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D
uring the past 20 years, the overall 
median total time required by FDA 
to approve a new molecular entity 

(NME) new drug application (NDA) 
or biologic license application (BLA) 
dropped from 12 months in 1996 to 
7.8 months in 2016 (1). In that same 
time, FDA’s Center for Drug Evaluation 
and Research (CDER) accelerated the 
median total approval time to approve 
a standard NDA or BLA from 17.8 
months to 10.1 months. The median 
total approval time for priority review 
applications was relatively steady during 
those 20 years; however, the 2016 time 
of eight months was less than half of the 
20.5 months required in 1993 (2).

While FDA has reduced approval 
times, a recent report by Quintiles-
IMS (3) revealed other factors that 
may contribute to the time required 
to bring a drug to market. The study 
authors examined time trends for two 
segments of a drug product’s lifetime. 
The first segment—where those pro-
fessionals involved in drug develop-
ment have an impact—is the time from 
the patenting of a new drug molecule 
to the time it first reaches patients. 
The second segment—when the drug 
owner can recover its investment in 
the research and development of the 

drug product—is the time the mol-
ecule has exclusivity on the market 
thanks to patent or other protections.

The study was based on 667 innova-
tive small- and large-molecule drugs 
launched in the United States between 
1996 and 2015. More than 300 groups 
filed original patents that became the 
basis for the 667 drugs. Large Pharma 
accounted for 60% of new drugs; com-
panies classified as mid pharma and 
small pharma each represented 20%. 
Oncology, orphan, biologic-based, and 
specialist-driven therapies all increased 
market shares during the time studied.

Patent to market
The filing of a patent is a business deci-
sion and can occur years in advance of, 
or close to, a launch date. The mean time 
from initial patent filing to launch for all 
molecules for the US market in the 20-
year period was 12.8 years, the study re-
ports, with an upper quartile of 16.3 years 
and lower quartile of 8.2 years. 

The shortest time from patent to 
launch was 128 months in 1998; the 
longest was 211 months in 2008 when 
FDA approved fewer drugs (19) than 
any other year during the study. While 
some in industry attributed the drop to 
a more conservative approach by FDA 
following the withdrawal of Vioxx from 
the market in 2004, FDA cited a drop in 
new drug applications. Since 2008, the 
time from patent to launch has steadily 
declined to an average of 158 months 
for the five most recent years, a drop 
of four years or 25%. This increase in 
speed brings time to approval back to 
levels experienced in 1996–2000.

Organic growth speeds process?
An analysis of drug type showed that 
oncology drugs, on average, launched 
34 months faster than other drug 
types. Drugs that achieved at least $1 
billion in US sales by 2015 reached the 
market 27 months faster than drugs 
with lower sales.

The dynamic licensing, partner-
ing, and acquisition nature of the bio/
pharma industry, however, may be a 
greater factor in delaying the introduc-
tion of a new drug, the study suggests. 
Nearly three-quarters of the patented 
molecules were launched as drugs by 
a company that was different from 
the one that originally filed the pat-
ent. Those drugs launched by the same 
company that filed the original patent, 
however, took an average of 36 months 
less time to be launched than those 
that changed ownership, the authors 
reported. The transfer of a molecule 
from one company to another for devel-
opment funding, technical expertise, or 
corporate strategy may ultimately get a 
drug to market. The path, however, may 
be longer than desired.
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PRODUCT SPOTLIGHT

Tabletop Pill Counter 
Automatically Counts and 
Fills Solid Oral-Dose Products
The Pharmafill TC4 Tabletop electronic 

tablet counter from Deitz Co. automati-

cally counts pills, tablets, capsules, softgels, 

caplets, lozenges, and other solid oral-dose 

products and fills them into bottles. The 

Pharmafill TC4 counts translucent, trans-

parent, and opaque solid oral-dose products 

at up to 2000 per minute. The Tabletop 

TC4 is a computer-controlled operation, and measures 34 inches 

across, 21 inches deep, and 30 inches in height. The TC4 entry 

level counter includes an air guide system that automatically 

separates and aligns the pills on a single layer, a vibratory hopper 

feeder that automatically regulates the flow of tablets into the 

counter, and an optional smart bottle sensing system that automati-

cally stops operation in the event of a problem with the bottle.

Deitz

www.deitzco.com

Intelligent Stand 
for Pipette 
Management
The Rainin SmartStand from Mettler Toledo includes four pipette 

holders. The stand includes an LCD screen that displays its 

status in a clear visual language: green is good, yellow indicates 

that service is required soon, and red signals that the pipette is 

beyond its service or calibration date. A more detailed view of the 

pipette’s service and asset record can be viewed when the pipette 

is removed from the stand. Each Rainin SmartStand holds up to 

four manual or electronic Rainin XLS pipettes and automatically 

charges electronic pipettes when they are placed on the stand.

The included EasyDirect Pipette Asset Management software 

is a flexible, scalable Windows-based pipette asset management 

tool that can connect to multiple SmartStands simultaneously 

via Bluetooth. When a pipette is serviced or calibrated, users 

place the pipettes on a SmartStand to transfer new service data 

from their radio-frequency identification chips into EasyDirect. 

EasyDirect maintains a profile with 11 customizable fields for each 

pipette, so lab managers can assign unique information, such 

as the user and lab, applications and ID/inventory number, to a 

pipette and record it to its RFID chip. EasyDirect can also help users 

find pipettes by identifying which SmartStand they’re hanging on. 

EasyDirect graphically indicates which pipettes are due for service, 

making them instantly recognizable. By capturing usage data 

through the SmartStand, EasyDirect helps lab managers reduce 

asset costs and eliminate pipettes that are no longer in use.

Mettler Toledo

www.mt.com

Loading Bench for 
Cold-Chain Management
The OCEASOFT Loading 

Bench is an innovation 

for cold-chain monitoring 

management for transpor-

tation and high-volume 

shipment. The bench 

programs temperature 

datalogger missions with 

sensor reading intervals 

and alarm limits. The 

bench also performs a series of tests to verify hardware and bat-

tery level on dataloggers. The tool offers the ability to set how and 

when temperature monitoring begins, at a specific temperature, 

date or time, or manually. The loading bench includes an applica-

tion for configuring missions and storing templates. The bench also 

transfers each datalogger’s configuration information to the cloud 

automatically. The loading bench will be available in Q2 2017.

OCEASOFT

www.oceasoft.com

Mixers for 
Blending Applications

Ross, Charles & Son offers a 

variety of mixers for mixing 

and blending applications. The 

dual-shaft mixers (pictured) are 

suitable for mixing 50-, 100-, 

and 200-gallon batches and are 

equipped with two independ-

ently-driven, variable-speed 

agitators, and a high-speed 

disperser and a two-wing anchor. Both agitators provide adjust-

able shear and efficient turnover of low- to high-viscosity materials 

including pastes, gels, suspensions, slurries, and fine dispersions 

up to several hundred thousand centipoise. The mixers come 

standard with an air/oil hydraulic lift, vacuum capability, jacketed 

mix vessel, stainless steel wetted parts, and inverter-duty motors.

The company also offers a Portable High Shear Mixing System 

designed for powder dispersion into liquid, emulsification, and 

homogenization in a closed, temperature controlled vessel. The 200-L 

mixing system featuring stainless steel 316L wetted parts, sight/

charge ports, ASME dimpled jacket rated for 85 psig, chloride-free 

insulation with stainless steel sheathing, high accuracy weighing 

scale, and NEMA 4X gas-purged controls. The mixer is mounted 

on the cover in a vapor-tight sealing arrangement. Its four-blade 

rotor runs up to 3600 rpm within a close tolerance slotted stator, 

delivering mechanical and hydraulic shear. The mixer is driven by 

a 5 HP stainless steel wash-down duty explosion-proof motor.

Ross, Charles & Son

www.mixers.com
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Jill Wechsler is Pharmaceutical Technology’s 

Washington editor, jillwechsler7@gmail.com. 
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The Trump Administration has proposed to create more

jobs in the United States by pT ressuring manufacturers to 

reduce overseas production and to shift operations back home. 

This poses serious problems for pharmaceutical manufacturers 

around the world, as the US imports approximately 50% of fin-

ished drugs from Europe, Asia, and other regions. Moreover, up 

to 90% of APIs for US production of finished dosage forms come 

from overseas, largely from China and India, according to FDA. A 

tax on such imports, as has been proposed, would be devastating 

to both US and European-based companies, raising costs that

would undermine efforts to lower prices for prescription drugs.

At the same time, Trump’s ban on travel and immigration

from several Muslim countries ignited a firestorm among 

high tech firms, educators, and the biomedical research 

community. Even though the courts rejected the policy, US

companies advised workers to minimize overseas travel, while

meeting organizers looked to shift programs from the US to 

avoid entry problems. Although leading pharma manufacturers

sidestepped the issue, more than 150 biotech executives,

academics, and venture capital leaders voiced strong objections 

to the restrictions in a letter published in Nature Biotech (1).

The signers state that the travel ban “has compromised years 

of investment” in the vital US biotech industry as it raises the 

sense that “America is no longer welcoming of any immigrants.” 

The corporate annual meeting season brought these issues 

to the fore. Novo Nordisk CEO Lars Fruergaard Jorgensen 

lowered his earnings forecast for 2017, noting a “volatile” 

market situation in the US and concerns about a 20% border 

tax on imports (2).  

Overseas inspection challenges

The rise in imports of both APIs and finished drugs has focused 

attention on FDA efforts to ensure the quality and safety of foreign-

made medical products. FDA conducted more foreign inspections

of drug establishments in 2015 than of domestic facilities, and that 

trend appears to be continuing, as FDA uncoverers foreign opera-

tions with unsanitary manufacturing conditions and inadequate 

documentation of operations to ensure adherence to GMPs.

“Global izat ion has complicated FDA’s oversight of 

drugs marketed in the US,” according to the Government 

Accountability Office (GAO) in its latest report on continuing

shortcomings in the agency’s overseas offices and foreign

inspection programs (3). FDA still has not inspected nearly 

1000 of 3000 foreign establishments in its data base, GAO 

said, nor does it have sufficient information on the roles and 

value of its foreign offices in China, Europe, India, and Latin 

America. The analysts note persistent high staff vacancy rates 

in its foreign offices, and continued reliance on US-based 

investigators under FDA’s Office of Regional Affairs (ORA) to 

visit facilities listed in market applications for new drugs.

One response is for FDA to rely more on inspection reports 

from competent regulatory authorities in Europe, Japan, 

Canada, Australia, and other nations with well-established 

drug inspection and compliance programs. FDA officials and 

colleagues from the EU and other inspectorates have been 

examining and evaluating each other’s inspection procedures 

and capabilities for several years and hope to f inalize 

agreements that would reduce the need to send investigators 

to facilities already inspected by local authorities.

Inspection overhaul

Just how the new administration deals with global pharmaceu-

tical production issues is unclear. At the White House meeting 

with pharma executives several weeks ago, President Trump 

promised to speed up processes for approving drug produc-

tion plants as one way to accelerate approvals of new drugs (4).

One opportunity is to implement a proposal for a major 

reorganization of ORA’s 5000-person field inspection force, 

which involves adopting a commodity-based, vertically 

integrated inspection program with specialized inspection 

cadres for drugs, biologics, medical devices, food, and other 

regulated products. While the agency’s current plan is to “stand 

up” this much-anticipated Program Alignment (PA) initiative by 

May 15, a new FDA commissioner and other top staffers most 

likely will want to reassess such a major organizational change.

This reorganization initiative was announced in 2014, and 

FDA centers issued PA Action Plans in 2015 to implement the 

extensive changes involved. The plan is for ORA to maintain 

20 district offices across the US, with some concentrating on

certain product areas, such as food or drugs, and additional 

specialists covering other areas. It also will incorporate a more 

automated and streamlined program for examining and vetting 

imports of regulated products, which have mushroomed

in recent years. The initiative emphasizes the need for

specialized, highly trained investigators able to identify and 

respond effectively to “questionable conditions.”

ORA has named senior-level program directors at FDA 

headquarters in Maryland to oversee operations for six main 

product areas: food, biologics, drugs, medical devices, 

bioresearch monitoring (BIMO), and tobacco, plus operations 

involving imports and ORA laboratories. Ginette Michaud is 

program director for biologics, which includes blood products, 

tissues, vaccines, and other products overseen by the Center 

for Biologics Evaluation and Research (CBER). Alonza Cruse 

International Trade Issues 
Threaten Global Pharma Operations
Manufacturers face uncertainty over imports, regulatory policies, and field inspections.
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is pharmaceutical quality program director and leads PA 

collaboration efforts for drugs regulated by the Center for Drug 

Evaluation and Research (CDER) and the Center for Veterinary 

Medicine. Additional program directors head similar efforts to 

coordinate inspections for medical devices, tobacco products, 

and animal and human food, along with bioresearch monitoring 

for all medical products. Each district office will have a director, 

plus program managers to head inspection cadres at that location. 

ORA plans to roll out more details and organizational information 

over the coming weeks, explained 

Michaud at the WCBP Symposium 

sponsored by CASSS in Washington, DC 

in January.

A key goal of the PA reorganization 

is to enhance communications and 

collaboration between field inspectors 

and center product specialists. CDER’s 

Office of Process and Facilities (OPF) 

in the Off ice of Product Quality 

(OPQ) works c losely with OR A 

pharmaceutical inspectors to provide 

an integrated quality assessment from 

a preapproval inspection. OPF has 

three groups of specialists to assess 

information in new drug applications 

o n  f a c i l i t i e s ,  p ro c e s s e s ,  a n d 

microbiology. Data in an application 

can facilitate an inspection, while 

inspection information can support 

applicat ion review, commented 

David Doleski, OPF deputy director, 

at the WCBP symposium. OPF also is 

developing a New Inspection Protocol 

to standardize and define elements 

that enable scoring and comparison of 

drug facility inspections. This initiative 

will expand to cover more inspections 

and manufacturers.

OPQ’s O f f ice of  Sur vei l lance 

similarly collaborates with ORA on 

GMP inspections at plants. Staffers 

review inspection reports and other 

data, including a facility’s inspection 

h i s to r y  and t y p e  o f  p ro duc t s 

produced, to help determine the 

need and timing and extent of a 

surveillance inspection.
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I
n any industry, manufacturing or op-
erational excellence can be thought 
of as efficiency, productivity, and reli-

ability, with minimized downtime and 
few product failures. But excellence is 
an ever-moving target. “Manufacturing 
excellence is not just the best way to do it 
today, but continually improving to the 
next level,” suggests Hal Baseman, chief 
operating officer at ValSource LLC.

In the pharmaceutical industry, manu-
facturing excellence also encompasses the 
need to serve patients by providing safe 
and effective medicines without an inter-
ruption in supply. Regulatory quality re-
quirements—current good manufactur-
ing practices (cGMPs) and product testing, 
for example—are designed to ensure 
safety and efficacy, but opinions vary as 
to whether compliance necessarily leads 
to excellence. “Compliance is important, 

but it is not where a firm should focus the 
majority of its resources and efforts. The 
bio, pharmaceutical, and medical device 
industries must transform to embrace 
quality beyond compliance,” advises Mar-
tin Van Trieste, chairman of the board at 
the Parenteral Drug Association (PDA). 

Some have the misconception that 
profitability and quality are mutually ex-
clusive; compliance is costly, and quality 
is just too costly. In reality, “quality pro-
cesses are more profitable. They are more 
reliable and error free. Yields are higher, 
rejects and defects lower,” says Baseman. 
Proponents of operational excellence in 
pharma hope that the industry will move 
from a compliance to a quality culture. 

Elements of excellence
What is needed to achieve manufac-
turing excellence? To perform at six 

sigma quality levels, says Van Trieste, 
a manufacturer must:
t� Understand and characterize its raw 
materials, manufacturing processes, 
and products
t� Be fully engaged in identifying, mon-
itoring, and controlling variation 
t� Have systems and processes in place 

that ensure flawless execution dur-
ing manufacturing 
t� Deliver products in a robust and reli-
able supply chain. 

Robust process design, highly quali-
fied personnel, a reliable supply chain 
with second sources identified for critical 
components, and well maintained, reli-
able equipment, are all crucial, adds Sue 
Schniepp, distinguished fellow at Regu-
latory Compliance Associates. “In addi-
tion, there must be a functioning quality 
system underlying the entire process that 
is proactive in identifying issues and risks 
to the supply chain by using metrics and 
information that inform the company 
of potential problems,” she says. The 
three metrics proposed in FDA’s Novem-
ber 2016 guidance (lot acceptance rate, 
product quality complaint rate, and in-
validated out-of-specification rate) (1) are 
three basic measures, but companies also 
need to develop and use their own metrics 
beyond FDA’s program (see Sidebar).  

Traditional quality measures in 
pharma focus on product measures or 
end results, but “smart” devices and 
equipment provide more data about the 
equipment during the process that can 
be analyzed. “Automation, data collec-
tion, and data handling are part of the 
informatics movement that is one of the 
fastest growing areas in manufacturing. 
Compared to other industries, pharma is 
well behind the curve in this respect and 
it represents a huge improvement oppor-
tunity for the entire industry,” suggests 
Marc Bonner, senior director of opera-
tions at Mayne Pharma USA.
Automation and process analytical 

technology (PAT) help to reduce human 
error and support data-based decision 
making, adds Frank Generotzky, plant 
manager for Baxter BioPharma Solutions’ 
Halle, Germany facility. “These are help-
ful tools to handle and statistically evalu-
ate data to identify process variations in a V
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Manufacturing Excellence

Moving to the next level of productive, 
reliable performance in bio/pharmaceutical 
manufacturing requires a willingness to 
make changes and create a quality culture.

Jennifer Markarian 
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Manufacturing Excellence

timely manner. Quick decisions for opti-
mization can be made based on technical/
scientific data leading to an environment 
of continuous improvement.” 
Achieving manufacturing excellence 
requires process understanding, risk-
based thinking and decision making, 
science, and common sense, adds Base-
man. “The bio/pharma industry tends 
to focus too much on what we think 
regulators want to see, rather than 
what we actually need to do to improve 
the process.”

Practical steps for improving   
One of the first steps in moving toward 
excellence is the willingness to look for 
areas that need improvement and the 
courage to make changes, whether that 
means better use of existing technolo-
gies or using new technologies or sys-

tems that can bring a process’ perfor-
mance to the next level. 

Often operators and staff have many 
ideas for what could be improved. Leaders 
must prioritize where to start. “My advice 
is to start with a project that is creating the 
most pain for operators in manufactur-
ing and make significant improvements 
quickly,” recommends Van Trieste, who 
points out that this action is a good way 
to gain needed support from the plant 
floor. “Success breeds success. Only take 
on new projects that can be accomplished 
with the existing resources, and only start 
another project after one has successfully 
completed,” he suggests.   

Different approaches. Continuous man-
ufacturing and PAT, for instance, create 
opportunities for improving process effi-
ciency and productivity. The focus on im-
proved process understanding that comes 

with implementing these technologies is 
likely a significant driver for process im-
provements, says Thomas Friedli, profes-
sor of management at the University of St. 
Gallen’s Institute of Technology Manage-
ment, who has been studying pharmaceu-
tical manufacturing practices since 2004. 
Data indicate that the most successful 
companies “have a higher focus on true 
root cause analysis and also have more 
PAT implementation,” he says. 

“Embracing new technology often re-
quires new and different ways of think-
ing,” notes Baseman. “For example, con-
tinuous manufacturing is a great way to 
increase process efficiency, but existing 
strategies for batch control, validation, 
and testing don’t always align well with 
it. People have to get past the concerns 
over batch definitions and traditional 
means to test and monitor processes.” 

Industry experts weigh in on FDA’s Quality Metrics program.

As FDA has noted, the same quality metrics used by the bio/pharmaceutical indus-

try to evaluate manufacturing and fuel continuous improvement efforts “can also 

be useful to FDA: to help develop compliance and inspection policies and practices, 

such as risk-based inspection scheduling of drug manufacturers; to improve the 

Agency’s ability to predict, and therefore, possibly mitigate, future drug short-

ages; and to encourage the pharmaceutical industry to implement state-of-the-

art, innovative quality management systems for pharmaceutical manufacturing.” 

This potential was highlighted in FDA’s most recent draft guidance on this topic (1).  

FDA’s Quality Metrics program for pharmaceutical manufacturing is clearly a 

work in progress, and FDA’s November 2016 revised draft guidance, Submission 

of Quality Metrics Data, calls for a voluntary reporting phase through which 

“FDA expects to learn more about a limited set of quality metrics, associated 

analytics, and improve the FDA quality metrics reporting program” (2). 

Operational excellence programs at many manufacturing facilities already 

measure, review, and implement metrics, and “developing synergistic quality 

metrics that will have wide-ranging acceptance by the industry makes tremen-

dous sense,” wrote Thomas Friedli, professor of management at the University 

of St. Gallen’s Institute of Technology Management, and consultant Prabir Basu 

in the 2016 CPhI Annual Industry Report (3). Friedli, Basu, and Nuala Calan of the 

Dublin Institute of Technology are working on an FDA-funded quality metrics 

research project that was awarded to the University of St. Gallen in July 2016. 

The research involves using the group’s database as a scientific basis to 

propose potential quality metrics, explains Friedli. The three initial metrics 

to be collected by FDA do not adequately reflect a company’s internal pro-

cesses, and other key indicators are needed, said Basu in an interview with 

Pharmaceutical Technology published in January 2017 (4). 

“Companies need to review and analyze the information the FDA is asking for, 

as well as other metrics they are collecting, and identify potential problem sig-

nals so that they can solve issues and self-correct before regulatory inspections,” 

adds Sue Schniepp, distinguished fellow at Regulatory Compliance Associates.

The metrics that FDA will collect are not primarily intended to help individual 

companies achieve manufacturing excellence, but are a limited, standardized 

set of a metrics to help FDA identify companies that may have problems that 

affect the supply chain. Manufacturers shouldn’t have a goal of simply meeting 

these minimum requirements. “If we are not careful, the temptation may be to 

manage to the metrics. And in the end, managing quality to minimal regulatory 

expectations is never a good idea,” cautions Hal Baseman, COO at ValSource LLC. 

Such metrics can be a starting point, however. Proactive companies might 

use this initiative to give new momentum to their own quality and excellence 

programs, suggests Friedli. 

 “One way to encourage firms to develop and improve their quality culture 

and product quality is to establish an effective use of publicly available quality 

metrics, leading to product, plant, and company grading. I believe that qual-

ity metrics combined with a grading system will revolutionize the approach 

to quality within our industry, significantly improving product quality,” says 

Martin Van Trieste, chairman of the board at the Parenteral Drug Association, 

who has developed such a grading system and a scorecard for pharma quality (5). 

“However, it will not be easy to develop or implement a quality metrics program. 

If it is to succeed, the right metrics must be chosen, industry skepticism must be 

overcome, and there must be checks and balances within the system,” he says.
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A tendency to focus and rely on testing 
and monitoring rather than process 
improvement can hinder change. “The 
pharma industry is good at collecting 
data, testing, and monitoring, but needs 
to be better at listening to what that data 
tells them,” says Baseman.

Aging facilities. The regulatory burden 
of post-approval changes for existing pro-
cesses is a real concern, but this barrier 
must be overcome to achieve excellence. 
While PDA’s new Post Approval Change 
Innovation for Access to Medicines 
(PAC iAM) taskforce is working to cre-
ate awareness and find broader industry 
solutions to this challenge (2), companies 
are finding ways to improve their facili-
ties where the benefits outweigh the costs 
and risks (3). Modernizing aging manu-
facturing facilities requires long-term 
benefit analysis. “It is often a matter of 
progressive process improvement. One 
step may result in only a 10% increase 
in productivity by modernizing, but 
that step will set you up for another 10% 

improvement when you make the next 
change, and so on,” suggests Baseman. 

Reluctance to upgrade manufacturing 
equipment and facilities is a barrier to ex-
cellence. “Older equipment can be unre-
liable and hard to maintain, resulting in 
unforeseen downtime,” notes Schniepp. 
Another problem is older products that 
are not up to today’s standards. “Many 
of these products were developed with 
different standards than those required 
for new products. The transitioning to 
today’s standards can be a time-consum-
ing process and could potentially result in 
supply chain interruptions. If the industry 
can work with regulatory authorities in 
determining a path forward to updating 
these products, then this obstacle could be 
overcome,” she suggests.

Continuous improvement programs
Various methods are available to help 
manufacturers improve quality and set 
up continuous improvement programs, 
including Six Sigma, Kaizen, lean man-

ufacturing, and operational equipment 
effectiveness (OEE), and many compa-
nies use pieces of these depending on 
the problems that need to be solved. “I 
see more companies using an internally 
branded, blended approach to solving 
problems and implementing effective 
change that sticks,” adds Jerry Rosenthal, 
director of continuous improvement for 
US Pharma Commercial Operations at 
GlaxoSmithKline (GSK).  “A balanced 
combination of project management, 
change management, and continuous im-
provement (Lean and Six Sigma) seems 
to be on the way to becoming the most 
common way for pharma manufacturing 
to achieve their goals.” 

“There is no one-size-fits-all program. 
Every approach should start with an 
analysis of the company’s current status,” 
says Friedli, who advises that teams tackle 
any underlying equipment or process in-
stability issues before trying to reach other 
objectives, such as taking out waste and 
driving down inventories. The Univer-
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sity of St. Gallen’s Operational Excellence 
(OPEX) Benchmarking program aims to 
help analyze a company’s starting point 
on a scientific basis. For the past three 
years, Friedli’s team has also been moder-
ating an industrial OPEX exchange group 
to facilitate conversation about best prac-
tices and experiences.

