which in a couple 
of years will become as common as the 
techniques previously listed. These tech-
niques include:

• Hydrogen-deuterium exchange–
mass spectrometry (HDX–MS), ion 
mobility-mass spectrometry, and 
nuclear magnetic resonance (NMR)

• Native mass spectrometry.

Sadick and Merges (Catalent): As pro-
tein therapeutics commonly have 
complex structures and are generally 
produced and/or modified by the host 
cell in several functional variations, 
analyses of these molecules require 
an orthogonal approach with multiple 
analytic modalities.

Process-related variants can be 
identified, quantified, and differenti-
ated from process-related impurities of 
cellular origin via techniques such as 
SEC–HPLC, hydrophobic interaction 
chromatography (HIC), ion-exchange 
HPLC, and isoelectric focusing (IEF) 
capillary electrophoresis. Process-re-
lated impurities and residuals such as 
Protein A can be detected and quanti-
fied with ELISA assays, whereas host 
cell residual DNA can be quantified 
via quantitative polymerase chain 
reaction (qPCR) assays. Functional 
activity of the protein therapeutic 
can be assessed and quantified with 
cell-based bioassays, or, in some cases, 

ELISA potency assays. Process-related 
variants and impurities may then be 
more fully identif ied and defined 
using mass spectrometry-dependent 
analyses. Host cell derived residual 
protein may be assessed and identi-
fied with a combination of ELISA 
assays (commercial assays at early 
phases, and then custom assays at later 
phase), one-dimensional and two-di-
mensional Western blot analyses, and 
more recently, MS-based analyses.

Kang (Patheon): To characterize a pro-
tein, we need to understand its content, 
primary and higher order structure, 
potency, heterogeneity, purity, and 
impurity. The commonly used analyt-
ical methods for characterizing these 
proteins include UV spectroscopy for 
concentration; SEC, analytical ultra-
centrifugation (AUC), and field f low 
fractionation (FFF) for aggregate mea-
surement; capillary gel electrophoresis 
(CGE) for fragment measurements; 
capillary isoelectric focusing (cIEF) for 
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charge heterogeneity, biochemical/cell-
based assay for potency measurement; 
mass spectroscopy for primary struc-
ture; FTIR, CD, or HDX for higher 
order structure. 

Testing for impurities
PharmTech: How do you ensure that the 
final drug product is free from impuri-
ties that affect safety and efficacy? 

Dinwoodie (CRL): Designing the pro-
duction process to minimize the ma-
terials introduced during manufactur-
ing, as well as installing appropriate 
purification steps, are simple sound-
ing methods for ensuring a final drug 
product is impurity free. In practice, 
additives are required for cell growth, 
non-target proteins will be extracted, 
and downstream processing will occur, 
so purification steps are paramount. 
Control of these steps must be dem-
onstrated by validation and/or qual-
ity control checks on the bulk drug 
substance. Control of impurities that 
could arise from the fill/finish process 
are then assessed for the final product.

Kang (Patheon): It is very challenging 
to completely remove all the impuri-
ties, but the industry can make sure 
that the level of impurities in the final 
drug product are at a safe and con-
sistent level. A key factor to ensuring 
this is to develop a sensitive and robust 
analytical method, so all the impuri-
ties can be accurately measured and 
the impurity-removing capability of 
the downstream process can be dem-
onstrated. For example, ELISA is the 
gold standard and work horse for host 
cell protein measurement, but it only 
measures the total HCP and can’t give 
detailed information on the level of 
each individual host cell protein. Mass 
spectroscopy can fill the gap, and is, 
therefore, an excellent supplemental 
method for host cell protein analysis. 

Sadick and Merges (Catalent): A ‘pure’ 
protein is one that is free from any 
quantifiable amounts of impurities, 
so implementing several orthogonal 
methods together is necessary to assure 
this is the case. The complex structural 
properties of the protein, the nature of 
the potential contaminants (host cells, 

viruses, genetic variants, purification 
process), and the accuracy and appro-
priateness of any one given method all 
influence the selection of the methods 
used to perform the purity/impurity 
analysis. A subset of these analyses 
is executed during the purification 
process to assure that each purifica-
tion step is performing as expected/
required. The full panel is performed 
upon both the drug substance and the 
final drug product. In this way, effec-
tiveness of and purity at each stage of 
processing is evaluated and assured.

Tissot (SGS): Having a product en-
tirely free of impurities is a very ar-
duous task, if achievable at all. 

For process-related impurities, con-
trol procedures to follow the clearance 
of some of the process-related impuri-
ties are designed during the very early 
stage of the finalization of the manu-
facturing processes, and are refined 
as the processes are locked down. 
The use of ultra-sensitive mass spec-
trometry has been increasing in that 
very particular field, offering a greater 
ability to monitor such small molecule 
impurities at a parts per million to 
parts per billion level. Such methods 
are also commonly validated as either 
process-validation-related methods or 
even product-release methods.

For product-related impurities, the 
pre-IND or equivalent panel of assays, 
at the very early stage of the product 
development, includes some of the 
methods that will be further refined 
to monitor these impurities. Com-
plementary chromatographic and 
electrophoretic methods using UV 
detection have been used to monitor 
therapeutic protein variants for de-
cades, but these methods are on the 
verge of being replaced by multi-attri-
bute methods (MAMs) using primar-
ily mass spectrometry as a detection 
tool. The ability to not only moni-
tor but characterize several of these 
variants or impurities using a single 
LC-MS or LC-MS/MS method will not 
only bring to this field more discrimi-
nation power but it is also expected 
to decrease the level of detection for 
these undesired components.

PharmTech: What are the analytical 
methods used for purity and impurity 
analysis of therapeutic proteins?

Dinwoodie (CRL): The analytical meth-
ods used to determine the levels of im-
purities within a therapeutic protein 
are those that have both the discrimi-
natory power to separate the impuri-
ties and the sensitivity to detect and 
quantify low levels of the analytes. For 
impurities that are not closely related 
in structure to the therapeutic agent, 
such as surfactants, for example, the 
method can use this difference to 
maximize the sensitivity. Analysis of 
these impurities will include steps to 
remove all proteinaceous material to 
maximize the signal for charged aero-
sol detection or alternative measures. 
Sequence and glycosylation variants 
are closely related, or even part of the 
therapeutic protein; therefore, they 
require highly discriminatory tech-
niques for their quantification. Cap-
illary electrophoresis and HPLC or 
ultra-high-performance liquid chro-
matography (UHPLC) are commonly 
applied to resolving these variants 
from the more common form of the 
protein. Aggregates are readily sepa-
rated by SE–HPLC when the aggrega-
tion is robust. Less stressful techniques 
such as analytical ultracentrifugation 
may be required where the aggregation 
is more fragile. For non-therapeutic 
host cell proteins, cell-line specific 
ELISA are often used though mass 
spectrometry techniques can provide 
the discriminatory and quantification 
power required for these complex mix-
tures of impurities.
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Analytics: Data Integrity
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I
n recent years, data integrity in analyt-
ical laboratories has become a major 
concern for both pharma companies 

and regulators. Common violations 
detailed in recent FDA warning letters 
(1–5) include incomplete or inaccurate 
data from various laboratory tests. More 
specifically, factors such as inconsistent 
audit trails, disconnect between various 
electronical data management systems, 
quality inadequacy, as well as human 
error and manipulation have led many 
companies down a path of noncompli-
ance. The prevalence of such violations 
emphasizes the growing focus on data 
integrity from regulators.

Companies are now faced with the 
challenge of streamlining digitized 
data integrity methods in the lab by 
understanding both the level of ac-
countability necessary from personnel 

who use these systems in addition to re-
cent technological advances, according 
to Steve Hayward, product marketing 
manager at BIOVIA, Dassault Systèmes  
(see Sidebar).

To address current lab data integrity 
violations and prevent new ones, it is 
important to stay up-to-date not only 
on regulatory standards, but on the lat-
est technologies available to help com-
panies meet these requirements. Below 
is a sampling of products to help main-
tain data integrity in the lab.

Compliant-ready LIMS
FDA’s Data Integrity and Compliance 

with CGMP states that it is unacceptable 
to store data electronically in temporary 
memory, and advises companies to de-
sign a laboratory information manage-
ment system (LIMS) or an electric batch 

record system to automatically save 
each separate entry (6).

LabVantage 8.3 from LabVantage So-
lutions is the latest version of the com-
pany’s LIMS (7). The system features a 
dynamic auditing function to aid in the 
GxP-compliant management of data in 
temporary memory. The function also 
helps to maintain a complete audit trial 
based on a full history of analytical test-
ing, including temporary and perma-
nent data, changes between temporary 
and permanent data entries and the rea-
son for the change, identity of the user 
entering the data, date and time of data 
entry, as well as electronic signatures 
and mandatory reason for changes.

Other system features include im-
proved reagent integration within the 
advanced batch control module; addi-
tional improvements to array and plate 
handling, specifically with persistent 
auditing on reasons, activity, and elec-
tronic signatures; and better storage 
explorer capabilities to search for open 
and empty spaces for new samples.

Additionally, the company has ex-
panded its inventory of Laboratory 
Execution System (LES) Worksheets, 
which can help streamline electronic 
record-keeping. In addition to the exist-
ing LES worksheets based on test meth-
ods, the new worksheets are available 
for quality control (QC) batch testing, 
instrument certification, and finished 
product sample testing, which can fa-
cilitate the review of multiple analytical 
tests on a single sample, according to 
the company.

Another applicable tool is LabVan-
tage’s Chemical Viewer, which has been 
added to the company’s electronic labo-
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ratory notebook (ELN) and LES. Users 
can upload a chemical file to a chosen 
location or copy it into the control 
system. The viewer offers a modifi-
able graphic rendering of the chemical 
structure defined in the file. 

Informatics software update
ACD/Labs has added new updates to 
its ACD/Spectrus Platform, the com-
pany’s suite of informatics software 
products (8). Version 2017.1 provides 
improved functionality to a range of 
solutions, including MetaSense, the 
company’s metabolite identification 
software. It also introduces Luminata, 
a new solution for the management of 
impurity data, according to ACD/Labs.

The updated software includes ex-
pansions and improvements for the 
ACD/Spectrus, an instrument format 
support across analytical techniques. A 
new liquid chromatography/mass spec-
trometry deconvolution algorithm for 
high-resolution mass spectrometry data 
also includes usability-improvements. 

Additionally, tools for analyzing sam-
ples by nuclear magnetic resonance and 
mass spectrometry have been enhanced.

According to ACD/Labs, the compa-
ny’s metabolite identification software 
has been updated to bring new meta-
bolic pathways into the prediction algo-
rithm and provides easier navigation of 
data in ways that are better aligned to 
scientists’ workflows.

The new Luminata solution enables or-
ganizations to establish effective impurity 
control strategies through the assembly of 
analytical, chemical, and process infor-
mation in a single enterprise informatics 
environment, following quality-by-de-
sign principles, as stated by the company.

Software supports regulatory 
compliance for microbiology QC labs
The latest version of Lonza’s MODA-
EM software enables microbiology QC 
laboratories to comply with the latest 
regulatory guidelines (9). Version 3.3 
of the software meets daily challenges 
faced by QC laboratories with addi-

tional features focusing on data in-
tegrity, data visibility, and data review, 
creating an improved workflow expe-
rience with enhancements in analytics 
and reporting, according to Lonza.

Including a streamlined application 
and a risk-based validation solution, the 
paperless software has a fully search-
able audit trail that allows scientists to 
track changes made through a sample’s 
lifecycle and saves time on routine ac-
tivities such as settling plate exposure 
times, organism identification, and 
master data management and review, 
according to a press release statement 
by Sinéad Cowman, European Union 
business development manager for 
Lonza Informatics.

Additionally, the software features 
improved scheduling and calendar 
capabilities for simplif ied sample 
management. It a lso of fers web-
based dashboards so that metrics and 
results can be accessed from any-
where with an Internet connection, 
as stated by the company. According 
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to Lonza, scientists in QC laborato-
ries are also supported with a vali-
dation documentation package that 
meets current industry standards 
and regulatory requirements, with 
execution and pre-validated service 
options available.

Synthetic chemistry offering 
to cloud-based R&D platform
IDBS has added a synthetic chemistry 
offering that extends its E-WorkBook 
Connect cloud-based platform, part of 
the company’s E-WorkBook Cloud, an 
R&D cloud platform that supports in-
ternal, external, and hybrid data man-
agement and research needs (10).

With the now-extended E-WorkBook 
Connect, organic chemists can share 

data externally and collaborate with 
partners using a secure work space. Ad-
ditionally, chemists are provided with 
the ability to transfer all experimental 
data to an on-premise or hosted E-
WorkBook environment.

While some contract research orga-
nizations are allowed direct access to a 
secure corporate ELN, others are man-
dated to maintain a local installation of 
the desktop ELN. Both approaches are 
an additional overhead that IDBS’ plat-
form resolves, according to the company.

“Extending the capabilities of E-Work-
Book Connect with stoichiometry, to 
support synthetic organic chemistry, ad-
dresses the data management challenges 

Navigating data integrity in the modern lab

Understanding the role of both people and technology in the maintenance 

of data integrity in the analytical laboratory is crucial as companies move 

toward predominately electronic systems. While technology has helped make 

the preservation of data easier, it is just as important that the people operat-

ing these systems are aware of the relevance of each step involved in the 

process, says Steve Hayward, product marketing manager at BIOVIA, Dassault 

Systèmes. Hayward spoke with Pharmaceutical Technology about what it takes 

to successfully maintain the integrity of data in the modern laboratory.

PharmTech: What is most important to consider for lab data integrity?

Hayward: The people in the lab and the digital solutions they use play an 

equal role to ensure data integrity. Technology helps to make it easy to execute, 

as well as to proof integration. The technology of the past decade has allowed 

for better preservation of data, from the time of capture in electronic format 

through to its analysis and use in reports. 

This digital thread of information can now be preserved throughout an 

organization, but it is critical that the people who use the technology are 

aware of why each process step is relevant, and adhere to them at all times.  

Automation is also a key factor. The best way to ensure this consistency is by 

making it easier and less time-consuming to perform each routine activity, 

while passively recording each action for regulatory compliance. This can be 

achieved by automation-enabling technology.

PharmTech: How can data integrity in the lab be improved by the use of 

electronic systems?

Hayward: Electronic data systems that automate data transfer allow for 

the reduction or even elimination of human intervention, and therefore, the 

reduction of errors. Audit trails will prove the integrity of the data or show 

the details of the change. This means any data alteration—voluntary or 

involuntary—will be either not possible, or any changes will be recorded so it 

will be obvious that data have been modified. 

PharmTech: What are the data integrity risks associated with computerized 

systems and how can they be diminished?

Hayward: In the modern lab, it is a fact of life that there will be multiple 

electronic informatics systems, where the landscape’s complexity has usually 

scaled with the size and age of the company.  Data are constantly passed back 

and forth amongst these systems, and may be transformed during the process.  

At each step along the way, the process must be validated to ensure that 

the integrity of the data, and the digital thread of information, is preserved. 

