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from the editor

T 
he winners of the 14th annual 
2017 CPhI Pharma Awards were 
announced on Oct. 24, 2017 at an 

awards ceremony at the CPhI World-
wide trade show in Frankfurt, Ger-
many. More than 200 entries were 
received in 2017—twice the number of 
entries in 2016—and included innova-
tions in products and services for drug 
formulation, development, manufac-
turing, drug delivery, packaging, and 
distribution. In addition, bio/pharma 
executives and companies were hon-
ored for their business, scientific, and 
social contributions.

The awards were expanded to nearly 
20 categories for 2017 to reflect the in-
creased diversity of attendees at CPhI 
Worldwide, the organizers report. Sep-
arate awards were presented for inno-
vation in formulation and excipients. 
New categories recognized sustainabil-
ity practices, export promotion, over-
the-counter drugs, patient centricity, 
and IT, mHealth, and digitalization.

The entries were reviewed by a panel 
of independent judges from pharma, 
industry suppliers, testing labs, and 
the media, including Pharmaceuti-
cal Technology. A list of finalists was 
announced in September 2017. The 
winners were revealed during a gala 
awards ceremony.

The 2017 CPhI Pharma Award re-
cipients are as follows:

Analysis, Testing, and Quality Control—
FlexiQuot: New disruptive technology 
that revolutionizes sample storage and 
handling, 1CryoBio

API Development—Development of a 
new, efficient synthesis of ospemifene, 
Cambrex

Bioprocessing—Modular automated 
sampling technology (MAST) platform 
for the biopharma industry, Capsugel/
Bend Research (Lonza)

CEO of the Year—Richard Chin, CEO 
of KindredBio

Contract Services and Outsourcing—
Modified supercritical anti-solvent 
(mSAS) technology for accelerated 
product development, Crystec Ltd.

Corporate Social Responsibility—HepC 
battle, Laboratories Pharma5

Drug Delivery Devices—Single-use in-
haler (DPI) Perlamed-BLISTair, Perlen 
Packaging

Excipients—Opadry QX for tablet 
film coating, Colorcon

Export Promotion—Waste water treat-
ment plants, Rachana Overseas Inc.

Formulation— Orbis’  Opt i mu m 
Platform: Delivering dispersed dos-

age forms with functional coatings 
in a single manufacturing step, Orbis 
Biosciences

I T,  m H e a l t h ,  a n d  D i g i t i l i z a t i o n —
Biocorp’s line of connected products, 
Biocorp

Manufacturing Technology and Equip-

ment—MicroJet Reactor technology 
with efficient control on particle size 
and homogeneity of particle size dis-
tribution, MJR PharmJet

OTC—Innovation in wart treatment, 
Pronova Laboratories

Packaging—Side actuation device: 
Innovation in ophthalmic drug-deliv-
ery devices, Aero Pump GmbH

Patient Centricity—Target My Hives, 
ERT

Pharma Company of the Year, SME—
BenevolentAI

Regulatory Procedures and Compliance—
Quality and Regulatory-A Means for 
Value Creation, Piramal Enterprises

Supply Chain, Logistics, and Distribu-

tion—Industry’s first compliance and 
digital information platform for the 
EU Falsif ied Medicines Directive, 
TraceLink

Sustainability Initiative of the Year—
Landfill Free Certification: promot-
ing efficiencies and the conservation 
of natural resources in a global manu-
facturing setting, AptarGroup.

The editors congratulate the awards 
finalists and winners. Information 
about the winning technologies will 
be published in future issues of Phar-
maceutical Technology and on www.
PharmTech.com.

CPhI and Pharmaceutical Technol-
ogy are UBM plc brands. PT

Rita Peters is editorial 

director of Pharmaceutical 

Technology. Send your 

thoughts and story ideas to 

rita.peters@ubm.com.

Industry experts 

were honored 

for business, 

scientific, and social 

contributions.

Rita Peters
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Industry Contributions

CPhI Pharma Awards honor companies and 

individuals driving the pharma industry forward.
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Ross Charles’ custom-design process 

vessel can be modified to fit a range of 

requirements. The 300-gallon vessel 

is suited for 5-psi internal pressure at 
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304L-type stainless steel and polished 
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by a 75HP explosion-proof motor. The 

agitator shaft uses a mechanical seal running in an oil bath. 

Additionally, the vessel comes with a 50-psig American Society 

of Mechanical Engineers code-stamped baffled jacket sur-

rounding the sides and bottom for heating and cooling. All elas-

tomers, nozzles, sensors, dip tubes, valves, and operator controls 

are supplied based on the end user’s specific requirements.

Ross, Charles & Son 

www.mixers.com

Air-Operated, 
Double-Diaphragm Pumps

Wilden, part of PSG, a Dover 

company, added PS220/230 

FIT 25 mm, one-inch metal air-

operated, double-diaphragm 

pumps to its lineup. The 

pumps feature bolted product 

containment and are direct 

replacements for existing 

clamped and bolted pumps 

from the company. Direct replacement allows for the pumps to 

fit bolt-to-bolt and pipe-to-pipe in existing fluid-handling piping 

systems. The pumps are shear sensitive and feature self-priming 

and dry-run capabilities, and offer the longest mean time between 

repair (MTBR), and increased anti-freezing and on/off reliability. 

These pumps are equipped with the company’s Pro-Flo Shift 

Air Distribution System (ADS) for energy efficiency, which incorpo-

rates an air control spool that automatically restricts the amount 

of air going into the pump during the latter part of each stroke, 

eliminating over-filling of the air chamber and resulting in reduced 

energy consumption, according to the company. The pumps, avail-

able in aluminum, stainless steel, and ductile iron, are available 

with maximum discharge pressures to 8.6 bar (125 psig), maximum 

flow rates to 254 lpm (56 gpm), and maximum suction lifts to 6.9 

m (22.7 ft.) dry, 9.0 m (29.5 ft) wet. Diaphragms are available in 

Buna-N, EPDM, Polyurethane, PTFE, Saniflex, Viton, and Wil-Flex.

Wilden

www.psgdover.com/en/wilden

Feeder for 
Continuous 
Processing
Coperion K-Tron, a part of Coperion’s 

Equipment & Systems division, has 

added the K3-PH-ML-D4-QT35 to the 

company’s K3-PH brand of feeders. 

The design is suited for multi-feeder 

clustering in a variety of continuous processes, including direct 

compression, continuous extrusion, wet and dry granulation, and 

continuous coating, as well as traditional batch processes. 

The design features a modular concept with a reduced overall 

footprint enabled by a smaller D4 platform scale, which uses the 

company’s Smart Force Transducer (SFT) weighing technology. 

The SFT single-wire weighing technology provides a weight signal 

with a resolution of 1:4,000,000 in 80 ms. The modular concept 

also features a drive using a servo motor, which helps reduce the 

overall footprint and offers a larger turndown range, including low 

feed rates. Electronic functions include linearization, temperature 

compensation, and a digital low-pass filter to reduce the effect of 

plant vibration. The digital design eliminates the need for calibration.

Coperion K-Tron

www.coperion.com

Temperature-Controlled 
Shipping Solution

Almac Group has expanded availability of 

the Almac Pod, a temperature-controlled 

shipping solution service for biologics and 

other temperature-sensitive products, 

to the United States as part of the com-

pany’s end-to-end, global supply chain 

management solution. Originally released 

in Europe, the service is compliant with good distribution practices 

and comes in three models: protected, optimized, and dynamic.

The protected model is qualified for up to 96 hours against 

thermal challenges by the International Safe Transit Association 

and is available in -15 °C to -25 °C, +2 °C to +8 °C, and +15 °C to 

+25 °C temperature ranges. The optimized model is also qualified 

for up to 96 hours of protection, eliminates temperature excur-

sions, is suited for reuse with no shippers left at the clinical 

site, and requires no disposal. The dynamic model features 

upgraded operational processing capacity and flexibility, and 

uses a phase-change material to offer increased thermal protec-

tion. It can be immediately placed into appropriate storage at 

each point of packing and in-transit. For this model, Almac has the 

ability to perform a year-round pack out of clinical shipments.

Almac Group

www.almacgroup.com

http://www.mixers.com
http://www.psgdover.com/en/wilden
http://www.coperion.com
http://www.almacgroup.com
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regulatory watch

T
o ensure the quality and safety of 
drugs, biologics, and medical prod-
ucts more efficiently and effectively, 

FDA is making significant changes in 
its plant inspection program, including
more attention to imports and to for-
eign producers of drugs for American 
consumers. An aim is to target manu-
facturing oversight to more high-risk 
operations and free up resources for
greater scrutiny of foreign facilities
in the process. Agency officials also 
seek to better coordinate and clarify 
the roles of field investigators and staff 
from FDA’s Center for Drug Evaluation 
and Research (CDER) (as well as other 
agency review centers) in selecting sites, 
weighing compliance action, and com-
municating inspection findings to firms. 
And increased FDA collaboration with 
foreign regulatory inspectorates prom-
ises to reduce redundant site visits and
increase oversight of violative situations. 

Field realignment
After several years of planning, FDA’s
Office of Regulatory Affairs (ORA), 
which manages the agency’s 5000 field 
inspectors, officially implemented its
Program Alignment (PA) initiative in 
May 2017. This major reorganization 
shifts ORA from a geographically-
based inspection operation to a pro-
gram aligned by commodities and 
vertically integrated, with more special-
ized investigators able to identify and

provide more timely information on
critical manufacturing issues. Special-
ized inspection cadres for drugs, biolog-
ics, medical devices, food, bioresearch 
monitoring, and tobacco continue to 
operate out of ORA’s 20 district offices 
across the United States, with certain
offices housing program managers that 
lead product inspection teams (1). 

Drugs regulated by CDER and the 
Center for Veterinary Medicine (CVM),
for example, are managed by the Office 
of Pharmaceutical Quality Operations 
(OPQO), directed by long-time ORA 
official Alonza Cruse. He oversees four
divisions of pharmaceutical quality 
operations, each headed by a regional 
manager, plus a division for quality 
programs (for compounders and pre-
approval inspections) and a division for
foreign inspections, Cruse explained at 
the PDA/FDA regulatory conference in
September 2017. The aim is to achieve 
more consistent and timely inspections 
with reduced uncertainty for industry. 

Similarly, ORA’s Office of Biological 
Products Operations, headed by Ginette 
Michaud, has two operating divisions to 
oversee the production of blood prod-
ucts, tissues, vaccines, and other prod-
ucts regulated by the Center for Biolog-
ics Evaluation and Research (CBER).
The Office of Bioresearch Monitoring 
Operations under Chrissy Cochran
also has two divisions, while the Office 
of Medical Devices and Radiological 
Health Operations has three divisions. 

A key goal of the reorganization is to 
enhance communication and collabora-
tion between field inspectors and cen-
ter product specialists. This approach 
for drugs is spelled out in a “Concept of 
Operations” white paper released in Au-
gust 2017 (2). The 20-page report maps 

out how ORA and CDER staffers will 
collaborate in the planning and conduct 
of inspections and the communication
of findings to manufacturers, with deci-
sion trees for managing each of the four 
types of inspections. Increased integra-
tion of drug review and facility evalua-
tions aims to achieve more consistency 
and certainty in regulatory decisions, 
commented FDA Commissioner Scott 
Gottlieb (3).  

For preapproval inspections (PAIs), 
a CDER team, including staffers from 
the Office of Process and Facilities 
(OPF) in the Office of Product Quality 
(OPQ), prepares an integrated quality 
assessment. This assessment reviews 
information in an application on facili-
ties, processes, and microbiology, plus 
past inspection reports, to determine
whether a PAI is needed for each site
listed in the submission. ORA leads 
any necessary inspection, with CDER 
participation, and communicates find-
ings to the assessment team. A simi-
lar process is involved in planning for 
and conducting post-approval facility 
inspections, which may occur follow-
ing manufacturing changes, particu-
larly for a facility where a PAI has not 
taken place.

For GMP surveillance inspections, 
OPQ’s Office of Surveillance (OS) col-
laborates with ORA to determine the 
need, timing, and scope of site visits, 
based on a facility’s inspection history, 
type of products produced, and risks 
previously reported. ORA investigators 
generally conduct these inspections, in-
forming CDER’s Office of Compliance 
(OC) if they observe questionable situa-
tions. ORA also leads for-cause inspec-
tions, interacting with CDER’s OPQ
and OC.

FDA seeks to focus on problematic facilities 

and inform firms quickly about site problems. 

Jill Wechsler

FDA Overhauls Inspection 
Process and Field Operations

Jill Wechsler 

is Pharmaceutical 

Technology’s Washington 

editor, 7715 Rocton Ave., 

Chevy Chase, MD 20815, 
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To ensure timely inspections of facilities listed in new 
drug applications, FDA and industry agreed in the new 
prescription drug user fee program to delay application ap-
proval if a sponsor fails to identify all relevant sites in a 
submission. The aim is to provide complete facility informa-
tion for ORA to have sufficient time to inspect and evalu-
ate relevant production sites. The Generic Drug User Fee 
Amendments (GDUFA II) further establish a pre-submission 
correspondence process that requires manufacturers of criti-
cal drugs qualifying for priority approval to submit infor-
mation on planned production facilities two months before 
filing the application—again, to support timely inspection of 
relevant production sites in tight timeframes. 

A more efficient field inspection program also aims to 
communicate inspection findings to manufacturers more 
quickly. GDUFA II specifies that FDA will provide surveil-
lance inspection findings to facility owners within 90 days of 
completing a site visit, beginning October 2018, and CDER 
officials expect to apply that goal to all drugs. The aim is for 
ORA to submit recommendations to CDER within 45 days of 
post-approval and surveillance inspections so that staff can 
follow up quickly with the manufacturer. 

International collaboration
The need to oversee the growing number of overseas pharma-
ceutical manufacturers also is prompting US and European 
regulatory authorities to collaborate more on drug inspection 
activities. FDA and the European Medicines Agency (EMA) 
are moving forward with a Mutual Recognition Agreement 
(MRA) that will permit participants to rely more on each 
other’s inspection reports. By reducing the need to inspect 
all of more than 1000 registered drug production facilities 
in Europe, FDA would avoid duplicate site visits and free up 
resources to support greater oversight of firms in China, India, 
and other nations. 

US and EU officials signed an agreement in March 2017 
to extend and conclude the MRA negotiating process by July 
2019 (4). The process involves FDA observing how EU mem-
ber states inspect local facilities, and for EU officials to audit 
FDA’s inspection program. The two authorities also agreed 
in August 2017 to protect confidential information in inspec-
tion reports from public disclosure, which is important for 
sharing full inspection reports needed to decide whether or 
not to visit sites on each other’s inspection schedules. The 
EU completed its assessment of FDA inspection operations 
in July 2017, and FDA hopes to finish its audits of the 28 EU 
member states by mid-2019. 

The current MRA initiative applies to GMP surveillance 
inspections for most drugs and biotech therapies, but could 
be extended to vaccines and veterinary products in the fu-
ture. An important side-benefit of the final agreement may 
be to end EU batch inspection of US-made products shipped 
to Europe. In the future, pre-approval inspections might be 
covered in certain situations, prompting FDA and EU offi-
cials to examine how PAIs differ or are the same in the two 

regions. FDA’s need to complete such inspections in limited 
timeframes could lead to an agreement that permits FDA or 
EMA to request that a capable authority conduct a PAI by a 
certain date. More information on the MRA is available on 
FDA’s website (5, 6). 
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harmaceutical companies today 
face higher hurdles than ever be-
fore in getting products to market. 

The patient, as the end-user, is now a 
force to be reckoned with as govern-
ments, payers, and healthcare provid-
ers around the world place increasing 
emphasis on patient outcomes. With 
this new emphasis on patient centric-
ity, the pharmaceutical industry has 
been quick to realize the importance 
of embracing the patient.

“The industry continues to move to-
ward a system where the value of care 
determines a drug’s market success, as 
can be seen with outcomes-based man-
agement programs targeting drugs for 
cancer, obesity, and pulmonary dis-

eases,” observes Elizabeth Hickman, 
director of sales and marketing, Catal-
ent Pharmatek. “Improving patient 
outcomes and patient experience is a 
growing trend,” she says. “And compa-
nies are looking at ways to achieve this 
through better drug design—such as 
bioavailability enhancement to improve 
therapeutic effect at lower doses, mak-
ing drugs last longer with extended-
release profiles to reduce dosing fre-
quency, delivering drugs through less 
invasive methods, simplifying complex 
regimens with combination drugs, and 
customized dosage forms for specific 
patient populations and/or indications.” 

Hickman cites a study by Market-
Watch, which showed that patient non-

compliance costs the pharmaceutical 
industry approximately $330 billion 
annually (1). Noncompliance could be 
due to dose burden, size and quantity 
of dosage, or patient acceptance, she 
notes and highlights that aging and 
pediatric populations often present 
unique challenges to achieving com-
pliance. “Dosage forms that improve 
swallowability, palatability, and dosing 
convenience, as well as reduce the pill 
burden can lead to better compliance, 
experiences, and outcomes for aging 
and pediatric populations,” Hickman 
explains. “These factors can also sup-
port better product differentiation, 
which can lead to improved product 
lifecycles and sales.” 

Children and the elderly
Patient-centric drug development 
considers the end-user from the start 
of the formulation process through to 
the selection and design of the dosage 
form and finished product. The evolv-
ing regulatory reforms in Europe and 
the United States (2–6) ref lect the in-
creasing drive toward patient-centric 
formulation development to ensure 
that drug products adequately meet 
the needs of end-users in all target pa-
tient populations. Developing a dos-
age form for geriatrics or pediatrics 
requires special considerations. In the 
elderly, factors such as age, morbidity, 
co-morbidity, multiple drug use, and 
reduced organ function have an effect 
on pharmacokinetics. The pediatric 
population, on the other hand, ex-
perience rapid and continual growth, 
development, and maturation; as a 
result, there are distinct physiological 
differences between neonates, infants, 
children, and adolescents. The most 
significant compliance challenge in 
older adults is polypharmacy and the 
pill burden, whereas for children, taste 
is often the biggest barrier. 

Geriatric. “The pharmaceutical in-
dustry acknowledges the special re-
quirements for geriatric patients,” says 
Ravinder Kodipyaka, senior director 
and head of formulation R&D, Dr. 
Reddy’s Custom Pharmaceutical Ser-
vices. However, he notes that product 
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Adeline Siew, PhD

Pharmaceutical companies are 

increasingly adopting patient-centric 

formulation development to ensure that 

drug products adequately meet the needs of 

end-users in all target patient populations.
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design and development for the elderly 
is complex because of the interplay of 
various factors. Geriatric patients often 
have concomitant conditions and ac-
cording to Kodipyaka, pill cocktails for 
their multiple diseases have very lim-
ited clinical data available. “For those 
with cognitive problems, remembering 
multiple doses, multiple drugs, and 
their administration schedules can be 
a challenge. In addition, the reduced 
physical strength of the patient affects 
his/her ability to open packs, break 
tablets along the break-mark, or swal-
low tablets,” he adds. 

Although there are programs and 
companies focusing on addressing the 
needs of older patients, Kodipyaka be-

lieves that there is scope to do much 
more. “We find that most of the drugs 
for chronic indications and/or that have 
age-related prescription potential are 
being developed as single-dose packs, 
push-pull packaging designs, and fixed-
dose combination (FDC) products. Tar-
get population is a key factor that needs 
consideration in a product development 
program. A holistic approach consider-
ing patient age, drug indication, and du-
ration of therapy among others, needs 
to be adopted for systematic geriatric 
product development,” he says. 

Pediatric. Kodipyaka acknowledges 
that in terms of work that is done and 
being done for special populations, the 
pediatric population is one of the most 

progressive ones. “The pharmaceutical 
industry has actually developed and 
commercialized suitable products for 
children; for example, orodispersible 
dosage forms, orally disintegrating 
tablets, solutions, suspensions, pow-
der for suspension, and drops for 
anti-retroviral, anti-tuberculosis, and 
anti-malarial products,” he says. An 
important driving force, he notes, has 
been the focus and support of regula-
tory bodies, non-governmental orga-
nizations (NGO), and global agencies 
such as the World Health Organization 
(WHO), which have gathered huge 
data points on what is required for pe-
diatric patients. Despite these efforts, 
there are still unmet needs, accord-

Dosage Form Trends

ODTs dissolve drug administration challenges

The advantages of orally disintegrating tablets (ODTs) as a patient-centric dosage 

form are well recognized. “Because of their convenience and ease of administration, 

ODTs are ideal for pediatric, geriatric, and psychiatric patients,” says Ralph Gosden, 

head of product development at Catalent’s Swindon, United Kingdom site. “They 

dissolve in the mouth without water, thereby addressing the problem of difficulty 

in swallowing. It has been reported that 25–45% of children have swallowing 

difficulties and 30–40% of elderly institutionalized patients suffer from dysphagia.” 

He adds that ODT formulations reduce the overall cost of care, citing a study that 

showed children receiving orally disintegrating ondansetron tablets for the treat-

ment of gastroenteritis had less vomiting, increased oral hydration, and reduced 

need for intravenous hydration (1). ODTs demonstrated economic value through 

cost savings from reduced length of hospital stay. The authors of the study noted 

that the ODT was easy to administer, had few side effects, and was safe and ef-

fective, making it a useful therapy in the emergency department for children with 

vomiting and mild-to-moderate dehydration as a result of gastroenteritis (1). 

