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DEA Controlled Substances Schedules I-V

Spectrum offers a comprehensive line of DEA Controlled Substances (Schedules CI-CV) for 

pharmaceutical manufacturing, prescription compounding and drug discovery research. 

We have expanded our offering to include DEA Schedule I Controlled Substances suitable 

for research and analytical uses, including:

•   Forensic Drug Testing

•   Medicinal Chemistry

•   Academic Research

800.772.8786  

SpectrumChemical.com

Spectrum also carries 1,200+ USP/NF/FCC Chemicals 

Turn 
Here!
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ItTakesAmerisourceBergen.com

The commercial success of bringing a new pharmaceutical to 

market begins with the patient. Knowledge of the patient 

experience combined with therapeutic area expertise helps 

anticipate challenges in the treatment journey. Strengthening 

product performances while ensuring patients receive the best 

possible care takes innovative solutions that solve complex 

specialty distribution challenges. It takes high-tech capabilities 

and high-touch solutions from a committed commercialization 

partner. It takes AmerisourceBergen.

MARKET ACCESS  \  PATIENT SUPPORT SERVICES  \  SPECIALTY PHARMACY AND DISTRIBUTION  \  COMMERCIALIZATION
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+1 866.PATHEON | www.patheon.com

The world is waiting. Brilliant discoveries are being 

made everywhere, every day. Which is why we believe 

that tomorrow’s breakthroughs should never have 

to wait in yesterday’s supply chain.

 

We’re Patheon, and we’re here to bring more 

medicines to the people who need them, faster 

and more reliably than ever before. Our integrated 

end-to-end model and global capacity bring greater 

fl exibility to large pharma, mid-size pharma and 

emerging companies alike. Adding value at every 

stage. Making manufacturing impossibilities possible. 

Complex approvals simpler. And tomorrow’s cures 

no longer far-off dreams, but dreams come true.
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ELIMINATE PARTICULATES
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www.sterile.com
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•  Low particulate
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CUSTOM DOCUMENTATION
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CLEANPRINT 10
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•  Individual unique 
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and integrity features

•  RFID Technology available

 15 Lee Boulevard
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(610) 644-8335
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API • Excipients • Food Stuff
Size reduction of dry powders to 0.5µ to 40µ APS

cGMP FDA Registered ISO 8 (Class 100,000) Suite
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info@jetpul.com    www.jetpulverizer.com
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¨
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FETTE COMPACTING AMERICA

400 Forge Way

Rockaway, NJ 07866

sales@fetteamerica.com 

www.fette-compacting.com

REMEMBER THE GUY WHO BOUGHT  

THE DISCOUNT TABLET PRESS?

NO ONE ELSE DOES EITHER.

Buying something from the bargain bin might cost you a little less.

But it can end up costing you everything.

That’s why smart companies continually invest in precision-engineered tablet press 

technology from one trusted global leader…FETTE.  They understand that long-term 

performance is the only true measure of “value” and that having a team of tablet 

press experts at your side is the ultimate peace-of-mind.

Give your products the tablet press they deserve: FETTE.  

We guarantee you’ll get what you pay for.

973.586.8722.
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32 Characterization and 
Formulation Screening 
of mAb and ADCs by 
High-Throughput DLS

high-throughput dynamic light 

scattering effectively screens for 

optimal aDc formulations.

formulaTion

40 Regulatory Considerations 
for Alcohol-Induced Dose 
Dumping of Oral Modified-
Release Formulations 

this article looks at the current status 

of alcohol-induced dose dumping of 

modified-release formulations and 

the need for regulatory harmonization 

in handling this challenge.

aPi synThesis & manufacTuring

48 Advances in Fluorination 
Chemistry for API Synthesis 

Safer solid reagents and new coupling 

chemistry are important developments.

QualiTy 

62 Leveraging Change for 
Continuous Process Improvement 

managing change and overcoming 

employee resistance and fear 

requires a proactive approach.

Process conTrol

70 Connecting MES 
to Process Control 

integrating automated systems 

can improve efficiency and 

minimize change management.

cleaning ValidaTion

52 Rethinking Limits in Cleaning Validation 

this article presents an integrated approach that can establish the necessary 

information in an efficient, compliant manner. an effective cleaning validation 

program requires substantial up-front work to withstand regulatory scrutiny.
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Continued on page 10

coVer sTory

24 Stretching 
Product Value through 
Reformulation Strategies
new formulations have the potential to deliver quicker 

returns on investments than developing a completely new drug.
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The Next Generation
of Pharmaceuticals

Pharma&Biotech

Delivering Innovative Therapeutics 

for Advancements in Oncology

Managing the complexities of supply chain and safety are critical 

to the success of antibody drug conjugates (ADCs). Take advantage  

of the best characteristics of monoclonal antibodies (mAbs) and 

the potency of cytotoxic molecules with Lonza’s EasyAccess™ ADC 

programs. Let us customize your ADC and guide your product from 

early development to commercial supply.

Order your ADC sample preparation at www.lonza.com/adc

 – Preparation of ADC sample panels using a variety of linker,  

drug, and mAb combinations

 – R&D safety labs for process development and/or toxic  

batches (5 mg–40 g)

 – GMP suites for clinical supply (50–150 g)

 – Complete analytical development packages with mAb/ADC  

harmonization

 – Quick turnaround of R&D projects, toxicology batches and  

Phase I GMP production

 – Dedicated staff and over 60 GMP clinical ADC batches released 

with very high success rates

 – Production capacity for all your early stage, late stage and full  

commercial needs

www.lonza.com

For more information, contact us at:

North America: +1 201 316 9200

Europe and Rest of World: +41 61 316 81 11

adc@lonza.com
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neWS & analySiS

guesT ediTorial

12 Evolving to Meet 
Industry Changes

in the development of 

biopharmaceuticals and pharmaceuticals, 

the line is blurring.

TroubleshooTing

72 Identifying Powder 
Properties that Define 
Process Performance

Dynamic properties provide insight into 

powder behavior, such as flow rate in feeders.

Packaging forum

78 Parenteral 
Packaging Advances

manufacturers of parenteral drugs face 

challenges to increase efficiency, control 

particulates, and eliminate product/

package interactions.

ouTsourcing ouTlook

82 Small-Molecule 
API CMOs are 
Thriving

Despite emergence of biologics, small-

molecule aPis benefit from industry growth.

regulation  
& comPliance

us regulaTory waTch

16 FDA Faces 
Controversy Over 
Quality Metrics and 
Biosimilars

manufacturers challenge details in new 

policies designed to promote access to 

important therapies.

euroPean  

regulaTory waTch 

20  Serialization 
Shake Out

the complexity of new packaging 

regulations laid out in the european 

Falsified medicines Directive could 

threaten the existence of smaller 

pharma and packaging companies.

ask The exPerT

98 Investigating Biologics

Susan Schniepp, distinguished fellow, 

and andrew harrison, chief regulatory 

affairs officer and general counsel, 

both of regulatory compliance 

associates, discuss performing 

investigations of biological products.

Continued from page 8

correction:

on p. s22 of the august 2015 outsourcing resources supplement to Pharmaceutical Technology, 

a sidebar in the article “handling hPaPis: Do your cmos have the right Stuff?” inadvertently left 

off Pfanstiehl, inc. from the list of Safebridge-certified aPi suppliers. Pfanstiehl was one of the 

first companies to be certified by Safebridge and has maintained certification since then. 
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email:  info coatingplace.com  •  (608) 845-5002  •  Coating Place, Inc., Box 930310, Verona, Wisconsin 53593 U.S.A.  •  coatingplace.com

Does your current CDMO 
leave you with blurred vision? 

info@coatingplace.com   •   (608) 845-5002

Some Contract Development Manufacturing Organizations (CDMO) get you 

in the door then seem to go in multiple directions. There is no clear direction; 

and the invoices are piling up.  

At Coating Place our experienced staff believes the best results come with a 

clear understanding of your ideas and goals. Trust the knowledge, quality and 

insight Coating Place provides to get your vision into focus - and delivered.

and so much more^

M
icroencapsulation 

S
pecialists

See us at AAPS Booth 1811
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L
ike any other discipline, the phar-
maceutical science industry is not 
immune to change. In recent years, 

it has seen company consolidations, ex-
pansions, and mergers; limited/declin-
ing research funding; and a decreasing 
pool of workforce talent. The nature of 
our industry has shifted, and the grow-
ing interest in biotechnology has led 
to a metamorphosis. Pharmaceutical 
companies continue to diversify into 
biologics through acquisitions of bio-
technology companies, in-licensing of 
products, academic-industry partner-
ships, and R&D alliances. 

A decade ago, a clear distinction 
was made between biopharmaceuticals 
and pharmaceuticals based on their 
origin and method of manufacture. 
Since then, however, various indus-
try business reports, including those 
supported by the Pharmaceutical Re-
search and Manufacturers Association 
(PhRMA), have asserted that with the 
metamorphosis of the industry noted 
above, driven in part by the adoption 
of significant technological advances, 
“pharmaceutical” and “biopharma-
ceutical” are essentially synonymous, 
signaling that the lines between large 
and small molecules, chemical entities 
and biologically derived therapeutic 

drug products, and also between large 
and small companies are rapidly disap-
pearing, which is—in fact—reflected in 
and across the PhRMA and the Bio-
technology Industry Organization 
memberships. 

As of 2011, consistent with these in-
dustry trends, nearly 50% of American 
Association of Pharmaceutical Scien-
tists (AAPS) members are now affili-
ated with small biopharmaceutical/
pharmaceutical companies, contract 
research organizations, or consultan-
cies, with many of these pharmaceu-
tical scientists having, or expected to 
have in the future, overlapping respon-
sibilities for the discovery, develop-
ment, and manufacturing of both small 
and large chemical and biologically de-
rived molecules, as do those members 
affiliated with large biopharmaceuti-
cal/pharmaceutical companies, regula-
tory agencies, and universities.  With 
the acceptance of biosimilars, phar-
maceutical scientists affiliated with 
both brand and generic-drug compa-
nies, large and small, are likely to have 
overlapping responsibilities for large 

and small molecules. Though details 
may differ, the overarching principles, 
processes, and challenges of academic 
pharmaceutical research, industrial 
drug development and manufacturing, 
and regulatory review, approval, and 
oversight of new therapeutic products 
are not significantly different for large 
and small molecules. 

AAPS is working to merge its Na-
tional Biotechnology Conference and 
its Annual Meeting beginning in 2018 
to provide a forum for all pharma-
ceutical scientists to work together 
to advance the field and facilitate the 
discovery, development, and approval 
of new medicines. The programming 
for this single meeting will be designed 
to leverage the diverse expertise of its 
members to provide opportunities for 
sharing of cutting-edge science, build-
ing on the commonalities between 
large and small molecules, as well as 
for furthering the understanding of 
unique differences.

As the pharmaceutical industry 
changes, the association must change 
as well if it is to remain relevant. The 
new combined meeting is a response to 
one key aspect of the evolving indus-
try and consequently the professional 
needs of our members; other changing 
needs have been and will continue to 
be identified and addressed through 
the dynamic strategic planning and 
management processes initiated this 
past year. AAPS is playing an impor-
tant part in advancing the capacity of 
pharmaceutical scientists to develop 
products and therapies that improve 
global health. PT
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PRODUCT SPOTLIGHT

Modular Platform for Agitator 
Bead Mill Optimizes Grinding

The Alpha modular 

machine platform from 

Netzsch is designed to 

mount different grinding 

systems on the same 

base platform as appro-

priate for a defined drive 

capacity. The Discus disk 

grinding system is used pri-

marily for dispersion applications in multi-pass operation. The 

Zeta system with optimized grinding media separation is 

used mainly for operation in the circulation or multi-passage 

mode. As the third grinding system, the new Macro peg system 

facilitates the highest power input in passage operation.

The system has a self-supporting grinding chamber, which ensures 

accessibility to the grinding area during operation and mainte-

nance. Integrated hoses and pipes prevent contamination and make 

cleaning and operation easier. The Alpha Cart service cart facilitates 

removal of the grinding tank and the emptying of grinding media; 

standardization allows one cart to be used for several machines.

Netzsch

www.netzsch-grinding.com

Self-Contained 
Laboratory 
Homogenizer 
Prepares 
Injectable Drugs
GEA’s Pony NS2006L is a self-

contained, high-pressure labora-

tory and pilot plant homogenizer for 

product development of advanced fluid applications, including 

nanoparticles, nanodispersions, nanoemulsions, and cell dis-

persions. The homogenizers can reduce particle sizes down 

to nanometer range for the preparation of injectable drugs.

The homogenizer is designed for continuous operation up 

to 1500 bar. The sanitary design is suited for clean-in-place 

and sterilization-in-place. The Pony NS2006L achieves the 

same results as larger size homogenizers, and its compact 

design allows easy installation with simple operation and 

quick maintenance. It is also suitable for viscous products.

GEA

www.gea.com

Microfluidics Systems 
Designed for Flow-
Chemistry Experiments

The flexible Dolomite Flow 

Chemistry Systems from Dolomite 

Microfluidics can be configured 

to suit different applications. The 

systems can be used in educa-

tion, continuous large-scale 

reactions, process optimization, 

scale-up, and multi-step reactions.

The Dolomite Flow Chemistry Systems are designed to provide 

control of residence time, reaction temperature, stoichiometry, 

and reagent introduction for performing detailed flow-chemistry 

experiments. The systems include a choice of glass microreactors 

or tube reactors in polytetrafluoroethylene or stainless steel from 

2.5 µl up to 16 mL. The TCU-125 Temperature Controller ensures 

accurate temperature control of chips from 1 to 125 °C, and the 

tube reactors can be heated from room temperatures to 250 °C 

using a hotplate. The high performance and robust Mitos Duo 

syringe pumps ensure smooth flow rates, from 1.0 µl/min to 10 mL/

min, and allow use of the two syringes independently or in one 

continuous flow, up to 6 bar. Standard systems can be upgraded for 

additional functionality, such as reaction automation, continuous 

work-up, small volume sample injection, or pressurized inputs. 

Dolomite Microfluidics

www.dolomite-microfluidics.com

Control Systems
Ross SysCon’s UL-rated and 

CE-marked control systems 

are custom-designed for indus-

trial processes such as mixing, 

pumping, chemical dosing, dilu-

tion, heat exchange, separation, 

drying, and waste treatment. 

These PLC-based controls are 

routinely supplied with a recipe-

sequencing program, calibration menus, trending screens, data 

acquisition (SCADA) packages, operator-friendly alarms, and 

advanced safety features. Process variables are controlled 

and displayed from a responsive color touchscreen and can be 

automatically stored for seamless monitoring and reporting.

The control systems are UL (Underwriters Laboratories)-rated 

and built to conform to NFPA (National Fire Protection Association) 

79 standards. CE marking can be provided as well to indicate full 

compliance with EU requirements. Enclosures and cabinets are 

NEMA (National Electrical Manufacturers Association) 12 for non-

hazardous environments, NEMA 7&9 for explosion-proof require-

ments, or NEMA 4X (stainless steel) for washdown applications.

Ross, Charles & Son

www.mixers.com
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FDA officials have been busy addressing some difficult drug regu-

latory issues important to biopharma manufacturing, marketing, 

and R&D. In July 2015, the regulators rolled out a much-discussed 

proposal for how companies should collect and submit data to 

measure the quality and reliability of manufacturing systems, 

only to meet strong objections from industry (1, 2). FDA followed 

the metrics program with a highly controversial plan for naming

biosimilars and innovator biotech therapies, which continues to 

divide innovator and generic-drug firms (3, 4).

A stated goal of these and related FDA policies is to facilitate 

patient access to needed medicines, a process that involves 

preventing and reducing critical drug shortages. The FDA Safety & 

Innovation Act (FDASIA) of 2012 addressed shortages—in addition 

to providing FDA authority to collect additional manufacturing

data for its metrics program—by enabling the agency to require 

early manufacturer notification of expected supply disruptions 

for life-saving medicines. FDA issued a final rule in July 2015 that

addresses shortages by requiring a broad range of companies 

to provide advance (six months) notification of an event likely 

to cause a “meaningful disruption” in the supply of critical 

medicines (5). Biotech manufacturers had protested extending the 

initiative to vaccines and other biologics, and generic-drug makers 

complained that even a five-day notification requirement may be 

a burden, but those concerns did not stop FDA from implementing 

what it considers a practical early notification policy.

Slightly different biosimilar names

Much more contentious is FDA’s proposal for addressing the

hot-button issue of how to identify biosimilars related to inno-

vator products. Biosimilar makers and payers want their new

products to carry the same proprietary names as reference drugs 

to encourage prescribing and reimbursement; brand companies

argue that different names are necessary to prevent inadvertent 

substitution and confusion regarding adverse events.

FDA appears to lean towards the “ensure safety” camp by 

establishing a new biosimilar naming policy that adds a unique, 

four-digit suffix to a “core” name for all biotech therapies (3).

This approach aims to prevent erroneous prescribing and 

dispensing of biosimilar and reference products and to facilitate 

tracking of postmarketing safety issues, a process that FDA says 

can’t rely on national drug code numbers (NDC) because many 

biologics are administered in hospitals and clinics. Biosimilar 

advocates fear that even slightly different names will discourage

product uptake, but analysts note that the similar core names will

permit brands and biosimilars to be grouped together on health 

system databases, which will encourage their use.

While innovators may support FDA’s approach for differentiating 

biosimilar names, they are up in arms about the agency’s 

unexpected related proposal for adding suffixes to all biotech 

therapies, including those already on the market. To start what 

is sure to be a lengthy process of revising product names 

retroactively, FDA issued a proposed rule that specifically applies 

the new naming policy to six licensed biologics facing near-term 

competition from biosimilars (6). Requiring new names for old 

products has never occurred before, says Gillian Woollett of 

Avalere Health, noting that significant database and software 

changes may be needed to accommodate the new system.

Still unclear is how FDA will apply the new naming policy to 

biosimilars that achieve “interchangeable” status, which applies 

to a drug that can be substituted by the pharmacist without 

prescriber permission; while this may be the case for most 

conventional generics, biosimilars may be approved as similar. 

One option is to permit the same suffixes for these products,

and FDA seeks comments on this issue, as well as its broader 

naming policy.

Go slow with metrics 

Both brand and generic-drug firms are troubled by FDA’s plan 

for collecting data on a range of measures for the reliability and

quality of drug-production operations and resulting products. After

three years of workshops and white papers on developing quality 

metrics, FDA finally spelled out its program in a draft Request for 

Quality Metrics guidance document (1). Janet Woodcock, director 

of the Center for Drug Evaluation and Research (CDER), opened 

an Aug. 24, 2015 public meeting to discuss the plan by suggesting 

that the proposed metrics are what “any manufacturer would 

want to know” and that FDA had worked hard to keep the new

data collection initiative manageable and useful. The guidance 

outlines a number of data points that CDER and the Center for 

Biologics Evaluation and Research (CBER) believe will help field

inspectors assess the ability of an operation to reliably produce

high-quality medicines; firms with good reports may merit less 

frequent plant inspections and reduced reporting of post-approval 

manufacturing changes.

Somewhat surprising after such extensive FDA-industry 

collaboration were the many objections raised by manufacturers 

about the metrics proposal being too broad, unclear, and moving 

towards mandatory implementation too quickly. Industry reps 

stated at the August 2015 meeting that gathering and reporting

the data will be costly and time-consuming and voiced fears about 

the program generating “report-card” listings and superficial 

comparisons open to misinterpretation by patients and payers.

Genentech Vice-President Diane Hagerty, representing the 

International Society for Pharmaceutical Engineering (ISPE), 

advised FDA to phase in the initiative, starting with higher 

risk facilities and products, and to drop for now a measure 

FDA Faces Controversy 
Over Quality Metrics and Biosimilars
Manufacturers challenge details in new policies designed to promote access to important therapies.

Jill Wechsler is Pharmaceutical Technology’s 

Washington editor, tel. 301.656.4634, 

jwechsler@advanstar.com.
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for on-time completion of annual product reviews. Camille 

Jackson, director for science & regulatory advocacy at the 

Pharmaceutical Research and Manufacturers of America 

(PhRMA), questioned FDA’s use of guidance, as opposed to 

more formal notice-and-comment rulemaking, to provide 

sufficient authority for the agency to require metrics reporting 

in advance of inspections. Similarly, David Gaugh, senior vice-

president of the Generic Pharmaceutical Association (GPhA), 

speculated whether FDA can require metrics reporting by 

foreign companies, a limitation that he said could encourage 

US firms to shift drug production overseas.

Excipient makers objected to the idea of collecting metrics 

on “high risk” excipients, while API producers raised a host of 

questions about providing quality measures on products made 

for many drug companies. Non-prescription drug firms want to 

limit initial metrics to high-risk medicines, as opposed to hand 

creams. And Gil Roth, president of the Pharma & Biopharma 

Outsourcing Association, voiced uncertainties about how contract 

manufacturers can submit data on a facility making drugs for 

multiple clients. Richard Johnson, president of the Parenteral 

Drug Association (PDA), optimistically described the FDA proposal 

as “a good place to start,” but cited challenges in assessing the 

“quality culture” at companies—potentially the next phase for the 

program, but now apparently on the back burner.

All these objections clearly disappointed FDA officials, who 

said they sought an objective list of measures that companies 

already collect internally and that could be assessed easily by 

field inspectors. FDA believes the program will assist in inspection 

scheduling and in efforts to avoid supply disruptions. But staffers 

acknowledged the need to clarify terms, how data will be 

used, and reporting relationships for contractors and suppliers. 

Issuing final guidance “is a high priority,” said Russell Wesdyk, 

acting director of the Office of Surveillance in CDER’s Office of 

Pharmaceutical Quality, but FDA extended its comment period 

through November 2015, and no one expects any revisions until 

2016, at the earliest.
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The European pharmaceutical sector and its packaging sup-

pliers could be destined for a shake-out because of the 

inability of small companies to comply with new rules on 

packaging safety features aimed at combating counterfeiting. 

The European Commission, the European Union’s executive,

published its last draft (1) of the rules in August 2015, and they

are likely to become European Union law by the end of 2015 or 

in early 2016. Pharmaceutical producers and their packaging 

contractors will then have three years to comply with the new 

regulation or be forced to take their products off the EU market.

Packaging experts believe that three years may not give 

many companies enough time to complete the process of 

re-engineering their packaging lines to meet the new 

obligations required by the EU’s Falsified Medicines Directive 

(FMD) (2). At the core of the rules is a requirement for the 

serialization or unique identification of each medicine pack, 

which will necessitate major changes to most packaging lines.

“Companies, especially the smaller packaging companies 

specializing in pharmaceuticals, could disappear or be bought 

up by larger companies,” says Bart Vansteenkiste, EU life 

sciences sector manager, at Domino Printing Sciences plc,

Cambridge, England, in an interview with Pharmaceutical 

Technology. “A lot of companies have left compliance with 

the new regulations very late. Already suppliers of packaging 

hardware and software are reporting full order books and 

longer lead times.”

3C Integrity Consulting, a UK-based specialist in FMD

packaging requirements, has compared the threat to the 

industry to the extinction of the dinosaurs. A big difference 

will be that the big creatures, namely the large multinational

pharmaceutical players, will survive because they have 

prepared themselves well in advance for the impending

changes. Instead, it will be the smaller and usually more 

versatile ones that will become extinct.

Upgrading packaging lines

“For any remaining pharma companies that have doubts about

whether or not they should progress their FMD readiness 

program, any suggestion that they should further delay 

[the preparation] would certainly be considered a courageous 

decision,” the consultancy said in a bulletin issued after the 

publication of the final draft of the rules in what is called a 

*Delegated Act (3). 3C Integrity advises companies yet to start 

preparing for the new regulations to find out immediately what 

needs to be done to ensure compliance, both in-house and

along their supply chain. “Simply—get started,” 3C Integrity said 

in the bulletin. “ If you are not in that position, then things may 

be getting uncomfortable soon.”

In a survey (4) by Domino in June 2015 of small to large 

research-based pharmaceutical manufacturers, medicine-

device makers, generic-drug producers, and packaging 

contractors, 65% had started a program of upgrading their 

packaging lines. “Most of these companies have installed a 

pilot line to determine what changes they need to make to

their existing packaging lines,” explains Vansteenkiste. “The

remaining 35% have either just started looking into what they 

need to do or are doing nothing.”

What has been stopping companies even budgeting for a 

re-engineering of their packaging lines has been a lack of 

detail about certain aspects of the FMD serialization system, 

even though the main features of it have been clear since

the approval of the directive in 2011. Knowledge of the basic

requirements has enabled the pharmaceutical majors to press 

ahead with their own re-engineering schemes so that many 

of their packaging lines have been producing packaging with 

unique identification of individual packs for several years. 

“[There is] nothing in this [final] draft Delegated Act that we 

have not had visibility of before,” says 3C Integrity. “The key 

features have indeed been set in stone since the publication of 

the directive itself in 2011.”

The cost of compliance

However, among SMEs in particular, there are concerns about 

the expense of FMD compliance. “The Delegated Act is really 

only about how and precisely when [the directive should be 

implemented],” says Warwick Smith, director general of the 

British Generic Manufacturers Association (BGMA). “None 

of our members has raised concerns about the necessary 

changes, though everyone has noted that it will be a very 

costly exercise.”

The European Gener ic  and B ios imi la r  Medic ines 

Association (EGA) informed Pharmaceutical Technology 

that it has estimated that upgrading packaging lines for 

FMD compliance could cost generic-drug manufacturers 

a total of approximately €1 billion ($1.1 billion). The EGA is 

alerting generic-drug companies to the dangers of delaying 

preparations for the compliance deadline but also warning 

that the squeeze on margins due to the extra cost could lead 

to products being taken off the market.