Japanese quality gurus such as those 
who developed the Toyota Production 
System describe the need for senior 
management to be in touch with people 
actually doing the work, in the “Gemba,” 
Japanese for the place where truth will be 
found. Gemba walks—getting onto the 
plant floor to see problems first-hand, and 
try to get suggestions from workers to help 
solve them directly—have the advantage 
of allowing managers to take action to 

solve the problem at its source, rather than 
just measure and monitor, notes Baseman. 
At the same time, improvement programs 
should have measurable, objective metrics. 

“Understanding the performance of pro-
cess and equipment is the first step to im-
provement. One cannot improve without 
objective methods to assess and evaluate 
manufacturing,” says Baseman.

OEE is used by many to improve 
productivity. “We measure and review 
OEE daily to understand what is affect-
ing our equipment availability, perfor-
mance, and quality and put action plans 
in place, following the Deming cycle ‘Plan, 
Do, Check, and Act’ to track our perfor-
mance improvement,” notes Catherine 
Kay, Operations director at Aesica. “We 
are also looking to implement measures 

for ‘Mean Time to Repair (MTTR)’, which 
is the average time that it takes to repair 
equipment after a failure.”

Programs used at Vetter include OEE, 
Six Sigma, lean manufacturing, and the 
internal “Vetter Optimization System,” 
which includes a Production Excellence 
(PRODEX) initiative. PRODEX is de-
signed to track all aspects of production, 
including people, material, machines, 
customers, and processes, explains Ger-
ald Buerkle, vice-president Pharmaceuti-
cal Production, Vetter-Pharma-Fertigung. 
The program has helped improve quality 
and yield, increase flexibility and capac-
ity, and improve personnel management, 
among other benefits. 

The main benefit to any of these pro-
grams is having a structured approach 

Operational excellence at Baxter BioPharma Solutions 

The Baxter BioPharma Solutions (BPS) Oncology manufacturing expansion 

project at its Halle, Germany location was the winner of the Operational Excel-

lence category of the 2016 International Society of Pharmaceutical Engineering 

(ISPE) Facility of the Year Awards (1). The company applied lean manufacturing 

principles in designing the expanded facility. The flexible design with adapt-

able equipment gave the company the ability to have rapid changeover to 

manufacture a wide variety of liquid formulations. Pharmaceutical Technology 

spoke with Frank Generotzky, plant manager for Baxter BioPharma Solutions’ 

Halle, Germany facility, about operational excellence at the site. 

Keys to success

PharmTech: How would you define manufacturing excellence or operational 

excellence for the pharma industry, and what are the keys to achieving it? 

Generotzky (Baxter): The pursuit of operational excellence is an ongo-

ing goal driving improvement. Operational excellence leads to continuous im-

provement to increase efficiency as well as capacity while maintaining high 

quality and client satisfaction. Some examples of methods include: 

t� An innovative facility layout optimized using a ‘form follows function’ 

concept, designed and planned utilizing visualization tools for pro-

cesses and parameters 

t� Optimal equipment design defined by using simulation models for 

critical process steps (e.g., mock-ups, computational fluid dynamics, 

3-D simulation models)

t� An experienced project team that accompanies all phases from design 

and validation through routine operation.

PharmTech: What programs have you found to be successful? 

Generotzky (Baxter): It is important to implement programs where all 

employees are involved (from operator to manager) to enhance success. Cre-

ating an uplifting experience for the employees by implementing programs 

internally such as 5S and process visualization helps to pave the way for the 

implementation of more complex systems such as operational equipment ef-

fectiveness or SixSigma. At the end of the day, success is dependent on having 

the necessary tools (e.g., a value stream map being supported, for example, by 

failure mode and effects analyses, fishbone diagrams, and standard control 

charts). Additionally, statistical tools should be leveraged in order to determine 

variation signals early in the process so that countermeasures can be imple-

mented in a timely manner. 

PharmTech: What aspects in particular of lean manufacturing have been 

most beneficial?

Generotzky (Baxter): Applying 5S in manufacturing areas and increas-

ing the time that managers are on the floor (‘Gemba Time’) can help ensure 

a high degree of standardization and discipline. Continuous measurement of 

process parameters with standard control charts and statistical evaluation 

leads to continuous improvement of yield and reduction of process deviations. 

Standardization and flexible design

PharmTech: What is the importance of process standardization? 

Generotzky (Baxter): A high degree of standardization ensures low 

variability between batches, reduces stock and work in progress, and helps 

to enhance planning security. Standardization leads to stable and predict-

able processes, which are the basis for true efficiency enhancements. 

PharmTech: What is flexible design and how does this lead to operational 

excellence? 

Generotzky (Baxter): Today’s products have become more complex to 

manufacture (e.g., nanotech products) and smaller from a volume perspec-

tive, and additionally there is the demand to simplify the handling infrastruc-

ture to be as efficient as possible. In many cases, the same manufacturing 

rooms are used for different process set-ups. The result is that manufactur-

ing departments need to change process design between manufacturing 

of batches quickly and efficiently. Standardized modular equipment and 

process design is important to minimize set-up and turnover times to manu-

facture efficiently and remain cost competitive. Therefore, we define flexible 

design as one important component in our operational excellence program.

Reference
1. ISPE, 2017 Facility of the Year Awards Category Winner, www.facilityofthe-

year.org/winners/2016-operational-excellence, accessed Feb. 8, 2017.
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to determining what needs to be done to 
improve operations, and a viable course 
of action to implement the improve-
ments, says Schniepp. 

“We’ve found that a structured process 
makes it easier to train personnel and 
provides tools and techniques to solve 
problems,” says Bonner. “It also provides 
consistency and continuity to the prob-
lem-solving process, which helps stream-
line rapidly solved or similar problems and 
improves persistence and perseverance 
to systematically address larger or more 
complex issues.” Whatever approaches 
are used must fit in a company’s culture. 

Culture of excellence
“Culture” might seem an ambiguous term, 
but experts say it is crucial for achieving 
excellence in anything, including manu-
facturing. “Manufacturing excellence 
is an entire philosophy, and, to become 
sustainable, it must be deeply ingrained 
in the structure and the culture of the 
company,” says Friedli. He notes that 

“one-dimensional efforts only aimed at 
cost cutting, short-term initiatives, and 
no visible top management commitment,” 
among other problems, are signs that ini-
tiatives will not be sustainable. 

“All levels of the organization must 
be involved and invested, from the line 
operator and maintenance personnel to 
the general manager,” adds Schniepp. 

“Having a consistent culture can be 
particularly challenging when multiple 
sites or companies are involved, such 
as CMOs. The CMOs need to have a 
manufacturing excellence culture, as 
well as their clients.” 

People tend to resist change, notes 
Van Trieste, but “an effective leader must 
create the case for change, tie the case for 
change to the mission of the organiza-
tion, and be specific about what has to 
change and who it will impact.” Leaders 
must also overcome the fact that organi-
zations in pharma still tend to work in 
silos (e.g., R&D, Quality Control, or Op-
erations), rather than crossfunctionally. 

They must gain and maintain alignment 
of goals and priorities across the silos in 
their organization so that all the stake-
holders are engaged, says Van Trieste.

Quality and continuous improve-
ment must be more than the names of 
departments in the company—they 
must become what everyone is trying to 
achieve. Ideally, if the concepts and tools 
of continuous improvement were to truly 
become “part of the way things get done, 
part of the first step, and not the last 
consideration, then I believe that manu-
facturing excellence would be something 
that more pharma organizations could 
achieve with ease,” predicts Rosenthal.
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O
ral delivery of drugs is the pre-
ferred route of administration by 
both patients and manufacturers. 

Ease and convenience are the greatest 
requirements for patients, which leads 
to higher medicine adherence. Produc-
tion costs for oral dosage forms also 
tend to be lower than for other options 
and offer the greatest versatility with 
respect to optimization of drug delivery.
For biopharmaceuticals, however, 
oral administration has been limited 
to a few relatively smaller molecules, 
including peptide products such as 
desmopressin and cyclosporine for sys-
temic treatment, and a number of other 
products for local treatment. Many at-
tempts have been made to develop oral 
insulin and other treatments for dia-
betes, but none have yet been success-
fully commercialized. Novo Nordisk, 
for example, halted development of its 
oral insulin product in October 2016.

The difficulty lies in the physical 
and chemical properties of large bio-

molecules and the physiology of the 
gastrointestinal (GI) tract. Overcom-
ing these fundamental characteristics 
is challenging. “Numerous approaches 
have been explored to enable the oral 
delivery of biologic APIs. These range 
from using permeation enhancers to 
support permeation through the tight 
junctions of the epithelium, to nano-
carriers to force active transport while 
protecting the biologic API from the 
gut, to making pro-drugs of the bio-
logic APIs to enhance passive perme-
ation,” observes David Lyon, director 
of research at Capsugel ’s Bend, OR 
facility. He notes that each of these 
approaches has had modest success in 
animal models, but has yet to develop 
into a commercial product.

The nature of things
The greatest challenge to the oral 
delivery of biologic APIs is absorp-
tion across the GI tract, according to 
Ronak Savla, scientific affairs manager, 
Catalent Pharma Solutions. Most oral 
drugs are absorbed in the small in-
testine, which has the highest perme- M
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Effective solutions for overcoming the high 
molecular weight, hydrophilicity, and instability 
of large biomolecules have yet to be identified.

Oral Delivery of Biologic APIs: 
The Challenge Continues
Cynthia A. Challener

ability compared to the large intestine 
and stomach. Characteristics of the GI 
tract that influence absorption include 
the surface area and mucosa perme-
ability of the particular segment; the 
pH; the presence of food, bile, en-
zymes, and bacteria; and the number 
of structures such as Peyer’s patches 
and lacteal ducts.
For biomolecules, however, their 
large size and polar surface make it 
difficult for them to diffuse across 
the epithelial layer. “Molecules with 
molecular weights of less than 700 
Da ltons  are  relat ively  easi ly  ab-
sorbed, which does include pepti-
domimetics; while those above 1000 
Daltons, regardless of size, are not 
typically absorbed to any extent ,” 
Savla says. In addition, most biologic 
molecules, including peptides, vio-
late Lipinski’s Rule of Five, which is 
used to determine if a drug molecule 
has physicochemical properties that 
w i l l allow it to be therapeutically 
act ive when oral ly administered. 

“Drug lipophilicity has the strongest 
correlation with oral bioavailability; 
there appears to be a minimum de-
gree of lipophilicity required for oral 
absorption,” Savla adds.
A second important issue for bio-
logic APIs is their susceptibility to 
enzymatic and chemical degrada-
tion in the GI tract. “Specifically, the 
physicochemical delivery challenges 
include hydrolytic sensitivities of the 
molecules to the acidic media in the 
gut, as well as the enzymatic activity of 
the intestine,” explains Lyon. Once the 
active is absorbed, there are additional 
opportunities for degradation inside 
both intestinal epithelial and liver cells, 
which in the latter is referred to as the 
hepatic first-pass effect.

The main consequence of the poor 
absorbance and degradation of bio-
logic APIs administered orally is low 
bioavailability. In some cases, this 
issue can be overcome by using higher 
doses, but doing so raises concerns 
about both potential side effects and 
excessive costs.

Drug formulation efforts focus 
on overcoming the various physico-
chemical challenges to increase bio-
availability. Permeation enhancers 
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and enzyme inhibitors are commonly 
used. Encapsulation and/or the use of 
protective (enteric) coatings can help 
prevent chemical and enzymatic deg-
radation. Modification of the biologic 
API structure through either covalent 
or non-covalent bonding with lipo-
philic substances is another approach.

The  stabi l ity  of  biologic  drug 
substances must also be considered 
when developing formulations. For 
instance, some techniques used for 
the production of small molecules—
such as those that introduce heat or 
organic solvents—may not be suit-
able for biologic products. In addi-
tion, according to Savla, the preven-
tion of aggregation upon storage can 
be a challenge, particularly for bio-
logic products in solution. “Temper-
ature, pH, and—in some cases—light 
can have an important impact on 
protein structure during manufac-
turing, which can lead to a delicate 
balance between the formulat ion, 
process conditions, and stability of 
the biologic API,” Lyon comments.

The role of  
functional excipients
A common theme across current ap-
proaches is the use of functional ex-
cipients such as permeation enhancers. 

“The larger size and hydrophilicity of 
biologic molecules hinders their pas-
sage across cells. Permeation enhanc-
ers are typically used to increase the 
space between epithelial cells in the GI 
tract lining,” Savla explains. Common 
enhancers include bile salts, fatty acids, 
surfactants, salicylates, chelators, chi-
tosans, and zonula occludens toxin (1). 
Use of these excipients does, however, 
have the potential to cause damage to 
the mucosa and to allow absorption of 
other substances, such as other pre-
scribed APIs in patients taking mul-
tiple drugs or even gut bacteria and 
their toxins.

Enzyme inhibitors are also used to 
prevent degradation of biologic APIs 
by enzymes in various parts of the GI 
tract, according to Savla. Examples in-
clude sodium glycocholate, bacitracin, 
and soybean trypsin inhibitor (1).

Structural  
modification approaches
In addition to the use of functional ex-
cipients as formulation solutions, com-
mon approaches to increasing the oral 
bioavailability of biologic APIs include 
modifying the drug molecule and/or 
the biological system.

A range of technologies have been 
explored for modifying the structure 
of biomolecules, including the use of 
polymers, the formation of nanopar-
ticles, and their inclusion in lipid 
systems. In many cases, all three ap-
proaches are employed. “Each tech-
nology has its pros and cons and may 
be more suitable for certain molecules 
or applications over others. Lipid sys-
tems are interesting because there 
have been a lot of studies completed 
with small molecules and they can 
both increase the permeabi lity of 
biologic molecules and protect them 
against hydrolysis and enzymatic 
degradation,” says Savla. Examples of 
lipid systems include liposomes, ar-
chaesomes, and emulsions.

Encapsulated biologics often exist as 
nanoparticles. Encapsulation protects 
the active against degradation, while 
the size of nanoparticles allows for 
better penetration through the stom-
ach lining, according to Savla. In addi-
tion, tailored receptors that target the 
GI tract lining for enhanced absorp-
tion can also be attached to encapsu-
lated proteins. Polymers used for the 
preparation of such nanoparticulate 
formulations include chitosan and chi-
tosan derivatives and other polymers 
commonly used for the preparation of 
small-molecule drugs (1).

More exotic solutions include “ro-
botic” pills, such as those being de-
veloped by Rani Therapeutics. Tiny 
needles comprised of a permeation 

enhancer, which are pushed by self-
inflating balloons that function under 
specific conditions in the intestine, 
deliver the biologic active through the 
intestinal wall.
Actual modification of the protein 
structure through conjugation with 
lipophilic compounds (fatty acids) or 
oligomers such as polyethylene glycol 
(PEG) has also been investigated. Crys-
tallization of proteins can improve oral 
delivery, but typically is quite difficult 
for most biologics (1).

“Manipulation of the structure of 
biologic drug substances using any 
of these approaches must be pursued 
with caution, however, given the fact 
these structures are not only complex 
but crucial to the efficacy and safety of 
the drug product,” Savla asserts.

Manipulating biochemistry
In addition to modifying the structure 
of the biologic API, some approaches 
focus on manipulation of bacteria that 
are commonly found in the intestine. 
Many of these bacteria are designed 
to tightly bind to the intestinal mu-
cosa. Through genetic engineering it 
is possible to create versions of these 
bacteria that can produce and secrete 
protein APIs and deliver a high con-
centration to the absorption mucosa, 
avoiding the possibility of degrada-
tion, according to Savla. In addition, 
these bacteria can deliver the biomol-
ecules throughout their lifetimes in 
the intestine. This technology can be 
combined with modification of pro-
tein structures to increase lipophilic-
ity and resistance to degradation.

There are also promising oral tech-
nologies being developed by companies 
such as Applied Molecular Transport 
(AMT) that use poorly immunogenic 
transporter proteins covalently linked 
to biologic APIs to actively transport 
them across the epithelium, accord-
ing to Lyon. AMT’s Transint platform 
provides targeted delivery of peptides 
and proteins to cells in the GI tract or 
liver using the non-toxic portion of the 
protein cholix toxin, which delivers a 
toxic compound produced by Vibrio 
cholera across the gut epithelium. The 

The greatest  
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carrier protein is covalently bound to 
the biologic API for delivery to the GI 
tract, while a linker inserted between 
the two allows delivery to the liver fol-
lowing enzyme cleavage.

“These types of approaches are el-
egant at delivering peptides and pro-
teins, but still require protection of the 
construct from the stomach and intes-
tinal environments,” Lyon says. He 
notes that the combination of such a 
transporter technology and Capsugel’s 
intrinsically enteric capsule technology, 
or enTRinsic drug delivery technology, 
may prove effective for providing both 
physicochemical protection and per-
meation. “Our enTRinsic drug deliv-
ery technology, which uses an enteric 
polymer in the capsule shell thereby 
avoiding the need for enteric coating 
and the high temperatures associated 
with coating processes, provides acid-, 
water-, and enzyme-impermeable cap-
sule characteristics that allow the cargo 
to be delivered intact to the site of ab-
sorption while protecting the active 
molecules,” Lyon explains.

Continued efforts
Despite the high level of interest in 
formulating biologic drugs for oral 
delivery, it remains uncertain when 
commercial products will eventually 
be available. “Several programs have 
reached and failed in Phase III. While 
there are a few current programs in 
Phase II and III clinical trials, it is dif-
ficult to predict whether these trials 
will be successful. Most of these pro-
grams face competition from injectable 
formulations—a high bar to match or 
surpass,” Savla observes.

Lyon is more hopeful when it comes 
to biologic APIs that treat local gut 
disease states, such as Crohn’s dis-
eases and irritable bowel syndrome, 
and expects that oral delivery for 
these drug substances will be fairly 
common within the next five years. 
Although he notes that great progress 
continues to be made translating “IV 
drugs to oral,” he says that significant 
breakthroughs have yet to be made 
if currently marketed biologic APIs 
are to be converted without covalent 

modification from IV delivery to drug 
products delivered orally.

To tackle this challenge, Catalent is 
taking a parallel screening approach. 

“We understand that there is no one-
size-fits-all solution and it is difficult 
to predict oral bioavailability a priori. 
We first assess a molecule’s permeation 
through the oral and sublingual/buc-
cal routes using the permeation en-
hancer sodium caprate. If the molecule 
demonstrates potential for one of these 
routes, we work on developing formu-
lation candidates,” Savla explains.

The Catalent Applied Drug Deliv-
ery Institute’s Non-invasive Macro-
molecule Delivery Consortium also 
brings together academic and industry 
experts from a variety of disciplines to 
discuss and develop possible ways to 
address challenges faced by everyone 
in the area, according to Savla. The In-
stitute organized a conference focused 
on routes of non-invasive macromol-
ecule delivery in February 2017 in San 
Diego. The conference was designed 
to bring together leading experts from 
academia and industry to discuss chal-
lenges, share results, and pave the path 
for the next steps in the field.

“As a specialized contract service 
prov ider w ith a focus on product 
design,” says Lyon. “Capsugel has 
invested in technologies that solve 
some of the challenges associated 
with the non-invasive delivery of bio-
logic APIs, including oral solutions.” 
As mentioned above, the company’s 
enTRinsic drug delivery technology 
overcomes the need to protect bio-
logic APIs from the GI tract environ-
ment. “The enTRinsic technology can 
be used in conjunction with standard 
biologic APIs and pro-drugs for either 
systemic or local gut delivery, and we 
have ongoing development and clini-

cal programs with a number of phar-
maceutical and biopharmaceutical 
partners,” Lyon notes.

Exciting and active area
The oral delivery of biologic APIs—
mainly peptides and proteins—has 
been a “holy grail” of pharmaceuti-
cal drug delivery for the past several 
decades, according to Lyon. “Oral de-
livery remains the preferred route for 
delivery of medicines. Biologic APIs 
are growing faster as a class of mole-
cules than traditional small molecules 
and have enjoyed shorter development 
times and approval times over the past 
decade. While the driving factor is im-
proved therapies, biotherapeutics also 
provide innovative companies with in-
creased differentiation in their product 
lifecycle strategies. It is reasonable to 
expect that the interface of these two 
areas will remain an exciting and ac-
tive area of research and investment in 
the coming years,” he states.

One potentially exciting direction 
of research for Savla is the intentional 
design of orally administered biologic 
APIs. “Given that most biologic drugs 
are injected, there is no guidance or 
rules of thumb for oral delivery. To 
date the focus has been converting 
existing biologic APIs initially de-
veloped specifically for parenteral 
administration to alternative oral 
delivery formulations. It is certainly 
possible that better success with oral 
delivery can be achieved if the bio-
logic APIs are designed from the start 
to function effectively within the in-
testinal tract. Of course, there are sig-
nificant risks in taking this approach 
given the numerous issues with the 
absorption and degradation of large 
biomolecules in the GI tract. It may in 
fact take initial successes with modi-
fied existing APIs before someone is 
willing to develop and orally admin-
istered biologic drug from scratch,” he 
concludes.

Reference
 1. Catalent Applied Drug Delivery Institute,  

Non-invasive Macromolecule Drug Deliv-

ery Guide (Somerset, NJ, 2015). PT

Oral delivery of 

biologic APIs has 

been a “holy grail” 

for several decades.
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ñaki Bueno, formulation and manufac-
turing manager at Idifarma, and Rob 
Harris, chief technical officer at Juniper 

Pharma Services, share insights on the 
challenges of capsule filling.

PharmTech: What type of formulations 
are filled in a capsule? What formulations 
are not suitable for capsule filling? 

Bueno (Idifarma): In principle, any type of 
formulation may be dosed into hard cap-
sules, from blends or granules, to coated 
pellets, to other oral dosage forms such 
as tablets, micro-tablets, smaller capsules, 
including various combinations of any of 
the mentioned forms. It is also possible to 
fill liquids, provided that the material of 
the capsule (generally gelatin, although 
there are other alternatives) is not soluble 
in the solvent used in the formulation.

Due to the need for a plasticizer in the 
capsule shell formulation, conventional 

hard gelatin capsules have a high water 
content (13–16%). For this reason, hy-
groscopic products can absorb moisture 
from the capsule, causing the capsules to 
become brittle, which can break under 
mechanical stress. On the other hand, 
such transfer of moisture to the contents 
of the capsule could generate problems 
of physical stability (crystalline form) or 
chemical stability of the API.

To solve these problems, capsules with 
a low moisture content can be devel-
oped, either by using plasticizers other 
than water or  other polymers, such as 
hydroxypropyl methylcellulose (HPMC), 
which is the most widespread alternative.
Finally, mixtures with materials con-

taining reactive aldehydes are not suitable 
for capsule filling, as they favor the “cross-
linking” effect experienced by the gelatin, 
reducing the capsule’s solubility.

Harris (Juniper): It is possible to fill pow-
ders, granules, non-aqueous liquids, non-
aqueous gels, and thermo-setting formu-
lations into capsules. For solids, powders 
with poor flow properties can be prob-
lematic because of poor fill weight control. 
Liquids with very low viscosity can leak 
from two-piece shells soon after filling. 
Hygroscopic liquids can cause embrittle-
ment in capsule shells. 

Capsule size and fill weight
PharmTech: How do you decide on capsule 
size and fill weight per capsule?

Harris (Juniper): The choice of capsule 
size and fill weight is dictated by the unit 
dose requirements and the formulation 
to be used.

Bueno (Idifarma): Once the formula of the 
contents of the capsule is developed and 
the weight to be dosed is known, it is easy 
to define the most appropriate capsule size. 
The body of each size of capsule has a de-
fined volume; and by knowing the density 
of the mixture to fill, we can establish the 
volume that will occupy the weight that 
must be filled in each capsule. In the case 
of mixtures (powder or granulate), know-
ing the tapped density makes it possible to 
determine the most suitable capsule size. 
For pellets or micro-tablets, where there 
is no possibility of compaction, it is neces-
sary to use bulk density instead. All cap-
sule suppliers provide capsule size tables 
that facilitate the choice of capsule size.

Clinical vs. commercial production
PharmTech: How is capsule filling for clini-
cal studies different from that for com-
mercial production?

Key Considerations 
in Capsule Filling
Q&A by Adeline Siew

Capsule filling is a complex process, and 
the product to be encapsulated must be 
well developed to ensure mass uniformity.

“The choice of 

capsule size and fill 

weight is dictated 

by the unit dose 

requirements and 

the formulation 

used.”

—Harris, Juniper
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Bueno (Idifarma): Capsule filling pro-
vides great potential for clinical trials, 
whether it’s filling just the API for first 

preclinical or clinical trials to filling 
other dosage forms in capsules (tablets 
or smaller-sized capsules, for instance) 

for blind or double-blind clinical trials. 
Capsules intended for clinical trials often 
have different geometries or dimensions 

Formulation

Overcoming the Challenges of Capsule Filling in Preclinical and Clinical Studies

Capsule filling is common in 

preclinical and clinical studies. 

Companies are increasingly de-

veloping cytotoxic and potent 

compounds; containment of 

these substances is, therefore, 

a primary safety concern for 

laboratory managers. As the 

API dosed into capsules are 

typically not fully characterized at this stage, they must be treated as high-

potency to protect the researchers handling them, because any spillage or 

exposure presents a potential safety risk. 