According to Gosden, speed is an important parameter with ODTs. “The 

requirements for an ODT is to have fast dispersion rates,” he explains. “Rapid 

dissolution enables effective buccal and sublingual delivery, which may 

enable pre-gastric absorption, rapid onset of action, and reduced side effects 

by avoidance of food effects and first pass metabolism.” He adds that other 

desired critical quality attributes of ODTs include appearance, palatability, 

potency, physical/chemical stability, and physical strength to withstand 

packaging, shipping, and patient handling. 

Gosden, however, notes that drawbacks of ODTs include the requirements 

for taste masking and the drug loading capacity. Catalent’s Zydis Ultra 

technology was developed to address those limitations, he says. Zydis Ultra 

is the same basic formulation as Catalent’s Zydis ODT, which is a lyophilized 

oral solid-dosage form that dissolves in the mouth in less than three seconds. 

A lyophilization process is used to make the ODT. The API is formulated into a 

solution or suspension, which is then filled into blisters and passed through 

a specially designed cryogenic freezing process to control the size of the ice 

crystals and subsequent pore formation during freeze drying. After the drying 

step, the blisters are sealed to protect the product. 

Gosden explains that Zydis Ultra includes a dry coating process for taste 

masking. “Micronized polymer agglomerates, through the action of acoustic 

vibration and particle–particle interaction, are used to coat the host API. 

Particle collisions deform the deposited polymer to create a continuous 

coating layer,” he says. “No solvent is involved in this process; it is a completely 

dry process. It has the ability to coat small particles of approximately 100 μm 

and the potential for much higher API potency in the coated material.” 

Zydis Bio offers opportunities for the sublingual or buccal delivery of biologics, 

such as peptides, proteins, allergens, and vaccines in an ODT formulation, 

Gosden highlights. He adds that there are no extreme pH exposure or 

proteases in the oral cavity and this route avoids the harsh environment of the 

gastrointestinal tract. “For vaccines, Zydis Bio offers the potential to eliminate 

cold-chain storage. Zydis vaccines are suitable for mass immunization 

programs and emergency response,” says Gosden. For stability, he explains, 

Zydis Bio uses a lyophilization process with low processing temperatures, 

and there are formulation options to optimize in-process stability such as 

through matrix component selection or pH adjustment. He adds that the dried 

product has low water activity to ensure long-term stability. Acceptable room 

temperature storage has been demonstrated for multiple peptide and protein 

compounds, according to Gosden. 

Catalent’s Zydis Bio technology enabled Danish pharmaceutical company 

ALK-Abelló A/S to successfully launch Grazax as a patient-friendly allergen 

immunotherapy for the treatment of grass pollen-induced allergic 

rhinitis (2). Grazax is a registered trademark of ALK-Abelló A/S. Patients 

previously had to make monthly visits to the clinic for their subcutaneous 

injections. The convenience of being able to administer a daily sublingual 

dose of the medication at home improved patient experience and increased 

patient adherence. 
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ing to Kodipyaka, “particularly with 
challenges of taste masking; the risk 
of suboptimal dosing due to spitting/
vomiting by children; high dose drugs, 
where administering large volumes 
of liquid medications has practical 
challenges for the child and the drug 
administrator; and dosing accuracy 
with liquids.” The measuring cups or 
spoons routinely used with liquids may 
have residual volumes and most ad-
ministrators either add overfills or the 
dose is administered less, he explains. 
Kodipyaka sees ample opportunities to 
develop more patient-centric, innova-
tive drug-delivery systems and pack-

aging systems that could address the 
specific needs of children. 

Controlled-release formulations 
to reduce dosing frequency
The shift to personalized medicine 
and an increasing focus on geriatric 
and pediatric applications is creating 
a demand for specialized dosage forms, 
observes Paul Spencer, head of the Oral 
Excipients Business at Evonik Health 
Care. “Controlled-release formulations, 
including once-daily applications, can 
improve patient adherence and en-
hance therapeutic success,” he says. 

“In an aging society, where there is an 

increasing number of people with mul-
tiple morbidities, who need to admin-
ister several drug products every day, 
controlled-release formulations offer 
significant advantages. They provide 
constant plasma levels over a desired 
timeframe, optimized bioavailability, 
minimized side effects, and reduced 
dosing frequency. Such factors help to 
increase patient quality of life and im-
prove compliance. There are multiple 
chronic conditions where controlled-
release formulations are being used, 
for example, cardiovascular diseases, 
diabetes, and diseases of the central 
nervous system, such as Alzheimer’s.” 

Reducing medication errors

Oral drug delivery continues to be the preferred route of administration be-

cause of its convenience and patient acceptance. The vast majority of mar-

keted products today are tablets, observes Gretchen Bedford, global market 

research analyst at Colorcon. “As medicine advances, so do specialized solid-

dosage forms with drug combinations and layered, extended- and immediate-

release tablets, as well as enteric-coated tablets and capsules,” she says. 

Charlotte Miller, film coatings manager, Colorcon EMEA, notes that the 

number and variety of medicines available are increasing. “Patients are now 

taking multiple medications and living longer,” she says. “Administering 

medicines may be carried out by several healthcare professionals, and 

communication failures can lead to mistakes.” Miller points out that 

medication errors are reported to harm 1.5 million people every year, some 

of which result in sickness, injury, and death (1). “It is estimated that between 

2–14% of patients are admitted to hospitals due to medication errors, and 

approximately 1–2% of those patients are harmed as a result (2),” she 

continues, adding that these numbers are alarming considering that most, 

if not all medication errors could be prevented. “Further, these statistics 

only include those medication errors that have actually been reported,” she 

says, but highlights that awareness and better reporting have resulted in the 

increased number of recorded medication errors. “Many of the regulatory 

authorities have issued guidance or directives (3, 4) to ensure that any errors, 

no matter how small, are captured, as well as to ensure learnings are made to 

prevent reoccurrence of incidents.”

Miller notes that FDA and EMA have published guidance for industry to 

minimize the risk of medication errors (5, 6). “These guidances aim to address 

the design of drug products to promote the safe and correct use and minimize 

or eliminate hazards contributing to medication errors at the product design 

stage,” she says. “The FDA guidance conveys the current thinking about how 

a safety-by-design approach to new product development can be an effective 

tool in reducing the unintentional medication errors that result in 44,000–

98,000 deaths in the United States each year (7). Recommendations include, 

but are not limited to, the adequate distinction between immediate-release 

and extended-release or delayed-release products, differentiation between 

multiple dosage strengths, and inclusion of clear, legible imprints to help 

identification. The size, coating, and palatability of the tablets should also 

be considered to ensure tablets are easy to swallow, safeguarding patient 

compliance.”

According to Miller, manufacturers have a duty to ensure the medicines 

they develop are well differentiated, especially between dosages of the same 

product. “Medication is more easily identified if it has a distinctive appearance, 

and single or multiple visual indications are a defense against swallowing the 

wrong tablet,” she says. “For many, not just the elderly and their caregivers, 

color alone can serve as that great safety net, an easy way to help reduce 

potential errors. For those who take multiple medications, the drugs can be 

safely commingled in a pill-sorting container where patients or caregivers rely 

on color or other visual clues. Familiar colors, shape, and size also help patients 

remember proper dosing.” 

Miller adds that differentiating tablets does not have to be costly, but it does 

require the right resources at the right time. “Colorcon’s unique tablet design service, 

BEST, enables pharmaceutical companies to explore options and evaluate tablet 

shapes and sizes for ease of swallowing, as well as color for differentiation,” she says. 

“Risk assessment studies using the proposed tablet(s) to simulate in-use testing 

can also be conducted with patients, pharmacists, and caregivers to identify any 

difficulties in identification of the product.”
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Fixed-dose combination 
to reduce pill burden
With polypharmacy and compliance 
being a huge problem, especially in 
the geriatric patient population, Anil 
Kane, global head of Technical and 
Scientific Affairs at Patheon, part of 
Thermo Fisher Scientific, points out 
that FDCs offer the possibility of com-
bining several drug candidates into a 
single pill. “FDCs could benefit pa-
tients from the potential increase in 
efficacy, synergistic effect, and a po-
tentially lower dose, leading to higher 
convenience in administration and 
compliance,” he says. 

Kane explains that several drugs in 
the same category of therapeutic ef-
fectiveness have been combined for 
synergistic effects. “Specific examples 
include elvitegravir, emtricitabine, 
tenofovir disoproxil fumarate, cobi-
cistat (Stribild, Gilead) for the treat-
ment of HIV/AIDS; metformin com-
binations with glipizide, glimepiride, 
pioglitazone, rosiglitazone, and many 
other gliptins for diabetes; and am-
lodipine, valsartan, and hydrochlo-
rothiazide (Exforge HCT, Novartis) 
for hypertension,” he says. Citing an 
article (7) that listed the top 10 drugs 
that registered the maximum growth 
in global sales over 2015, Kane ob-
serves that interestingly, three of the 
10 drugs are FDCs as highlighted in 
the following:

• Epclusa (sofosbuvir and velpa-
tasvir), a new launch by Gilead, 
brought in $1752 million in sales 
in 2016. Approved by FDA in June 
2016, the FDC was Gilead’s third 
sofosbuvir-based regimen, but it 
marked the first and only all-oral, 
pan-genotypic single tablet regi-
men for chronic Hepatitis C virus 
infection. 

• Genvoya (elvitegravir, cobici-
stat, emtricitabine, and tenofovir 
alafenamide) by Gilead recorded 
sales of $1484 million in 2016, 
compared with $45 million sales 
in 2015. The FDC demonstrated a 
better safety profile when tenofo-
vir alafenamide was added to the 
combination. Genvoya has been 

the most successful HIV treat-
ment launch since the introduc-
tion of the first single-tablet regi-
men, Atripla.

• Triumeq (abacavir, dolutegravir, 
and lamivudine) by GlaxoSmith-
Kline had sales of $2151 million in 
2016 versus $905 million in 2015. 
Triumeq was the company’s first 
once-daily, single-pill FDC tablet 
combining dolutegravir, an inte-
grase inhibitor, with the nucleo-
side reverse transcriptase inhibi-
tors abacavir and lamivudine.

From a development and manu-
facturing perspective, Kane says that 
various types of drugs have been suc-
cessfully combined into a single unit 
of a solid oral dosage form, including 
low- and high-potency drugs; low- 
and high-dose drugs, and immedi-
ate- and controlled-release profiles 
for individual drugs based on the site 
of absorption and efficacy. “Based on 
the chemical and physical stability 
of each active drug in the FDC, the 
dosage form can be developed as a 
simple monolithic tablet or a blend of 
actives with some excipients in a cap-
sule,” he explains. “With molecules 
having stability challenges, we could 
develop dosage forms such as bilayer, 
tri-layer, tablet-in-tablet, or multi-
particulates of each active in a bead/
pellet form and filled into capsules. 
The techniques and technology have 
developed enough to achieve a good 
shelf life for a combination pill in one 
of these dosage form options.”

Taste masking to 
improve palatability
Palatability and taste are crucial pa-
rameters for oral dosage forms because 
they have a significant impact on pa-
tient compliance, especially for the pe-
diatric population. Several approaches 
have been used to mask the taste of 
bitter APIs, such as the addition of 
f lavors and sweeteners, modification 
of the API to minimize its solubility 
in the oral cavity, complexation with 
cyclodextrins, or the application of a 
coating to form a barrier between the 
drug and palate.

User-friendly dosage forms 
to improve patient experience 
and adherence
User-friendly dosage forms are in-
creasingly popular with patients 
and consumers and are becoming 
more widely available on the mar-
ket. “User-friendly dosage forms are 
orally administered formulations that 
are designed to make taking medica-
tion as convenient and trouble-free 
as possible for end-users,” explains 
Martin Koeberle, head of Analytical 
Development and Stability Testing at 
Hermes Pharma. “These formulations, 
which include instant drinks, effer-
vescent tablets, orally disintegrating 
tablets/granules (ODTs/ODGs), chew-
able tablets, and lozenges, overcome 
many of the difficulties commonly 
experienced with conventional tab-
lets and capsules. As well as being 
easy to swallow, they can be formu-
lated to offer a more pleasant taste 
and mouthfeel than traditional solid 
oral dosage forms. Some forms can 
be taken without any liquid, enabling 
consumers to conveniently integrate 
them into their daily routines.”

Koeberle notes that traditional oral 
dosage forms such as tablets and cap-
sules pose a significant challenge for 
large number of people. A consumer 
survey, conducted in the US and Ger-
many by Hermes Pharma and the 
Spiegel Institut Mannheim, found 
that more than half of the respondents 
from all age groups and genders expe-
rienced difficulties swallowing tablets 
and capsules (8). Various reasons were 
cited, but the most frequent were re-
lated to the pill being too large to swal-
low, becoming stuck in the throat, or 
having an unpleasant taste or odor. 

“As a result of these swallowing issues, 
some individuals reported not taking 
their medicine as intended (such as by 
crushing tablets or dissolving them in 
water), or worse still, not taking them 
at all,” Koeberle says. “For patients 
with chronic diseases or the elderly, 
who may need to take multiple medi-
cines daily, this poses a significant 
problem.” He adds that because user-
friendly dosage forms simplify admin-
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istration and are more convenient to 
take, they can significantly improve 
patient compliance and treatment ef-
ficacy, as well as improve quality of life.

According to Koeberle, Hermes 
Pharma has developed a range of 
user-friendly combined calcium and 
vitamin D3 products for several in-
ternational pharmaceutical compa-
nies. “These products are designed 
for osteoporosis patients, with doses 
ranging from 500 mg to 1200 mg 
calcium and 200 IU to 2000 IU vi-
tamin D3. Our own versions are 
sold under the Calcimed brand, and 
include effervescent and chewable 
tablets as well as ODGs,” he says. 

“Many aspirin products are avail-
able on the market as effervescent 
and chewable tablets, instant drinks, 
and ODG formulations. With these 
user-friendly formulations, aspirin 
is often combined with other active 
ingredients such as phenylephrine, 
caffeine, and paracetamol.” Koeberle 

also highlights that in Germany, the 
most widely used formulation for 
mucolytic cough remedies contain-
ing acetylcysteine are effervescent 
tablets. “This user-friendly dosage 
form is more popular than other for-
mulations, including syrups and con-
ventional film-coated tablets,” he says. 

Conclusion
Kodipyaka sees a growing focus on 
patient-centric product developments. 

“In addition to safety and efficacy, pa-
tient compliance, convenience, and 
cost effectiveness are recognized as 
important elements for the commer-
cial success of a drug product,” he says. 
Previous misconceptions that a busi-
ness model focused on putting the pa-
tient first will not generate sufficient 
profits to satisfy shareholders are now 
being reconsidered; most pharmaceu-
tical executives are beginning to see 
that patient centricity holds the key to 
sustainable profitability.
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T
aste masking is a method used to 
improve not only the taste of bitter 
APIs in formulated drug products, 

but also mouth feel (smooth vs. gritty) 
and the overall acceptability of medica-
tions to patients. It can be achieved in 
various ways. Common methods include 
changing the API to a different form (e.g., 
drug freebase, salt, or pro-drug) that is 
less bitter; using sweeteners, buffers, taste 
modifiers, or aromas to reduce aversive 
sensory attributes; and complexing the 
API to prevent its interaction with taste 
receptors, such as with cyclodextrins 
and ion exchange resins. The API can 
be physically encapsulated through ap-
plication of a coating (or coatings) to a 
drug particle or tablet, the use of barrier 
membranes, or the formation of solid 
dispersions via spray drying or hot-melt 
extrusion. Another potential method in-
volves blocking of taste receptors directly 
or along the signaling pathway.

Taste masking is important because 
poor patient adherence often leads to 

worsening health and poor outcomes, 
along with increased costs across the 
healthcare system. A broader range of 
taste-masking technologies is required for 
the growing number of different dosage 
forms and drug-delivery approaches in 
use and under development today to meet 
the unique and specialized needs of dif-
ferent patient populations. Pediatric pa-
tients consist of subgroups from babies to 
teenagers, each with its own requirements. 
Geriatric patients may have difficulty 
swallowing. Patients with neurological 
conditions may resist taking medica-
tions if the drug product is not easy to 
take. Excipient manufacturers and service 
providers focused on taste masking are 
overcoming a range of challenges—from 
regulatory hurdles to an ability to accu-
rately predict and measure taste-masking 
performance—to develop technologies 
suitable for the growing range of dosage 
forms and delivery systems.

Many drivers
The use of taste-masking technologies is 
driven by a number of factors that can be 
classified as regulatory, economic, demo- B
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Taste masking increases drug acceptability 

and medication adherence in pediatric, 

geriatric, and other special patient populations.

Growing Demand for 
Taste-Masking Technologies

Cynthia A. Challener

graphic, and philanthropic, according to 
Jeff Worthington, president and founder 
of Senopsys. Regulations in the United 
States and European Union both require 
the development of pediatric medicines 
and the submission of detailed plans 
that outline the studies to be conducted 
as part of the pharmaceutical and clinical 
development programs. Unless a waiver 
is granted, pharmaceutical companies 
are required to develop pediatric formu-
lations suitable for patients from birth to 
adolescence requiring age-appropriate 
dosage forms, such as liquids, orally 
dissolving films, fast dissolving tablets, 
granules (sprinkles), and mini-tablets, 
Worthington reports. 

Tablets and capsules effectively bypass 
the taste receptors in the oral cavity, but 
most of the pediatric (and geriatric) dos-
age forms have residence times in the oral 
cavity, meaning the drug active can be 
perceived. Palatability, however, is essen-
tial to dosing compliance and adherence; 
therefore, regulatory agencies require that 
companies demonstrate the palatability 
of drug products in pediatric patient 
populations as part of the pharmaceutical 
and clinical development program. “Be-
cause many drug actives are bitter or have 
other aversive attributes including tri-
geminal irritation, malodor, and texture 
(e.g., grittiness), taste masking is required 
to ensure successful dose administration,” 
Worthington explains.

 Non-governmental organizations 
also support the development of pedi-
atric dosage forms for use in developing 
countries. Solid-dosage forms that permit 
flexible dosing (e.g., granules and mini-
tablets) are preferred due to a variety of 
factors, including lack of potable water, 
complex logistics, and lack of refrigera-
tion, according to Worthington.

Geriatric patients present additional 
adherence challenges. “This demographic 
group is often taking multiple medica-
tions and dosages provided by their care-
givers; they also have a greater degree of 
challenges with swallowing and handling. 
Taste-masking is just one element that has 
to be considered,” according to Ali Rajabi-
Siahboomi, vice-president and chief scien-
tific officer of Colorcon.

Dosage forms other than conventional 
tablets and capsules—which may be dif-
ficult for older patients to swallow—need 

Cynthia A. Challener, PhD, is a 

contributing editor at Pharmaceutical Technology.
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to be developed, adds Don Barbieri, tech-
nical product manager at SPI Pharma. 
He points to chewable tablets, dispersible 
powders, and orally disintegrating tab-
lets as alternate dosage forms that can be 
administered to address swallowing dif-
ficulties. With orally dispersible products, 
however, there is a need for taste masking 
so that these dosage forms have accept-
able palatability with little or no bitterness.

On the economic front, many of the 
growing number of drug candidates 
being developed to target orphan dis-
eases, including many pediatric medi-
cines, are often financially attractive due 
to premium pricing opportunities, mar-
ket exclusivity, and priority regulatory 
reviews among other benefits; however, 
the formulations require taste masking, 
according to Worthington. 

Numerous challenges
A number of hurdles must be overcome 
when developing taste-masking tech-
nologies that are effective. Top among 
them is achieving the necessary bal-
ance between preventing release of the 
API while the drug product is in the 
mouth but allowing for release once the 
medicine is in the stomach, according 

to Rajabi-Siahboomi. “The pharmaco-
dynamics and pharmacokinetics (PK) 
cannot be effected by the taste-masking 
technology,” he says. The taste-masking 
technology must be appropriate for the 
extent of bitterness of the API, its solu-
bility, and dosage level, as well as the 
dosage form (coated tablet, liquid, or 
granules to be distributed on food, etc.). 
In some cases, adding a sweetener or fla-
vor is sufficient; in others, some type of 
barrier membrane must be used. Taste 
maskers that sequester the API from 
taste receptors (e.g., particle coating, ad-
sorption, complexation), however, may 
adversely affect PK, leading to effective 
taste-masking but reduced bioavailabil-
ity, according to Worthington.

Developers of taste-masking technolo-
gies also often work with APIs that have 
been incompletely or inaccurately char-
acterized with respect to their aversive 
taste attributes because many APIs have 
multiple aversive taste attributes—such as 
bitter and sour basic tastes with trigemi-
nal irritation—each of which may require 
a different mitigation approach, accord-
ing to Worthington. In addition, he notes 
that the absence of a robust measurement 
system to provide quantitative data on the 

intensity and duration of aversive taste 
attributes makes optimization of taste-
masking technologies difficult.

Poor correlation of in-vitro taste 
models (e.g., the electronic tongue with 
human data) often results in sub-opti-
mal taste-masking and palatability is-
sues, according to Worthington. There 
is also increasing regulatory pressure to 
reduce the number of excipients used in 
pediatric formulations, leading to the 
availability of fewer tools and lack of 
regulatory clarity on how specifically 
to approach pediatric formulation de-
velopment. “For the most part, agencies 
have adopted a ‘propose-and-justify’ ap-
proach, rather than ascribing a defined 
process,” Worthington comments.