Serialization Shake Out
The complexity of new packaging regulations laid out in the European Falsified Medicines 

Directive could threaten the existence of smaller pharma and packaging companies.

*The concept of the Delegated Act (DA) was introduced by the EUÕs 2007 

Lisbon Treaty to enable the European Commission to draw up regulations 

on non-essential, mainly technical, matters relating to new legislation. The 

European Parliament and the Council of MinistersÑthe EUÕs two legislative 

armsÑwould lay down the objectives, scope, and duration of the DA. 

Once the DA has been finalized by the Commission, usually after lengthy 

consultations, it becomes law as long as the Parliament and Council raise 

no objections to its content.
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“We are encourag ing members to s tar t  with the 

implementation since the number of suppliers of this type of 

equipment for the packaging lines is limited,” says Maarten Van 

Baelen, EGA’s market access director. “We are very concerned 

about the number of medicinal products that will be withdrawn 

from the market because they will no longer be profitable.”

Domino calculates that the average upgrading cost 

per packaging line is approximately €125,000. But with 

the addition of aggregation or the essential matching of 

serialization codes with data on batch-carrying pallets and 

shipped cases, this cost increases to €250,000, according to 

Vansteenkiste. With the compliance deadline getting nearer, 

companies are, nonetheless, faced with a Catch-22 dilemma 

of equipment and software prices going up as delayed 

purchasing decision leads to demand outstripping supply.

Unique identifier

The Delegated Act lays down rules on the harmonized 

structure and content of the unique identif ier. It also 

requires each pack to have an anti-tampering device, but its 

specification is left to the manufacturer. It stipulates details of 

an “end-to-end” system for the verification of the authenticity 

of each pack’s safety features. This system will operate 

through a centralized data base or repositories network, 

into which the unique identifier data of each medicine pack 

will be fed from the packaging unit and then verified by the 

pharmacist at the dispensing point. The network is to be 

managed by industry stakeholders under the supervision of 

the relevant authorities of each of the EU’s 28 member states.

The unique identifier will consist of a product code, serial 

number, national reimbursement number (if necessary), batch 

number, and expiry date. It must be encoded in a GS1 Data 

Matrix ECC200 2D barcode. In addition to being machine 

readable, all the data, except the batch number and expiry 

date, must also be human readable.

The ser ia l  number must compr ise “a numer ic or  

alphanumeric sequence of a maximum of 20 characters, 

generated by a determinist ic or a non-determinist ic 

randomization algorithm.” The randomization requirement is 

outside GS1 specifications for barcodes used in the supply 

chains of multiple sectors.

An important stipulation in the Delegated Act is that the 

only 2D barcode allowed on the packs is the one “carrying 

the unique identifier for the purpose of their identification 

and verification of their authenticity.” This limitation may 

necessitate that companies redesign their packaging to remove 

other barcodes, such as those related to inventory and price.

The Delegated Act also lists medicines exempted from 

the serialization requirement. These medicines include 

homeopathic products, advanced therapy medicines 

containing tissues or cells, intravenous solution additives, 

allergic diseases tests, and allergen extracts.

Coding, printing, and verification

For compliance, pharmaceutical companies will need higher-

performing code-printing equipment. With inkjet printing, 

which currently accounts for approximately 70% of printed 

codes on medicine packs, more durable and light-resistant 

ink will have to be used to meet a requirement of machine 

readability for up to five years, according to Vansteenkiste.

Another challenge is aligning the printing process with an 

adjacent machine-vision system with technologies for optical 

character recognition (OCR) to check the content of the text 

and for optical character verification (OCV) to assess quality. 

As indicated in the Delegated Act, these should ensure that 

the barcodes meet the joint standards on printed security 

information of the International Organization for Standardization 

(ISO) and the International Electrotechnical Commission (IEC).

The Domino survey (4) found that with nearly half of 

respondents, the biggest worry was the task of integrating 

the serialization hardware into current systems. “There are 

unlikely to be any shortages of coding and vision equipment 

because it is not difficult to increase their manufacture,” says 

Vansteenkiste. “But integrating all the new hardware and 

software into each packaging line could pose big problems. 

With software, the main issue is manpower. As the deadline 

approaches, there could be shortages of the right expertise.”

Companies are also looking beyond FMD to compliance 

with other possible legislative initiatives in the future both 

inside and outside Europe. They are willing to pay extra for a 

packaging operation that is able to respond positively to future 

developments in serialization and the management of all the 

data that comes from it. They can, at least, expect that as 

serialization become more widespread across the world, the 

cost of the hardware and software needed for its up-to-date 

application will be much less expensive than it is today.
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R
eformulation of existing drug 
products is often seen as the 
cornerstone of lifecycle manage-

ment strategies in an increasingly 
cost-constrained environment. While 
pharma’s R&D productivity appears 
to be showing signs of recovery (1), 
developing a new, innovative molecule 
is not only a lengthy and expensive 
process, but the risk of failure is also 
high. On the other hand, new formula-
tions exploiting advanced drug-deliv-
ery technologies—whether aimed at 
reducing dosing frequency, improving 
patient experience, or using alternative 
routes of administration—have the 
potential to deliver quicker returns 
on investments.

“Pharmaceutical companies are in-
creasingly reformulating existing com-
pounds, often using the FDA’s NDA [new 
drug application] 505(b)(2) pathway (2), 
which is generally faster and more cost 
effective than bringing new compounds 
to market,” says James Coward, global 
head of market development, Capsugel 
Dosage Form Solutions. “The pathway 
can provide patent extension for exist-
ing compounds that secures continued 
market exclusivities for several additional 
years. 505(b)2 product development often 
targets enhanced bioavailability and/or 
optimized drug delivery profiles—which 
can result in reduced pill burden—as well 
as new indications or specialized formu-
lations for pediatrics.”   

There are many different approaches 
to reformulation, depending on the 
strategic imperative, observes Jon 
Sutch, PhD, manager of formulation 
development at Patheon’s Milton Park 
facility in the United Kingdom. “If the 
strategy is marketing-driven, a line 
extension such as a new presentation, 
for example, changing a capsule to 
a tablet or reformulating as a softgel, 
may be used to differentiate it from the 
original product,” says Sutch. “There 
may also be a clinical requirement to 
improve compliance, in which case, an 
enteric-release or other controlled-re-
lease formulation may be developed, or 
a fixed-dose combination (FDC) may 
be used to improve therapy in a par-
ticular area. Additionally, extensions to 
the original indication or patient group 
might lead to reformulation such as so-
lutions, suspensions, or mini-tablets for 
pediatric or geriatric use as well.”

According to Sutch, a new presenta-
tion must be based on a combination 
of the target product profile (TPP) and 
the characteristics of the API. “The W
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New formulations that enhance bioavailability, 
optimize drug-delivery profiles, reduce dosing 
frequency, or improve patient experience have the 
potential to deliver quicker returns on investments 
than developing a completely new drug.

Stretching Product Value 
through Reformulation Strategies
Adeline Siew, PhD

Cover Story: Reformulation Strategies
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TPP, which is driven by the marketing 
and clinical considerations for the new 
presentation, must direct the pharma-
ceutics team in terms of the specifica-
tions required—whether it is the dis-
solution rate for a controlled-release 
formulation or the dosage levels for 
FDCs, for example,” he explains. “For 
more marketing-led line extensions, 
presentation aspects may also be in-
cluded to meet the needs of the target 
population, while the characteristics of 
the API are important in defining what 
is practical.” 

Sutch cites ibuprofen as a classic ex-
ample of how reformulation has been 
used to extend product lines. “Ibupro-
fen is a non-steroidal anti-inflamma-
tory drug and, therefore, has applica-
tions in many areas of medicine. From 
the original ibuprofen tablet came a 
controlled-release version for chronic 
pain and gastric side-effects preven-
tion. Today, however, ibuprofen can 
be found in many presentations used 
in different markets or disease areas,” 
says Sutch. “For example, the softgel 
presentation of ibuprofen claims to 
have a faster onset because its active 
ingredient is dissolved in the softgel 
matrix—presenting a potential advan-
tage for acute pain. Other ibuprofen 
presentations include pediatric sus-
pensions, fast-melt tablets, topical gels, 
and combination products with anal-
gesics or decongestants. Formulations 
or presentations and packaging that 
target specific disease areas (such as 
menstrual pain or headaches) are also 
available for this drug, each having a 
marketable advantage for its particular 
market or disease area.” 

Reducing dosing frequency with 
extended-release formulations
Extended-release drug products, 
whether they are oral dosage forms or 
injectable depots, are often developed 
as part of a pharmaceutical company’s 
reformulation strategy to differentiate 
its brand from generic competition and 
thereby extend market exclusivity.  Al-
though more challenging to formulate, 
extended-release drug products pro-
vide added value and well-recognized 

advantages such as improved pharma-
cokinetic profiles, prolonged duration 
of therapeutic effect, lower incidence 
of adverse reactions (due to the main-
tenance of drug concentration within 
a desired range without exposing the 
patient to potentially toxic drug lev-
els), and better patient compliance as 
a result of reduced dosing frequency, 
especially in cases of chronic diseases 
where complex drug regimens are in-
volved (3).

Pfizer, for example, has reformu-
lated its twice-daily, immediate-re-
lease 5-mg tablet (tofacitinib citrate, 
Xeljanz) for rheumatoid arthritis into 
a once-daily, modified-release formu-
lation. It was announced in July 2015 
that FDA has accepted for review Pfiz-
er’s NDA for Xeljanz 11-mg once-daily, 
modified-release tablet (4).  The NDA 
was based on data from a clinical 
pharmacology program that demon-
strated pharmacokinetic equivalence 
in key parameters with Xeljanz 5 mg 
twice daily.  

The bisphosphonate ibandronate, 
marketed as Boniva, was initially ap-
proved as a once-daily tablet for the 
treatment and prevention of osteopo-
rosis in postmenopausal women (5). 
Roche, in collaboration with Glaxo-
SmithKline, further reformulated 
the oral bisphosphonate into a once-
monthly formulation. FDA’s approval 
of the improved formulation made 
Boniva the first-ever oral treatment to 
be administered on a monthly basis for 
any chronic disease (6).

Oral bisphosphonates, however, 
have to be taken according to a strict 
treatment regime, which involves re-

maining in the upright position and 
not eating, drinking (except water), 
or taking other medications for a pe-
riod of time before and after admin-
istration of the drug. As such, oral 
bisphosphonates may not be suitable 
for some women, either due to other 
medical conditions or because the pa-
tient is unable to stay upright for the 
required length of time. To meet this 
need, Roche and GlaxoSmithKline de-
veloped a quarterly intravenous injec-

tion of ibandronate (7). Boniva injec-
tion comes in a prefilled syringe, which 
is administered as a 15- to 30-second 
injection by a healthcare professional 
once every three months.

Reducing the pill burden 
with fixed-dose combinations
Reformulating and combining drugs 
that have been proven to be safe and 
effective into FDCs is another popu-
lar lifecycle-management strategy for 
pharmaceutical companies seeking to 
maximize the value of their products. 
FDCs can be used either to combine 
different actives into one, single-dos-
age form, or to achieve a precise release 
profile of a specific active (e.g., com-
bining an immediate-release with an 
extended-release formulation). 

One of the advantages of FDCs is 
the enhanced efficacy through the 
synergistic effect of potentially lower 
doses (8, 9). “In addition to delivering 
increased therapeutic benefit, FDCs re-
duce the pill burden and can thereby 
increase overall patient compliance,” 
says Coward. 

FDCs can be used either to combine 

different actives into one, single-dosage 

form, or to achieve a precise release 

profile of a specific active (e.g., combining 

an immediate-release with an extended-

release formulation).

Contin. on page 28
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Examples of successfu l FDCs  
include:
•	 antihypertensive combinations 

to provide better blood pressure 
c o n t r o l — P r e s t a l i a  ( A C E  
inhibitor perindopril + calcium 
channel blocker amlodipine); 
Avelide (angiotensin II receptor 
antagonists irbesartan + diuretic 
hydrochlorthiazide)
•	 antidiabetic combinations for more 

effective glycemic control—Glu-
covance (glibenclamide + metfor-
min); Actoplus Met (pioglitazone + 
metformin)
•	 antiretroviral combinations for 

the treatment of HIV/AIDS—
Prezcobix (darunavir + cobicistat); 
Atripla (efavirenz + emtricitabine + 
tenofovir disoproxil fumarate)
•	 antitubercular combinations—Vo-

ractiv (rifampicin + isoniazid + 
pyrazinamide + ethambutol)
•	 antimalarial combinations—Coar-

tem (artemether and lumefantrine) 
•	 topical combination therapy for 

acne—Onexton gel (clindamycin + 
benzoyl peroxide).

Improving patient experience  
with user-friendly dosage forms 
The increasing focus on patient-cen-
tricity is driving the shift towards the 
development of more user-friendly 
dosage forms. Martin Koeberle, PhD, 
senior manager of Analytical Devel-
opment at Hermes Pharma, defines 
such formulations as dosage forms 
that provide a more positive experi-
ence compared to traditional tablets 
and capsules. “User-friendly dosage 
forms also overcome the widespread 
problems associated with swallowing 
traditional solid oral dosage forms,” he 
highlights. 

Findings from a 2014 survey revealed 
that more than 55% of people from all 
age groups and genders experience 
swallowing difficulties when taking 
their pills (10). Various reasons were 
cited by survey respondents, but the 
most frequent ones were related to the 
tablets or capsules being too large, get-

ting stuck in the throat, or having an 
unpleasant taste or odor. 

Swallowing difficulties are known to 
have a negative impact on patient com-
pliance. “By offering an active ingredi-
ent solely as a tablet or capsule, phar-
maceutical and life-sciences companies 
ignore the needs of more than 50% of 
their target audience,” said Thomas 
Hein, PhD, senior vice-president, Com-
mercial and Regulatory Affairs, Hermes 
Pharma, in a press release (10). “Given 
the weaknesses exhibited by conven-
tional tablets and capsules, there is a 
significant opportunity to capture mar-
ket share by formulating user-friendly 
dosage forms.”

Reformulating large tablets, such as 
paracetamol into effervescent tablets 
or aspirin into orally disintegrating 
granules (ODGs), avoids swallowing 
difficulties and provides a faster onset 
of action due to the dissolved API, ac-
cording to Koeberle. “There is also the 
option to include additional APIs (e.g., 
caffeine or phenylephrine) due to the 
removal of tablet-size restrictions,” he 
adds. 

Lately, there has been a lot of interest 
in orally disintegrating tablets (ODTs) 
and ODGs as a solution to the wide-
spread problem of swallowing diffi-
culties. With ODGs, patients pour the 
granules into their mouths, where they 
dissolve without the need for water, 
says Koeberle.

“ODTs are primarily defined by their 
performance characteristic of rapid 
oral disintegration in saliva with no 
need for chewing or drinking water,” 
explains Robert Smith, Zydis global 
R&D director at Catalent. Catalent’s 
Zydis ODT fast-dissolve formulation 
is a freeze-dried product that disperses 

almost instantly in the mouth, usually in 
about three seconds, according to Smith, 
and no water is required. Another key 
feature of the Zydis technology is the abil-
ity to formulate peptides, allergens, and 
vaccines into fast-dissolve ODTs. “Ben-
efits include low-temperature processing, 
which minimizes manufacturing losses 
of labile drugs; solution or suspension 
dosing, which achieves good content 
uniformity for low-dose actives; the 
solid dosage form and low water activity, 
which aid long-term stability; liquid pro-
cessing, which facilitates containment of 
potent drugs in production; and the po-
tential for sublingual or buccal absorp-
tion,” Smith adds. 

Capsugel has designed its Coni-Snap 
Sprinkle capsules to address swallow-
ing difficulties, particularly prevalent 
in pediatric and geriatric patients. 

“Our sprinkle capsules feature an inno-
vative closure that makes it easier and 
safer for patients and/or their caregiv-
ers to open the capsule and adminis-
ter the medication by sprinkling the 
contents—typically powders, pellets, 
or granules—onto soft food for oral 
consumption,” explains Coward. 

“We tested sprinkle capsules with 
older consumers and caregivers of 
young children to gauge usability, ease 
of opening, and user accuracy when 
sprinkling capsule contents,” he says. 

“Eighty-one percent of participants 
described the new design as ‘easy’ or 
‘very easy’ to open. The convenience 
of sprinkle capsules may encourage 
those with swallowing difficulties to 
more easily comply with taking their 
medicine as prescribed. It’s also an 
easier alternative to using reconstitut-
able powders administered via sachet/
stick-packs or bottles.”  

The increasing focus on patient-

centricity is driving the shift towards 

the development of more user-friendly 

dosage forms.

contin. from page 25

ES686443_PT1015_028.pgs  10.09.2015  00:11    ADV  blackyellowcyan



ES686298_PT1015_029_FP.pgs  10.08.2015  02:05    ADV  blackyellowmagentacyan



30    Pharmaceutical Technology OctOber 2015  PharmTech .com

Using alternative  
routes of administration
Reformulation strategies can also in-
clude using alternative routes of ad-
ministration. AstraZeneca’s nasal spray 
formulation of zolmitriptan (Zomig) 
for the acute treatment of migraine is 
one example. It was developed in addi-
tion to zolmitriptan tablets and ODTs 
as a lifecycle management strategy to 
expand AstraZeneca’s Zomig product 
line. The nasal spray provides rapid 
onset of action for migraine sufferers 
and is a convenient, alternative, non-
oral formulation for patients who expe-
rience nausea or vomiting in conjunc-
tion with their migraine attacks (11). 

Another alternative to the oral route 
is transdermal drug delivery, which 
offers a number of advantages such as 
the avoidance of first metabolism and 
gastrointestinal toxicity. It allows the 
administration of drugs with narrow 
therapeutic windows, can prolong the 
activity of drugs with short half-lives, 
and eliminates the need for hypoder-
mic injections (12). 

“Patient preference is becoming in-
creasingly important,” Simmon Schae-
fer, director of business development, 
3M Drug Delivery Systems, told Phar-
maceutical Technology, “and transder-
mal patches are a great alternative for 
those who struggle with swallowing 
pills and want a more comfortable alter-
native to injections.” Another advantage 
is that, in the event of adverse reactions 
or other problems, patients can termi-
nate the therapy rapidly at any point, 
simply by removing the patch (12).

The pharmaceutical landscape is 
becoming more competitive, driving 
the demand for new drug delivery de-
vices, observes Mark Tomai, head of 
TLR and MTS Business Development, 
3M Drug Delivery Systems. “In gen-
eral, patient-friendly delivery systems, 
such as microneedles or passive trans-

dermal patches, are attractive options 
when considering reformulation as 
a lifecycle management strategy,” he 
says. “For instance, reformulating an 
oral drug into a transdermal patch may 
be ideally suited for caregiver-intensive 
conditions. Elderly patients often have 
difficulty swallowing (dysphagia) or 
remembering to take their medica-
tions. That’s where reformulation into 
a transdermal system may help, provid-
ing a potential to increase compliance, 
and ultimately treatment outcome.”

According to Tomai, the 3M Hollow 
Microstructured Transdermal System 
offers a number of unique benefits that 
could be advantageous for lifecycle 

management strategy, including repro-
ducible intradermal delivery, a proven 
ability to deliver formulations up to 2 
mL with various viscosities, and API-
dependent pharmacokinetic profile 
benefits. “Its patient-friendly features 
and the ability for patients to self-ad-
minister opens new opportunities to 
move treatments out of the clinic and 
into the patient’s own home,” he adds. 

The process of developing a transder-
mal patch is not straightforward, “which 
is why companies turn to experts in drug 
delivery for help with selecting the right 
technology for their drug product, and 
then developing and manufacturing the 
final product,” says Tomai. “Product life-
cycle management, technological perfor-
mance, and opportunity to capture ad-
ditional market share are just a few of the 
many factors that should be considered 
when considering a reformulation strat-
egy, such as converting from an oral dos-
age form to a transdermal patch or from 
injectable into microneedle administra-
tion. It is essential to involve your con-
tract manufacturing organization early 
on, so they can help avoid unnecessary 
pitfalls, such as delays in project time-
lines and/or additional steps during for-
mulation processing.’’

Summary
Reformulation strategies include both 
technical and commercial objectives, 
according to Coward. “The first step 
involves defining the goals of reformu-
lation, whether it is to improve ease-
of-swallowing, enhance taste, or offer 
convenience. The approach can also 
address specific marketing objectives, 
helping to strengthen a brand or iden-
tifying new target groups and effec-
tively meeting their expectations,” says 
Koeberle. “Then comes the evaluation 
of the current product and its require-
ments: the characteristics and strength 
of the API, the particular dosage form, 
and the kind of packaging (e.g., child 
resistant versus senior-friendly packag-
ing). These are important factors that 
give users a more positive experience 
when taking their medication, and will 
benefit companies and patients alike 
by improving compliance.” 
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Antibody-Drug Conjugates
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A
ntibody-drug conjugates (ADCs) 
are promising biotherapeutic 
candidates that combine highly 

potent cytotoxic drugs with mono-
clonal antibodies (mAbs) for targeted 
drug delivery in the treatment of 
cancer or neurodegenerative disorders. 

However, while the underlying mAb 
may be a relatively stable molecule, 
the addition of the drug and linker 
often destabilizes the protein or adds 
undesirable intermolecular interac-
tions. As a result, ADC biotherapeu-
tics are heavily prone to aggregation. 
Uncontrolled aggregation can lead to 
a loss in clinical efficacy in vivo or, in 
extreme cases, invoke a serious im-
munogenic response in patients. Moni-
toring and controlling the behavior of 
the ADC complex during formulation 
is, therefore, essential to ensure that 
ADC compounds meet commercial, 
performance, and safety targets.

This article illustrates the optimal 
formulat ion of ADCs by means 
of high-throughput dynamic light 
scattering (HT–DLS) using an auto-
mated HT–DLS plate reader to inves-
tigate the effects of buffer conditions 
and temperature on aggregation.

The ADC challenge
ADCs, also known as immunocon-
jugates, are a novel class of biothera-
peutics that combine IgG

1
 and IgG

2

mAb with small-molecule cytotoxic 
drugs, such as maytansines, auristatins, 
duocarmycin, or calicheamicin. As 
of early 2015, two ADC-based drugs 
are currently available for targeted 
cancer treatment, with many more 
undergoing cl inica l tr ia ls. ADC 
product development presents a 
complex formulation challenge in 
comparison to standard mAb drugs. 
As more small-molecule drugs are 
attached to the mAb base, the conju-
gate becomes increasingly hydropho-
bic, which may compromise critical 
performance attributes, such as solu-
bility and physical stability.

Dynamic light scattering (DLS) is 
one of the most effective techniques 
for submicron size analysis of proteins, 
their aggregates, and other nanoparti-
cles. DLS provides rapid measurements 
of hydrodynamic radius (R

h
), degree of 

polydispersity, temperature of aggre-
gation onset, and colloidal stability. 
Formulation screening with DLS helps 
developers rationalize variables such 
as temperature, pH, or concentration 
in terms of their impact on stability, 
solubility, or propensity to aggregate. 
Identifying the formulation conditions 
that are most likely to deliver ideal 
behavior during early phase screening 
accelerates the development process 
and greatly reduces the risk of down-
stream failure. 

Traditional DLS measurements are 
performed in single-sample cuvettes, 
making multiple formulation sample 
analysis a time- and labor-intensive 
process. Advances in DLS technology 
have helped to increase the produc-
tivity of formulation screening while 
maintaining the high performance and 

High-throughput dynamic light scattering 
effectively screens for optimal ADC formulations 
by investigating the effects of buffer conditions 
and temperature on aggregation.
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accuracy demanded by industry, by performing automated, 
HT–DLS analysis in situ in standard 96-, 384-, or 1536-well 
microtitre plates. In this study, the hydrodynamic radii and 
physical stability of samples of IgG

1
, IgG

2
, and ADCs based 

on those molecules were measured using a HT–DLS system 
(DynaPro Plate Reader II, Wyatt Technology Corporation) 
under a variety of formulation conditions.

mAbs (IgG
1
 and IgG

2
, expressed in two different cell 

lines) and ADCs (IgG
1
-Drug 1 and IgG

2
-Drug 1) were char-

acterized using DLS. The R
h
, polydispersity (%Pd), and 

presence of any high molecular-weight species in solution were  
measured. Regularization analysis was performed to deter-
mine R

h
, %Pd and the relative mass of the fitted peaks. 

A 20–70 μL sample volume was used at a concentration of  
1.0 mg/mL. Prior to sample analysis, the microtitre plate 
was centrifuged at 3000 rpm for 1 minute to remove 
air bubbles. Each sample was measured in triplicate, in 
which a single measurement consists of 10 acquisitions 
for 10 seconds at 25 °C. The raw data (auto-correlation 
functions) were analyzed by cumulants analysis and/
or regularization analysis. The distribution plots were 
obtained from regularization analysis. The data were 
acquired at 25 °C using the temperature controlled 
DynaPro Plate Reader II and DYNAMICS v7.1.9 soft-
ware (Wyatt Technology Corporation). A 384-well plate 
was used to enable automated, high-throughput sample 
analysis. 

Figure 1 shows the dispersion plots and histograms for 
mAb 1a and mAb 1b (IgG

1
) and mAb 2 and mAb 3 (IgG

2
). 