Often, only a limited quantity of the drug substance is available. When work-

ing with a new chemical entity, where the synthesis program may run concur-

rently with the early dosing studies, early batches may be of the order of several 

grams, with perhaps a gram or less available for development work. At this 

phase, the drug is expensive and precious, so it is important to avoid wasting any. 

Depending on the nature of the drug and test subject, new pharmaceuticals 

are often administered in gelatine capsules. The fill weight of each capsule must 

be accurately calculated and prepared according to the test subject’s weight. This 

preparation involves manually weighing highly potent, hazardous substances 

precisely with a spatula. Manual capsule filling, however, is tricky and challeng-

ing, especially with small capsules. 

Manual filling is usually performed manually when the sample series are too 

small for filling machines or different amounts are required per capsule, which 

is not easy to automate. Manual filling can be slow and tedious, especially if tens, 

hundreds, or even thousands of capsules have to be prepared each day. 

Alternatives to manual capsule filling 

There are various solutions to overcome the manual filling challenges: 

t� Low-cost capsule boards are an extremely fast method of filling capsules, 

but have some drawbacks. Capsules cannot be filled with pure API because 

it would deliver too much API per capsule; hence, an excipient must be 

used. As segregation of powders cannot be controlled, homogeneous-

proof samples are required and different formulations per capsule are not 

possible. Filling is achieved by volume, which is not highly reproducible, 

and capsule weights cannot be checked afterwards. 

t� Automated filling machines are a higher-throughput approach, but 

typically come at a high investment. Usually requiring at least a kilogram 

scale of material to run a batch, they are not flexible enough to fill different 

amounts per capsule. Additionally, these systems require time-consuming 

commitments of maintenance and cleaning between batches to prevent 

cross-contamination and ensure safety.

t� Semi-automated capsule filling solutions bridge the gap between the 

manual and high-throughput machines. These flexible systems are usually 

compact and affordable, ideally suited for small batch capsule filling and 

accurately dosing different target amounts to each capsule gravimetrically 

(e.g., Quantos, Mettler Toledo GmbH).

Reduce time and enhance safety using automation 

Reduce labor time. In a GMP lab, a validated filling system provides re-

duced labor time compared to manual filling. A technician may be capable of 

manually preparing 85–125 capsules per day at 3 mg target weights (techni-

cian dependent), whereas a semi-automated system produces 60 capsules 

per hour. Although the manual estimate depends on the standard operating 

procedure (SOP), a manual fill in a GMP lab would also require the eyes of two 

technicians: one to tare the balance, fill the capsule, and record the final fill 

weight; and the other present to verify each of these steps. Whereas, using a 

validated filling system requires only one operator to perform the task. Ad-

ditionally, the tare and fill weights can be captured electronically and stored 

and/or printed automatically, which reduces the labor time associated with 

data recording/transcription. 

Reduce development time. By using neat API in capsule, formulation 

development time can be reduced by simply evaluating the compatibility 

between the capsule shell and the API, instead of investigating excipient 

compatibility and fully formulating a dosage form. Analytical method de-

velopment time can also be reduced because no specificity needs to be 

qualified, as no interfering excipients are present. Thus, the analytical 

method for the drug substance can suffice for the drug product. 

Typically, release testing is performed on all incoming materials and final 

dosage forms before release to the clinical side. Using neat API in capsule, 

the initial release determines the purity and potency of the API, which mini-

mizes the release testing and allows substances to get to the clinic faster. 

Minimize cleaning and cross contamination. In setting up a typical 

fully automated encapsulation machine, there are a number of product con-

tact parts that have to be cleaned and verified by swabbing after dosing to 

determine residual API left on the instrument. However, semi-automated 

filling systems are much simpler to clean, because no substance comes into 

contact with any other part of the system other than the dosing head and 

the sample changer, which is easily detached for cleaning. The rest of the 

system is considered non-product contact and thus needs no additional 

cleaning verification. Cross-contamination risk is eliminated, as separate 

dosing heads are used for each substance. 

Enhance safety and reduce wastage. With high-potency substances, 

semi-automated capsule filling offers significant safety benefits. Potential 

exposure is reduced using a self-contained dosing unit. The drug substance 

is stored in a standard jar or vial with a dispensing head screwed on top, 

protecting the analyst from the drug, and the substance from the environ-

ment. At this phase, when working with new chemical entities that can cost 

thousands of dollars per gram, it is important to avoid any substance wast-

age. Weighing small quantities such as 1–5 mg, manually with a spatula, 

can result in significant loss or spillage. Having a system that accurately 

dispenses exactly the required amount, without wasting anything is, there-

fore, beneficial.

—Matthew Greene, CoreRx, Inc., and Joanne Ratcliff, Mettler-Toledo GmbH
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from the capsules used in production, and 
therefore, might require specific machine 
formats. Typically, the batch sizes for clin-
ical trials are smaller than for commercial 
production, so in many cases, it is possible 
to fill capsules manually. 

Harris (Juniper): For small numbers of 
capsules for clinical studies, it may be 
feasible to hand-fill capsules, either with 
neat drug or with a simple powder blend, 
or use a precision powder dispenser, such 
as the Xcelodose (Capsugel). Another ap-
proach for relatively small numbers of 
capsules is to ‘flush-fill,’ which involves 
holding an array of opened capsule 
bodies in a perspex frame and adding/
spreading out the drug or formulation 
across the capsule shells to fill them 
all to the brim, followed by adding the 
caps and closing the capsules. Difficult 
to handle powders (e.g., micronized 
drug, poor flow powders) can be filled 
into capsules either by hand-filling or by 
flush-filling (although due consideration 
should be given to the quantities of cap-
sules required).
For larger clinical trials, automation be-
comes important. For a batch size greater 
than a few thousand capsules, an auto-
mated filling approach is required, which 
demands the use of a suitable, free-flow-
ing powder blend or granular formulation.
For commercial production of capsule 
products, speed and ease of manufacture 
is important and, therefore, automated 
capsule filling machines are used. There 
are two types of automated capsule fill-
ing machine—the dosator-type and the 
dosing disc type. 

Challenges in capsule filling
PharmTech: What are the challenges of 
capsule filling for liquid and powder for-
mulations? 

Harris (Juniper): For liquid formula-
tions, very low viscosity liquids should 
be avoided due to the potential for leak-
age. For powder formulations, good flow 
properties are important to ensure satis-
factory fill weight control.

Bueno (Idifarma): The main challenge 
when filling liquids in hard gelatin cap-
sules is to find the right solvent (i.e., one 
that  does not interact with the capsule 
material). From a technological stand-
point, the capsule filling machine re-
quires a specific station to fill liquids, and 
the capsules must undergo an additional 
subsequent band-sealing process to pre-
vent leakage of the contents of the capsule. 
As far as powder filling is concerned, 

the main challenge is to achieve a formu-
lation with good flow properties, which 
guarantees the correct filling of the dos-
ing systems, and therefore, a good unifor-
mity of mass of the contents of the capsule.

PharmTech: Can you discuss the differ-
ences between manual and automated 
capsule filling, and the pros and cons of 
each method?

Bueno (Idifarma): Unlike an automatic 
filling machine, where there is a transfer 
of the product to the capsule, the man-
ual filling of powder is done volumetri-
cally. This implies that the whole body 
of the capsule must be filled. Changes 
in API or final blend density may make 
it impossible to fill the exact amount 
of blend. In cases where the density is 
lower, it is possible to use manual com-
paction systems, but they are ineffective 
and introduce a high variability to the 
contents of the capsule.

Obviously, the main advantage of man-
ual encapsulation is that the investments 
in equipment and formats are much lower 
and that the times dedicated to associated 
activities, such as adjustment and clean-

ing, are drastically reduced. Another ad-
vantage of manual filling is that there is 
no dead volume, which makes it possible 
to encapsulate all the powder, something 
that is really useful when manufactur-
ing very small batches for clinical trials 
or conducting formulation tests.

Speed, reliability, and the ability to ad-
just the dose are the main advantages of 
automatic machines. Its main disadvan-
tages include the need to invest in expen-
sive equipment, the longer time needed 
to perform adjustments to the batch, 
format changes and cleaning, and the 
need to manufacture bigger batch sizes 
compared with manual filling.

Things that can go wrong
PharmTech: What are the common things 
that can go wrong in capsule filling that 
manufacturers should be aware of?

Harris (Juniper): When powder filling, 
the main challenge is poor capsule fill 
weight control. When filling liquid or 
semi-solid formulations, splashing of 
the liquid during the capsule filling can 
occur, making it necessary to reduce 
machine output speed or increase time 
for the pump stroke. In addition, ‘tailing’ 
during filling stroke for gels and semi-
solids can lead to variable fill weights 
and contamination of capsules, making it 
necessary to adjust the speed of the pump 
stroke and/or increase the temperature of 
the formulation during filling. 

Bueno (Idifarma): Capsule filling is a 
complex process, so there may be nu-
merous challenges. It is important that 
the product to be encapsulated is well 
developed, with an acceptable flow and 
a reproducible batch-to-batch density 
to avoid problems of mass uniformity.
In addition, an automatic encapsu-
lating machine is a complex equipment. 
Each capsule format is composed of nu-
merous pieces, which must be perfectly 
aligned and adjusted to avoid the opening 
or breaking of capsules. When capsules 
are broken, they can release their con-
tents, staining the entire batch produced.
Finally, hard gelatin capsules even-

tually undergo a cross-linking reaction 
that renders the gelatin less soluble and 
may affect the release of the capsule 
contents. PT

“The main challenge when filling liquids 

in hard gelatin capsules is to find the 

right solvent (i.e., one that does not 

interact with the capsule material).”

—Bueno, Idifarma
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An Investigation of the Anomeric 
Stability of Lactose Powder Stored 
Under High Stress Conditions 
Mohamad J. Altamimi, Kim Wolff, Gary P. Martin, and Paul G. Royall

Lactose has two anomeric forms: α- and β-lactose. 

This study investigated the stability of solid lactose 

stored under high temperature and humidity 

conditions. Commercially available samples of 

α-lactose monohydrate (98% w/w α; 2% w/w β) and 

β-lactose (84 % w/w β; 16 % w/w α) were stored 

at 40 °C and 93% ± 3% relative humidity (RH) for 

up to one week and analyzed using proton nuclear 

magnetic resonance. The data show that the storage 

conditions can change the anomeric content and 

potentially affect the functionality of lactose as a 

pharmaceutical excipient.

Lactose is a widely used excipient in the formulations of 

many pharmaceutical products because of its inherent 

qualities, such as low cost, high stability, low hygroscopicity, 

and compatibility with a wide range of active ingredients 

(1–4). Lactose can, for instance, serve as a diluent that is 

added to active ingredients to regulate tablet size, flow, 

cohesion, weight, and compressibility (1). It is a common 

excipient used, for example, within formulations contained 

in hard-shell capsules. Most dry powder inhaler powder mix-

tures also contain lactose as a carrier to increase the flow-

ability of drug particles and regulate dosing accuracy (5, 6).

Lactose is a disaccharide that can exist in solid form as 

α-lactose and β-lactose anomers. The anomers result from a 

mechanism known as mutarotation, where the orientation of 

a hydrogen and a hydroxyl group changes on a specific carbon 

atom as a consequence of  carbon–carbon bond breaking, 

rotation, and bond re-formation (see Figure 1) (1, 7, 8). As 

a pharmaceutical powder product, α-lactose monohydrate 

refers to a powder that is comprised primarily of pure 

α-lactose crystals, containing only minor concentrations of 

β-lactose, and has water integrated as a hydrate in its crystal 

structure (water content ≃5% w/w). In contrast, commercial 

β-lactose products contain a higher concentration of the β 

anomer (approximately 80% w/w) and are often referred to 

as “anhydrous” lactose due to the fact that the β-lactose is 

present in the anhydrous form (9). It has been shown that 

lactose can exist in a co-crystal form that can be used to 

enhance the physiochemical properties of the API (10).

Most of the lactose used in medicines is primarily α-lactose 

monohydrate. β-lactose, however, has pharmaceutical 

applications as a filler or binder in the direct compression 

stage of tablet production (11). The efficiency of drug-delivery 

systems containing lactose (such as tablets and dry powder 

inhalers) can be greatly affected by the anomeric composition 

of the lactose used, including variation in terms of flowability 

and moisture adsorption (3, 9, 12). β-lactose-containing tablets 

are less brittle than those containing α-lactose monohydrate 

products and exhibit better compaction properties, which 

decrease the brittleness by making the tablets harder (13). 

When crystalline α-lactose monohydrate has a fraction of 

amorphous material present, typically found on the surface of 

processed particles, this amorphous region could potentially 

contain a mixture of both α and β anomers. As a result of 
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a different chemical composition, the disordered regions 

will be expected to interact differently with a drug than the 

crystalline and more stable α-lactose monohydrate present 

in the product (14). Furthermore, because such amorphous 

content can crystallize rapidly at room temperature when 

the water activity is above approximately 0.5% w/w (14), 

differences in the crystalline α and β anomer ratio may be 

observed as a result of the generation of amorphous content 

followed by re-crystallization. For example, ball milling under 

ambient conditions has been shown to induce a 15% w/w 

conversion of the α-anomer to the β-anomer due to the 

presence of moisture in the air (15). 

The stability of lactose must be investigated to ensure that 

lactose-containing products are being stored appropriately 

such that the same anomeric content is maintained 

throughout the shelf-life of the formulation. The anomeric 

composition of a lactose sample can be successfully 

determined using a novel nuclear magnetic resonance 

(NMR) method, as recently reported (1).

The aim of the present study was to determine the stability 

of solid lactose under high-stress conditions by NMR analysis. 

Commercial samples of lactose were exposed to high 

humidity conditions at 40 °C for up to one week and the α- and 

β-content monitored as a function of time. The International 

Council for Harmonization of Technical Requirements for 

Pharmaceuticals for Human Use (ICH) guidelines state that 

general stability tests should be carried out at 40 ± 2 °C and 

at a relative humidity (RH) of 75 ± 5% RH (16). In this study, the 

temperature during the incubation period was set at 40 °C; 

however, the RH during the incubation was maintained at 93% 

RH (greater than the conditions outlined in the ICH guidelines). 

This approach was carried out to investigate the extreme 

conditions that could affect the stability of the anomeric 

content of the lactose samples. Such conditions may occur 

during the bulk transport of the excipient across the world 

even if the final drug product is used and stored according to 

manufacturer’s specification. Differential scanning calorimetry 

(DSC) was employed to determine the hydrate form of the 

resultant lactose samples after the incubation period.

Materials and methods

H1 NMR analysis. Dimethyl sulphoxide (DMSO) -d6 99.9At% 

+ 0.05% tetramethyl saline (TMS) (%v/v) was acquired from 

Goss Scientific Instruments and used as the solvent for the 

NMR samples.  Aliquots were transferred to a 400 MHz 

Wilmad NMR tube (Sigma). DMSO solution (0.7 mL) was added 

to the sample and the lactose dissolved approximately 10 min 

prior to analysis using a 400 MHz NMR (Bruker Avance); the 

experiment was completed within 10 min. The NMR analysis 

was conducted using a Quattro nucleus probe (QNP) including 

16 scans and a zg30 sequence, where a 30° pulse was applied 

prior to acquisition. TMS (appears at 0 ppm) in the DMSO 

was used as a reference to compare the chemical shifts. The 

method and the analysis of the resulting spectra from each 

NMR experiment were based on those outlined in previous 

studies (1). The anomeric composition was obtained by com-

paring the ratio of the integrated α and β peaks using the 

Bruker Topspin software for NMR spectral data analysis (1, 15).

Calibration. The available lactose powders were mixed in 

different ratios and analyzed by NMR to create a calibration 

graph showing the correlation between the changes in 

anomeric ratio of lactose and the different mixtures of 

α-lactose monohydrate and β-lactose. Mixtures of 1:4, 1:3, 

1:1, 3:1, and 4:1 of α-lactose monohydrate:β-lactose were 

used in this experiment. The amounts of lactose powders 

corresponding to these mixture ratios were weighed directly 

into NMR tubes and, after dissolution, analyzed by the above 

method.

Stability study. An environmental temperature of 40 °C 

and 93% RH was established in a temperature-controlled 

incubator (Gallenkamp, Wiess Technik). The humidity was 

maintained by introducing an open reservoir containing 

an excess of purified water into the incubator. Conditions 

within the incubator were monitored continuously using a 

thermometer/hygrometer (TraceAble, Fischer Scientific). 

After equilibration of the environmental conditions, 

approximately 300 mg samples of commercial α-lactose 

monohydrate (Sigma) and β-lactose (ACROS organic) were 

placed in aluminium weighing boats (QBI Consumables) 

within the incubator (middle shelf ). Aliquots of lactose 

powder (3–4 mg) were removed from each sample, 

immediately prior to the start of the experiment, and these 

were designated the time-zero samples. On days 1, 2, 3, 4, 

5, and 7, further aliquots were removed from each weighing 

boat for analysis by NMR. Care was taken to ensure that the 

removed portions comprised powder representative of the 

entire powder bed.

Differential scanning calorimetry (DSC). An automated 

DSC (TA instruments, Elstree) was used to analyze the lactose 

samples, as received and then after the incubation period. 
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Figure 1: The structures of the two lactose anomers: 

α-lactose and β-lactose depicted using ChemDraw 

showing the difference in the position of the hydroxyl 

group and the hydrogen (indicated by asterisks). When 

mutarotation occurs, lactose interchanges from one 
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Three to four milligrams of β-lactose was weighed into a 

hermetic DSC pan using a Sartorious balance and covered 

with a DSC lid with a pinhole. The pans were then sealed and 

placed in the automator prior to the start of the experiment. In 

brief, the run program involved: equilibration at 25 °C, ramp up 

to 160 °C at 10 °C/min, equilibration at 160 °C and a hold phase 

for 1 min, followed by a ramp down to 25 °C at 10 °C/min, and 

re-equilibration at 25 °C.

Results 

H1 NMR analysis and calibration. Figure 2 is an example 

of an NMR spectrum of α-lactose monohydrate powder, con-

taining an insert of the region of interest 6–7 ppm where the 

α and β proton peaks occur, on a larger scale. The α and β 

protons are the most deshielded atoms in the lactose mol-

ecule because of their position with respect to a neighboring 

electronegative oxygen atom. The distance between the 

α proton and the oxygen atom is also greater than the dis-

tance between the β proton and oxygen atom. Therefore, 

the respective protons exist in slightly different chemical 

environments, which also accounts for the α and β protons 

of the α-lactose monohydrate sample appearing as two 

separate peaks found in the farthest region (6.2–6.7 ppm) (1).  

Because of the nature of the NMR experiment, the α 

and β peaks appear split depending on the number of 

adjacent hydrogen atoms (referred to as n). Peaks are 

split by n + 1; therefore, in this case, both peaks are split 

into doublets as a consequence of the adjacency of one 

hydrogen atom. The relative intensities of the integrated 

α- and β-proton peaks were calculated and the anomeric 

content was determined for α- lactose monohydrate 

and β lactose at day zero (n=5). The purchased sample 

of α-lactose monohydrate was found to contain 98% ± 

0.16% w/w α-lactose and 2% ± 0.16% w/w β-lactose. In 

contrast, the sample of β-lactose powder contained 

16% w/w α- lactose and 84% w/w β-lactose, with the 

standard deviation being 0.29%.

Dif ferent mixtures of lactose powders (α- lactose 

monohydrate and β-lactose) were analyzed by NMR 

to generate the calibration graph shown in Figure 3. 

Five percent of the weight of α-lactose is water and 

approximately 20% w/w of the β-lactose powder is known 

to be α-lactose (11); thus, the calculated value for the 

percentage of the  α anomer was determined using the 

Equation 1:

(W 
‘α-lactose’ 

- W 
water present in ‘α-lactose’

) + (W 
α anomer present in ‘β-lactose’

)

W 
‘α-lactose’ and ‘β-lactose’ mixture sample

X 100

[Eq. 1] 

where, W= weight; ‘α-lactose’ and ‘β-lactose’ powders as 

received.

The weight of the water present in lactose was 

determined using thermogravimetric analysis (TGA). The 

weight loss corresponding to the water loss detected by 

TGA was 4.97 ± 0.34% w/w (n=3). The α anomer content 

present in the β-lactose was found to be 16.3 ± 0.22% 

w/w by NMR. Using these data, the calculated α anomer 

composition was determined and used as the independent 

(x) axis. The NMR data derived from the mixtures of lactose 

samples were plotted as the abscissa values. As shown in 

Figure 3, the R2 value (0.992) is strongly indicative of the 

linearity of the NMR analysis.  

Stability study. Constant temperature and relative 

humidity were maintained during the seven-day experiment 

(Figure 4); the values upon daily monitoring being 

40.0 ± 0.5 °C and 93 ± 0.7% RH (with an instrument 

accuracy of ± 3%).

The β-lactose sample changed markedly in composition 

as a funct ion of t ime. The orig inal sample, which 

contained 16% w/w α-lactose and 84% w/w β-lactose was 
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Calibration curve for the % α anomer present in mixtures of ‘α−lactose’

and ‘β-lactose’ powders
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Figure 2: Nuclear magnetic resonance (NMR) spectrum 

of α-lactose monohydrate and an enlarged spectrum 

of the 6–7 ppm region of the spectrum. The magnified 

portion of the spectra shows the peaks indicative of 

the α-lactose at ~6.3 ppm and β-lactose at ~6.6 ppm.

Figure 3: A calibration curve illustrating the calculated 

α anomer % and the % α anomer of mixtures of 

‘α-lactose’ : ‘β-lactose’ powders determined by nuclear 

magnetic resonance (NMR) in the following order: 1:4, 

1:3, 1:1, 3:1, and 4:1.
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Relative humidity and temperature conditions of

incubator during storage period
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Figure 4: Relative humidity and temperature conditions 

of incubator measured using a traceable hygrometer/

thermometer during a week-long stability study to 

investigate the changes in anomeric content of lactose.

Figure 5: An overlay of nuclear magnetic resonance 

(NMR) spectra for ‘β-lactose’ powder, stored for up 

to one week at 40 °C and 93% relative humidity (RH), 

showing the progressive change in anomeric content of 

the samples (x-axis = ppm and y-axis = signal intensity). 

Representative spectra for ‘β-lactose’ as received, after 

three, five, and seven days of storage were selected 

to illustrate the change in anomeric content of powder 

after incubation.  The intensities of the samples were 

normalized for this figure.

transformed and after seven-day storage, was found to 

comprise 48.5% w/w α-lactose and 51.5% w/w β-lactose 

(Figures 5 and 6). The increase in α-lactose content was 

found to be a (R2 = 0.97) linear function of time (slope 

4.7%/day).

In  cont ras t ,  the  compos i t ion  o f  the  α - lac tose 

monohydrate sample did not change throughout the 

seven-day storage period (Figure 5). The mean α-lactose 

anomer content during storage of the sample was 98.4 

± 0.15%. The R2 value was 0.53 indicating that the data 

points were randomly distributed around the mean, 

suggesting a small variation due to the NMR experimental 

procedure. 

DSC. The thermogram in Figure 7 comprises an overlap 

of representative curves for α-lactose monohydrate, 

β-lactose, and β-lactose after storage at high temperature 

and RH conditions. α-lactose monohydrate exhibits a 

peak that corresponds to water loss at 140–160 °C, and 

this peak is represented by the blue trace in Figure 7.

β-lactose did not exhibit any peaks in this region as 

expected because of the absence of the hydrate present 

in α- lactose monohydrate. The incubated β- lactose 

sample presented a peak that overlaps with the α-lactose 

monohydrate water-loss peak at 140–160 °C. The weight of 

α-lactose monohydrate (n=6), β-lactose (n=6), and β-lactose 

after incubation at high temperature and RH conditions 

(n=6) over seven days was measured before and after the 

DSC experiments and the weight loss was calculated to 

be 5 ± 0.4% w/w, 0.1% ± 0.1% w/w, and 3.6 ± 0.4% w/w, 

respectively.

Discussion

It is well known that amorphous lactose is an unstable form 

of lactose that changes into the more stable crystalline lac-

tose, and some of the conditions that affect this process 

have been identified (17). In previous studies, however, there 

have been misidentified changes in the anomeric composi-

tion of specific samples of lactose that have been incorrectly 

described as polymorphic changes (18, 19). In addition, the 

monitoring of the anomeric interconversion of lactose and 

the presence of different forms during compression have 

also been neglected; issues with caking could be minimized if 

such aspects were investigated (19). 

The aim of this study was to investigate the effects of 

high temperature and humidity conditions on the anomeric 

composition of lactose powders, using H1 NMR. This 

method requires the solid lactose samples to be dissolved 

in solutions of DMSO prior to analysis. It is important 

to establish that mutarotation within these solutions is 

minimized for the length of the NMR experiment (1, 7, 20).  

Previous work by the authors has shown that mutarotation 

of lactose is inhibited for up to 20 min in DMSO due to the 

aprotic characteristics of the solvent (1). Accordingly, all 

spectra were derived within this timeframe. The analysis 

carried out has allowed the unambiguous determination of 

the anomeric content of lactose samples before and after 

storage under high stress conditions (21).