Modifying existing APIs through 
complexation to ionic exchange resins, 
while effective for taste masking, can 
present regulatory challenges, according 
to Barbieri. “In the United States, over-
the-counter (OTC) monographed drugs 
can be marketed without further FDA 
approval. When an OTC monographed 
drug is attached to an ion-exchange resin, 
however, FDA considers the complexed 
drug to be a new compound that requires 
regulatory approval,” he explains. 

API manufacturers announce capacity expansions

CordenPharma announced an agreement to acquire the former Hospira 

Boulder high-containment API site from Pfizer. The 54,000-sq.-ft facility, 

which will be renamed CordenPharma Boulder, produces APIs and inter-

mediate products with specialized capabilities in small- to medium-scale 

highly potent and cytotoxic API manufacturing and API production capabili-

ties ranging from small scale up to 3000 L (1). The company also announced 

a $4.4-million investment in its facility located in Liestal, Switzerland, to 

expand space dedicated to small-molecule, peptide, and carbohydrate de-

velopment services. Other additions include in automated development and 

optimization equipment, an upgrade and expansion of analytical equipment, 

expansion and refurbishment of the current purification capabilities, and 

construction of a new mini-plant (2). 

Cambrex reported an investment in R&D and manufacturing capabilities 

to support the development and production of generic APIs at its site in 

Paullo, Milan, Italy, including the installation of development and analytical 

equipment to support the development of highly potent APIs (HPAPIs), as 

well as a new 2800-L hydrogenator and 1500-mm diameter centrifuge. This 

investment follows the installation of a new pilot plant at the site in 2017, 

and recent announcements of expansions across other manufacturing sites, 

including the construction of a $24-million, 4500-sq.-ft. highly potent API 

manufacturing facility at its Charles City, Iowa site (3).

Piramal Pharma Solutions announced that it is investing $55 million in 

the expansion of its API manufacturing capabilities and capacities across 

sites in North America and Asia, including new multi-purpose plants with 

more than 270 kL of capacity. The company also plans to expand the po-

tency footprint at its plant in Riverview, MI and strengthen its early devel-

opment capabilities at its Ennore, India site through additions of GMP kilo 

labs and a pilot plant. The company reported that it will add early develop-

ment capabilities in both drug substance and drug product to its Morpeth, 

UK facility. In addition, support functions such as analytical capabilities, 

R&D infrastructure, automation, and IT systems will also be expanded at 

all API sites (4).
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Getting novel excipients of any kind 
approved for use in prescription medi-
cines is also challenging because there is 
no separate approval pathway for excipi-
ents. A new excipient must be approved 
along with a formulated drug product, 
and often drug developers are hesitant 
to take on the added risk of using an ex-
cipient that has not already been proven 
acceptable to regulators.

On the production side, Barbieri notes 
that the use of solvents for the applica-
tion of taste-masked polymer systems is 
an issue. “Aqueous systems are definitely 
preferred to avoid the additional testing 
that is required to quantify residual sol-
vent levels and the added cost of handling 
and disposing of solvents,” he says.

Advancing taste-masking technology
Recent innovations in established taste-
masking approaches have been incre-
mental rather than breakthrough or novel 
technologies, according to Worthington. 
As an example, he notes that in particle 
coating there have been advances in bar-
rier coatings used for taste masking that 
are better at balancing the need to main-
tain the target PK profile while minimiz-
ing particle size to minimize grittiness. 

Senopsys applies expertise in sensory 
and formulation science garnered from 
the food industry to the development of 
palatable, patient-accepted drug prod-
ucts for its clients. These efforts include 
advances in the company’s quantitative 
FlavorMetrics Taste Assessment and 
FlavorOpt Taste Masking platforms and 
the development of methods for assessing 
the ease-of swallowing multi-particulate 
dosage forms (granules and mini-tablets), 
and a science-based approach to screen-
ing age-appropriate dosing vehicles for 
multi-particulate products. The com-
pany also is focused on the development 
of novel dosage forms to address unique 
dosing challenges, such as bars, chews, 
gummies, and ready-to-use puddings for 
high drug loading applications, accord-
ing to Worthington.

SPI Pharma has developed a gelatin 
coacervation process as a new approach 
to taste masking of APIs. Originally 
introduced to manufacture carbonless 
copy paper, the process is performed in 

water without the need for solvents. The 
gelatin coating provides an excellent 
taste-masking barrier, and the result-
ing hydrogel film around the particle 
provides great mouth feel with smooth 
sensation and improved swallowability, 
according to Barbieri. “Interest in acet-
aminophen and ibuprofen taste masked 
with coacervated gelatin has increased 
significantly and, worldwide, more 
products are planned for introduction in 
the next one to two years,” he observes. 
Given the continuing increase in both 
interest and sales, SPI is actively evalu-
ating other APIs that would be good 
candidates for taste masking via a coac-
ervation process, according to Barbieri. 

In addition to offering its established 
barrier membrane technology (Surelease/
Opadry combination) and ion exchange 
resin (using DowDuPont AMBERLITE 
and DUOLITE) taste-masking solutions, 
Colorcon is working with BASF on the 
application of that company’s Kollicoat 
Smartseal, a novel, reverse enteric poly-
mer that is highly stable in saliva and spe-
cifically soluble in gastric juice. It is being 
evaluated by Colorcon for inclusion in a 
film-coating system to simplify and accel-
erate coating operations and provide new 
options for taste masking of drug particles 
and granules. Colorcon also recognizes 
the industry need for a pigmented taste-
masking solution to address the issues of 
differentiation and patient recognition. 

“However, because the polymer is a novel 
excipient, there is a real challenge to get 
it approved. We are working with some 
branded pharmaceutical companies who 
are evaluating its use in their formula-
tions,” Rajabi-Siahboomi says.

Short-term expectations
As demand for taste masking increases 
further, the industry will look for ways 
to improve coating efficiency, reduce 
processing time, reduce waste, and maxi-
mize product yields, according to Barb-
ieri. “Excipient manufacturers can be of 
benefit here by providing to pharmaceu-
tical manufacturers a selection of differ-
ent substrates for bead coating in a range 
of different particle sizes. The various 
core beads can be made to target specific 
particle size specifications and narrow 

particle size ranges. In this way, manu-
facturers can select the most appropriate 
seed product for their process without 
having to perform additional screening 
steps to sort out the inappropriate size 
beads, thereby facilitating manufactur-
ing and reducing waste,” he comments.

To better support the application of 
its new taste-masking technologies and 
offerings, Colorcon is developing new 
methods for in-vitro testing using arti-
ficial saliva that will be truer tests and 
resemble what occurs within the body. 
They will be intended for use in con-
junction with conventional dissolution 
testing. “There needs to be a mecha-
nism for confirming that formulated 
products are indeed taste masked. Cur-
rent dissolution testing methods don’t 
accurately model what is in the mouth,” 
says Rajabi-Siahboomi.

Worthington expects to see advances 
in barrier coatings in which these sys-
tems are combined with smaller particles 
to yield further improvements in palat-
ability and swallowability. He also notes 
that further advances in 3D-printing may 
provide additional opportunities for taste 
masking as well as enable on-demand 
production of custom drug products.

Receptor disruption 
as a long-term solution?
Humans have approximately 30–40 
known bitter taste receptors (many more 
than for sweet, sour, or salty); different 
compounds activate different sets of re-
ceptors. Efforts are underway to identify 
compounds that block bitter perception. 
Because individual compounds activate 
different sets of receptors, the prospect 
would appear greater for interrupting the 
common signaling pathway rather than 
a multiplicity of receptors, according 
to Worthington. “Regulatory agencies 
might consider these to be biologically 
active components at either the recep-
tor or signaling pathway level, however, 
meaning that the bitter blockers would 
be regulated as drugs—or at best novel 
excipients—either way impeding adop-
tion by industry,” he states. It is possible 
though, that basic research in taste per-
ception may lead to future advances in 
taste-masking technology. PT
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large percentage of new chemical 
entities (NCEs) have physicochemi-
cal properties that require enabling 

formulations to achieve acceptable oral 
bioavailability and the associated thera-
peutic efficacy. Because of the increasing 
need for enabling formulations, several 
new drug-delivery technologies have 
been developed and commercialized. 
However, although commercial prece-
dence of a number of enabling technolo-
gies has been established, significant 
expertise is required to identify and 
apply the most appropriate technology 
to a given drug candidate. 

There has been a recent emphasis 
on efficiently evaluating the safety and 
efficacy of compounds in preclinical 
and early clinical studies to save time, 
money, and resources. For NCEs re-
quiring enabling formulations, formu-
lation identification and development 
are based on a clear understanding of 
gastrointestinal (GI) tract physiology; 
the physicochemical properties of the 
drug molecule; and the target product 
profile (TPP), including dose, optimal 
pharmacokinetics profile, and preferred 
final dosage form. With this knowledge, 
key technical challenges associated with 
the drug candidate can be addressed 
early in formulation development.

In addition to bioavailability enhance-
ment (BAE), many TPPs also require 
modified-release (MR) or targeted GI 
delivery technologies. Site-specific re-

lease in the GI tract may be desired to 
avoid API exposure to the gastric envi-
ronment to limit acid-catalyzed degrada-
tion, to maximize exposure in the lower 
intestine for local-acting treatments, or 
to release solubilized API in the gut over 
an extended timeframe to achieve an 
optimal pharmacokinetics profile. An-
tiviral molecules are often dosed with 
a cytochrome P450 inhibitor acting as 
a pharmacokinetic “booster.” Fixed-
dose combinations (FDCs) requiring 
BAE and MR are increasingly common 
for therapeutic effect or reduced dos-
ing regimens. Dosage forms designed 
for specific patient population groups 
(e.g., pediatric or geriatric) may also be 
required to address dosing issues. Simul-
taneously achieving TPPs involving both 
BAE and MR or targeted delivery for one 
or multiple APIs, as well as developing 
a robust formulation that can be effec-
tively advanced in an efficient manner, 
requires innovative formulations based 
on mechanistic models.

The mechanistic delivery challenge 
The first step in formulation devel-
opment is to identify the technical 
challenge to be addressed, which may 
include low aqueous solubility, low 
permeability, slow dissolution rate, 
significant metabolism or eff lux, re-
quirements for site-specific release in 
the GI tract, and/or the need to maxi-
mize or minimize systemic absorp-
tion. Mechanistic understanding of the 
drug-delivery problem statement early 
in the candidate development program 
minimizes iteration of technology and 
formulation screening. It also directs 
experimentation to critical aspects of 
formulation performance, stability, or 
manufacturability, which increases ef-
ficiency by focusing on the most criti-
cal factors for compound progression. 
Formulation experience is crucial to 
quickly identify and address bioavail-
ability challenges. By leveraging exten-
sive institutional knowledge of mole-
cules with similar properties and TPPs 
in the form of compound property 
maps and other physical models, for-
mulation scientists can rapidly identify 
key problem statements for the NCE, 
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and therefore better select formulation 
approaches likely to address the par-
ticular formulation challenge.

In-vitro testing 
Models of varying levels of sophistica-
tion guide technology and formulation 
selection for drug-delivery applications. 
Simple models include guidance maps 
based on large and diverse historical 
data sets of molecules that have been 
successfully formulated. Such maps can 
be used to identify formulation starting 
points using the knowledge generated 
for similar molecules and formula-
tions. Quantitative mechanistic mod-
els include maximum absorbable dose 
(MAD) estimates based upon a few 
easily ascertained molecular properties 
that can be used early in development 
to obtain initial estimates of absorption. 
For programs in later stages of devel-
opment, more detailed mathematical 
models based on a larger number of 
fundamental physical properties of the 
drug and formulation can be used to 
refine predictions of relative or abso-
lute performance characteristics, such 
as percent dose absorbed or pharma-
cokinetic profiles. The best use of in-
vitro tests is to generate key physical 
parameters that are used as inputs to 
these mechanistic models to identify 
rate-limiting steps to absorption, to 
rank-order formulations for parameter 

sensitivity analysis, and/or to otherwise 
understand the impact of a key prop-
erty on performance, manufacturabil-
ity, or stability. 

A variety of both well-established and 
novel in-vitro tests are used to measure 
compound or formulation physical 
properties that are used as model inputs. 
The utility of specific tests depends on 
the properties of the compound, the 
limiting mechanism to absorption, and 
the type of formulation. For example, 
measurement of the drug molecule’s 
amorphous solubility can be used to 
estimate the maximum improvement 
in absorption of a low-solubility com-
pound using an amorphous drug form, 
such as a solid amorphous dispersion, 
relative to absorption from the crystal-
line drug form. Similar screening tests 
can be used to select polymers to maxi-
mize sustainment of supersaturation 
prior to manufacturing any formula-
tions as part of the preformulation work 
flow. In evaluating solubilization per-
formance, an assessment of drug specia-
tion is crucial because the concentration 
of drug dissolved versus that incorpo-
rated into solubilized species such as 
micelles, colloids, and nanocrystals can 
have a large impact on performance. 

A brief case study demonstrates the 
importance of careful use of in-vitro 
measurements in conjunction with 
quantitative models to design enhanced 

formulations. Figure 1 shows the solubi-
lized drug concentration from the spray-
dried dispersions (SDD) of a poorly wa-
ter-soluble API relative to that provided 
by the crystalline form. Analysis by cen-
trifugation or filtration showed a large 
enhancement in solubilization for the 
enabled formulation. A MAD calcula-
tion based on this analysis predicted an 
eight-fold enhancement in absorption 
in dogs due to solubilization. However, 
as shown in Figure 2, the area under the 
curve (AUC) provided by the SDD was 
only a little more than two-fold higher 
than that from the crystalline suspension. 
A more careful assessment of the drug 
speciation in vitro using spectroscopic 
analysis of data from fiber optic probes 
(see Figure 3) showed that nanocrystalline 
drug particles rapidly form in the disso-
lution media, quickly reducing the drug 
activity and the driving force for absorp-
tion. Using the time-concentration pro-
files of dissolved drug from this in-vitro 
analysis gave an accurate prediction of 
the enhanced absorption provided by 
the SDD, and guided development of a 
formulation that better sustained high 
dissolved drug concentrations.

Applying the mechanistic models 
and testing described here at the ear-
liest phases of feasibility increases the 
likelihood of developing robust and 
scalable formulations, leading to lower 
risk, faster development timelines, and 
lower development costs. This ap-
proach is used routinely to assess appli-
cability of technologies for the required 
performance, manufacturability, and 
product stability. It ensures that even at 
the initial formulation feasibility stage 
there is line of sight to the commercial 
product, reducing the risk that refor-
mulation will be needed later in the 
drug development program. 

To optimally formulate based on 
mechanistic science requires having a 
breadth of formulation technologies 
available to take advantage of the unique 
characteristics of various solubilization 
approaches. For example, if analysis 
suggests that modest dissolution rate en-
hancement is sufficient to give adequate 
oral exposure for a compound that also 
has chemical stability risks, then crys-

Formulation

Figure 1: The initial spray-dried dispersion formulation provided high 

concentrations of solubilized drug.
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talline particle size reduction is likely a 
better choice than lipid/liquid-based or 
solid amorphous formulations. Having 
a range of technologies available aids in 
advancement of the most appropriate 
technology. Likewise, the availability of 
a range of technologies also allows for-
mulating in a phase-appropriate manner. 
For example, SDDs are ideal for early 
stage work, as they can be manufactured 
quickly using only a small quantity (10s 
of mg) of API. Depending on the appli-
cation, SDDs can then be scaled up and 
advanced through later development, 
or potentially transferred to a hot-melt 
extrusion (HME) process, depending 
on technical and commercial consider-
ations. Therefore, strategic application 
of enabling technologies based on the 
technical considerations, the phase of 
the development program, and the TPP 
is a generally advantageous approach 
for the rapid and efficient progression 
of challenging drug candidate programs.

Summary
The majority of drug compounds in the 
pharmaceutical pipeline require bio-
availability enhancement and/or modu-
lation of the pharmacokinetic profiles 
in order to achieve successful formu-
lations. Efficient and robust develop-
ment of these increasingly demanding 
drug products requires fundamental 
mechanistic understanding of the bar-

riers to absorption, and of the interplay 
between formulation attributes and GI 
physiology. Physical and mathemati-
cal models informed by data collected 
from an array of appropriately chosen 
in-vitro tests guide technology and for-
mulation selection, allowing for rapid 

and effective product development. Ex-
perience and process capabilities across 
the range of enabling BAE and MR/tar-
geted technologies and formulations are 
prerequisites for developing and apply-
ing advanced modeling and testing in 
meeting challenging TPPs. PT

Figure 2: In-vivo plasma profile in dogs (left) and the maximum absorbable dose (MAD) estimate based on the solubilization 

profile in Figure 1 (right). AUC is area under the curve.

Figure 3: Spectral analysis of the solubilized species identified rapid formation 

of nanocrystalline drug suspended in the dissolution media (top). Based on 

characterization of the dissolved drug concentration profile, the revised maximum 

absorbable dose (MAD) calculation is in good agreement with the in-vivo data 

(below). The in-vitro analysis was used to develop a non-crystallizing formulation. 

AUC is area under the curve.
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A
septic processing is understood to 
be among the more complex pro-
cesses in the pharmaceutical in-

dustry and one whose proper execution 
is essential to patient safety. One of the 
keys to success in aseptic processing is 
defining the operational details prop-
erly so that contamination risk can 
be minimized. Reduction of patient 
risk is understood to be the primary 
consideration, and it is intrinsically 
linked to managing contamination risk 
in products manufactured aseptically.

The past 100 years have witnessed 
an evolution of technologies for asep-

tic processing that have led to dramati-
cally improved process capability. The 
evolution of practice was accomplished 
pragmatically, but without any formal 
consideration of risk.  The principles 
of aseptic processing developed and 
largely codified by FDA, the Euro-
pean Medicines Agency (EMA), the 
US Pharmacopeial Convention (USP), 
the Parenteral Drug Association (PDA), 
the International Society for Pharma-
ceutical Engineering (ISPE), and oth-
ers evolved in a similar fashion, again 
without formalized risk assessment. 
Thus, aseptic processing practices as 
they exist today are the result of a series 
of predominantly subjective decisions 
about which design, practices, and 
measurements are most appropriate.

This absence of formal risk assessment 
began to change in 2004, when FDA is-
sued an important document outlining 

its desire to encourage a more formal risk 
analysis-centered approach to CGMP 
compliance (1). Subsequent to that publi-
cation, the first attempts at development 
of risk assessment methodologies for 
aseptic processing were developed (2, 3). 
It was in this time frame that the authors 
first developed their risk assessment mod-
els (4, 5). These publications focused on 
the contamination risk associated with 
personnel activity, which arose from the 
universal understanding that it was the 
primary source of contamination, and 
hence risk, in aseptic processing activi-
ties (6). The first publication of the Ak-
ers-Agalloco (A&A) method (4) included 
a complex method for assessing aseptic 
risk and some activities that included too 
much redundancy in practice. The sec-
ond publication (5) corrected these errors  
and has been successfully used by several 
firms (7). To best use this risk method, the 
rationale provided in the original publica-
tion has to be combined with simpler cal-
culations provided in the second publica-
tion. Based upon empirical data accrued 
over many years of practical experience in 
aseptic processing, the authors knew that, 
in application, it was possible to differen-
tiate processes that had a comparatively 
high risk of product contamination from 
those that had the capacity to ensure lower 
contamination risk.  

Updates to the A&A method
In the years since the original pub-
lications, interactions with clients 
led to reconsideration of some of the 
core assumptions made in the earlier 
publications. There were many que-
ries regarding the arbitrariness of the 
risk factors used in the interventional 
portion of the original work, and as 
explained in the following discussion, 
the authors replaced the subjective risk 
factors with a time-based scoring and 
changed the scoring methodology to 
use an inverse-square risk factor for 
proximity, which largely eliminates 
the authors’ personal bias in that part 
of the risk assessment.

In using their risk assessment method-
ology, the authors discovered that it was 
actually two independent risk-assessment 
methods combined into one larger and 
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more complex tool. The first part of the 
original method was intervention based, 
while the second focused on process de-
sign. Each portion of the method can 
be used separately from the other, or 
they can be used together in series as 
originally published. The authors have 
had many more opportunities to use 
the individual components for assessing 
aseptic risk as compared to their combi-
nation. This article will explain how the 
submethods can be used separately. 

Intervention-focused method 
Because the accepted source of contami-
nation in aseptic processing is personnel, 
it makes sense to develop a risk model 
that places human intervention at the 
very core. The authors had hypothesized 
that improvement of aseptic processing 
was primarily a matter of reducing reli-
ance on gowned personnel in aseptic pro-
cessing, in agreement with the suggestion 
of FDA’s Hank Avallone that “It is useful 
to assume that the operator is always con-
taminated while operating in the aseptic 
area. If the procedures are viewed from 
this perspective, those practices which 
are exposing the product to contamina-
tion are more easily identified” (6).  

The authors had learned from research 
using aseptic processing in cell-culture 
work that gowning and aerodynamic 
separation of humans from aseptic activi-
ties resulted in much lower contamina-
tion rates. Further research showed that 
humans were not merely “contaminated” 
as Avallone had thought, but were actu-
ally contamination generators. Published 
studies describe the rates at which hu-
mans who are gowned for aseptic work 
generate microbial and non-viable par-
ticulate contamination (8, 9). The rate of 
release of these contaminants into the 
environment depends on the types of 
gowning materials used as well as level 
of activity their work involved. The au-
thors observed that ventilation played an 
essential role in removing the contami-
nation emitted by the contamination 
generators (e.g., personnel) in aseptic 
cleanrooms. As advanced separative 
technologies came into wider use, the 
elimination of personnel had a profound 
impact on contamination rates, confirm-

ing that human-released contamination 
constitutes the greatest risk. 