The results in Table I show that IgG
1
 and IgG

2
 have almost 

the same R
h
 while IgG

2
 has a greater degree of polydispersity 

Figure 1: The autocorrelation functions and regularization 
histograms of monoclonal antibody (mAb) 1a, mAb1b (IgG

1
) 

vs. mAb 2 and mAb 3 (IgG
2
).
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Table I: The hydrodynamic radii and polydispersities (%Pd) of IgG
1
 vs. IgG

2
, calculated by two different methods. 

mAb is monoclonal antibody.

mAb 1a

IgG
1

mAb 1b

IgG
1

mAb 2

IgG
2

mAb 3

IgG
2

Cumulants Average radius (nm) 5.3 5.3 5.6 5.0

%Pd 15.3 13.4 25.7 21.5

Regularization Main peak radius (nm) 6.1 6.0 6.7 6.2

Main peak mass, % 100.0 100.0 99.6 100.0

Main %Pd 21.6 18.0 31.6 27.3

Table II: The dynamic light scattering data of antibody-drug conjugates (ADCs): IgG
1
 (mAb1a-ADC and mAb1b-ADC) vs IgG

2
 

(mAb2-ADC and mAb3-ADC). mAb is monoclonal antibody.

Type
mAb1a-ADC 

(ADC1a)

mAb1b-ADC 

(ADC1b)

mAb2-ADC 

(ADC2)

mAb3-ADC 

(ADC3)

Cumulants Average radius (nm) 5.6 7.2 5.2 6.5

%Pd 15.7 30.8 23.5 34.5

Regularization Main peak radius (nm) 6.5 7.4 6.9 8.0

Main peak mass, % 99.4 99.6 100.0 100.0

Main %Pd 21.6 18.0 32.3 33.9

Antibody-Drug Conjugates
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Building Safe and Effective Antibody Drug Conjugates, by Adeline Siew, PhD

Antibody-drug conjugates (ADCs) have revolutionized the field of cancer  

treatment but despite the rapidly growing clinical pipeline, developing an ADC is 

no easy task. The challenge of optimal ADC design lies in the overall complexity of 

these molecules and the increasingly clear requirement to optimize each aspect 

relative to any given antibody–toxin pair and its target, according to Jennifer L. 

Mitcham, PhD, SMARTag Business Development, Catalent Biologics. There are a 

number of parameters that must be taken into account when designing an ADC, 

observes Albert Garofalo, PhD, group leader, Chemistry, Catalent Biologics. “The 

antibody is set based on the target antigen, and the payload might be set based 

on intellectual property considerations or the desired mechanism of action. This 

leaves the linker as the one area of the ADC that can be chemically manipulated  

to affect physicochemical properties such as solubility, protein aggregation,  

therapeutic index, and efficacy,” he remarks.

Target antigen and antibody selection. The choice of target for the antibody 

is a key consideration, notes Cynthia Wooge, PhD, Global Strategic Marketing at 

SAFC. “The chosen cell-surface antigen should be over-expressed in the tumor cell 

and relatively non-expressed in normal tissue,” she highlights. This is because the 

tolerability of an ADC is affected by the specificity of antigen expression in cancerous 

tissue versus normal tissue, Dave Simpson, PhD, CEO of biotech company Glythera, 

adds. “Non-specific expression results in toxicity and reduced efficacy due to a 

reduction in the dose of conjugate available to the tumor,” he explains. “Therefore, 

the ideal tumor antigen must be specifically localized to the tumor cell surface to 

allow ADC binding and, preferably, display differential expression between tumor 

and normal tissue, with increased expression in cancer cells.” 

Ian Evetts, PhD, commercial director of Glythera, points out that 

antigen choice is also dictated by its ability to internalize upon ADC binding. 

“Internalization of an ADC occurs through receptor-mediated endocytosis, 

followed by ADC degradation in the lysosome, which leads to free drug release 

for effective cell killing,” he says. “However, endocytosis is not guaranteed for 

all cell-surface antigens, and the rate of internalization can vary considerably. 

Optimal drug release into the cell requires minimal recycling of the ADC to 

the cell surface as well as enhanced delivery of an internalized antigen/ADC to 

the lysosome. The ideal tumor antigen then should be cell-surface expressed, 

highly upregulated in cancer tissue, internalized upon ADC binding, and able to 

release the cytotoxic agent inside the cell.”

Once the target antigen has been identified, it is important to select a 

suitable antibody. “Among the key attributes, high specificity for the tumor 

antigen is essential,” Evetts says. “And ideally, antibodies should possess 

optimal pharmacokinetic properties including relatively long half-lives and 

slower clearance in the plasma.”

Drug selection. The drugs being used to construct ADCs generally fall into 

two categories: the microtubule inhibitors and the DNA-damaging agents, 

although Simpson notes that other drugs such as polymerase II inhibitors are 

also being investigated. A key consideration is that the drug selected for ADC 

construction must contain a suitable functional group for conjugation and 

be stable under physiological condition. “It is important that therapeutically 

appropriate amounts of the cytotoxic are linked to the monoclonal antibody 

(mAb) to optimize the potential effectiveness of the ADC once it reaches the 

target cancer cell,” Simpson stresses. “The cytotoxic should also be chemically 

tractable and stable while bound to the mAb.” 

The crucial role of linkers. A crucial part in ADC development is choosing 

the right linker and method of attachment. The linker connects the small-

molecule API to the large-molecule antibody that is engineered to bind to the 

target antigens on specific cell types. To be effective, the ADC must remain 

stable in the bloodstream until it reaches the target cell, whereupon following 

internalization, the cytotoxic payload is delivered. Any premature drug release 

will be detrimental to normal cells. 

Ultimately, the main role of linkers is to ensure specific release of free drug 

in the cancer cells, Simpson says. The linker can influence the distribution and 

pharmacokinetics of an ADC, and hence, its safety and efficacy, Wooge adds. 

Depending on the preferred site of attachment on the antibody, linkers utilizing 

different functional groups or chemistries can be employed.

The selection of suitable linkers, however, remains a key challenge in ADC 

design and manufacture, according to Garofalo. “The long circulating half-life 

of an ADC demands linkers that have high plasma stability in order to minimize 

off-target effects,” Mitcham says. “Yet, balancing the need for plasma stability 

with the need for selective intracellular drug release can be quite challenging.” 

There are two types of linkers used in ADC development—cleavable and 

non-cleavable. “As the cytotoxic payload is delivered into the cell, it can either 

be freed by digestion of the whole antibody, or it can be released by selective 

cleavage of the linker,” notes Vivek Sharma, CEO, Pharma Solutions, Piramal 

Enterprises. 

The majority of ADCs in the clinic use cleavable linkers, observes Evetts, in 

particular, the protease-cleavable valine-citrulline dipeptide linker, originally 

designed to balance high plasma stability with intracellular protease cleavage. 

Cleavable linkers release the free drug in a state that is more likely to 

permeate from the cell and kill surrounding cells—the by-stander killing 

effect, observes Mark Wright, site lead at Piramal Healthcare UK. “Should a 

conjugate be required to kill not only the highest expressing cells in the tumor, 

but also the surrounding ones, a cleavable linker is preferred.” 

Non-cleavable linkers are more stable in the blood than cleavable linkers, 

according to Simpson, but they are wholly dependent on internalization, 

lysosomal delivery, and ADC degradation to release drug payload. They cannot 

kill neighbouring tumor cells through the by-stander effect, he says. 

Attachment chemistry. While linkers are generally selected based on the 

preferred method of drug release from the antibody, the attachment chemistry 

used to link both drug and antibody will determine the overall stability and 

clinical performance of the ADC. According to Simpson, most approaches use 

maleimide chemistry, whereby maleimide selectively attaches to exposed or 

engineered cysteines via a covalent Michael addition. “However, maleimide is 

inherently associated with (i) deconjugation in physiological conditions via the 

reverse-Michael reaction, resulting in free drug in circulation and (ii) hydrolysis 

of the succinimide ring,” he explains, stressing that these factors hamper 

conjugate stability, ADC stability, and consequently, the therapeutic activity. 

Simpson believes that non-maleimide approaches may offer a better option for 

delivering stable conjugation of drug to antibody. 

There is also a growing body of evidence that a structure–activity 

relationship approach is required for optimal ADC design. This approach 

involves testing each design component of the ADC, such as toxin placement, 

drug-to-antibody ratio, conjugation chemistry, and novel linker technologies 

as applied to any given mAb–toxin pair.

To read the full article, go to www.PharmTech.com/building-safe-

and-effective-antibody-drug-conjugates.

Antibody-Drug Conjugates
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than IgG
1
. This may be attributed to the two additional di-

sulphide bonds present in IgG
2
, which often lead to greater 

heterogeneity.
Figure 2 and Table II provide a comparison of correspond-

ing IgG
1
 vs. IgG

2
 ADCs in the recommended lead formu-

lations. A sample exhibiting %Pd < 20% is generally con-
sidered to be monodisperse. Therefore, a measured level of 
polydispersity beyond 20% indicates heterogeneity within 
the sample. The data suggest that although attachment of 
the small molecule drug to the mAb does not change R

h
, 

the ADC samples become more polydisperse than the mAb 
samples. Hydrophobicity also increases slightly, indicating 
the presence of some high molecular-weight species.

Formulation screening 
Four mAb formulations that were stored at 2–8 °C were 
screened using automated DLS to determine their behavior  
under different conditions. Figures 3 and 4 show how 
%Pd and R

h
 of the proteins vary as pH is incrementally 

increased while temperature remains within the range of  
2–8 °C. At pH 5.5, %Pd falls to 11.4 indicating that the 
sample is mostly monodisperse with less protein present 
in the higher molecular-weight region. Figure 4 also shows 
that R

h
 increases with pH. The shift can be attributed to 

increased electrostatic repulsion at higher pH. Addition-
ally, a temperature trend study shows that at pH 5.5, the  
antibodies are relatively stable with a slight increase in R

h
 around 

40 °C (data not shown).
Finally, eight ADC formulations were analyzed in differ-

ent histidine (F1–F5) and citrate (F6–F8) buffer solutions 
(see Table III). Figure 3 shows that proteins in three citrate 
formulations (F6–F8) are more polydispersed, with higher 
R

h
 than the histidine formulations. Overall, these data 

suggest that F5 at pH 5.3 with R
h
 of 6 nm and %Pd of 4.2% 

is the most stable formulation.

Figure 3: Formulation screening: % polydispersity (Pd) of 
histidine formulations (a) vs. citrate formulations (b) and 
the histogram of the F5 formulation (c).
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Figure 2: The autocorrelation functions and regularization 
histograms of antibody-drug conjugate (ADC) ADC1a, 
ADC1b (IgG

1
) vs. ADC3 and ADC4 (IgG

2
).
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Table III: Dynamic light scattering data of eight ADC 
formulations in histidine (F1–F5) and citrate buffers (F6–F8). 
These data suggest that proteins in formulation F5 are the 
most stable. Pd is polydispersity, R

h
 is hydrodynamic radius. 

Formulation (ID) pH R
h

%Pd %Mass

H6.5T (F1) 6.5 5.985 20.0 99.8

H6.2T (F2) 6.2 6.056 23.3 99.8

H5.9T (F3) 5.9 5.526 12.1 99.9

H5.3T (F4) 5.6 5.448 16.0 99.7

H5.6T (F5) 5.3 5.931 4.2 99.6

C5.0T (F6) 5.0 8.338 36.9 99.8

C5.5T (F7) 5.5 8.084 33.2 99.8

C6.0T (F8) 6.0 7.818 30.9 99.5

Antibody-Drug Conjugates
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Rapid and reliable ADC 
 characterization with HT–DLS
Routine optimization of formulations 
by DLS is made feasible by the speed and 
automation of in situ, plate-based DLS 
measurements using low-cost microtitre 
plates. HT–DLS is a rapid and useful bio-
physical method for characterizing and 
screening biotherapeutic formulations 
via extensive trend studies into pH, tem-
perature, buffer, and excipient variations.

The analysis of hydrodynamic radius 
and polydispersity over a series of condi-
tions enables drug product developers to 
closely monitor and control the stability 
of their formulation throughout every 
stage of the development process. The 
specific results in this study show that 
the attachment of small-molecule drugs 
to the mAb does not appreciably change 
the molecule’s average hydrodynamic 
size. Polydispersity, however, increases 
slightly, indicating the presence of some 
high-molecular-weight species in the 
form of small oligomers. PT

Figure 4: Dynamic light scattering histograms of R
h
 for four monoclonal 

antibody (mAb) formulations at different pH values.
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Formulation
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O
ver the past decades, modified-
release (MR) systems have revolu-
tionized the delivery of APIs. Pa-

tient compliance is improved and side 
effects are reduced through more con-
sistent plasma levels, leading to more 
effective therapies. The vast majority 
of patients benefit from the pharmaco-

logical advantages and administration 
convenience of MR formulations. How-
ever, there is a subgroup of patients who 
are vulnerable to accidental overdose 
through concomitant consumption of 
alcoholic beverages with these medica-
tions. As drug release in MR systems is 
either controlled by a polymer matrix or 
by a polymer film coating, dose dump-
ing may occur if the release control is 
compromised through dissolution of 
the controlling agent in hydro-alcoholic 
liquids. “Dose dumping” refers to the 
rapid release of the entire dose or a 
significant fraction thereof in a short 
period of time (1). Depending upon the 
therapeutic index, the pharmacokinet-
ics, and the therapeutic indication of 
the API, critical side effects or even 
fatality can result. Dose dumping re-
sulting from consumption of alcoholic 
beverages in timely connection with 
the administration of a medication is 
referred to as “alcohol-induced dose 
dumping” (ADD).

Modified release—
a benefit, but also a risk
Alcoholic beverage consumption is wide-
spread throughout the world. Certain 
patient populations, such as people with 
chronic pain or those suffering from de-
pression, may have the tendency to turn 
to alcohol as a way to cope with their 
conditions, because the physiological ef-
fects of alcohol are similar to those of an-
esthetics (2). Accidental ADD may occur 
when patients combine the consumption 
of alcoholic beverages with prescribed 
medication despite product warnings to 
the contrary. Although concomitant use 
is often the case, ADD could also be due 
to residual alcohol that is still present after 
earlier ingestion. Intentional ADD occurs 
when a person knowingly uses highly po-
tent alcoholic beverages as a medium to 
extract high doses of API (usually opioid 
analgesics) from sustained-release formu-
lations in order to “get high.” This article 
will not address intentional ADD (includ-
ing formulations that are commonly re-
ferred to as abuse-deterrent formulations 
or tamper-resistant formulations), but will 
instead focus on MR dosage forms that re-
quire an appropriate, robust formulation 
to assure patient safety, for example, if the 
drug has a small therapeutic window.

The “Palladone case” in 2005 raised 
awareness of ADD among regulatory au-
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thorities (3, 4). Palladone was a hydroco-
done multiparticulate capsule that used 
ammonio methacrylate copolymer type 
B and ethylcellulose (5) as release-control-
ling polymers, both of which are soluble 
in ethanol. A pharmacokinetic study in 
healthy subjects showed that co-ingestion 

of a 12-mg Palladone capsule with 240 mL 
(8 ounces) of a 40% (80 proof) alcoholic 
beverage resulted in an average peak hy-
dromorphone plasma concentration ap-
proximately six times higher than when 
taken with water. These elevated levels 
could potentially be lethal (6). Palladone 

was, therefore, subsequently withdrawn 
from the US market. This case initiated 
a movement toward new guidance, and 
consequently, it became a requirement for 
the industry to take ADD into consider-
ation during formulation development. 

Regulatory considerations
Guidance for ADD has been provided by 
regulatory agencies in various documents 
in the European Union (7–9), the United 
States (1, 10), and other countries (11); the 
International Conference on Harmoni-
zation does not provide any guidance. To 
date, no major regulatory agency has all 
the pertinent information summarized in 
one single document. 

European Union. In-vitro testing in the 
presence of alcohol is based on one ad-
opted guideline (8) and a Q&A section on 
the EMA website in the Quality Working 
Party area (9). The applicant is required 
to evaluate all types of MR formulations 
for the risk of unexpected API release. If 
ADD is observed or suspected, the prod-
uct should be reformulated. Figure 1 shows 
the flowchart for the decision pathway. 

In 2011, an EMA assessment (12) re-
quested marketing authorization holders 
(MAH) to present data on their opioid 
products and their sensitivity to alcohol. 
Eight applicants submitted data of 14 
products. Each applicant, however, used 
a different set of alcohol concentrations in 
the evaluation. The method variability in 
this case was not only inefficient but also 
made it more difficult for the assessors to 
judge and compare the data. The recently 
published EMA Q&A (9) provides better 
guidance concerning the required alcohol 
concentrations to be used, for example. 

United States. In 2011, FDÁ s Office of 
Generic Drugs (OGD) provided a sim-
ple scheme (13, 14) for supporting the 
handling of ADD-critical formulations, 
mainly for generics (see Figure 2). 

A Guidance for Industry (15) from 2014 
lists inadequate dissolution data as rea-
sons to refuse to receive an abbreviated 
new drug application (ANDA). In addi-
tion, FDA provides detailed bioequiva-
lence dissolution recommendations for an 
extensive list of APIs (16), including non-
opioids such as metoprolol succinate (17), 
clonidine (18), memantine (19), metformin 

Figure 1: Alcohol-induced dose dumping (ADD) risk evaluation based on the 
EMA guidance (8, 9).

Figure 2: Possible scheme for the handling of  alcohol-induced dose 
dumping (ADD)-critical generic formulations (13). 
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and sitagliptin phosphate (21), or trospium 
chloride (22), which are widely prescribed 
treatments for chronic conditions. Gener-
ally, for these APIs, alcohol testing concen-
trations up to 40% are required.

The ADD requirements of EMA and 
FDA are not fully harmonized and some-
times even conflicting. Table I shows some 
differences between them for three major 
topics. Of particular interest is the FDA 
requirement for testing in dissolution 
medium containing 40% ethanol, which 
differs from the 20% required by the EMA. 
It should be noted that reaching a 40% al-
cohol concentration in the stomach would 
require the intake of 240 mL of an alcoholic 
beverage with 56% alcohol content (based 
on 100 mL gastric liquid present in the 
stomach) (4, 23) into an empty stomach. 
This drastic intake seems to be achievable 
only in extreme cases of so-called Òbinge 
drinking.Ó In addition, alcohol is quickly 
resorbed and eliminated from the stomach 
and the intestine, usually within 30 min-
utes (24). Hence, the requirement for ro-
bustness in-vitro at an ethanol concentra-
tion of 40% seems likely to be more relevant 
to abuse-deterrence, while a concentration 
of 20% is likely a more realistic approxima-
tion for accidental ADD. These differences 
between EMA and FDA requirements 
might create confusion for formulators re-
garding which guideline to follow. Because 
many pharmaceutical companies operate 
globally and would prefer not to sell differ-
ent formulations in different regions if at 
all possible, formulators may be forced to 

achieve resistance to 40% ethanol, whether 
this is physiologically relevant or not. This 
represents a significant technical hurdle for 
formulation development, and may even 
hinder the launch of valuable medications.

Assessing alcohol sensitivity 
Sensitivity to alcohol of the API and/or 
the excipients does not necessarily mean 
that a formulation will dose dump. A 
formulator needs to assess the degree of 
sensitivity; and to do so, the formulator 
needs to rely on a practical and com-
monly accepted tool or guidance. N. 
Jedinger et al. (25) discussed some inter-
esting approaches on how to handle this 
issue, including physicochemical factors 
influencing ADD and appropriate matrix 
systems and technological strategies to 
minimize the risk of ADD.

Dissolution profiles may be consid-
ered similar by virtue of overall profile 
similarity including similarity at every 
dissolution-sample time point. Differ-
ent approaches are available to compare 
profiles, but the one discussed most often 
in FDA documentation (26Ð28) for NDA 
and ANDA is as follows:

A simple model independent approach 
uses a difference factor (f1) and a similarity 
factor (f2) to compare dissolution profiles 
(29). The difference factor (f1) calculates 
the percent difference between the two 
curves at each time. The similarity factor 
(f2) is a measurement of the similarity in 
the percent dissolution between the two 
curves. For curves to be considered similar, 

f1 values should be close to 0, and f2 values 
should be close to 100. Generally, f1 values 
up to 15 (0Ð15) and f2 values greater than 
50 (50Ð100) ensure sameness or equiva-
lence of the two curves. 

Complicating factors
The regulatory guidance described in the 
previous sections of this article is related to 
in-vitro testing. This requirement is neces-
sary, given that clinical trials performed to 
determine the risk of ADD in-vivo would 
expose volunteers to unnecessary risk and 
would, therefore, be regarded as unethi-
cal. Even then, simplification of a complex 
event can lead formulators to overempha-
size some factors (such as solubility of pure 
polymer in ethanol) and overlook others 
(such as formulation design). Successful 
development of a robust formulation in-
cludes considerations involving the drug 
and excipient properties and the formula-
tion design. In fact, in-vitro results in 40% 
hydro-alcoholic media as required by regu-
latory authorities do not necessarily predict 
in-vivo behavior. This lack of correlation 
is due to the complexity of the in-vivo en-
vironment and is well-illustrated by two 
selected examples:
•	 Sustained-release matrix tablets are 

often considered to be robust against 
ADD. Opana ER, an oxymorphone 
sustained-release matrix tablet was 
formulated with hydrophilic polymers 
(TIMERx drug-delivery technology). 
The MR polymers usedÑxanthan (30) 
and locust bean gums (31)Ñare both 

Formulation

Table I: Comparison of FDA and EMA requirements with regard to in-vitro testing of formulations at risk for ADD.

Topic FDA EMA

Methodological requirements Dissolution medium: 0.1N hcl

Alcohol concentrations: 0%, 5%, 20%, and 40%

time: every 15 minutes until 2hrs

Dissolution medium: same as that proposed for 

routine testing 

Alcohol concentrations: 5%, 10%, and 20%

time: not defined

Products to be tested At least all (generic) versions for modified-

release opioid drug products; more preferably 

for (all) modified-release drug products with risk 

of alcohol-induced dose dumping

All oral modified-release applications

Acceptance criterion generic drug formulation should show rugged 

performance in alcohol (20).

if a generic drug formulation releases 

more rapidly in alcohol, the rate should be 

comparable to that of reference product. 

if in-vitro alcohol incompatibility of the drug 

product is demonstrated, product should be 

reformulated. 

if alcohol effect cannot be avoided and is 

present also in the reference product, applicant 

should justify or demonstrate that it lacks 

clinical relevance.
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alcohol-insoluble hydrocolloids. Opana 
ER passed ADD dissolution tests in-
vitro but failed in-vivo (32). 

•	 Although the transit time of multi-
particulate dosage forms through 
the stomach is much shorter than for 
monolithic tablets, coated MR multi-
particulates are usually considered to 
be more vulnerable to ADD because of 
the higher effective contact surface for 
the ingression of acidic hydro-alcoholic 
medium. Carvedilol was formulated as 
a multiparticulate system (Micropump), 
using methacrylic copolymers in the 
MR coatings. Methacrylic copolymers 
are generally soluble in ethanol, and 
the formulation did indeed fail ADD 
requirements under in-vitro dissolu-
tion test conditions. The in-vivo per-
formance, however, was not affected in 
the presence of alcohol (33). 

These two examples provide evidence 
that ADD in-vivo is a multifactorial event. 
Therefore, the currently applied standard 
methods for in-vitro characterization are 
not necessarily predictive for the in-vivo 
behavior. There is obviously a need for 
specifically designed test methods. The se-
lection of suitable formulation approaches 
and processing technologies must always 
be considered individually, keeping all 
factors in mind: both API and excipient 
properties, the formulation design, the 
therapeutic indication, and the risk in case 
of dose-dumping.

Summary
ADD of MR dosage forms poses a possible 
risk to a subsegment of the patient popula-
tion. Regulatory agencies have, therefore, 
introduced guidance for formulators to 
mitigate the risk of a potentially concerned 
formulation with regard to ADD. However, 
the necessity of testing in simplified in-vi-
tro systems that may not represent prob-
able physiological conditions may create 
technological hurdles to developing effi-
cacious dosage forms at reasonable costs 
to patients. The current lack of alignment 
of requirements between regions increases 
complexity, and hence, increases cost of 
medicines for globally active companies. 

Given the increasing globalization of 
the pharmaceutical industry, the FDA and 
EMA guidelines should be harmonized 

concerning ADD in-vitro testing condi-
tions, reflecting physiologically relevant 
alcohol concentrations and exposure times. 

IPEC Europe ADD Working Group
The IPEC Europe ADD Working Group 
plans to publish a position paper that will 
address pertinent aspects of the ADD issue 
and suggest modifications of the currently 
available guidelines as well as provide sev-
eral recommendations for formulators.
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API Synthesis & Manufacturing

F
luorine atoms have a unique com-
bination of electronic and physical 
properties. As such, when incorpo-

rated into APIs, fluorine atoms often 
influence their protein binding affinity 
and lipophilicity. Fluorination can thus 
significantly impact the bioavailability 
of drug substances. “Fluorination is a 
key reaction in organic synthesis, as 
evidenced by the fact that between 15% 
to 20% of all medicines and agrochemi-
cals on the market contain at least one 
fluorine atom in their structure, where 
fluorine is used to modify properties 
of the drugs like lipophilicity and 
bioavailability or metabolic stability,” 
states Rafael Antunes, director of API 
portfolio development with Hovione.