In this study, the anomeric content of α-lactose has 

been shown to be stable even when stored under such 

extreme ambient condit ions, when water sorption 

might be expected to occur (12). It has been reported 

previously that, in solution, the anomeric content of 

lactose equilibrates at approximately 37% α-lactose : 63% 

β-lactose (1, 7). Moreover, a study by Lefort et al. using 

non-crystalline lactose suggested that the anomeric ratio 

equilibrium in solid state is different from the equilibrium 

that occurs in solution, for example, when heated (up to 

http://www.pharmtech.com/
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160 °C) samples of solid amorphous lactose were found to 

undergo mutarotation and equilibrate at 50% α-lactose : 

50% β-lactose (22). In the same study, crystalline lactose 

was shown not to display mutarotation (22), but these 

experiments were conducted under low and uncontrolled 

humidity conditions. 

The current study established that the α-lactose sample 

maintained its original anomeric content under the 

predetermined extreme conditions, whereas the β-lactose did 

not. Initially, it was assumed that there would be no change in 

composition of either sample, as lactose powders have been 

previously considered chemically stable (11). The hypothesis 

to account for the transformation that occurred in β-lactose 

is that the water vapor in the immediate surroundings of the 

lactose sample condensed and pooled on the surface of the 

powder mass, thereby creating a saturated solution, which 

resides on the particles’ surface. In this saturated solution, the 

anomeric composition would be expected to approach the 

equilibrium state observed in aqueous solution. 

The proposed mechanism is that β-lactose present in 

the saturated solution is converted to α-lactose, which in 

turn recrystallizes into the α-lactose monohydrate form.  

The removal of the α-lactose from the solution present in 

the surface “pools” induces more β-lactose conversion 

within this solution to the α-lactose form to approach and 
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Figure 6: α-lactose content of α-lactose (n=3) and 

β-lactose (n=6*) samples stored for up to one week 

at 40 °C and 93% relative humidity (RH). The blue 

trace represents the %α anomer content of ‘α-lactose 

monohydrate’ and the red trace shows the α-lactose 

content in the ‘β-lactose’ samples. 

*n=4 at day 3 due to instrumental error.  

**Error bars calculated using standard deviation.
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maintain the equilibrium. This mechanism, catalyzed by the 

storage conditions, might be expected to continue until an 

equilibrium between the two anomers is established, which 

is representative of the ratio found in solution.

The data show, interestingly, that β-lactose content 

reached a %w/w of ~50%, which is significantly lower than 

the β-lactose content at equilibrium in solution at 40 °C 

that was reported by Jawad et al. to be approximately 63% 

(1, 7). The aqueous solubility of α-lactose monohydrate is 

significantly less than the β-lactose form, and hence more 

β-lactose would be expected to dissolve and convert to 

α-lactose than the obverse, resulting in a powder with a 

higher solid-state concentration of the α-lactose anomer. 

DSC analyses of lactose samples were carried out in support 

of this hypothesis. The thermogram of α-lactose monohydrate 

was found to exhibit a water-loss peak at approximately 140 °C, 

as reported previously in literature (23). This characteristic 

peak was used to determine whether β-lactose converts to 

α-lactose monohydrate or anhydrous α-lactose. According to 

the DSC analysis, the incubated β-lactose sample produced 

an endothermic peak that is indicative of water loss from 

α-lactose monohydrate. The peak shape was also not as sharp 

as that obtained from the α-lactose monohydrate, but this 

observation might have been attributable to the differences 

in the packing of the powder within the DSC pans. This 

non-uniform packing might have been expected to induce 

water loss in a less uniform fashion than for the α-lactose 

monohydrate sample. Additionally, the calculated % weight 

loss in the incubated β-lactose is indicative of water loss from 

that proportion of the β-anomer that has been converted to 

α-lactose monohydrate. Therefore, these findings appear to 

support the original hypothesis that β-lactose is converted 

to the α anomer, which in turn interacts with the surrounding 

humidity to form more crystalline α-lactose monohydrate. 

Such results concur with those reported previously, where 

semi amorphous mixtures containing both α-lactose and 

β-lactose showed an increase in the formation of α-lactose 

monohydrate with increasing RH (24).

The consequence of such a hypothesis is that, at the point 

when equilibrium might have been expected to have been 

established in solution (i.e., at 63% β anomer : 37% α anomer), 

some of the α anomer in solution may have been converted to 

the crystalline (solid) hydrate. This conversion might hinder the 

equilibration process and result in the situation where the β 

anomer continues to undergo mutarotation, resulting in a higher 

α content than expected (see Equations 2 and 3). Alternatively, 

the interaction of lactose with water resulted in a saturated 

solution where the β lactose content, which was changing to 

α-lactose, remained constant through the dissolution of more 

β lactose. The reaction would, therefore, appear to follow a 

pseudo zero-order mechanism (Equation 3), despite zero-order 

models being applicable to solutions only. The mechanisms are 

summarized in the equations below:

Proposed mechanism of lactose reaction.

β
(s,cry)

 ֕ β
(aq,sat)

 ֕ α
(aq,sat)

 + H
2
O J αt)

2
O

(s) 
[Eq. 2]

The integrated form of the zero order linear equation.

[β]=–kt+[β䙱材� � [Eq. 3]

In the pseudo zero-order rate equation (Equation 3), k is the 

rate constant, t is time, and [β]ο is the initial concentration of 

β lactose. Using Equation 3 on the data displayed in Figure 6, 

the rate constant is 4.7% β-lactose per day and the half-life is 

9.1 days. It should be appreciated that equilibrium has not been 

observed in this study, and thus the kinetics of the reaction 

may appear to be of zero order before the reaction starts to 

approach equilibrium. Therefore, the reaction should be referred 

to “pseudo” zero-order; the half-life quoted is based on the 

assumption that the reaction follows the proposed mechanism.

Conclusion

The effect of the storage conditions on the anomeric stability 

of crystalline lactose was investigated by NMR to determine 

unambiguously the anomeric ratio of two different lactose 

powders. No significant change in the anomeric content of 

the α-lactose monohydrate powder was detected. In contrast, 

samples with a high β-lactose content showed a significant 

increase in α-lactose content at high-stress conditions. The 

kinetics of the change in the anomeric content of β-lactose, 

where β-lactose was converted to the α anomer, resembles 

a “pseudo” zero-order kinetic model with a half-life (t
1/2

) of 

9.1 days. In addition, the results from DSC experiments sup-

ported the hypothesis that the β-lactose is converted into the 

monohydrate form of α-lactose, because the thermograms of 

the β-lactose-containing samples exhibited a sharp water loss 

peak at a temperature corresponding to that obtained from 

α-lactose monohydrate powder samples.
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I t  was demonstrated that  the 

conditions under which lactose is stored 

can greatly change the anomeric ratio 

that, in turn, might alter the efficiency 

of its use in the pharmaceutical industry 

(1, 3, 9, 25). Excipients that are shipped 

internationally in bulk, may experience 

exposure to spikes in relative humidity 

and temperature in transit. Long-term 

storage of medicines in unsuitable 

environments (e.g., bathroom cabinets) 

by the patient may expose lactose-

containing products (e.g., dry powder 

inhalers, capsule, and tablets), which 

might affect not only the API, but also 

the lactose used as an excipient. The 

reproducibility and long-term efficacy of 

lactose-containing medicines is reliant 

on maintaining the anomeric content of 

the lactose therein at a constant ratio 

(3, 9). Therefore, it is recommended 

that the anomer composition of lactose 

should be monitored as a function of 

time to assess the potential impact 

on the overall stability of medicinal 

products. 

Future studies wil l  draw upon 

the practices of the pharmaceutical 

market/industry and investigate the 

conditions at which lactose is stored and 

handled throughout its production and 

subsequent integration into medicines. 

Further work and future publications 

will support and build on the findings 

reported here, by investigating the 

epimerization kinetics of lactose over a 

range of humidities and temperatures.
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A
s the pharmaceutical industry be-
gins to automate manufacturing 
processes, many companies are 

looking to the Industrial Internet of 
Things (IIoT) to provide a way to more 
efficiently transfer information. While 
the IIoT provides a viable method for 
automating the flow of data, the con-
cept of and security risks associated 
with cloud-based data storage is still 
new to many in the industry. Pharma-
ceutical Technology sat down with Ben 
Blanchette, director of Strategy and 
Business Development for IIoT, and 
Torsten Winkler, lead of the Life Sci-
ences Center of Excellence in EMEA, 
both at Honeywell Process Solutions; 
Dave Sharpe, global industry director, 
and Tony Baker, security lead, both at 
Rockwell Automation; and Lee Sul-
livan, regional manager, COPA-DATA 
UK Ltd to discuss IIoT and its impact 
on pharmaceutical manufacturing. 

Improving the flow of information
PharmTech: How does IIoT technology 
improve the flow of information?

Sullivan (COPA-DATA): IIoT can provide 
you with data; lots of data. IIoT’s real 
potential comes from the ability to 
monitor and connect. For example, 
Zenon [a human machine interface/
supervisory control data acquisition 
system and communication platform 
from COPA-DATA] has more than 
300 communication protocols, in real-
time; therefore, hardware devices and 
business enterprise (SAP enterprise 
resource planning) systems can be 
linked to obtain data—and historical 
data—on demand. Furthermore, mo-
bile technology and instant reporting 
capabilities allow for increased effi-
ciency across a manufacturing site, as 
an IIoT-enabled system can pinpoint 
who, what, when, where, and how er-
rors have and will occur.

Blanchette (Honeywell): In terms of 
IIoT technology improving the f low, 
I don’t know if there is any major im-
provement in our ability to move data, 
and f low information up and down 
the supply chain. I think what’s dif-
ferent with respect to IIoT, the IIoT 
philosophy, and a fully capable IIoT 
infrastructure and network, is that it 
becomes easier to move that informa-
tion. Because of the way we’re collect-
ing and storing the data and because 
the applications we’re using to support 
IIoT are typically cloud native, it [im-
proves] collaboration across separate 
enterprises and up and down the supply 
chain [because] data can be transmit-
ted more easily. That’s what is differ-
ent about IIoT versus technology we’ve 
had for 20 years. We’ve had the ability 
to connect systems together, but it was 
typically customized integrations that 
required a lot of up front effort and 
large switching costs if you were to 
switch from one supplier to another up 
and down the supply chain. Going to 
cloud native IIoT infrastructure frame-
work simplifies all of that and improves 
f lexibility. I think that’s probably the 
biggest opportunity there, the ease and 
f lexibility with which data can move 
up and down the supply chain to allow 
collaboration. Everybody’s seeing the 
same data in the same way. 

Winkler (Honeywell): Especially for the 
pharmaceutical industry there is an 
increasing demand for documented 
evidence and documented data for the 
production [of drugs]. One initiative, 
for example, from the [regulatory] au-
thorities is serialization. Serialization 
is a requirement by the [regulatory] 
authorities that you have a proven re-
cord from where the final drug was 
produced, and you need to document 
this. Of course, if you have one sup-
plier and proprietary interfaces, you 
can achieve the same thing, but the 
industry is moving away from these 
monolithic systems to more modular 
systems because they want to have the 
capability to exchange information in 
an easier way. If you build special in-
terfaces between the different modular 
systems to achieve for example serial-

Integrating Industrial 
Internet of Things 
and Pharmaceutical 
Manufacturing Processes
Caroline Hroncich

Industry experts discuss IIoT and 
its impact on pharmaceutical manufacturing. 

http://www.pharmtech.com/


®
 R

e
g

iste
re

d
 tra

d
e

m
a

rk
, A

sh
la

n
d

 o
r its su

b
sid

ia
rie

s, re
g

iste
re

d
 in

 v
a

rio
u

s c
o

u
n

trie
s  ™

 Tra
d

e
m

a
rk

, A
sh

la
n

d
 o

r its su
b

sid
ia

rie
s, 

re
g

iste
re

d
 in

 v
a

rio
u

s c
o

u
n

trie
s   /  ©

2
0

1
6

, A
sh

la
n

d
   A

D
-1

3
7

2
3

_
0

3
.1

7
 Who sees 

opportunity at a 
molecular level?
We are passionate, tenacious solvers  

who thrive on developing practical,  

innovative, and elegant solutions to complex 

problems in pharmaceutical, always 

pushing the boundaries of what’s possible,  

and advancing the competitiveness of  

our customers across diverse industries.

ashland.com/pt2

http://Ashland.com/
http://ashland.com/pt2


48    Pharmaceutical Technology MARCH 2017  PharmTech .com

ization, this requires dedicated inter-
faces, dedicated software, and in terms 
of GMP compliance, these interfaces 
are a different class. There is a tremen-
dous effort to achieve fully validated 
systems with these customized inter-
faces. The Internet of Things and the 
collaboration between all the different 
components allows the customer to 
achieve a better modularity and reduce 
the validation cost with standardized 
interfaces and standardized data flow. 

Enhancing process controls?
PharmTech: How does the IIoT impact or 
enhance process controls?

Winkler (Honeywell): The intention of 
IIoT is not to increase the position of 
a process analytical technology (PAT) 
controller, or real regulatory control, 
but the IIoT gives you the infrastruc-
ture in a validated environment that 
reduces cost for validation to achieve 
the initiative, for example FDA’s PAT 
initiative. This means you can collect 
manual data more easily, do something 
with this [data], and the result is avail-
able for control. That means you can 
set up in a better or easier way multi-
variable modeling, for example, or you 
can do indirect measurements. In a bi-
opharmaceutical plant, it is relatively 
impossible to measure the quality of 
the products, but you can indirectly 
measure this information. That way 
you make this information and results 
more easily available for real control. 
The umbrella is the infrastructure to 
fulfill the PAT initiative. 

Sullivan (COPA-DATA): At an IIoT-en-
abled facility, all process values can be 
accessed at any stage, including tem-
perature, pressure, weight, f low, pH, 
dissolved oxygen, humidity, and en-
ergy. IIoT makes it possible to visual-
ize the process, understand the science, 
and see where the edge of failure lies. 
Additionally, engineers can param-
eterize processes and monitor with 
increased resolution to create a con-
trol strategy and alerting mechanism 
that prevents the equipment from ever 
reaching, or getting close to, their pre-
determined limits. When we talk about 
process, we are referring to every small 

process loop or discrete control in the 
plant. This is a science, to advance with 
an accurate vision. And it is in this vi-
sion that you can find the paradigm 
shift for improvement.

Blanchette (Honeywell): I don’t think 
that going to an IIoT framework or in-
frastructure directly impacts process 
controls. I think we’re pretty good at 
that within a plant—we’re pretty good 
at controlling the process. Where the 
impact will probably be felt is in the 
fact that those process controls will 
probably be more consistent. You will 
probably have better repeatability and 
better reliability of those control sys-
tems so they will be functioning at peak 
efficiency all the time. I think what IIoT 
really enables is the ability of external 
experts and the right person to solve 
the current problem … the ability to 
look at the data, analyze the data, and 
provide some recommendations about 
how to improve the control of process. 
[The impact is] on the collaboration 
side and the optimization of the con-
trols we already have, and the assurance 
that all those controls are performing 
as efficiently as possible. It’s maybe 
a level above the process controls. It’s 
that level of automation, watching how 
they perform, and providing some tools 
to enable experts to fine tune and re-
fine those process controls and maybe 
even some automatic analytical-based 
enhancement to those controls from 
the cloud. I think that’s where we’ll see 
the impact on performance of process 
controls. 

Looking to the future
PharmTech: How do you think the IIoT 
will impact pharmaceutical manufac-
turing in the near future? 

Sharpe (Rockwell): Pharmaceutical 
manufacturers can look forward to the 
next generation of quality, productivity, 
and efficiency gains thanks to improve-
ments in workflow standardization and 
scalable analytics. These capabilities 
are increasingly made possible because 
of IIoT technology that connects and 
contextualizes disparate data from pro-
duction and enterprise IT systems. 

Workflow standardization is replac-

ing time-consuming and error-prone 
manual operations like follow ing 
recipe instructions and tracking work 
performed. Key to providing process 
guidance and enforcement are manu-
facturing execution systems (MES). 
This technology offers operator in-
structions while collecting product 
data as it moves across the facility and 
noting nonconformance issues. Easy-
to-access information can then be elec-
tronically stored for however long the 
pharmaceutical manufacturer needs it, 
helping with serialization and track-
and-trace efforts. 

Scalable analytics have provided 
pharmaceutical manufacturers the 
ability to leverage actionable informa-
tion when and where it is needed. Exact 
analytics capabilities vary based on the 
users’ need, but the technology is help-
ing to pull and analyze data as close 
to the source as possible. On the plant 
floor, a maintenance engineer can con-
nect directly to a device in order to ac-
cess near-instantaneous incident data. 
At the enterprise level, information 
collected across a number of plants 
can integrate with business systems to 
evaluate production trends. From plant 
f loor to distribution, information for 
individual users’ needs helps make en-
terprise wide improvements. 

Winkler (Honeywell): From a pharma-
ceutical market point of view, [IIoT] 
is the infrastructure; it will allow for 
completely paperless production. The 
digitization of the company’s proce-
dures, production, supply chain—that 
is how it will impact the industry. Digi-
tization is the key word here.

Sullivan (COPA-DATA): The pharma-
ceutical manufacturing facilities of 
the future will go well beyond current 
standard methods of operations and 
development. The IIoT will add or-
ders of magnitude to quality by design 
(QbD), with six sigma performance 
made possible on all quality param-
eters. The IIoT vision is one of highly 
automated production with high levels 
of visibility in all processes. Equipment 
will be highly precise, process controls 
will be well understood and constantly 
refined. As a result, in the IIoT-driven 
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plant, products remain cost-effective 
long after patent expiration.

Addressing security concerns
PharmTech: What are some best practices 
to prevent unauthorized intrusions, or 
cyberattacks, on pharma IT systems? 

Baker (Rockwell): A number of preven-
tion best practices are available to avoid 
unauthorized intrusions and attacks. 
Pharmaceutical manufactures can de-
termine what is the best fit for them 
based on system design, sustainability, 
and cost sensitivity. Good infrastruc-
ture design, for instance, is a recom-
mended first tactic, including segmen-
tation through industrial demilitarized 
zones, firewalls, virtual local area net-
works, and access control lists. 

Today, a pharmaceutical manufac-
turer needs to look beyond prevention, 
focusing on investments to detect, 
remedy, and recover from intrusions. A 
number of tools are available that can 
inspect and monitor industrial auto-

mation control systems. Best security 
practices also go beyond the network 
by taking advantage of capabilities 
within applications that manage who 
is allowed to access the system and to 
what extent. 
Another best practice is to suffi-
ciently harden operating systems in 
order to prevent malicious applications 
from spreading. Devices and comput-
ers should be physically hardened and 
locked up to keep unauthorized indi-
viduals from modifying or accessing 
the system. In addition, authorized 
personnel need to be trained on how to 
work with the security controls, such 
as being prepared for USB devices 
with malicious applications, phishing 
emails, and a number of other threats. 

Blanchette (Honey well): There ’s a 
perception that hosting your data in 
a private cloud that is maintained is 
safer, but we’re starting to hear the 
argument that a publically hosted 
cloud with thousands of users and 

thousands of different and unique 
security requirements is much more 
secure just because you have so many 
more users of that public cloud space. 
The reason it ’s more secure is the 
hosting companies have to meet the 
requirements of all of those users. 
Because of that , and the way that 
the deployments are built out today, 
if I meet the security units of one of 
those users on the public cloud, all 
of those users get to benefit from 
that security measure. We’re start-
ing to get to the point in the market 
where the ability of large cloud host-
ing markets to secure their cloud 
environment is starting to get so far 
ahead of what any private entity can 
provide. I think ultimately you’ll see 
that public hosting will be a quantum 
leap better than anything you can de-
velop in private. I think there’s some 
truth to that, and [there’s] starting 
to be some acceptance of that. That’s 
probably one of the single biggest 
ones. If you host it privately, you have 
to build all the security yourself. You 
have to develop it all, and there’s no 
way one entity can keep up with the 
giants out there that do this for a liv-
ing. Those companies have tens of 
thousands of times more eyes on the 
security of those public clouds than 
any one business can build internally. 
I think that’s going to be important, 
that’s probably the most secure way 
to do it. The other thing we’re seeing 
a lot of, instead of just trying to be 
proactive, is the ability of companies 
to have people monitoring and reac-
tively providing an intruding defense. 
You’ll have people fighting off those 
intrusion attempts. That proactive 
and reactive defense of the system 
is probably what we’re going to have 
as a standard across the space in the 
future. The first step is recognizing 
that no matter what you do you’re 
never going to be 100% secure. Don’t 
ever rest on thinking that you have a 
secure system in place. You have to 
be vigilant and consistently trying to 
improve proactively, and reactively 
respond to attempts to attack the 
systems.  PT
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T
he science of stability has sig-
nificantly evolved since the ad-
vent of International Council for 

Harmonization (ICH) Q1A (1). This 
guideline has been in effect for more 

than a decade and offers the benefit of 
global harmonization. However, diver-
gent local regulatory expectations in 
accordance with this guideline have 
frequently increased both time and 

cost required for developing new mo-
lecular entities and can ultimately delay 
bringing new medicines to patients. 
Nevertheless, improved modeling tools 
coupled with the appropriate protocols 
have enabled similar or better stability 
predictions within accelerated time-
frames when compared to a more tradi-
tional ICH approach (2–4). These tools 
provide increased understanding of 
the attributes that inf luence drug 
substance and product stability in-
stead of following the traditional ICH 
approach that simply demonstrates 
stability in an empirical manner. 
These modern tools and approaches 
are well aligned with the science- and 
risk-based approaches detailed in 
ICH Q8–Q11 (5–8) and have been 
termed risk-based predictive stability 
(RBPS). Companies are using these 
RBPS tools to enable development (9). 
The perception, however, is that the 
application of these tools has been in-
consistent across the industry. Addi-
tionally, there is no acknowledgement 
of these RBPS tools within regulatory 
guidance documents.
In 2015, the International Con-
sortium for Innovation and Qual-
ity in Pharmaceutical Development 
consortium (IQ) launched a working 
group to focus on the use of RBPS 
tools to optimize pharmaceutical de-
velopment. The working group has 
approximately 50 members from 18 
companies across the pharmaceutical 
industry. During the initial conversa-
tions within the group, it became clear 
that there is considerable variability 
in the implementation of these tools 
and their use (and success) in regula-
tory applications. This realization led 
to the conclusion that the industry 
was not aligned in how to leverage the 
knowledge these RBPS tools provide, 
which prompted the working group 
to conduct a survey to understand 
sponsor companies’ experiences using 
RBPS tools. The survey, consisting of 
56 questions, was conducted during 
2016. The focus was on RBPS tools 
and excluded concepts associated 
with lean stability as discussed in the 
literature (10).
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Results
Of the 18 companies that responded to 
the survey, 16 indicated they use RBPS. 
Responses from 18 companies represent 
approximately 58% of the IQ Consor-
tium Analytical Leadership Group (11). 
Respondents represented a cross sec-
tion of the pharmaceutical industry 
including large and small molecules 
as well as generic drug products. The 
list of respondents is provided in Table I.

How are RBPS tools being used? Ten of 
the companies who responded reported 
using ‘typical’ accelerated stability as-
sessment program (ASAP) studies to 
evaluate/model chemical degradation, 
as published by Ken Waterman et al. 
(2,3,12–15). The survey responses and 
literature review show that some com-
panies are using in-house predictive 
stability approaches (16, 17). The pack-
aging moisture vapor transmission rate 
(MVTR) was used in the predictions by 
12 of the responders, with the source of 
the MVTR data split fairly even between 

experimentally derived data, default 
values in software, and supplier infor-
mation. Most responders utilized RBPS 
approaches to model assay/potency or 
impurities and moisture, as shown in 
Figure 1. Physical attributes such as dis-
solution, disintegration, hardness, color, 
and form changes were also modeled by 
a small number of respondents. Only 
two companies, however, reported per-
forming specific stressed stability stud-
ies to monitor for physical changes when 
a shelf life claim is based on predicted 
chemical stability data. One responder 
reported focusing on chemical degrada-
tion early in development and then per-
forming full ICH stability testing later in 
development, including physical testing.

How are companies using RBPS? The 
responders indicated that RBPS ap-
proaches have mainly been used on 
immediate-release solid oral dosage 
forms, and have also been applied 
across a wide range of formulated 
products including parenterals, oral 

solutions, modified- and extended-
release formulations, as well as drug-
product intermediates, drug substances, 
starting materials, and drug-substance 
intermediates. The survey responses in-
dicated that while RBPS studies have 
primarily been used for formulation 
screening and shelf-life predictions/
use period assignment, they have also 
been used across a range of applications 
including packaging selection, dem-
onstrating equivalence, site-specific 
stability, and support of post-approval 
changes, as shown in Figure 2. Certain 
applications not specified in the survey 
questions were also reported, including 
inherent stability understanding, salt/
polymorph selection, mass balance as-
sessments, supplier screening, specifi-
cation setting, process evaluation for 
drug product, and device compatibility.

How are companies utilizing results to 

support regulatory strategies? Ten com-
panies using RBPS approaches also 
reported f iling the predictions in 
regulatory submissions. The majority 
of these reported having used RBPS 
in clinical submissions with only five 
companies using these approaches in 
marketing submissions and two in 
post-approval changes. In total, RBPS 
approaches have been used in excess of 
100 submissions.

Clinical submissions containing 
RBPS approaches have been successfully 
approved in more than 23 countries. 
Countries that did not accept specific 
submissions from one responder were 
identified as Spain, Czech Republic, 
France, and Italy. In each of these cases, 
the respective health authorities re-
quested additional real-time, long-term 
stability data before accepting the pro-
posed clinical use period/retest period. 