The intervention aspect of the A&A 
method incorporates the concept of the 
human operator as a mobile contamina-
tion source directly with considerations 
of criticality, frequency, and proximity, 
which relate directly to human-derived 
microbial contamination in aseptic pro-
cessing. Human activity is variable in 
aseptic processing whereas the design of 
the cleanroom and the operation of its 
ventilation system is effectively a con-
stant. The following sections discuss 
these three variables. 

Criticality. The type of interventional 
manipulation being performed is linked 
to the contamination potential. Inherent 
interventions that are required parts of 
the aseptic process and cannot be easily 
eliminated must be designed to have the 
lowest risk contamination (10). Correc-
tive interventions involving the removal 
of items from the operation have a greater 
level of risk because they vary substan-
tially as to location and complexity. What 
the A&A method terms as critical inter-
ventions are corrective interventions of 
greater complexity that, in many cases, 
require the replacement of an item on the 
line. As such, they resemble the initial set-
up of the line and represent the highest 
level of risk. A hierarchy of intervention 
risk associated with aseptic processing 
including some additional interventional 
categories is shown in Table I.

Separate consideration of interven-
tions as either inherent or corrective is 
necessary because the design approaches, 
execution details, risk mitigation means, 
and operational perspectives remain dif-
ferent. Inherent interventions require de-
termination of a preferred methodology 
and training of personnel in their execu-
tion. Corrective interventions will always 
rely on operator expertise and aseptic 
technique because of their more variable 
nature. The goal of eliminating all correc-
tive interventions, especially the critical 
correctives, remains, regardless of the 
ease with which some of the less invasive 
corrective actions might be undertaken.

 The designation of interventions as 
either inherent or corrective, while use-
ful in understanding their design and 

execution, is less useful in risk assess-
ment. Consider that the replacement of 
environmental monitoring plates in an 
air sampler (an inherent intervention) is 
both more difficult and time consuming 
than removal of a single fallen vial using a 
pair of forceps (a corrective intervention). 
It seems logical to consider duration of 
the intervention (seconds within the criti-
cal zone) as a superior alternative to inter-
vention type in the estimation of risk. A 
lengthy inherent intervention would thus 
be considered more risky than a simple 
corrective one. Time serves as a more 
definitive and less subjective means to 
assess the potential impact of an inter-
vention compared to type of intervention. 

Frequency. The objective in all aseptic 
processes is to continuously reduce the 
frequency of interventions regardless of 
their type: inherent, corrective, or criti-
cal corrective. For example, the frequency 
of weight checks should be based upon 
the performance of the filling equipment 
and not an arbitrary time interval. If an 
intervention cannot be completely elimi-
nated, reducing its frequency reduces the 
contamination risk. The “perfect” inter-
vention is one that has been eliminated 
from the aseptic process (11). 

Proximity. The distance between where 
the intervention is performed and the 
nearest exposed sterile item affects risk. 
Logically, the shorter the distance be-
tween sterile items and the personnel 
performing the intervention, the greater 
the potential is for microbial transfer 
across that distance. An arbitrary dis-
tance scale was used in the initial A&A 
method for the sake of simplicity. Wil-
liam Whyte, an early proponent of formal 
aseptic risk assessment, suggested the use 
of the inverse-square rule for estimating 
the dispersion of microorganisms from 
a source (2, 3). This rule relies upon two 
assumptions: the existence of a point 
source of microorganisms that dissemi-
nates them much like a light bulb casts 
light and that microorganisms dissemi-
nated from that source would uniformly 
populate the surrounding environment. 
Although the inverse square rule is ap-
propriate for gravity, energy, sound, and 
other physical phenomena, it should not 
be considered a wholly accurate model for 
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microbial dispersion in an environment. 
Among the reasons for its limitations in 
this instance are:

• There is no “point” source for mi-
croorganisms in aseptic operations; 
they can be shed from any part of 
the operator’s gown or gloves.

• Aseptic processing is carried out in 
ISO 5 environments supplied with 
unidirectional air, which is specifi-
cally provided to suppress the dis-
tribution of microorganisms by air 
movement or dilution. However, 
other factors, including electrostatic 
charges, can alter the direction in 
which airborne contaminants move.

• Microorganisms have mass, and set-
tling will occur even in the absence 
of air movement.

The use of the inverse square rule, even 
though it may not be precisely quan-
tifiable, places greater weight than the 
original A&A method on interventional 
activities performed closer to exposed 

sterile materials. For this reason alone, 
the authors adapted the A&A method 
to incorporate this, albeit flawed, more 
objective means for considering the effect 
of distance in risk estimation. 

Evaluating interventional impact 
The example shown in Table II explains 
how data gathered from observation of a 
filling line can be used in the evaluation 
of interventional impact on an aseptic 
filling process. For a meaningful assess-
ment, at least one hour of the process 
should be monitored. Ideally, the assess-
ment should extend to the full process 
duration. The time for execution of the 
various interventions is most accurately 
determined by recording it during each 
intervention; however, for interventions 
that are more frequent and similar in 
execution an average value based upon 
multiple observations could be used.

The raw score considers only the in-
tervention contribution and ignores other 

elements. Normalization of the score by 
dividing by the number of units pro-
duced is employed to refine the assess-
ment. The fewer units produced over the 
time period, the greater the contamina-
tion risk to any individual unit; a lower 
throughput is more likely to be associ-
ated with sterile items being exposed to 
contamination for a longer period of time 
with the process environment. When this 
calculation is made, the determined value 
is the intervention risk (IR). The goal in 
risk mitigation is to reduce the IR for the 
aseptic process.

Determination of the IR for an aseptic 
process can be used as a risk assessment 
tool without additional effort. The IR can 
be used in risk assessment and, ultimately, 
for risk mitigation in the following ways:

• Assessing of the performance of 
a filling line with different set-up 
personnel

• Assessing line performance with 
different operators or shifts 

Table I. Aseptic interventions and contamination risk.

Intervention Description Risk perspective

Outside critical zone Operator activities performed outside the critical 

zone

Negligible risk: these do not involve the 

manipulation of exposed sterile items by personnel.

Inherent Required parts of the aseptic operation that cannot 

be eliminated

Lower risk: these interventions must be designed in 

detail to minimize the contamination potential and 

the practices adhered to by all operators. They are 

usually, but not always easy to execute.

Corrective Correctional activities that often entail the removal 

of items and any debris created by the operational 

problem; their elimination is always desirable

Moderate risk: these interventions are broadly 

defined and operators adapt their extent and 

execution specific to the individual circumstance 

of each intervention. Their complexity can vary 

substantially. 

Critical corrective Correctional activities that entail the replacement/ 

exchange/adjustment of a piece of equipment that 

is either a permanent fixture on the line or a part of 

the initial set-up of the aseptic process  

Greatest allowable risk: the execution of these can 

be either detailed and specific (for replacement of 

initial set-up items such as fill needles, filters, etc.) 

or more general for adjustment/replacement of 

micro-switches, conveyor rails, etc. Their duration 

is generally longer than a corrective intervention. 

Invasive An interventional activity that compromises the 

integrity of the critical zone and/or its air supply

Excessive risk: these should never be performed 

during aseptic operation. They are only allowed 

during non-operational periods. 

Heroic Any intervention that violates aseptic technique Excessive risk: an intervention activity that violates 

aseptic technique is never acceptable. 

New A corrective or critical corrective intervention that 

is not a part of the accepted interventions for the 

process 

Unknown risk: their execution and acceptance 

requires a thorough evaluation of the interventional 

steps and investigation of implications for the 

materials produced. These may remain as either 

one-time events or added to the accepted practices 

after demonstration of their acceptability.
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• Assessing line performance with 
different combinations of compo-
nents (i.e., stopper and vial)

• Assessing line performance over 
equipment life/length of the fill

• Assessing line performance with 
different formulations/fill vol-
umes/operating speeds

• Identifying the “worst-case” selec-
tion of conditions and components 
for use in process simulations

• Supporting the process simulation 
as “worst-case” relative to routine 
production

• Evaluation of operator experience
• Evaluation of line performance in 

conjunction with changes in equip-
ment, personnel, procedures, etc.

• Evaluation of performance changes 
with different lots of components.

Clearly, an intervention-focused risk 
assessment has a variety of uses. Im-
portantly, the absence of subjectivity 
in the accumulation of the data used 
in the assessment eliminates the most 
common deficiency in other risk meth-
ods. The IR reported should be the 
same regardless of the observer. This 
feature is perhaps the method’s great-
est value in that it eliminates bias in 
the assessment of risk.

Design-focused method
The other component of the initial A&A 
method was the design-focus element 
that provided for the assessment of asep-
tic manufacturing, aseptic filling (i.e., 
individually addressing aseptic set-up 
and filling), and lyophilization. The sub-

components differ, reflecting the unique 
elements of aseptic risk associated each 
of them. The risk factors in each of these 
were established with consideration of 
how the design choices influenced the ex-
tent of operator activity with sterile ma-
terials. As a consequence, this portion of 
the risk-assessment model can be used in 
isolation from the interventional element. 

Although many clients requested that 
manual aseptic filling be included in the 
A&A method, it is already included under 
the term aseptic compounding; this por-
tion of the document is readily adapted to 
individual use. The aseptic compounding, 
filling, and lyophilization components of 
the method work independently of each 
other, and it is a simple matter to use only 
that portion of the design component risk 
method that is of interest. The authors 
agree conceptually with adding other 
aseptic processes to the design compo-
nent of the risk method; lacking sufficient 
experience with these less common situa-
tions, however, the authors are loath to do 
so. The authors would encourage others 
to develop design-based risk assessments 
for aseptic process elements that the au-
thors did not consider.  

Consideration of the risk associated 
with aseptic process design is not new. 
The evolution of aseptic processing from 
unclassified environments with mini-
mally gowned personnel to present day 
isolation technology was the result of 
informal consideration of the contami-
nation potential. The introduction of 
separative means, high-efficiency par-
ticulate air (HEPA) filters, full aseptic 

gowning, and automation to aseptic op-
erations were a result of largely subjective 
evaluation of risk. In the design-focused 
portion of the A&A method, the authors 
ranked the various process and facility 
design elements according to the extent 
of human intervention required. This 
portion did not independently consider 
severity, frequency, or detectability, but 
rather developed an arbitrary risk rank-
ing based upon what the authors believed 
was the least to most risky process or de-
sign feature.

In the initial publications, the authors 
included some examples based upon 
facilities both had visited; the authors’ 
clients, however, have afforded them 
substantially better opportunities to 
apply this risk tool. In one group exercise, 
teams of participants were asked to evalu-
ate the risk associated with the filling of 
the same lyophilized product configura-
tion in multiple facilities using the pre-
vailing aseptic practices at various sites. 
The facilities chosen for the analysis were 
the smallest, oldest, newest, and largest 
that the firm operated. The calculations 
involved followed the design component 
of the simplified risk model from 2006 (5). 
The results of this exercise are presented 
in Table III.   

The results of this exercise revealed 
the utility of this form of risk assessment, 
with the following results:

• The filling risk contribution was es-
sentially the same at all sites except 
the oldest site. After presenting their 
risk result, the team from the oldest 
site was able to review the aspects 

Table II. Example of intervention analysis for risk assessment. Duration is the time in seconds (s) within the critical 
zone. Frequency is recorded as the number of each type of intervention over the time interval. Proximity is defined 
as: within 1 foot (0.3m) = 1, within 2 feet (0.6m) = 0.25, within 3 feet (1m) = 0.11.

Intervention type and 

duration (s)
x   Frequency x   Proximity Calculation = Score*

Inherent  (9 s) 4 (4) 3 ft (0.11) 9 x 4 x 0.11 4 (3.96*)

Inherent  (20 s) 2 (2) 1 ft (1) 9020 x 2 x 1 40

Corrective (30 s) 3 (3) 2 ft (0.25) 9030 x 3 x 0.25 23 (22.5*)

Corrective (5 s) 6 (6) 1 ft (1) 5 x 6 x 1 30

Critical corrective (300 s) 1 (1) 1 ft (1) 300 x 1 x 1 300

Sum 397

*Rounding to whole numbers for ease of evaluation is strongly recommended.
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of their operations that raised their 
score by comparing their process/
facility design to the other facilities.

• The lyophilization risk varied widely 
across the sites, and the practice/
design of the newest site became a 
model for the remaining operations.

• Most importantly, the participants 
became aware that objective consid-
eration of aseptic risk could reveal 
improvements to what were already 
considered fully compliant aseptic 
operations.

Conclusion
Over the past 10–15 years, there have 
been numerous risk assessment meth-
ods published. The majority of these en-
tail some adaptation of failure mode and 
effects analysis (FMEA) or other subjec-
tive tools for risk assessment. The au-
thors often encounter aseptic operations 
where aseptic process improvement op-
portunities are either not obvious or 
inherently limited. The firms operating 
these facilities fixate on the performance 
metrics they use, predominantly asso-
ciated with environmental monitor-
ing, without adequate consideration 
of the human impact. Environmental 
monitoring, process simulation, and 
sterility testing are largely inadequate 
for assessing the performance of con-
temporary aseptic operations (12). They 
rely on growth-based microbiological 
analysis which is limited statistically as 
well as analytically. The accepted limit 
of detection (LOD) of these methods is 
considered to be 10–100 colony forming 
units. These methods are being improp-
erly credited with providing evidence of 
sterility assurance when in reality they 
are simply unable to provide useful in-
formation below their LOD. 

These methods also suffer from re-
stricted sensitivity as they are unable 
to recover a number of potentially 
pathogenic organisms. As a result, the 
absence of contamination measured 
as no growth may be an illusion. It 
must be understood that in microbi-
ology, zero recovery only means that 
nothing grew and never under any 
circumstances should it be considered 
proof of sterility. The authors believe 

that the A&A risk tools they have de-
veloped, and now refined, provide a 
more insightful means for evaluating 
and improving aseptic processing. 

There are two aspects of aseptic risk 
that are still troubling. First, too much 
is written and said about risk assessment 
and too little about risk mitigation. The 
purpose of understanding aseptic risk in 
the first place is to take action to reduce 
it. The knowledge that it has started to 
rain outside is useless, unless one makes 
the decision to open an umbrella. It’s not 
enough to measure risk: active steps need 
to be taken to minimize it. The more 
objective the means for assessing the 
risk, the more likely it will be to be able 
to determine what measures are best to 
mitigate that risk. Regardless of the risk 
level, actions must be taken to reduce it 
further despite any belief that the asep-
tic process it is already sufficiently safe. 
Continuous improvement should be the 
order of the day.     

The second concern is the continued 
use of microbiological analytical data 
to determine risk, establish “sterility 
assurance,” and “validate” processes. 
This industry has never come to grips 
with the reality that microbiological 
methods lack sensitivity. The methods 
have far higher LODs than prevailing 
standards and guidance documents 
imply, and they have substantial vari-
ability as well. Microbiology is a loga-
rithmic science, and attempting to 
measure sterility using environmental 
monitoring is not just difficult; it is 
impossible. There are far better means 
of assessing process control and proac-
tive steps that can be implemented to 
prevent contamination.  

It is easy to fall in love with an ap-
proach to cleanroom assessment that 
gives positive feedback, and in the au-
thors’ experience, more than 99% of 

all environmental monitoring samples 
taken in ISO 5 environments don’t find 
contamination. This result is superfi-
cially reassuring until one realizes that 
given the LOD of the method, the one 
thing it doesn’t mean is that the envi-
ronment is sterile. To those who aren’t 
microbiologists, using environmental 
monitoring or media fill data in an ef-
fort to assign a risk probability number 
or assert assurance of sterility seems 
logical, but it’s actually not. Despite the 
perceived lower LOD of some alternate 
methods, limitations in sampling mean 
that all environmental methods are 
inadequate. Sterility, or more correctly 
asepsis, cannot be tested in and thus 
can never be assumed to be present.   
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company should consider whether 
it has a data governance policy 
and, if so, whether it is compre-

hensive and effective. Data governance 
policies have become a regulatory ex-
pectation as one of the core quality 
system policies. It has been stated by 
the Medicines and Healthcare products 
Regulatory Agency (MHRA) (1, 2), 
European Medicines Agency (EMA) 
(3), World Health Organization (WHO) 
(4, 5), Pharmaceutical Inspection Co-
operation Scheme (PIC/S) (6), and the 

Australian government’s Therapeutic 
Goods Administration (TGA) (7) that 
a data governance system should be 
an integral part of the pharmaceutical 
quality system. The FDA draft data 
integrity guidance states: “Firms should 
implement meaningful and effective 
strategies to manage their data integrity 
risks based upon their process under-
standing and knowledge management 
of technologies and business models” 
(8). In response, many organizations 
have hastily created a data governance 
policy. Somewhere in the haste to get a 
data governance policy in place, many 
organizations lost sight of the purpose 
and function of a data governance sys-
tem.  As defined by the MHRA, a data 
governance system is the “sum total 
of arrangements to ensure that data, 

irrespective of the format in which it 
is generated, is recorded, processed, 
retained, and used are complete, con-
sistent, and accurate record throughout 
the data lifecycle” (1, 2). The stated pur-
pose of the data governance system is to 
ensure data integrity is maintained, but 
the ultimate goal is to ensure patient 
safety. The data governance system, 
at all firms seeking to be fully cGMP 
compliant, should provide an accept-
able state of control based on risk. 

Establishing a data governance sys-
tem might appear simple enough: just 
one more policy to be written and 
added to the corporate quality manual. 
However, issuance of a quality system 
policy, in itself, will do little toward 
ensuring the integrity of data, unless 
the policy addresses all relevant aspects 
of the company’s operations, including 
personnel behaviors and actions. Data 
integrity breaches can result from in-
tentional actions, poor practices, or 
inadequate systems/procedures. To be 
effective, a data governance policy must 
drive personnel behaviors and actions, 
including that of senior management. 
The role of senior management with 
respect to the integrity of data needs to 
be emphasized. International Council 
for Harmonization (ICH) Q10 states: 

“Senior management has the ultimate 
responsibility to ensure an effective 
pharmaceutical quality system is in 
place to achieve the quality objectives, 
and that roles, responsibilities, and au-
thorities are defined, communicated, 
and implemented throughout the 
company” (9).  The MHRA draft data 
integrity guidance additionally states: 

“Senior management is responsible for 
the implementation of systems and pro-
cedures to minimize the potential risk 
to data integrity, and for identifying 
the residual risk, using risk manage-
ment techniques such as the principles 
of ICH Q9” (2). In addition to the legal 
and ethical responsibilities for ensur-
ing patient safety, the financial risks 
of poor data integrity as discussed in a 
white paper (10) justify significant en-
gagement by senior management. 

An all too familiar regulatory ob-
servation is, “Your quality system 
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does not adequately ensure the accu-
racy and integrity of data to support 
the safety, effectiveness, and quality 
of the drugs you manufacture.”  En-
suring data integrity requires a ho-
listic approach. The Parenteral Drug 
Association (PDA) has described the 
elements of a code of conduct (11). 
Correspondingly, a comprehensive 
data governance policy should in-
clude guidance for the following key 
systems supporting an effective data 
governance policy: a code of ethical 
conduct, employee training, systems 
and procedures regarding the control 
and security of raw data, internal au-
dits by quality assurance personnel, 
reporting and investigation of suspect 
data integrity breaches, disciplinary 
actions, regulatory agency notifica-
tion, and data integrity with respect 
to outsourced services. The following 
paragraphs contain recommendations 
for these key systems, which are fur-
ther detailed by PDA in its “Points to 
Consider” document (11). 

Code of ethical conduct
Companies should adopt a code of 
ethical conduct, which includes the 
following: 

• A commitment to the develop-
ment and commercial marketing 
of safe and effective medicines of 
high quality that comply with all 
applicable standards and regula-
tory requirements 

• Company and management com-
mitment to provide the neces-
sary resources and training and 
support of a work environment 
culture that enables open and 
transparent communications, 
professional behavior, and com-
pliance at all levels

• A commitment requiring person-
nel at all levels, without excep-
tion, to maintain the integrity of 
all the data and records that are 
generated from product develop-
ment to commercialization of all 
products throughout the lifecycle 
of each product

• A zero-tolerance policy for any 
employee who is found to pur-

posefully manipulate and/or fal-
sify any data/records

• A commitment to investigate all 
reported instances of question-
able or unethical behaviors and 
take appropriate action

• An encouragement for employees, 
without fear of retaliation, to re-
port any coercion by coworkers or 
supervisors, implicit or explicit, to 
compromise data integrity

• A management commitment to: 
fully investigate any breaches; deter-
mine the root cause; implement the 
proper corrective actions and pre-
ventive actions (CAPAs) prevent-
ing future recurrences; verify the 
validity and reliability of the data; 
retest and recall impacted product 
batches, or resubmit/amend the 
pertinent sections of an impacted 
submission; and fully disclose the 
investigation to the relevant agen-
cies/authorities, as appropriate.