Traditional and cost-effective f luo-
rinating reagents are corrosive and 
often toxic and, therefore, require 
special handling and equipment. In 

addition, they cannot be used with in-
termediates containing other sensitive 
functionality. Thus, the synthesis of or-
ganic fluoro-compounds is not trivial 
at industrial scale—it requires special 
equipment, materials of construction, 
reaction conditions (sometimes cryo-
genic), and controls to tackle the diffi-
culty in safely handling and disposing 
of fluorinating reagents, according to 
Antunes. “Reaction control is a fun-
damental aspect. The low selectivity 
(chemo-, regio-, and/or stereo-) of the 
reactions, the low stability of some flu-
orine-containing species, together with 
hazardous sampling and sample han-
dling impose a heavy burden for the 
synthesis of fluorochemicals,” he adds.

The search for safer, easy-to-handle, 
inexpensive, and selective f luorinat-
ing reagents has been underway for 
decades and continues today. Most 
recently, solid reagents are showing 
promise, at least for use by medicinal 
chemists. Even more promising are R
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Safer solid reagents and new coupling  
chemistry are important developments.

Advances in Fluorination 
Chemistry for API Synthesis
Cynthia A. Challener

coupling reactions that allow the in-
corporation of f luorinated synthons 
through carbon–carbon rather than 
carbon–fluorine bond formation.

New reagents show promise
Several solid f luorinating reagents 
have been introduced to the market. 
One example that has recently been 
attracting more interest is XtalFluor-E 
from Manchester Organics (developed 
in partnership with OmegaChem). (Di-
ethylamino)dif luorosulfonium tetra-
fluoroborate is an easily handled crys-
talline solid with enhanced thermal 
stability when compared to other re-
agents in this class, including a higher 
decomposition temperature with lower 
exothermic heat and higher onset tem-
perature for self-accelerated decom-
position (1), according to Dave Tovell, 
director of Manchester Organics. In 
addition, it does not generate free hy-
drogen fluoride (HF) and thus is usu-
ally compatible with glass equipment. 
The partnership has also demonstrated 
that this fluorinating reagent typically 
produces fewer elimination side prod-
ucts, and thus greater selectivity, than 
more traditional nucleophilic f luori-
nating reagents.

With their attractive physical, re-
activity, and health and safety pro-
files, these newer reagents are finding 
growing use at the discovery and early 
process phases of drug development. 
They do, however, carry a relatively 
higher cost than traditional f luorinat-
ing reagents (HF, potassium fluoride 
[KF] and f luorine gas [F

2
]) and thus 

are generally less economical for use 
on the commercial-scale.

Organometallic coupling  
reactions are most exciting
Newer dif luormethylation and trif lu-
oromethylation chemistry, which in-
volves the formation of carbon-carbon 
bonds rather than direct fluorination, 
is one of the most exciting develop-
ments in organof luorine chemistry 
in recent years, according to Tovell. 

“These reactions occur under mild 
conditions and often tolerate many 
different functional groups,” he notes.

Hartwig’s trif luoromethyl(1,10-
phenanthroline)copper ((Phen)Cu-

Cynthia A. Challener is a contributing 

editor to Pharmaceutical technology.
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CF
3
) reagent is an easily handled, 

thermally stable, single-component 
reagent for the trif luoromethylation 
of both electron-rich and electron-de-
ficient aryl and vinyl iodides, includ-
ing sterically-hindered iodoarenes, in 
high yields under mild conditions (2). 
Notably, aldehyde, nitroarene, ketone, 
and ester functionalities are tolerated. 
The reagent is sold under the trade 
name Trifluoromethylator by Catylix 
and is commercially available through 
Aldrich Chemical.

Shibata developed a method for the 
electrophilic α-trif luoromethylation 
of β-ketoesters using the f luori-
nated Johnson reagent [(ox ido)
p h e n y l ( t r i f l u o r o m e t h y l ) - λ 4 -
sulfanylidene]dimethylammonium 
tetraf luoroborate (3). Meanwhile, hy-
pervalent iodine(III)–CF

3
 reagents de-

veloped by Togni are widely used for 
the trifluoromethylation of thiols, alco-
hols, phosphines, and heteroarenes (4–
8). The radical trifluoromethylation of 
heteroarenes using the Langlois reagent 
(sodium trifluoromethanesulfinate) or 
zinc(II) bis(trifluoromethanesulfinate) 
(Zn(SO

2
CF

3
)

2
) with tert-butyl hydro-

peroxide have also been achieved by 
Baran (9–11).

Zinc dif luoromethanesulf inate 
(DFMS), also developed by the Baran 
group (11), a l lows for the simple 
dif luoromethylation of a wide range 
of heteroaromatic substrates in air. 
Nucleophilic dif luoromethylation of 
carbonyls and imines can be achieved 
using (dif luoromethyl)trimethylsi-
lane (12), a reagent developed by Hu 
and coworkers.

There are numerous other research 
groups developing selective and high-
yielding nucleophilic and electrophilic 
dif luoromethylation and trif luoro-
methylation strategies for substrates 
ranging from carbonyl compounds 
to alkenes. “These new techniques for 
the selective incorporation of fluorine 
atoms into complex organic molecules 
under mild conditions are very excit-
ing advances for API synthesis. The 
pharmaceutical industry is under in-
creasing pressure to reduce costs, and 
any new technologies that can improve 
route efficiencies and yields and do so 
cost effectively will attract significant 
attention,” asserts Tovell. He adds that 
it is still early days with respect to the 
development of these types of chem-
istry and he expects further improve-
ments in the coming years.

Organometal-catalyzed direct 
fluorination also of interest
Organometallic catalysts have also 
been applied to the direct fluorination 
of a variety of substrates. Two examples 
include Buchwald’s method for the nu-
cleophilic fluorination of aryl triflates 
with cesium or potassium fluoride (13) 
and Ritter’s silver-catalyzed f luorina-
tion reaction in which aryl stannanes 
are converted to fluorides using silver 
triflate as the catalyst and F-TEDA-PF

6
, 

which is an anion-exchange product 
of Selectf luor (chloromethyl-4-f lu-
oro-1,4-diazoniabicyclo[2.2.2]octane 
bis(tetraf luoroborate); F-TEDA-BF

4
) 

as the fluoride source (14).
Antunes adds that the development 

of Selectfluor by Eric Banks (marketed 

by Air Products) is the most impor-
tant ‘recent’ development. This re-
agent has transformed the production 
of f luorinated pharmaceuticals, with 
134 patents published that cite Select-
f luor, and approximately 80% of all 
f luorinated steroids produced using 
the agent. “This reagent bypasses 
hazardous f luorine processing steps 
and makes the production of drugs 
containing fluorine much cheaper and 
safer. Every year, around 25 tonnes 
(worth $7.5 million) of Selectfluor are 
used in the industry, making it the 
most commonly used electrophilic 
f luorinating agent in pharmaceutical 
manufacturing,” he notes.

Exploring the potential  
of flow chemistry
The benefits of flow chemistry include 
reduced operating costs, a lower foot-
print, decreased capital expenditures 
combined with improved process effi-
ciencies, control, and product quality, 
and the ability to perform chemical re-
actions that are not feasible or present 
significant hazards in batch operations. 
As a result, there is great interest in this 
technology for the synthesis of phar-
maceutical intermediates and APIs.

Not surprisingly, flow chemistry is a 
natural fit with fluorination reactions, 
particularly those involving conven-
tional toxic and corrosive reagents. 

“Minimizing the quantity of reagents 
that are needed at any one time not 
only reduces the hazards associated 
with these reactions, but also allows for 
optimization of yields and selectivities,” 
Tovell explains. There are generally 
high expectations for f low chemistry 
to overcome many of the challenges of 
traditional fluorination reactions (the 
need for special equipment, to handle 
hazardous chemistries, and run strictly 
controlled reactions) due to more effi-
cient mass and energy transfers, short 
residence times, and moisture free-
operating conditions, agrees Antunes.

These benefits shouldn’t be limited 
just to traditional f luorination chem-
istry, however. “Combination of f low 
chemistry with the newer dif luoro-
methylation and trifluoromethylation 

New process improves the bioavailability of active ingredients
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developed a microfluidic nebulizer to create small nanoparticles from drugs that are first dissolved in 

a solvent and then exposed to a stream of air with at 600 meters per second. The increased solubility 

can result in higher uptake of active ingredients.

“The high-speed air flow enables fast evaporation of the solvent, which leaves no time for the 
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randomly in an amorphous structure and are ten times easier to dissolve,” explained Christian Holtze, 

research manager at BASF. 
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techniques has the potential to pro-
vide low-cost, highly effective routes 
to complex f luorinated molecules,” 
says Tovell.

Manchester Organics will be investi-
gating the application of a continuous-
flow approach to various fluorination 
strategies over the next few years. One 
of the challenges involves optimizing 
the conditions for reactions that re-
quire the use of solid reagents. There 
are numerous parameters to consider, 
such as the dilution factor, solvent 
choice, and reaction temperature. 

“There is a lot of work to be done, but 
we believe that this approach will en-
able the development of effective solu-
tions for many of our customers that 
are looking for improved methods for 
the production of their f luorinated 
compounds,” Tovell observes.

More diversity to come
Since the first introduction of reagents 
with improved handling and toxic-
ity profiles, such as (2-methoxyethyl)
aminosulfur trifluoride (Deoxo-Fluor), 
Selectfluor, and diethylaminosulfur 
trifluoride (DAST), there has been an 
explosion in the development of new 
fluorination methods.

Access to solid reagents such as 
XtalFluor-E and FLUOLEAD from 
UBE Industries has led to even further 
advances in fluorination chemistry, 
with the number of literature reports 
on new techniques growing expo-
nentially, according to Tovell. Stud-
ies of the reactivities of these various 
reagents combined with new data 
obtained using state-of-the-art ana-
lytical and modeling technologies are 
enabling researchers to gain a better 
understanding of the interactions of 
fluorine with other atoms in different 
molecular settings. Tovell believes that 
this new knowledge will lead to the 
development of even more effective 
fluorinating reagents that are highly 
selective (chemo-, regio-, and stereo), 
safer to use, can tolerate a wider range 
of functional groups, are environmen-
tally acceptable, and can be produced 
at a cost level that will facilitate their 
use in commercial drug manufacturing.
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PEER-REVIEWED

Rethinking Limits in 
Cleaning Validation
An integrated approach can improve 
the efficiency of cleaning validation studies.

Richard Forsyth

Cleaning validation programs must have cleaning 

limits, worst-case residues to validate, and recovery 

factors to accurately determine how clean the 

equipment must be.  If a program is to be robust, it 

must also address the question of which products 

should be validated, and how to test residue levels 

accurately, to assure compliance with the defined 

clean validation limits. This article presents an 

integrated approach that can establish the necessary 

information in an efficient, compliant manner.

An effective cleaning validation program requires sub-

stantial up-front work to withstand regulatory scrutiny. 

Acceptable residue limits (ARLs) must be defined prior to any 

cleaning validation and development work (1,2). The ARL is the 

level to which product residues must be removed to assure 

patient safety and that the subsequent product manufactured 

on the cleaned equipment will not be contaminated.

A number of factors go into the determination of the ARL, 

including product dosage levels, batch sizes, and equipment 

product contact surface areas (3). The dosage and batch size 

parameters are typically well defined for a product before 

it gets to commercial production. The equipment product 

contact surface areas, however, require more planning and 

more steps to execute. Many vendors do not supply product 

contact surface areas or even dimensions of the product 

contact surfaces. Measurements and calculations of each 

piece of equipment’s product contact surfaces must be 

completed, documented, and reviewed to determine the ARL 

of the product. Although it can be time-consuming to calcu-

late the product contact surface area for a piece of equip-

ment, the resulting figure only changes when the equipment 

is altered, which would only occur under a documented 

change control.

In addition to establishing a calculated ARL, the first crite-

rion of a cleaning procedure is that the equipment be visibly 

clean after the cleaning process. The visible residue limit 

(VRL) is the level below which a residue is not visible, under 

defined viewing conditions. It can be a valuable tool when 

applied to a cleaning validation program. Viewing distance, 

viewing angle, and viewing light level must be defined for 

the facility and applied to the determination of a VRL.

VRLs have been used for a number of cleaning validation 

applications (4,5). Once established, VRLs can be imple-

mented for multiple aspects of a cleaning validation pro-

gram (6), including routine confirmation that the equipment 

is cleaned to appropriate levels before changeover to a new 

product. One approach to cleaning validation is to validate 

every product manufactured at a site. This approach, how-

ever, is impractical at multi-product facilities.

To streamline validation efforts, products can be grouped 

together by therapeutic family or based on the hardest-to-clean 
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products manufactured on the equipment. Defining the worst-

case product can itself be a challenge. Solubility of the API is 

sometimes used as the criteria for determining “hardest to clean,” 

but this approach ignores the product excipients, which can 

often be more difficult to remove from equipment than the API.

Cleanability of the product residue more closely approxi-

mates the actual cleaning procedure necessary to result 

in acceptably clean equipment. Cleanability study condi-

tions can range from simple immersion to vigorous cleaning 

actions (7–10). As long as the cleanability parameters are 

consistent, they can define a relative cleanability ranking of 

the site product residues.

Even with an executed cleanability study, before valida-

tion studies can be executed, cleaning development studies 

must define and confirm the cleaning conditions necessary 

to clean product residue effectively, down to an accept-

able level. Cleaning development studies define the critical 

cleaning parameters and their ranges, which will assure the 

consistent capabilities of the cleaning process. The critical 

cleaning parameters can include detergent definition and 

concentration, water temperature, cleaning action (e.g., 

impingement, cascade, or manual scrubbing), contact time, 

and rinse times. The conditions established during cleaning 

development should be confirmed under an executed pro-

tocol prior to validation activities.

Finally, recovery factors must be established to demon-

strate that swab or rinse samples taken after cleaning are 

representative of the cleanliness of the equipment (1, 2, and 

11). To accomplish this, a known amount of the residue of 

interest is first spiked onto a coupon of the material of con-

struction representing the manufacturing equipment. The 

spiked residue is recovered, either by using a swab wet with 

a solvent to dissolve the residue, or with a known volume 

of purified water to represent the final rinse of the cleaning 

procedure. The recovered samples are then tested to deter-

mine the amount of recovered residue. The recovery factor is 

the amount of residue recovered compared to the amount of 

residue spiked onto the coupon.

Although the data are typically generated for these 

cleaning validation parameters in separate efforts, a coordi-

nated study can determine all of the factors using available 

data and an efficient set of experiments. This approach will 

save time and resources, and result in a more aligned set of 

cleaning limits, soils to be validated, and recovery factors for 

the cleaning validation studies.

Acceptable residue limit determinations

The ARL must be determined prior to cleaning development, 

analytical method validation, visual limits and recovery fac-

tors. The subsequent data and recovery factors are all based 

relative to the ARL of the residue of interest. The primary goal 

of a health-based ARL is patient safety, and the recommended 

method to define a health-based calculation incorporates the 

acceptable daily exposure (ADE) (12), which is the amount of 

material one can ingest on a continued daily basis without 

harmful pharmacologic effect. Although the ADE approach is 

preferred as being more scientifically sound, the ADE can be 

compared to a currently used 1/1000th minimum-daily-dose 

(3) approach during the transition period to the use of ADEs to 

determine if additional validation work is necessary.

The factors that go into an ARL calculation include the 

dose and the batch size of the next product, which deter-

mine the degree to which any carryover is spread among 

subsequent product dosages. The product contact surface 

area of the manufacturing equipment assumes an even dis-

tribution of any worst-case carry over residue. This assump-

tion of even residue distribution is addressed by swabbing 

worst-case, hardest-to-clean and critical equipment loca-

tions; that is, those locations where residue is most likely to 

build up, or where residue could be transferred to a small 

number of subsequent doses.

The swab area and the recovery factor enable one to 

relate the result for a single sample to a total residue 

amount in the manufacturing equipment. The health-based 

calculation employing the ADE is shown in Equation 1:

(ADE (mg/day))/(MDD (doses/day)) x (BS (doses))/ 

(SA (cm2)) xM (cm2/swab)x RF=ARL (mg/swab) 

(Eq. 1)

Where:

ADE is ADE of Product A being cleaned (in mg/day)

MDD is maximum daily dose of subsequent Product B 

(in doses/day)

BS is batch size of product B (in number of doses)

SA is product contact surface area of the equipment train (in cm2)

M is swab area = 25cm2

RF is recovery factor (e.g., 0.90 for a 90% Recovery Factor)

ARL is acceptable residue limit.

The intent is to consider the health-based ARL and the VRL 

to satisfy regulatory requirements for cleaning so that the 

patient is safe and the equipment is visually clean. Although 

the VRL for residues should be related to the health-based 

cleaning limit, as well as the analytical detection limit (LOD), 

the VRLs can be determined prior to defining the final ARL 

because the VRL is more an experimentally determined 

physical characteristic of the API or product established 

under defined condition rather than a relative characteristic 

based on other factors.

Visible residue limit studies

VRLs must be determined using well-defined viewing param-

eters to better transfer the implementation of the VRLs 

to the production equipment and to limit subjectivity. The 

viewing variables associated with studying visible residue 

must be defined, and then experimental parameters for the 

study can be established. The parameters considered are:

•	 Equipment material of construction

•	 Light intensity

•	 Viewing distance

•	 Viewing angle

•	 Observer subjectivity

•	 Solvent effects.
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Stainless steel is an obvious choice for surface mate-

rial, because more than 95% of manufacturing equipment 

surfaces at a typical pharmaceutical manufacturing site 

are made from this material. Representative stainless-steel 

coupons are used for spotting purposes in the laboratory 

setting.

In addition to stainless steel, other widely used materials 

of construction (MOC) include:

•	 Polytetrafluoroethylene (PTFE), including Teflon

•	 High-density polyethylene (HDPE)

•	 Low-density polyethylene (LDPE)

•	 Polycarbonates, including Lexan

•	 Glass, which can be addressed as part of the cleanability 

determinations.

Although the VRLs for Lexan and glass are comparable 

to that of stainless steel (13), VRLs for the remaining MOCs 

would be higher than the VRL for stainless steel. Cleanability 

provides a much simpler answer to the question of VRLs for 

different MOCs.

Lighting conditions in the manufacturing plant typically 

differ, from room to room. The light intensity is measured 

in each room of the plant and the wash area to determine 

a range. For consistency, the light measurement is taken in 

the same location in each room, for example in the center 

of each room, approximately four feet from the ground. The 

light level in a typical pharmaceutical manufacturing plant 

generally ranges from 200–1000 lux.

The viewing distance and viewing angle are based on the 

manufacturing equipment that is used at the site. Larger 

pieces of equipment can often be viewed at a distance of no 

greater than 10 feet, and, if the equipment is disassembled 

for cleaning, the viewing angles are marginally limited for 

visual inspections.

Suspensions of the products are prepared in methanol at 

concentrations of the API and spiked onto stainless-steel 

coupons. For products compressed from common formula-

tion blends, the highest potency product is used for the VRL 

determination. For the remaining products, the single strength 

manufactured at the site is used for VRL determination.

The spiked coupons are allowed to air dry, and the distance, 

angle and light level viewing parameters are set. Site per-

sonnel view the spiked coupons from multiple distances and 

angles. The VRLs are determined at a distance of two feet. 

Increasing viewing distance and viewing angle observations 

of the spiked coupons establish the viewing parameter limita-

tions on the ability to see the VRL levels. If the observers are 

not able to see the VRLs at the distance of the larger equip-

ment, this limits the use of VRLs to those pieces of equipment 

that can be viewed from established VRL viewing limitations. 

Literature references (6) have shown that most VRLs can be 

detected from 10 feet. Any seeming inconsistency is likely a 

result of very low VRLs that were determined experimentally. 

Some VRLs can be detected at levels as low as 0.1µg/cm2, 

compared to the literature average of 1.1µg/cm2.. The viewing 
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angle should be greater than 30° and the light level should be 

greater than 200 lux (6).

The ARL and VRL will indicate how clean the equipment 

needs to be. Table I shows results spiking preparation and 

target concentrations for one test. The next step is to deter-

mine which product(s) or residue(s) to validate.

Cleanability/cleaning development studies

For efficiency and economy, the initial cleaning development 

work can be conducted at laboratory scale in three phases. 

These laboratory-scale process and cleaner studies  (PACE 

evaluation) were executed in the technical laboratory at STERIS 

Corporation, St. Louis, Missouri. The Phase 1 studies challenge 

a worst-case set of conditions. Baked-on residues are cleaned 

using different cleaning agents, cleaning mechanisms, times 

and temperatures. Once the optimal cleaning agent and condi-

tions have been identified, the cleaning parameters are chal-

lenged in Phase 2 studies, to determine the minimum times 

and concentrations necessary to achieve clean equipment. In 

the Phase 3 study, the minimum cleaning parameters identified 

in Phase 2 studies are used to clean the worst-case soil identi-

fied in Phase 1 studies, from the MOCs that make up most of 

the product contact surfaces of the equipment at the facility.

In Phase 1 of the study, to create worst-case conditions, 

cleanability studies are performed on the products and 

blends manufactured at the facility, to determine which 

cleaning agent will adequately remove product residue. The 

study results will provide cleaning conditions, including 

the concentration of detergent to be used, critical cleaning 

parameters, time for rinse, etc.

In the Phase I cleanability study, dry, clean stainless-steel 

coupons are weighed on an analytical balance (±0.1 mg) to 

obtain their pre-coating weight; then they are coated with 

3–5 mL of 10% w/v slurry or 3–5 grams of sample. They are 

then baked at 57 °C for 4 hours then air dried overnight, 

and weighed on an analytical balance. The coated surface 

area is measured, the dry coating weight calculated, and 

the “loading” of the sample, in milligrams per square cen-

timeter of dried residue, is determined. The spiked coupons 

can be cleaned by agitated immersion, spray wash (11 psi), 

cascading flow, or scrubbed manually using a nylon-bristled 

brush; in addition to the cleaning technique, the type and 

concentration of detergent, the cleaning temperature, and 

the cleaning time are recorded.

After cleaning, the coupons are removed and visually 

observed for cleanliness; then, each side of the coupon is 

rinsed, first, with tap water for 10 seconds at a flow rate of 

0.5 gal/min and then with de-ionized water. It is then exam-

ined for a water break-free (WBF) surface, after which it is 

dried and weighed on an analytical balance to determine the 

post-cleaning weight.

A coupon is considered to be clean if it is visually clean, 

water break-free, and if its pre-coating weight and post-

cleaning weight are equal (0.0 mg residue). WBF is a qualita-

tive test that indicates the cleanliness of a metal surface. 

On a clean surface, free from organic residue, water sheets 

evenly without breaks in the water film as it runs from the 

surface of the metal panel. The results of a Phase 1 case 

study are shown in Table II, with the worst-case soils desig-

nated. Two soils are designated as worst-case Product A is 

manufactured in dedicated equipment. Product B is manu-

factured in multi-use equipment with the remainder of the 

site product portfolio.

Figure 1: Swab sampling technique.
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Table I: Spiking preparation and target concentrations.

Spiking solution prep

(example dilutions)

Spiking solution 

concentration
Volume spiked Residue spiked

Target concentration 

on coupon (20 cm2)

Solution A–800 µg/mL 800 µg/mL 100 µL 80 µg 4 µg/cm2

Solution B–5 mL of A 

into 10 mL
400 µg/mL 100 µL 40 µg 2 µg/cm2

Solution C–5 mL of B 

into 10 mL
200 µg/mL 100 µL 20 µg 1 µg/cm2

Solution D–5 mL of C 

into 10 mL
100 µg/mL 100 µL 10 µg 0.5 µg/cm2

Solution E –5 mL of D 

into 10 mL
50 µg/mL 100 µL 5 µg 0.25 µg/cm2

Solution F – 2 mL of E 

into 10 mL
10 µg/mL 100 µL 1 µg 0.05 µg/cm2

Solvent 0 µg/mL 100 µL 0 µg 0 µg/cm2
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Phase 2 study

Phase 2 studies further evaluate the effectiveness of the 

cleaning agents that demonstrated positive results in Phase 

1. These tests are run under conditions that more realisti-

cally reflect what would be experienced in actual use. The 

major difference in the Phase 2 coupon preparation is that 

the coupons are air dried only for 24 hours, rather than 

dried in an oven. Phase 2 cleanability studies are performed 

to provide a more focused look at critical cleaning process 

parameters such as time, temperature, concentration of 

Table II: Phase 1 PACE study results (CIP is clean in place).

Products

Washing action/cleaning agent concentration

Agitated immersion Spray wash
Cascading fow

(0.5 gal/min)
Manual scrub

1% v/v CIP 100 plus 1% 
v/v ProKlenz Booster

1% v/v CIP 100 plus 1% 
v/v ProKlenz Booster

1% v/v CIP 100 plus 1% 
v/v ProKlenz Booster

3% v/v CIP 100

Product A 45 °C/30 min. 60 °C/30 min. 60 °C/30 min. 45 °C/60 sec.

Product B tablets 45 °C/15 min. 60 °C/15 min. 60 °C/15 min. 45 °C/60 sec.

Product C tablets 45 °C/15 min. 60 °C/15 min. 60 °C/15 min. 45 °C/60 sec.

Product D tablets 45 °C/15 min. 60 °C/15 min. 60 °C/15 min. 45 °C/30 sec.

Product E tablets 45 °C/15 min. 60 °C/15 min. 60 °C/15 min. 45 °C/45 sec.

Product F tablets 45 °C/15 min. 60 °C/15 min. 60 °C/15 min. 45 °C/45 sec.