Quality: Risk-Based Predictive Stability

Table I: International Consortium for Innovation and Quality in Pharmaceutical Development (IQ) member 
companies that responded to the IQ consortium Survey on Risk-Based Predictive Stability.

AbbVie Agios Pharmaceuticals Alkermes Amgen

AstraZeneca Bayer Bayer Healthcare Blueprint Medicines

Boehringer Ingelheim Daiichi Sankyo Eli Lilly and Company EMD Serono

Endo Pharmaceuticals GlaxoSmithKline Janssen Pharmaceutica NV Merck

Pfizer Teva Pharmaceuticals

Figure 1: Survey responses to question: Which attributes are being modeled?
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Pfizer has previously published a sum-
mary of their experiences of regulatory 
acceptance of RBPS approaches, where 
Freed et al. (9) discussed the regula-
tory responses to a number of submis-
sions. Pfizer presented using ASAP 

data only to support an initial shelf life 
of not more than 12 months for drug 
product in numerous early clinical sub-
missions in the United States, Canada, 
European Union, and emerging mar-
kets. They received queries from South 

Korea, Czech Republic, and Ukraine. 
While the queries from Ukraine were 
successfully answered, South Korea 
required at least three months’ data at 
the long-term storage condition and 
Czech Republic adhered to the ICH 
guidance. More recent submissions to 
South Korea with ASAP data only have 
been successful when a commitment 
protocol with ICH time points is also 
included.  In another similar example 
in a Phase  IIa submission, 12 countries 
accepted the filings with no questions, 
while two countries (Serbia and Ro-
mania) requested additional stability 
information. For stable systems when 
shelf-life predictions cannot be achieved 
from a RBPS approach (due to a lack of 
degradation), three companies reported 
claiming a 12-month clinical use period 
while others defaulted to ICH-based use 
period assignments in this case.

Most of the companies surveyed 
with RBPS approaches in clinical sub-
missions were using the predictions 

Figure 2: Survey responses to question: In what capacity were you using risk-

based predictive stability (RBPS) studies?
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to set an initial clinical-use period 
or as supportive stability data. Other 
applications reported were to demon-
strate equivalence, packaging selection, 
specification justification, and device 
compatibility. In the majority of cases 
for clinical submissions, long-term sta-
bility testing was also performed and 
presented in the submissions as shown 
in Figure 3, although some companies 
report using reduced protocols (time 
point and conditions). Two companies 
reported only holding samples in long-
term contingency storage.

Three companies provided further 
details of how RBPS approaches were 
used in marketing applications. In all 
three instances, successful applica-
tions were reported in major markets. 
Regulatory questions on the RBPS 
approaches in marketing applica-
tions were received from the US, EU, 
South Korea, Australia, Switzerland, 
Singapore, Israel, and Malaysia but 
all reportedly answered satisfactorily. 
One responder commented that the 
predictive stability approaches have 
been accepted by the vast majority of 
health agencies without questions. The 
predictions were used by the three re-
sponders for a range of purposes in 
marketing submissions including: as 
supportive stability data, to set initial 
shelf-life/retest period, for packaging 
selection, for excipient compatibility, 

for specification justification, and to 
demonstrate equivalence. The data 
were typically presented alongside full 
ICH stability testing.

Two companies reported using 
RBPS approaches to support post-ap-
proval changes but only one company 
gave further details, specifically that 
RBPS was used to support a packag-
ing change in the US.

Nearly 85% of the responders agree 
that the industry would benefit from 
standardized templates for reporting 
risk-based predicted stability data in reg-
ulatory submissions, with approximately 
half of the responders already using inter-
nal templates. A standardized approach 
for presenting and leveraging RBPS data 
in regulatory submissions may increase 
worldwide approval of RBPS. The highest 
benefit area for standardized templates 
would be the clinical space, where com-
panies use RBPS tools to set initial retest 
periods and clinical-use periods without 
long-term data available.

Opportunities
The results of this survey indicate that 
use of RBPS strategies in clinical sub-
missions has been largely accepted by 
regulatory agencies around the world. 
Survey respondents noted that Spain, 
Czech Republic, France, and Italy did 
not accept their RBPS strategies. Other 
respondents, however, successfully 

reached a resolution with the review-
ers in these countries.

In the clinical space, all respondents 
that used RPBS to support clinical ap-
plications indicated that the tools are 
used to set the initial shelf life of the 
clinical supplies. Most of the respon-
dents also indicated that a commitment 
to run an ICH-like long-term stability 
program was added to the regulatory 
submission. Several respondents indi-
cated, however, that RBPS is filed in 
conjunction with a lean long-term pro-
tocol. As highlighted in the results sec-
tion, companies have successfully com-
mitted to protocols containing reduced 
time points and reduced storage condi-
tions. One respondent indicated that a 
protocol with reduced storage time was 
filed to confirm the model predictions, 
rather than confirm shelf-life. There ap-
pears to be a significant opportunity for 
companies to strategically define their 
long-term stability programs based on 
RBPS conclusions. Sharing of case stud-
ies and specific regulatory successes and 
challenges may encourage additional 
companies to progress these strategies 
and further drive regulatory acceptance.

Although the survey results indicate 
that RBPS is primarily being used in 
clinical submissions, a few respondents 
indicated that RBPS strategies have 
been used in marketing applications 
or to support post-approval changes. 
Those who have used RBPS to support 
marketing authorizations indicated 
that it was accepted and worked for 
its intended purpose. One respondent 
indicated it was utilized globally with 
success. In the post-approval space, use 
is even lower, but has been successful as 
well. One respondent successfully used 
RBPS in a US submission to support a 
packaging change in conjunction with 
an annual lot testing commitment. Al-
though the number of companies using 
these approaches for initial market-
ing applications and post-approval 
changes is low, results indicate a high 
success rate and a significant poten-
tial growth area for other companies. 
Knowledge of stability performance is 
greatest for a marketed product, mak-
ing RBPS approaches a logical strategy.

Quality: Risk-Based Predictive Stability

Figure 3: Survey responses to question: When using risk-based predictive 

stability (RBPS) studies for shelf-life prediction/assignment to support clinical 

development describe your strategy for concurrent or subsequent stability.
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The survey results imply that compa-
nies would like to progress these strat-
egies further and that development of 
industry positions will help move these 
stability approaches towards broader 
applicability. Eighty-five percent of re-
spondents agreed that developing stan-
dardized templates for presenting RBPS 
data and conclusions to support specific 
strategies would be valuable and 90% of 
respondents would be willing to help de-
velop these templates. Most respondents 
(approximately 80%) are also willing to 
share specific case studies and learnings 
that could be published through the IQ 
RBPS Working Group. Pursuing harmo-
nized regulatory submission strategies 
and learning about specific successes 
and challenges will undoubtedly pro-
vide a large opportunity to grow regu-
latory acceptance of RBPS.

Conclusion
This survey of industry was extremely 
informative in learning about the use 
of RBPS tools across the industry. A key 
learning from this exercise is that sev-
eral companies are successfully leverag-
ing these advanced stability approaches 
in their development paradigm. The in-
formation gathered can be used to con-
tinue the discussion around the broader 
utilization of these tools in accelerating 
drug development and advancing sta-
bility performance understanding.
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M
anaging the relationships between 
clients and contract manufactur-
ing organizations (CMOs) can be 

difficult as the pharmaceutical landscape 
and its related supply chains become more 
global and complex. One of the best tools 
to achieving a good working relationship 
between a client and their CMO is the use 
of a well-drafted, clear and concise quality 
agreement. To accomplish this, it is im-
portant to understand the different types 
of clients as well as the types of CMO 
models existing in today’s environment. 

In May 2013, FDA published draft 
guidance on quality agreements, which 
was finalized in November 2016 (1). Al-
though written quality agreements are 
not explicitly required under existing 
CGMP regulations, they are required 

by the European regulations. Chapter 7, 
Outsourced Facilities, in EudraLex Vol-
ume 4 states, “There must be a written 
Contract between the Contract Giver 
and the Contract Acceptor which clearly 
establishes the duties of each party” (2). 
The FDA final guidance is titled Con-
tract Manufacturing Arrangements for 
Drugs: Quality Agreements and, like all 
final guidances, represents FDA’s current 
thinking on the topic. The need for qual-
ity agreements is underscored by 21 Code 
of Federal Regulations (CFR) 200.10, Con-
tract Facilities that states, “Section 704(a) 
of the Federal Food, Drug, and Cosmetic 
Act specifically authorizes inspection 
of consulting laboratories as well as any 
factory, warehouse, or establishment in 
which prescription drugs are manufac-
tured, processed, packed, or held” (3). 
This section of the regulations goes on to 
state, “The Food and Drug Administra-
tion is aware that many manufacturers of 
pharmaceutical products utilize extramu-

ral independent contract facilities, such 
as testing laboratories, contract packers 
or labelers, and custom grinders, and re-
gards extramural facilities as an extension 
of the manufacturer’s own facility.” And 
finally, 21 CFR 211.22, Responsibilities 
of the Quality Control Unit, states, “The 
quality control unit shall be responsible 
for approving or rejecting drug products 
manufactured, processed, packed, or held 
under contract by another company” (4).

The emergence of CMOs and virtual 
companies has been at the forefront of 
some of the challenges the industry is ex-
periencing. With the finalization of the 
FDA guidance, it is an opportune time to 
revisit the concepts and ideas regarding 
quality agreements.

Comprehensive quality agreements
Quality agreements should not be limited 
to what is meant by traditional manufac-
turing but should be expanded to include 
the support activities necessary to produc-
ing a final product. It is important to put 
into context what is meant by “manufac-
turing”. For the purposes of this article, 

“manufacturing” will be considered any-
thing to do with the manufacturing, test-
ing, processing, packaging, or holding of 
the product including the procurement 
of the active ingredient, excipients, and 
packaging materials, including labeling, 
used to assemble the product.

Another important issue to understand 
is the different client and CMO business 
models existing in the industry today. The 
various outsourcing models range from 
a single outsourced activity to the full 
range of activities to produce the product. 
Partners in the contract-manufacturing 
niche also include the full spectrum from 
small to large and from early development 
to late-stage generic drug companies. The 
complexity of the business models em-
phasizes the need of the industry to em-
ploy a meaningful quality agreement that 
focuses on defining who is responsible 
for what in the relationship and what the 
communication scheme will be between 
the organization(s). 

Often the major issues include the 
actual logistics of the agreement itself.  
While there is obviously no one model 
for format and content, each party usually 
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would like their own format for consis-
tency. The real issue, however, is to agree 
on the scope and level of detail.

Looking at the situation from both 
sides might help in understanding the 
complexity of the issue. A CMO will have 
multiple clients. Each client will have dif-
ferent information they want highlighted 
in their quality agreements and will want 
to use their own quality agreement tem-

plate. Keeping track of numerous com-
mitments can cause regulatory risk for the 
CMO, particularly if one client wants to 
have a different approach to an issue than 
another client. CMOs should look for cli-
ents who understand the regulations and 
can evaluate the CMO’s systems against 
those regulations rather than demanding 
the CMO conform to their way of doing 
things. Clients should look for a robust 
quality system and an open and commu-
nicative culture when choosing a contract 
organization to perform work for them.

A case study in quality agreements
Let’s look at an example where robust 
quality agreements and a good com-
munication scheme would have helped 
avoid and alleviate a regulatory concern. 
Keep in mind that the contracted parties 
involved in this scenario are unaware of 
the multiple contracts negotiated by the 
client, none of the contracts specify which 
party is responsible for investigations, and 

there is no mention in the quality agree-
ment about how the parties will commu-
nicate in the event of an issue.

The CMO was manufacturing clinical-
trial materials for a client. The CMO was 
scheduled to perform the sixth manufac-
turing run of the clinical material when 
they noticed a different physical appear-
ance to the API during incoming inspec-
tion. The Certificate of Analysis accom-
panying the API indicated the material 
met the necessary specifications. The 
CMO was only capable of performing an 
incoming identity test because the client 
had contracted for the API release testing 
to be performed by a contract test labora-
tory (CTO).

The CMO contacted the client and 
expressed their concerns with the ap-
pearance of the incoming API. The cli-
ent said that they were not concerned 
with the physical appearance of the API 
and told the CMO to manufacture the 
clinical-trial material. Once the manu-

Quality Agreements

The importance of quality agreements

Pharmaceutical Technology asked Siegfried Schmitt, principal consultant at 

PAREXEL, about the importance of quality agreements in the sponsor/con-

tractor relationship.

PharmTech: Which parts of FDA’s quality agreements guidance, which 

was published in November 2016, should manufacturers pay close attention 

to? Are there similar guidelines in Europe?

Schmitt: Although the entire FDA guidance should be paid close atten-

tion to, one particular aspect of interest to manufacturers relates to ‘Approv-

ing or Rejecting Changes that Affect Product Quality and cGMP Compliance’ 

(Case 5 of the guidance). Change management can be challenging when a 

sponsor and contract acceptor disagree. When this occurs, the FDA’s guidance 

provides clarity around each party’s role and responsibilities which allows 

the two groups to better overcome these challenges. In Europe, written qual-

ity agreements/contracts are mandated within existing regulations, namely 

EudraLex Volume 4, Part I, Chapter 7 Outsourced Activities; Part II Paragraph 

16 Contract Manufacturers (including Laboratories); and Part III Pharmaceu-

tical Quality System (International Council for Harmonization Q10) Paragraph 

2.7. Management of outsourced activities and purchased materials.

PharmTech: How can quality agreements enhance the sponsor/contrac-

tor relationship?

Schmitt: While many sponsors and contractors may share a close com-

mercial relationship, quality agreements add a compliance component. This 

helps to build more of a common understanding of each side’s needs, build-

ing additional trust. Possessing a written framework that guides the rela-

tionship on both an operational and compliance basis allows for issues to be 

addressed at a level that is likely more amenable to cooperation and often 

eliminates legal team involvement.

PharmTech: How do quality agreements enhance the overall quality of 

pharmaceutical products?

Schmitt: Although the sponsor outsources certain activities, it maintains 

full responsibility for everything that the contract acceptor does when inter-

facing with regulatory authorities. Thus, the responsibility for manufactur-

ing safe products of a high quality remains with the sponsor. Therefore, the 

sponsor has great interest in writing quality agreements that assure the 

maintenance of high quality and compliance levels by the contractor. 

PharmTech: How should quality agreements be designed?

Schmitt: Quality agreements should include clarity in terminology, un-

ambiguously defined roles and responsibilities, and a precisely defined scope 

of the agreement. These documents are designed for project managers, op-

erational staff, and quality experts. With these users in mind, the language 

of quality agreements should be appropriate for that audience and not be 

written like a legal document. Quality agreements should also be written 

as separate documents from commercial contracts to retain the flexibility to 

update and change these as needed.

PharmTech: What are some of the mistakes pharma companies make 

when developing quality agreements?

Schmitt: Issues are more likely to arise when both parties involved are 

not properly aligned, which may lead to a misunderstanding on expecta-

tions. Additionally, gaps may surface in specific areas where the sponsor and 

contractor have varying levels of expertise, such as information technology. 

To avoid potential gaps or conflicting details within an agreement, the con-

tractor and sponsor should maintain a close relationship with clear objectives 

and a mutual understanding of the quality agreement.
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facturing run was completed, the CMO, 
per the quality agreement, sent the final 
product to a different CTO. The product 
failed final product release testing, and 
the CTO opened an out-of-specification 
investigation.

The CTO found no error attribut-
able to the laboratory and contacted 
the client that they thought there was 
a problem with the manufacturing run. 
The client contacted the CMO and told 
them to investigate the incident at their 
facility only. During the investigation, 
the CMO documented that they felt 
the failure of the product to pass the 
final product testing was due to the 
unusual appearance of the API and 
requested permission from the client 
to talk with the API manufacturer. The 
client denied the request; the clinical 
trial batch was placed on hold by the 
CMO; and the investigation was never 
closed out.

During a regulatory inspection, the 
inspector wanted to know what the 
outcome of the investigation was. The 
CMO had to tell the inspector that they 
could not complete the overdue inves-
tigation because they were unable to 
talk to the API manufacturer and the 
client had told them that they investi-
gated the API manufacture and could 
find nothing wrong with the API. The 
CMO said the investigation was still 
open because the most probable root 
cause identified was the API, but it 
could not be verified. The result was 
that the CMO, the client, and the API 
manufacture were all issued FDA 483s 
and the product approval was delayed 
until the issue could be resolved.

How could a more robust qual-
ity agreement and a communication 
plan have helped resolve the situation? 
There are a couple of recommenda-
tions to be made. The first is when 
there are multiple quality agreements 
involved, the client should make sure 
each of the parties are aware of each 
other through their quality agreement. 
The client should also define that they 
will facilitate any communications be-
tween the various parties involved in 
the manufacturing including the test-
ing laboratories, packagers, etc. In ad-

dition, the quality agreements should 
state who is responsible for the various 
activities including the facilitation and 
resolution of investigations.

There is no right or wrong in craft-
ing quality agreements. A good quality 
agreement will take into consideration 
the needs of the CMO, the client, ad-
herence to compliance, and regulatory 
commitments of both parties. If both 
parties keep these principles in mind, 

they will have a great working relation-
ship despite the quality agreement.
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D
ata shape every decision in the 
pharmaceutical value chain, 
from production line optimi-

zation to quality control (QC) and 
quality assurance (QA), batch release, 
and supply chain logistics. Pharma-
ceutical manufacturers collect, analyze, 
and interpret raw data, transforming 
them into the information that they 
need to make better decisions. 

As competition drives pharmaceu-
tical companies to integrate diverse 
functions (e.g., research and develop-
ment with manufacturing, or quality 
control with supply chain operations), 

and to connect with outside partners 
(e.g., university laboratories or contract 
research and manufacturing organiza-
tions [CROs and CMOs]), complete 
and reliable data are essential, both 
for business efficiency and regulatory 
compliance.  

To ensure safety and efficacy, any 
data associated with a pharmaceutical 
product must be “attributable, legiti-
mate, contemporaneous, original, and 
accurate,” as FDA has noted (1), using 
the mnenomic, “ALCOA.” Meeting 
these requirements for chromatog-
raphy and laboratory has challenged 
some manufacturers, and even driven 
a few out of business, in the past. 

In 2004, for example, FDA inspec-
tors accused the pharmaceutical 
manufacturer Able Labs of fraud (2,3). 

Inspectors found differences between 
paper and electronic chromatography 
data, and learned that some of the 
company’s staffers had been copying 
chromatograms from records for pass-
ing batches and pasting them onto 
records for failing ones, reintegrat-
ing chromatograms, and adjusting 
measured weights and calculations to 
ensure passing quality test results for 
problematic batches (4). 

The company had been using both 
paper and electronic data systems, and 
the software’s audit trails ultimately 
showed who had doctored the data. 
They were charged with criminal fraud 
and the company went out of business 
soon thereafter. 

But data integrity continues to chal-
lenge pharmaceutical manufactur-
ers around the world. Between 2011 
and 2014, FDA issued more than 30 
warning letters and form 483s citing 
problems with data integrity (1). From 
June 1, 2015 through June 1, 2016, the 
agency’s inspectors issued 25 warning 
letters and 483s, according to Douglas 
Farquhar, principal with the Wash-
ington, DC-based law firm, Hyman 
Phelps & McNamara (5).

Regulatory bodies are demanding 
the highest standards of consistent 
data robustness. In 2015, the Medicines 
and Healthcare Products Regulatory 
Agency (MHRA) in the United King-
dom and the World Health Organiza-
tion (WHO) both issued new guidance 
on data integrity (6, 7). In the United 
States, FDA updated its draft guidance 
on data integrity in April 2016 (8,9). 
These latest efforts aim to safeguard 
data quality throughout the pharma-
ceutical development process—from 
testing, manufacturing and packaging 
medicines, through to distribution and 
end-user monitoring.

There are prerequisites to ensuring 
data integrity in lab operations, includ-
ing those that involve chromatography. 
First, any and all data must be saved 
and stored properly and in their origi-
nal form. Technicians should not enter 
data into a computerized system, then 
copy the data on paper, unless systems 
are in place to verify and store all of that 
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data properly. Any data that have been 
entered manually must be checked and 
verified by another person.  In addi-
tion, access to software and passwords 
should be available to one person at a 
time, and not issued to groups of techni-
cians. Another important point is to en-
sure that the right level of data access is 
given to people on staff, so that nobody 
can change results that have already 
been recorded. 

Robert McDowall, a consultant 
in the UK, has analyzed recent FDA 
warning letters and European regula-
tory agency citations to highlight the 
errors that pharmaceutical labs most 
often make that involve lab and chro-
matography data (4). These errors tend 
to fall into the following categories (see 

Figure 1):
t� Laboratory control issues (e.g., un-

official product testing)
t� Automation and equipment issues 

(data that were not backed up or 
archived properly, use of shared 
passwords for access to databases 
and platforms, no standard oper-

ating procedures [SOPs] for data 
management)

t� Laboratory record issues (e.g., 
no reviewer signatures recorded, 
deletion or falsification of data, 
data not entered at the point of 
record).

However, advances in data man-
agement, and specifically the move to 
integrated informatics systems, have 
made it easier for companies to ensure 
the integrity of their data. For example, 
not only chromatography equipment, 
but laboratory equipment such as 
scales can be connected directly into 
a laboratory information management 
system (LIMS) to ensure that the cor-
rect data are recorded and cannot be 
tampered with (10).  

In addit ion, there is a need to 
move beyond ALCOA, to ensure 
that data are also consistent, com-
plete, enduring, and available. LIMS 
and chromatography data systems 
(CDS) can help by having relational 
databases to record complete data, 
automatically and consistently, and 

store them for the long-term, while 
maintaining the user’s ability to re-
trieve that data easily.

This article looks at how improve-
ments in LIMS and CDS can help en-
sure the integrity of data and improve 
overall laboratory efficiency. These 
improvements have been driven by 
user demand for more automation to 
ensure compliance and data integrity 
while delivering better usability.  As 
computer systems have evolved, the 
ability to add more intelligent func-
tionality to laboratory software has 
increased, enabling the support of 
smart functions that provide more 
assurance of data integrity.  

The right decision at the right time
For anyone working for a pharmaceuti-
cal manufacturing company, making 
the right decision requires timely ac-
cess to data that can be trusted. With 
the evolution of smarter laboratory 
software, the ability to control and re-
duce sources of potential data-integrity 
issues is now in the hands of labora-
tory managers. Even in a QC lab that 
uses the most robust chromatographic 
methods, it can be challenging for 
technicians to adhere to SOPs every 
time they run a specific procedure to 
ensure that routine analyses generate 
reliable data every time. 

When out-of-specification (OOS) 
results are identified, discovering the 
root cause of the problem is often a 
time-consuming, manual process that 
can only take place after errors have 
been spotted. Once an error has been 
identified, troubleshooting a specific 
chromatographic method can lead to 
workflow delays, pushing back project 
deadlines and squeezing budgets.

The latest CDS use intelligent con-
trol features such as system suitability 
testing and run control to allow the re-
sults of analytical runs to be recorded 
more efficiently.  By taking automated, 
in-run pass or fail actions based on 
real-time chromatographic results, 
these tools can reduce the number of 
OOS tests required to determine root 
cause and help minimize post-run 
analysis time.  

Data Integrity

Figure 1: Collated and classified chromatography data systems (CDS) citations 

from FDA warning letters. SOP is standard operating procedure.
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Data Integrity

The most up-to-date LIMS can help 
laboratories not only to identify when 
runs fail, but to predict when they 
will fail. Left unchecked, errors that 
mask small performance problems 
can grow into much larger quality is-
sues that require costly remediation. 
Real-time monitoring using statistical 
algorithms is extending the power of 
chromatography run-control software. 
Some integrated systems have been de-
signed with statistical quality control 
capability built in. Such technology 
allows real-time process monitoring 
and trending, and can track noncon-
formance before it reaches pre-defined 
thresholds, allowing the overall pro-
cess to be optimized automatically 
while the root-cause investigation is 
still going on. 

Unscheduled maintenance in a QC 
laboratory can cause costly delays to 
the release of an entire product batch. 
These delays are often caused by a 
gradual decline in instrument per-
formance, which, unless detected and 
trended, can easily be ignored. Inte-
grated informatics systems that con-
trol SOPs and capture data from all 
lab instrumentation and equipment 
can become a crucial component in 
increasing laboratory productivity by 
managing instrument maintenance 
schedules and reducing downtime.

Monitoring instrument performance
Once trended and analyzed, data such 
as area counts, baseline conductivity, 
and retention time provide valuable 
information on the general health of 
an instrument. Both CDS and LIMS 
offer capabilities that allow users to 
monitor instrument performance 
so that equipment downtime can be 
carefully planned as part of a regular 
maintenance schedule. This way, users 
can be notified, and workflows can be 
planned around this schedule.

Another example of how real-time 
data analysis can streamline work-
f lows and boost operating efficiency 
is in inventory management. The flow 
of commonly used disposable labware 
such as gas chromatography and high-
pressure liquid chromatography vials 

is essential for smooth lab operations. 
While the cost of an individual vial 
may be low, the repercussions from 
poorly managed inventory can be 
significant. For example, if an inven-
tory for a QC laboratory is depleted, 
it can have a downstream impact on 
other workflows, affecting productiv-
ity. Such shortfalls can result in the 
need for expedited delivery, usually at 
increased expense—which could have 
been avoided had the shortfall been 
identified earlier.