Employee training
All employees should be trained on the 
basic applicable cGxP, good documen-
tation practices (GDP), code of ethical 
conduct, and data integrity policies 
along with other relevant subjects based 
on the assigned job functions and/or 
the defined roles and responsibilities.

Annual cGxP training should cover: 
GxP topics, code of ethical conduct, and 
data integrity policies and procedures.

Control and security of raw data
There should be established procedures 
and processes to ensure data are accu-
rate, legible, contemporaneous, origi-
nal, attributable, complete, consistent, 
enduring, and available (ALCOA+) 
when needed (7). Records must include 
complete data (12). 

Procedures should address, as ap-
plicable, GxP activities, such as: GDP, 
sample handling, weighing practices, 
chromatographic practices, data review, 
internal audits, computer system valida-
tion, instrument qualification, reference 
standard and test sample reconciliation 
and accountability, data retention poli-
cies, investigations, and handling of sus-
pect data integrity events.

Documented procedures should 
clearly define the terms: “data,” “raw 
data,” “metadata,” “static record data,” 
and “dynamic record data.”  Data se-
curity procedures must address source 
data, dynamic records, static records, 
and all forms of metadata.

GxP data, records, and documen-
tation include, but are not limited to, 
clinical records, non-clinical study 
records, development and commer-
cial operations, test data, analytical 
records including cross-references, 
reports, batch records, process data, 
logbooks, deviations, investigations, 
maintenance cleaning records, envi-
ronmental monitoring data/alarms, 
validation documentation, annual 
product reviews, etc. 

Instrument/equipment use logbooks 
or the electronic equivalent should be 
maintained to allow for the recon-
struction of events associated with test-
ing/manufacturing. Logbooks should 
record activity (including any batches 
or samples involved), date and time 
of activity, and operator signoff along 
with any comments.

Manual operations require stringent 
oversight and should require contem-
poraneous, second-person verification 
of data entry to reduce the data integ-
rity risk. For basic electronic equip-
ment incapable of electronic data stor-
age (e.g., balance, pH meter), a printout 
is considered the raw data. 

All forms, worksheets, templates, reg-
isters, logbooks, and notebooks must 
be issued, controlled, and managed 
throughout the lifecycle of the records 
following documented procedures. 
These records must be reconciled as 
part of record issuance and controls. 

Records must be made contempo-
raneously as specified in GDP pro-
cedures and consistent with ALCOA 
principles (7). Employees must sign/
initial and date the original hardcopy 
records contemporaneously with the 
recording activities. Similarly, the data 
reviewer must sign/initial and date the 
review of records contemporaneously. 

Data review. Companies should estab-
lish adequate data review procedures to 
verify the accuracy, consistency, com-
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pleteness, and truthfulness of data and 
information (hardcopy and electronic) 
generated for GxP-related activities. 
This verification includes the review 
of metadata (e.g., audit trail). All sup-
porting information (e.g., qualification 
status of equipment, equipment-use 
logbooks, procedures, reference stan-
dards) should be reviewed. The data re-
view procedures should provide details 
to ensure the complete information/
data associated with cGMP production 
and testing are reported (12, 13).

Computerized systems. Computer sys-
tem validation (CSV) following the sys-
tem development lifecycle (SDLC) ap-
proach should be evidenced with proper 
documentation for all equipment and 
instruments that are equipped with the 
ability to acquire, process, and main-
tain electronic records (14). Qualifica-
tions for systems, as configured, must 
meet both 21 Code of Federal Regula-
tions (CFR) Part 11 requirements and 
regulatory expectations for ensuring 
data integrity. Vendors generally do 
not provide systems that are validated 
as configured and, therefore, supple-
mental validation, once computerized 
systems are installed, is almost always 
required. Mapping of the established 
data f low process (data acquisition, 
processing, review, reporting, and 
backup/archive) should be part of the 
qualification documentation.

Computerized system access requires 
unique user login accounts for each user 
to be implemented for computerized sys-
tems to allow actions to be attributable. 
It is a fundamental cGMP requirement 
that all activities performed are attrib-
utable to the individual that performed 
them. System administration should be 
an information technology (IT) func-
tion. The user types and privileges for 
each computerized system must be de-
fined and documented. Computerized 
system account creation, maintenance, 
periodic review, and deactivation needs 
to be described in applicable procedures 
as another key part of the holistic data 
governance system. Additionally, the 
following should occur:

• There should be a documented 
procedure to require system end 

users to log off the system, and 
access-timeouts should also be 
established.

• System users should not have 
the ability to delete, save-as and 
rename, or modify electronic re-
cords on standalone or network 
computerized systems.

• Metadata such as date/time and 
programs built for simple manu-
facturing and laboratory devices 
that do not have electronic stor-
age capability (e.g., balance, loss 
on drying apparatus, pH meter, 
titrator) should be password-pro-
tected, and the ownership of the 
password should be granted only 
to personnel who have no vested 
interest in the data.

• There should be established elec-
tronic record naming conventions 
and, wherever possible, the naming 
conventions should include mean-
ingful information on the source, 
such as equipment used, sample 
tested, and date of acquisition. 

• Audit trails should be configured 
“on” and users should not have the 
ability to amend or disable the 
audit trail.

• Only validated software (e.g., 
spreadsheet, database access, in-
strument application) should be 
used for GxP-related activities.

For electronic signature use, a com-
pany must file the Letter of Non-Repu-
diation Agreement with FDA attesting 
that the employees’ electronic signa-
tures are the legal binding equivalent 
of the traditional handwritten signa-
tures (14). This requirement mandates 
that the company document its process 
and systems to verify the authenticity 
of personnel identification. Computer-
ized systems need to ensure that the 
person who signs the records electroni-
cally enters the account name (User 
ID) and password at the step where the 
electronic signature is required. 

Data retention. Companies should 
establish a record retention policy cover-
ing both hardcopy records and electronic 
records as part of their data governance 
processes. All records (including all 
metadata) should be readily available 

in both human readable and electronic 
form suitable for inspection, review, and 
copying by the authorized regulatory 
official throughout the defined records 
retention period. Data backup, archival, 
and recovery processes should be vali-
dated and periodically tested.

Internal audit by QA
An effective data governance system 
should include a documented procedure 
for the initial and periodic quality assur-
ance (QA) review of the overall systems 
(paper-based and electronic) and proce-
dures associated with the integrity of data 
(i.e., procedures regarding collecting, ana-
lyzing, reporting, and retaining informa-
tion and data). The review should include:

• The validation status of computer-
ized systems

• A risk-based review of raw data, in-
cluding electronic records, to en-
sure the effectiveness of the data 
review procedures

• Training records to ensure that 
training (e.g., GxP, codes of ethical 
conduct) is provided, as required

• Investigations, events, and devia-
tions and associated quality metrics.

Suspect data integrity breaches
The data governance system should in-
clude documented procedures requiring 
employees to notify management if they 
become aware of data falsification, unau-
thorized changes, destruction, or conduct 
that raises data integrity concerns, and a 
reporting mechanism for suspected data 
integrity breaches should be established 
(e.g., an anonymous data integrity hotline 
or similar system to encourage reporting 
of questionable practices).

Procedures should be established for 
investigating any alleged intentional ac-
tion, poor practice, or inadequate system/
procedure that raises data integrity con-
cerns. The investigation should deter-
mine the root cause and impact on prod-
uct/data quality, from which appropriate 
CAPAs are derived and implemented.

Disciplinary actions. There should be 
documented procedures regarding dis-
ciplinary action due to wrongful acts, 
including: data falsification, unau-
thorized modification, or destruction; 
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violation of the written policies and/
or procedures; and any conduct that 
would raise data integrity concerns.

Regulatory agency notification. Com-
panies should commit to prompt 
regulatory notification if the company 
becomes aware that a product in com-
merce is impacted by a data integrity 
breach; or if a pending or approved 
submission contains untrue statements 
or has omitted statements of material 
fact. A company must investigate all 
data integrity breaches and take the 
appropriate corrective actions to re-
port the correct and complete data/in-
formation to the regulatory authorities.

Outsourced services
All pertinent requirements and controls 
to ensure the integrity of a company’s 
internal data should apply to con-
tracted manufacturers and/or contract 
laboratories as defined by the quality 
agreement and said requirements peri-
odically audited by qualified personnel. 

Conclusion
As stated in the MHRA draft data in-
tegrity guidance: “The validity and 
integrity of the data should be com-
mensurate with the risk and impact of 
a data integrity failure to the patient or 
environment” (2).  Keeping the focus 
on patient safety, companies need to 
establish comprehensive data gover-
nance systems with a holistic design 
encompassing the key elements de-
scribed here. For a data governance 
policy and its associated systems to be 
effective, management engagement in 
implementation, operation, and con-
tinuous improvement of these systems 
is of crucial importance to ensuring 
the integrity of GxP data.
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The regulation of pharmaceutical stability 

studies still lacks universally accepted techniques 

regarding the identification of out-of-trend 

data. Three methods have been suggested for 

identifying out-of-trend data in pharmaceutical 

stability studies: the regression control chart, the 

by-time-point method, and the slope control 

chart. In Part I of this article series, the regression 

control chart method is investigated, and an 

improved approach is suggested. The method 

is illustrated using realistic data. In Part II, the 

by-time-point method and the multivariate 

control chart method will be discussed.
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I
n the course of stability studies performed in the phar-
maceutical industry, stability profiles are obtained for 
batches by measuring the change of certain attributes of 
the pharmaceutical preparations over time. The samples 

from the batches are kept at certain conditions (e.g., tem-
perature, humidity) for the time of the study and measured 
at certain time points. The purpose of stability studies is 
to establish shelf-life of products. At the registration of the 
medicine, the method of recording the stability profile is 
regulated by the International Council for Harmonization 
of Technical Requirements for Pharmaceuticals for Human 
Use (ICH) (1). The same method may be used to monitor 
ongoing production processes. 

Certain variation in data may well be explained by uncer-
tainty. Larger deviations are considered out-of-trend (OOT) 
results. OOT is to be distinguished from out-of-specifica-
tion (OOS); the latter means that the result is outside of the 
allowed range given by the specification. As noted by the 
Pharmaceutical Research and Manufacturers of America 
Chemistry, Manufacturing, and Control (PhRMA CMC) 
Statistics and Stability Expert Teams (2), “The procedures 
described for detecting OOT results can be viewed as an 
alarm or alert system, showing that some kind of action is 
needed. In other words, at each stability time point when a 
new result is collected, one should determine whether the 
result is in agreement with what is expected and if not, take 
the appropriate action.”

A stability result at a single time-point may not follow 
the expected trend in two ways: either in comparison 
with earlier batches or with respect to previous results 
collected from the observed batch. The OOT phenom-
enon is to be detected as soon as possible, because these 
results indicate errors either in the process of production 
or in the analytical measurement. If an OOT point is 
detected, one should find the source of error and fix it. 
Further actions may be required if the problem is found 
to be with the production process. 
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The PhRMA CMC Statistics and Stability Expert Teams 
began a dialogue toward building up a system, supported 
by statistical calculations, to identify OOT results in stabil-
ity measurements (2). The methods suggested in this 2003 
seminal paper were supported by example calculations in 
an article by Torbovska and Trajkovic-Jolevska (3). Also, 
statistically less efficient, but more user-friendly methods 
were suggested by the PhRMA CMC Statistics and Stability 
Expert Teams in a later paper published in 2005 (4). In this 
article, the authors reflect on the regression control chart 
method, described in reference 2 and used in reference 3, 
and attempt to refine the method. The amount of active 
substance (assay) of the pharmaceutical product was used as 
an example, but the method presented may be used for any 
other attributes that follow a linear trend over time. 

Detecting OOT results
Three methods are outlined and illustrated by the PhRMA 
CMC Statistics and Stability Expert Teams (2):

• Regression control chart method 
• By-time-point method 
• Slope control chart method.
In the regression control chart method, data are com-

pared within a batch, while in the by-time-point method, 
data are compared to historical data of earlier batches at 
the same time point. In the slope control chart method, a 
feature (the slope) of the stability profile of the observed 
batch is compared to that of earlier batches.

The technique of decision is the comparison of a value 
to a statistical interval. Three kinds of statistical intervals 
are used: confidence, prediction, and tolerance. Users are 
sometimes confused about which interval should be used 
in certain situations (5). 

The confidence interval is the range in which a parame-
ter (e.g., the expected value) occurs with a certain probabil-
ity. The prediction interval is the range in which a future 
observation is found with some specified probability. The 
tolerance range contains a specified part of future observa-
tions (content) at a certain probability (confidence). There 
is a connection between the latter two intervals: a predic-
tion interval to contain a single future observation with 
1-alpha probability is equivalent to a tolerance interval 
to contain, on average, 1-alpha proportion of the popula-
tion (6). Calculating the confidence and prediction range 
is straightforward; it is found in standard textbooks and 
taught in basic statistics courses. The tolerance range is 
more difficult to calculate, and sometimes, only approxi-
mate methods are available.  

The interval is characterized by its acceptance probability. 
For quality engineering, usually a 99.73% confidence level is 
used in control charts. This may not be the proper choice in 
OOT analysis of stability studies. The higher the confidence 
level, the lower the chance of identifying data as OOT while 
it is actually not the case (i.e., type I error, “false positive 
alarm”), while the chance of accepting an OOT data as non-

OOT is increased (i.e., type II error, “false negative case”). 
This latter probability is not explicitly stated, however. In 
the pharmaceutical industry (and also from a regulatory 
viewpoint), type II error (not realizing that the data is actu-
ally OOT) presents a more serious threat, but such errors 
can be avoided if the confidence level is decreased. The 95% 
confidence level is used in this paper.

Identifying OOT data by regression control chart
The peculiarity of identifying OOT phenomenon with re-
spect to stability studies is that there is a trend in data any-
way, because the attributes change with time due to chemi-
cal and physical changes, and OOT is to be stated in relation 
to this obvious trend. In this method, a straight line model is 
used, however, one should justify the assumption of linearity 
of a stability profile.

Control charts. Control charts (7) are widely used in the in-
dustry to monitor the production process. The regular usage 
of the charts can be separated into two phases (8). In the 
first phase (Phase I), parameters of the distribution (typi-
cally mean and standard deviation) of the reference data are 
estimated. In the second phase (Phase II), certain statistics 
(e.g., sample mean, range, etc.) of the observed sample are 
plotted and examined. In the example used by the authors, 
the observed sample contains only a single datapoint, thus 
the statistic to be plotted is the individual value (individu-
als control chart). The distribution parameters obtained in 
Phase I are used to construct lower and upper control limits 
(i.e., lower and upper quantiles) for the statistic (i.e., the in-
dividual value) and added to the chart. The interval between 
the control limits of the individuals control chart contains 
the allowable value of the new data of the observed process 
with a certain probability, when the process is in control. 
Typically, this probability is 0.9973, which conforms to the 
±3σ range (3 is taken from z-table). This range is valid only 
if the reference sample size in Phase I is theoretically infi-
nite, because the method (calculation of quantiles) assumes 
the perfect knowledge of the distribution. If the distribu-
tion is not perfectly known (e.g., the parameters are esti-
mated only), the 0.99865 and 0.00135 quantiles are at best 
approximate only. This method is proposed by Shewhart 
for industrial processes and proved to be useful there for 
distinguishing assignable and common causes, thus they 
serve as statistical process monitoring (9). The typical ap-
plication requires at least 25 samples in the reference set. For 
the authors’ study, this method is valid only if the sample 
size in the reference set of Phase I is large enough, then the 
0.9973 probability for the ±3σ range is reached as a limit. 
This approach will be referred to as the Shewhart method in 
this paper. In the current situation, however, the Shewhart 
method is not considered reliable because the reference data 
set is small.

In the case where the sample size is small, one should con-
sider the uncertainty of expected value and variance. The 
earlier is taken into account by including the term   
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into the standard deviation, while the latter is taken into 
account by using t-distribution instead of z. Thus, the width 
of the valid control limits in the authors’ typical case (small 
reference set) are , which is the prediction interval.

The prediction limits are used in Phase II of the individuals 
control chart to check whether the stability is further main-
tained. If a point is found to be OOT, one may choose from 
two routes, depending on whether data analysis is in real time 
or not. If the data analysis is performed in real time, the OOT 
suspicion, if arisen, is followed by the repetition of analyti-
cal measurement. If the non-OOT nature is justified (by re-
measurement), the stability study is continued, neglecting 
the point. If the OOT nature is justified, a corrective action 
follows the detection, and thus, the original process is ended.  

The other route is followed if the analysis of data is per-
formed not in real time but upon collecting more data. Here, 
the original process is continued, and the point that is later 
found to be OOT cannot be re-measured and should be re-
moved from the data set. If the OOT point is not removed 
from further analysis, the acceptance range will be widened, 
hindering detection of further OOT points. If a point is 
found to be non-OOT, the point is added to the historical 
data set, new control limits are calculated, and a new control 
chart is made for the next observed data. 

Regression control chart. The regression control chart is used 
to monitor processes where there is a systematic change over 
time (10). The “parameters” of the chart are a regression line 
(i.e., an expected value changing with time) constructed by the 
previous data from Phase I and the variance of residuals, and 
both are considered as known in the Shewhart method. If the 
new point is found to be within the control limits, the point 
is accepted; if not, the point is rejected and declared as OOT. 

Use of regression control chart method, original proposal
The PhRMA CMC Stat ist ics and Stabi l ity Expert 
Teams (2) suggest fitting a regression line to historical data 
of the observed batch and extrapolating the line to the 
time point of the new data. Control limits are calculated 
for the expected value by expected value±ks at the new 
time point. The k is taken from a table of normal distribu-
tion at a desired significance level. The residual standard 
error (s) is calculated either by only the regression line 
of the observed batch, or by regression lines of historical 
batches. In the latter case, a common slope is assumed, 
and different intercepts are allowed for the historical 
batches. If the observed point is out of the interval, it is 
identified as OOT. It is also mentioned in the paper (2) 
that using prediction or tolerance interval is a better but 
more complex method. The limits calculated there (and in 
reference 2) using the expected value±ks formula are called 
the Shewhart limits (SL) here.

Suggested use of regression control chart method
The prediction interval with t-distribution is to be used if 
one asks about a single new observation, because both the 

expected value and the variance are unknown and estimated 
only from a small sample. The method requires points in the 
observed batch as reference data to construct the first re-
gression line. One should decide how many points from the 
beginning of the observed batch should be considered as the 
reference data set. Moreover, one should assume that those 
reference data are non-OOT. Here, the first three points of 
the observed batch are considered to be the reference data, 
and the fourth point is the first to be analyzed by the method. 

The prediction interval for the measured variable (y) at 
the new time point (x*) is calculated in Equation 1:

 
 [Eq. 1]

where  is the predicted value of y at ,  is the one-
sided upper critical t value at α/2 one-sided level (with (n-2) 
degrees of freedom, where n is the number of points used to 
construct the regression line), y* is the new measured value at 
x* time point, and  is the sample standard deviation cal-
culated for the  variable. The right side of the inequality is 
the upper prediction limit (UPL), while the left side is the lower 
prediction limit (LPL). If the inequality is satisfied, that is the y* 
is within the limits, the data is accepted, otherwise it is OOT.

 is calculated through the extrapolation of the regression 
line to the x* new time point by Equation 2:

  [Eq. 2]

where b
0
 and b

1
 are the intercept and slope of the regres-

sion line (created with reference data), respectively.

 is calculated by Equation 3:

 

 [Eq. 3]

where s
r
 is the residual standard deviation, n is the 

number of points used to construct the regression line, 
and is the mean of the x

j
 values (time points) of data 

(without x*) used to estimate the regression line. The 
third term in the bracket is the reason of constriction of 
the band in the middle. 

As the PhRMA CMC Statistics and Stability Expert Teams 
highlights (2), the residual standard error may be calculated 
using earlier batches as well, not only from the recent one in 
study. The use of earlier batches may follow several different 
routes. The authors of reference 2 used parallel lines (i.e., 
the common slope for all historical batches). The authors of 
this article are not convinced about the usefulness of this 
assumption, however. If common slope is forced for histori-
cal batches, the fit is deteriorated. This situation would lead 
to greater residual error than would be achieved using the 
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 Table I: Stability data set.
Amount of active substance (%)

Time 

(month)
Batch I Batch II Batch III Batch IV Batch V Batch VI Batch VII Batch VIII Batch IX

0 97.6 98.4 100.9 98.7 98.8 100.5 100.3 101.5 100.9

3 97.7 99.4 98.2 95.8 97.5 96.5 99.7 100.1 97.3

6 97.7 96.2 98.5 96.7 97.5 96 98.6 99.5 97.7

9 96.9 97.3 94.6 97.5 98.9 96.3 98.3 99.6 98.4

12 94 95.3 96.9 94.7 97.5 98.3 96.8 98.3 96.5

18 96.5 94.9 96.3 93.7 96.5 94.1 96.7 95.2 99.5

24 96 97.5 95.8 93.1 96 92.5 96.3 97.1 96

36 92.1 92.7 92.3 91.3 92 89.5 93.9 93.8 93.7

best linear fits (letting different slopes). On the other hand, 
if separate lines are fitted to historical batches, the residual 
standard errors obtained may be pooled. The pooled error 
has higher degrees of freedom than that obtained from a 
single batch, thus, it is a better estimate to the variance, lead-
ing to better estimated control limits. If every group has 
the same number of data, the pooled sample variance is 
the arithmetic average of the individual sample variances:

 
 [Eq. 4]

where  is the pooled sample variance,  is the 
squared standard deviation of residuals for the ith histori-
cal batch, and p

i
 is the number of historical batches involved. 