Recently, the trend has been toward consolidation of these disparate systems 

into more comprehensive solutions, where the data are stored in a single, 

centralized system and accessed as needed, without the need for constant 

transformation and transposition. While validation is still necessary, this 

removes both the day-to-day complexity in the lab and much of the risk of 

compromised data integrity.

PharmTech: How can manipulation of electronic records be identif ied 

and prevented?

Hayward: In the lab, all data files should only be accessible through a 

software system which requires secure user login, and tracks all modifications 

as part of the audit trail. A computer’s operating system-level login is not 

sufficient for this purpose.  Although many solutions exist to enforce audit trails, 

in many cases, a user must log in to multiple different systems, sometimes 

more than once, just to complete a single task.  With ever-increasing regulatory 

requirements, routine tasks can take longer. A goal in the modern digital lab 

is to minimize the number of systems a scientist must use for any given tasks, 

which increases efficiency, centralizes the management of audit trails, and 

minimizes the potential for data corruption or manipulation.

PharmTech: What can companies do to improve lab data integrity when 

using electronic systems?

Hayward: Many paper-based processes have already been eliminated 

from the lab during the first wave of digital lab solutions. However, the 

multitude of different electronic systems in place, often from many 

different vendors, means that data still must be transposed and often 

transformed as it moves from one system to the next. Each of these steps 

must be configured and validated to ensure both regulatory compliance 

and the preservation of the data’s integrity.  Where possible, systems 

should be consolidated to remove the multiple different data file types 

and connections between software from different vendors.  It is also of the 

utmost importance that users are appropriately trained on the systems, and 

that their qualifications kept up-to-date.
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and costs associated with collaborative 
research, especially when it comes to 
communication,” said Ian Peirson, head 
of product planning at IDBS, in a com-
pany press release.

Automation workstation for 
clinical and regulatory compliance
Tecan, a provider of laboratory instru-
ments and solutions in biopharmaceu-
ticals, forensics, and clinical diagnos-
tics, announced in a Jan. 25, 2018 press 
release that it will add the Fluent Gx 
Automation Workstation for clinical 
and regulated laboratories to its range 
of liquid handling solutions in 2018 (11). 

According to the company, the 
workstation solution wil l meet a 
host of laboratory needs, including 
clinical diagnostics, next-generation 
sequencing, and nucleic acid purifi-
cation, and provide the advanced 
process security features required 
for regulated applications in clini-
cal, GXP, and QC facilities.

In addition to the liquid handling 
and workflow features available from 
related company products, the solution 
will also include a suite of software fea-
tures needed to comply with rigorous 
regulatory requirements, including 
FDA 21 Code of Federal Regulations 

(CFR) Part 11, as stated by the company 
(12). The Fluent Gx Assurance Soft-
ware provides full sample tracking ca-
pabilities and secure electronic records, 
together with a LIMS interface, multi-
level user management, and electronic 
signature options to ensure compliant 
and audit-ready operation.

The solution also includes soft-
ware uti l it ies to simplify system 
ma na gement .  T he  c ompl i a nc e 
checker provides rapid, fully auto-
mated verification of the integrity of 
all executable software components, 
while the data audit tool performs a 
similar function for electronic re-
cords, ensuring data integrity, ac-
cording to the company.
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Solid Dosage Drug Manufacturing
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harmaceutical manufacturing is an 
area with strict regulations requir-
ing precise quality control of drug 

products. Traditional manufacturing 
practices have complied with these 
guidelines for decades. Initiatives have 
been put forth for advanced manufac-
turing technologies to be used in the 
pharmaceutical industry (1),  such as 
continuous manufacturing of oral solid 
dosage (OSD) drug products. Continu-
ous manufacturing has the potential 

for a higher level of quality control 
than batch manufacturing. Because 
the process is different from traditional 
batch operations, however, regulatory 
requirements, such as traceability, will 
be achieved in a different way. 

As opposed to traditional batch pro-
cesses, where drug components are 
weighed and then added to a batch unit 
operation such as a large bin blender, 
continuous processes have a f low of 
material traveling through them, from 
one unit operation to the next. In this 
way, the amount of material to be pro-
cessed is dependent on the mass f low 
rate of the material and the total du-
ration of continuous operation. Batch 
size is not limited by the size of the 
equipment, as it is in batch processes.  
Much work has been done in studying 
the various areas affecting the perfor-
mance of continuous manufacturing 
of OSD drug products, including ma-

terial characterization (2), facility de-
velopment (3, 4), modeling for process 
simulation (5–7), real-time monitor-
ing (8, 9), and process control (10–12). 
Less attention has been paid, however, 
to developing the methods and tools 
through which the materials can be 
systematically traced during continu-
ous pharmaceutical manufacturing.

For patient safety and regulatory 
compliance, the history of each phar-
maceutical product should be known 
and traceable. Traceability is rather 
straightforward for batch processes. 
The batch numbers for each of the 
individual components added to a 
batch unit operation are recorded. At 
the completion of this operation, a 
clear record states the amount of each 
component added and their respective 
batch numbers. In a continuous system, 
there is not such a clear distinction 
when components change from one 
batch number to another, specifically 
how and when the change at the inlet 
of the process affects the outlet. The 
literature available on traceability in 
continuous systems address the chal-
lenges in other industries, such as 
diary and food, mining, and pulp and 
paper (13–15), and although research 
has been done in developing efficient 
lot-tracing systems (16), it has failed to 
address the challenges specific to the 
pharmaceutical industry and its con-
tinuous processes. This article aims to 
address these challenges and present a 
framework for implementation of ma-
terial traceability applicable to contin-
uous pharmaceutical manufacturing.

Defining a batch and lot
The Code of Federal Regulations Title 21 
presents the following definitions (17):

• Batch: “specific quantity of a drug…
intended to have uniform character 
and quality, … produced according 
to single manufacturing order”

• Lot: “specific identified portion 
of a batch, having uniform char-
acter and quality, … in the case of 

… continuous process, it is a spe-
cific identified amount produced 

… that assures its having uniform 
character and quality … ”
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• Lot number: “distinctive combi-
nation of letters, numbers, or sym-
bols, or any combination of them, 
from which complete history 
of the manufacture, processing, 
packing, holding, and distribution 
of a batch or lot of drug product … 
can be determined.”

From these definitions, the argu-
ment can be made that a continuous 
production run, in which the critical 
process parameters (CPPs) remain 
within a validated range resulting in 
acceptable tablet critical quality at-
tributes (CQAs), constitutes a single 
batch. And as batches of tablet com-
ponents change during this continu-
ous production run, the lot number 
can distinguish between tablets whose 
components come from different 

batches. In the case that one compo-
nent of the formulation changes the 
batch number, theoretically, the tablet 
quality should not change, given that 
the process conditions are unchanged. 
For material traceability purposes, 
however, the tablets containing raw 
material from one batch and another 

need to be distinguished. Because this 
raw material batch change occurs dur-
ing a single manufacturing order, with 
no changes to the process conditions, it 
is, therefore, still the same batch of fin-
ished drug product. However, the tab-
lets containing the new raw material 
batch can be assigned to a separate “lot” 
within the current tablet batch, making 
the lot a “specific identified portion of 
a batch” in which the tablets contain 
material from a raw material batch dif-

ferent from the previous lot. The idea 
is that, when tablets are released,  a 
specific batch number and lot number 
trace exactly what raw material batches 
are present in the tablet. Figure 1 graph-
ically illustrates the difference in mate-
rial traceability between (a) batch and 
(b) continuous processes.  

Understanding RTD
One of the technical challenges that 
must be understood to implement mate-
rial traceability in a continuous system 
is the time it takes for a change in com-
ponent batch number, which occurs at 
the powder feeder upstream, to be pres-
ent in the tablet at the outlet of the sys-
tem. This problem can be addressed by 
studying the residence time distribution 
(RTD) of the continuous system (18). By 
learning the minimum and maximum 
residence time of a component traveling 
through the system, a prediction can be 
made as to when a change in component 
batch will reach the outlet and when 
the previous batch will be fully cleared. 
There are many documented strategies 
to acquiring RTD of powder processes 
(19–21). Experimentally, the RTD is 
studied by conducting tracer experi-
ments, where a pulse of detectable ma-

Solid Dosage Drug Manufacturing

Figure 1: The difference in material traceability between a) batch process and b) continuous process. In both parts of this figure, 

the red component is used up such that a new batch of it must be used to meet the manufacturing demand. EX is excipient.
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The results from RTD experiments can 

be used to begin to understand how 

material traceability will be possible 

for continuous pharmaceutical 

manufacturing.
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terial is added at the inlet and its impact 
is measured at the outlet. The shape and 
characteristics of this outlet distribution 
contain important information for pre-
dicting the behavior of powder during a 
component batch change.

The results from RTD experiments 
can be used to begin to understand 
how material traceability will be pos-
sible for continuous pharmaceutical 
manufacturing. From the RTD, the 
minimum and maximum residence 
time of each component, namely the 
time delay of impact at the outlet and 
the clearance time of the component, 
can be determined. The tablets created 
between these two times will have a 
mixture of the component’s previous 
batch and new batch and will be re-
ferred to as a “transitional lot.” Because 
the goal for material traceability is to 
trace component batch numbers for 
each lot of tablets, the authors propose 
assigning a new lot number every time 
the effect of a component batch change 
is predicted to affect the tablets at the 
outlet, whether that be the new batch 
being present in the tablets, or the old 
batch no longer being present in the 
tablets.

To implement such a strategy, a 
few specific determinations must be 
made. One is a feeder refill proto-
col, which must specify the amount 
of material per refill as well as what 
point triggers the refill. Also required 
is an automated plant, allowing for 
real-time data f low from unit opera-
tions to a centralized control system, 
which allows all process parameters 
to be stored for all unit operations. 
The residence time values must also 
be determined for each component in 
the formulation. The final piece of the 
framework is a software tool that man-
ages all the data associated with mate-
rial traceability. Figure 2 illustrates this 
systematic framework.

Prototype traceability software tool
No software tool currently exists for 
continuous pharmaceutical material 
traceability; a prototype was developed 
to illustrate the proof of concept. As 
shown in Figure 3, the software is re-

sponsible for all material traceability 
functionality and data management. 
It must receive the new component 
batch numbers and assign it to the 
correct component. It must also incre-
ment the tablet lot number according 
to the proper residence time value for 
the component that is undergoing a 
batch change. It is also responsible 
for updating a table summarizing the 
composition of each tablet lot with the 
correct batch number for each compo-
nent. And finally, it is responsible for 
communicating with the control sys-
tem, sending the tablet lot number in 
real-time for data storage.

One proposed solution to material 
traceability in continuous manufac-
turing is to discard tablets once refill 

occurs, and wait until the maximum 
residence time to start collecting tab-
lets, thereby, ensuring that the tablets 
have components with known batch 
numbers. This strategy is wasteful, 
potentially resulting in discarding 
over 10 minutes worth of production, 
even though,  theoretically, the qual-
ity of these “transitional” tablets is not 
compromised. With a transitional lot 
assigned to tablets while a component 
is undergoing a batch change, appro-
priate testing can be conducted, and 
those tablets released, not discarded, 
if properly traced by the proposed 
framework. 

Figure 2: Proposed systematic framework for implementation of material 

traceability for continuous manufacturing.

Figure 3: Data flow for software prototype.

contin. on page 59
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Excipient Quality

E
xcipients are crucial ingredients 
in final drug formulations with 
potential impacts on product qual-

ity, stability, tolerance, release profiles, 
local distribution and availability, and 
thus overall efficacy and safety. Re-
cent regulations have increased the 
requirements for drug manufacturers 
and excipient suppliers with respect 
to ensuring the quality and safety of 
excipients. The emphasis continues to 
be on the use of risk assessments and 
the growing recognition that excipient 
producers and pharmaceutical com-
panies have shared responsibility for 
ensuring excipient safety.

Updated guidelines
Excipients are becoming a top priority 
among regulatory agencies. Regulatory 
bodies in the United States, European 
Union (EU), and Japan, as well as those 
in the ‘BRICK’ (Brazil, Russia, India, 
China, and Korea) countries, are modi-
fying existing and/or introducing new 

regulations for finished pharmaceuti-
cal products that specifically address 
excipients, either directly or indirectly. 
Many of these regulations have an im-
pact beyond domestic production of 
drug products, according to Priscilla 
Zawislak, global regulatory affairs 
advocacy manager with Dow Pharma 
Solutions. National pharmacopeias 
are also placing a greater emphasis on 
standards for excipients.

Regulations on excipient risk as-
sessment were issued by the European 
Medicines Agency (EMA) in 2015 (1) 
with implementation required by 
March 21, 2016. An update of the annex 
to the European Commission’s guide-
line on excipient labeling by EMA on 
Oct. 9, 2017 (2) included the expansion 
of safety warnings for 10 excipients and 
the addition of five new excipients to 
the list, according to Mario DiPaola, 
senior scientific director at Charles 
River Labs.

“Recent draft guidance documents 
issued by FDA, such as the Abbrevi-

ated New Drug Applications (ANDA), 
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Regulations and industry guidelines focus on 

ensuring excipient safety by specifying risk 

assessments and shared responsibility.

Managing Risk in a Complex 
Excipient Supply Chain

Cynthia A. Challener

respondence guidances, are examples 
of why drug product manufacturers 
must have a better understanding of 
what’s needed to comply,” adds Zawis-
lak. “Open communication with sup-
pliers about the composition, function-
ality, and performance of excipients in 
a drug product is essential. Excipients 
are no longer regarded as inactive 
and it is no longer sufficient to simply 
provide excipient specifications in an 
investigational new drug application 
(ANDA). FDA now requires drug prod-
uct manufacturers to tell the full story 
about the role and interaction of the 
excipients with the API in final drug 
products,” she continues. 

In China, “Bundling Review” re-
quirements were included within the 
Chinese Pharmacopoeia 2015 stan-
dards (3) and will be retained in its 
future 2020 version. 

Industry has also been active in up-
dating voluntary guidelines on ensur-
ing excipient quality and safety. The 
updated International Pharmaceuti-
cal Excipients Council (IPEC) Qual-

ity Agreement Guide (4) by the IPEC 
Federation was issued in November 
2017. Earlier in the year, the group also 
published updated guidelines on both 
excipient good manufacturing practice 
(GMP) (5) and good distribution prac-
tice (GDP) (6), as well as excipient risk 
assessments (7), according to DiPaola.

Regulatory proliferation 
driving communication
The proliferation of regulations in 
many dif ferent countries and re-
gions around the world has resulted 
in different excipient requirements 
that are often not fully aligned with 
one another. Global excipient sup-
pliers must work with customers to 
find ways to meet these challenges 
across multiple regions, sometimes 
for one particular type of application, 
according to Zawislak.

“More diligence is required when 
excipients fall under drug or API 
regulations,” she says. For example, 
she notes that Brazil and India have 
requirements for a specific amount of 
remaining shelf life for imported drug 

Cynthia A. Challener is a contributing 

editor to Pharmaceutical Technology. contin. on page 40
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M
anufacturers are likely very 

aware of the potential risks 

associated with the ingredi-

ents being used in the manufacturing 

process of drug products and the im-

portance of mitigating and managing 

those risks. It is critical for them to 

have the tools to be aware of what 

their suppliers are doing, how they 

are doing it, and ensure the quality of 

the ingredients they use.