Managing the inventory of a single 
lab running routine tests should be 
predictable. However, tracking what 
has been used, when, and by whom is a 
critical but commonly overlooked step. 
Using spreadsheets to track consum-
ables cannot support live updates, but 
LIMS can record and trend usage au-
tomatically to ensure vital workflows.

Garbage in, garbage out
Of course, the quality of data depends 
on how the data are collected. It’s dif-
ficult to overstate the importance of 
developing and documenting SOPs 
for laboratory workf lows. Many lab-
oratories devote considerable time 
and resources into developing SOPs. 
Inconsistencies in QC or QA test-
ing protocols, however, can result in 
costly delays due to compromised 
regulatory audits. The result puts con-
sumer safety and commercial reputa-
tion at risk.

Every company and laboratory has 
its own approach to creating, distrib-
uting, and monitoring SOPs. Many 
labs still rely on paper-based systems, 
which suffer from a number of practi-
cal limitations. It is time-consuming 
for analysts to input data manually, 
when configuring instrumentation. 
Paper systems are also more prone to 
human error—especially if analysts 
are not familiar with the intricacies of 
a particular system or test. And when 
changes must be made across a port-
folio of workf lows to bring them in 
line with the latest guidelines, it can 
require significant time and resources 
to ensure that each individual SOP has 
been completely updated. 

Electronic SOPs (ESOPs) help elim-
inate some of these problems. With 
ESOPs defined in a LIMS, for instance, 
analysts have access to all of the rel-
evant protocol information, ensuring 
that they adhere to protocols and pro-
viding confidence in the robustness of 
workflows and validity of test results.  
Some platforms feature built-in lab 
execution systems (LES) that allow 
the LIMS platform to interface with 
the laboratory’s CDS to download 
method parameters required for a par-
ticular SOP and initiate the analytical 
sequence. This approach ensures that 
each analysis is performed correctly, 
and that the data obtained meet the 
necessary SOP requirements.

Safeguarding data integrity 
With QC and QA laboratories re-
sponsible for hundreds of tests every 
week, and each test involving multiple 
component parts, preparing reports 
and defending data can involve time-
consuming steps to retrieve details of 
analytical conditions, reagent com-
positions, and instrument calibration 
tests. Many of these details are often so 
deeply embedded in laboratory work-
flows that it can be extremely difficult 
to isolate them. In fact, research has 
shown that pharmaceutical laboratory 
analysts spend around 15% of their 
time collecting the data they need to 
defend a result (11).

The time and productivity lost hunt-
ing for these data can be reduced by 
using integrated information manage-
ment solutions. Laboratory CDS soft-
ware automatically records all chro-
matographic run data and conditions 
as well as a detailed audit trail of user 
actions. The latest LIMS can integrate 
seamlessly with CDS platforms to re-
trieve all of this information, along 
with instrument calibration history 
and colleagues’ laboratory notebooks, 
giving users access to who did what, 
when, and why in one location.

FDA recommends that all audit 
trails capturing changes to critical data 
be reviewed for every record and before 
each record’s final approval (8). Audit 
trails subject to regular review should 
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include any changes to sample run 
sequences, sample identification, and 
critical process parameters. To make 
these checks a matter of course, the 
most efficient laboratories are using a 
combination of LIMS and CDS soft-
ware to review an instrument’s daily 
audit trails, search and filter for events, 
and add audits to reports for review. 

Integrated informatics platforms 
such as the latest LIMS offer built-in 
scientific data management system 
(SDMS) functionality for this purpose. 
These systems offer easily configured 
paperless review and approval proce-
dures and include advanced search and 
data mining tools to review chroma-
tography and mass spectrometry data, 
showing when processes are drifting 
towards nonconformance, giving labs 
a complete overview of performance 
based on analyst, instrument, or test.

Given the sensitive nature of com-
mercial or consumer sample data, it is 
essential to ensure that any changes to 
records are made only by authorized 
personnel. Recent advances in LIMS 
and CDS design have given laboratory 
managers the ability to control what 
users can do with data and how they 
can access it, helping laboratories meet 
FDA recommendations. Integrated 
CDS, for instance, track and generate 
audit trails in real-time by capturing 
all changes made to data within the 

software. Modifications can only be 
permitted by the system administra-
tor, and even then, the software retains 
details for all versions, allowing users 
to view all changes, deletions, and ad-
ditions. Such features help maintain 
transparency and safeguard data in-
tegrity at every stage.

Archiving and storing data 
Securing and archiving an ever-in-
creasing amount of data, the lab’s mass 
spectra and chromatograms docu-
mented at the time of analysis, is also 
a challenge today. It is also a require-
ment in case of a regulatory question or 
audit. Modern CDS software will place 
acquired chromatographic data im-
mediately into a secure database that 
supports long-term storage. The latest 
LIMS systems also capture data from 
non-chromatographic instruments, re-
cording reagent weights and pH meter 
readings, for example, alongside chro-
matographic method details, audit 
trails, report formats, and electronic 
notes and files, making it easier for all 
relevant information to be recalled for 
audit purposes. 

When data are generated from mul-
tiple instruments or system that use 
older versions of software, the poten-
tial for data incompatibility increases. 
The latest solutions utilize vendor-
neutral formats so that handling data 
is easier when collaborating with other 
labs or when integrating QC testing 
workflows with a manufacturing plant 
to make decisions on batch release.

Integrated CDS and LIMS solutions 
are not only helping laboratories and 
manufacturing facilities comply with 
the latest current good manufacturing 
practices, but allowing them to analyze 
trends in real-time to predict problems 
before they escalate. These advances 
in data management can help the in-
dustry reach the highest levels of data 
integrity while bringing safe, effective 
therapeutic treatments to market more 
efficiently and affordably.
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Facility Modernization
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acility modernization can be a 
complex and difficult process even 
under the best of circumstances, 

but when one factors in the global 
regulatory hurdles in pharmaceuti-
cal manufacturing, the challenges are 
significantly greater. However, the re-
ality of aging facilities that must be 
maintained in a state that is reliable, 
efficient, and compliant with current 
good manufacturing practice cannot 
be avoided. Successful implementa-
tion of change must be executed with 
a good understanding of the challenges 
associated with introducing new tech-
nology and an execution strategy that 
proactively achieves strategic outcomes.

Obstacles to new 
technology implementation
In an industry-wide survey of the life-
sciences sector conducted by DME in 
partnership with INTERPHEX, DME 
Facility Focus (1), industry insiders—
those in engineering and operations 
roles—were asked what they believed 
was the biggest obstacle to the adoption 
of new technologies for facility modern-
ization.  As shown in Figure 1, the majority 
(62% of respondents) indicated that reg-
ulatory challenges (process validation or 
regulatory acceptance) were their biggest 
concerns. The remaining survey partici-
pants cited the biggest obstacle as process 
development requirements (18%), lack of 
industry standards (12%), and insecure 
vendor supply chain (5%).  Those with 

“other” responses (4%) most frequently 
indicated their belief that general indus-
try conservatism is the biggest obstacle.  

This finding is consistent with a recent 
survey by the Parenteral Drug Associa-

tion (PDA), which reportedly suggested, 
among other things, “that product-
related post-approval changes (PACs), 
and the time and investment that they 
require, are stifling conversion to new 
technologies or methods” (2). In response, 
PDA established a task force (PAC iAM) 
to seek comprehensive post-approval 
change reform, focusing on the global 
regulatory challenges. As group mem-
bers noted in an op-ed published in the 
August 2016 edition of PDA Letter, these 
challenges “create a disincentive—albeit 
unintentional—for manufacturers to 
integrate growing product and process 
knowledge, continually improve, or in-
novate technologies” (3).  In their public 
call to action, the taskforce went on to 
link the current post-approval change 
environment to drug shortages and de-
ferred process improvement, writing, “In 
order to avoid the burden of implement-
ing changes in such a complex environ-
ment, many [manufacturers] find it easier 
to postpone improvements to facilities, 
processes, and analytics, or simply re-
frain from planning advancements at all.”

Industry insights
While PDA focuses on systemic change 
through a global forum and their regula-
tory harmonization efforts, manufactur-
ers still need to deal with aging facilities 
in the here and now. The DME Facility 
Focus survey provided further insights 
into how manufacturers are coping with 
these challenges. 

When asked what new technologies 
they have introduced as part of a facil-
ity modernization project, ranked from 
most common to least common technol-
ogy, participants responded as follows:
t� Process automation
t� Single-use/disposables
t� Clean-in-place (CIP) improvement
t� Continuous manufacturing
t� Modular construction.
As shown in Figure 2, these trends gen-

erally held true even when broken down 
by industry cohort.  The lone exception is 
single-use technology, which is far more 
commonly implemented in biologics 
manufacturing than chemical synthesis.

The most common technologies 
implemented likely correspond to post-

David M. Marks, P.E. is the president 

of DME, an engineering design and 

consulting firm that specializes in 

solutions for advanced technology 

facilities in the life-sciences industry, 

www.DMEforLife.com.

The DME Facility Focus survey 

revealed best practices for coping 

with the challenges of aging facilities. 

GMP Facility 
Modernization: 

Opportunities for 
Successful

Implementation
David M. Marks

http://www.DMEforLife.com
http://www.pharmtech.com/


http://www.grandriverasepticmfg.com/
mailto:bd@grandriverasepticmfg.com
http://www.grandriverasepticmfg.com/


72    Pharmaceutical Technology MARCH 2017  PharmTech .com

approval changes that yield the greatest 
advantage and are easiest to implement. 
There is a strong case to be made that 
the most frequent type of change, pro-
cess automation upgrades, will improve 
product quality, particularly when the 

operations being automated were origi-
nally manual. In many instances, it’s rel-
atively easy to demonstrate that process 
automation changes will not adversely 
affect the manufacturing process. In ad-
dition, the DME survey found that aging 

automation drives 11% of equipment ob-
solescence issues in legacy equipment (1). 
Automation can also be a key component 
in the corrective action addressing man-
ufacturing deviations.  

The second most common technol-
ogy, single-use, has garnered a lot of at-
tention in recent years as manufacturers 
explore the potential for bioprocessing 
with a completely disposable wetted 
path.  Such facilities could potentially 
do away with expensive utility systems 
associated with cleaning, and they 
promise less reliance on cleanroom 
environments for process segregation. 
These initiatives, however, require a 
purpose-built facility and a significant 
commitment to process development 
within the single-use framework and 
are, therefore, more useful as a platform 
for new products in the pipeline. The 
prevalence of single-use technology in 
facility modernization projects is most 
likely limited to the replacement of spe-
cific unit operations and procedures 
within traditional facilities with pre-
dominately stainless-steel equipment. 
The replacement of a sampling system 
on a stainless-steel process vessel with 
a disposable sample assembly is a good 
example of the kind of process change 
that can yield a significant improve-
ment with a reasonable post-approval 
change effort. Similarly, manufactur-
ers have adopted single-use bag systems 
for supporting operations such as buf-
fer preparation and hold vessels without 
disrupting the primary unit operations 
that are processing product.  

The survey findings suggest that 
manufacturers choose to selectively 
introduce new technology in aging fa-
cilities where the potential benefits sig-
nificantly outweigh the pain points (e.g., 
total cost and risk due to many aspects 
of implementing a change). In legacy fa-
cilities, a new technology is strategically 
adopted in areas that yield the greatest 
benefit and where it is relatively easy to 
demonstrate that the change will not 
adversely affect product quality.

Drivers for renovation
Considering the PAC iAM task group’s 
conclusion that the complexity of post-

Facility Modernization

Figure 1: Obstacles to new technology adoption. Results from the DME Facility 

Focus survey (1).
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approval changes discourages facility 
improvements, it is instructive to ex-
amine the most common drivers for 
the introduction of new technology 
within legacy pharmaceutical facili-
ties. When asked to rank the frequency 
of risk-based drivers for GMP facility 
renovations, respondents clearly iden-
tified product quality and regulatory 
compliance as dominant concerns. The 
survey also found that internal assess-
ments of facility and equipment com-
pliance are most frequently triggered 
by manufacturing deviations (58%) (1). 
These responses suggest that a reactive 
approach to modernization is typical in 
the pharmaceutical industry. The en-
suing corrective action and preventive 
action (CAPA) process after manufac-
turing deviations requires the imple-
mentation of corrective action, which 
presumably mandates facility improve-
ments in some circumstances. CAPA is 
clearly the worst possible driver for fa-
cility improvement because changes are 
forced irrespective of the disruption to 
scheduled manufacturing, and a failure 
to follow through in a timely manner 
can result in regulatory action.

The second most common driver 
for GMP assessments is opportunis-
tic (55%), executed as part of planning 
for a GMP renovation driven by other 
factors, which suggests a path forward 
to a more proactive approach to fa-
cility improvements. Given the high 
pain threshold required to imple-
ment post-approval changes, there are 
many factors that must accumulate 
before improvements can be justified. 
These include both risk-based factors 
(e.g., compliance, safety, obsolescence, 
reliability) and opportunity-based 
factors (e.g., new products, increas-
ing throughput, improved f lexibility, 
reduced costs, better sustainability). 
When product quality and patient 
safety are at stake, manufacturers are 
required to take action immediately. 
But manufacturers can introduce new 
technology in a more controlled and 
comprehensive way if they piggyback 
risk-reduction and GMP improve-
ments on projects that are primarily 
driven by opportunity-based factors.  
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Figure 2: New technologies used in facility modernization. Results from the DME 

Facility Focus survey (1).

What new technologies have you introduced as part of a
facility modernization project?

Consultant

Process
automation

Single-use /
disposables

Continuous
manufacturing

Clean-in-place
improvement

Modular
construction

19%

30%
34%

30%

48%
54%

44%

30%
34%

19%

68%

49%

56%

70%

56%

Biologics manufacturer Small molecule manufacturer

http://www.dmeforlife.com/about-us/facility-focus
http://www.pda.org/pda-letter-portal/archives/full-article/pda-program-to-address-post-approval-hurdles
http://www.admix.com/pharma
http://www.admix.com/pharma


74    Pharmaceutical Technology MARCH 2017  PharmTech .com

Track and Trace

W
U

T
T

IS
A

K
 P

R
O

M
C

H
O

O
/S

H
U

T
T

E
R

S
T

O
C

K
.C

O
M

S
erialization and traceability have 
been discussed for so long in the 
pharma industry that it’s easy to 

forget the fact that the concepts have 
been with us for 15 years now. In the 
early 2000s, efforts to secure the supply 
chain in Florida first brought the term 

“e-Pedigree” into pharma’s everyday 
vocabulary. 

So far, more than 40 countries 
around the world have set standards 
and deadlines for item-level pharma-
ceutical serialization and traceability, 
and two to three countries join this 
list each year. By November 2017, the 
US Drug Supply Chain Safety Act 
(DSCSA) requires that all pharmaceu-
tical manufacturers serialize products 
down to the item level, including a 

product identifier on labels and cases, 
as well as information on product 
transactions as the product makes its 
way through the supply chain. Most 
larger pharmaceutical companies are 
well-prepared for the deadline, and 
successful pilot programs (see Sidebar, 
p. 76) have shown that manufacturers 
and distributors can synchronize oper-
ations and exchange the data required 
to make traceability possible.

Not all companies are ready, how-
ever.  In December 2016, a survey of 
more than 331 industry professionals 
sponsored by TraceLink and designed 
to be a snapshot of industry’s efforts 
(see Sidebar, p. 78) found that 19% of 
pharma companies, 11% of distribu-
tors, and 9% of dispensers still haven’t 

begun to address requirements, while 
only 24% of pharmaceutical manufac-
turers say that their contract manu-
facturing organizations (CMOs) will 
be ready for the deadline (1).  

This lagging response is likely due to 
a combination of factors. Most of the 
companies that aren’t prepared are 
small to mid-sized companies, says 
Bruce Bleiman, Systech International’s 
global senior vice-president of sales, 
and many of them were not exposed 
to serialization concepts in the earliest 
stages of the industry’s efforts.  

Misunderstanding serialization
Even if these companies did have 
some understanding of the concepts 
involved, many viewed serialization 
as a limited, packaging project rather 
than the far-ranging multifunctional 
effort it is, notes Paul DuPont, vice-
president of marketing with Ropack 
Pharma Solutions, a contract develop-
ment and manufacturing organization 
(CDMO) based in Montreal, Canada.  
In addition, compliance deadlines for 
past serialization programs (notably 
California’s) were extended and some 
companies may have questioned why 
they should invest in something that, 
in the end, might not be required, says 
Shabbir Dahod, CEO of TraceLink, 
which offers Life Sciences Cloud, a 
cloud-based solution for pharmaceu-
tical serialization. 

Even companies that have invested 
heavily in serialization have been 
surprised by the level of commit-
ment required. First, there are capital 
costs, which tend to run approximately 
$200,000 to $300,000 per packaging 
line. But beyond that is the complex-
ity of data integration, notes Dahod, 
especially with CMOs and customers, 
and the networking and data exchange 
aspects of serialization.

Dealing with complexity
Complexity already defines the phar-
maceutical supply chain and the rela-
tionships within it, he says. This was 
clear in the TraceLink survey results. 
Pharmaceutical manufacturers may 
say that they do most of their business 

Serialization Hits 
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with the “Big Three” pharmaceutical 
distributors (McKesson, Amerisource-
Bergen, and Cardinal Health), says 
Dahod, but, in reality, they have more 
customers and different relationships, 
and use different delivery models (e.g., 
drop ships or special orders) with each 
one. Pharmaceutical company profes-
sionals who responded to the survey 
said that more than 40% of their busi-
ness transactions are with custom-
ers other than the Big Three; 25% of 
pharmaceutical manufacturers had 
more than 10,000 customers, while 
31% had between 500 and 10,000. In 
addition, 29% sell directly to hospitals 
and pharmacies. 

Not only must companies deal with 
individual product transaction his-
tories, says Dahod, but, as they bring 
CMOs and internal packaging lines 
on board, the number of business and 
operational processes they must inte-
grate with, both internally and exter-
nally, increases dramatically. “Ten to 
twenty thousand times the amount of 
information must now be exchanged, 
and floated forward to wholesalers and 
hospitals,” he says.

Companies that have made the 
effort, however, are seeing results. 

“Where, in the past, maybe less than 
5% of their customers were integrated 
digitally, they are now connected with 
all of them. For some companies, that 
means tens of thousands of connec-
tions, promising more efficient infor-

mation exchange, better systems inte-
gration and fewer errors,” says Dahod. 

No short-term results
Making those connections puts com-
panies in a position where they can 
see the potential for return on invest-
ment. “This effort requires end-to-end 
thinking, from packaging all the way 
through to our customers,” says Mike 
Rose, vice-president of supply chain 
visibility with Johnson & Johnson 
Supply Chain (JJSC). “The reward is 
improved visibility that will help en-
sure that our patients receive genuine 
product,” he says.

Some of TraceLink’s original cus-
tomers are just beginning to see, and 
leverage, this potential (e.g., with Se-
cure Chain, a product designed to 
provide closed loop end-to-end trace-
ability for serialized product, within 
specific supply chain segments). 

TraceLink has also been working 
with pharma companies to develop 
consumer-based authentication solu-
tions, and software that would mine 
event data to better manage inventory. 

“In 2018, when large volumes of serial-
ized product are out there, we expect to 
see more of these types of applications,” 
says Dahod.

But, in the meantime, how can un-
prepared companies be ready by No-
vember 2017? “The serialized mandate 
is approaching fast. Using the conven-
tional approach, not everyone will be 

able to be ready in time,” says DuPont. 
“One of the harsh market realities is 
that there is a limited number of hard-
ware providers out there to help com-
panies who are just starting to put their 
serialization programs together.”  

DuPont notes that some CMOs, 
even those who partner with large 
pharma companies that have advanced 
serialization programs in place, won’t 
be ready for the deadline. For phar-
maceutical companies and CMOs, he 
notes, the highest hurdles are buying 
and installing the hardware, especially 
given demand for services as the dead-
line approaches. Others are internal 
testing (investing in and installing 
software and data management tools), 
and managing different requirements 
at each location.  

Accelerated compliance  
To help companies become compliant 
by the DSCSA deadline, a number of 
solutions providers are now offering 
accelerated compliance programs. In 
late January 2017, Systech Interna-
tional launched “Serialized by No-
vember,” a program involving its long-
standing equipment partners, which 
include Omega, LSI by ID Technology, 
UPAK by Ultimate Solutions, Etipack, 
and Inno4Life.  The program com-
presses the process into 90 business 
days, with the initial phase (kickoff 
discussion, data collection and soft-
ware shipment) taking two weeks; the 

Track and Trace
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design phase (involving integration 
drawings, documentation, valida-
tion and hardware shipment) taking 
six weeks; implementation, including 
factory and site acceptance tests (FAT 
and SAT) and startup, requiring four 
weeks; and project closure taking two 
weeks.

Fee-for-service approach
In late November of 2016, Ropack and 
TraceLink, together with the equip-
ment specialist Optel, first announced 
the formation of the International Se-
rialization Hub, which they plan to 
launch formally in the Spring of 2017, 
to help pharma companies comply 
with DSCSA serialization require-
ments by November 2017 (2). With 
this program’s operating model, Du-
Pont explains, companies send prod-
uct to Ropack, which will take it and 

serialize at the unit of sale (whether 
item, carton, or pallet), and then send 
it on to its destination. It’s a simple, 
fee-for-service approach, he says, and 
can work with any data management 
platform. For companies that already 
use TraceLink’s solution, however, the 
costs will be much lower and the time-
frames, shorter. 

The service would be offered, but 
not limited to, Ropack’s existing cli-
ent base. As DuPont explains, the 
idea for the program came from a 
large pharma client that had serial-
ized, but still could not get one of its 
50-year-old plants ready for DSCSA 
serialization.

For Ropack, investment in the pro-
gram ref lects the reality that serial-
ization is no longer ‘nice to have,’ but 
a mandated regulatory compliance 
platform. “Serialization has become 

like validation was 15–20 years ago,” 
Of course, DSCSA mandates are only 
one facet of the global serialization 
requirements that pharma companies 
now face.  Accelerated programs may 
not be a long-term solution, but at 
least they may help resource-strapped 
companies achieve basic compliance in 
time for the deadline.  
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Speed Bumps on the Road

In December 2016, TraceLink and the market research firm Actionable 

Research released results of the first Global Drug Supply, Safety and Trace-

ability Report (1). The study surveyed 331 professionals from pharmaceu-

tical manufacturers, wholesalers, pharmacies, and hospital pharmacies, 

to better understand issues and compliance trends at the lot level to get 

a more realistic picture of gaps in readiness, and the challenges that face 

pharmaceutical companies, distributors, and dispensers of all sizes in 

realizing full product traceability. 

Half of the pharmaceutical companies that responded to the survey ex-

pect to comply with electronic data transfer requirements within six months 

of the November 2017 deadline, and 54% describe themselves as well-pre-

pared for serialization. However, 19% of companies say they have not begun 

to address requirement, and only 24% say that their contract manufacturing 

organization (CMO) partners will be ready.  

Respondents from pharmaceutical companies said that they underes-

timated the complexity of implementation, the total cost of IT upgrades 

required, and the overall impact that implementation can have on business.  

Customers at the dispenser level complain that the documentation needed 

for compliance is often missing from products that they buy directly from 

manufacturers. In their dealings with drug distributors, dispensers fear that 

their electronic data, which are now accessible via distributor portals, may 

not be available if they change distributors.

The following highlights from the research emphasize the data integra-

tion challenges inherent in serialization:

t� Roughly 37% of pharmaceutical companies bought a solution specifically 

designed to help with lot-level compliance, while 33% modified an 

existing third-party business system, 28% have implemented a manual 

process, and 20% have developed customized solutions.

t� Twelve percent of T3s (data required for serialization, which include 

transaction statements and history as well as product information, e.g., lot 

number) are being handled via a portal, 30% on paper, and 58% electronically. 

Seventy-one percent say that customers cannot handle electronic transaction 

types, but 21% say that they are not prepared to handle them. 

t� In cases where pharmaceutical manufacturers sell directly to dispensers, 

27% of respondents from retail pharmacies and 5% of respondents from 

hospitals say that they do not receive any compliance documentation 

when they purchase directly from the manufacturer.

t� Eighty-three percent of pharma company respondents say they understand 

the Drug Supply Chain Security Act requirements, 70% say they can 

handle the scale and volume of data, and 67% say that responsibilities for 

serialization have been made clear within their companies. 

t� Where companies say they are not fully meeting requirements, 50% 

describe needing more dedicated resources, while 40% are concerned 

about customer connectivity.

t� Fifty-four percent of pharmaceutical companies found that they had to 

modify systems to accommodate a customer request, but 16% reported 

being unable to make those changes.

t� Twenty-six percent of pharmaceutical companies experienced an increase 

in bad or incorrect data exceptions as a result of the requirements. 