For this purpose, regression lines were fit to each historical 
batch and residual standard errors (s

i
) were calculated. The 

pooling is justified only if the variation of data of different 
batches has the same variance, which can be tested by the 
Bartlett and Levene tests for example. For the authors’ data, 
the hypothesis of homogeneity of variances is accepted (de-
tails of the tests are not shown here).

For calculation of the prediction interval with pooled resid-
ual standard error, in Equation 3,  is substituted for s

r
. The de-

grees of freedom of  is p(n-2), thus a different t
α/2

 should 
be taken from t-table when calculating the control limits.

For illustration purposes along with prediction limits, the 
Shewhart limits (α=0.05), confidence limits (α=0.05), and 
tolerance limits (P=0.99 as content, γ=0.95 as confidence 
level) are calculated as well. None of these are appropri-
ate to use in the current situation (where only a single new 
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data point [y*] is observed), except for the prediction limits. 
These prediction limits are discussed in detail below.

Calculation of the Shewhart limits:

  [Eq. 5]

where z
α/2

 is the critical value of standard normal distribution 
at two-sided α/2 level, and σ

r
 is the square root of variance of 

residuals, equal to s
r
. As the known variance is assumed, there is 

no room for pooling. One may use the square root of the pooled 
standard deviation, however, as a substitute of the σ

r
. The latter 

is falsely assumed to be known because of the small sample size 
as explained earlier. When the square root of the pooled esti-
mated variance is substituted, σ

r
 is taken to be equal to .

Confidence limits are calculated in Equation 6:

   [Eq. 6]

For the calculations with pooled standard deviation, s
r
 is 

substituted with  in Equation 6 and degrees of freedom 
of  is used to obtain the t-score.

Tolerance limits can be calculated by Equation 7:

  [Eq. 7]

Where k
1
 is calculated by Equation 8 (11): 

 

 [Eq. 8]
where n’ is the effective number of observations, ν is the 

degrees of freedom of s
r
2 (n-2 actually),  is the criti-

cal value of the chi-square distribution at a one-sided 1-γ 
level with ν degrees of freedom,  is the critical value 
of non-central-chi-square distribution at one-sided P level 

with ν degrees of freedom, and δ is the argument in the non-
central-chi-square function. Actually, its value here is 1/n’.

n’ can be calculated by Equation 9 (12):

 
 [Eq. 9]

 Table II: Prediction limits, Shewhart limits, confidence limit, tolerance limits, regression control chart method 
using pooled standard deviation sp(res). LPL is lower prediction limit. UPL is upper prediction limit. LSL is lower 
Shewhart limit. USL is upper Shewhart limit. LCL is lower confidence limit. UCL is upper confidence limit. LTL is 
lower tolerance limit. UTL is upper tolerance limit.

Time 

(months)
S
p(res)

Observed 

data
LPL UPL LSL USL LCL UCL LTL UTL

0 - 100.9 - - - - - - - -

3 - 97.3 - - - - - - - -

6 - 97.7 - - - - - - - -

9 1.2 98.4 91.0 99.8 93.1 97.8 91.8 99.1 89.9 101.0

12 1.2 96.5 93.0 100.6 91.5 96.2 93.8 99.8 91.7 101.9

18 1.2 99.5 91.0 99.1 88.3 93.0 91.8 98.3 89.8 100.4

24 1.2 96.0 88.3 98.8 85.1 89.8 88.8 98.2 92.6 102.7

36 1.2 93.7 89.3 97.9 78.7 83.4 90.1 97.2 90.3 100.7
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This equation is simplified to Equation 10:

 

 [Eq. 10]

Where 

 

 [Eq. 11]

For the calculations using pooled 
sta ndard dev iat ion,  s

r
 i s  subst i-

tuted with  in Equation 10 and 
Equation 11 whenever a new effective 
number (n’) of observations is to be 
obtained. The proper substitution is 
performed for degrees of freedom as 
well in Equation 8. Also, in Equation 8, a 
new  is calculated with the new 
n’, which is calculated by Equation 10.

Example: Regression control chart
The data in Table I are from a real-
istic stability data set from a phar-
maceutical manufacturing process 
(details are not given due to propri-
etary reason). The amount of active 
substance of the medicine was re-
corded over 36 months. 

Batch IX is the object of these calcu-
lations; the rest of the columns refer to 
historical batches. The regression line 

was created from the first three points of the observed batch; 
it was then extrapolated to the new point (i.e., the ninth 
month), and the prediction interval (LPL, UPL) is calculated 
along with the other intervals that should not be used to 
identify OOT points (see Table II). 

The limits calculated with pooled standard deviation are 
given in Table II. Using Equation 4, the calculated s_(p(res))^2 
is 1.438. Figure 1 shows the fitted line, the data points up to 
the nine-month time point, the 95% Shewhart interval (SI), 
the 95% confidence interval (CI), the 95% prediction inter-
val (PI), and the 95% tolerance interval (TI) containing 99% 
of future observations.

Figure 1:  Statistical intervals of regression control chart.
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The confidence interval is very narrow in the range 
of historical data (i.e., for the first three points); it al-
lows an even tighter interval than the Shewhart lim-
its. The uncertainty of the parameters of the regression 
line is the reason behind the bend in the limits. The 
farther the new point is from the historical data, the 
wider the interval is given. As the Shewhart method as-
sumes known parameters of the regression line, the 
band of that is not bent; the limits are parallel to the 
regression line.

Having accepted the nine-month time point, the 
calculations are repeated, but now the line is f itted 
to both the initial three data points and the accepted 
data (nine-month time point) while the new data at 
the 12-month time point is observed. Having contin-
ued the calculation practice, the 18-month time point 
is found to be out of the prediction interval, as 99.5 > 
UPL; therefore, it is declared as OOT. The outlier point 
is then left out from the examination of later points if 
the study is to be continued, but intervention is clearly 
required. The grey coloring indicates that the observed 
data in the row of the grey pair of boxes is OOT con-
sidering the limits specified in the columns. The mis-
takenly used confidence interval would give the same 
qualitative result in the current situation, while with 
tolerance interval approach, all the points would be 
accepted, and with the Shewhart interval method, every 
point would be OOT.

Conclusion
Having realized that the regulation of pharmaceutical 
stability studies is still lacking universally accepted tech-
niques for the identification of OOT data, three meth-
ods were suggested earlier by PhRMA CMC group. The 
regression control chart method discussed in this paper 
is a possible way to identify OOT data within a batch. 
To be statistically more rigorous, the earlier suggested 
approach is improved. As only a small sample is avail-
able, the use of prediction interval with t-distribution 
is justified. Incorrectly using the tolerance interval in-
stead would unnecessarily widen the acceptance inter-
val, while the unjustified use of the Shewhart procedure 
would result in too narrow an interval. 
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he main regulatory standard for 
ensuring pharmaceutical quality 
is 21 Code of Federal Regulations 

(CFR) Parts 210 and 211, collectively 
referred to as the current good manu-
facturing practice (CGMPs) regulation 
for human pharmaceuticals. It’s not 
only the CGMP regulations that mat-
ter; the approaches biopharmaceutical 
companies take to interpret and em-
brace these regulations are of equal, if 
not more, importance. CGMPs place 
emphasis on product quality and com-
pliance with the regulations. So how 
do companies embrace, and even em-
body, quality and compliance with 
CGMPs? One way is to operate under 
a quality culture.  

A company should have a pharma-
ceutical quality system as described in 
FDA Guidance for Industry, Q10 Phar-
maceutical Quality System (1). A qual-
ity culture is created when managers 
believe a company has a duty to create 
a mutually beneficial relationship be-
tween itself, its employees, and its cus-
tomers. Culture is the shared beliefs, 
values, attitudes, and behavior patterns 
that characterize a family, a commu-
nity, or an organization. A healthy 
organizational culture is rooted in the 
understanding that quality is good for 
the company and its customers. Thus, 
its existence is a driving force behind 
how employees act and behave regard-
less of level, title, or decision-making 
authority. A quality culture begins 
with company leaders who believe in 
the necessity of serving customers in 
order for their organizations to suc-

ceed. In defining a set of desirable 
values for a corporate culture, some of 
the primary core values should include 
integrity, customer focus, and people.

FDA conducts several types of in-
spections to help protect consumers 
from unsafe products: pre-approval 
inspection, routine inspections of a 
registered facility, and “for-cause” in-
spections. After FDA completes an in-
spection, company management may 
receive an FDA Form 483 (2) when an 
investigator(s) has observed any condi-
tions that, in their judgment, may con-
stitute violations of the Food Drug and 
Cosmetic (FD&C) Act, related acts, and 
applicable sections of 21 CFR 210 and 
211. Observations are made when, in the 
investigator’s judgment, conditions or 
practices observed would indicate that 
product has been adulterated or is being 
prepared, packed, or held under condi-
tions whereby it may become adulter-
ated or rendered injurious to health. 
FDA Form 483 notifies the company’s 
management of objectionable condi-
tions. Companies respond to the 483 
in writing with their corrective action 
plan and implement schedule. The 483 
is closed when the company receives 
their establishment inspection report 
(EIR). Unfortunately, there are compa-
nies that either do not follow through 
on their commitments or they do so too 
slowly. If circumstances merit, FDA can 
choose to escalate the situation by serv-
ing the company with a warning letter.

Typically, FDA gives individuals and 
companies an opportunity to take vol-
untary and prompt corrective action 
before the agency initiates an enforce-
ment action. A warning letter is FDA’s 
principal means of notifying regulated 
companies of violations and achieving 
prompt voluntary correction. The fol-
lowing factors are used to determine 
whether to issue a warning letter (3): 

• The firm’s compliance history (e.g., 
a history of serious violations, or 
repeated failure to prevent the re-
currence of violations)

• The nature of the violation (e.g., a 
violation that the firm was aware 
of [was evident or discovered] but 
failed to correct
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• The risk associated with the prod-
uct and the impact of the viola-
tions on such risk

• The overall adequacy of the firm’s 
corrective action and whether the 
corrective action addresses the 
specific violations, related viola-
tions, related products or facilities, 
and contains provisions for moni-
toring and review to ensure effec-
tiveness and prevent recurrence

• Whether documentation of the 
corrective action was provided to 
enable the agency to undertake an 
informed evaluation

• Whether the timeframe for the 
corrective action is appropriate 
and whether actual progress has 
been made in accordance with the 
timeframe.

When a company repeatedly violates 
cGMP requirements, FDA can force it, 
through legal channels, to make spe-
cific changes. Under this severe form 
of escalation by FDA, the objective is 
no longer a discussion about responses 
to 483s or warning letter observations, 
it’s about a forced company make-over. 
This process, known as consent decree, 
exposes all broken systems within a 
company. FDA does not care about any 
efforts and expenses undertaken by the 
company to redesign and implement a 
robust quality management system; a 
common element of a consent decree is 
demonstrating sustainability.

Sustainability is the capability of an 
organization to know when it is veer-
ing off course and to make the correct 
decisions, take the appropriate actions, 
and maintain a state of control without 
external intervention. Sustainability 
embraces the core quality culture val-
ues and expected behaviors of integrity, 
empowerment, and accountability.  A 
consent decree mandates a series of an-
nual inspections performed by a third-
party to monitor sustainability. FDA 
recommends companies hire external 
experts and invest time and money to 
inspect and certify compliance, often 
for many years.

Operating under a consent decree is 
a dire situation for the company and 
one where there is no certain predict-

ability of the outcome. To understand 
the full magnitude of a consent de-
cree’s impact, one needs to take into 
consideration the many and various 
modes in which the negative conse-
quences can be realized (see Figure 1).  

The cost of non-compliance
This discussion focuses on three ways 
to look at the costs of non-compliance: 
quantifiable costs, difficult-to-quantify 
costs, and invisible costs with hidden 
impacts. 

Quantifiable costs. Quantifiable costs 
are those that can have a value assigned 
to them with a reasonable degree of ac-
curacy. Quantifiable costs are usually 
more obvious, but they manifest in sev-
eral ways as shown in Figure 1.

Often termination and replacement 
of specified employees with retrain-
ing of remaining legacy employees 
is an immediate step associated with 
a consent decree. This company ac-
tion is meant to set the tone that the 

old way of doing business will not be 
tolerated anymore. A major requisite 
term of a consent decree is for the 
company to retain, at its own expense, 
an independent third-party for ongo-
ing certification and oversight of the 
implementation of agreed to corrective 
action. Another requirement may be a 
commitment to have every released 
batch certified to be CGMP. 

FDA can levy significant fines for 
not meeting action dates: Examples 
include $15,000 per day for missed 
dates, royalty payments up to 24.6% 
(4) per product not revalidated on 
time, and costs for FDA inspections. 
Furthermore, the US Treasury can 
garnish profit from sales through fines. 
Such was the case for Wyeth in Octo-
ber 2000. Wyeth agreed to a consent 
decree regarding its Marietta, PA and 
Pearl River, NY. Inspections in 1995, 
1996, and 1998 found several GMP de-
viations and resulted in warning let-
ters (5).
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In 2013, one of the largest drug 
safety settlements occurred when 
generic-drug manufacturer, Ranb-
axy USA Inc., a subsidiary of Indian 
generic-pharmaceutical manufac-
turer Ranbaxy Laboratories Limited, 
pleaded guilty to felony charges relat-
ing to the manufacture and distribu-
tion of certain adulterated drugs made 
at two of Ranbaxy’s manufacturing 
facilities in India (3). Ranbaxy paid a 
criminal fine and forfeiture totaling 
$150 million and settled civil claims 
under the False Claims Act and related 
state laws for $350 million.

 Entering into consent decree can 
also expose a company to civil penal-
ties. Depending on the circumstances, 
shareholders, patients, and some-
times even company employees may 
be able to sue for damages. One such 
law suit arose from an unsuccessful 
effort by Baxter International to fix 
problems with its Colleague Infusion 
Pump. Westmoreland County Em-
ployee Retirement System (Westmo-
reland) alleged that Baxter’s directors 
and officers breached their fiduciary 
duties by “consciously disregarding 
their responsibility to bring Baxter 
into compliance with the 2006 con-
sent decree and related health and 
safety laws” (6). 

The breach was alleged to have 
caused Baxter to lose more than $550 
million after FDA mandated a recall of 
the Colleague Infusion Pumps in 2010. 
Baxter invested time and money try-
ing to fix the pumps, but the problems 
persisted into early 2010. FDA invoked 
its power under the 2006 consent de-
cree by ordering Baxter to recall and 
destroy all Colleague Infusion Pumps 
then in use in the US, reimburse cus-
tomers for the value of the recalled de-
vice, and to assist in finding replace-
ment devices for those customers.  The 
company’s stock price fell by more 
than 4% after the announcement and 
the company later recorded a pre-tax 
charge of $588 million to account for 
the estimated costs of the recall. 

A company under consent decree 
loses future revenue in different ways. 
One way, which is particularly difficult 
to quantitate, is the price due to “lost 
innovation”. The company is redirect-
ing revenue into compliance, oversight, 
and remediation instead of reinvesting 
it into research and development of 
new products. 

When a drug manufacturer subject 
to enforcement action is the sole sup-
plier of an important medicine, drug 
shortages become a concern. Short-
term solutions may include doctors 

substituting medications that may 
have lesser efficacy. Pharmaceutical 
companies with potential manufac-
turing capability may be incentivized 
by FDA to manufacture identical or 
equivalent drug products; however, 
medium-to-long lead times can delay 
product availability. When supplies 
dwindle, patients must pay higher 
prices for the same drug. 

One illustration of this scenario is 
the FDA consent decree with Gen-
zyme in 2010 (7) regarding repeated 
manufacturing issues at the company’s 
Allston, MA facility, which included an 
up-front disgorgement of past profits 
of $175 million and the requirement to 
move fill/finish operations out of the 
Allston plant by a specific date.  Had 
Genzyme not met those deadlines, 
FDA could have required the company 
to disgorge 18.5% of revenue for the af-
fected products. 

Difficult-to-quantify costs. Other finan-
cial ramifications from consent decrees 
may be difficult to quantify. For exam-
ple, some employees may lose their con-
fidence in the commitment or ability of 
the company’s CEO and other execu-
tives to manage the situation. Employee 
attrition is expected, but if the exodus 
includes long-tenured employees the 
company may be drained of valuable 

Risk Assessment

Figure 1: Overview of different repercussions to and reverberations from a pharma company operating under consent decree.
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knowledge and talent. The longer the 
situation exists, the more difficult it be-
comes to retain the best employees.

A company under a consent decree 
is subject to reputation damage, which 
can be accentuated by the ease of pub-
licly available negative media coverage 
about how the company operated. Neg-
ative media coverage can result in pub-
lic fear. In the Ranbaxy case, an import 
ban had been in place since 2008 for 
30 drugs manufactured at two of its 
Indian manufacturing plants result-
ing from alleged data falsification (7).  
This type of information can result in 
public concerns that medicines could 
be adulterated.

Lost revenue due to the company’s 
inability to sell product can also be 
an issue. Companies under consent 
decree experience long delays in re-
leasing product due to the intensive 
oversight required, when a batch fails 
release testing, and when a product is 
recalled. The cost for the logistics of 
product recall and destruction can be 
high, especially if the API is expensive 
or has a long lead time.

Another potential cost is the inabil-
ity to sell a product. Group purchasing 
organizations (GPOs) use the power 
of collective purchasing to buy phar-
maceuticals at discounts (8). An un-
derlying premise is continuity of sup-
ply; if a pharmaceutical manufacturer 
is unable to deliver the product con-
tracted, the GPO must obtain replace-
ment product from the open market, 
often at a higher price. GPOs wary of 
a potential inability of the company 
to supply its products may consider 
other sources.

In one of the largest settlements to 
date, Ranbaxy pled guilty to felony 
charges (9).  The charges were manu-
facturing and distributing adulterated 
drugs made at the Indian manufactur-
ing sites. The criminal fine and forfei-
ture totaled $150 million and another 
$350 million to settle civil claims under 
the False Claims Act.

Invisible costs and hidden impacts. If 
the cost to bring a facility under con-
sent decree into CGMP compliance is 
determined to exceed the company’s 

financial ability or it makes no finan-
cial sense to continue operations, the 
company’s management may decide 
to close the facility. Shuttering a facil-
ity, can have devastating impact on the 
local community, particularly in rural 
areas where the manufacturer is a pri-
mary employer. The community’s tax 
base will also suffer.

The company can lose its competi-
tive edge because its busy focusing 
inside rather than externally. This can 
be a competitive advantage to your 
closest competition looking for a way 
in which to leverage your situation for 
their benefit.  The potential opens for 
the company to become alienated and 
therefore lose rank compared to its di-
rect competitors.

A company can also be denied ap-
proval of new drug while non-compli-
ance exists (4).  Because of its consent 
decree, approval of two new drugs by 
Eli Lilly was delayed. This was the re-
sult of CGMP issues being found dur-
ing pre-approval inspection in the fall 
of 2001, which was six years after its 
consent decree.

Conclusion
The collective cost of remediation of 
non-compliance far exceeds the cost 
to remain in compliance. The num-
ber of consent decrees issued per year 
has remained consistent during the 
past decade. However, companies 
have found it difficult to extricate 
themselves from the agreements. As 
a result, the number of companies 
under consent decrees at any given 
time has increased. General ly, it 
takes many years for a company to 
demonstrate that it is in full com-
pliance. Only one company that has 
received a decree in the past 10 years 
has met all requirements and had the 
decree lifted.

Considering the fines and the pay-
ments to the third-party consultants, 
the costs associated with a consent de-
cree can become very high and have 
a significant effect on a company’s 
profit. It is estimated that the costs in-
curred by Warner-Lambert from 1993 
to 2002 for a 1993 consent decree—in 

terms of product terminations, delays 
in approvals, and bringing facilities 
and systems into compliance—was 
nearly $1 billion (4). The Warner Lam-
bert fine was only $10 million, a small 
percentage of the total cost. Schering-
Plough’s initial fine was $500 million. 
Abbott Laboratories has spent almost 
$1 billion resulting from a consent de-
cree issued in 1999, including a fine of 
approximately $100 million.
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ndotoxins are small, hydrophobic 
molecules that are part of the lipo-
polysaccharide complex that forms 

most of the outer membrane of Gram-
negative bacteria (1). They are released 
when the bacteria die and their outer 
membranes disintegrate, triggering the 
toxicity mechanism of the fraction-
ated lipopolysaccharides. To ensure 
patient safety, endotoxin testing must 
be carried out, not only on end-product 
medical devices or injectables, but also 
on the raw materials that are used to 
make them.

Despite this requirement, endotoxin 
testing is often overlooked, and many 

manufacturers may rely too much 
on sterility testing. As described in 
the harmonized European, United 
States, and Japanese pharmacopeias 
(2–4), sterility testing will detect live 
microorganisms, including Gram-
negative bacteria. If these bacteria 
are destroyed during the sterilization 
process, however, endotoxin will be 
released and will remain undetected.

Immune response to exposure
Failure to detect endotoxins can have 
harmful, or even fatal, effects. When 
bacteria and endotoxin enter the 
bloodstream, they trigger an immune 
response, usually inf lammation, the 
release of cytokines such as interleu-
kin 1, and the production of tumor ne-
crosis factor. The release of cytokine 

signals cause neutrophils to migrate 
toward the point of infection. This 
migration usually leads to phagocy-
tosis of all associated organisms and 
proteins. When the host’s immune sys-
tem is weak, or a high level of infection 
is encountered, the bacteria can cause 
sepsis and its associated risks.