Product B blend 45 °C/30 min. 60 °C/30 min. 60 °C/30 min. 45 °C/45 sec.

Product C blend 45 °C/30 min. 60 °C/15 min. 60 °C/15 min. 45 °C/60 sec.

Product D blend 45 °C/30 min. 60 °C/30 min. 60 °C/30 min. 45 °C/30 sec.

Product E blend 45 °C/15 min. 60 °C/15 min. 60 °C/15 min. 45 °C/45 sec.

Product F blend 45 °C/15 min. 60 °C/15 min. 60 °C/15 min. 45 °C/30 sec.
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detergent, and cleaning agent, and to demonstrate the rug-

gedness of the cleaning parameters identified in Phase 1 

studies. The two worst cases, one product and one blend, 

from Phase 1 testing, are tested in Phase 2 to minimize 

testing resources and the results shown in Table III.

Phase 3 study

In Phase 3 studies, the minimum cleaning parameters identi-

fied in Phase 2 studies are used to clean the worst-case soil 

identified in Phase 1 studies from the MOCs that make up 

most of the product contact surfaces of the equipment at 

the facility. The worst-case product is applied to different 

MOC coupons, air dried for 24 hours, and cleaned using agi-

tated immersion at the previously identified cleaning param-

eters. The results are shown in Table IV.

If all of the materials of construction are cleaned for the 

worst-case soil under the same cleaning conditions, it can 

be concluded that, if the equipment’s stainless-steel sur-

faces are clean, the other equipment surfaces are cleaned 

to the same level of cleanliness. An acceptable visual 

inspection of the stainless-steel surfaces would provide con-

fidence that the other surfaces such as PTFE, HDPE, or LDPE, 

on which spots would be more difficult to detect, are clean 

to the same acceptable level.

Swab recovery studies

Swab sampling is the preferred technique to determine equip-

ment cleanliness because it is direct surface sampling and 

targets hard-to-clean and critical locations such as tablet 

press tooling.Swab sampling is generally more sensitive than 

rinse sampling because of the larger volumes associated with 

final rinses. An accurate swab sample requires that a swab 

recovery factor be established. The swab recovery factor is 

established by spiking a known amount of the API or product 

formulation onto a material of construction coupon, letting it 

dry, and swabbing the coupon to recover the residue.

To execute a swab recovery study, the parameters of the 

study must first be defined. These parameters include the 

coupon MOC, swab area, swab manufacturer and mode, 

number of swabs, swab solvent, swab technique, the extrac-

tion solvent, and the swab extraction parameters.  Once 

these parameters are defined, they can often be applied 

across the APIs and products that require recovery factors. 

The last remaining parameter is the level of analyte to recover 

(i.e., the amount of analyte to spike on the coupons). 

The logical level at which to perform a recovery is at the 

cleaning limit itself, because the cleaning limit is the pass/

fail point of the residue test. For relatively safe products, 

the health-based cleaning limits are often quite high, for 

example greater than 1 to 10 mg/swab, which most likely 

would overload the swab and result in low recoveries. These 

levels also would be easily visible, which would fail the 

cleaning before the swabs are even taken. An efficient 

level for recoveries would be around the VRL level, because 

samples were already made for the VRL determination. For 

example, samples can be prepared at 5.0, 7.5, 10, and 12.5 

μg of API/swab,slightly higher than the reported average 

VRL of 1.1 μg/cm.2 These levels are also close to the levels 

that one would expect to see after cleaning. The risk is that 

these levels are also close to the limit of quantitation (LOQ) 

of the analytical test method and could result in low recov-

eries with high % relative standard deviations (RSDs).

The swab recovery samples are prepared using the sus-

pensions prepared for the VRL study. The 5.0-, 7.5-, 10-, and 

12.5-μg samples are spiked onto stainless-steel coupons 

using 50, 75, 100, and 125 μL, respectively, of the 100-μg/

mL suspensions. The spiked coupons are allowed to dry. For 

swabbing, each sample container is labeled, recording the 

API/product, amount (µL), volume (mL), name, and date.

The swab is wetted with methanol, water, or other appro-

priate solvent, which will dissolve the API. Any excess solvent 

is removed by pressing the swab against the side of the sample 

Table III: Phase 2 PACE study results.

Products

Washing action/cleaning agent concentration

Agitated immersion Spray wash
Cascading fow

(0.5 gal/min)
Manual scrub

1% v/v CIP 100 1% v/v CIP 100 1% v/v CIP 100 1% v/v CIP 100

Product A 60°C/20 min. 60°C/10 min. 60°C/20 min. 45°C/30 sec.

Product B blend 60°C/10 min. 60°C/10 min. 60°C/10 min. 45°C/10 sec.

Table IV: Phase 3 PACE study results–Product B blend. (CIP is clean in place. HDPE is high-density polyethylene and 

LDPE is low-density polyethylene.)

Material of construction Detergent Concentration Time/temperature Visual observation

Tefon CIP 100 detergent 1% v/v 5 min/60°C Visually clean

HDPE CIP 100 detergent 1% v/v 5 min/60°C Visually clean

LDPE CIP 100 detergent 1% v/v 5 min/60°C Visually clean

Glass CIP 100 detergent 1% v/v 5 min/60°C Visually clean

Lexan CIP 100 detergent 1% v/v 5 min/60°C Visually clean
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container to wring out excess solvent from the tip. The swab 

area is at least 25 cm2, and pains must be taken to ensure that 

all the area covered by the dried residue is swabbed.

The swabbing technique is shown in Figure 1. Using the flat 

side of the swab, slight pressure is applied to the swab stick, 

and full contact is made with the coupon. The coupon should 

be swabbed, using a back-and-forth motion, for approximately 

10 seconds. Then, one should flip the swab over and swab the 

coupon in a perpendicular direction, using a back-and-forth 

motion, for approximately 10 seconds. Finally, one should 

snap the swab head into the sample container and close the 

container. The swabbing is repeated for each coupon and the 

samples submitted for analysis. The validated high-perform-

ance liquid chromatography (HPLC) test methods used for 

analysis should be specific for each analyte.

The swab recovery results should be greater than 70% 

for stainless steel based on historic data (14). The variability 

(%RSD) should be less than 10%. However, performing recov-

eries at levels close to the analytical method LOQ can result 

in lower-than-expected recoveries, with higher %RSDs. The 

results will be affected by a number of factors:

•	 Low spike levels near the LOQ of the analytical methods

•	 Experience level of the staff performing the recoveries

•	 Robustness of the extraction parameters

•	 Size of the swab head.

A larger swab head would be expected to retain slightly 

more residue than a smaller swab head of the same mate-

rial. Ideally, the swab recovery spike levels are around the 

VRL, but these levels are likely to be too low for quantitation 

by the HPLC methods after swab recovery and extraction. 

That is why the swab spike levels are targeted slightly above 

the method LOQs. The proximity of the spike levels and the 

method LOQs could contribute to both low recoveries and 

high variability if small, variable amounts of analyte adhere 

to the swab. Also, the lower HPLC area counts near the LOQ 

could contribute to the higher %RSD compared to compa-

rably spread data with greater HPLC area counts.

Typical validated HPLC methods have LOQs of approxi-

mately 1 µg/mL. If the methods can be optimized with real 

samples prior to validation, a lower LOQ can often be estab-

lished, and better recovery conditions identified. The effort 

required for optimization, however, may not be worth mar-

ginal improvements to the recovery data, especially when 

compared to the calculated ADE-based cleaning limit. 

Although the personnel involved in the recoveries are a factor, 

their contribution to low and variable results is considered 

minor compared to analytical issues (14).

Rinse-recovery studies

Rinse-recovery studies are conducted using the materials and 

previously prepared solutions or suspensions to offer the flex-

ibility to use rinse sampling. Although rinse sampling is con-

sidered indirect surface sampling, it covers all of the product 

contact surface area and more easily samples those areas 

that are inaccessible to swab sampling. In addition, rinse sam-

ples are easier to take and more efficient to test. Rinse sam-

pling, however, is generally less sensitive than swab sampling 

because of the larger volumes associated with final rinses. The 

rinse-recovery factor is established by spiking a known amount 

of the API or product onto a material of construction coupon, 

letting it dry, and rinsing the coupon to recover the residue.

To execute a rinse-recovery study, the parameters of the 

study must first be defined. These parameters include the 

level of analyte to recover, the coupon MOC, the rinse area, 

the rinse solvent, and the rinse volume. Once these param-

eters have been defined, they can often be applied across 

the APIs and products that require recovery factors.

To be consistent with the swab recoveries, the spike level for 

the rinse recoveries can be set at 10 µg of API or product onto 

a 25-cm2 area of stainless-steel coupon. Final rinses are all done 

with purified water, and a volume of 10–25 mL is used, making 

sure to keep the final solution at or above the method LOQ.

The rinse recovery results should be more than 70% for 

stainless steel. The variability (%RSD) should be less than 

10%. However, performing rinse recoveries at levels close to 

the analytical method LOQ can result in lower than expected 

recoveries and with high %RSDs. The results will be affected 

by a number of factors: the low recovery levels near the LOQ 

of the analytical methods and the volume of the rinse water. 

Too small a volume will not remove the residue and too large 

a volume will be undetectable. For the residues with high 

%RSD as well as those for which no quantitative values, an 

investigation should be conducted to determine a root cause.

Discussion

Although the described studies serve to establish the necessary 

background data for the cleaning validation effort, there were 

several issues that could be addressed differently. The VRLs are 

established under laboratory conditions, and recent VRL levels 

obtained averaged 0.1 µg/cm2. This raises the concern that 

data might not translate to full-size equipment in the manufac-

turing plant. Future work would answer that question, by taking 

spiked coupons and placing them inside actual equipment, or 

equivalent conditions, to confirm the laboratory generated data.

Very low VRLs also raise the question of how the VRLs are 

defined. Past work had defined the VRL concentration by 

dividing the amount of material spiked by the entire surface 

area of the circle formed, even though most of the material 

forms a ring, leaving the middle of the circle empty. This is 

not a concern as long as the VRL determinations have been 

defined consistently. With the VRL defined using this approach, 

however, the VRL of residues could approach or even be lower 

than the LOQ of the analytical method. Defining the VRL as the 

area of only the ring and not the entire circle might be a better, 

more realistic approach, and could relate more closely to the 

recovery factors and the analytical test method LOQ.

The LOQ of the HPLC analytical test methods should be 

optimized for cleaning validation samples. A lower LOQ 

would alleviate some of the concern with the VRL levels and 

probably would improve the variability of the swab and rinse 

recovery studies. The added value must be deemed signifi-

cant enough, however, to expend the additional resources 
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for this work. Coordination with the testing laboratories is 

essential during cleaning development work.

The rinse-recovery study levels of 10 µg are based on 

swab recovery levels. Because the rinse volumes are higher 

than the swab extraction volumes, the resulting rinse-

recovery concentrations are lower. To ensure accurate 

data, the rinse recovery samples should be spiked based 

on the final concentration of solution (µg/mL) of the rinse 

 recoveries.

Conclusion

Background data for a cleaning validation program can be 

generated in an efficient, coordinated effort for a pharma-

ceutical manufacturing facility. Using this approach, the 

ARL calculations and the cleanability data are combined to 

define the worst-case product for cleaning. The VRL, swab 

recoveries, and rinse recoveries are established using a 

single set of product suspensions, which illustrate the rela-

tionship among the three factors. These studies clearly dem-

onstrate that a cleaning validation program can be estab-

lished or revalidated using an efficient, coordinated effort to 

establish the necessary background information.
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A
s the ancient Greek philosopher, 
Heraclitus, wrote back in 500 
BC, “The only thing constant 

is change.” This is especially true for 
pharmaceutical development and man-
ufacturing, where change can result 
from modification of facilities, utilities, 
equipment, computer systems, formu-
lations, analytical methods, specifica-
tions, manufacturing and cleaning 
processes, vendors and components, 
and documentation. 

Depending upon the criticality of the 
change, some changes may even affect 
the safety, identity, strength, quality, or 
purity of the product. Others may trig-
ger the need for new regulatory filings.
Managing all this change is perhaps 

the most important part of any life-
sciences quality program. 

Change management plays a crucial 
role in ensuring that processes are, and 
remain, in control throughout a prod-
uct’s lifecycle. It is, therefore, essential 
to develop and implement a compliant, 
effective, and efficient change-man-
agement system in accordance with 
cGMPs and FDA guidelines, notably 
the revised process validation guid-
ance of 2011 (1). 

The whole concept of managing 
change has been evolving over the past 
few years, moving from “change con-
trol,” a term that implied the need to 
restrict change. Now, the term “change 
management” is used to describe the 
oversight of the change process. This 
oversight must be in place during vi-
sualization, initiation, evaluation, and 
pre-implementation approval, as well 
as implementation and post-imple-

mentation approval of the change, to 
help ensure that the outcome of any 
change remains as originally intended.  
In the future, the term may be “change 
championship,” taking into account 
the dynamic results of corporate merg-
ers and de-mergers and the human ele-
ment in change management, making 
the process more holistic and realistic. 

This article discusses the regulatory 
aspects of change management and 
how it can be used, not only to ensure 
regulatory compliance, but for con-
tinuous quality improvement.

A validated system may go through 
more than one change at a single time 
or at different times during a prod-
uct’s lifecycle. Maintaining proper 
documentation and an audit trail of 
all changes is imperative to ensure the 
continued state of control. FDA ex-
pects pharmaceutical manufacturers to 
implement a compliant, effective, and 
efficient change-management system, 
and its inspectors look for such a sys-
tem during most cGMP inspections. 

Priority: maintaining control 
through robust written procedures
FDA’s current cGMP regulations 21 
Code of Federal Regulations 210 and 
211 (2) do not explicitly mandate a 
change-management system, but they 
do require establishing written proce-
dures that will maintain a state of con-
trol. Therefore, it is necessary to have 
a well-designed change-management 
system in place to comply with the 
regulations and applicable guidelines.  

The FDA Guidance for Industry, Q7A 
Good Manufacturing Practice Guidance 
for Active Pharmaceutical Ingredients 
(3) and the FDA’s Guidance for Industry, 
Quality Systems Approach to Pharmaceu-
tical CGMP Regulations (4) suggest im-
plementing the change control program. 

Both of these guidance documents 
use the term “change control” rather 
than “change management.” The  
transition from “change control” to 

“change management/change control” 
can be clearly seen in the FDA Guid-
ance for Industry, Q9 Quality Risk 
Management (5). 
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Managing change and overcoming 
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proactive approach.
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Tracing the evolution  
of change management 
In 2009, the publication of  FDA/
ICH’s Q8(R2) Pharmaceutical Devel-
opment (6) signaled further change 
when it emphasized the idea of a de-
sign space, wherein a change within 
the design space would not be con-
sidered a change from the regulatory 
post-approval perspective. This guide-
line expected applicants to develop a 
data-based design space derived from 
product and process knowledge gained 
throughout the product’s lifecycle.

In the FDA/ICH Guidance for In-
dustry, Q10 Pharmaceutical Quality 
System (7), there is no mention of the 
term “change control.” The term has 
been completely replaced by “change 
management,” and listed as one of the 
four key elements of a pharmaceutical 
quality system, that are capable of en-
suring continual improvement. 

The Q10 guidance document dem-
onstrated a complete transition from 
attempting to control change to man-
aging changes for process improve-
ment. The goals allow pharmaceutical 
manufacturers, not only to achieve 
compliance but to gain business ad-
vantage.

Documenting change in a  
unified company-wide system
Pharmaceutical manufacturers are ex-
pected to implement well-documented, 
detailed change-management proce-

dures to ensure that a company-wide 
change-management system is in 
place; individual departments should 
not have their own change-manage-
ment systems. Depending on the size 
of the company and the complexity of 
its processes, the mechanism of im-
plementing the change-management 
system will vary. Paper-based manual 
change-management systems may 
work reasonably well for smaller com-
panies, but software-based electronic 
systems are generally needed for larger 
firms. 

Any change-management system 
typically comprises the following es-
sential phases in its development.

Initiation. Once the need for a change 
is identified, the person who suggested 
that change should formally draft a 
proposal for implementing the change. 
The proposal must define the change 
clearly and specify the reasons why it 
should be implemented. This proposal 
should be reviewed and approved by 
the head of the initiator’s department 
before it proceeds further. 

Evaluation. Cross-functional teams 
formally review all proposed changes 
for the impact that they may have 
on the state of control as well as the 
regulatory filing status. Most compa-
nies have formal change-management 
boards or committees to evaluate the 
changes. While quality assurance and 
regulatory affairs departments are 
the most important members of such 

boards/committees, validation, man-
ufacturing, and engineering are also 
typically involved in evaluating the 
change proposals. 

Involving the business side 
Depending upon the nature of the 
change, even the marketing, legal, 
and commercial departments may 
also be required to evaluate certain 
changes. The change-management 
board/committee evaluates all 
changes to determine whether or not 
to proceed. 

After a change is approved for imple-
mentation, the committee/board also 
formulates the change implementation 
action plan. Taking various actions 
might be necessary to ensure that the 
change succeeds in achieving the in-
tended purpose while simultaneously 
preventing unintended consequences. 

Tracking. A manual or electronic doc-
umentation system is essential for any 
change-management system to effi-
ciently track not only the implemented 
changes, but the data and documenta-
tion that must be generated to support 
them. Appropriate documentation 
must support regulatory filing status 
and a continued state of control, and 
should allow for full traceability. The 
supporting documentation should also 
include data generated to verify the ef-
fectiveness of any change after it has 
been implemented, as well as training 
records associated with the change 
implementation.

Training. All employees involved with 
the initiation, evaluation, and imple-
mentation of changes must be trained 
on the change-management procedure. 

Records for the training required 
by the change-management procedure 
must be appropriately maintained. 
Furthermore, implementation of some 
changes may also require some re-val-
idation and revision of such controlled 
documents as standard operating pro-
cedures and batch records, which may 
necessitate additional training. Effective 
training and the documentation of that 
training are essential for the overall suc-
cess of the change-management system.

Quality and Continuous Improvement

The whole concept of managing change 

has been evolving over the past few 

years, moving from “change control,” 

a term that implied the need to restrict 

change, to “change management ...” 

In the future, the term may be “change 

championship” ... making the process 

more holistic and realistic. 
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Quality and Continuous Improvement

Regulations do not require classify-
ing the changes, and all changes that 
could affect cGMPs may be treated as 
equally crucial. It can be helpful, how-
ever, to rank changes in categories such 
as low, medium, and high, based on 
the risk they pose to the safety, iden-
tity, strength, quality, or purity of the 
product, and their potential impact. 

Risk-based classification facilitates 
the development of a rational and data-
driven action plan for implementing 
the changes. Many companies do not 
require that “like-for-like” changes go 
through a formal change-management 
process. For example, the replacement 
of equipment parts from the same 
manufacturer, and of the same model 
with the same specifications, is gener-
ally considered a like-for-like change. 

Gaging the potential impact  
of change isn’t always easy
Assigning general categories to the 
changes based on their potential im-
pact is not always easy. Each change 
should also be evaluated individu-
ally, because even some like-for-like 
changes may have an impact on the 
processes. For instance, some equip-
ment replacement parts may come 
from the same manufacturer, be built 
to the same specifications, and based 
on the same model. Nevertheless, they 
may vary slightly in performance 
from piece to piece, depending upon 
the criticality of the process, and the 
manufacturing controls that have been 
exercised by the parts manufacturer. 

For example, replacing tablet press 
dies and punches may result in vary-

ing tooling tightness. This change in 
tightness may require that operating 
parameters be adjusted after the tool-
ing has been replaced. Overlooking ac-
tions associated with such changes may 
result in unexpected process variation.

It is also crucial to ensure that the 
change-management system ref lects 
any changes that might have been 
made by materials suppliers and 
equipment vendors. Vendor audits 
should verify that an effective change-
management system is in place at the 
vendor’s site. 

Furthermore, quality agreements 
should be worded so that suppliers 
must notify sponsors of any critical 
changes that they make to the manu-
facturing process and/or specifications 
as soon as possible. Any changes that 
are not communicated by vendors 
may affect processes, jeopardizing the 
state of control, and the overall change-
management system.

Moving away from  
“command and control”
Until recently, pharmaceutical manu-
facturers were constrained by restric-
tive regulations that did not facilitate 
the adoption of new technologies. This 
has caused the life-sciences industry 
to lag behind other industries in the 
use of the most modern IT or process-
control tools, for example. 

This regulatory “command-and-
control” approach changed in the 
last decade, when FDA published  

“Pharmaceutical cGMPs for the 21st 
Century—A Risk-based Approach” 
(8). This report  marked a shift from 
a restrictive to a more liberal risk-and-
science-based regulatory approach, 
throughout a product’s lifecycle. This 
new approach facilitated the adoption 
of constantly evolving technologi-
cal advancements and innovations. A 
well-designed change-management 
system should enable manufacturers to 
leverage opportunities to adopt more 
modern technologies and implement 
continuous improvement initiatives. 
Because f lexibility and change are 
the precursors to improvement, any 

It is ... crucial to ensure that the system 

reflects any changes that might have 

been made by materials suppliers and 

equipment vendors. Vendor audits 

should verify that an effective change-

management system is in place at the 

vendor’s site. 
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change-management system should 
be conceived so that it provides an op-
portunity for continuous improvement

Leveraging change management 
for process improvement can be com-
pared to driving an automobile on 
four wheels. Each of the wheels must 
be equally strong and balanced if the 
ride is to be smooth. For change man-
agement, the wheels are:
•	 Awareness
•	 A proactive approach
•	 Interdepartmental communication
•	 Timeliness.

Utilizing all four wheels can require 
a change in mindset. Employees, in-
cluding those in quality assurance and 
control (QA and QC), can grow so ac-
customed to performing certain activi-
ties in certain ways that they do not like 
being taken out of their comfort zones.  

To minimize resistance to change, 
managers should make employees 
aware of the reasons for the change and 
the benefits that will result from it.  This 
outreach will enable the achievement of 
process improvement goals.  

Employees throughout any orga-
nization should be aware of the con-
nections from change management, 
to process improvement and business 
benefits. To minimize resistance to 
change, managers should make em-
ployees aware of the reasons for the 
change and the benefits that will re-
sult from it. 

Seeing change  
in a positive light
Taking a proactive approach is also im-
portant but represents a break from the 
past, when changes were only accepted 
when absolutely necessary, or when 

forced by circumstances (e.g., when a 
vendor of a specific type of equipment 
went out of business). 

Life-sciences companies should 
empower their employees to look, ac-
tively,  for changes that can bring such 
benefits as improved quality and yield, 
easier operation and safer processes, 
reduced cycle time, and manufacturing 
cost. Product knowledge and process 
understanding gained throughout the 
product lifecycle can lead to the proac-
tive changes that can result in process 
improvement.

Breaking down the silos  
that can impede progress
Effective change management also 
requires breaking down the silos that 
can separate different departments and 
functions. Change management is a 
company-wide effort that requires effec-
tive communication and coordination 
among various departments. All depart-
ments that would potentially be affected 
by the change need to be involved in the 
overall change-management process. 

Generally, people want to be associ-
ated with positive activities, and commu-
nication improves when  people work on 
projects that are seen as progressive and 
constructive. Emphasizing the potential 
for process improvement resulting from 
the change will help improve cross-func-
tional communication and cooperation, 
and help the change-management pro-
cess reach its broader business goals. 

Any unnecessary delays during the 
change-management process can have 
heavy compliance and business costs. 
It is essential to ensure that all activi-
ties and timelines are well thought out 
and planned in advance to prevent 
missed opportunities.

As the global business environment 
continues to become increasingly com-
petitive, life-science companies cannot 
afford to be content with merely com-
plying with regulations. Such compli-
ance is just the cost of admission, or 
the minimum requirement, and com-
pliance won’t provide any competitive 
edge unless it is combined with con-
tinuous improvement. 

Some companies are still strug-
gling to understand the implication of 
FDA’s risk-and-science-based lifecycle 
approach for adopting technical in-
novations, and fostering continuous 
improvement. However, others have 
started taking advantage of this change 
in thinking by formally incorporating 
the “process improvement” and “inno-
vation through sound science” concepts 
into their change-management systems. 

A wel l-conceived change-man-
agement system will take advantage 
of, and echo, FDA’s current thinking 
about risk-and-science-based regula-
tion. Embracing change, and manag-
ing it proactively and well, can help 
companies go well beyond compliance 
to continuous improvement.
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Compliance is just the minimum 

requirement ... and won’t provide any 

competitive edge unless it is combined 

with continuous improvement.
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Process Control

R
A

F
E

 S
W

A
N

/C
U

L
T

U
R

A
/G

E
T

T
Y

 I
M

A
G

E
S

A
s pharmaceutical manufacturers 
implement automated electronic 
systems, such as a manufacturing 

execution system (MES) and electronic 
batch records (EBRs), there is an increas-
ing need to simplify communication be-
tween process systems to improve manu-
facturing efficiency. The International 
Society of Automation’s (ISA) procedural 
model for batch automation, ISA-88 (1), is 
a common framework of standards that 
can be used to develop batch automation 
software. ISA-88 can act as a common 
language to enable people and systems 
to work collaboratively to implement au-
tomated batch systems. Pharmaceutical 
Technology interviewed Jonathan Lustri, 
life sciences industry consultant for Pro-
cess Systems & Solutions at Emerson Pro-
cess Management, about recent advances 
in using ISA-88 to coordinate MES and 
distributed control system (DCS) (i.e., 
the system that controls the processing 
equipment and the process) platforms.