The ability to manage risk and com-

pliance throughout the supply chain is 

more crucial than ever due to global-

ization of the supply chain. While glo-

balization potentially increases risks, 

greater public awareness and more 

diligent enforcement are raising the 

quality bar for drug ingredients.1

Managing Risk

A poster session presented at the 2017 

Annual Meeting of the American As-

sociation of Pharmaceutical Scientists 

(AAPS) by Stephen Andruski, PhD, man-

ager of Verification Programs at USP, 

illustrated how a drug manufacturer 

might conduct a risk assessment of the 

numerous ingredients and components 

they use. Every ingredient poses its own 

risk, and Andruski made the point that 

drug makers would benefit from deter-

mining the level of supplier qualification, 

the type of supplier qualification, and 

how a third-party verification program 

can help them address those needs.

“When evaluating the risks associ-

ated with an ingredient in your supply 

chain, you need to stay objective and 

use a system of tools to come to an 

objective understanding of the differ-

ent risks in the ingredients because not 

every ingredient poses the same risk,” 

Andruski told AAPS poster presenta-

tion attendees.

Andruski suggested asking the fol-

lowing questions to determine poten-

tial ingredient and supplier risks:

r� Is the material coming from a plant 

or is it being mined? The answer de-

termines the types of potential con-

taminants and how easy they are to 

detect. Data shows that even mined 

material has variations.

r� Is there a compendial standard to 

control those contaminants?

r� Does the material change when it is 

cultivated?

r� Is the material complex or simple?

r� What are the ingredient’s critical 

quality and performance attributes? 

Attributes like viscosity, particle size, 

pH, and surface area can all affect 

the manufacturing process and per-

formance in the final dosage form.

r� Does the product contain a high-

value material or one that is poten-

tially subject to economically moti-

vated adulteration or substitution? 

Andruski said many botanicals are 

difficult to identify and subject to 

adulteration or substitution.

r� Where is the manufacturer, distribu-

tor or supplier located?

r� Are you buying directly from the ingre-

dient manufacturer or through a dis-

tributor? If purchased from a distribu-

tor, do you know who the original 

manufacturer is? “Some distributors 

are more transparent than others re-

garding their ingredient manufactur-

ers,” said Andruski.

r� Are the manufacturer and the distrib-

utor familiar to you? How long have 

they been in business? In that time, 

have they changed management? 

Such changes can affect the company 

culture, the way they interact with 

their customers, and the information 

they are willing to share.

Options for Managing Risk

Managing risk for a variety of ingredi-

ents requires supplier qualification. This 

process can be as simple as sending a 

questionnaire to the ingredient supplier 

to obtain information about the ingre-

dient, the company, the firm’s business 

stability, and the markets in which they 

work. A follow-up on-site audit may be 

necessary upon reviewing the responses. 

But, this can be expensive and requires 

dedicated resources.

Another option is to rely on a third-

party audit and certification program. In 

this case, a contractor performs an on-

site audit of the supplier’s facility to cer-

tify they are following appropriate GMPs.

Andruski suggested that an option 

to be considered is a third-party veri-

fication program like USP’s Ingredient 

Verification Program. The USP Verifi-

cation Program began in 2001 for di-

etary supplements, branched out in 

2003 to verify dietary ingredients, and 

in 2006 began verifying pharmaceuti-

cal excipients and drug substances.

Risk Assessments and
Sourcing Strategies for

Excipients and APIs
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“USP’s third-party verification pro-

gram helps to ensure the quality of the 

ingredients going into drug products,” 

said Andruski.

Components of the USP Program

Meeting four key USP Verification 

Program criteria results in a sup-

plier’s ability to use the USP Verified 

Mark on the ingredients included in 

the program. First, before conducting 

the audit, USP looks at the supplier’s 

standard operating procedures (SOPs) 

to ensure they have a well-developed 

quality system in place and that they 

understand that USP will be looking 

at the quality systems and controls to 

ensure that they are following good 

manufacturing practices (GMPs).

Next, a GMP audit provides an 

overview of the quality system.

“We cite observations of noncon-

formities during that audit and work 

with the supplier to take corrective ac-

tions and assess those actions to make 

sure that they’ve addressed the initial 

concerns in an adequate fashion,” said 

Andruski. “USP will conduct annual 

GMP audits and the supplier is re-

quired to alert USP of any changes in 

the manufacturing of the product or 

the process.”

The third component of the USP 

Verification Program is an audit of the 

supplier’s quality control and manu-

facturing product documentation. 

This includes a review of batch re-

cords, raw material release documents, 

and finished product release documen-

tation. Andruski says this provides a 

detailed view that may not be revealed 

in a certification audit.

“By digging deep into the documen-

tation, we can see how quality systems 

are implemented and how quality is 

controlled on particular products,” he 

said. “We can get a lot of details that 

are not generally found in typical au-

dit of a facility.”

Typically, documentation is sent 

to USP for review, but in some cases, 

documentation is reviewed at the sup-

plier’s site. Similar to GMP auditing, 

USP reviews product documentation 

on a yearly basis.

The fourth component of the USP 

Ingredient Verification Program is 

product testing, which also is con-

ducted on a yearly basis. USP samples 

three lots of the ingredient and tests 

them. While problems are rare, if any 

are identified, Andruski said they usu-

ally arise because an analytical meth-

od is not well verified or validated.

“We believe testing and facility au-

dits are not always sufficient,” said 

Andruski. “Our goal at USP is to know 

why certain controls and quality sys-

tems are in place.”

Supplier Usage

At present, most drug ingredient sup-

pliers participating in the USP Ingre-

dient Verification Program are located 

outside the United States, in locations 

such as in India and China. Andrus-

ki said these companies want to sell 

products to U.S.-based drug manu-

facturers and provide assurances that 

their ingredient is of a high quality.

“The hope is that as recognition for 

the program grows, we will see more 

Western Europe and U.S. ingredient 

manufacturers engaging with us,” he 

said. “We know gaps in quality con-

trol may occur with any suppliers, re-

gardless of their geographical origin, 

if proper monitoring isn’t taking place. 

Companies that will work with us are 

going to be the quality companies, the 

better companies. And I think we’ll see 

some companies differentiating them-

selves as the market continues to grow.”

Drug Manufacturers Drive Verification

Drug product manufacturers can use 

this program as part of their supplier 

qualification process.

“The goal is for drug product manu-

facturers to drive the demand for the 

program by continuing to prioritize 

indicators of high quality, such as 

when companies go through the trou-

ble of getting verified,” said Andruski. 

“In theory, drug manufacturers would 

be more likely to buy the USP-verified 

materials because they know that USP 

is looking at the quality of that ingre-

dient and verifying that the specifica-

tions are accurate.”

He added that having the assurance 

of USP verification will allow drug 

makers to focus their resources on the 

higher risk materials that require close 

monitoring.

Conclusion

Risk assessment provides a far-reach-

ing view of a supplier’s quality system. 

As part of that risk assessment, the 

USP Ingredient Verification Program 

provides an independent assessor’s 

view of quality through a GMP au-

dit, testing, and detailed documenta-

tion review. A drug maker buying an 

ingredient from a supplier that has 

gone through USP verification can do 

so with increased confidence that no 

adulteration or substitution has oc-

curred, said Andruski.

“You really want to ensure the 

quality of the ingredients going into a 

product, and that is where good risk 

assessment, supplier qualification, 

and supplier verification comes into 

play,” said Andruski. “A product is 

only as good as the ingredients that 

make up that product.”
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Excipient Quality

products, which includes excipients, 
APIs, and finished drug products. De-
fining a shelf life in this case is differ-
ent than for APIs and drug products 
imported into other countries. “Open 
communication between raw material 
suppliers and formulators is particu-
larly important here, because without 
knowledge of the end use, suppliers 
cannot help ensure that formulations 
are in compliance,” Zawislak states.

With the proliferation of more reg-
ulations for excipients in the BRICK 
countries and in emerging countries, 
Dow Pharma Solutions is also initiat-
ing dialogue with regulatory agencies 
as well as customers to address some 
of these differences. “We see this situa-
tion providing a good opportunity, be-
cause it opens lines of communication 
and leads to greater awareness of the 
key role excipients have in pharmaceu-
tical products,” asserts Zawislak.

Contamination concerns
In addition to focusing on excipient 
quality in recent years, regulatory 
agencies have strengthened their posi-
tions on preventing drug adulteration 
of both APIs and excipients by enact-
ing a number of new regulations, ulti-
mately requiring tighter control of the 
manufacturing processes and testing, 
according to DiPaola. 

“A major area of concern in excipi-
ent quality is contamination from a 
number of potential sources, includ-
ing viruses; microbial and endotoxin/
pyrogen contaminants; transmissible 
spongiform encephalopathy; and im-
purities resulting from raw materials, 
byproducts generated during process-
ing, and product degradants. Lack of 
sterility for excipients deemed sterile 
is also a potential issue,” DiPaola says.

These problems can occur for a 
number of reasons ranging from the 
lack of dedicated equipment and/or 
facilities for the manufacturing of ex-
cipients; poor environmental control 
during manufacturing; and/or inap-
propriate storage and shipping condi-
tions, among others.

Risk assessment approach
Given this sizeable list of concerns, 
regulatory bodies have begun to expect 
excipient users (e.g., drug manufactur-
ers) to perform extensive risk analyses 
and implement mitigation plans for sit-
uations deemed to be high-risk. “Such 
mitigation strategies may require more 
testing of excipients for the presence of 
contaminants or require more control 
of the manufacturing process and dis-
tribution,” notes DiPaola.

One example is the EU guideline 
that became effective in 2016. It re-
quires more formalized risk assess-
ments to be conducted on a regular 
basis. This approach is not limited to 
the EU, however, according to Zawis-
lak. “We have seen risk assessments 
become more of a standard globally as 
a tool in managing raw material and 
supplier qualification,” she says. 

The revised IPEC-PQG GMP Guide, 
IPEC–PQG Good Manufacturing Prac-

tices (GMP) for Pharmaceutical Excipi-

ents 2017 (5), which was published in 
May 2017, was updated partly in re-
sponse to the increased requirements 
for drug manufacturers to perform 
risk assessments for excipients to de-
termine the appropriate level of GMP 
that should be used to produce them. 
It also takes into account third-party 
standards (EXCiPACT and ANSI) 

“against which excipient suppliers can 
be certified to provide assurance that 
they are operating in conformance 
with excipient GMP,” according to an 
IPEC news release (8).

Shared responsibility
With increasing regulatory and busi-
ness demands, the relationships be-
tween excipient suppliers and me-
dicinal product manufacturers have 
never been so important, accord-
ing to Dominik Odenbach, director, 
global regulatory and external affairs, 
Pharma & Human Nutrition, BASF. “A 
mutual understanding of what is ap-
propriate to ensure the safe and reliable 
supply of high quality excipients is es-
sential, and it is in the quality agree-
ment that these expectations can be 
defined,” he explains. 

The recently revised IPEC Quality 

Agreement Guide (4) reinforces the 
fact that the business of ensuring ex-
cipient safety is a shared responsibility 
between excipient users and suppliers, 
according to DiPaola. “The quality 
agreement enables the drug manufac-
turer and the excipient supplier to es-
tablish a partnership through which all 
quality requirements and responsibili-
ties are clearly delineated. This legally 
binding agreement provides a process 
by which costly product quality issues 
can be minimized and ensures that the 
drug manufacturer can meet its regu-
latory expectations and requirements,” 
he explains.

“We have found that use of the 
IPEC QA templates published in 2009 
significantly facilitate and accelerate 
the negotiations between excipient 
suppliers and customers and, hence, 
reduce the workload related to the re-
view and discussion of quality agree-
ments for all parties involved,” adds 
Odenbach. “BASF strongly promotes 
the use and further optimization of 
standard templates.”

The major change incorporated in 
this latest version of the IPEC Qual-

ity Agreement Guide is the addition 
of the Manufacturer’s Statement. 
The original version of the guide 
addressed the need to have a qual-
ity agreement between the excipient 
manufacturer and its direct customer 
(e.g., the drug product manufacturer 
or distributor) and between the dis-
tributor and its customer. 

In recent years, customers who buy 
from distributors have been request-
ing quality agreements with excipient 
manufacturers as well. However, be-
cause there is no direct business rela-
tionship between the excipient manu-
facturer and the distributor’s customer, 
formalizing a three-way company 
agreement would be necessary—and 
complicated, according to Zawislak. 

The Manufacturer’s Statement ad-
dresses this gap. It is written by the ex-
cipient manufacturer to define its qual-
ity responsibilities for manufacturing 
the excipient through its lifecycle (e.g., 
maintenance of a quality management 

contin. from page 36
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system, adherence to GMPs, change 
notification, etc.). The Manufacturer’s 
Statement is signed and dated by the 
manufacturer and can then be at-
tached to agreements between distrib-
utors and their customers.

“It is important to note that the 
Manufacturer’s Statement is not a full 
quality agreement between three com-
panies or a stand-alone document. It 
is, however, a signed statement from 
the excipient manufacturer regarding 
its quality responsibilities, which are 
generally the same regardless of the 
end-use customer. As a result, the need 
for a three-way quality agreement is 
eliminated, yet each party is protected 
with respect to quality assurance,” Za-
wislak observes. 

Variability is an issue
Aside from variations in the regional 
regulations designed to ensure excipient 
safety, a key challenge for the pharma-
ceutical industry is the lack of integrity 
and transparency within the excipient 
supply chain and variability in the qual-
ity of excipients, according to DiPaola.

Significant test method variability is 
another issue for Ann Gulau, a qual-
ity assurance scientist at Dow Pharma 
Solutions. “This variability should be 
considered when setting monograph 
and specification limits. Currently, 
there are many tests that have much 
higher variability than the monograph 
specification limits. As a result, signifi-
cant amounts of material are discarded 
as unsuitable for pharmaceutical use, 
despite no real safety or quality con-
cerns,” she explains.

Further issues for DiPaola are the 
limited amount of testing currently 
performed for excipient release and 
the lack of robust stability data.

Updated and harmonized 
monographs needed
Most current excipient testing is con-
ducted according to pharmacopeia 
methods, which like excipient regula-
tions, vary on a regional basis. 

“It is not value-added to measure es-
sentially the same properties with dif-
ferent methods to satisfy all regional 
requirements. There are frequently 
minor regional test differences in 
various pharmacopeia that require 
additional testing or studies to prove 
equivalency. This additional testing 
does not improve product quality or 
patient safety,” asserts Barbara Serr, 
business analytical leader for Dow 
Pharma Solutions.

For instance, despite the global 
pharmacopoeial harmonization ef-
forts in the US, Europe, and Japan, the 
Chinese Pharmacopoeia (CP) develops 
individual excipient monographs with 
separate requirements, according to  
Odenbach. “For an excipient manu-
facturer, higher analytical efforts and 
costs to release globally used materials 
are necessary to introduce products to 
the Chinese market, if possible at all. 
These stringent Chinese requirements 
create new hurdles to trade, restrict-
ing choice, and raising costs, also for 
pharma manufacturers or consumers,” 
he says.