The dangers of endotoxin exposure
The importance of endotoxin test-
ing is clear when looking at how sus-
ceptible and sensitive humans are to 
even minute amounts of endotoxin. 
Endotoxins may be introduced into 
the bloodstream through contami-
nated intravenous devices or medi-
cations. Exposure to the compounds 
results in fever, inf lammation, and 
endotoxemia. When left untreated, 
it has the potential to cause sepsis 
(5), resulting in septic shock, which 
is responsible for 44,000 deaths in 
the United Kingdom (6) and approxi-
mately 200,000 deaths in the US (7) 
each year.

Ensuring that equipment and 
medication are free from endotoxin 
is particularly important when car-
ing for vulnerable patients, including 
the elderly, those in intensive care, 
and infants. For example, sudden in-
fant death syndrome (SIDS) has been 
linked to varying levels of endotoxin 
present in the bloodstream (8). 

Comparing 
Endotoxin 
Detection 
Methods
Alex Wheeler

Inadequate endotoxin testing places 

patients at risk. Knowing the relative strengths 

and weaknesses of available test methods is 

crucial to maintaining quality and safety. 
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It has also been shown that endo-
toxin exposure can damage nerve 
axons directly or indirectly (9), sug-
gesting that it is an essential factor 
in the pathogenesis of critical illness 
polyneuropathy (CIP) in sepsis. This 
article describes and compares the an-
alytical methods used to detect bacte-
rial endotoxins. 

Currently, detection methods in-
clude the rabbit pyrogen test, described 
in European Pharmacopoeia (Ph. Eur.) 
9.0 2.6.8. and United States Pharmaco-
peia (USP) <151> (2,3), which consists 
of injecting live rabbits with the inject-
able product and monitoring for an in-
crease in body temperature. 

Alternatively, in-vitro tests such as 
the monocyte activation test (MAT) 
and methods that use limulus amoe-
bocyte lysate (LAL) are widely relied 
on for the detection of bacterial en-
dotoxin. LAL is an aqueous extract 
of amoebocyte cells found in Limu-
lus polyphemus, the Atlantic horse-

shoe crab. The main methods that 
use LAL are gel-clot, chromogenic, 
and turbidimetric.

Gel-clot method
The gel-clot method is the simplest 
LAL test and is used to detect the 
presence or absence of endotoxin in 
the prepared sample. When endotoxin 
encounters LAL, it initiates a series of 
enzymatic reactions. The activation of 
this pathway results in the production 
of at least three serine protease zymo-
gens: Factor C, Factor B, and a proclot-
ting enzyme (10). These enzymes alter 
the amoebocyte coagulogen present in 
LAL to form a detectable gel-clot.

LAL testing should always be per-
formed to the test manufacturer’s 
recommendations. Usually, testing 
is performed by adding equal parts 
reconstituted lysate to prepared test 
sample in a 10- x 75-mm depyroge-
nated soda lime glass reaction tube. 
Test material should be processed (e.g., 

using a vortex mixer), for at least 30 
seconds, and then placed in an equili-
brated heating block or water bath at a 
temperature usually 37 ± 1 ºC. 

After inserting the first tube, the 
timer should be set for 60 minutes (or 
whatever time fthe lysate manufacturer 
has validated and recommended) and 
the tube left undisturbed until the in-
cubation time has elapsed. While sam-
ples are tested, a standard curve with 
at least four known endotoxin values 
must be drawn to prove the sensitivity 
of the lysate (Table I). 

Sensitivity vs. time required
If a clot has formed and remains intact 
at the bottom of the tube, the result of 
the test is positive, showing that the 
concentration of endotoxin in solution 
is equal to or greater than the sensitiv-
ity of lysate used. Where no clot forms 
or the clot breaks when inverted, the 
result is negative, and the amount of 
endotoxin present in the solution is 
less than the sensitivity of lysate used. 
The gel-clot method is thought to be 
the most sensitive and accurate LAL 
test, giving fewer false positives and 

being less susceptible to interference 
than other methods. It is used as the 
standard test for many products that 
are listed in the Ph. Eur., USP, and 
Japanese Pharmacopoeia (JP), and has 
become the default method used by 

Analytical Test Methods

Endotoxin testing methods require interpretation by skilled laboratory 

technicians. Here, a technician performs an assay in the lab.

Table I: Gel-clot standard curve graph. The symbol λ is the sensitivity of the 
lysate used. A standard curve is considered valid when the end-point falls 
between 2λ and 0.5λ.
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regulatory authorities to confirm the 
presence of endotoxin in materials and 
product, should there be any questions 
of test accuracy. 

However, it is a time-consuming 
process. Currently there is no auto-
mated procedure for this method, 
which also requires an operator to 
read and interpret test results, adding 
potential for bias or human error. A 
number of factors can affect the re-
sults obtained, including but not lim-
ited to: 

• pH disruption (i.e., when samples 
in test solution are not within the 
stated 6.0-8.0 pH range) (2)

• Presence of chemical inhibitors 
such as ethylenediaminetetraace-
tic acid (EDTA)

• Viscosity of the product, because 
naturally viscous products could 
create a clot like structure in the 
tube

• Denaturing agents such as a strong 
acid or base, a concentrated inor-
ganic salt, or an organic solvent

• Base alcohol molecules, which can 
react with the LAL and precipitate 
out of solution.

Chromogenic method
The chromogenic method was first 
developed in 1977, where it was deter-
mined that the hemocyte lysate of a 
horseshoe crab would hydrolyze spe-
cific amino acid sequences containing 
the chromophore pNA (p-nitroani-
lide) (11). This method uses synthetic 
chromogenic substrate containing a 
specific amino acid sequence, which 
mimics the cleavage site in coagulo-
gen. Endotoxin-activated LAL cleaves 
this site, causing the release of pNA, 
which gives the assay its distinctive 
yellow color. 

The pNA molecules absorb light at 
the specified and validated wavelength, 
and the chromogenic assay measures 
the absorbance of light at this wave-
length. The degree and rate at which 
light is absorbed is directly propor-
tional to the amount of endotoxin 
within the sample.

Testing is performed in duplicate, 
by adding equal parts reconstituted 

lysate to each test sample and incu-
bating at 37 ± 1 ºC. Both sample and 
reagent are placed in an absorbance 
microplate reader, and the reaction is 
automatically monitored over time for 
the appearance of a predetermined ab-
sorbance change.

The pNA released is measured 
after diazo-coupling photometrically, 
at 405 nm, continuously throughout 
the incubation period. The reaction 
time is inversely proportional to the 
amount of endotoxin present; a log/
log correlation between the reaction 
time and the endotoxin concentration 
is plotted.

Kinetic and end-point chromogenic
For the kinetic method, the concen-
tration of endotoxin in a sample is 
calculated based on its reaction time 
compared with the reaction time of the 
endotoxin standard curve (Figure 1). 

The end-point-chromogenic method 
reads the value of endotoxin in each 
sample only after a predetermined 
incubation period has elapsed. Both 
methods use a standard curve that 
requires a minimum of three known 
endotoxin concentrations. 

The chromogenic method can be au-
tomated, which decreases the amount 
of time required to perform the test, al-
lowing more tests to be completed per 

unit of time. The chromogenic method 
is user-friendly, and calculations can 
be performed simply. 

Results can vary, however, as shown 
by a wide range in the coefficient of 
variation (CV), which measures preci-
sion in testing. Results for this method 
are only valid when CV values are 
≤10% or ≤25%, depending on the re-
quirements set by the lysate vendor. 
The higher the CV% value is, the more 
variation there is between the two test 
replicates, meaning a lower level of pre-
cision for the result.

Because it is user friendly, the chro-
mogenic method is often the “go to” 
method for many labs, but the sensi-
tivity of the test means that interfer-
ence can be an issue. This interfer-
ence can be caused by products that 
denature proteins, bind endotoxin, 
and cause precipitations. 

Sometimes samples may turn a spe-
cific color when exposed to the LAL, 
which can cause interference with test 
results. For instance, some serine pro-
teases may yield false positives, simply 
due to their color in solution. 

Turbidimetric method
The turbidimetric method measures 
either the time required for the reac-
tion mixture to reach a predetermined 
absorbance or transmission level or the 

Figure 1: An example of a standard curve used for kinetic quantitative 

chromogenic LAL testing.
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rate of turbidity development (2). It is 
an automated, modified extension of 
the gel-clot test. The modified LAL 
reagent is altered to contain a lower 
quantity of coagulogen, resulting in a 
turbid mixture unable to form a solid 
clot when exposed to endotoxin (12). 
The advantage of using the turbidimet-
ric method over the simpler gel-clot 
method is that it gives a quantitative 
result, showing the level of endotoxin 
in the sample solution.

In this approach, an equal mixture 
of sample and reconstituted lysate 
should be incubated at 37 ± 1 ºC, and 
the turbidity or optical density (OD) of 
the mixture can be measured at each 
specified and validated wavelength 
continuously throughout the incuba-
tion period. The reaction time (i.e. ,the 
time required for the mixture to reach 
onset OD) is inversely proportional 
to the amount of endotoxin present. 
Therefore, by spiking the sample with 
known quantities of endotoxin in ster-
ile water and creating a standard curve, 
the quantity of endotoxin present in 
the mixture can be calculated. 

The end-point-turbidimetric method 
is performed in the same way as the end-
point-chromogenic method. The result 
given by the turbidimetric method can 
be altered when testing blood, plasma, 
serum, and similar materials, but it is 
particularly sensitive to interference 
from suspended or turbid products, 
which can result in false positives. 

 All methods described in this article 
have been approved by Ph. Eur. 9.0 2.6.14, 
USP 40 <85>, and  JP XVII  4.01. for med-
ical devices, injectable materials, and the 
raw materials used to make them. Gener-
ally, one single endotoxin reagent should 
be used for each test, and endotoxin re-
agents from different manufacturers 
should not be mixed in any application. 

As discussed, no method is perfect, 
and each has its advantages and dis-
advantages. Many scientists believe 
the gel-clot method yields the most 
accurate result when determining if 
endotoxin is present in a sample (12). 
Because the method is known to in-
teract with fewer materials, its results 
are less likely to have been affected by 

inhibition or enhancement from the 
sample. Despite this fact, the amount 
of time that is required to prepare sam-
ples using this process has made it less 
popular for use in raw material testing 
in some laboratories.

Extrapolating results
The most significant advantage of ki-
netic and end-point methods over the 
gel-clot method is their ability to ex-
trapolate a quantitative result. Being 
able to extrapolate results can be in-
valuable when testing raw materials be-
cause it can offer insights into potential 
sources of endotoxin contamination. 

The chromogenic method is a high 
yield, user-friendly method but inter-
acts with many different compounds, 
as does the turbidimetric method. As a 
result, validation using these methods 
can be time consuming.

An additional consideration is that 
one of the biggest factors that can 
cause analogous results is technician 
error. Until the endotoxin testing pro-
cess can be fully automated, with min-
imal human interference, subjectivity 
may affect the interpretation of results.

The need for proper training
The best, and only, way to approach 
endotoxin testing is to try different 
methods, ensure that technicians are 
well trained in each one, and are fully 
aware of the strengths and limitations 
of each procedure, as well as the poten-
tial difficulties that individual samples 
may pose, and that due care and atten-
tion is taken at every stage.

Despite issues with some test meth-
ods, endotoxin testing is crucial to 
ensuring product quality and patient 
safety. Its importance as a quality con-
trol tool should never be overlooked. 
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Clinical Trial Logistics
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C
linical trials pose major manufac-
turing and distribution challenges, 
which have been magnified by 

the trend to outsource more opera-
tions. The success of any clinical trial 
demands strong adherence to GxPs—
required good current practices in 
manufacturing, clinical, distribution, 
and documentation. The end goal, 
says Matthew Caponi, senior director 
of North American depot and produc-
tion services at PAREXEL, is providing 
assurance that the rights, safety, and 
wellbeing of patients are protected 
and that the results of the trial will be 
unbiased and credible. 

A number of factors, including in-
creasing complexity of drug forms 
and increased reliance on outsourcing, 
has made it more difficult to optimize 
manufacturing, packaging, and distri-

bution for clinical trials. In addition, a 
growing number of manufacturers are 
moving from traditional to direct-to-
patient clinical trial designs, a shift 
that will change basic communication, 
logistics, and the way that manufactur-
ing, patient compliance, and logistics 
data are exchanged. 

This article examines some current 
trends and touches on changes that can 
be expected in the future. 

On the manufacturing side, failure 
to maintain GMP standards at the 
clinical stage is resulting in an in-
creased number of new drug approval 
delays. In 2016, for example, FDA is-
sued a record number of complete 
response letters (CRLs) for new drugs 
under development. 

CRLs detail problems found at pre-
approval facility inspections for new 

drug applications (NDAs), and re-
quire that manufacturers or contract 
partners fix these issues before the 
NDA approval process can continue. 
According to John Jenkins, retired di-
rector of the Office of New Drugs in 
FDA’s Center for Drug Evaluation and 
Research (CDER), the agency issued 14 
CRLs for new drugs (1) in 2016, and 
five involved cGMP issues at contract 
development and manufacturing orga-
nization (CDMO) or contract manu-
facturing organization (CMO) partner 
facilities (2).

Some of these cGMP deficiencies are 
due to tight timelines and the fact that 
formulations are becoming more com-
plex, especially as drug development 
shifts from an emphasis on small mol-
ecules to one on biologics, says Sanjay 
Vyas, corporate vice-president, global 
head of clinical trial supplies and lo-
gistics at PAREXEL. “Clinicians want 
a simple dose to administer the most 
robust and efficient drug formulation, 
but some dosage forms must be admin-
istered intravenously instead of orally,” 
he says.  In addition, a number of new 
APIs require a difficult synthesis, and 
the resulting drug products can re-
quire special storage and cold-chain 
handling, says Vyas. 

Patient-centered packaging
Not all that long ago, many oral, solid-
dose products were shipped in corru-
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gate, and temperature monitoring was 
not even needed, says Vyas. “Today, a 
biologic must be moved in shippers 
using phase-change material of far 
more robust and technical design, with 
temperature monitoring devices to en-
sure and demonstrate environmental 
control,” he says. 

“All of these specific requirements 
must be supported by a supply logistics 
chain that can ensure that the material 
is maintained exactly as required as it 
moves along the supply chain—the 
chain of custody must be unbroken 
and documented as such,” he adds.

Packaging for clinical trials must 
not only support the required storage 
conditions but also enhance patient 
compliance and ease of use, as well as 
efficient logistics, says Vyas. “A blister 
card that clearly shows the morning 
and evening dose as part of its design 
will work better than a series of bot-
tles presented to the patient, each with 
different dosing instructions,” he says, 
adding that smaller, less complicated 
packs will help support logistics efforts.  

Blinding challenges
Beyond basic manufacturing, the most 
challenging part of any clinical trial 
is maintaining the practice of double 
blinding, which helps to ensure un-
biased trial results by preventing pa-
tients, healthcare providers, and those 
who collect and analyze trial data from 
knowing whether each individual sub-
ject in the trial has received the actual 
drug being studied or a placebo. 

Requirements run from manufac-
turing to dosage-form selection, pack-
aging, and distribution. “The range of 
potential unblinding or at least com-
plicating factors is enormous, and as 
varied as the products themselves,” 
says Caponi.

Kit-numbering issues
Even numbering the kits to be used 
by each individual patient in a clinical 
trial requires strategy. If the random-
ization and trial supply management 
(RTSM) or interactive response tech-
nology (IRT) system being used is not 
configured with blinding in mind, it 

will be possible for sites to see trends 
in the dispensation of kit numbers and 
identify kits that are different from an-
other, explains Tony Street, PAREX-
EL’s head of global portfolio leadership 
for clinical trial supplies and logistics. 

“The use of scrambled rather than se-
quential numbers eliminates this risk, 
but can present operational challenges 
at the warehouse if the selection of kits 
is completely random,” he says. 

Street suggests using a hidden se-
quence number that will not be visible 
on the kit, which will allow depot and 
warehouse staff to know the order in 
which kits will be requested, so that 
packing can be done most efficiently. 

“When selecting your RTSM/IRT ven-
dor, it is essential that you work with 
a team that fully understands the 
process at study sites and the GMP/
GCP implications of system set up. 
Something as small as the sequential 
numbers utilized on a patient kit can 
jeopardize the credibility of an entire 
clinical program,” says Street.

In trials where two compounds are 
being compared, a double dummy ap-
proach may be required, in which each 
of the drugs and its placebo are given 
distinctive forms, for example, differ-
ent colors for oral solid-dosage forms 
and their placebos. 

However, careful and early plan-
ning can eliminate the need for this 
approach, says Caponi. “An early de-
cision on dosage form may prevent 
the need to resort to double dummy 
designs, in turn, reducing the total 

number of dosage forms manufactured, 
as well as the labels produced, packag-
ing components used, and simplifying 
overall packaging design strategy. The 
end result is a dosing regimen that is 
easier for the patient to maintain and 
less expensive to produce.”

For oral solid-dosage forms, the so-
lution may be as simple as over encap-
sulating the product comparator with 
the same size capsule, Caponi says. 

“Injectables present another whole 
spectrum of issues—questions to ask 
include: Does your syringe look the 
same or can it be somehow blinded to 
the comparator? Is the actual product 
visually the same color?” he says.   

Blinding drugs that were made 
on commercial production lines
It’s especially important to be aware 
of issues that can result when blinded 
drugs for clinical trials are manufac-
tured on commercial lines, a practice 
that is becoming more common, and 
will become far more common in the 
future. Caponi recalls a case in which 
transdermal pouches were produced at 
various clinical strengths on a single 
commercial production line. Each 
of the pouches was marked so that it 
could be traced back to the production 
line, a useful practice for commercial 
operations. However, when the mate-
rial was received by the clinical sup-
plies packager, something had to be 
done to blind these marks, because 
each mark indicated a difference in 
strength for each pouch manufactured 
on that line. 

Direct-to-patient trials
The move from traditional to direct-to-
patient clinical trials (in which patients 
take the medication independently in 
their own homes) is gaining ground. 
This shift is likely to result in funda-
mental changes in the way products 
are packaged and distributed and how 
product data are transferred. 

“Distribution and medical adherence 
will now be more closely intertwined 
with the design of the clinical trial it-
self and the locations of the distribu-
tion of the drugs,” says James Streeter, 

Clinical Trial Logistics

An early decision 

on dosage forms 

may prevent the 

need to resort to 

double dummy 

designs, simplifying 

overall packaging 

design strategy. 
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global vice-president of life-sciences 
product strategy at Oracle.

In formulation and drug delivery, 
ease of use and safety will become 
even more important, because pa-
tients themselves, rather than health-
care providers, will be administering 
dosing, says Vyas. As a result, prod-
ucts such as infusions or those that 
need to be reconstituted at the point 
of use will need to be reformulated, 
he says.

Packaging design will have to be-
come even more streamlined, he says. 
At the same time, biologics manufac-
turers will be under greater pressure 
to develop products that will remain 
stable under a wider range of tempera-
tures and conditions, he adds. 

Dealing with patients directly
Instead of sending large shipments to 
investigator sites, manufacturers will 
now be sending multiple, smaller ship-
ments to patients, Vyas says. Logistics 
planning and patient monitoring data 
will need to be linked more closely. 

Planning the last mile of drug deliv-
ery to the patient’s home from either 
the manufacturing plant or the stor-
age depot will become far more chal-
lenging, he says, because each country 
has different product stability require-
ments as well as different geographies 
and climates. 

“For the clinical supply provider, or-
chestrating an integrated technology 
and data sharing capability becomes 
highly important to ensure that not 
only the right drugs reach the right pa-
tient safely and on time, but also that 
patient information remains blinded 
from the sponsor to support regula-
tory requirements,” says Vyas. Pro-
active supply chain planning, agility, 

and integrated technology will be key 
to success. 

In the direct-to-patient world, 
shipping controls and tracking will 
be through new methods that will 
be direct with patients. Third-party 
vendors will interact with patients 
who will get supplies either directly 
at home or at their local pharmacies, 
says Streeter.

Decentralized operations
Tracking and controlling who gets 
these drugs will shift from one central 
operation to individual operations, 
says Streeter. In addition, he predicts 
that regulators will require that patient 
adherence data be aligned with distri-
bution control. 

In fact, he says, distribution, patient 
adherence, and overall clinical trial 
data will no longer be managed sepa-
rately, but together, because operations 
teams running the clinical trials will 
need all three types of data to optimize 
trial control. In addition, although in-
vestigators will still be responsible for 
patient safety, their operations will also 
need to be monitored. 

Blinding and packing the pharma-
ceuticals that are used in clinical tri-
als will no longer be controlled at the 
package level, but at the level of the 
individual dose, says Streeter. 

Social media to complicate blinding
Social media promises to make blind-
ing more challenging, he says, because 
patients may inadvertently share infor-
mation with each other about drugs 
they are taking and their packaging. 

The need to ensure that dosage form 
and packaging appear identical will be 
crucial. Individual dosage and their 
packaging will require unique iden-
tifiers and will need to be monitored 
closely, he says.