Clearly, serialization challenges remain, but at least more companies 

“know that they don’t know,” and are networking and learning from their 

peers from pilot tests and implementations to figure out what to do next. 
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T
he manufacture of highly active or
highly hazardous pharmaceutical 
substances involves a complex in-

terplay between the required threshold 
values, such as the permitted daily ex-
posure (PDE), which is used to calculate 
the occupational exposure limit (OEL)
and the maximum carry-over from one 
product to the next. In addition to these 
threshold values, a risk assessment of 
the overall process and the associated 
containment transfer systems, cleaning, 
and staff training are also important.
An account of this complex interplay 
and how it can be successfully imple-
mented has now been published in the
first edition of the International Society 
for Pharmaceutical Engineering (ISPE)
Containment Manual (1). l

A group of experts came together in 
2008 to establish an ISPE Community 
of Practice (CoP) in Germany, Switzer-
land, and Austria (DACH), which laid 
the foundation for a comprehensive 
document about containment. After al-
most six years of intensive collaboration, 
with numerous meetings, working group
sessions, workshops, and reviews by in-
dustry, the Containment Manual wasl
presented and distributed to participants 
at the ISPE Containment Workshop in 
Germany in November 2015. 

The Containment Manual is the 
most comprehensive document to date 
on the topic of containment, and it

comprises an introduction followed
by 10 different chapters that cover the 
principles of containment, risk assess-
ment, the lifecycles of containment so-
lutions, process requirements from API 
manufacturing to the packaged tablet, 
technical systems such as isolators, 
secondary containment, filter systems,
occupational hygiene validation, clean-
ing/waste treatment, and staff training. 
Selected chapters are outlined in the 
following discussion.

Principles of containment
How are OELs calculated? The chapter 
entitled “Fundamental Considerations”
focuses on defining the relevant terms. 
From establishing the critical effect to 
establishing the no observed effect level 
(NOEL), which is then used to calculate
the acceptable daily exposure (ADE) or, 
in accordance with the new EU GMP 
guideline for shared facilities (2), the PDE.

The relationship between the ADE/
PDE and the OEL can also be seen in 
the containment pyramid (see Figure 1). 
Along with the OEL, the ADE/PDE is 
used to calculate threshold values for 
cleaning residues and for product carry-
over from one substance to the next. The
threshold values calculated using the 
PDE also replace, in Europe, the 10 ppm
and the 1/1000 of the daily dose criteria 
previously applied (2).

A further point relating to the prin-
ciples of containment is the distinction 
between primary and secondary contain-
ment. Primary containment refers to all 
of those technologies that enclose the 
substance and prevent it from spreading. 
Examples of this include isolators and 

endless liner systems. Secondary con-
tainment, on the other hand, involves
preventing any further spreading of the
substance that could not be held back 
through primary containment.

Risk assessment
Every planning process begins with a
risk assessment, which takes the over-
all manufacturing process into account, 
from delivery of the API to the finished 
and packaged pharmaceutical product. 
The procedure involves assessing the 
risks that may arise and the extent of 
the immediate hazard for users and 
the environment. In addition to the 
immediate hazard associated with 
product transfer systems, cleaning, 
maintenance, and repair should also 
be taken into account. During clean-
ing, for example, it must be noted that 
dust exposure is possible when open-
ing containment or process systems 
at critical points. Maintenance work, 
for its part, involves the risk of visible 
product deposits being left on shaft
seals when parts are disassembled, for 
example. As part of the risk assessment, 
all experienced individuals who are 
familiar with the manufacturing pro-
cess should sit together with suppliers 
to discuss critical areas, risk reduction, 
and risk acceptance.

The lifecycle of containment solutions
The lifecycle of a containment instal-
lation does not end when it goes into
operation—it is only just beginning. 
More precisely, the lifecycle starts with 
the planning process for manufactur-
ing a highly active or highly hazard-
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richard.denk@skan.ch.

The new ISPE Containment Manual is a summary 

of the process involved in the manufacture of highly 
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ous pharmaceutical product, together 
with its specifications, and ends with 
decommissioning. There may be a 
significant period of time in between, 
during which the containment instal-
lation and its safety function will need 
to keep pace with the relevant require-
ments. One of the most significant 
factors for ensuring compliance is 
maintenance and repair. Consumables 
used in pharmaceutical manufactur-
ing are subject to a constant process of 
wear, and this wear can vary accord-
ing to process, frequency, and product. 
Based on these requirements, it can be 
necessary to shorten the inspection 
and maintenance intervals. Ideally, 
the OEL measured on the installation 
(referred to as the DEL, or “design ex-
posure limit”) should be significantly 
below the required OEL. It is, in any 
case, essential to note the point in time 
at which the first effect level is reached, 
or alternatively to ensure that this 
does not occur. The first effect level is 
reached when the DEL becomes very 
close to the required OEL. Mainte-
nance plans and instructions help to 
secure the lifecycle of the containment.

Process requirements
As a rule, the processes involved in API 
manufacturing or pharmaceutical for-
mulation are considered to be closed 
and hence safe. There are, however, 
several important points to take into 
account when it comes to planning 
functioning process containment. One 
of these is product residue, as shown in 
the following example.

A high shear mixer is a process device 
that is closed while the product being 
manufactured is processed. It must be 
noted, however, that this technology is 
not completely self-emptying. It may be 
necessary to open the system to remove 
(potentially expensive) product residues 
from surfaces and make them avail-
able for further processing. These sys-
tems also have shaft feedthroughs from 
the exterior to the interior, and these 
feedthroughs are subject to wear, even 
when equipped with the best seals and air 
flushing. In particular, when the product 
is abrasive and friction against the seal is 
intensified by the rotation of the mixing 
paddle, product may be carried over into 
the seal. Inerting with a noble gas can 
also result in residue. Flushing the gas 

with low pressure can result in air tur-
bulence at the point where the gas enters 
into the process, making it possible for 
product dust to be deposited in the gas 
pipe against the direction of flow. 

Technical systems
In addition to describing the functions 
of the individual process systems, the 
Containment Manual also lists the pos-
sible technical containment systems that 
can be used for this process together with 
the critical areas to be considered in each 
case. The term “containment” primarily 
refers to product transfer systems such 
as isolators. These technical systems are 
intended to ensure that highly active or 
highly hazardous substances do not es-
cape. Further product transfer systems 
include double valve systems, film con-
nection systems, endless liner systems, 
rapid transfer ports (RTPs), film isolators, 
and various others. All of these systems 
have their merits and are used in the 
pharmaceutical manufacturing of highly 
active or highly hazardous substances. 

Isolators are undoubtedly the most fre-
quently used form of containment system. 
They can be put to various different uses 

1  low hazard

2  moderately hazardous

3  hazardous

4  highly hazardous

5  very highly hazardous

6  extremely hazardous

100 - 1000 1000 - 
10‘0

00

1000 - 5000 OEL Occupational Exposure Limit (μg/m3)

P
D

E
 Pe

rm
it

te
d

 D
a
il
y
 E

x
p

o
su

re
 (
μ

g
/d

a
y
)

> 1
0‘0

00

10 - 100 100 -1000

1 -10 10 -100

1 -100,1 - 1

1<0,1 

Containment Classification

OEB Occupational Exposure Band
A
D

E
 A

cc
e
p

te
d

 D
a
il
y
 E

x
p

o
su

re
 (
μ

g
/d

a
y
)

Figure 1: The containment classification pyramid compares occupational exposure 

limit (OEL), occupational exposure band (OEB), permitted daily exposure (PDE), and 

accepted daily exposure (ADE).
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and can achieve a high level of containment down to the low 
nanogram range. Achieving this result in the low nanogram 
range, however, needs a significant amount of experience in 
isolator manufacture and design. Here, the glove port design 
and glass door seals also play an important role, in addition 
to hygienic design. Figure 2 shows an example of an isolator 
with high containment.

The filter technology used for inlet and outlet air is a fur-
ther important factor. In many cases, bag in/bag out or push–
push systems are used. With bag in/bag out systems, the low 
nanogram range cannot be reached due to technical limita-
tions. While this is possible with push–push filters, they are 
a concern from a GMP perspective, as they involve pushing 
the contaminated filter cartridge into the cleaned isolator. 
However carefully this procedure is carried out, the risk of 
contamination within the isolator cannot be ruled out, nor 
can the risk of contaminating the new filter. Isolated filter 
cartridges called “FiPa” are the better option in this regard. 
The FiPa, shown in Figure 3, is constructed in a similar way 
to the isolator itself; it is completely sealed before use and is 
connected to the isolator in this state. Once the FiPa has been 
connected, the cover plate is opened from the outside into 
the isolator so that the contaminated air flows inwards and 
the dust is collected. Before the isolator is cleaned, the cover 
plate is closed to seal the highly active or highly hazardous 
substance within the filter housing. The FiPa is disconnected 
and disposed of once the cleaning process is complete. So-
phisticated technical solutions are required to ensure that the 
low nanogram range can be reached in a secure installation.

Personnel
An essential factor in the success of a containment instal-
lation is the production team that operates the facility 
once it has been successfully commissioned. The produc-
tion team should be selected at the early stages of plan-
ning and integrated into the decision-making process. 
Intensive and recurring training during commissioning 
and the initial stages of routine production is significant 
when it comes to complying with the required OEL. 

Conclusion
The development and manufacture of highly active sub-
stances are becoming increasingly common. While in 
the past, these were primarily APIs and products in the 
pharmaceutical manufacturing of oral solid dosages, they 
are now also being used increasingly in biotech, such as 
in antibody drug conjugates. The Containment Manual 
will support those planning a new, high-potency API 
facility or modernizing an existing production facility.
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T
he bio/pharmaceutical industry 
is still buzzing about President 
Trump’s meeting with pharma-

ceutical executives on Jan. 31, 2017 (1). 
While promising the industry lower 
taxes and less regulation, the President 
emphasized that those benefits will 
come only if the industry lowers drug 
prices and moves more manufacturing 
back to the United States.

The President’s insistence that manu-
facturing move back to the US set off 
a wave of promises from the bio/phar-
maceutical industry about the number 
of jobs that might be created, including 
a projection by the head of the industry 
trade association PhRMA that the in-
dustry would create 350,000 jobs during 
the next 10 years if the tax and regula-
tory changes were enacted. At the same 
time, it triggered some excitement about 
the opportunities that might await the 
contract manufacturing industry in the 
US if bio/pharma companies chose to 
outsource the manufacturing of prod-
ucts moved back from offshore sites. 

Certain segments of the contract 
manufacturing organization (CMO) in-
dustry have in fact been very US-focused. 
PharmSource research has shown that 
of the 99 new drug applications (NDAs) 
and biologic license applications (BLAs) 

approved by FDA in 2016, the drug 
product for 40 (40%) was manufactured 
exclusively in a facility owned by the 
sponsor or the sponsor’s partner while 59 
had the drug product manufactured by a 
CMO as either the primary or secondary 
source. Of the products manufactured at 
a CMO, 52% of the manufacturing sites 
were in the US, but only 20% of the cap-
tive sites were in the US (see Figure 1). 

The picture for APIs was not quite 
as favorable for the CMOs. Of the 40 
small-molecule NDA approvals that 
use an identifiable CMO to manufac-
ture the API, only 9 (24%) are made at 
US manufacturing sites; European API 
manufacturers account for 70%, a re-
flection of the traditional dominance of 
European fine chemical manufacturers. 
Still, the nine made in the US is still 
three times the number made in spon-

sor-owned API manufacturing sites 
located in the US. Most in-house small 
molecule API manufacturing was also 
concentrated at European manufactur-
ing sites. The three outsourced biologic 
APIs (out of 15 total approved biologics) 
in 2016 were all made in US facilities.

Moving pharma 
manufacturing is complicated
Leaving aside the fact that bio/phar-
maceutical manufacturing has never 
really left the US, the realities of the 
current bio/pharmaceutical manufac-
turing environment make the pros-
pects for wholesale movement of drug 
manufacturing a long-term proposi-
tion, for the following reasons: 
t� Capacity for manufacturing in-

novative drugs is tight across the 
industry, especially for APIs, both 
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Figure 1: Dose manufacturing site for 2016 new drug application/biologic 
license application approvals.
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small molecule and biologic, regardless of the location 
of that capacity. Capacity at CMOs is especially tight 
for anything but immediate release solid-dose products.
t� While global bio/pharma companies have spent more 

than $50 billion in just the past five years on new plant 
and equipment, much of that new capacity has been 
built in tax-favored locations such as Ireland and Sin-
gapore, and in emerging markets. Only about a quarter 
of the projects have been in the US. There just aren’t 
many US manufacturing facilities that products could 
be transferred into from offshore. The facilities that are 
for sale are old and ill-suited for modern products like 
biologics.
t� It takes nearly four years to design, build, and qualify a 

greenfield manufacturing facility. Large-scale biologics 
facilities can cost $1–2 billion. It will take time to make 
and implement the decisions to build the necessary new 
capacity.
t� Lead times for ordering/receiving key equipment such 

as filling lines for injectables are approximately 18 
months these days. It takes at least another year to in-
stall and qualify it. So even expanding a current facility 
is likely to be a three-year proposition.
t� CMOs don’t have a lot of spare capacity and don’t have 

the cash to invest in massive capacity increases them-

selves. Patheon’s recent acquisition of Roche’s small-
molecule API facility in Florence, SC, was attractive 
because it was inexpensive and because the facility had 
lots of unused capacity. Much of the ongoing capacity 
expansion in the CMO industry is customer-funded.
t� It can take up to two years to transfer a single product to 

a new manufacturing site (process transfer and scale-up, 
validation, stability protocols, regulatory filings, etc.). To 
move multiple products at one time will take armies of 
technical, quality, and regulatory staff. Even if enough 
people with the right skills were available, the time and 
cost of hiring all those people would be prohibitive.

Even if these challenges could be addressed in a timely and 
cost-effective way, increasing the US share of bio/pharma man-
ufacturing is not likely to yield the benefits that the adminis-
tration might be hoping for, especially if it is demanding lower 
drug prices at the same time. For one thing, any new capacity 
that is built will likely involve the latest, most efficient technolo-
gies, including continuous manufacturing, process analytical 
technology, and single-use contact parts, so fewer jobs would be 
created. Further, the new facilities would be designed to maxi-
mize the use of labor-saving automation and intelligent systems.

A global market
Finally, it should be remembered that many global bio/
pharma companies are headquartered outside the US, nota-
bly in Europe and Japan, and will be under their own domes-
tic pressure to keep manufacturing in-house. America-first 
manufacturing policies are likely to invite retaliation from 
other countries, which will blunt the job-creating impact.

Realistically, moving bio/pharma manufacturing back to 
the US in a meaningful way will be a 7–10-year process and 
is unlikely to deliver a big increase in manufacturing jobs. 
The bio/pharma industry may find it more expedient to just 
find ways to put some window dressing on the issue while 
waiting out the President’s term in office.
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Sanofi and Lonza 
Partner on mAb 
Cell Culture Facility 
in Switzerland
Sanofi and Lonza have en-

tered into a strategic partner-

ship to build and operate a 

large-scale mammalian cell 

culture facility for monoclonal 

antibody production in Visp, 

Switzerland. The initial invest-

ment will be approximately 

$290 million (€ 270 million), to 

be split equally between each 

company. The initial phase 

of the facility will commence 

construction in 2017, pending 

necessary regulatory approv-

als, and is expected to be fully 

operational by 2020. Lonza has 

previously built and licensed 

three similar facilities in the 

United States and Singapore.

The partnership provides 

both Sanofi and Lonza with 

flexibility. Each party will share 

the available capacity in line 

with their equity shareholding 

in the joint venture.

Sanofi will have additional 

access to bio-manufacturing 

capacity to support increasing 

demands for their portfolio 

of biologic therapeutic prod-

ucts, should they require it.

Lonza will be free to market 

their share of capacity, if not 

required by Sanofi, and will 

also market unused Sanofi 

capacity, where available.

Lonza will construct the 

facility and will support 

the joint venture in its op-

erations of the facility.

The strategic partnership 

enables Sanofi to react quickly 

to fluctuations in demand in 

a short timeframe, reinforc-

ing their capability to launch 

biologic medicines and ensure 

consistent access for patients. 

It also provides Lonza with 

needed capacities to respond 

to growing manufacturing 

demands for large-scale mam-

malian cell culture-based 

therapeutic proteins. By add-

ing flexibility in this way, this 

model will help to optimize 

biologics production capacity 

across the whole industry. 

Catalent  
Completes  
Accucaps Acquisition
CDMO Catalent announced 

that it has completed the 

acquisition of Accucaps, the 

Canada-based developer 

and manufacturer of over-

the-counter (OTC), high-

potency and conventional 

pharmaceutical softgels. 

No financial details of the 

transaction were disclosed.

The acquisition comple-

ments Catalent’s global OTC 

and prescription pharmaceuti-

cal softgel capabilities and 

capacity, adding a portfolio of 

products supplied to pharma-

ceutical companies in North 

America, and two state-of-

the-art facilities offering inte-

grated softgel development, 

manufacturing, and packag-

ing. Accucaps’ facilities house 

sizeable blistering, bottling, 

and other packaging capabili-

ties, as well as high-potency 

prescription softgel develop-

ment and manufacturing ex-

pertise that are complemen-

tary to Catalent’s. More than 

500 employees at Accucaps at 

the facilities in Windsor and 

Strathroy, Ontario, have joined 

Catalent’s network of 11 soft-

gel technologies facilities.

Symbiosis 
Announces Plans 
to Open US Office

Scottish CMO, Symbiosis 

Pharmaceutical Services, has 

announced plans to open 

an office in North America 

to meet increasing demand 

from US-based biotechnology 

companies for its vial-filling 

expertise. The new commer-

cial site, which is set to be 

located in Cambridge, Boston, 

MA, will serve clients on both 

the East and West Coast. It will 

also be the base for reaching 

new customers in this territory. 

Symbiosis is currently on a re-

cruitment drive to strengthen 

its US commercial team.

Increased demand for both 

liquid and lyophilized formu-

lations in injectable dosage 

forms at Symbiosis has been 

driven mainly by biotech 

firms looking for an outsourc-

ing partner with small-scale 

aseptic manufacturing ca-

pabilities to support clinical 

trials.

The CMO made the deci-

sion to strategically focus on 

the North American market 

after seeing a surge in fund-

ing for early stage biotech 

companies, which are the 

type of drug development 

companies that will seek Sym-

biosis’ manufacturing scale 

and specialist capabilities. 

According to MacKay, Cam-

bridge is the epicentre of the 

global biotech community, 

and therefore, makes an ideal 

location for the company’s 

new US office.  

Over the past 12 months, 

Symbiosis has seen a revenue 

growth of 40%. Recruitment has 

been ongoing, with a 30% in-

crease in staff to meet demand 

for its aseptic fill/finish service. 

PfizerCentreOne 
Expands Fill/
Finish Services 
in Michigan

Pfizer CentreOne has 

expanded fill/finish services 

to its Kalamazoo, Michigan 

facility. Along with vial-

filling of small molecules and 

biologics, the facility also 

provides vial-filling of sterile 

suspensions, expanding the 

company’s service portfolio. 

The Kalamazoo facility cur-

rently supplies drugs to more 

than 100 countries around 

the world

Services at the Kalamazoo 

site now encompass small 

molecules and biologics, ster-

ile suspensions, potent and 

controlled substances, aque-

ous and oil-based formula-

tions, lyophilization, and vials 

1–100mL; bulk formulation 

<1–1600 liters. The Kalamazoo 

facility also has dedicated, on-

site technical, manufacturing 

science, regulatory affairs, and 

quality teams.

Quotient Clinical 
Expands US 
Operations
Quotient Clinical announced 

the acquisition of QS Pharma, 

a contract development and 

manufacturing organization 

based near Philadelphia, 

from Charles River 

Laboratories International, 

Inc. The acquisition 

increases Quotient ’s 

presence in the US and will 

enable the company to 

replicate its Translational 

Pharmaceutics platform 

in America, according to a 

press statement. On Feb. 6, 

2017, Quotient announced 

the acquisition of SeaView 

Research, a Florida-based 

clinical pharmacology 

business. Quotient ’s 

Translational Pharmaceutics 

platform integrates clinical 

testing with formulation 

development and real-time 

GMP manufacturing; more 

than 100 pharmaceutical 

and biotech companies 

have chosen Translational 

Pharmaceutics to accelerate 

the development of 

their products, the 

company reports. 
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pharmaceutical and biopharmaceutical 

manufacturing and development. 

AdvantaFlex® biopharmaceutical-grade TPE 

tubing is sterilizable, moldable, weldable, 

and sealable.

AdvantaPure t 145 James Way t Southampton, 

PA 18966 t www.advantapure.com t info@

advantapure.com t Phone. 215.526.2151 t 

fax. 215.526.2167 t INTERPHEX Booth #3055

Allegheny Bradford Corporation 

manufacturers and fabricates the highest 

quality heat exchangers, filter housings, 

tanks, pressure vessels, process systems, 

and custom fabrication in stainless steel 

and high nickel alloys for end users and 

OEM.

Allegheny Bradford Corporation t 

P.O. Box 200, Bradford, PA 16701 t 

www.alleghenybradford.com t 

sales@alleghenybradford.com t 

tel. 814.362.2590 or 800.542.0650 t 

INTERPHEX Booth #2445

Ascendia is a speciality 

CDMO dedicated to 

developing enhanced 

formulations for poorly 

water-soluble molecules.  

Ascendia provides 

comprehensive services—analytical,  pre-

formulation, formulation development, 

and cGMP manufacture of clinical materials.  

Ascendia formulates products for injection, 

topical delivery, and for oral administration.  

Our formulation expertise includes nano-

particles, nano-emulsions, and amorphous 

solid dispersions.

Ascendia Pharmaceuticals  t�675 US Highway 

One, North Brunswick, NJ 08902 t��

www.ascendiapharma.com t�tel. 732.640.0058

INTERPHEX Booth #1567

Capsugel designs, develops, and 

manufactures a wide range of innovative 

dosage forms for the biopharmaceutical and 

consumer health & nutrition industries. Our 

unique combination of science, engineering, 

formulation, and capsule expertise enables 

our customers to optimize the bioavailability, 

targeted delivery, and overall performance 

of their products. For more information, visit 

www.capsugel.com.

Capsugel t�412 Mt. Kemble Avenue, Morristown, 

NJ 07960 t�tel. 800.845.6973 

t�www.capsugel.com t solutions@capsugel.com

INTERPHEX Booth #1452

http://www.acg-world.com
http://www.admix.com/pharma
mailto:admixsales@admix.com
http://www.advantapure.com
http://www.alleghenybradford.com
mailto:sales@alleghenybradford.com
http://www.ascendiapharma.com
http://www.capsugel.com
http://www.capsugel.com
mailto:solutions@capsugel.com
mailto:info@advantapure.com
mailto:info@advantapure.com
http://www.pharmtech.com/


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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Discover how CMIC can take you from 

concept to commercialization.

From early development to commercial 

manufacturing, CMIC has the proven expertise 

to take you straight to success. We blend 

leading-edge processes and technology with 

experience and dedication. Our fully integrated 

pharmaceutical solutions include formulation, 

processing, testing and manufacturing. Plus,  

CMIC can provide customers with full analytical  

support throughout the lifecycle of their project. 

Providing outstanding service is our main goal.

If you’re looking for a trustworthy and

knowledgeable partner for pharmaceutical

development and manufacturing, contact

Han Bang, Business Development, at

609-395-9700 or bd@cmiccmousa.com.

Han and the CMIC team are welcome to discuss

your requirements and show you around our

expanding facility.

At CMIC, our work speaks for itself.

If this pill could talk.

mailto:bd@cmiccmousa.com
http://www.cmiccmousa.com
http://www.cmiccmousa.com/
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Contec, Inc. is a leading manufacturer of 

contamination control products for mission-

critical cleaning in manufacturing environ-

ments worldwide. Our extensive product 

line for cleanrooms and critical environ-

ments includes knitted, woven, and nonwo-

ven wipes; presaturated wipes; sterile and 

non-sterile wipes; disinfectants; mops; wall 

washing systems; sponges; and swabs.

Contec, Inc. t�525 Locust Grove, Spartanburg, 

SC 29303 t�tel. 864.503.8333 t�

www.contecinc.com t wipers@contecinc.com

INTERPHEX Booth #1133

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 t�www.chemic 

labs.com t lcw@chemiclabs.com t 
tel. 781.821.5600 t fax. 781.821.5651 

INTERPHEX Booth #1372

Visit Our Booth

CMIC CMO USA Corporation specializes in 

the formulation development and GMP 

commercial manufacturing of solid dosage 

products with expertise in sustained and 

controlled release. We will guide you to-

wards regulatory approval and commercial 

launch while helping you reduce your de-

velopment cycles and capital costs. 

CMIC CMO USA Corporation, Cedar Brook Corporate 

Center, 3 Cedar Brook Drive, Cranbury, NJ 08512 

t�www.cmiccmousa.com t�tel. 609.395.9700

INTERPHEX Booth #1304

Emergent provides contract manufacturing 

services for the aseptic fill/finish of vials and 

syringes: liquid and lyophilized products. 

Emergent’s manufacturing facility currently 

produces 20 commercial products and has 

contributed to the development of over 200 

clinical products.

Emergent BioSolutions t�

www.ebsi.com/CMO t�CMO@ebsi.com t

tel. 800.441.4225

INTERPHEX Booth #1240

Eppendorf is a leading life-science company 

that develops and sells instruments, 

consumables, and services for liquid-, 

sample-, and cell handling. Its portfolio 

includes pipettes and automated pipetting 

systems, mixers, spectrometers, and DNA 

amplification equipment, bioreactors, CO
2
 

incubators, shakers, and cell manipulation 

systems. Consumables such as pipette tips, 

plates, and disposable bioreactor vessels 

complement the range of premium products.