Design standard
PharmTech: What is an ISA-88 design? 

Lustri: ISA-88 is a standard for im-
plementing batch process automation 
and includes a procedural model and 
an equipment model. The procedural 
model defines the hierarchy of objects 
used to configure batch processing logic. 

This model includes a master recipe, 
procedures, unit procedures, operations, 
and phases that are configured into re-
usable software components (i.e., class-
based objects) for common actions, such 
as ‘heat a tank.’ This way, whenever a 
tank must be heated, regardless of the 
type of process involved, the code can 
be used without having to be revalidated.

Coordinating MES and DCS
PharmTech: What are some of the chal-
lenges in implementing MES and how 
do ISA-88 standards help?

Lustri: One of the challenges is the 
management of the ISA-88 procedural 
model across two different software sys-
tems. MES and DCS systems both use this 
model. The design, implementation, and 
operation of two different systems, both 
designed around the ISA-88 model, can 
be a challenge to interface and to keep 
coordinated and synchronized during 
batch execution. It can also be a challenge 
to decide in which system manufacturing 
activities should be implemented: the MES 
or DCS. In the pharmaceutical industry, 
the MES system is typically used to imple-
ment electronic batch records.  The effort 
to transform the existing paper batch 
record documents into an ISA-88 pro-
cedural model and integrating this with 
the ISA-88 batch model (executing within 

the DCS) requires significant analysis. To 
make things more of a challenge, it can’t 
be assumed that everything currently in 
the paper batch record document should 
be implemented within the MES.

The DCS is good at interfacing with in-
strumentation and values and at perform-
ing automatic sequencing and control ac-
tions. The DCS is also good at capturing 
data from process instrumentation. The 
MES performs operations management. 
The responsibility of the MES during 
manufacturing is handling material trans-
actions and managing manual activities 
that must be done by operators, such as 
equipment preparation, taking samples, 
or charging materials into a vessel. These 
manual activities, which have tradition-
ally been tracked by personnel with paper 
records, are now often performed elec-
tronically using an MES ‘workflow.’ An 
operator still physically takes a sample, for 
example, but the MES makes the request 
to the operator to take the sample and may 
provide instructions on where to take the 
sample from, print the label, and require 
an electronic signature. The challenge is 
how to coordinate the automated equip-
ment activities controlled by the DCS and 
manual activities executed by the MES. 
For example, an operator shouldn’t take 
a sample until the equipment cool-down 
phase is completed. Both MES and DCS 
levels use ISA-88 models for common pro-
cedural methods. For a complete system, 
however, both process control automation 
and MES workflow activity must be inte-
grated. Another challenge is implement-
ing the systems in a simple way that mini-
mizes change-management requirements.

PharmTech: How can these issues be 
resolved?

Lustri: Opinions differ on the most 
rational, cost-effective way to imple-
ment both MES and DCS. Over the 
past few years, I have concluded that 
the master recipe (procedural model) 
should be in the DCS, and we are see-
ing more customers go in this direction. 
This approach starts with a philosophy 
to maximize the use of instrumentation 
and valves to automate the process with 
the DCS and minimize the manual ac-
tivities to the extent practical; the MES 
looks after the remaining manual ac-

Integrating automated systems can improve 
efficiency and minimize change management.

Connecting MES 
to Process Control 
Jennifer Markarian
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tivities. The master procedural model 
is designed into the DCS, and the DCS 
is the ‘quarterback’, requesting the MES 
execute the manual transactions when 
they are required.  The MES workflows 
are designed to be product and equip-
ment independent, and the product- and 
equipment-specific data are passed to 
the MES workflow as parameters when 
the workflow is requested by the DCS. 
Once the MES workflow is completed, 
the MES simply waits until the DCS re-
quests another manual workflow to be 
performed. The value in this strategy is 
to minimize or eliminate the need to 
coordinate between the MES workflow 
and the DCS batch. Defining small, ac-
tivity-based workflows that only are in-
stantiated when needed reduces or elim-
inates the need for this coordination.

Future advances

PharmTech: What do you foresee as 
changes or advances in MES and DCS 
in the near future? 

Lustri: One advancement we see is 
manufacturing companies investing in 
improving the efficiency of technical 
transfer from process development to 
manufacturing. This transfer requires 
creation of new master recipes and coor-
dination with other manufacturing infor-
mation technology (IT) systems, such as 
lab information systems and enterprise 
resource planning systems. Today, a pro-
cess development team typically gener-
ates a stack of paper and gives it to IT and 
automation to implement without regard 
to the impact on system configuration. In 
the future, we see manufacturing com-
panies implementing standardized data 
models across process development and 
manufacturing departments to speed 
technical transfer. Once standardized 
data models are agreed to within a com-
pany, it becomes possible to implement 
product lifecycle management systems 
with data structures that can facilitate 
transfer from process development into 
manufacturing faster, with fewer errors.
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TROUBLESHOOTING 
Equipment and Processing
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I
mproved, knowledge-led powder
processing has a vital role to play in 
transforming manufacturing effi-

ciency in the pharmaceutical industry. 
The successful commercialization of 
continuous manufacturing, the real-
ization of real-time release, and the 
competitive development of generic 
drugs all rely on understanding how to 
optimize the handling and processing 
of powders. It is essential, therefore, to 
develop strategies and tools to supply 
insight into powder properties.

Powders consist of three distinct 
phases: solids (particles), air, and often 
water. Interactions between these
phases give rise to the unique, indus-
trially valuable properties that powders
exhibit, but at the same time make it
impractical to predict powder behavior
from the properties of constituent com-
ponents. Multi-faceted powder charac-
terization has proven to be a pragmatic
alternative. This approach generates 
a database that can be used to iden-
tify the properties that correlate most
strongly with process performance.

Powder properties can be used, for 
example, to predict the volumetric 
flow rate through a screw feeder. Screw 
feeders are used routinely within the 
pharmaceutical industry to control 
the f low of material from one part of 

the process to another, typically from 
a feed hopper into a processing vessel. 
A poorly specified feeder—one that is 
unsuited to the powder it is handling—
may deliver low or erratic powder feed 
rates, may block completely, or may 
even increase the risk of batch-to-
batch contamination from powder ac-
cumulated on the walls of the feeder.
The following case study shows how 
to identify powder properties that can 
be used to predict screw-feeder perfor-
mance with a high degree of certainty.

Characterizing powder properties
The properties of six different powders 
(calcium hydroxide, maltodextrin, milk 
protein, cellulose, calcium citrate, and
lactose) were measured with an FT4 Pow-
der Rheometer (Freeman Technology) 
using methods for measuring dynamic, 
bulk, and shear properties (1). Table I sum-
marizes the results. The dynamic prop-
erties of basic flowability energy (BFE), 
specific energy (SE), aeration energy 
(AE), and flow rate index (FRI) directly 
quantify how easily the powder flows 
under different conditions, such as when 
unconfined, forced to flow, or aerated. 
Bulk properties such as compressibility, 
permeability, and bulk density deliver
insight into the packing behavior of par-
ticles within the powder bed and the ease 
with which the bed retains and releases
air. Shear properties include the param-
eters flow function and unconfined yield 
strength, which relate to the cohesivity 
of a powder stored under consolidation

and are widely used to design powder
hoppers. These data are an important 
resource for process optimization.

Quantifying process performance
The second step in developing robust 
correlations for process optimization 
is to identify those metrics that define 
process performance. Factors that in-
f luence screw-feeder specification in-
clude installation constraints, process 
requirements, and material properties, 
but feed capacity is usually the primary 
design parameter. Being able to predict 
feed capacity for any given powder is 
therefore crucial. Design variables that
can be manipulated to meet specifica-
tion criteria include the size of the 
feeder (i.e., diameter and length) and 
the geometry, drive, and pitch of the
auger. Feed rate may be controlled on 
the basis of weight (gravimetric) or vol-
ume (volumetric).

Samples of all of the powders char-
acterized in the first stage of the study 
were run through two different screw-
feeder models. The first was a compact, 
full-flight single-screw feeder (DIWE-
GLD-87 VR, tube No. 3, Gericke) used 
for high accuracy, dry solid feeding, 
pilot-scale studies, and applications re-
quiring frequent material changeover.
The second was a flat-bottom, double-
screw feeder (DIWE-GZD, 12x13.5mm
tube with a conical core, Gericke), a 
self-cleaning, twin-screw extruder 
used for low-capacity applications and 
handling poorly flowing materials.

Dynamic properties provide insight into 

powder behavior, such as flow rate in feeders.

Jamie Clayton
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Properties that Define 
Process Performance
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Table II shows the volumetric f low 
rate delivered by each feeder, operated 
at an auger rotation speed equivalent to 
80 Hz. Volumetric f low rate (in L/hr) 
was calculated from measurements of 
mass f low rate (in kg/hr) and poured 
density. Performance of the feeder var-
ies significantly as a result of the differ-
ing properties of the materials.

Producing a robust correlation
Performing a multiple linear regression 
using both sets of measured data reveals 
correlations between individual powder 
properties and the volumetric flow rate 
from the feeder. In basic terms, this 
mathematical process quantifies the 
probability that any specific param-
eter is making a statistically significant 
contribution to a developing correlation. 
The smaller the p value, the more likely 
it is that an independent x variable (in 
this case a powder property) is influenc-
ing the dependent y parameter (volu-
metric flow rate through the feeder).

For this study, a p value of 0.1 was 
taken as the upper limit for relevance, 
and parameters with p values higher 
than this were eliminated to derive a 
robust relationship. Data for five of the 
powders were included in the linear 
regression exercise, leaving the lactose 
data available for testing the predictive 
powers of the developed model.

For the single-screw feeder, this 
analysis generated the following rela-

tionship, where FRI is flow rate index 
and SE is specific energy:

Feed Rate =  49.54 FRI –13.81 SE + 
163.8

For the double screw feeder, the 
observed relationship was as follows, 

where AE is aerated energy: 

Feed Rate = -0.1114 AE40 + 34.82

Both of these models are statisti-
cally robust, as indicated by the R2 val-
ues (0.9466 and 0.8383, respectively), 
which quantify the ‘goodness of fit’ 
between the model and the data. Fur-
thermore, both are relatively simple 
in terms of the number of the powder 
properties that are found to be of sig-
nificance. For the single-screw feeder, 
two dynamic properties (FRI and SE) 

are needed to robustly predict feeder 
performance, while for the double 
screw feeder, only AE is considered to 
be statistically significant.

The parameter SE reflects the f low 
characteristics of a powder in an un-
confined state, while FRI describes 
whether a powder’s resistance to flow 
increases or decreases as it is induced 
to f low at a higher or lower rate. In-
cidentally, all the powders assessed in 
this study generated an FRI above 1, in-
dicating that they offer less resistance 
to flow as the rate of flow increases.

AE is a parameter that directly quan-
tifies how a powder flows when aerated. 
With a cohesive powder, aeration does 
little to reduce resistance to flow, but for 
a free-flowing powder, AE can become 
very low as the powder fluidizes. The 
materials tested in this study exhibit a 
relatively broad range of AE values, but 

Table I: A comprehensive database of powder properties is generated by multi-faceted powder characterization. BFE 

is basic flowability energy; SE is specific energy; SI is stability index; FRI is feed-rate index; AE is aerated energy; AR is 

aeration ratio; NAS is normalized aeration sensitivity; CE50tap is consolidated energy (50 taps); BD50tap is bulk density 

(50 taps); CBD is conditioned bulk density; CPS is compressibility; PD is pressure drop; UYS is unconfined yield strength; 

MPS is major principal stress; FF is flow function; AIF is angle of internal friction; and WFA is wall friction angle.

Dynamic Parameters Bulk Parameters Shear Parameters

Material BFE SE SI FRI AE40 AR40 NAS CE50tap BD50tap CBD CPS%
PD@  

1 kPa

PD@ 

15 kPa
UYS MPS FF Cohesion AIF, o WFA, o

Calcium 

hydroxide
354 6.92 1.30 2.40 65 4.1 0.417 460 0.538 0.499 25.2 14.87 65.30 5.89 18.21 3.09 1.525 35.2 30.8

Maltodextrin 1282 5.19 1.11 1.16 13 107.3 0.156 1341 0.608 0.557 7.1 0.51 0.54 0.88 16.42 18.57 0.221 36.9 27.4

Milk protein 330 8.49 0.91 1.37 102 3.3 0.182 613 0.311 0.267 24.3 3.07 9.06 3.96 20.71 5.23 1.091 32.3 24.6

Cellulose 630 8.92 0.87 1.34 19 46.0 0.619 4124 0.376 0.327 22.2 2.75 3.97 6.68 22.06 3.30 1.579 39.4 17.5

Calcium 

citrate
680 12.50 1.07 1.40 225 3.0 0.077 914 0.261 0.234 41.6 1.02 37.82 8.14 22.59 2.78 1.877 40.5 41.0

Table II: Volumetric flow rates of powders through a single-screw feeder 

(GLD) and a double-screw feeder (GZD) show that flow rate is dependent on 

equipment design and the properties of the material being handled. 

Material GLD in L/hr GZD in L/hr

Calcium hydroxide 185.2 33.02

Maltodextrin 138.9 29.88

Milk protein 128.7 18.67

Cellulose 115.8 34.98

Calcium citrate 50.13 10.39
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Ask any CMIC customer and they’ll tell you … we work harder than our competition.  
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product is powder, granule, tablet or capsule, we can handle your clinical to commercial 

manufacturing. We have strong expertise in fluid bed technology including Wurster 

processes and granulation as well as compression, encapsulation and pan coating 

operations. Even when dealing with the most challenging controlled release formulations, 

our people and processes will deliver complete service and complete satisfaction.

If you can’t say this about your current CMO, then it’s time to contact Maureen Bell,  

Business Development Administrator, at 609-454-7871 or bd@cmiccmousa.com.  

Maureen and the CMIC team are eager to discuss your requirements and show you  

around our expanding facility.

CMIC is what the right CMO feels like. 

CMIC is a contract manufacturing  
organization that specializes in  
formulation development and  
commercial services for oral solid  
dose products.

CMIC CMO USA Corporation
3 Cedar Brook Drive
Cranbury NJ 08512
609-395-9700 
www.cmiccmousa.com
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Troubleshooting

a robust relationship between AE and 
volumetric f low rate for the double-
screw feeder holds for all materials.

In addition to the fact that the de-
rived correlations are relatively simple, 
it is also interesting to note that both 
contain only dynamic powder prop-
erties, which indicates that dynamic 
powder properties are more relevant 
to behavior in this particular process 
than any of the measured shear and 
bulk properties. An analogous study 
employing more traditional testing 
techniques, such as tapped density 
methods (Carr’s Index/Hausner Ratio) 

or shear cell analysis, would have failed 
to produce a robust correlation for pro-
cess optimization studies.

Testing the model
To challenge the reliability of the de-
rived models, the equations were used 
to predict the performance of lactose 
from its measured properties. Figure 1 
shows that the models predict feeder 
performance well, with revised R2 val-
ues showing little deviation from those 
of the initially developed correlations.

These results demonstrate the value 
of the outlined strategy for producing 

robust correlations to support equip-
ment selection, optimization, and 
troubleshooting. They also illustrate 
the importance of a multi-faceted ap-
proach to powder testing and the need 
to incorporate dynamic powder testing. 
In these examples, different powder 
properties proved most relevant for the 
prediction of performance in different 
feeders, but in both cases, dynamic 
powder properties were of most value.

Reference
 1. R. Freeman, Pow. Tech. 174 (1) 25–33 

(2007). PT

Figure 1: Robust correlations enable the prediction of volumetric feeder flow rate from measurable powder 

properties for (a) the single-screw feeder (GLD) and (b) double-screw feeder (GZD). FRI is feed-rate index; SE is 

specific energy; AE is aerated energy; R2 is a measure of the fit of the data to the model.
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M
anufacturers of parenteral drugs 
face many challenges, particu-
larly in light of the expanding 

population of more sensitive biophar-
maceuticals. With smaller batch sizes 
and a need to control particulates and 
extractables and leachables, the indus-
try is seeking more flexible equipment 
and new material options.

Due to their biological foundation, 
biopharmaceuticals tend to be fragile 
and susceptible to product/package 
interactions. To eliminate negative in-
teractions, materials must be carefully 
sourced and tested.

With biologics, assumptions made 
about materials may not be valid. 

“Things we assume are safe, may not 
necessarily be safe,” says Andy Poly-
wacz, vice-president of quality and 
regulatory affairs at West Pharmaceu-
tical Services, a supplier of components 
and systems for injectable drug deliv-
ery. He explains, “Every molecule is 
different. Sterilization has an impact 
on formula shelf life and extractables. 
The effect of gamma and steam [steril-
ization] could be different. The design 
of the container/closure needs to be as-
sessed. A standard plunger may not be 
suitable. The historical design may not 
work in a new delivery system.” As a 
result, there’s strong interest in materi-

als and components that deliver a lower 
extractables and leachables profile.

Material options
In containers, cyclic olefin copolymer 
(COC) is receiving a lot of attention 
due to its inert nature and glass-like 
transparency. Christopher Cassidy, 
vice-president of sales and marketing, 
North America, at Schott, a supplier of 
glass and polymeric parenteral packag-
ing, says the polymeric packaging is 
break-resistant, withstands higher-force 
syringes, doesn’t darken when exposed 
to gamma sterilization, and is easier to 
form for custom designs and larger sy-
ringes with volumes more than 10 mL.

COC is the basis for the Schott 
TopPac SD prefillable syringe system. 
Designed to ensure stability of sensi-
tive drugs and compress time to mar-
ket, careful component selection and 
processing minimize extractables and 
leachables. COC barrels release no ions 
or heavy metals and reduce chances of 
a chemical interaction with sensitive 
drugs. Pure elastomer components 
and steam sterilization of plungers 
also help minimize extractables and 
leachables. For the same reason, eth-
ylene oxide sterilization is used rather 
than gamma for the barrel and tip 
cap. In addition, cross-linked silicone 
significantly reduces sub-visible par-
ticles while retaining lubrication per-
formance. Fully integrated cleanroom 
production results in syringes with 
low particles and low contamination. 
Other TopPac SD syringe advantages 
include standard tub and nest offering 
and integrated luer lock. It’s also com-
patible with needleless intravenous 
connectors (1).

For enhanced protection of the drug 
product, Clariant’s Masterbatches unit 
supplies Mevopur ultraviolet (UV) fil-
ters and absorbers for COC resin. The 
material blocks product-degrading 
UV light and is available in a range of 
colors. To make the transition to COC 
easier, Clariant has completed extract-
ables and leachables testing.

To limit interaction with proteins 
and elastomeric stoppers, Aptar Stelmi 
applies a thin f luoropolymer coating. 
The PremiumCoat stopper provides a 
barrier to extractables and leachables 
that can be released from the elastomer 
and contaminate the drug. Produced 
in 13-mm and 20-mm diameters, the 
PremiumCoat stopper is available 
worldwide. Target applications include 
cytotoxic drugs used in cancer thera-
pies, novel vaccines, blood derivatives, 
hormones, and compounds used to 
treat auto-immune diseases, including 
monoclonal antibodies (2).

Particulate control is important 
too, because particulate contamina-
tion continues to be the reason behind 
many recalls. A new syringe line in-
stalled by Nipro in Germany laser-cuts 
tubular glass to minimize particulate 
generation. In addition, Nipro has 
installed 100% (rather than random) 
siliconization inspection. Toward the 
end of the line, an x-ray inspection 
captures two images of each syringe 
to confirm the needle is not bent or 
piercing the shield.

Attention to particulate generation 
from the beginning of the supply chain is 
essential. The further back in the supply 
chain particulate generation occurs, the 
greater the number of finished products 
likely to be affected. With needs outpac-
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ing legacy capability, “investments in 
equipment need to be made,” says Jenni-
fer Riter, senior director of global analyti-
cal services at West Pharmaceutical Ser-
vices. West’s ready-to-sterilize products 
come with a particulate guarantee based 
on particle size, so manufacturers can 
determine how it will affect their process.

When controlling particulates, par-
enteral product manufacturers must 
consider whether they removed or 
added any particulates during the 
manufacturing process. In addition, 
manufacturers must choose automated 
or manual particle counting. Manual 
counting has advantages because the 
eye can identify hard-to-distinguish 
particles from materials such as poly-
ethylene and elastomer or the product 
itself. “Automation has to have the right 
hardware and software,” says Riter.

Ready-to-fill lines
Exhibitors at INTERPHEX (April 
21–23, 2015 in New York, NY) featured 
ready-to-fill (or ready-to-use) vials, 
cartridges, and/or syringes in nests, or 
machines designed to handle this for-
mat. Although ready-to-fill syringes 
have been available for some time, 
ready-to-fill vials are just beginning to 
come on the market. Prefilled syringes 
answer the need for easier adminis-
tration, in some cases enabling self-
administration. Cost is also a driver 
in the transition to prefilled syringes, 
according to Steve Hourmezian, West 
Coast sales manager at Nipro Glass 
Americas, a global maker of ampules, 
vials, syringes, cartridges, and specialty 
products. “Prefilled syringes offer lon-
ger shelf life and less handling at point 
of administration,” he explains.

Handling vials in nests and trays 
prevents glass-to-glass contact, glass-
to-machine contact, scratches, and po-
tential breakage better than traditional 
bulk packaging or shrink-film bricks. 
Minimizing contact not only reduces 
reject rates, but also preserves the cos-
metic quality of the containers.

Ready-to-fill containers offer the 
potential for cost savings due to in-
creased f lexibility and reductions in 
equipment, labor, and turnaround 

time. Because arriving containers are 
clean, sterile, and depyrogenated, the 
end user doesn’t need washing equip-
ment, water-for-injection systems, or 
depyrogenation tunnels along with re-
lated labor and floor space. In addition, 
eliminating these steps saves time and 
reduces validation and maintenance 
requirements. Less handling also re-
duces particle generation and lowers 
the risk of stops and downtime.

Now available from several sources, 
ready-to-fill options include ez-fill vials, 
cartridges, and syringes from Ompi. 
Vials may be ordered in a variety of 
diameters, heights, and crimp finishes 
and can be delivered in nest and tub or 
tray/light-tray packaging. The 3-mL ez-
fill cartridges can be supplied capped 
or uncapped in a nest and tub (3). The 
ez-fill syringe range includes a glass 
option for more sensitive products, a 
choice of staked needle or luer, as well 
as a variety of sizes and closure styles. 
Needle sizes range from 22 to 29 G 
with lengths from 0.5 to 1 in. Plunger 
options include ready-to-sterilize, pre-
sterilized, or coated plungers (4).

The Dara SFL syringe filling and 

plugging machine from NJM 

Packaging handles nested glass or 

plastic syringes or vials, operates 

with several filling and barrier 

options, and can be configured for 

duplex operation.
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Schott also offers ready-to-fill sy-
ringes and vials. Its adaptiQ vials are 
especially well suited to clinical trials 
and smaller batch sizes and are being 
qualified by several customers. A pat-
ented nest securely holds up to 100 
clean and sterile vials in an industry-
standard tub. “Many pharmaceutical 
manufacturers aren’t set up to wash 
and sterilize smaller volumes,” ex-
plains Christopher Cassidy, Schott’s 
vice-president Sales and Marketing, 
North America. Available in 2-, 4-, 6-, 
8-, 10-, 15-, 20-, 25-, and 30-mL sizes, 
the ready-to-fill adaptiQ containers 
also offer benefits to contract packagers 
by allowing them to focus on the prod-
uct rather than setup and validation of 
washing and sterilizing operations.

Although prefilled syringe lines 
may be able to handle nests of vials, 
transitioning to ready-to-fill vials 
could require new filling and closing 
equipment. There are several f lexible 
machines available to handle trayed 
or nested containers. Equipment for 
ready-to-fill parenteral packaging tends 
to be modular. For example, the com-
pact 72 x 36 in. (183 x 91 cm) Dara SFL 
syringe filling and plugging machine 
from NJM Packaging can be equipped 
with an isolation barrier or restricted 
access barrier (RAB). Capable of han-
dling glass or plastic, filling options 
include a peristaltic pump or valve-
less rotary piston pump. Fill volumes 
range from 0.5 to 20 mL for syringes 
and 0.5 to 50 mL for vials. Operators 
load and remove nests or trays of sy-
ringes or vials at entrance and exit pass-
boxes. Filling and closing occurs at up 
to 35 units per min. on a 1-mL fill. For 
higher speed requirements, a duplex 
unit handles up to 80 units per min. 
Changeover is recipe-driven, requires 
no tools, and takes less than 10 minutes. 
An easy-to-use operator interface sim-
plifies input parameters for handling 
a different package type and/or size 
with a different tray configuration. A 
one-head system can be converted to a 
two-head system in the field as volume 
grows. Options include a clean-in-place 
system, a sterilize-in-place system, and 
gas flushing (5).

The intermittent-motion Optima 
H4 filling and closing machine handles 
nested syringes, vials, and cartridges at a 
rate of up to 600 per min. The modular 
system can be equipped with time pres-
sure, rotary piston, or peristaltic pumps 
and is easily upgraded as needs change. 
Retrofitting vacuum filling and stopper 
insertion as well as in-process controls 
is an option. The system displayed at 
INTERPHEX featured an open RAB 
containment system, but a closed RAB 
system or isolator also could be installed. 
During operation, when the tub arrives 
from the debagger, the Tyvek removal 
robot pulls the lid off and puts it in a bin. 
The open tub indexes, and the nest is 
lifted out and placed in frame for filling 
and stoppering. Ten vials are filled at a 
time. Fills range from 0.5 mL to 20 mL for 
syringes and up to 50 mL for vials. Car-
tridge fills measure 3 mL. After stopper-
ing, the nest is replaced in the tub, and it 
moves on for plunger insertion, labeling, 
and other post-filling operations (6).