Sponsors will have to have the 
technology required for tracking and 
monitoring as part of each clinical trial 
design and as part of their overall data-
management toolkit, Streeter says. “We 
won’t be tracking data at the individual 
patient’s kit level, but at the level of the 
individual pill,” he says. As a result, pa-

tient data will become part of overall 
operations data, so a much more coor-
dinated approach to data management 
will be needed,” he says. 

A potential role for blockchain?
Data lineage will be required so that 
manufacturers will be able to trace 
each drug, its packaging, and ship-
ments precisely, Streeter says, not-
ing that there may even be a need for 
blockchain technologies. As a result, 
he says, data requirements will explode, 
requiring large amounts of storage 
space, analytics and machine learning 
software to manage and mine.

“Evidence-based medicine has be-
come the norm in the medical field 
today, and, as the need grows for real-
world evidence in clinical trials, so will 
the need to break down the silos that 
still separate manufacturing, patient 
compliance, and logistics data. To-
gether, these forms of data will provide 
better overall control, and promise to 
reduce the overall costs of clinical tri-
als in the future,” he says.
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broader range of temperatures and 

conditions.

A
D

R
IA

T
IC

F
O

T
O

/S
H

U
T

T
E

R
S

T
O

C
K

.C
O

M

http://www.blogs.fda.gov/fdavoice/index.php/2017/01/a-review-of-cders-novel-drug-approvals-for-2016/
http://www.cen.acs.org/articles/95/i20/complete-response-letter-mail-one.html


68    Pharmaceutical Technology NOVEMBER 2017  PharmTech .com

S
V

E
T
A

 D
E

M
ID

O
F

F
/G

E
T

T
Y

 I
M

A
G

E
S

outsourcing outlook

T
his has been another big year for 
acquisitions in the contract devel-
opment and manufacturing orga-

nization (CDMO) industry. In the first 
three quarters of 2017, there have been 
25 deals in which a CDMO was the 
acquisition target (see Figure 1). With 
just three months left in 2017, the final 
number of deals is likely to trail 2016 
(34 CDMO acquisitions), but the total 
value of the transactions is likely to ex-
ceed $20 billion, which will far exceed 
2016’s total. Average deal multiples look 
to be about 13.5x EBITDA (earnings 
before interest, taxes, depreciation and 
amortization), a big premium above 
the 10x multiple at which private equity 
investors typically value acquisitions; a 
number of deals have come in at mul-
tiples in the 15x–25x range.

Aside from the sheer size of the 
transactions, deals in 2017 are most 
notable because they may have finally 
created some CDMOs with the scale, 
breadth, and financial wherewithal 
to be strategic manufacturing part-
ners to global bio/pharma companies. 
Global bio/pharma companies repre-
sent the last frontier for CDMOs: they 
outsource only approximately 25% of 
their drug product manufacturing 
requirements, compared to 70–80% 
for small and mid-size bio/pharma 

companies, and they use CDMOs to 
manufacture fewer than 15% of their 
biologics products. 

CDMOs are fighting ingrained cul-
ture and deep pockets when trying to 
get global bio/pharma companies to 
outsource more of their manufacturing 
requirements, but they are also handi-
capped by scale and scope. An average 
size global bio/pharma company (top 
25 by revenue) has approximately $20 
billion in revenues and $3.5–4.0 bil-
lion in cost of goods, plus as much 
as another $1 billion for developing 
and manufacturing clinical candi-
dates. That means the manufacturing 
requirements of that average global 
bio/pharma company are two to three 
times the revenues of the three larg-
est CDMOs, which all had revenues 
of $1.5–2 billion prior to the latest 
round of acquisitions. Even those larg-
est CDMOs had limited capabilities 
(only API, no dose; or strong solid oral 
dose, limited injectable, and API), and 
companies in the next tier of CDMOs 
($500 million–$1 billion range) had 

even more limited capabilities and/or 
significant financial issues.

Global bio/pharma companies are 
struggling to manage complex supply 
chains with hundreds of vendors, but 
the limited scale and scope of most 
CDMOs left the global companies 
with few choices for consolidating their 
supply base without becoming too big 
a piece of a given CDMO’s business. 
Thanks to the latest round of acquisi-
tions, however, the industry now has 
some participants that, either on their 
own or in concert with their parent 
companies, have the scale, scope of ca-
pability, and financial sophistication to 
be taken more seriously by global bio/
pharma companies. Consider the im-
plications of some of the major deals 
in 2017.

Lonza–Capsugel 
Capsugel ’s $1 bil lion in revenues 
pushes Lonza’s total revenues past the 
$5-billion threshold, giving it manu-
facturing scale equivalent to a $25 
billion bio/pharma company. It also 
expends its scope by bringing dose 
form capabilities, including softgels 
and solubility-enhancing technologies 
such as spray-drying, and its market-
leading hard gelatin capsule business; 
all of those are key inputs for prescrip-
tion pharmaceuticals and nutraceuti-
cals and a big part of any bio/pharma 
company’s procurement spend.

Thermo Fisher–Patheon
Combining Patheon with Thermo 
Fisher’s clinical supplies business fills 
a major gap in Patheon’s service port-
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Drug development is a lengthy, complex, and costly process, entrenched with a high degree of 
uncertainty that a drug will succeed. There are several strategies that a company can take to optimize 
resources and improve success in the early phase. It is important to leverage data between discovery 
and development to optimize the development pathway and enable drug candidates to reach their 
true potential. By harnessing data to drive development decisions, companies can shorten timelines, 
improve clinical outcomes, and reduce costs in the long-term. Identifying issues early can result in 
fewer problems down the line and greater confi dence in development decisions. This webcast will 
focus on a number of key considerations for transitioning a molecule from discovery to Phase 1 
including: 

• Appreciating the impact of physicochemical properties on attrition

• Understanding the importance of formulation science during preclinical testing 

• Utilizing preformulation studies to determine a molecule’s best fi rst-in-human  formulation strategy

• Building pathways to manufacturing success in the early stage

KEY LEARNING OBJECTIVES

• Learn how to position a molecule for success in preclinical stage, Phase 1, and beyond

• Review tools to rank discovery-stage compounds and assess risk

• Understand ADME defi ciencies that can be improved through medicinal chemistry and formulation

• Hear how preclinical formulation development can enable a candidate’s best chance of success

• Understand early dose-form selection and when it is appropriate to go to clinic with abbreviated vs. 
advanced formulation technologies
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folio and creates a CDMO with $3 bil-
lion in revenue, comparable in size to 
Lonza’s pharma and biotech segment. 
Patheon is now better-positioned in 
the market for clinical development, 
manufacturing, and packaging ser-
vices, which is becoming more impor-
tant as a feeder into a CDMOs com-
mercial manufacturing pipeline. As 
importantly, Patheon is now a signifi-
cant part of a $20-billion supplier of 
life-sciences products and services to 
the bio/pharma industry, rather than 
a $2-billion standalone CDMO. 

Carlyle Group–AMRI
Acquisitions by private equity firms 
aren’t usually viewed as strategic, but 
a deal with a firm of the size and repu-
tation of Carlyle could be transforma-
tional for AMRI. Carlyle will bring 
more financial savvy and operational 

focus to the company, which should 
strengthen it for the long term. The 
transformational opportunity will 
come about if Carlyle is able to bring 
in an executive team of significant 
stature and experience to drive the 
company to the next level, as Black-
stone did for Catalent and JLL Part-
ners did for Patheon.

Catalent–Cook Pharmica  
Catalent’s acquisition of Cook Phar-
mica, despite its nearly $1-billion 
price tag, is not as transformational 
as some of the other recent deals: 
the company already has a growing 
biomanufacturing business, and the 
near-term revenue increment is much 
smaller than in the other cases. How-
ever, the deal makes Catalent a more 
complete provider in the biophar-
maceuticals market as the addition 

of North American injectables and 
biomanufacturing capacity comple-
ment its existing biomanufacturing 
and analytical capabilities. 

Eurofins–multiple CDMOs 
Eurofins is worth noting not because of 
any one large deal but because of the way 
it has built a CDMO offering through a 
series of small acquisitions. Eurofins 
built its GMP analytical services capa-
bility around its acquisition of Lancaster 
Laboratories in 2011, but in the past two 
years, it has broadened its chemistry, 
manufacturing, and controls (CMC) 
portfolio into process development, 
formulation, and clinical manufactur-
ing services by acquiring companies 
like Sinesis Life Sciences (Netherlands), 
Advantar Laboratories (USA), Alphora 
Research (Canada), and Amatsigroup 
(France and Belgium). Eurofins, with 
revenues exceeding $2.5 billion, may be 
able to leverage its strong position pro-
viding analytical and bioanalytical ser-
vices to global bio/pharma companies 
to get more of its clients’ development 
business.

The current financial market environ-
ment has been favorable to large-scale ac-
quisition activity, and one might expect 
to see a few more large deals that consoli-
date the top end of the CDMO industry. 
However, the number of large and attrac-
tive acquisition targets is limited, which 
will limit the number of transformational 
deals in the near term. There is no doubt, 
however, that creating large-scale suppli-
ers will be crucial to cracking the global 
bio/pharma market. PT

Figure 1: Bio/pharma acquisitions in 2017, as of October 2017. 
SM is small molecule.

Discovery, 9 

Clinical, 7 

SM API, 6 

Bio API, 5 

Develop, 5 

Dose, 9 

 Source: PharmSource Strategic Advantage database.

CAPSUGEL EXPANDS CLINICAL TRIAL SERVICES AT UK MANUFACTURING FACILITY

Capsugel announced on Oct. 31, 2017 that it expanded clinical trial capabilities, 

as well as increased development and manufacturing capabilities for special-

ized drug products using liquid-filled hard capsule (LFHC) technology, at its 

Edinburgh facility in Scotland.

Previously announced in 2015, the expansion includes a third cleanroom, 

quality control and analytical capabilities, and a 5,000-ft2 GMP warehouse for 

additional storage capacity. The expansion also includes new isolators for high 

containment pre-dispensing and compounding, high- and low-shear com-

pounding and holding tanks, an additional high-speed encapsulation machine, 

a capsule banding unit, and added high-containment capabilities for handling 

highly potent and cytotoxic compounds at all stages of product development 

and manufacturing.

The Edinburgh facility expansion also includes additional high-containment 

capabilities for handling highly potent and cytotoxic compounds at all stages 

of product development and manufacturing. The facility is now capable of 

producing an additional 250 million LFHC dosage forms annually, according 

to the company.

—The editors of Pharmaceutical Technology

http://www.pharmtech.com/


Analytical Challenges in 
Extractables Studies of Plastic
Single-Use Bioprocess Bags

LIVE WEBCAST
NORTH AMERICA: Tuesday, October 31, 2017 at 11am EDT | 10am CDT 

EUROPE: Tuesday, November 7, 2017 at 9am GMT | 10am CET

Single-use bioprocess bags are used for the preparation, storage and transport of biopharmaceutical 
solutions, intermediates, and final bulk products. Most of the bioprocess bags are made of plastics and 
those plastics additives and degradants may easily leach out into the drug products. As part of safety risk 
assessment, it is important to identify and quantify those extractables and leachables as they may pose 
safety risks to patients and/or change the efficacy of the medical products, new methods and guidelines 
are in draft for this important study, including USP <1663> and <1664> and upcoming USP <665> and <1665>.

This presentation will review a case study on an extractable study of plastic single-use bioprocess 
bags by using different solvent systems such as acidified water, alkaline water, PBS buffer, and 
organic/aqueous solvent mixtures to bracket and mimic pH values, ionic strength, and hydrophobicity 
of common process fluids. To obtain a comprehensive extractable profile, multiple analytical 
techniques were used to identify and quantify organic extractables, including headspace–gas 
chromatography–mass spectrometry/flame ionization detection (HS–GC–MS/FID) analysis for volatile 
organic compounds, GC-MS/FID analysis for semi-volatile organic compounds, and liquid 
chromatography (LC)–MS/ultraviolet (UV) analysis for non-volatile organic compounds. 

The study revealed one unexpected finding: the vapor of the volatile organic solvents in the plastic bags 
could migrate into the solvents in other bags. Modified experiments were then applied to investigate 
the root cause and effectively eliminated the problem. In addition, the diversified extractable profiles 
were compared and discussed for different extraction solvents and sample preparation procedures. 
The results also demonstrate that high resolution accurate mass (HRAM) and MS/MS data facilitate 
confident compound identification and unknown compound structure elucidation.

KEY LEARNING OBJECTIVES

In this webcast series you will:

• Get insight into regulatory requirements for the analysis of extractable and leachable impurities 
from leaders in contract testing services for the pharmaceutical industry

• Learn from industry experts about the latest innovations for characterization of leachable 
impurities using chromatography and mass spectrometry

• Learn new workflows for routine extractables and leachables that save time, increase throughput, 
and improve method robustness

WHO SHOULD ATTEND

• Pharmaceutical development, CMC, and QC scientists

• Pharmaceutical managers looking to outsource complex extractables and leachables studies

• Chromatography and mass spec users looking to improve their knowledge and laboratory workflows

Register for free at http://www.pharmtech.com/pt_p/analytical
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Almac Group to 
Acquire BioClin 
Laboratories
On Nov. 1, 2017, Almac Group, 

a contract development and 

manufacturing organization 

(CDMO), announced that it will 

acquire BioClin Laboratories, 

a contract analytical research 

and development company 

based in Athlone, Ireland that 

specializes in cGMP pharma-

ceutical and biopharmaceutical 

analysis, GMP microbiology 

testing, and good labora-

tory practice bioanalysis.

Under the terms of the ac-

quisition, Almac will acquire 

BioClin’s 14,000-ft² analytical 

facility to expand the CDMO’s 

analytical service offerings. 

This announcement follows a 

series of recent developments 

from Almac, including a multi-

million pound expansion 

of Almac-owned chemical 

company Arran Chemical in 

October 2017, as well as new 

pharmaceutical development 

and manufacturing facilities 

located at the company’s 

Charnwood, Loughborough, 

England site, which passed in-

spection by the UK Medicines 

and Healthcare products 

Regulatory Agency (MHRA) in 

October 2017.

Catalent and 
Grid Therapeutics 
Form Immuno-
Oncology Pact
On Oct. 30, 2017, Catalent 

announced that it signed a 

multi-year agreement with Grid 

Therapeutics, an oncology-

focused biotech company, to 

develop and manufacture Grid’s 

lead therapeutic candidate for 

the treatment of solid tumors.

Under the agreement, 

Catalent Biologics will use its 

patented GPEx cell line technol-

ogy to develop cell lines and 

manufacture antibodies in the 

process of cGMP bulk drug 

production. The project will 

be undertaken at Catalent’s 

biomanufacturing facility in 

Madison, Wisconsin.

Grid’s research is based on 

the identification of specific 

tumor immunoglobulin G (IgG) 

antibodies in patients with 

early-stage cancer. Grid ob-

tained the sequence of its lead 

IgG3 antibody directly from B 

cells in cancer patients using 

molecular genomic techniques. 

According to the company, 

GT103, the company’s lead asset, 

is expected to initiate a Phase I 

clinical trial in advanced-stage 

solid tumor patients in the first 

half of 2019.

“Catalent regularly and 

successfully partners with 

innovator companies look-

ing to bring new, important 

therapies to market faster, 

and a patient-derived IgG3 

monoclonal antibody would 

be a significant advance-

ment in optimized treat-

ments,” said Mike Riley, vice-

president and general man-

ager of Catalent Biologics, in 

a company press release.

Citoxlab Acquires 
Xenometrics
On Oct. 31, 2017, Citoxlab Group 

announced the acquisition 

of Xenometrics, a US-based 

contract research organiza-

tion (CRO) specializing in the 

non-clinical assessment of 

new drug candidates. The 

financial terms of the agree-

ment were not disclosed.

Xenometrics is a non-clinical 

CRO offering services in the 

fields of safety, pharmacology, 

and pharmacokinetics to the 

pharmaceutical, biotechnology, 

and chemical industries. Ac-

cording to Citoxlab, this acquisi-

tion reinforces the company’s 

position in the non-clinical CRO 

arena, and supports its objec-

tives to expand service capabili-

ties in North America.

This acquisition is the third 

one made by Citoxlab in North 

America, following the acquisi-

tions of the LAB Research Group 

in 2011 and Accellab in 2016. 

Most recently, the company 

acquired a bioanaylsis and 

biomarkers facility in Laval, 

Montreal, Canada to support 

preclinical and clinical programs.

Roquette Opens 
New Asia Pacific 
Headquarters and 
Innovation Center 
in Singapore
On Oct. 26, 2017, Roquette 

announced the opening of 

previously announced new 

facilities and an innovation 

center in Singapore, China. 

According to the company, 

the facilities will be focused 

on plant-based pharma, food, 

and nutrition products spe-

cific to regional health trends

Features of the new facilities 

include a research laboratory, 

customer technical services, 

and a new regional headquar-

ters, and will enable the com-

pany to partner with custom-

ers, universities, and research 

institutions for solutions, such 

as Singapore’s Agency for Sci-

ence, Technology and Research 

(A*STAR) or the National Univer-

sity of Singapore.

This latest announcement 

follows a series of recent 

global investments by the 

company, including the Sep-

tember 2017 acquisition of 

Itacel, previously an excipient 

division of Blanver, a Brazilian 

multinational company.

Catalent Closes Cook 
Pharmica Acquisition
Catalent announced on Oct. 

24, 2017 that the company 

completed its acquisition of 

Cook Pharmica LLC, a Bloom-

ington, Indiana-based biologics 

contract development and 

manufacturing organization. 

The acquisition strengthens 

Catalent’s position in biologics 

development and analytical ser-

vices, manufacturing, and fin-

ished product supply, Catalent 

reported in a press statement.

Catalent also announced 

plans to reorganize operations 

and create two dedicated busi-

ness units. A Biologics & Spe-

cialty Drug Delivery business 

unit will feature the company’s 

eight facilities focused on 

biologics development, manu-

facturing, analytical, sterile fill/

finish, and Catalent’s respira-

tory and ophthalmic business 

platforms. Barry Littlejohns, 

most recently president of the 

company’s former Drug Deliv-

ery Solutions business unit, has 

been named president of the 

Biologics & Specialty Drug De-

livery unit. Tedd Green, former 

president of Cook Pharmica, will 

serve as senior vice-president, 

Catalent Bloomington.

Catalent also reported that 

it reorganized the remainder of 

its former Drug Delivery Solu-

tions business into an Oral Drug 

Delivery business unit; Jonathan 

Arnold was named president 

of the unit. Oral Drug Delivery 

will operate nine facilities and 

feature the company’s capa-

bilities in advanced delivery 

technologies and development 

solutions, including formulation 

and analytical development, 

bioavailability enhancement in-

cluding micronization, hot-melt 

extrusion, spray-dry technolo-

gies, controlled release, Zydis 

orally disintegrating tablet tech-

nology, and commercial supply.

Arnold has more than 23 

years of experience in life-

science companies. For the 

past six years, he has served 

as vice-president and general 

manager for Catalent’s Drug 

Delivery Solutions business unit.

http://www.pharmtech.com/
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The level of formality in change control may be holding back your 

SOP progress, according to Siegfried Schmitt, principal consultant at PAREXEL.

Q.We have one established change control process, and

this process is applied to all planned changes, including 

changing standard operating procedures (SOPs). On average, it

takes far too long to complete the process. For example, just

preparing a line-by-line description of the rationales for each

individual change in the text of the SOP can take several weeks. 

The result is that we often have to operate according to draft ver-

sions of SOPs, as changes must be implemented faster for oper-

ational or safety reasons. How can we expedite this process?

A.You have correctly interpreted the regulations, which

require you to establish change control, or as International

Council for Harmonization (ICH) Q10 calls it, change management

(1), and to have documented procedures, most likely in the form 

of SOPs (2). The issue seems to lie in the way change control is

applied (i.e., the level of formality).

A formal change control process, which as you describe can

take weeks or months to complete (e.g., for the replacement of 

a filling line), typically consists of these steps:

• Change request

• Feasibility assessment

• Technical review

• Input by regulatory affairs

• Review by quality assurance (QA)

• Approval of change

• Implementation of change

• Verification of change effectiveness

• Close-out of the change request.

Notwithstanding the formality of the process, a change

control process should be effective (1), meaning it is user-

friendly, simple, and with minimal cycle time for decisions. This 

is aligned with the concept in ICH Q10 that the level of effort 

and formality should be commensurate with the level of risk.

Your example of preparing a line-by-line description of 

the rationales for each individual change in the text of the

SOP gives a good idea of the level of formality you apply at

present. A change to a SOP will be requested by the owner of 

the procedure covered by the SOP. So this person needs this

change and is thus in a position to assess the technical and

operational feasibility of the change very well. More importantly,

the requester is perfectly well aware of the reasons (i.e., the

rationale for each change in the document). For these reasons, 

it is standard industry practice to provide a summary rationale,

not a line-by-line explanation in the revised document (e.g.,

change due to revision in the applicable regulations).

It is also easy for reviewers to see changes to the revised

draft document as these are created with word processors 

in ‘track changes’ mode. This normally provides sufficient

information for the reviewers and approvers. One issue often

encountered at this step in the change process is the number of 

reviewers and approvers that have to sign off on the document.

In effective organizations, this is kept to a minimum (i.e., two or

three signatures).

The solution to your problem is to review the level of formality 

applied, especially in the documentation of the change and the 

reasons for the change. There is no reason why a change to a

SOP cannot be completed in a compliant, controlled, and formal

manner in as short a time as one working day.
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