Complicating this particular issue 
is the lack of timely availability of 
an official—and therewith binding—
English translation of the Chinese 

Pharmacopoeia. “In preparation for 
CP compliance, analytical method set 
up and validation work must be per-
formed in the release labs of the excipi-
ents manufacturers, for non-Chinese 
speaking lab personnel an impossible 
task. In addition, from a technical and 
testing point of view, several excipient 
monographs require technically non-
achievable limits and/or demand the 
performance of technically non-feasi-
ble methods. Furthermore, scientific 
cooperation with the Chinese Pharma-

copoeia experts in advance is difficult 
and protracted,” Odenbach states.

Many of these methods also are in 
need of modernization. “Current meth-

ods tend to be highly time consuming, 
frequently lack appropriate sensitivity, 
and generally rely on older analytical 
technologies,” observes DiPaola. Adds 
Serr: “Continuation of old limit tests 
to satisfy some regional pharmacopeia 
is unwarranted and unnecessary test-
ing. Additionally, some test items may 
simply be historic without any real 
relationship to patient safety. Mono-
graphs should be updated with a focus 
on items that are real safety concerns 
instead of simply continuing historical 
practices without real purpose.

One recent example of an improve-
ment is the conversion from old wet 
chemical methods to the use of induc-
tively coupled plasma-mass spectrom-
etry for elemental impurity determina-
tions. “Using this advanced analytical 
technique has revealed that many ex-
cipients do not contain any of the ele-
ments of concern,” Serr notes. 

DiPaola would like to see more 
use of mass spectrometry for the 
detection and characterization of 
impurities/contaminants and newer 
ultra-high-performance liquid chro-
matography technology with high-
resolution columns.

Dynamic situation
Ultimately, according to DiPaola, phar-
maceutical manufacturers are held ac-
countable for the overall quality and 
safety of pharmaceutical products. 
They are thus applying more pressure 
on excipient suppliers for greater con-
trol of the quality and safety of their 
excipients, as well as tighter control of 
excipient distribution.

At the same time, regulation in 
the pharmaceutical industry is a dy-
namic situation, according to Zawis-
lak. “Patient safety is the ultimate goal 
and often requires development of 
regulations and standards to achieve 
that goal in an ever-changing world. 
Regulations also need to keep pace 
with emerging technologies and in-
novations in drug development,” she 
observes. 

contin. on page 61

Ensuring excipient 

safety is a shared 
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Implementing Pharma 4.0 

with OSIsoft PI SystemA Q&A

T
op pharma and life sciences companies 

are quietly shifting to a more data-driven, 

continuously monitored development 

process called Pharma 4.0. In this interview, 

Petter Moree, industry principal for Pharma 

at OSIsoft, discusses the role of OSIsoft’s 

PI System in the advent of Pharma 4.0 across the life sciences 

industry. The PI System captures and orchestrates data from 

fermenters, temperature sensors, and other devices so that 

pharmaceutical organizations can increase their understanding 

of their manufacturing processes to meet quality standards, lower 

costs, increase efficiencies, and speed time to market.

Pharmaceutical Technology: First, what is OSIsoft and 
what do you do?
Moree: OSIsoft has been in the data collection and digitalization 

market for more than 30 years. We are collecting data and building 

up a data infrastructure system for various industries including the 

life science and pharmaceutical markets for applications including 

quality management, regulatory compliance, operations intelligence, 

and other types of business treatment solutions. If you’ve been in a 

control room and seen these big screens showing energy consump-

tion or current production, you were probably looking at our software.

Pharmaceutical Technology: How is the PI System used 
for Pharma 4.0 implementation?
Moree: The PI System is used by many leading pharmaceutical and 

biopharmaceutical companies. Our current customer list includes 

23 out of the top 25 companies. We and our customers are con-

necting the PI System to many different resources that are generating 

data—for example, supervisory control and data acquisition (SCADA) 

systems, distributed control systems (DCS), building management 

systems, laboratory information management systems (LIMS), various 

IOT devices, and process analytical technology (PAT) components. 

The data is then translated into knowledge and information.

That knowledge and information can help pharmaceutical com-

panies reduce time to market, and also understand what is affecting 

quality and how that knowledge can drive processes in a better 

way. We say that the PI System is the real-time data infrastructure 

for the industry because it connects all the different parts of a 

pharmaceutical company, the process units, the plant sites, the sites 

across their entire enterprise, and beyond. The PI System plays an 

essential and central part in Industry 4.0 and Pharma 4.0.

Pharmaceutical Technology: Is Pharma 4.0 just about 
control and automation?
Moree: No. From my viewpoint, Pharma 4.0 and Industry 4.0 are 

far more than just automation. They are very much about reporting, 

quality management, energy management, and, of course, time to 

market. It’s also about regulatory compliance, and one hot topic in 

these cases is data integrity. Can we trust the data? Can we trust 

what’s in the data that has been collected and stored? There are 

many different aspects of data and how data plays an important 

part in Pharma 4.0. If you think of it, Pharma 4.0 is about replacing 

“I believe this is what’s happening” to “I know what is happening” to 

improve all of your processes.

Pharmaceutical Technology: It sounds like companies 
have this data, but don’t really use it to its full value. Is 
that what’s going on?
Moree: Yes. The pharmaceutical industry is going through a 

revolution that started 15, maybe 20 years ago. Some pharma 

companies began by collecting data and using it to prove they 

were operating their processes in a good way, meaning that they 

were generating reports on every single batch or lot of material 

that they are shipping. Now, regulatory agencies are requiring or 

helping and supporting the pharmaceutical companies to become 

more data driven. So, the digitalization that is occurring in the 

industry is affecting research and development work and they are 

setting up new types of guidance and recommendations.

One example is Quality by Design, meaning that processes should 

be knowledge- and risk-based development. And that should then 

help pharmaceutical companies to have more flexibility to meet quality 

specifications. Also with increased flexibility, they can operate in a 

faster and more secure way with a lower cost. The industry is using 

data to make decisions in real time, going from being reactive to proac-

tive. And that is only based on data-driven decisions, but of course, 

underpinned by first principles, experiences, and risk management. 

We can trust the type of data and decisions we make from all the data 

that is collected, both in development and at CMOs and other partners.

Pharmaceutical companies are rapidly adapting their 

businesses to new data analytics environments.

Petter Moree 

Industry Principal  
for Life Sciences 

OSIsoft
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But we shouldn’t single pharma out. Utilities, oil and gas, food, 

discrete manufacturers and others don’t take full advantage of data 

either. McKinsey estimates that only 1% of the data from 30,000 

sensors on oil platforms gets used for decision making.

Pharmaceutical Technology: What regulatory compli-
ances are involved in Pharma 4.0?
Moree: One hot topic related to Pharma 4.0 is about data integrity. In 

Pharma 4.0, people talk about data integrity by design, meaning they 

are building up a very solid means for in how they access and collect 

the data. This includes Plug and Produce, where we are collecting 

data that we can store and contextualize.

The data is one part, but the metadata (i.e., data about the data) 

is also very important. How can we be sure that the data collected is 

the right data? We need to understand how to consume the data. Two 

people looking at the same data should make the same conclusions 

and assumptions. And, data integrity is improving as the number of 

people increases that are looking at and consuming data. So, the more 

that we can democratize the data, the more that we can consume it. 

And the better we generate data, the better we can operate and run 

our processes. This is the core of Industry 4.0 and Pharma 4.0.

We’re also seeing examples where pharma companies can use 

technology to streamline their operations within the regulatory con-

text. One of the more interesting experiments taking place today is an 

effort by Eli Lilly to create network of contract manufacturers to pro-

duce pharmaceuticals, similar to how computer makers use OEMs to 

manufacture products they’ve designed. For the system to work, Lilly 

needs detailed, real-time information on all critical processes, so the 

company is setting up systems where it can monitor its contractors. 

This satisfies the regulatory and safety requirements and, ideally, will 

allow Lilly to concentrate on R&D and marketing. Meanwhile, contract 

manufacturers will begin to innovate more, which in turn could lead 

to lower prices and accelerated time-to-market.

Another interesting experiment is the Parexel, which performs drug 

testing. They want to supplement and ultimately replace in-patient 

visits with wearables. Wearables potentially will provide more, and 

more insightful, data at a lower cost. But it has to be conducted 

within the rigors of the testing framework. If they can meet the 

standards, it will have a profound impact on testing.

Pharmaceutical Technology: Do you see any return on 
investment in applying Pharma 4.0?
Moree: Definitely. One manufacturer, for example, reduced equip-

ment costs by 17%. At Sanofi and other companies, document 

management has been reduced by thousands of hours a year. Many 

of our customers are presenting use cases on how they are using the 

PI System in both their R&D and development environments where 

they can reduce time to market and build up a better knowledge 

management structure, which is very important in how they operate 

their processes in manufacturing scale later on. But also in manufac-

turing, we see big influences to apply various types of Industry 4.0 

and Pharma 4.0 technologies. For example, real-time monitoring uses 

various types of advanced analytic technologies or more standard-

ized statistical process control (SPC) or multivariate SPC.

We also see usage of advanced process controls, where the 

industry is changing and controlling their processes both feed-

forward and feed-back in real-time control based on the current 

situation. They are stabilizing the variation, and reducing variation 

in the processes. We also see examples for how they use data and 

Pharma 4.0 in choosing raw materials and how that can be done 

much faster and better than in traditional wet chemistry analysis. 

Thus, many different aspects of data consumption with Pharma 4.0 

initiatives are generating ROI.

Pharmaceutical Technology: What is required to imple-
ment Pharma 4.0?
Moree: One important part is to get the senior leadership to buy in. 

The pharma industry is very data rich. It has been, and is, collecting 

a lot of data. Of course, that data can contain a lot of information. 

So, the challenge here is to translate that data into information and 

ultimately into decisions so that they can become more data-driven.

There are three aspects that can be mentioned. The leadership 

drive toward Pharma 4.0. Companies need good, reliable tools so 

that we have access to the data. We don’t need to spend time finding 

and structuring and be data-driven as such.

The PI System plays an essential part in enabling and providing 

the infrastructure so that it can be done all across the pharmaceutical 

organization. And, last, but not least, it’s a way to be more risk-based 

and data-driven in their approach to use various types of analytics 

and data science technologies, and combine that with the subject 

matter expertise, to be it chemistry, biology, or physics.

It is important to build a cross-functional team where you combine 

engineering, manufacturing science technology, IT, and quality 

management into teams that can collaborate and really look into the 

processes and the challenges from different perspectives. That is 

one of the essential parts really driving Pharma 4.0 forward.

Pharmaceutical Technology: What kind of success 
stories are you seeing out there?
Moree: We have collected many inspiring use cases from our cus-

tomers who have started to use Pharma 4.0 and become data-driven 

in their organizations. I have seen success stories from companies 

like Novartis, presenting the factory of the future and various 

examples of how they are data-driven in both their development 

and manufacturing processes.

I’ve seen examples from Johnson & Johnson of how they are 

standardizing and building one very transparent layer across their 

organization, which is focused on accessing, using, and standardizing 

the data, and how they consume data, which is helping them tremen-

dously. And, we have seen examples from companies like Biogen, 

Amgen, and Genentech. Many well-known pharma and biopharma 

companies are starting to share their success stories and ideas.

We are still in the beginning of the Pharma 4.0 era. We will see 

more to come in the next few years when it will be more broadly 

implemented across not just new processes, but also legacy systems 

and legacy processes, where these types of new technologies for 

data-driven decisions will help organizations be more effective and 

generate higher value.
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Pharmaceutical and nutritional package integrity 

is often studied by incidental contamination, via 

immersion or aerosol microbiological challenge 

tests. Aerosol tests rely upon microorganisms 

settling from the atmosphere onto critical 

surfaces. Maintenance of a contaminated 

atmosphere is necessary to create the conditions 

that will cause a constant settling rate of the test 

microorganisms. Both parameters—maintenance 

of bioburden and duration of exposure—have 

to be monitored and controlled. It is important 

to understand the limitations of aerosol tests 

where the microbial contamination conditions 

are not maintained over the duration of the test. 

The following study describes a methodology 

to establish, control, and characterize an 

aerosolized bioburden within a test chamber 

and determine the settling rate of the bioburden. 

The intention of this paper is to stimulate the 

necessary discussion for the establishment 

of the standard criteria for all aerosol tests to 

generate comparable and reproducible data.
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T
he integrity of pharmaceutical and nutritional packag-
ing is typically assessed by its ability to withstand mi-
crobial challenge tests (1). These tests simulate worst-
case scenarios that may be encountered during filling, 

shelf life, transport, and dispensing. There are two common 
microbial challenge methods: immersion and aerosol. In im-
mersion tests, the critical surfaces of the package are placed 
into direct contact with a microbial broth containing test 
microorganisms (2). In aerosol tests, the package is exposed 
to aerosolized test microorganisms (3–5). Immersion tests, in 
which the microorganisms are certain to be in direct contact 
with the container, are considered more stringent than aero-
sol tests for three main reasons:

• The immersion bioburden is measured in colony-forming 
units per mL (CFU/mL), while the aerosol test bioburden 
is measured in CFU/m, a 10 lower concentration. 

• Immersion test results are obtained in which the object 
or surface being tested is in direct contact with the chal-
lenge microorganism suspended in the liquid medium.

• In an aerosol test, the duration of exposure to a main-
tained aerosol concentration determines the number of 
challenge particles settled onto the critical surfaces.

Until a complete closure has been accomplished, packag-
ing technologies are unlikely to pass an immersion test as 
described in Parenteral Drug Association (PDA) Technical 

Report (TR) 27, sections 6.2 and 8.6 (2). Immersion tests, by 
design, simulate worst-case scenarios far outside of those 
provided while processing under FDA good manufacturing 
practice (GMP) conditions (6).

Albeit less stringent than an immersion test, aerosol chal-
lenges are increasingly more popular because they correlate 
directly to real-life situations experienced by sterile packages 
and devices during filling, storage, transport, and point-of-
use. Aerosol tests can be designed to simulate specific sce-
narios of non-classified atmospheres (4, 5). Several such 
aerosol case studies have been described in literature (4, 7). 
However, current guidelines for aerosol testing of package 
integrity as described in PDA-TR 27 (sections 6.3 and 8.7) 
do not allow for standardized and comparative data analy-
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sis. Aerosol testing relies upon microorganisms settling from 
the atmosphere onto the critical surfaces being tested (3–5). 
Therefore, the rate at which test microorganisms settle onto 
surfaces has to be determined for the test setup.

An initially established and continuously maintained 
level of contamination in the test environment is required 
to determine the duration of exposure that results in a pre-
dictable bioburden accumulation on the surface to be tested. 
Bioburden accumulated on these surfaces as a function of 
the duration of exposure should be the common denomina-
tor in aerosol challenge tests. In this study, bioburden was 
measured after different periods of exposure to establish a 
correlation between aerosolized bioburden and accumu-
lated surface bioburden for a specific aerosol challenge test. 
This correlation can be used to determine the duration of 
exposure in a controlled aerosol chamber, which will pro-
vide comparable and reproducible tests conditions for the 
test items.