Handling nests of containers for 
parenteral products often depends on a 
robot. In fact, “Robot filling is a major 
trend,” reports Biljana Medic Taddei, 
sales engineer at Vanrx Pharmasys-
tems. Robots also load and unload 
the company’s lyophilizer interface. 
The series of workcells transfer nested 
vials from a Vanrx SA25 aseptic filling 
workcell to a freeze-dryer. The digi-
tally driven, bridgeless loading system 
requires no conveyors or gloves and 
starts up with the push of a button.  

References
 1. Schott North America, “Schott TopPac 

SD,” Product Brochure, undated. 
 2. Aptar Stelmi, “Aptar Stelmi Unveils Pre-

miumCoat Coated Stoppers for Sensi-
tive and High-Value Injectables,” Press 
Release, Feb. 11, 2015.

 3. Ompi, “Ez-fill Vials & Cartridges,” Prod-
uct Sheet, August 2014.

 4. Ompi, “Ez-fill Syringes,” Product Sheet, 
July 2014.

 5. NJM Packaging, “NJM Packaging Intro-
duces the Dara SFL Aseptic Syringe Fill-
ing and Plugging System,” Press Release, 
Mar. 31, 2015.

 6. Optima, “Filling and Closing Machine for 
Nested Syringes, Vials and Cartridges, Op-
tima H4,” Product Brochure, undated. PT
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I
t has been the general consensus among 
bio/pharmaceutical industry partici-
pants, investors, and observers that 

small-molecule drugs are becoming ob-
solete as the industry focuses on biologics. 
To paraphrase what Mark Twain allegedly 
said about his own situation, reports of 
the death of small-molecule drugs are 
greatly exaggerated.

Small-molecule pharmaceuticals ac-
counted for 82% of all new drug applica-
tion (NDA) approvals in 2014 and 60% 
of all new molecular entities. Further, 
they represent two-thirds of the drug-
development pipeline. While there can 
be no doubt that the number and share of 
large-molecule therapeutics is increasing, 
small-molecule drugs are an important 
and highly effective component of the 
bio/pharmaceutical portfolio. Many of 
the most important drugs introduced in 
recent years, including kinase inhibitors 
such as Gleevec and anti-retroviral prod-
ucts such as Sovaldi, are small molecules.

Small molecules have some consid-
erable advantages over large molecules. 
They can be engineered to deliver a 
strong therapeutic effect with a small 
dose, often below 10 mgs and even into 
micrograms. The smaller amounts of 
API, combined with the maturity of 
chemical manufacturing technology, typ-

ically translate into a lower cost of goods 
relative to efficacy versus large-molecule 
therapeutics. Analytical technology for 
small molecules is highly refined, ensur-
ing quality, efficacy, and reproducibility.

Certain segments 

appear to be 

especially strong, 

notably controlled 

drugs and highly 

potent APIs.

Further, small molecules can be for-
mulated into orally delivered dose forms, 
which offer better compliance and a lower 
cost of administration than injectables, 
the principal delivery route for large 
molecules. There is a vast amount of for-
mulation expertise and experience with 
small-molecule drugs, enabling highly 
controlled formulations that can be de-
livered to specific sites and released over 
specific time periods.

Clinical trials involving small-mole-
cule therapeutics are often simpler and 
less expensive than those involving large-
molecule drugs. Process development 
and manufacture of clinical-trial ma-
terials for small molecules are typically 
much less expensive for small-molecule 
candidates. Clinical supplies for small 
molecules must be handled carefully, but 
they often don’t require the cold chain as-
surance of large molecules, which makes 
shipment and storage of clinical supplies 

costly. Further, procuring comparators 
for biopharmaceutical candidates (i.e., 
drugs already on the market) can be ex-
tremely expensive. 

Outstanding performance
Small-molecule therapeutics have partici-
pated fully in the explosion of drug de-
velopment activity of the past few years, 
which has been fueled by record amounts 
of fundraising and spending for research 
and development. Contract manufactur-
ing revenues of publicly-traded “pure-
play” small-molecule contract manu-
facturing organizations (CMOs) grew 
15% in the first half of 2015, with some 
companies enjoying growth in excess of 
20% (see Figure 1). 

Within the small-molecule API world, 
certain segments appear to be especially 
strong, notably controlled drugs and 
highly potent APIs (i.e., cytotoxics, hor-
mones, and very low-dose compounds). 
These products require specialized facili-
ties that protect operators from exposure 
to the chemical and, as with controlled 
drugs, may have to meet special regula-
tory requirements. 

Demand for capacity to manufacture 
high-potency products has been so strong 
that CMOs with the capability have been 
expanding it while those lacking the ca-
pability have been adding it. CMOs that 
have recently completed or announced 
expansions include SAFC, Johnson-
Matthey, Cambrex, Carbogen-Amcis, 
and Novasep.

On Sept. 1, 2015, Fareva (Luxembourg) 
announced that it is acquiring an API 
manufacturing site in La Vallée, France 
from Merck and will invest €25 million 

Small-Molecule API 
CMOs are Thriving

Despite emergence of biologics, small-molecule 

APIs benefit from industry growth.
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Calibration and Qualification 
of Laboratory Instruments

in Accordance with GMP Requirements

EVENT OVERVIEW:

Calibration is relevant to everyone. Even the most precise mea-

surement instrument is of little or no use if you cannot guar-

antee that the reading is accurate, or you are unaware of the 

measurement uncertainty. The US GMP rule for pharmaceutical 

manufacturing, 21 CFR Part 211, article 68(a) provides details 

on calibration of measuring equipment. Similar statements can 

be found in other regulatory or guidance documents, such as 

ISO9001, which emphazises the traceability to international or 

national measurement standards. The challenge is to determine 

how to put these regulations into practice—to be confdent that 

you comply with the requirements without an excessive amount 

of efort—but without compromising product quality.

This 60-minute webinar will edu-

cate participants on all aspects of 

calibration, verifcation, and rou-

tine testing necessary to ensure 

quality and USP and GLP/GMP 

compliance, with a focus on lab-

oratory weighing instruments.  

Instrument qualifcation respon-

sibilities (EQ/IQ/OQ/PQ—equip-

ment qualifcation, installation 

qualifcation, operational qualif-

cation and performance qualifca-

tion) and their relation to standard 

operating procedures will also be 

discussed.

For questions contact Sara Barschdorf at 

sbarschdorf@advanstar.com

Presenters:

ED SZCZESNY
Senior Quality 
Specialist
Rhodes 
Pharmaceuticals

IAN CIESNIEWSKI, PhD.
Technical Director, 
Laboratory Weighing
Mettler Toledo Inc.

Who Should Attend:
 
n Anyone involved with  qualifcation, 

testing and calibration of instruments in 

a GMP regulated laboratory

n Quality assurance personnel

n Compliance managers and regulatory 

afairs managers

n GMP and CMC consultants, GLP 

auditors, and quality consultants

n Laboratory managers, laboratory 

supervisors, and production managers

n Auditors (internal and external) 

responsible for assessing laboratory 

instrument compliance
Sponsored by Presented by

Moderator:

Rita Peters
Editorial Director
Pharmaceutical Technology

Key Learning Objectives:

n Learn how to achieve 

efective calibration, including 

determination of measurement 

uncertainty, in accordance with 

GMP and USP requirements.

n Understand the roles and 

responsibilities of diferent 

parties with regards to 

qualifcation processes (EQ/IQ/

OQ/PQ).

n Recognize the impact of risk-

based routine testing on the 

quality, efciency and cost-

optimization of laboratory 

weighing processes.

ON-DEMAND WEBCAST
Originally aired Tuesday, October 6, 2015

Register for free: www.pharmtech.com/pt/calibration
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Outsourcing Outlook

($28.3 million) to build two units at the site with occupa-
tional exposure band 4 (OEB 4) containment. Fareva already 
has high-containment API manufacturing capability at its 
facility in Feucht, Germany, but needs to expand its capacity 
to meet market demand. 

M&A activity
Further speaking to the attractiveness of the small-molecule 
API space has been acquisition activity. There have been a 
number of significant deals with prices equating to mul-
tiples of two or more times the acquired company’s revenues. 

In March 2015, Patheon acquired Irix (Florence, SC), a 
mid-size API manufacturer with development and com-
mercial capabilities. The acquisition added small-molecule 
capabilities to Patheon’s offerings in large-molecule API and 
dosage forms. In July 2015, AMRI announced it would ac-
quire Gadea Pharmaceutical Group  (Valladolid, Spain), a 
specialist in hormone and steroid APIs. That followed its 
2014 acquisition of Cedarburg Laboratories (Grafton, WI), 
which has controlled and high-potency drug capabilities.  
Also, Siegfried (Zofingen, Switzerland) announced in May 
2015 that it will acquire the API business of BASF, giving 
it three additional manufacturing sites and considerable 
greater scale and presence in the industry. 

The level of business, acquisition, and capital investment ac-
tivity in the small-molecule API market shows that the industry 
is taking full advantage of all of the technologies in its tool box 
to address the opportunities being revealed by the increased 
understanding of disease processes. New therapies like antibody 
drug conjugates are marrying the specific capabilities of large 
and small molecules to delivery highly effective drugs to specific 
sites, and the technology is expanding beyond its initial focus on 
delivering cytotoxic compounds to broader applications. 

In times like these, when investment activity reaches fren-
zied levels, investors and executives can be distracted by 
fads or the latest technologies no matter how untested they 
might be. Small-molecule APIs have performed well and 
cost effectively for patients and pharmaceutical companies 
for decades and there is every reason to believe that small-
molecule API CMOs will participate in the bio/pharmaceu-
tical industry’s success for decades to come. PT

Figure 1: Growth in custom manufacturing revenues of small-molecule API contract manufacturing organizations (CMOs) 

in the first half of 2015.
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Top CMOs, CDMOs and CROs around the 
world rely on the PharmSource Lead Sheet 

for real-time product pipeline information, 
company contacts and market intelligence. 
Shouldn’t you?

Contact us today to learn more 
and request a test-drive.

PHARMSOURCE 

Lead Sheet

Fresh Leads 
Delivered Weekly

Focused  |  Timely  |  Accurate

1.888.777.9940 Toll-free in USA

+1.703.383.4903 Direct

info@pharmsource.com | www.pharmsource.com
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Monthly  |  Focus on pharmaceutical manufacturing 
processes and technology, providing analysis of 
manufacturing news, regulatory issues, and current trends. 
Each issue features a showcase of processing equipment.

Equipment & 
Processing 

Report (ePR)

Weekly  |  The latest business, scientifc, and regulatory 
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application notes submitted by leading pharmaceutical 
manufacturing product and solution providers.
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cutting-edge peer-reviewed content and features.

PharmTech.com

www.PharmTech.com/Linkedin   www.twitter.com/pharmtechgroup

Advancing Development & Manufacturing

PharmTech.com

ES686409_PT1015_085_FP.pgs  10.08.2015  02:32    ADV  blackyellowmagentacyan



A SPECIAL ADVERTISING SECTION

A SPECIAL ADVERTISING SECTION

A SPECIAL ADVERTISING SECTION

Norman Richardson, Global 
Technical Development and 
Marketing Manager, Skin 
Delivery at BASF

Dr. Bozena Michniak-Kohn, 
Professor and Director of 
Center for Dermal Research 
at Rutgers University

B
ASF explains how the selection of excipients in topical semisolid formulations can deter-

mine the structure of microscopic phases that form during processing. 

Semi-solid formulations are in a non-equilibrium state composed of numerous pos-

sible microstructures. Microstructure is critical in product performance and may be determined 

by the choice of excipients. Microstructure semisolid formulations are of great interest to global 

regulatory authorities because the performance of topical products, particularly bioavailability, 

is governed not only by the list of ingredients and the respective amounts, but by the resulting 

microstructure. 

Pharmaceutical Technology magazine recently spoke with Dr. Bozena Michniak-Kohn, Pro-

fessor and Director of Center for Dermal Research at Rutgers University, and Norman Rich-

ardson, Global Technical Development and Marketing Manager, Skin Delivery at BASF, about 

the importance of semisolid microstructure and the impact they have on the final formulation. 

Pharm Tech: Can you explain why this topic is important and worthy of consideration by the der-

matological industry?

Norman Richardson: Medicated semi-solid formulations like creams, lotions, gels, and oint-

ments are very complex. One can see this just by looking at the list of inactive ingredients on 

the package; it’s not uncommon for a topical cream to have 10, 20 or even more ingredients. 

The ingredients typically can include oils, waxy solids, emulsifiers, polymers, solvents, and fluid 

humectants. On the other hand, oral dosage forms like tablets or injectables and parenterals 

only have around five ingredients. 

Pharm Tech: Why do topicals have so many ingredients? 

Bozena Michniak-Kohn: The purpose of semisolid formulations is to transfer an active, from 

the package to the skin surface, and then to spread it in such a way that it would remain at a 

particular location and deliver its active to the skin. All topical formulations have to be designed 

to meet certain basic performance criteria. For example, all topical semisolid formulations must 

have enough rigidity or viscosity so that they can be squeezed or extruded onto the skin from 

the bottle or tube and then spread easily onto the treatment site. 

So the formulator must design for specific rheological properties and these properties can 

also maintain the homogeneity of the dispersed active in the product, so that every dosing from 

the package has the same concentration of the active during the entire shelf life of the product. 

For efficacy, it’s most important that the drug in the formulation is released from the formula-

tion and then gets to a specific location or compartment in the skin where it’s going to exert its 

effect. Many of these criteria are driven and influenced by what is known as the microstructure 

of the semisolid formulation that results from the interaction of the ingredients.

The Role of Semisolid Microstructure 
in Topical Formulation Performance 
and Functionality

A sponsored 

whitepaper.

SPONSORED BY
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SEMISOLID MICROSTRUCTURE IN TOPICAL FORMULATION PERFORMANCE AND FUNCTIONALITY

Pharm Tech: Please describe the complexities of topical products 

as a result of excipients.

Norman Richardson: In fact, these products are composed 

of many different structures that result from the complexation 

and the self-assembly of the many ingredients. Mixing oils and 

waxes, emulsifiers, and water can result in a multitude of dif-

ferent micron or nano-scale structures such as micelles, emul-

sion droplets, lamellar structures, liquid crystalline phases, 

crystals, gel phases, and others. If you look at a thin film of 

cream under the microscope, you can see many features that 

are a result of these microstructures crowded together. These 

structures can be identified through cross-polarized micros-

copy or by other analytical methods. 

Furthermore, if you compare two different semisolid prod-

ucts under the microscope, youÕll see that they do not look the 

same. Different compositions 

yield different combinations 

of colloid microstructures. 

The choice of ingredients and 

the amount of each ingredi-

ent can influence the micro-

structure. The mixtures and 

microstructures are always 

the same when you have the 

same combination of water, 

oil and emulsifier. And formu-

lators and regulators are discovering that it is this combination 

of microstructures that influences the performance and the 

efficacy of topical semisolid formulations.

Pharm Tech: How much does excipient selection influence the 

property of this microstructure?

Norman Richardson: The physical properties of an excipi-

entÑmelting point, the molecular weight, the alkyl chain 

lengthÑcan impact microstructure. We assume also that the 

purity of the excipient can have an impact. For pharmaceuti-

cal excipients the compendium monograph sets the limits on 

purity. However, if the limit is not less than 90% and you are 

meeting that criteria of 91%, then there is still 9% of whatever 

that remains. That 9% is not controlled and can vary. 

Also excipients can be derived from plant, animal, petro-

leum, microbial or purely synthetic sources. The origins and 

processing of the excipient will have an influence on the resid-

uals and could therefore have an impact on microstructure 

and product performance. 

Pharm Tech: Have you made any observations about how micro-

structure can affect topical drug delivery?

Bozena Michniak-Kohn: To achieve efficacy, there are two 

things that have to occur: the drug molecule has to come out 

of the formulation to be available for biological activity, and it 

must get into and through the skin to the location where itÕs 

going to have its effect. 

Consider a lipophilic drug in a cream formulation. Cream 

formulations usually contain waxes and solid lipophiles that can 

mix with emulsifiers and water to create hydrophobic domains 

in the waterÕs continuous micro-structural milieu. A lipophilic 

drug may solubilize into the hydrophobic domains or may per-

haps intercalate into the lamellar structures. When applied to 

the skin, the water will evaporate and the lipophilic drug may 

remain in the resulting film or lipophilic phases and crystals on 

the skinÕs surface. If solubilized, there may be little chemical 

potential to drive that drug from the product film. In this case, 

the preferred alternative formulation could be a gelled emulsion, 

where the drug is solubilized 

at a high concentration in an 

oil and then stably dispersed 

in a gelled aqueous continu-

ous phase.

Microstructure can also 

influence drug retention in 

the skin after application. 

Consider a petrolatum-based 

topical antibiotic ointment. 

The microstructure is com-

posed of higher melting point paraffinic hydrocarbon crys-

tals that are suspended in a lower melting point paraffinic oil. 

Those crystals are tightly packed together, giving the petrola-

tum stiffness or consistency. The crystals can easily break and 

move so that the ointment has a soft and lubricious sensory 

character. Once spread, the ointment has sufficient viscosity 

or rigidity to stay in place and doesnÕt flow away, and also has 

the ability of flowing into and mixing with the lamellar lipids of 

the stratum corneum. The APIs are held in place to prevent 

microbial colonization and infection, and the thickened oil film 

creates a physical barrier. If the patient finds that the greasy 

after-feel is unpleasant then they may opt to use an antibiotic 

cream instead. And, the less greasy sensation results from a 

microstructure based on a water-continuous emulsion that 

has consistency resulting from extensive swollen lipophilic net-

works or liquid crystalline phases that form from the mixture 

of the fatty acids and the emulsifier.

So you can see from just these two examples that the 

microstructure can influence product performance. And hope-

fully you also see the value of characterizing and understand-

ing the microstructure of the products that you are designing 

or replicating.

The physical properties  

of an excipient—melting point, the 

molecular weight, the alkyl chain 

length—can impact microstructure.

BASF Corporation, headquartered in Florham Park, New Jersey, is the North American affiliate of BASF SE, Ludwigshafen, 

Germany. BASF has more than 17,000 employees in North America, and had sales of $20.6 billion in 2014.
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Impel and 3M 
Partner to Advance 
Olfactory Drug 
Delivery
3M Drug Delivery Systems 
(3M) and Impel NeuroPharma 
Inc (Impel) formed a strategic 
alliance to advance Impel’s 
Precision Olfactory Delivery 
(POD) technology for the 
enhanced central nervous 
system (CNS) delivery of drug 
products, the companies an-
nounced in an Oct. 5, 2015 
press release.

The alliance with 3M will 
enable Impel to expedite 
the development and com-
mercialization of the POD 
technology and accelerate 
Impel’s internal pipeline into 
late-stage clinical trials and 
subsequent global regula-
tory submissions. As part of 
the deal, 3M and Impel will 
collaborate on programs 
directed to the continued 
development and commer-
cialization of POD technology. 
The alliance will leverage 3M’s 
experience with inhaled and 
nasal drug-delivery devices.

Impel’s POD technology 
deposits drugs deep into the 
upper nasal cavity where it 
can achieve delivery into the 
brain and central nervous 
system. POD is a handheld, 
cost-effective, non-invasive 
means for delivering CNS 
therapeutics that can be self-
administered by a patient, 
caregiver, physician, or even 
family member. POD tech-
nology has been shown to 
be effective across diverse 
therapeutic areas including 
Alzheimer’s disease, migraine, 
and pain management, 
noted the press release.

Merck Millipore  
Adds Protein 
Pegylation Services
Merck Millipore, the life-
science business of Merck, 
announced a collaboration 
with celares GmbH to provide 
pegylation services to custom-
ers developing protein-based 
therapeutics and biosimilars. 
The service includes feasibility 
studies, process and analytical 
development, and scale-up 
from milligram to gram quanti-
ties for pilot and subsequent 
commercial scale.

The services will leverage 
EMD Millipore’s functionalized 
PEG products of different mo-
lecular weight and activation 
chemistry, buffers, solvents 
and excipients, and unit op-
erations employed during the 
pegylation process and sub-
sequent purification including 
tangential and normal flow 
filtration and chromatography.

BASF Closes  
Sale of Custom  
Synthesis Business
BASF announced on Oct. 1, 
2015 that the company had 
completed the sale of its 
pharma custom synthesis busi-
ness and parts of its APIs busi-
ness to Siegfried Holding AG.

Effective Oct. 1, Siegfried 
Holding AG assumed op-
erational management of the 
businesses; approximately 850 
employees will transfer to Sieg-
fried as part of the transaction. 

BASF will provide transi-
tional services until late 2016, 
including sales and distribu-
tion of the divested API portfo-
lio as non-exclusive distributor 
for Siegfried, BASF reports. The 
pharma custom synthesis busi-
ness has been transferred in its 
entirety to Siegfried.

Vetter Embarks on 
300-Million Euro 
Manufacturing 
Expansion
Vetter will invest approxi-
mately 300 million Euros 
(US$335 million) to expand 
and upgrade its manu-
facturing facilities over an 
estimated five-year period, 
the company announced on 
Sept. 30, 2015. The upgrades 
are being driven by a chang-
ing healthcare market that is 
affected by issues such as in-
creasingly complex molecules, 
smaller batch sizes, and more 
stringent regulatory require-
ments. Expansion of three 
sites in Germany will add ca-
pacity for logistic services and 
drug-product manufacturing 
using an improved system for 
aseptic processing.

Structural work for the facility 
enlargement at the Ravensburg 
Vetter West Center for Visual In-
spection and Logistics has been 
completed. The expansion will 
more than double this site’s cur-
rent capacity and is on schedule 
to become fully operational in 
2017. Initial construction at the 
Ravensburg Schuetzenstrasse 
facility began in 2013, and the 
Ravensburg Vetter South pro-
duction site will be expanded.

A central technology ele-
ment of the planned upgrades 
will be the implementation 
of an in-house, improved re-
stricted access barrier system 
(RABS) concept that will con-
tribute to increased operational 
excellence in aseptic manufac-
turing. For decades, Vetter has 
relied on RABS and isolators as 
two distinct technologies avail-
able today for its aseptic filling 
processes. RABS achieve the 
sterility assurance level required 
by regulatory authorities and 
allows rapid product change-
over coupled with high safety. 
To better meet future industry 

trends in quality, safety, and 
flexibility, a corporate project 
team has evolved an improved 
RABS concept by combining the 
advantages of isolator and RABS 
technology. The core of the 
approach is a uniquely fast (by 
today’s standards) three-hour 
cycle and fa function which al-
lows full automated decontami-
nation of the cleanroom using 
hydrogen peroxide. Following 
a successful pilot project in a se-
lected cleanroom, the company 
will implement this decontami-
nation concept in all of its clean-
rooms within the next few years.

Hovione Expands 
Drug Substance 
Manufacturing
Hovione is expanding its facil-
ity in New Jersey as part of the 
company’s strategy to increase 
its global development and 
commercial capacity, the com-
pany announced on Sept. 29, 
2015.  The expansion will add 
an additional 30,600 ft² (2843 
m²) to the 24,000 ft² (2211m²) 
facility. It will introduce a new 
commercial spray dryer unit 
to complement an existing 
pilot unit, and this installation 
will be specifically designed 
to handle potent drug sub-
stances (APIs). With this new 
equipment, Hovione will offer 
commercial-scale spray drying 
in Portugal, Ireland, and the 
US. In addition, the expansion 
will more than double the 
drug substance capacity at 
the site to support the needs 
of the current and future cus-
tomer base.

The official ground breaking 
should occur in the first quarter 
of 2016 and the doubling of 
capacity is expected to be fully 
operational in early 2017. The 
expansion is expected to add 
approximately 60 new jobs 
to the current workforce.
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Establishing a Risk Management

Plan for Compliance and

Pharmacovigilance

EVENT OVERVIEW:

Risk Management Plans have become a cornerstone in the 

pharmacovigilance of new drugs. It was introduced to support 

a proactive approach in gaining knowledge on safety concerns 

through early planning of pharmacovigilance activities. In 

this webinar, EtQ and  HighPoint Solutions will cover the reg-

ulations around the European Medicines Agency’s (EMA) Risk 

Management Plan and also the Food and Drug Association’s 

(FDA) Risk Evaluation and Mitigation Strategy (REMS). We will 

also look into the industry and company challenges related to 

these processes. Finally, we will discuss the current and future 

states of risk management to show how companies can consol-

idate their risk management plan, safety concerns and regula-

tory actions into a single place. 

For questions contact Sara Barschdorf at sbarschdorf@advanstar.com

Presenters:

ALEXANDRE ALAIN 
Life Science Product 
Manager, 
EtQ 

FRANCOIS AUDIBERT 
Vice-President, 
Pharmacovigilance 
High Point Solutions

Moderator:

AGNES SHANLEY
Senior Editor 
Pharmaceutical 
Technology

Who Should Attend:
 
n Pharmaceutical and Biotech 

professionals involved in creating Risk 

Management Plans for their company.

Sponsored by

Presented by

Key Learning Objectives:

n Understanding the regulatory view on Risk Management 

Plans in EU and US.

n Review the concepts of Risk Management and 

Pharmacovigilance.

n Provide insight into how to consolidate risk 

management plans into a single, holistic solution.

n Examine the technology and solutions available to build 

and update RMPs to ultimately improve quality and 

consistency.

ON-DEMAND WEBCAST Originally aired September 23, 2015

Register for free at www.pharmtech.com/pt/riskmgmt
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Biddle Sawyer, with over 60 years of 

distribution and manufacturer’s 

representation, offers  f or  formulation 

solutions the following functional excipients:  

Methyl Cellulose, Hypromellose, 

Hypromellose Acetate Succinate, HPMCP,  

L-HPC, MCC & derivatives. Also  offered: 

Pre-mix coatings (PVA & HPMC based), 

Methyacrylate co-polymers,  Silica gels, and DC 

chewing gum premixes for chewable dosages.

Biddle  Sawyer Corporation, 

505 8th Avenue, Suite 1500, New York, NY 10018 • 

www.biddlesawyer.com • info@biddlesawyer.com 

• tel. 212.736.1580 • fax. 212.239.1089 

AAPS Booth # 659

Chemic Laboratories, Inc. is a full service cGMP/

GLP contract analytical chemistry laboratory. 

Chemic provides an array of R&D and cGMP 

contract testing services including; Extract-

ables/Leachables analysis, CMC Method Devel-

opment & Validation, Quality Control analysis, 

Release testing, Raw Materials analysis, Com-

pendial testing, Organic Synthesis/Formulation 

Development & ICH Stability testing.

Chemic Laboratories, Inc., 480 Neponset St., 

Building 7, Canton, MA 02021 • www.chemic 

labs.com • lcw@chemiclabs.com • 

tel. 781.821.5600 • fax 781.821.5651 • 

AAPS Booth # 445

Catalent’s Optiform® Solution Suite is 

designed to accelerate more molecules 

to the clinic and beyond by facilitating a 

simpler, more economical R&D process at the 

earliest phases of development. 

   Optiform Solution Suite matches the best, 

most innovative, drug delivery technologies 

to each molecule, and utilizes an accelerated 

parallel screening and development 

approach based on rigorous science and 

best-in-class formulation expertise.

Catalent Pharma Solutions, 14 Schoolhouse Rd, 

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

tel. +1.888.SOLUTION (765.8846)

AAPS Booth # 624

Capsugel is a global leader in providing 

innovative, high-quality dosage forms and 

solutions for the health care industry. With 

more than 100 years of experience, we provide 

a comprehensive array of advanced solutions to 

pharmaceutical and nutritional customers from 

formulation through clinical and commercial 

supply. From hard gelatin, liquid-filled and 

vegetarian capsules, to product development and 

manufacturing services, we help our customers 

improve their product profiles and accelerate 

development and commercialization timelines.  

Capsugel, 535 North Emerald Rd., 

Greenwood, SC 29646 • www.capsugel.com •  

solutions@capsugel.com •  tel. 888.783.6361 • 

fax 888.783.6360 • AAPS Booth # 1415

CordenPharma is your full-service partner 

in the Contract Development & Manufac-

turing (CDMO) of APIs, Drug Products, and 

associated Packaging Services. Through a 

network of fully-inspected cGMP facilities 

across Europe and the US organized under 

six technology platforms—Peptides/Lipids/

Carbohydrates, Injectables, Highly Potent, 

Small Molecules, Antibiotics, Oncology—

CordenPharma experts translate complex 

ideas at any stage of development into high-

value products.  

CordenPharma,  www.cordenpharma.com • tel. 

800.868.8208 or 781.305.3332 • fax 781.305.3350

AAPS Booth # 855

VISIT US AT AAPS 2015

VISIT US AT AAPS 2015

AAPS 2015 EXHIBITOR GUIDE AND INDUSTRY PIPELINE

VISIT PHARMTECH AT BOOTH 1117

• Meet the editors

•  Review current issues of Pharmaceutical Technology

• Answer surveys

• Meet colleagues and peers

STAY CURRENT ON TECHNOLOGIES AND SERVICES

Visit Pharmaceutical Technology sponsors that are 

exhibiting at AAPS 2015. See descriptions and booth 

information on the following pages.

                             2015
October 25Ð29

Orlando, Florida
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Ascendia is a specialty pharmaceutical 

company dedicated to developing enhanced 

formulations of existing drugs, and enabling 

formulations for early stage drug candidates. 

We specialize in formulations for poorly water 

soluble molecules using our nano-particle 

technologies. Our technologies include 

nano-emulsions, amorphous solid dispersions, 

nano-particles and oral controlled release. 

Ascendia Pharmaceuticals 

www.ascendiapharma.com • tel. 732.640.0058 

AAPS Booth # 209
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AAPS 2015 EXHIBITOR GUIDE AND INDUSTRY PIPELINE

EMD Millipore, the Life Science subsidiary 

of Merck KGaA, Darmstadt, Germany, offers 

products for pharmaceutical and biotechnology 

companies to develop and manufacture drugs 

efficiently. Our extensive products and services 

support the drug manufacturing process 

from research through commercial-scale 

production. Through dedicated collaboration 

on new scientific and engineering insights, EMD 

Millipore serves as a strategic partner to help 

advance the promise of life science.  

EMD Millipore • tel. 1.800.MILLIPORE 

(+1 800.645.5476) • AAPS Booth # 1636

MPI Research is a full-service CRO that has 

partnered with Sponsors targeting areas of 

discovery, safety, clinical, bioanalytical, and 

analytical sciences, for more than 20 years. We 

exceed expectations through consistency and 

quality, with a commitment to communication 

and innovation, delivering benefits throughout 

all phases of development. Learn how we can 

take you further at www.mpiresearch.com

MPI Research, 54943 North Main Street, Mattawan, 

MI 49071 USA, • www.mpiresearch.com • 

tel. +1.269.668.3336

AAPS Booth # 1148

Mikart specializes in the development, 

manufacturing, and packaging of solid-dose 

and liquid-oral dose products. The company’s 

services include formulation development; 

analytical, manufacturing, packaging, and 

regulatory services; and complete project 

management. Mikart offers clients more than 

40 years of experience, a responsive working 

relationship, and the ability to take products 

from formulation development through full-

scale commercial production. 

Mikart, Inc., • www.mikart.com •  tel. 404.351.4510 

AAPS Booth # 2125

EUDRAGIT® 

polymers known 

worldwide in the 

pharmaceutical 

industry allow 

the API in solid 

dosage forms 

to release in a 

specific way 

during passage 

through the gastrointestinal tract. The 

EUDRAGIT® product range provides broad 

flexibility for targeted drug release profiles, 

offering the best performance for enteric, 

sustained release and protective coatings. 

Evonik Corporation,  2 Turner Place, 

Piscataway, NJ 08854 • eudragit@evonik.com

• www.evonik.com/eudragit 

AAPS Booth # 604

VISIT US AT AAPS 2015

VISIT US AT AAPS 2015

VISIT US AT AAPS 2015

Visit 

Our Booth
GlobePharma 

has spent 

20 years 

Innovating the Industry Standard. Products 

include Powder, Liquid & Semi-solid Samplers, 

Cleaning Validation Tools, Accelerated Powder 

Segregation Tester, MaxiBlend® R&D & Pilot 

Scale Blenders w/ interchangeable Vessels, 

SimpleBlend™, Patented SIFT-N-BLEND™, 

cGMP butterfly Valves, Manual Tablet 

Compaction Machine, Tablet Presses, DAQ, 

Granulators, Dedusters, Polishers, Cone Mills 

& our new GP MILL. GlobePharma, Inc., 2 B & C 

Janine Place, New Brunswick, NJ 08901 

• www.globepharma.com • tel.  732.296.9700

AAPS Booth # 308

As a member of Eurofins’ BioPharma Product 

Testing Group—the largest network of harmo-

nized bio/pharmaceutical GMP product testing 

laboratories worldwide—Eurofins Lancaster 

Laboratories supports all functional areas of 

bio/pharmaceutical manufacturing, including 

method development, microbiology, process 

validation and quality control throughout all 

stages of the drug development process. 

Eurofins Lancaster Laboratories, Inc., 2425 

New Holland Pike, Lancaster, PA 17601 • 

 www. EurofinsLancasterLabs.com 

•  pha@lancasterlabs.com • tel. 717.656.2300

AAPS Booth # 1817

Fette Compacting 

America’s New FE75 

Tablet Press
The FE75 double-sided rotary 

tablet press is equipped with up to 115 punch 

stations to produce more than 1.6 million tab-

lets/hr. Ideal for large batches, the FE75’s four 

compression rollers feature a special control 

system for direct compression, enabling op-

eration with two intermediate pressures. The 

FE75 shares several technologies with fellow 

FE Series presses, including a patent-pending 

conical filling unit, highly accurate manually 

adjustable filling table and trouble-free tablet 

discharge through the column. Fette Compacting 

America, 400 Forge Way, Rockaway, NJ 07866 • 

www.fetteamerica.com • tel. 73.586.8722

AAPS Booth # 1441

Parenteral Contract Manufacturing Service of Hospira

One 2 One
One 2 OneTM is a leading global injectable 

drug product CMO. With more than 25 

years of experience in biologic and small 

molecule fill & finish development and 

manufacturing, in-depth knowledge 

of lyophilization process, and expertise 

in multiple drug delivery technologies, 

One 2 OneTM can help you achieve your 

development and commercialization goals. 

Hospira One 2 One • Lake Forest, IL • www.

one2onecmo.com • tel. 224.212.2267

AAPS Booth # 1707

Metrics Contract Services is a full-service phar-

maceutical development and manufacturing 

organization delivering proven scientific and 

operational excellence for solid oral dosage 

forms. 

We offer quality formulation development, 

first-time-in-man formulations, and Phase I–III 

clinical trial materials manufacturing—along 

with expertise in potent compounds, Schedule 

II-V controlled substances, and poorly bioequiv-

alent products. Metrics Contract Services, 1240 

Sugg Parkway, Greenville, NC 27834 • www.

metricsinc.com • tel. 252.752.3800

AAPS Booth # 749
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VISIT US AT AAPS 2015

VISIT US AT AAPS 2015

AAPS 2015 EXHIBITOR GUIDE AND INDUSTRY PIPELINE

VAI’s Wipers
VAI features a 

complete range of 

sterile wipers for 

use in any clean-

room environment. 

All of our wipes are knitted with continuous 

monofilament polyester, cut using “Fo-

cusEdge” cutting technology, have validated 

sterility via gamma irradiation at 10-6 SAL, and 

are ready-to-use. Our wipes are available in a 

multitude of varieties including dry, saturated 

with HYPO-CHLOR®, STERI-PEROX®, USP IPA 

WFI ALCOH-WIPES®, or our DECON-CLEAN® 

residue remover. 

Veltek Associates, Inc.

15 Lee Blvd, Malvern, PA 19355, USA • www.

sterile.com • tel. 610.644.8335

Company Services
Watson-Marlow Fluid Technology Group is the 

leading manufacturer of peristaltic pumps, 

Flexicon aseptic filling solutions, high-purity 

tubing, and BioPure single-use fluid path com-

ponents. Offering a contamination-free single 

use fluid path and a range of products from 

benchtop to production, Watson-Marlow is the 

first choice for fluid transfer, metering, dispens-

ing, and filling. 

Watson-Marlow Fluid Technology Group, 37 Upton 

Technology Park Drive. Wilmington, MA 01887 • 

www.wmftg.com • tel. 800.282.8823

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

is a leading provider of contract development 

and commercial manufacturing services to the 

pharmaceutical and biotechnology sectors. 

The company offers one of the broadest sets of 

solutions to customers including commercial 

manufacturing, drug product services, biolog-

ics, pharmaceutical development services, and 

active pharmaceutical ingredients. 

Patheon, 4721 Emperor Blvd, Suite 200, 

Durham, NC 27703 • www.patheon.com •  

tel. +1 919.226.3200

AAPS Booth # 405

Company description 
Widely recognized global supplier of two piece 

capsules, Suheung Capsule has solely focused on 

manufacturing the highest quality Capsules.

Through ceaseless efforts in research and de-

velopment, as well as technical investments to 

be the world’s quality leader of hard capsules, 

Suheung’s dedication to quality is seen in 

each and every element, and every process 

of capsule production.Suheung Capsule, 428 E. 

Saturn St. Brea, CA 92821, • www.suheung.com • 

tel. 714.854.9887 • fax. 714.854.9896 • nasales@

shcapsule.com

AAPS Booth #2128

Shimadzu is a world leader in the analytical 

instruments industry. Instruments include 

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

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

TOC analyzers. They are used throughout the 

pharmaceutical pipeline, from proteomics and 

metabolomics research and drug discovery/

development to QA/QC and manufacturing, 

providing a total solution to researchers working 

within the pharmaceutical/biopharma industry.

Shimadzu Scientific Instruments, 7102 Riverwood 

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

• webmaster@shimadzu.com • tel. 800.477.1227 

• fax. 410.381.1222

AAPS Booth # 1041

PYRAMID Laboratories, Inc. is located in 

Southern California, United States. Our fa-

cilities are housed in three buildings cover-

ings more than 70,000 ft. The combination 

of our manufacturing facilities and state-of- 

the-art laboratory allows PYRAMID to offer 

the pharmaceutical and biotech industry 

both analytical and manufacturing support 

capabilities. PYRAMID Laboratories, Inc., 3598 

Cadillac Avenue, Costa Mesa, CA 92626 • 

www.pyramidlabs.com • Info@pyramidlabs.com 

• tel. 714.435.9800 • fax 714.435.9585

AAPS Booth # 2133

Ropack Pharma Solutions
Ropack Pharma Solutions (RPS) is a competi-

tive, full-service CMO for the North American 

market, providing contract solid oral dose for-

mulation, process development, clinical and 

commercial manufacturing and packaging 

as well as distribution. We’re not just another 

CMO. We’re a trusted partner, collaborating 

with our clients to bring their vision to market.

Ropack Pharma Solutions, 49 Mall Dr., Commack, 

NY 11725 USA, • www.ropack.com • 

fax. 514.353.7211

AAPS Booth # 1154

Suitable for microbial and cell culture, scale up 

to scale down, batch, fed-batch, and continuous 

processes, the new Eppendorf BioFlo 320 can 

meet the ever-changing needs of all segments 

of the biotech and pharmaceutical industries. 

New features including autoclavable and 

single-use vessel flexibility, intelligent sensors, 

and IP network communication for multi-unit 

control set it apart as the new premium choice 

in the bench scale bioprocess market. 

Eppendorf, 102 Motor Parkway, Hauppauge, NY 

11788 • www.eppendorf.com • Info@eppendorf.

com • tel. 800.645.3050 • fax. 516.334.7506

Dispersers
Ross Bow Tie Dispersers, 

or High Viscosity Dispers-

ers, are heavy-duty mix-

ers designed for heavy 

pastes and viscous liquids 

up to several hundred 

thousand centipoise, with 

stainless steel 304 wet-

ted parts. An explosion-proof inverter-duty 

motor helps the mixers incorporate solids 

into liquid vehicles in a consistent manner 

without running at high speeds.

Ross, Charles & Son Company  • Hauppauge, NY • 

www.mixers.com • tel. 800.243.ROSS

NEW PRODUCTS AND SERVICES
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Register for free at www.pharmtech.com/pt/twin

EVENT OVERVIEW:

Poorly-soluble APIs present formulation and development challenges. 

Excipient selection and manufacturing process development are cru-

cial. Continuous twin-screw granulation is gaining acceptance as a 

manufacturing technology to address issues presented by these APIs 

and ofers high production capacity in a small footprint.

 

This reviews a study of the use of Soluplus as binder and matrix to 

generate granules. Poorly soluble drugs were investigated for solu-

bility enhancement and good performance was found; the produced 

granules show approximately 80% of the dissolution performance 

under non-sink conditions versus amorphous solid dispersions of same 

drug-polymer ratio. The produced granules show a better beneft-risk 

ratio than amorphous solid dispersions and can to be a very attractive 

alternative to melt-extruded solid dispersions.

For questions contact Sara Barschdorf at  sbarschdorf@advanstar.com

Sponsored by

Presented by

ON-DEMAND WEBCAST  Originally aired September 9, 2015

Twin Screw Wet Granulation 
for Solubility Enhancement 
of Poorly Water-Soluble Drugs

PRESENTERS

Andreas Gryczke

Global Development and Technical Marketing 

Solubilization, Pharma Ingredients and Services

BASF
 

Moderator

Rita Peters

Editorial Director

Pharmaceutical Technology

Key Learning Objectives

n Learn how to improve the solubility of 

poorly water-soluble active ingredient 

using twin-screw wet granulation and 

proper excipients.

n Achieve the right solubility 

improvement using simple, continuous 

processing technology.

Who Should Attend

n This webcast targets all formulators 

tasked to improve the solubility and 

consequently bioavailability of active 

ingredients, especially if a simple 

processing and continuous processing 

is preferred.
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Mixing/Blending/Drying

manufacturing/PrOcESSing EQuiPmEntmanufacturing

Purity.Eriez.com • 888-300-3743

Quick Ship
Metal Detector Program

In Stock

� 8 Xtreme® Metal 

Detector aperture 
heights

� Available in 12, 18 
and 24-inch widths 

� Food-grade 
polypropylene belt

Cure for the Common Job.
Proven relief from the signs and symptoms of Chronic Job Search (CJS)

Joel Kern - East Coast Sales Manager

215-968-7720 • jkern@advanstar.com

Irene Onesto - Mid-West Sales Manager

847-387-3372 • ionesto@advanstar.com

609-378-5448 • pmilazzo@advanstar.com

Paul Milazzo - Director of Sales

SANITARY
RIBBON

BLENDERS

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

Scan to learn more 
& get a free quote.
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Pharmaceutical Technology and Pharmaceutical Technology Europe 

cover all aspects of pharmaceutical drug development and manufacturing, 

including formulation development, process development and manufac-

turing of active pharmaceutical ingredients (both small molecule and large 

molecules) and finished drug-products (solid dosage, semisolid, liquids, 

parenteral drugs and topical drugs), drug-delivery technologies, analytical 

methods development, analytical testing, quality assurance/quality control, 

validation and advances in pharmaceutical equipment, machinery, instru-

mentation, facility design, and plant operations.

We are currently seeking novel research articles for our peer-reviewed journal as well as manuscripts for our special issues. 

For peer-reviewed papers, members of the Editorial Advisory Board of Pharmaceutical Technology and Pharmaceutical 

Technology Europe and other industry experts review manuscripts on technical and regulatory topics. The review process 

is double-blind. Manuscripts are reviewed on a rolling basis.

Our single-themed issues, which include literature reviews and tutorials, address excipients and ingredients, analytical 

testing, outsourcing, solid dosage, and more. 

 

Please visit our website, www.PharmTech.com/pharmtech-author-guidelines, to view our full Author Guidelines. 

Manuscripts may be sent to Editorial Director Rita Peters at rpeters@advanstar.com.

We look forward to hearing from you. 
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ASK THE EXPERT

Q.I work for a contract manufacturing organization that manu-

factures traditional and biotech pharmaceutical products, and

I am responsible for performing investigations and reporting the 

results to our clients. It would help me perform my job better if you 

could tell me the difference between performing investigations for 

a biological product vs. a traditional pharmaceutical product?

A.The short answer is there is no process difference when 

performing deviation investigations for traditional phar-

maceutical products vs. biotech products. The differences lie 

in the complexity of the manufacturing processes and thus the 

variables that need to be considered regarding what could have 

impact on the deviation. Chemical process, although sometimes 

quite complex, often have fewer variables even though many of 

the categories are the same. For instance, when investigating 

an unknown impurity in a biological process from a simple oli-

gopeptide fermentation process, the considerations may include 

fermentation conditions (e.g., time, temperature, oxygen uptake, 

byproduct production), potential contamination of reactants 

including master cell banks and fermentation reagents, equip-

ment integrity, and performance. Further considerations for the 

downstream purification process variables and the effect of a

final configuration (e.g., folding) also need to be considered.

The purpose of performing an investigation into a deviation is 

to determine why the deviation happened and what its impact 

was on the product quality. To determine the impact of the 

deviation on the product quality, it is important to determine 

the ‘root cause’ of the deviation. The process used in the 

industry to determine root cause is, of course, the investigation 

procedure. This procedure, regardless of whether the product 

you are investigating is biotech or traditional, should require the 

investigator to review various systems and determine whether 

they were the cause of the deviation being investigated.

It is important to remember when performing an investigation to 

keep in mind a few general rules. Remember, one size does not fit 

all. Simple errors require simple corrections while serious deviations 

require broader investigations. The complexity of the investigation 

is related not only to the seriousness of the investigation but also 

to the complexity of the factors that could influence the outcome.

The best tool to have during any investigation is inquisitiveness. 

Continuing to ask questions and avoid assumptions will lead to a 

better outcome. Using other tools, such and fishbone diagrams 

and determination of most probable number (MPN), are to be 

encouraged but they do not take the place of asking questions. 

In performing an investigation, it is important for the investigator 

to widen their perspective and look for ways to relate similar 

issues. The best way to ensure events are not related is to 

try and relate them, not the other way around. Keep in mind 

that human error is rarely a true root cause. There is usually 

something in the process that causes that human error.

And finally, always verify the facts of the investigation. It is 

also important to include a historical review. This review should 

determine if the deviation occurred with this or other products, 

with the specific manufacturing line or other manufacturing 

lines and/or with the operators. The historical review can help 

you prioritize the resources and your detailed system review. In 

addition, some companies make use of tools (fishbone diagram, 

MPN) to help prioritize resources. These tools, if used correctly, 

can be helpful in determining root cause, but remember, they are 

just tools and do not take the place of thinking.

The detailed investigation should include a review of various 

systems. The systems most often reviewed are equipment and 

machinery, the manufacturing process, the raw materials used 

in manufacturing, the specifications, the environment, and finally, 

the operators. This is not to imply that these systems are the 

only areas you should look at during the investigation but that 

these are the most probable areas where you will uncover the 

root cause of the deviation. Each investigation must address the 

following elements: root cause, impact to the material or product, 

the immediate correction taken, the corrective action to prevent 

re-occurrence for specific product/operation, and the preventive 

action taken to prevent re-occurrence for all products/operations.

Once these elements have been investigated, results from 

the investigation must be documented. The written narrative 

should clearly explain what happened, when it happened, and 

who was involved or observed what happened. The narrative 

documents the solution and rationale for the root cause that 

was determined through the investigation process.

The key to any successful investigation is not stopping too 

soon and assuming you have the solution prior to completing 

the investigation. Ask questions until you can think of no 

more questions to ask and be sure to document the answers 

to your questions. If you follow your investigation procedure 

and thoroughly document your results, you should have 

an acceptable investigation regardless of whether you are 

manufacturing a traditional product or a biotech product. PT

Your opinion matters.

Have a common regulatory or compliance question? 
Send it to shaigney@advanstar.com and it 

may appear in a future column.

Investigating Biologics

Susan Schniepp, distinguished fellow, and Andrew Harrison, chief regulatory 

affairs officer and general counsel, both of Regulatory Compliance 

Associates, discuss performing investigations of biological products.
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Parenteral

Contract Manufacturing
 

is not just one of the things we do

at Baxter BioPharma Solutions.

It is the only thing we do.

•	  Prefilled Syringe Filling

•	  Liquid and Lyo Vial Filling

•	  Cartridge Filling

•	  Diluents for Reconstitution

•	Proprietary Flexible Bags

•	  And more...

•	Small Molecules

•	  Biologics

•	  Cytotoxics

•	  ADCs

•	  Highly Potent

Baxter is a registered trademark of Baxter International Inc. 920810-02  09/15

Your Premier CMO
for Specialized Sterile Injectables

Whether you face formulation challenges, clinical supply hurdles, surges in demand due to market fuctua-

tions, risk mitigation concerns, or patent expiry challenges, we offer tailored, versatile solutions–and over 80 

years of parenteral experience–to help you achieve your commercialization objectives. 

Ultimately, our goal is to make you feel confdent and secure in choosing BioPharma Solutions as your 

CMO–assisting you to avoid the unexpected and guiding you through marketplace complexities to help you 

achieve the full potential for your molecule.

Your	Premier	CMOVisit our website today:

baxterbiopharmasolutions.com

•	Winner 2015, 2012-2010
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Every molecule has a challenge. 

We have a smart biologic solution.

Learn more at catalent.com/smartag

us + 1 888 SOLUTION 

eu 00800 8855 6178

solutions@catalent.com

smartag™ adc 

technology. 
better treatments.
Our advanced antibody drug 

conjugate technology uses novel, 

site-specifi c protein modifi cation and 

linker technologies to create safer, 

more stable ADCs with enhanced 

potency and optimal effi cacy. 
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DEVELOPMENT       DELIVERY             SUPPLY

SITE SPECIFIC
Programmable drug placement enables more uniform 
attachment of the conjugate at a specifi c site for improved 
ADC product consistency and better regulatory compliance.

MODIFIABLE
Precise location control maximizes ADC performance.
Placement fl exibility results in more homogeneous
ADCs, optimized PK, and improved effi cacy and safety.

ALDEHYDE 
Combination of novel aldehyde tagging technology 
and naturally-occurring amino acid sequence (leveraging 
enzyme modifi cation) delivers enhanced effi cacy.

S

M

A

RECOMBINANT
Used with recombinant antibodies, the technology 
works with any cell line expression system—resulting in 
simplifi ed analytics and effi cient, scalable processing.

R

TAG
Ability to incorporate multiple tags enables more 
potent payloads. Optimization of linker-toxin 
combinations for specifi c targets increases effi cacy.

T

biologics
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