In this article, the authors describe a methodology to es-
tablish and control an aerosolized bioburden within a test 
chamber. The key test parameters to be measured were iden-
tified and the accumulation of bioburden on surfaces tested 
inside the test chamber was studied as a function of time. 
This article also seeks to initiate the necessary efforts for 
the standardization of meaningful duration of exposure in 
aerosol challenge tests. Finally, this method can also be used 
as a risk-analysis tool for exposed surfaces of filling systems, 
closures, connectors, and devices that are dependent on the 
air quality of the surrounding environment.

Materials and equipment
The materials and equipment were specially designed to 
achieve and maintain the desired aerosolized bioburden level. 
Equivalent material and equipment can be used if the key 
operational features are maintained or the methods adapted 
to achieve and maintain the desired aerosolized bio-burden.

The chamber (see Figure 1) consists of Plexiglas glued into 
an aluminum T-slotted frame box with four pairs of polyure-
thane gloves, two nebulizers (one at each end of the chamber), 
programmable electrical outlet, three internal mixing fans, 
access door, air sampler, and air sample strips.  The chamber 
is vented to the building exterior.

Black neoprene, 1.5-mm thick gloves that are chemical, oil, 
and ozone resistant were used.  

Two DeVilbiss PulmoNeb LT nebulizers with a nebuliza-
tion rate of 0.24 mL/min were used to aerosolize the test 
microorganism strains from the nebulizer stock and deliver 
them into the chamber. One nebulizer was located at each 
end of the chamber. The nebulizers conform to Healthcare 

Common Procedure Coding System Code E0570—Nebulizer: 
• Operating temperature range: +40 °F to +104 °F (+5 °C 

to +40 °C)
• Operating humidity: up to 95% non-condensing
• Supplied nebulizer capacity:  >10cc
• Supplied nebulizer nebulization rate: 0.24 mL/min
• Supplied nebulizer mass median aerodynamic diameter: 

2.7 micron.
The nebulizer stock consisted of a phosphate buffered sa-

line (PBS) stock that was made fresh overnight using test 
microorganisms culture, concentrated at 2-Logs (CFU/mL) 
above (100x) the desired chamber bioburden in CFU/m. 
The formulation of the PBS stock solution (pH 7.2) is used 
in food, dairy, and pharmaceutical testing as referenced in 
AOAC International, American Public Health Association, 
FDA, US Department of Agriculture, and US Pharmacopeia 
test methods. 

A programmable unit (VWR traceable time switch con-
troller) was used to control the duration of nebulizer bursts 
of microorganisms and ensure the maintenance of the de-
sired bioburden throughout the duration of the test.

Three Massey four-inch high-velocity desk fans, one at 
each end of the chamber above the nebulizers and the third 
in the center of the chamber, maintained a mixture of the 
aerosolized microorganisms.

Operated according to the manufacturer’s instructions, 
the air sampler (RCS HYCON) assessed the microbial popu-
lation within the chamber. The total count agar (TCA) strips 
were incubated at 30–37 °C for the appropriate period of time 
(24–48 hours). Enumeration of these TCA strips confirmed 
that the target bioburden was maintained throughout the test.

A thermometer with clock and humidity monitor 
(VWR, 62344-734) was used to monitor the ambient tem-
perature, humidity, and time. 

At the completion of the test, the chamber was decontami-
nated by manual wiping with 70% isopropyl alcohol.

Procedures
Achieving and maintaining the desired aerosol bioburden. The con-
taminated environment in an aerosol challenge test needs to 
be contained in a defined chamber and made uniform by air 
circulation. The primary construction materials (acrylics, 

Figure 1:  Aerosol chamber, 183 cm x 84 cm x 76 cm 

(length x width x height), 1.168 m3 volume.
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polyvinyl chloride, Plexiglas, etc.) of many aerosol chambers 
are prone to bacterial adhesion especially with fans pushing 
test microorganisms against these surfaces. When air samples 
are taken after setting a defined bioburden (CFU/m) inside 
an aerosol chamber, enumeration counts will decrease at a rate 
governed by the chamber materials, internal objects, fan speed, 
nebulization rate, and settling rate of the microorganisms. 
Unlike the immersion test, the aerosolized bioburden in the 
chamber is dynamic, constantly settling, and thus diminish-
ing in the chamber over time. To maintain a constant aerosol 
challenge level, the aerosolized bioburden must be periodically 
replenished with test microorganisms (Figure 2). 

Several means were evaluated to achieve and maintain the 
desired aerosol bioburden inside the chamber. These mea-
sures included using a variety of microorganisms, chamber 
management, and data capture and report.

Microorganisms. The choice of microorganisms is a com-
promise between relevant species for the intended product, 
product storage conditions, and resilience of the bacterial 
species to aerosolizing procedures. It was acknowledged that 
a single bacterial strain would not suffice to fulfill all the 
selection criteria. Three test microorganisms were evaluated 
and the rationale for their inclusion in the proposed chal-
lenge test has been outlined:

• Bacillus subtilis ATCC# 6633, a common sporeforming 
test microorganism

• Enterobacter aerogenes ATCC#13048, a broad spectrum 
substrate and motile test microorganism (Serratia marc-

escens is a possible substitute)
• Brevindumonas diminuta ATCC#19146, an extremely 

small (0.31 um) test microorganism.
The challenge microorganisms were grown under optimal 

media/conditions (usually trypticase soy broth), 30 °C, aera-
tion by shaking) overnight (approximately 16 hours) prior to 
the test (see ATCC for additional information specific to each 
microorganism). On the day of the test, a fresh culture was 
diluted in PBS to create the nebulizer stock suspension. The 
stock suspension was concentrated to 2-Logs above (100x) 
the desired chamber bio-burden (see Table I).

The stock suspension was enumerated by serial dilution on 
trypticase soy agar (TSA) plates to confirm the population. 

Chamber management. The test chamber and its compo-
nents were checked for integrity before every aerosol test. 
The major components of the test chamber included:

• Neoprene gloves
• Nebulizers (filled with stock suspension)
• Programmable outlet
• Mixing Fans
• Air samplers and total count (TC) agar strips.
Using the nebulizers, programmable outlet, and fans, the 

microbial content of the chamber was elevated and main-
tained at the desired challenge level (Log [CFU/m]) as de-
scribed in the following and depicted in Figure 3. The nebuliz-
ers were maintained active during the charging phase (i.e., the 
first 20 minutes in the aerosol chamber as described). Once 

the target bioburden concentration was reached, both nebu-
lizers were inactived for a five-minute period. After the min-
ute “off” period, both nebulizers were activated again. The 

“on” and “off” cycle was repeated for the duration of the test.
The recorded data should be included in the final report 

(photos, tables, and graphs are recommended to support the 
data), including: stock suspension enumeration; room con-
ditions (temperature, room humidity, and duration of test); 
air sampling times and populations; specific test character-
istics; and exposure time. Appropriate negative and positive 
controls are used to confirm validity of the microbial tests.

Data capture and report. Periodic air sampling was per-
formed using the RCS HYCON air sampler. The agar strips 
were incubated at optimal conditions for the test microor-
ganisms. The bioburden was enumerated using the formula 
provided by the manufacturer (Figure 4):

Aerosol bioburden maintenance. Using the steps described in 
the previous section, the chamber was charged and main-
tained at the target microbial levels for the duration of the 
test period (Table II). 

During the tests, periodic air samples were taken to assess 
the aerosolized bioburden level inside the chamber.

Aerosol bioburden decay. Using the steps described, the 
chamber was initially charged to the target concentration, 
but not maintained at that level. Then, the aerosolized bio-

Figure 2:  Bioburden dynamics and fate inside the aerosol 

chamber.

Table I: Nebulizer stock and target chamber bioburden.

Nebulizer stock log (CFU/mL)

Chamber bioburden

(After charging and during 

maintennace)

log (CFU/m3)

8 6

7 5

6 4

5 3

4 2

3 1

CFU is colony-forming units.
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burden was allowed to settle (Table III). During these studies, 
periodic air samples were taken (as described previously) to 
monitor the internal bioburden level.

Aerosol bioburden and surface bioburden accumulation. Using 
the steps described, the chamber was charged and main-
tained at different microbial population levels ranging from 
1-Log (CFU/m) to 7-Log (CFU/m).

The following steps were taken to capture the settling of 
the bacterial population onto TSA plates. A total of six plates 
were distributed along the base of the chamber. Three air 
samples were obtained for each test condition (Table IV).

After each air sample, two settling plates (for a total of 
six) were exposed to the aerosolized bioburden for a pre-
determined time period (Table V). Surface enumerations and 
aerosol samples were correlated to study their relationship 
within the chamber.

Results and discussion
Aerosol bioburden maintenance. Following the procedure de-
scribed, the air sampling results were plotted against time 
(Figure 5 and Figure 6).

After the initial charging period of 20 minutes, the aero-
solized bioburden inside the chamber was maintained with 
periodic bursts of nebulized microorganisms. The aerosol-
ized bioburden can be maintained over periods ranging from 
a few minutes (Figure 5) to several hours (Figure 6). The results 
obtained confirm that the method described allows for the 
establishment, maintenance, and control of a homogenous 
aerosolized bioburden. Also, a stable bioburden level can be 
maintained for several hours.

The rationale for continuous bioburden maintenance 
is that aerosolized microorganisms (and particles) settle 
on available surfaces over time, decreasing the number of 
microorganisms present in the environment and lowering 
the aerosol bioburden over time. The programmed bursts of 
nebulized bioburden replenish the environment, hence, main-
taining the bioburden level over time as shown in Figure 5 and 
Figure 6. Without replenishment, the aerosol bioburden will 
result in a decay of aerosol population.

Aerosol bioburden decay. To determine the bioburden decay 
in the chamber without aerosol maintenance bursts, the 
chamber was initially charged, but the aerosol bioburden 
was not maintained with subsequent microbial injection. The 
air sampling population results were plotted against time 
(Figure 7).

After an initial charging period of 20 minutes, the aero-
solized bioburden level inside the chamber reached the 
target concentration and then decayed over time when it is 
not maintained with periodic nebulized bursts. The results 
shown in Figure 7 confirm that without maintenance bursts, 
the aerosol bioburden decays with time, which will impact 
the total settling population available during the studied 
period. Therefore, maintaining the aerosolized bioburden 
as shown in Figure 5 and Figure 6 provides conditions for con-
stant settling of the bioburden. A constant settling rate will 
enable the comparison and reproducibility of aerosol micro-
bial challenge tests. Figure 8 describes the proposed steps in a 
constant aerosolized microbial challenge test.

Figure 3:  Nebulizers “on” and “off” cycle.

Figure 4:  Bioburden calculation using RCS HYCON, BioTest air 

sampler. CFU is colony-forming units.

Table II: Aerosol bioburden maintenance test conditions.

Test #

Aerosol bioburden maintenance

Target log

(CFU/m3)

Charge

(minutes)

Test aprox.

duration

(minutes)

Nebulizer stock

enumerations

log (CFU/ml)

1 6 to 7 20 60 8.77

2 6 to 7 20 60 8.78

3 6 to 7 20 60 8.60

4 3 to 4 20 70 5.74

5 3 to 4 20 50 5.78

6 3 to 4 20 520 5.74

7 3 to 4 20 520 5.97

CFU is colony-forming units.

Table III: Aerosol bioburden decay test conditions.

Test #

Aerosol decay

Target starting log 

(CFU/m3)

Test aprox.

duration

(minutes)

8 6 to 7 100

9 3 to 4 60

10 6 to 7 90

CFU is colony-forming units.
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Aerosol bioburden and surface bioburden accumulation. To study 
the bioburden accumulation onto surfaces exposed to aerosol 
bioburden populations, the chamber was charged and main-
tained following the steps described previously. The results 
of a series of experiments are shown in Table VI, and the data 
indicates a linear relationship between aerosol bioburden 
and surface bioburden accumulation over time (Figure 9).

The observed results confirm, as expected, that the level 
of aerosolized bioburden determines the surface bioburden 
accumulation over time of exposure (Table VI and Figure 9). 
Thus, a higher aerosol bioburden population will accumulate 
a higher surface bioburden per unit time. This is a settling 
rate of colony forming units per meter square per minute 
(CFU/[m min]), and it remains constant as long as the aero-
sol bioburden is maintained constant (Figure 2). Thus, in an 
unmaintained aerosol bioburden scenario, the settling rate 
will decrease over time as the aerosolized bioburden is de-
pleted and eventually exhausted (Figure 7).

The surface bioburden accumulation in a maintained 
aerosolized environment can be estimated using this con-
stant settling rate (Figure 9). The bioburden accumulated on 
the surfaces essentially reaches a constant level over time 
(Figure 10) associated with the maintained aerosolized popu-
lation. This minimum time of exposure should be used to 
carry out meaningful and reproducible aerosol challenge 
tests after all sample units have been exposed to similar 
conditions. 

A constant settling rate allows the prediction of surface 
bioburden by using the correlation formula (Equation 1) ob-
tained from the aerosol to surface bioburden accumulation 
(Figure 9) for the aerosol chamber:

y = 1.037x - 1.3055 (R2 = 0.9997)
[Eq. 1]

where: x is the logarithm of the aerosol bioburden in 
CFU/m and y is the logarithm of the surface bioburden in 
CFU/m after one minute of exposure.

This formula can be used in risk assessment for tests car-
ried out inside the chamber when the aerosolized bioburden 
is maintained as described. A similar approach has been pre-
viously studied when calculating the likelihood of airborne 
contamination in controlled classified or non-classified en-
vironments (8).

Similarly, an example of a controlled non-classified envi-
ronment less than ISO 8 was studied. In this example, the 
measured aerosol bioburden was close to 3-Log (CFU/m). 
Using Equation 2:

y = 1.037x - 1.3055
3 = 1.037x - 1.3055
x = (3 – 1.3055)/1.037
x = 1.63←Log (CFU/m)/minute

[Eq. 2]

Table IV: Air sampling for each test.

Test #

Aerosol enumerations

Target log (CFU/m3)
Volume

sampled (L)

1 6 to 7 1

2 6 to 7 1

3 5 to 6 2

4 4 to 5 2

5 4 to 5 5

6 4 to 5 10

7 3 to 4 50

8 2 to 3 100

9 2 to 3 100

10 1 to 2 1000

CFU is colony-forming units.

Table V: Settling plate exposure for each test.

Test #

Aerosol 

enumerations

Surface 

enumerations

Target log (CFU/m3)
Plate exposure time 

(minutes)

1 6 to 7 0.17

2 6 to 7 0.17

3 5 to 6 2

4 4 to 5 2

5 4 to 5 8

6 4 to 5 10

7 3 to 4 16

8 2 to 3 120

9 2 to 3 120

10 1 to 2 300

CFU is colony-forming units.

Figure 5:  Aerosol bioburden maintenance. Results are shown 

for Test #1 through Test #5. Also depicted are the initial charge 

and the maintenance period with the periodic nebulizer bursts. 

CFU is colony-forming units.
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After one minute of exposure, there is an accumulated sur-
face bioburden of 1.63-Log (CFU/m) or about 43 CFU/m. If 
the critical surface of the neck opening of an unsealed 2-mL 
vial is 0.64 cm, then the accumulated bioburden into that 
opening per minute is approximately 0.003 CFU. This im-
plies a risk of three contaminated vials every 1000 exposed 
vials to a 3-Log (CFU/m) environment for one minute. 

If the level of aerosolized bioburden is increased to 
4-Log (CFU/m), the risk per minute of exposure increases 
to three contaminated vials every 100 exposed vials. If the 
analysis is done on a typical 250-mL bottle with a neck 
opening of 6.33 cm, the risk of contamination increases to 
three contaminated vials every 10 exposed vials in a 4-Log 
(CFU/m) environment. 

The actual risk numbers are dependent on the chamber 
and procedures described, but the risk analysis can easily 
be correlated and used independent of the test chamber, as 
stated in the literature (8). From this analysis, it is evident 

that the major governing parameters are the critical sur-
face area and the time of exposure, as the environment of 
concern is either a set bioburden during a challenge test 
or refers to the low bioburden controlled, maintained, and 
monitored in classified environments. Thus, as stated in 
other studies, to minimize the risks of contamination, both 
critical surfaces and exposure time have to be minimized (8).

In the manufacture of sterile products, aseptic technolo-
gies strive to control the two major risk factors in different 
ways (6). The vast majority of aseptic processing technolo-
gies operate in classified environments (i.e., ISO 5), where 
the expected aerosol bioburden is kept low by sophisticated 
means. High-speed filling operations are often used to 
minimize critical surfaces exposure time (6). Other tech-
nology approaches have engineered the reduction of the 
critical surfaces to be independent from time of exposure, 
and therefore, independent of classified environments (9).

Conclusion
A 15-minute minimum duration of exposure within an es-
tablished and maintained aerosol chamber has been shown 
to be the critical parameter needed for aerosol-based mi-
crobial challenge tests to be comparable. For example, in a 
maintained 6-Log (CFU/m) aerosol chamber, the biobur-
den on the surface tested varies by a factor of 10, between 
two minutes and 10 minutes of exposure. 

The procedure described proposes a method for stan-
dardization and reproducibility of aerosol microbial 
challenge tests that allow for reproducible comparisons of 
performances and safety level between different devices, 
filling equipment, background environments, control pro-
cedures, or aseptic processing technologies.

The constant settling rate that leads to increasing biobur-
den accumulation on critical surfaces can be used to deter-
mine a duration threshold for a discriminative aerosol chal-

Figure 6:  Aerosol bioburden maintenance. Results are shown 

for Test #6 and Test #7. Also depicted are the initial charge and 

the maintenance period with the periodic nebulizer bursts. CFU 

is colony-forming units.

Figure 7:  Aerosol bioburden decay. Results are shown for Test 

#8 through Test #10. Also depicted are the initial charge and 

the decay period. CFU is colony-forming units.

Figure 8:  Proposed steps in an aerosol microbiological 

challenge test. Step-P: pre-test activities. Step 1: charge, 

to elevate the chamber bioburden to test levels using the 

programmable nebulizers. Step 2: maintenance of bioburden 

using the programmable nebulizers for successive tests. Step 

3, Step 4, and Step N: exposure time during the maintenance 

(Step 2) for test units or test groups; the exposure time of 

15 to 60 minutes is suggested considering the settling rates 

calculated below (see Table VI).
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lenge test. The standardization of aerosol tests is a necessity 
for the “x” Log proof claims to be meaningful and comparable. 
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Table VI: Aerosol bioburden and surface bioburden accumulation.

Test#

Aerosol enumerations Surface enumerations
Surface bioburden 

accumulation per minute

Volume 

sampled

Average 

colonies per 

strip

Log 

(CFU/m3)

Exposure time 

(minutes) 

Average 

colonies per 

plate

CFU/m2
Log 

(CFU/m2)

1 1 3890.45 6.59 0.17 467.08 350000.00 5.54

2 1 1000.00 6.00 0.17 110.11 82508.75 4.92

3 2 240.45 5.08 2 133.45 8500.00 3.93

4 2 144.89 4.86 2 80.07 5100.00 3.71

5 5 125.59 4.40 8 125.60 2000.00 3.30

6 10 100.00 4.00 10 54.62 695.82 2.84

7 50 50.00 3.00 16 8.03 63.90 1.81

8 100 19.95 2.30 120 11.31 12.01 1.08

9 100 10.00 2.00 120 5.53 5.87 0.77

10 1000 18.15 1.26 300 2.36 1.00 0.00

CFU is colony-forming units.

Figure 9:  Aerosol bioburden and surface bioburden 

accumulation. Settling plates were exposed inside the aerosol 

chamber charged and maintained to different aerosolized 

bioburden levels. CFU is colony-forming units.

Figure 10:  Estimated bioburden accumulation in a 6-Log 

(CFU/m3) aerosol atmosphere inside the aerosol chamber. The 

accumulated bioburden reaches a plateau after 15 minutes 

of exposure. This exposure time could be considered as a 

minimum because the change in accumulated bioburden after 

this time point is minimal. CFU is colony-forming units.

mailto:atoba@medinstill.com


52    Pharmaceutical Technology FEBRUARY 2018  PharmTech .com

Quality: Materials Qualification
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T
he increased market value and 
small batch sizes of biologics has 
led to a boom in the employment 

of single-use components for manu-
facturing therapeutics. The prevalence 
of these technologies within biophar-
maceutical manufacturing has been 
widely disclosed (1).

Single-use components have gone 
from being niche devices used in up-
stream processing into widely deployed 
large-scale options for downstream and 
fill/finish operations. In the mature 
single-use market, there has been a shift 
from technological innovation to estab-
lishing the safety of the materials used in 
the components. An important aspect is 
how drug manufacturers qualify these 

components for use within their manu-
facturing processes. 

The method by which single-use com-
ponents are qualified and validated has 
been a source of contention between the 
end user and supplier groups. Recently, 
there has been increased collaboration 
between the industry groups such as the 
Bio-Process Systems Alliance (BPSA), 
BioPhorum Operations Group (BPOG), 
ASTM International, the International 
Society of Pharmaceutical Engineer-
ing (ISPE), and the American Society of 
Mechanical Engineers-Bioprocessing 
Equipment (ASME-BPE) in providing 
strategies on what determines whether 
a single-use component has been suf-
ficiently and appropriately qualified by 
a vendor. Collaboration between these 
industry bodies has led to a number of 
benefits, as it allows the industry to ef-
fectively police itself by providing best 

practice approaches, which may then 
be incorporated into regulatory guid-
ance. One example of this is that ele-
ments of the recent BPOG extractables 
standardization protocol are now being 
incorporated into a new United States 

Pharmacopeia (USP) chapter, USP <665> 
“Polymeric Components and Systems 
Used in in the Manufacturing of Phar-
maceutical and Biopharmaceutical Drug 
Products” (2).

Qualification/validation 
of single-use components
While USP <665> is in the review stages, 
there are no regulatory guidance docu-
ments specific to single-use components. 
In the meantime, there are industry ex-
pectations based on documents used in 
the medical device industry and guid-
ance on good manufacturing practice 
(GMP) for ensuring the safety, quality, 
and efficacy of the drug products in 
contact with plastic packaging materi-
als and container closure systems. 

Materials qualification should gener-
ate data on the safety of the plastics used 
in pharmaceutical manufacturing. USP

<88> and USP <87> (3) detail a series of 
tests to demonstrate biocompatibility. 
USP <88>,  “Biological Reactivity Tests, 
in vivo,” (3) describes tests designed to 
determine the biological response of an-
imals to elastomers, plastics, and other 
polymeric material. Tests described in 
USP <87>, “Biological Reactivity Tests, 
in vitro,” (4) are used to determine bio-
logical response of plastics in contact 
with cell culture. 

As detailed in USP <661.1> “Plastic 
Materials of Construction,” passing 
the biocompatibility tests is not suffi-
cient for a complete risk assessment to 
be carried out. Understanding not just 
the material but the propensity for the 
material to leach unwanted and un-
known chemicals into a drug product 
has been a requirement of the industry 
in recent times. This analysis has been 
principally achieved through extract-
ables testing. Extractables are chemi-
cal compounds with the potential to 
migrate from product contact material 
under exaggerated conditions of time 
and temperature. Leachables are com-
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Materials 
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Proposed guidance documents assist drug 

manufacturers in qualifying single-use 

systems for commercial drug production.
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pounds that may migrate into the actual 
drug product under normal processing 
conditions and may be found in the 
final drug product. Leachables could 
be a subset of extractables, as long as 
the conditions used to generate the ex-
tractables are a reasonable worst case 
and adequately reflect the extremes of 
the process conditions, such as tempera-
ture, time, surface area to volume ratio, 
etc. Additional leachables may form 
on the reaction of an extractable and a 
drug product constituent. 

Historically, assessment of extract-
ables has been determined using tests 
listed in the USP <661>. The primary 
tests were non-volatile residue (NVR) 
and total organic carbon (TOC). NVR is 
the determination of weight of semi-vol-
atile and non-volatile extractables after 
evaporation of the extraction fluid. TOC 
is a non-specific test that provides infor-
mation about the amount of carbon in 
solution. NVR and TOC testing cannot 
determine the identity of any extract-
ables. As analytical technologies have 
advanced, the techniques used to assess 
extractables and potential leachables has 
become highly developed. Newer ana-
lytical instruments are extremely sensi-
tive and are able to detect the presence of 
compounds at levels in parts per million 
(ppm). These technologies are a far cry 
from the wet-chemistry tests reported in 
the previous compendia. 

Providing the level of technical/vali-
dation data about the component ma-
terial to the drug manufacturer early 
on facilitates the adoption of single-
use technologies into drug processes 
faster. The new USP <665>—although 
in draft—serves as the first guidance in 
this area, allowing for the alignment of 
supplier and industry expectations. 

In the draft USP <665>, one of the flu-
ids recommended for extraction of plas-
tic components used in the manufacture 
of drug products is a 50% ethanol/50% 
water solution. The use of 50% ethanol 
solution as an extraction fluid could be 
viewed as a worst-case model solvent in 
comparison to the extraction ability of 
a mostly aqueous drug product.

In light of upcoming guidance, sin-
gle-use suppliers who understand the 

challenging market and regulatory en-
vironment for the drug manufacturers 
and  provide the necessary technical 
data to prove that drug products are un-
affected by the single-use components 
may be best placed to provide assistance 
for validation purposes.

Risk assessment of toxicity 
Risk assessment is an important ac-
tivity to ensure that there is sufficient 
information to qualify the single-use 
f luid pathway as being suitable for 
use. Although the onus of this activity 
as detailed in regulatory documents 
is the sole responsibility of the drug 
manufacturer, it could be shortened 
in part by having good technical data 
provided upfront by the single-use ven-
dor. Additionally, a degree of knowl-
edge is required to understand how the 
data could be used to illustrate that the 
component material will not adversely 
affect the drug product.

In terms of risk assessment of ex-
tractables data, there are no specific 
limits on extractables. However, drug 
manufacturers must demonstrate that 
any potential leachables found within 
a drug product is at a level low enough 
not to be of safety concern over the 
duration of treatment and at the dos-
age levels that the drug product will 
be administered. 

The threshold of toxicological con-
cern (TTC) is a risk assessment tool 
for evaluating substances with little or 
no toxicity data with a low level of ex-
posure (5). The TTC was developed to 
provide an acceptable intake of any un-
studied chemical that poses a negligible 
risk of carcinogenic effects or toxicity. 
For the assessment of acceptable limits 
of mutagenic impurities in drug sub-
stances and drug products, a value of 1.5 
μg per day has been set as an arbitrary 
limit. This corresponds to a 1 in 105 
increased likelihood of cancer due to 
the presence of genotoxic impurity in 
a drug product. However, this level is 
associated with a lifetime dosing regi-
men of the drug product. The Interna-
tional Council for Harmonization has 
established limits based on less-than-
lifetime dosages (6).

A small group of compounds, how-
ever, are known to be highly potent mu-
tagens even at very small concentrations; 
it is not possible to risk assess these 
particular compounds. Compounds 
such as N-nitrosamines, aflatoxin-like 
compounds, azoxy-like compounds, 
dibenzodioxins, and dibenzofurans are 
excluded from the TTC approach. For 
these highly potent compounds, the best 
form of control is to ensure that they 
are not present in the materials used in 
single-use systems by knowledge and 
control of the materials supply chain. 

Conclusion
As described above, risk assessment to 
determine the material safety can be 
complex when looking at single-use 
systems comprising of several differ-
ent materials. Often, the supplier may 
be best placed to offer information on 
the component materials in order for 
the drug manufacturer to make an as-
sessment that there are no compounds 
of a safety concern or that the extracted 
compounds are of a low enough concen-
tration not to pose any risk. 

For the validation and qualification 
of the disposable equipment, adequate 
risk assessment and risk mitigation 
approaches are the only way to ensure 
that global adoption of single-use sys-
tems and hybrid facilities continues at 
its accelerated pace. The overarching 
goal is that well-qualified manufac-
turing systems can only lead to ben-
efits in the availability of safe medi-
cines for patients.
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S
ingle-use systems for biophar-
maceutical manufacturing offer 
advantages such as flexibility, re-

duced capital cost, and reduced water 
use. Single-use (i.e., disposable) compo-
nents are available for the entire process, 
from storage containers to bioreactors, 
filtration, and fluid handling systems. 
Designing a facility and operations 
for fully disposable systems requires 
different considerations compared to 
traditional stainless-steel systems, how-
ever. Pharmaceutical Technology spoke 
with Andrew Bulpin, head of Process 
Solutions at MilliporeSigma, which 
provides single-use systems (SUS), 
and Gene Yoshioka, senior director of 
manufacturing at Avid Bioservices, a 
contract development and manufactur-
ing organization (CDMO) that built 
a fully single-use biomanufacturing 

suite in California in 2016. Avid Bi-
oservices’ cGMP facility manufactures 
commercial and clinical biologics, and 
in 2017, the company added multiple 
2000-L Mobius single-use bioreactors. 
Bulpin and Yoshioka shared some best 
practices for single-use facility design 
and operations.

Design
PharmTech: What are the most significant 
concerns when designing a fully dispos-
able biopharma process? 

Yoshioka (Avid Bioservices): With fully 
disposable processes, detailed thought 
needs to be put into how process so-
lutions (i.e., media and buffers) are 
transferred from one point to another. 
Containers used for single-use solution 
storage are limited by size and must be 
placed in relatively close proximity to 

the process as compared with tradi-
tional fixed tank stainless-steel systems. 
As a result, f luid management—the 
transport of hundreds to thousands 
of liters of solutions to a process—be-
comes a labor-intensive exercise. The 
payoff is enhanced flexibility, as a sin-
gle-use plant does not necessitate the 
extensive equipment infrastructure 
and plumbing required by a plant with 
fixed equipment.   

Another major difference when deal-
ing with disposable technologies is the 
shift to relying heavily on raw material 
procurement and design. In a tradi-
tional stainless-steel plant, the focus is 
on equipment as the driving force for 
operations. Equipment still plays a big 
role in disposable plants, but the main 
systems are the single-use consumables. 
For example, a stainless-steel bioreac-
tor is the workhorse in traditional 
plants, with fixed product-contacting 
surfaces, whereas in disposable plants, 
the product-contacting bioreactor bag 
is a material. This difference shifts the 
focus more toward procurement and 
acceptance of consumables. In addi-
tion, when developing a process, bag 
and tubing assembly designs need to be 
thought through to manage a balance 
between ensuring that assemblies serve 
their function and minimizing the 
number of different designs required 
to complete a process. As a CDMO, 
managing different assemblies across 
multiple processes is crucial in reduc-
ing consumable costs and warehouse 
storage requirements. And especially 
with consumables having a finite shelf-
life and long lead times, managing in-
ventories efficiently is a challenge. 

Bulpin (MilliporeSigma): The biggest con-
cern when designing a fully disposable 
biopharma process is ensuring that the 
fluid contact materials of construction 
are compatible with the process and will 
not adversely impact the drug product. 
When sourcing materials from multiple 
suppliers, end users must ensure that all 
materials meet their quality requirements 
and can be interconnected as needed to 
run the process.

One of the challenges with operating 
a fully disposable biopharma process 

Designing a 
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is supply security. With traditional 
stainless-steel manufacturing, the 
number of consumables needed to 
run a process is limited to cell culture 
media, process chemicals, resins, and 
filter elements. Additionally, produc-
tion plans are primarily driven by 
turnaround time, or the time it takes 
to clean and sterilize vessels between 
batches. With single-use, the number 
of consumables needed to run the 
process significantly increases, which 
makes the supply chain, especially pro-
curement and inventory management, 
much more complex.

Testing
PharmTech:  What are some of the con-
cerns with testing and validating in-
coming single-use systems? 

Bulpin (MilliporeSigma): While regu-
lations governing single-use process-
ing have yet to be published, industry 
guidance and best practice recom-
mends users confirm that SUS do not 
affect the quality, efficacy, or safety of 
the drug product. One of the biggest 
challenges end users face is the cost 
associated with qualifying SUS. Due 
to the number of different compo-
nents that make up single-use systems 
and the variety of different materials 
of construction of those components, 
a large amount of testing is required 
to ensure compatibility with process 
streams and conditions, and no ad-
verse impact to product quality, effi-
cacy, or patient safety. It benefits users 
to leverage similar designs where pos-
sible and generate a list of preferred 
components that have been previously 
validated to minimize additional test-
ing. Users should partner with suppli-
ers that provide robust documenta-
tion packages, which will increase the 
speed and decrease the cost associated 
with qualification. 

Prior to implementing a new SUS, 
users should confirm that the f luid 
contact materials of construction are 
compatible with process streams and 
conditions and that extractables and 
leachables levels will not be harmful to 
patients. Most SUS suppliers provide 
this type of data and support product-

specific testing. It’s also very important 
to ensure that the SUS performs as in-
tended during processing. This testing 
is executed by the user as part of a per-
formance qualification.

Once a system is qualified, users 
perform inspections on incoming lots 
and may perform leak testing, depend-
ing on the criticality of the operation 
in which the system will be used. The 
ongoing testing strategy should be de-
termined based on a risk assessment. 
Evaluation of a new SUS is based on the 
material of construction and function-
ality of the system. A risk assessment 
should be performed to determine if 
additional testing is required, based on 
the supplier’s documentation package 
and historical qualification and use of 
similar systems by the user.

Yoshioka (Avid Bioservices): Testing and 
validating hardware of single-use sys-
tems is no different from the expecta-
tions for stainless-steel systems. There 
are usually less components to deal 
with in single-use systems, but the 
general approach is the same. Where 
the difference lies is with qualification 
of the single-use bags and assemblies, 
which not only includes testing of com-
ponents, but is also highly dependent 
on qualification of the vendor itself. 
Much of the quality of single-use bags 
and assemblies is determined in the 
manufacturing and testing process 
at the vendor site. Users of single-use 
systems need to ensure that their ven-
dors have appropriate controls in place 
to ensure quality of product during 
their manufacturing process and that 
they hold their component vendors to 
the same level of scrutiny for quality. 
Vendors are now working on testing 
methods that users can implement for 
testing large-scale bags just prior to use, 
which will significantly reduce the risk.

Facility layout 
PharmTech: What best practices can be 
used for facility layout?

Yoshioka (Avid Bioservices): Our facility 
layout is designed such that tanks of 
buffers, media, and solutions are stored 
outside of the core production suites. 
Transfer lines are fed through the walls 

via transfer panels to reduce the need 
to move tanks in and out of the pro-
cessing area. This design also allows 
for organization of transfer lines, as 
each port is identified to minimize 
opportunity for confusion. The segre-
gation of bulk liquids to a supply cor-
ridor outside the upstream and down-
stream process spaces reduces material 
and personnel traffic into critical areas, 
reduces equipment congestion in the 
suites, and facilitates unidirectional 
process f low, thus improving control 
and functional operability.

Bulpin (MilliporeSigma): The type of 
production and manufacturing process 
should be defined to build the right 
facility for the right use. For example, 
will the facility produce small mole-
cules or biologics? Will production be 
at clinical-scale or commercial-scale? 
Will the facility be multi-product or 
product dedicated? Are there plans for 
future expansion? The facility should 
have properly sized areas for equip-
ment, people, and storage, and the lay-
out must prevent cross-contamination. 
As part of the process design, and as a 
best practice, users should layout the 
f loor plan, using actual equipment 
dimensions. This layout can be done 
simply by using tape on the floor. This 
practice allows operators to provide 
input to material flows and efficiency, 
while also providing engineering with 
the information they need to best de-
sign the single-use assemblies that will 
be used in the process. The next step 
is to create prototypes of the designs 
and repeat the exercise, which will help 
identify the required design changes to 
the assemblies; identify where support-
ing brackets, tubing tracks, or organi-
zational systems are needed; and assist 
with operator training.

One of the biggest concerns with 
single-use processing is that it is still 
very manual. Smart design, detailed 
standard operating procedures, opera-
tor training, and clear communication 
between production planning and 
procurement are vital to success and 
staying on schedule. Systems should be 
designed in such a way that they are 
effectively ‘plug and play’. PT
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ounterfeit pharmaceuticals con-
tinue to threaten public health 
and safety.  The International 

Criminal Police Organization (Inter-
pol) estimates that counterfeit drugs 
cause more than one million deaths 
per year (1). While governments ex-
plore fundamental solutions to the 
problem, pharmaceutical manufac-
turers are fighting this threat to their 
customers and brands through serial-
ization and the use of anticounterfeit-
ing technology. 

Several years ago, for example, Eli 
Lilly invested $110 million on serial-
ization and anticounterfeiting mea-
sures such as color-shifting inks and 
distinctive tablet shapes and colors, for 
its widely copied Cialis, Cymbalta, and 
Zyprexa brands (2,3). 

Merck KGaA is using pigments in its 
Security-M labels, which are added to 
product packaging, allowing products 
to be identified and authenticated. It 
also offers CheckMyMeds, an app for 
patients that lets them verify barcodes 
on medications before taking them (4).

Counterfeiters, however, continue to 
improve their packaging and “manu-
facturing,” too, so the fight against 
them shows no signs of abating. The 
search is on for technologies that coun-
terfeiters cannot hack. This article de-
scribes the scope of the problem and 
highlights some research in areas that 
could be applied to personalized med-
icines as well as analytic testing and 
forensics. In 2017, the Pharmaceutical 
Security Institute (PSI) documented a 
rise in drug diversion incidents around 

the world, including diversion of medi-
cines provided under compassionate 
use or “named patient” programs and 
purportedly from trusted countries, 
says PSI director Tom Kubic. In ad-
dition, in 2017 more counterfeit phar-
maceuticals were able to reach the le-
gitimate supply chain in Europe, Kubic 
says. Tablets and capsules remain the 
most widely imitated dosage form.

Policing efforts claimed some victo-
ries, most notably Operation Pangea 
VIII in 2017, which involved Interpol, 
the World Customs Organization 
(WCO) and customs and security 
forces in more than 115 countries, and 
FDA. The effort resulted in the sei-
zure of more than $81-million-worth 
of counterfeit medicines and medical 
devices and the shutdown of 2400 il-
legal websites in 2017 (5). 

A final, formal report on Pangea VII 
is still being drafted, Kubic says, not-
ing that Pangea included counterfeit 
medical devices for the first time in 
2017. “Interpol’s successful coordina-
tion of the global enforcement effort 
against illicit medicines, such as the 
Pangea operations, illustrates its abil-
ity to overcome significant challenges. 
Its partnership with WCO serves as 
an exemplary model of cooperation, 
and they deserve credit for helping to 
protect the safety and well-being of 
patients around the world,” says Kubic.

According to PSI data from 2016, 
posted directly on the organization’s 
website, www.psi-inc.org, 3147 cases of 
pharmaceutical counterfeiting, theft, 
and diversion were reported, up 5% 
from 3002 in 2015, and 2177 in 2014. Of 
these incidents, 520 resulted in either 
raids or customs seizures.  However, 
seizures fell by 45% between 2015 and 
2016, according to PSI data. In 2016, 
38% of seizures occurred at commercial 
facilities, but 46% were noncommercial.  

The five most frequently counter-
feited therapies were genito-urinary 
medications, anti-infectives, central 
nervous system treatments, hormones, 
and cytostatic drugs, according to PSI.  
In addition, 1258 people were arrested 
for counterfeiting and diversion, down 
9% from 2015, according to PSI data.  

Anticounterfeiting: In 
Search of the Unhackable

Agnes Shanley

While more companies are embracing taggants, 

researchers are developing new technologies 

that will be extremely difficult to reproduce.

http://www.psi-inc.org
www.PharmTech.com
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In the United States, meanwhile, 
t he opioid addic t ion cr isis  has 
brought increased levels of counter-
feit opioids, especially fentanyl, into 
the supply chain, blurring distinc-
tions between illegal street drugs and 
counterfeit pharmaceuticals. Fentanyl 
follows the historical tradition of a 
legitimate therapeutic eventually be-
coming a street drug. This first hap-
pened with Merck’s morphine, then 
with heroin, which Bayer introduced 
as a synthetic and (so the company 
thought) non-addictive treatment for 
opium addicts. 

The pattern was later seen with Pur-
due Pharma’s oxycodone, and has re-
peated with fentanyl, a synthetic pain 
reliever originally developed under a 
Janssen patent, that is 50 to 100 times 
more potent than morphine (6). 

The PSI has noted a shift in coun-
terfeit fentanyl manufacturing to the 
US, and an increase in illicit imports 
of equipment such as tablet presses as 
well as other formulating ingredients 
into the US. In 2016, customs officers 
seized 440 pounds of fentanyl, up 
from two pounds in 2013, also seizing 
increased volumes of its precursors N-
Phenethyl-4-piperidinone (NPP) and 
N-phenyl-1-(2-phenylethyl)-4-piperid-
inamine (ANPP). 

In addition, customs confiscated 58 
pill pressing and tableting machines 
in 2016, up from 24 in 2014 (7).But, on 
the government level, some believe that 
light penalties fail to deter counterfeit-
ers, and argue that too much of the re-
sponsibility for preventing product di-
version and counterfeiting has shifted 
to the manufacturer. 

Serialization issues
Legislation such as the EU Falsified 
Medicines Directive (FMD) and the 
US Drug Supply Chain Security Act 
(DSCSA) require that manufacturers 
identify pharmaceuticals at the unit 
package level, as a first step to estab-
lishing full product traceability within 
the supply chain, to prevent pharma-
ceutical counterfeiting. However, the 
cost and effort required is considerable. 

As Price Waterhouse Cooper (PwC) 
analysts have noted, compliance with 
the FMD alone has already cost manu-
facturers 500 million euros (2). A PwC 
survey of 38 senior pharma executives 
in 2017 found that most were satisfied 
with their companies’ supply chain 
integrity protection methods, yet ac-
knowledged that extra steps would be 
needed to protect product from coun-

terfeiting (2), suggesting the need for 
more incentives to invest in the re-
quired technologies. 

Today, one year before the FMD 
deadline and nearing the extended 
DSCSA deadline, a number of manu-
facturers and their contract partners 
have not even begun serialization ef-
forts. Efforts such as the Open SCS 
working group are underway to sim-
plify and reduce the IT costs for serial-
ization and traceability efforts (8).

In the end, more collaboration will 
be needed between governments, law 
enforcement agencies, and manufac-
turers. Some governments don’t treat 
counterfeiting as a national health-
care issue but instead believe that the 
industry needs to solve and pay for the 
solution, notes Charlie Gifford, techni-
cal director of the Open-SCS working 

group. “Merely implementing a data-
collection system will not be enough.  
The data must be used and organiza-
tions set up to follow up on counterfeit-
ing incidents. In addition, laws need to 
reduce the incentive for counterfeiting 
by exacting harsher penalties,” he says.

Anticounterfeiting is challenging be-
cause it needs to be approached from 
three different perspectives and lines 
of attack—from the point of view of the 
manufacturer, distributors and health-
care providers, and the patient, says Jay 
Kennedy, assistant professor with the 
University of Michigan’s Center for 
Anticounterfeiting and Product Pro-
tection (CAPP). 

More education is needed for health-
care providers, Kennedy says, to ensure 
that they do not buy medications from 
unauthorized sources. But education 
is most crucial for consumers, and the 
lure of lower costs is hard to counter 
when addressing online pharmaceuti-
cals. In addition, quick response (QR) 
codes and the other technologies that 
are being used for anticounterfeiting 
can be daunting for some consumer 
groups, including senior citizens. 

New technology is on the way
Technology already exists to improve 
manufacturers’ response to coun-
terfeiters.  Taggants, packaging and 
bottle designs, inks, and labeling are 
all being improved. In the taggants 
area, TruTag’s platform was selected 
for use in nutraceuticals and health 
products by the Daily Wellness Com-
pany. Products will be tagged to en-
able their detection and authentica-
tion throughout the supply chain. 
The company has also partnered with 
Sumitomo Corp. of America, which is 
investing in its technology, to develop 
its platform for various applications, 
including those in pharmaceutical 
manufacturing (9). 

Applied DNA Technologies, mean-
while, has expanded its global opera-
tions with a new test lab in India. The 
company has also been selected by 
TheraCann International Benchmarks 
to develop its SigNature molecular 
tracking system for use in the track-

Anticounterfeiting remains challenging 

because it needs to be approached from 

the point of view of the manufacturer, 

that of distributors and healthcare 

providers, and the patient. Efforts are 

continuing on all fronts.
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ing and tracing of legal cannabis for 
medical use (10).

In 2017, the plastics manufacturer 
Clariant introduced Plastiward, a 
system that uses covert taggants de-
veloped by SICPA SA, to provide an 
integrated plastic-based anticoun-
terfeiting technology that can be 
used in pharmaceutical packaging 
or placed within a medical device. 
The taggant is incorporated either 
as a masterbatch form or as a f in-
ished polymer compound. Through 
the supply chain, the tagged product 
could be detected and authenticated 
using a monitoring system developed 
by SIPCA (11).

Innovations in the works
New approaches are also in the works 
that will be nearly impossible to du-
plicate, says Kennedy. Many of these 
will be especially useful for person-
alized medicine. He points to a new 
DNA tagging system (12) now in the 
early conceptual stage, which is being 
developed by University of Michigan 
professor Evangelyn Alocilja. In this 
approach, a strand of DNA would be 
attached to a product and a sequence 
would be coated with a material that 
would allow it to be seen with a light 
emitting diode. 

The strand would allow users to 
identify product information, manu-
facturing data, and chain-of-custody 
information on that product, and 
would cost less than a penny per item. 

At the University of Copenhagen 
and Finland’s Abo Akedemi University, 
researchers are looking into the use of 

ink jet printing to make edible dosage 
forms in a QR code that the patient 
would simply ingest. APIs would be 
placed in the ink in the pattern of the 
code, and dosage form would look like 
a code on a substrate. Not only could 
this approach lend itself to point-of-use 
manufacturing, but it could prevent 
product diversion, tampering, and 
counterfeiting (13).

Analytical approaches
Other advances are focusing on ana-
lytical measurements to aid in the 
forensic detection of counterfeit phar-
maceuticals within the supply chain. 
One effort is focusing specifically on 
measuring surface gloss, using dif-
fractive optical element-based sensors 
to inspect the surface porosity of f lat, 
two-phase tablets. 

Researchers used lab-based and 
handheld gloss meters as well as an op-
tical profilometer to study the surfaces 
of commercially available tablets, con-
trasting measurements from authentic 
and counterfeit antimalarial tablets. 
Gloss values and surface roughness 
measurements between the two groups 
were substantially different, suggest-
ing that the method could be used for 
quick inspection and field screening of 
fake tablets (14). 

At Sao Paulo State University in Bra-
zil, researchers are evaluating the use 
of matrix-assisted laser desorption and 
ionization (MALDI) mass spectrom-
etry to detect counterfeit dosage forms 
of all types. Researchers report that the 
technique simplifies analysis, speeds 
detection, and minimizes sample 
preparation (15).
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Solid Dosage Drug Manufacturing — contin. from page 35

Conclusion
This systematic framework for implementation of material trace-
ability in continuous pharmaceutical manufacturing process and 
the corresponding software prototype to automate the procedure 
are generic and can be applied in any continuous manufacturing 
process. The developed framework is complementary to the ex-
isting control platform and thus should have a broad application 
in continuous pharmaceutical manufacturing. This framework 
uses knowledge from the evolving fields in pharmaceutical engi-
neering, such as experimental determination of residence time, 
predictive models for residence time of individual unit operations 
based on material properties, and improved unit operations for 
continuous application, to accomplish this necessary goal of ma-
terial traceability. Further developments in these evolving fields 
could strengthen and make this framework more efficient.

Acknowledgements
This work is supported by the National Science Foundation 
Engineering Research Center on Structured Organic Particu-
late Systems, through Grant NSF-ECC 0540855.

References
 1. Subcommitte for Advanced Manufacturing of the National Science 

and Technology Council, “Advanced Manufacturing: A Snapshot of 
Priority Technology Areas Across the Federal Government,” (April 
2016), www.whitehouse.gov/sites/whitehouse.gov/files/images/Blog/
NSTC SAM technology areas snapshot.pdf, accessed Dec. 15, 2017.

 2. F. J. Muzzio et al., Int. J. Pharm. 250 (1) 51-64 (2003). 
 3. W.E. Engisch and F.J. Muzzio, J. Pharm. Innov. 10 (1) 56–75 (2014). 
 4. A.U. Vanarase, J.G. Osorio, and F.J.Muzzio, Pow. Tech. DOI: 

10.1016/j.powtec.2013.05.002 (Sept. 2013).
 5. Y. Gao, F.J. Muzzio, and M.G. Ierapetritou, Chem. Eng. Sci. 80, 

70–80 (2012). 
 6. Z. Wang, M.S. Escotet-Espinoza, and  M. Ierapetritou, Comput. 

Chem. Eng. 107, 77–91 (2017). 
 7. F. Boukouvala et al.,  Comput. Chem. Eng. 42, 30–47 (2012). 
 8. A.D. Román-Ospino et al. Int. J. Pharm. 512 (1) 61–74 (2016). 
 9. T. Vankeirsbilck et al., Trends Anal. Chem. 21 (12) 869–77 (2002). 
 10. R. Singh, M. Ierapetritou, and R. Ramachandran, Eur. J. Pharm. 

Biopharm. 85 (3B) 1164–82  (2013). 
 11. A.Bhaskar, F.N. Barros, and R. Singh, Int. J. Pharm. 534 (1-2) 159–

78 (2017). 
 12. R. Singh, et al., Processes, 3 (2) 339–56 (2015). 
 13. T. Moe, Trends Food Sci. Technol. 9 (5) 211–4 (1998). 
 14. B. Kvarnström and P. Oghazi, Miner. Eng. 21 (10) 720–30 (2008). 
 15. S.O. Lundqvist and E. Kubulnieks, IFAC Proc. Vol. 28 (21) 19–24 

(1995). 
 16. M.H. Jansen-Vullers, C.A. van Dorp, and A.J.M. Beulens, Int. J. Inf. 

Manage. 23 (5) 395–413 (2003). 
 17. CFR Title 21, 210.3.
 18. W. Engisch and F. Muzzio, J. Pharm. Innov. 11 (1) 64–81 (2016). 
 19. F. Muzzio and S. Oka, “Using Residence Time Distribution to 

Understand Continuous Blending,” www.powderbulk.com/
enews/2017/editorial/story_pdf/pbe_03_15_17rihf.pdf, accessed 
Dec. 15, 2017).

 20. Y. Gao, et al.,. Chem. Eng. Sci. 66 (3) 417–25 (2011). 
 21. Y. Gao, F.J. Muzzio, M.G. Ierapetritou, Pow. Tech. 228, 416–23 

(2012). PT

Mixing/Blending/Drying

MANUFACTURING/PROCESSING EQUIPMENT

SANITARY
RIBBON 

BLENDERS

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

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

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.

http://www.ribbonblenders.com
http://www.wrightsmedia.com
http://www.whitehouse.gov/sites/whitehouse.gov/files/images/Blog/NSTC%20SAM%20technology%20areas%20snapshot.pdf
http://www.powderbulk.com/enews/2017/editorial/story_pdf/pbe_03_15_17rihf.pdf
http://www.ribbonblenders.com


60    Pharmaceutical Technology FEBRUARY 2018  PharmTech .com

VISIT US AT PITTCON 2018

VISIT US AT PITTCON 2018 

PITTCON 2018 EXHIBITOR GUIDE AND INDUSTRY PIPELINE

VISIT US AT BOOTH 1219

•  Review current issues of Pharmaceutical Technology

• Meet colleagues and peers

STAY CURRENT ON TECHNOLOGIES AND SERVICES

Visit Pharmaceutical Technology sponsors that are 

exhibiting at Pittcon 2018. See descriptions and booth 

information on the following pages.

Plan Your Visit to

Pittcon 2018
February 26–March 1, 2018

Orlando, Florida

Pittcon 
2018

A
P

H
O

T
O

S
T

O
R

Y
/S

H
U

T
T

E
R

S
T

O
C

K
.C

O
M

Renishaw is a recog-

nized leader in Raman 

spectroscopy with 

over 25 years of experi-

ence supplying Raman 

systems to customers 

worldwide. We are a global company, with a 

network of scientists and engineers who are 

on-hand to provide you with expert product, 

applications, and technical support. The 

RA802 Pharmaceutical Analyser is a compact 

benchtop Raman imaging system designed 

exclusively for the pharmaceutical industry.

Renishaw Inc, 1001 Wesemann Drive West 

Dundee, IL 60118 USA • tel. +1·847·286·9953 • 

Fax. +1·847·286·9974 • victoria.vito@renishaw.

com • www.renishaw.com

Pittcon Booth #: 2125

Regis Custom Pharma offers a complete 

package for impurity isolation and 

characterization services (Structure 

Elucidation) to support IND and NDA filings. 

Regis is also a leading global supplier of 

chromatography products. Visit booth 1752 

to learn more about their Custom Pharma 

services for small molecules, new achiral 

SFC columns, chiral columns for LC and SFC, 

and specialty columns and reagents.

Regis Technologies, 8210 Austin Avenue, Morton 

Grove, IL US 60053 • www.registech.com • 
sales @registech.com • tel. 847.967.6000 • 
fax. 857.967.5876

Pittcon Booth #: 1752

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

Pittcon Booth #: 2319

Shimadzu is a world leader in the analytical 

instruments industry. Instruments include 

UHPLC, SFE/SFC, LC-MS/MS, GC-MS, UV-Vis, 

FTIR, MALDI-TOF, EDXRF, thermal analyzers, and 

TOC analyzers. They are used throughout the 

pharmaceutical pipeline, from proteomics and 

metabolomics research and drug discovery/

development to QA/QC and manufacturing, 

providing a total solution to researchers working 

within the pharmaceutical/biopharma industry.

Shimadzu Scientific Instruments, 7102 Riverwood 

Drive, Columbia, MD 21046 • www.ssi.shimadzu.com 

• webmaster@shimadzu.com • tel. 800.477.1227 

• fax. 410.381.1222 • Pittcon Booth #: 2634, 2734

Automated, 

All-in-One 

Characterization

The DynaPro Plate 

Reader III is the latest 

innovation in the characterization of 

size, molecular weight, aggregation, 

and stability of biopharmaceuticals in 

standard 96, 384, or 1536 microwell 

plates.  It can rapidly screen proteins, 

peptides, liposomes, or viruses in 

hundreds of formulations or test 

developability in early stages of 

development.  You can also quickly 

access viscosity of high-concentration 

mAbs. Wyatt Technology, info@wyatt.com, 

www.wyatt.com 

Pittcon Booth #: 1624

One 

Chromatography 

Platform for All 

Your Purification 

Needs

With the new NGC™ Fraction Collector, 

the NGC Chromatography System 

scales to your drug development needs, 

from identifying the lead candidate to 

optimizing scale-up conditions. Explore 

our platform and see how to get on the 

path to better protein purification.  

BioRad Laboratories, 2000 Alfred Nobel 

Drive, Hercules, CA 94547 • 

tel. 510.741.1000 •  www.bio-rad.com •  

Pittcon Booth #: 2553

http://www.renishaw.com
http://www.registech.com
mailto:@registech.com
http://www.eppendorf.com
mailto:custserv@eppendorf.com
http://www.ssi.shimadzu.com
mailto:webmaster@shimadzu.com
mailto:info@wyatt.com
http://www.wyatt.com
http://www.bio-rad.com
www.PharmTech.com
http://www.eppendorf.com
http://www.registech.com
http://www.ssi.shimadzu.com


Pharmaceutical Technology FEBRUARY 2018    61

an accurate timeline for completion, including the necessary 

training required for employees, can help expedite the time 

it takes to complete the change request. Coordinating these 

activities with regulatory requirements also will help ensure 

necessary changes are implemented globally in an efficient 

and effective manner throughout the product lifecycle.

Applying the correct level of cGMPs to the product 

development stage is really a matter of common sense. 

The earlier the product phase is, the more flexible your 

requirements. As the product approaches Phase III, the board 

requirements should mimic commercialization requirements. 

The concept is the GMPs applied should be appropriate to the 

stage of development and that ‘full GMPs’ should be in place 

during the later stages of clinical development where the final 

safety and efficacy of a product are being established. Keep 

in mind that regardless of the phase of development and the 

level of GMPs being applied, the first and foremost thought 

when releasing product at any stage for human consumption 

is: are there adequate controls and knowledge to assure 

patient safety?
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Novel excipients are needed to produce the next gen-
eration of drugs, she adds, but current regulations often 
fall short in being able to provide a regulatory pathway to 
make their entry into the market possible. “In the next few 
years, we hope to see regulators address this issue,” Zawis-
lak concludes.
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Regardless of the phase of development and the level of GMPs being applied, 

there should be adequate controls and knowledge to assure patient safety, 

according to Susan Schniepp, fellow at Regulatory Compliance Associates.

Q.I work in the quality and regulatory departments of a

contract manufacturer. We have clients with products

in various stages of development that are using multiple con-

tracts with multiple services providers for various stages of the

manufacturing process. I always struggle with knowing which

level of current good manufacturing practices (cGMPs) apply to 

different development stages. Can you provide some guidance

on this point?

A.In today’s pharmaceutical environment, it is not 

uncommon for more than one company to be involved

in the development of a product. Virtual companies may use

the services of a contract laboratory, a contract manufacturer,

a contract research organization (CRO), etc., to develop their

products from conception to market approval. Some of these

relationships can be complex, so it is important for every 

organization involved in the drug development process to be 

familiar with what the applicable GMPs are and at which stage 

of the development process they apply (1–4).

Areas to be reviewed to determine the appropriate level of 

control needed in concert with the phase development stage 

include: level of validation of test methods, level of detail

needed in batch records, level of control needed on incoming 

materials, and facility and equipment controls. An example

is qualifying raw materials. In Phase I/II of the development

process, you may only decide to document the source and

quality of the material used to produce the product;  when

you enter into Phase III you will want to qualify your supplier

and establish a quality agreement in addition to the material

qualification.

Although not all GMP requirements apply to products in the

early stages of development, the requirements for change 

control and deviation investigation should be robust and

utilized at all stages of product development. The information

documented in change control and as part of an investigation

helps ensure that process improvements are efficient and

do not repeat strategies that were discounted during earlier

stages in the development process. It also helps to capture

the product and process history needed in the later phases of 

development for the process validation activities.

To determine the impact of the deviation on the product

quality, it is important to determine the ‘root cause’ of the

deviation. The process used in the industry to determine 

root cause is, of course, the investigation procedure. This

procedure, regardless of whether the product you are

investigating is biotech or traditional, or new or old, should

require the investigator to review various systems and

determine whether they were the cause of the deviation 

being investigated. This concept is important because of 

the aforementioned possibility that more than one company 

is involved in the product development. When more than

one company is involved, there is a necessity for technology 

transfer (5,6). Without a robust and transparent exchange

of information, the technology-transfer activity has the 

potential to be frustrating and delayed while people try to find

a common understanding and locate necessary information 

crucial to the success of the drug development process. It is 

important to keep in mind that change control and deviations

are critical elements for ensuring product quality and patient 

safety regardless of the stage of development a product is at

in the product lifecycle.

The criticality of an efficient change-control system that

can track and ensure proper evaluation and implementation 

of changes should be obvious at all stages of product 

development. As a change becomes more complex (e.g., 

a change that involves multiple products and country 

registrations), it becomes harder to implement. Complex

changes are difficult enough for a single company with 

multiple sites, but they are even more exaggerated for virtual

companies. For the latter, multiple contract service providers 

are often involved and each one has its own processes and 

procedures for managing a requested change.

The time required to transfer, validate, train, and obtain

regulatory approval for multiple products requires enormous

coordination. It is important to keep in mind that as the 

complexity of the change increases, the need for additional 

resources can also increase. The complexity of the change can

impact the strategies for implementation, the tactics needed

to effectively implement the change, and the time it takes for a

change to be approved. At the same time, drug license holders 

will need to establish consistency in their regulatory filings

without affecting product quality. When dealing with this

change, focus on the steps needed to effectively implement 

the change. Working closely with your CMO/CRO to identify 
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