Eppendorf, 102 Motor Parkway, Hauppauge,

NY 11788 t�www.eppendorf.com t 
custserv@eppendorf.com t�tel. 800.645.3050

INTERPHEX Booth #3639

Thinking about 

equipment?  Federal 

Equipment Company 

delivers huge price 

and lead time savings when you are sourcing 

top-brand pharmaceutical processing and 

packaging equipment for your operations.  

Shop from our vast, on-hand inventory of 

equipment that covers all of your needs from 

R&D, scale-up, and commercial production to 

facility support and utility equipment.  Do you 

have equipment to sell?  Contact us!  When you 

think equipment, think Federal Equipment.

Federal Equipment Company t�8200 Bessemer 

Avenue t�Cleveland, OH 44127 t marketing@

fedequip.com t�fedequip.com t�tel. 800.652.2466 

INTERPHEX Booth #3110

The FEC40 Capsule 

Filler can produce up 

to 400,000 capsules/

hr—nearly twice the 

volume of any com-

petitor.  Its remarkably 

small footprint makes machine reconfigura-

tion due to floor space issues unnecessary.  

Extraordinarily high performance-to-footprint 

ratio is made possible by Fette Compacting’s 

patented Duplex Concept, enabling FEC40 

to feature a dual capsule filling process.  The 

result is significant production savings (up to 

30% per 1000 capsules). 

Fette Compacting America, 400 Forge Way, 

Rockaway, NJ 07866 t 

www.fette-compacting-america.com t�

tel. 973.586.8722 t INTERPHEX Booth #2505C

Fluid Metering 

Inc. Dispensers 

& Pumps

Fluid Metering 

has 55+ Years of 

experience meet-

ing the demand-

ing needs of the 

medical, analytical, process, and industrial 

markets for ultra-precise fluid control 

from microliters to liters. Fluid Metering’s 

dependability has been demonstrated by 

more than 250,000 OEM pumps in service.

Fluid Metering Inc t 5 Aerial Way #500 t 

Syosset, NY 11791 t www.fmipump.com. t 

pumps@fmipump.com t 

tel. 800.223.3388 or 516.922.6050

INTERPHEX Booth #1468

GEMÜ Valves is a leading 

world-wide manufacturer of 

valves, measurement, and 

control systems for the Phar-

maceutical, Microelectron-

ics, and Semiconductor, and 

Food and Beverage indus-

tries, as well as the Chemical, Mining, and 

Metal Extraction, and Water/Waste Water 

Treatment industries.  GEMÜ is committed 

to the pursuit of quality and excellence in 

the development, production, and manu-

facturing of engineered diaphragm valves.

GEMÜ Valves t�3800 Camp Creek Pkwy SW t 

Bldg 2600 Suite 120 t Atlanta, GA 30331 t 

www.gemu-group.com t�info@gemu.com t�

tel. 678.553.3400 t�fax. 404.344.9350

INTERPHEX Booth #2663

http://www.contecinc.com
mailto:wipers@contecinc.com
mailto:lcw@chemiclabs.com
http://www.cmiccmousa.com
http://www.ebsi.com/CMO
mailto:CMO@ebsi.com
http://www.eppendorf.com
mailto:custserv@eppendorf.com
http://www.fette-compacting-america.com
http://www.fmipump.com
mailto:pumps@fmipump.com
http://www.gemu-group.com
mailto:info@gemu.com
http://www.pharmtech.com/
http://www.chemiclabs.com/
http://www.chemiclabs.com/
mailto:marketing@fedequip.com
mailto:marketing@fedequip.com
http://fedequip.com/
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Halkey-Roberts Robertsite® Male Luer 

Valves are designed to close off the male 

side of any IV set, or connection to the pa-

tient, IV bag, or irrigation/drainage line. The 

valves are high flow and incorporate proven 

technology that eliminates dripping and 

leakage when disconnected without the 

need for clamping.

Halkey-Roberts Corporation t�2700 Halkey 

Roberts Place North t St. Petersburg, FL 33716 t�

Phone: 727-471-4200 t�www.halkeyroberts.com 

t sales@halkeyroberts.com

INTERPHEX Booth #3951

Grand River Aseptic Manufacturing, Inc. 

(GRAM) is an FDA-approved full-service 

parenteral contract manufacturer.  For more 

than 5 years, GRAM has been serving the life-

sciences industry by offering flexible solutions 

to our clients’ parenteral outsourcing needs.  

We offer product development through 

commercial manufacturing, with expertise 

in liquid and lyophilized vials and controlled 

substances (CSIII-V).

Grand River Aseptic Manufacturing  t�140 Front 

Ave SW Suite 003 t Grand Rapids, MI 49504 t�

tel. 616.678.2400 t�fax: 776.5584 t�

www.grandriverasepticmfg.com t 
info@grandriverasepticmfg.com

INTERPHEX Booth #1543

Genesis Packaging 

Technologies is a 

worldwide leader 

in the science and 

technology of par-

enteral vial sealing 

and residual seal force testing. We provide 

the best capping equipment in the world, 

and we offer both the global service and 

technical support to back it up. Offering our 

customers the tools and knowledge to con-

sistently achieve container closure integrity 

remains our priority.

Genesis Packaging Technologies t�
435 Creamery Way, Suite 100, Exton, PA 

19341 USA t�tel. 800.552.9980 t�

www.gen-techno.com t info@gen-techno.com

INTERPHEX Booth #3305C

ILC Dover LP, EZ BioPac®–ILC Dover’s EZ 

BioPac® single-use systems allow faster 

powder transfer and higher recovery rates. 

Choosing EZ BioPac as your containment 

system can have a significant impact on 

plant productivity and profitability.

ILC Dover LP t One Moonwalker Road, 

Frederica, DE  19946 t tel. 302.335.3911 t 
fax. 302.335.1320

 t customer_service@ilcdover.com 

t www.ilcdover.com

INTERPHEX Booth #2763

IMA is a world leader in the design and 

manufacture of automatic machines for the 

processing and packaging of pharmaceutical 

products thanks to a high technological 

profile and the ability to offer tailor-made 

solutions to satisfy the most sophisticated 

requests of the market. Interphex 2017 will be 

a chance to discover what’s new in the IMA 

world for the pharmaceutical industry.

IMA Life North America Inc. t�tel. +1.716.695.6354

IMA North America Inc. t tel. +1.978.537.8534 

www.ima.it t sales@imalife.com t��
sales@imausa.net 

INTERPHEX Booth #2545

Jubilant HollisterStier Contract Manufacturing 

is an integrated contract manufacturer, able 

to manufacture sterile injectable, ointment, 

cream, and liquid dosage forms. Our facilities 

across North America provide specialized 

manufacturing services for the pharmaceuti-

cal and biopharmaceutical industries.   Fill/

Finish; Lyophilization; Multiple Dosage Forms; 

Certified Project Managers

Jubilant HollisterStier Contract Manufacturing t 

A Jubilant Pharma Company t 3525 N. Regal 

St. t Spokane, WA 99207 t www.jublHS.com t 

info@jublHS.com t tel. 509.489.5656

INTERPHEX Booth #1830

Lighthouse is a leading global provider of 

laser-based, non-destructive headspace 

analysis systems for leak detection, moisture 

monitoring, in-process oxygen monitoring, 

and media fill inspection. Our laboratory 

instruments and automated systems monitor 

oxygen, moisture, pressure, and CO
2
 in sealed 

parenteral containers. Our measurement 

services support product, package, and 

process development as well as testing in 

support of QC stability protocols.

Lighthouse Instruments, LLC t 2020 Avon 

Court Suite #2 t Charlottesville, VA 22902 t 

lighthouseinstruments.com t 

info@lighthouseinstruments.com t 

tel. 434.293.3081 t INTERPHEX Booth #3305

LSNE Contract Manufacturing is a CMO with 

a proven regulatory history specializing in a 

wide range of services including formulation/

lyophilization development, fill/finish, and 

lyophilization. Through the integration of three 

facilities, qualified staffing, and an extensive 

manufacturing history, LSNE is strategically po-

sitioned to provide uninterrupted material for 

clinical through commercial use.

LSNE Contract Manufacturing t 23 Commerce Dr., 

Bedford, NH 03110 t www.lyophilization.com t��

info@lyophilization.com t tel. 603.668.5763

INTERPHEX Booth #1338

The Extrafill Syringe Filling and Stoppering 

machine with incorporated de-lidding 

station has a production capacity of up 

to 10,000 syringes per hour. Capabilities 

include regular or vacuum stoppering and 

rotary piston or peristaltic pumps.

Marchesini Group USA, t 43 Fairfield Place, West 

Caldwell NJ 07006, t www.marchesini.com t�

sales@marchesiniusa.com

INTERPHEX Booth #3125

http://www.gen-techno.com/
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May 16-18, 2017 
Pennsylvania Convention Center

Philadelphia, PA, USA

Get Educated. Stay Innovative.

New in 2017: The Connect 
Conference Program

To strategically address the industry-driving changes within the fine & 
specialty chemical and pharmaceutical industries, CPhI North America has 
partnered with the American Chemical Society (ACS), the largest scientific 
association in the world, and the U.S. Pharmacopeial Convention to bring 
you a market-leading conference program. 

The CPhI Connect Conference Program will have four tracks  

featuring sessions such as:

• Innovative Breakthrough Technologies for Drug Targets and 
Emerging Pathways

• Formulation Trends for Topical Dosage Forms

• Navigating GDUFA — Reduce Cost and Accelerate Delivery

• Packaging Innovation

• Pharmaceutical Impurities 

• Legal and Policy Strategies for Drug Companies in Today’s 
Global Market 

• Accelerating Your Product’s Development:  
Practical Considerations from Pre-Clinical through  
Commercial

• Determining the Value of Re-Shoring Drug Ingredient 
Manufacturing

• …and more! 

Go to schedule.cphinorthamerica.com to see the full lineup. 

Save an extra 

25%when you register 

by May 8!

Go to cphinorthamerica.com/
register and use PROMO Code 
PHARMTECH to receive an 
additional 25% off your conference 
pass when you register before May 
8, 2017.

®

Powered By

Sponsored By:

Sponsored By:

Sponsored By:

In Partnership With

Schedule is subject to change. Discount 

applicable to non-exhibiting badges only. 

Platinum Media Partner

http://cphinorthamerica.com/
http://schedule.cphinorthamerica.com/
http://cphinorthamerica.com/
http://www.pharmtech.com/
http://www.ubm.com/
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Company 

Services

SMI, founded in 1982, 

brings over 30 years of 

engineering excellence to the industry. Initially, 

SMI pioneered instrumentation systems for 

pharmaceutical equipment.

SMI introduced a tablet press of its own, the 

“Piccola”.  The Piccola was the first bench-top 

tablet press designed for R&D. Today, SMI 

provides a complete line of solid dosage equip-

ment ranging from the single station MiniPress, 

to bench top rotary, to the 21 station pilot scale 

Nova, designed for mono and multi-layered 

tablets. Specialty Measurements Inc. (SMI), P.O. Box 

356, 1309 US Highway 22 East, Lebanon, NJ 

08833 t�www.smitmc.com t tel. 908.534.1500

INTERPHEX Booth #3153

Connecting People, 

Science, and 

Regulation®

The Parenteral Drug Asso-

ciation (PDA) is the leading 

global provider of science, 

technology, and regulatory information 

and education for the pharmaceutical and 

biopharmaceutical community. Founded 

in 1946 as a nonprofit organization, PDA 

is committed to developing scientifically 

sound, practical technical information and 

resources to advance bio/pharmaceutical sci-

ence and regulation through the expertise of 

its more than 10,000 members worldwide, so 

members can better serve patients.

Parenteral Drug Association (PDA) t�

www.pda.org t�INTERPHEX Booth #1653

PTI is a global leader 

in package testing 

equipment.  We 

manufacture non-

destructive inspection 

technologies for 

package integrity testing, leak detection, 

container closure integrity, and seal 

integrity testing and seal analysis.  PTI’s 

inspection technologies are deterministic, 

non-subjective test methods that produce 

reliable, quantitative test data. Applications 

include all parenteral products as well as 

blister packs and many other packaging 

formats.

PTI Inspection Systems t 145 Main Street 

Tuckahoe, NY 10707 USA t www.ptiusa.com t�

tel. 914.337.2005

INTERPHEX Booth #3305A

MG America is the US sub-

sidiary of MG2 of Bologna, 

Italy and a leading supplier 

of processing and packag-

ing equipment. The 

PLANETA 200 Capsule Filler is the latest evolu-

tion in a line of well-established continuous 

motion machines.  The PLANETA 200 produces 

up to 200,000 capsules per hour, but its primary 

advantage is its premium flexibility: its modular 

design results in a highly configurable platform 

suitable for a wide array of production require-

ments, including an ability to fit several dosing 

units simultaneously, enabling one capsule to 

be filled with differing products. 

MG America, 31 Kulick Road, Fairfield, NJ 07004. t 

www.mgamerica.com t�tel. 973.808.8185 t 

INTERPHEX Booth #2221

Nemera is a world leader in 

the design, development, 

and manufacturing of 

drug delivery devices for the pharmaceutical, 

biotechnology, and generics industries. 

Nemera’s services and products cover five 

key delivery routes: Ophthalmic, Nasal, 

Buccal, Auricular, Inhalation, Dermal/

Transdermal, and Parenteral.

Nemera always puts patients first, providing 

the most comprehensive range of devices in 

the industry, including off-the-shelf innovative 

systems, customized design development, 

and contract manufacturing.

Nemera t 20, Avenue de la Gare 38290 La 

Verpilliere, France t information@nemera.net t 

www.nemera.net t tel. +33 4 74 94 06 54

INTERPHEX Booth #1636

Nikka Densok USA provides high 

speed online non-destructive 

pinhole inspection systems to 

detect pinholes, cracks, and 

defective seals in liquid-filled 

pharmaceutical packaging and containers 

using HVLD technology. Applications include 

pre-filled syringes, vials, ampoules, BFS 

containers, IV bags, and other containers 

made from glass, plastic, and poly laminates. 

Nikka Densok USA will also be exhibiting 

Nikka Research’s automated label and print 

inspection systems. Our 100% print inspection 

systems are widely used on pharmaceutical 

labels for rewinders, on press, and offline. 

Nikka Densok USA, Inc t 700 Corporate Cir Suite H t 

Golden, Colorado 80401 t tel. 303.202.6190 t 

fax. 303.202.6195 t INTERPHEX Booth #3305B

At INTERPHEX 2017, Optima 

Pharma will present visitors 

its latest MultiUse Filler series 

during a 3D cinema show at the 

booth. The systems can process 

all types of nested syringe, 

vial, and cartridge formats. 

Live at the show, Optima Pharma will present 

two types of glove integrity testers, among 

them the new wireless GTS-WL model from 

METALL+PLASTIC. More than 35 gloves can be 

tested simultaneously in just 15 minutes.

OPTIMA pharma GmbH t Otto-Hahn-Str. 1 t 

74523 Schwaebisch Hall t 

www.optima-packaging.com/pharma t 

pharma@optima-packaging.com t 

tel. + 49 791 9495 - 0

INTERPHEX Booth #3103

Bottelpack Offers 

Disposable 

Filling Option

The Disposable Filling 

System (DFS) is an 

alternative dosing 

system for use with the 

bottelpack®, which consists of pre-assembled 

disposable components in the product 

section. It is based on a peristaltic feed with 

a design for low-viscosity products. It is 

designed for in-line sterilization.  Its simple 

installation makes it possible to cover various 

volume ranges quickly, with less refitting.

Rommelag USA, Inc. t 27905 Meadow Dr. 

Ste. #9, Evergreen, CO, 80439 t 

www.rommelag.com t tel. 303.674.8333

INTERPHEX Booth #3516

ROVI CM provides contract manufacturing 

services for injectable and solid forms at our 

FDA-approved and GMP-certified manufac-

turing plants. We offer manufacturing, test-

ing, and packaging with an annual capacity 

of 250 million prefilled syringes, 60 million 

vials, and 3 billion tablets.

ROVI CM, t Julián Camarillo, 35 28037 Madrid t 

clopezdehierro@rovi.es

INTERPHEX Booth #1125

http://www.mgamerica.com/
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mailto:pharma@optima-packaging.com
http://www.pda.org/
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specialty chemical and pharmaceutical industries, InformEx has partnered 
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in the world, and the U.S. Pharmacopeial Convention to bring you a market-

leading conference program. 

The Connect Conference Program will feature 44+ sessions covering topics 

such as:

• Regulatory Update on US Toxic Substances Control Act-Current 

Interpretations and the Impact on Business

• Discover the Latest Innovatons in Green Chemistry 

• How to Create a Start-Up Environment in a Traditional Company

• 5PERX�4TIVEXMSRW�XS�*ǽGMIRXP]�2IIX�7IKYPEXSV]�7IUYMVIQIRXW�JSV�

Multiple Markets

• The Latest Developments in Chiral Chemistry 

• 8LI�+YXYVI�SJ�XLI�(LIQMWXV]�.RHYWXV]�

• The Agriculture Chemicals Market

• (SQTPMERGI�'IWX�5VEGXMGIW�ERH��XERHEVHM^IH�2IXLSHW�JSV� 
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• …and more!

Go to WGLIHYPI�MRJSVQI\�GSQ to view the full schedule.

Get Educated. Stay Innovative.

New in 2017: The  
(SRRIGX�(SRJIVIRGI� 

Program

®
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Save an extra 25% when 

you register by May 8!

Go to informex.com/register and 

use PROMO Code PHARMTECH 
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your conference pass when you 

register before May 8, 2017.
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VISIT US AT INTERPHEX 2017

Unither Pharmaceuticals is 

a unique development and 

manufacturing partner for 

proprietary and generic 

dosage forms, and a global leader in single 

unit dose technologies such as sterile blow-

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

Unither’s focus is delivering medicines that 

are convenient, affordable, and easy-to- 

use. Unither technology benefits patients 

by offering improved dosing safety and 

compliance with pre-measured, correct dosing 

that reduces the risk of medication errors.

Unither Pharmaceuticals t 755 Jefferson Road 

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

pharma.com t anthony.reda@unither-

pharma.com t tel. +1.585.475.9000 t 

fax. +1.585.272.3905 t INTERPHEX Booth #1318

VAI’s manufacturing 

and testing opera-

tions mirror current 

GMP/GLP standards.  

With over 35 years 

of contamination control experience, our 

products and services include a compre-

hensive line of disinfectants, sporicides, 

residue removers, process cleaners, quality 

water, saturated and dry wipes, disposable 

garments, cleanroom paper, documentation 

materials, printing systems, viable monitor-

ing, cleanroom cart systems, cleaning equip-

ment, consulting, and laboratory services.

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

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

t www.sterile.com

INTERPHEX Booth #2527

Watson-Marlow Fluid Technology Group 

(WMFTG) is the world leader in peristaltic 

pumps and associated fluid path technologies 

for the pharmaceutical market. Comprising 

eight established brands, each with their 

own area of expertise, but together offering 

our customers unrivaled solutions for their 

pumping and fluid transfer applications. 

Watson-Marlow Fluid Technology Group t 37 Upton 

Drive, Wilmington, MA 01887 t

www.wmftg.com t info@wmftg.com

INTERPHEX Booth #2833

The ASEP-TECH® Blow/Fill/Seal (BFS) system 

has been marketed by Weiler Engineering, 

Inc. for more than 55 years to the world’s 

leading pharmaceutical and healthcare com-

panies. This advanced aseptic technology 

combines blow molding of plastic bottles, 

sterile filling of liquid products, and hermetic 

sealing on one compact machine frame in 

bottle sizes ranging from 0.2mL to 1000mL.

Weiler Engineering, Inc. t�1395 Gateway 

Drive t�tel. 847.697.4900 t�fax: 847.697.4915 

t�www.weilerengineering.com t solutions@

weilerengineering.com

INTERPHEX Booth #1224

Catalent has a comprehensive range of fill/

finish services within its global network 

of facilities, including sterile services and 

advanced aseptic technologies.

The company’s 265,000 sq ft Brussels 

facility has the capacity to produce more 

than 200 million pre-filled syringe units 

annually, and Catalent’s ADVASEPT® blow-

fill-seal technology is designed for the 

safe and efficient glass-free delivery of 

injectable medications.

Catalent Pharma Solutions t 

14 Schoolhouse Road, Somerset, NJ 08873 t 

tel. +1 888 SOLUTION t www.catalent.com

Coating Place 

develops and 

manufactures 

modified release 

oral products. 

We are the leading provider of Wurster 

microencapsulation. Services include 

formulation development, technology 

transfer, scale-up, and commercial 

manufacturing. We process solvent and 

aqueous formulations. We offer capsule 

filling, tablet compression, pan coating, 

extrusion spheronization, and particle 

milling. Controlled substances schedule II-V.

Coating Place, Inc.  t�200 Paoli Street, PO Box 

930310, Verona, Wisconsin 53593  t��info@

coatingplace.com  t��www.coatingplace.com  t��

tel. 608.845.9521  t��Fax. 608.845.9526

AbbVie’s Contract Manufacturing business 

has been serving our partners for over 

35 years. Our contract/toll development 

and manufacturing capabilities span 

Fermentation, Drug Product, Potent, Hot 

Melt Extrusion, Prefilled Syringes, Biologics, 

and Bulk Active Pharmaceutical Ingredients 

(APIs) across 10 production facilities in 

North America and Europe.  

AbbVie Contract Manufacturing  t�

1401 Sheridan Rd, North Chicago, IL  60064  

t��abbviecontractmfg@abbvie.com  t��

www.abbviecontractmfg.com  t��

tel. 1.847.938.8524

Delivering 

pharmaceutical 

and nutraceutical 

performance, Ashland provides solutions 

for applications in tablet binding, film 

coating and disintegration, controlled-

release formulation and drug solubilization. 

Ashland creates value for customers through 

bioavailability enhancement, applications 

knowledge, regulatory support and a 

powerful product portfolio. We’re proud to 

celebrate Klucel™ hydroxypropylcellulose 

(HPC), a compound so versatile it changed 

the way the pharmaceutical industry 

produced oral dosage forms. 

Ashland Inc. t�www.ashland.com 

CordenPharma is your full-service Contract 

Development & Manufacturing (CDMO) 

partner for APIs, Drug Products, and 

Packaging Services. Through a network 

of cGMP facilities organized under 

five technology platforms—Peptides/

Lipids/Carbohydrates/Oligonucleotides, 

Injectables, Highly Potent/Oncology, Small 

Molecules, Antibiotics—CordenPharma 

experts translate complex ideas at any 

development stage into high-value 

products.

CordenPharma t�www.cordenpharma.com

mailto:abbviecontractmfg@abbvie.com
http://www.abbviecontractmfg.com
mailto:vai@sterile.com
http://www.sterile.com
http://www.wmftg.com
mailto:info@wmftg.com
http://www.weilerengineering.com
http://www.catalent.com
http://www.coatingplace.com
http://www.ashland.com
http://www.cordenpharma.com
http://www.unither-pharma.com
http://www.unither-pharma.com
mailto:anthony.reda@unither-pharma.com
mailto:anthony.reda@unither-pharma.com
mailto:solutions@weilerengineering.com
mailto:solutions@weilerengineering.com


The Parenteral Drug Association presents the...

2017 PDA Annual Meeting
Innovation in Manufacturing Science and Technology

April 3-5, 2017  |  Anaheim, California

Anaheim Marriott

Exhibition: April 3-4  |  2017 Cell and Gene Therapy Workshop: April 5-6  |  Courses: April 6-7

#PDAAnnual

Attend PDA’s flagship Annual Meeting to gain the tools you need to address current pharmaceutical development 

and manufacturing challenges and strategies to effectively deliver future medicines and novel therapies.

Hear the latest thinking and best practices on:

• Future facility designs for flexible manufacturing

• Use of Big Data for process optimization

• Interfacing pharmaceutical delivery systems with mobile device applications

• Accelerated process and product development

• Applying phase-appropriate GMPs to novel therapeutics

Learn more and register at pda.org/2017Annual

Following the Meeting, on April 5-6, PDA will offer the 2017 PDA Cell and Gene Therapy Workshop to provide a more 

in-depth look at how these new therapies will impact the industry. Learn more and register at pda.org/2017CGT

On April 6-7, PDA Education will be hosting five courses as part of the 2017 PDA Annual Meeting Course Series to help 

you further advance your knowledge. Learn more and register at pda.org/2017AnnualCourses

  SCIENCE
    TECHNOLOGY
AND PROCESSING

ADVANCES IN ANALYTICAL SCIENCE 
QUALITY CONTROL STRATEGIES

CONTINUOUS MANUFACTURING

MANUFACTURING PROCESS DESIGN 
AND OPTIMIZATION

ADVANCED 
CELL/GENE 
THERAPIES

ACCELERATING 
PRODUCT 

DEVELOPMENT

PATIENTS

GMP

QRM

DATA INTEGRITYROBOTICS

IMMUNOTHERAPIES OF THE FUTURE

NEXT GENERATION 
MANUFACTURING

BI
G
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TA
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NG

 
HE

AL
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CO

NC
ER

NS

PATIENT-
CENTERED 
DEVELOPMENT 
OF MEDICINE

FLEXIBLE 
PROCESSES

DRUG 
SHORTAGEGENOMIC 

PROFILING
Conference Theme: Manufacturing Innovation: The Next Wave of Sterile 
and Biopharmaceutical Science, Technologies and Processing

http://www.pda.org/
http://pda.org/2017Annual
http://pda.org/2017CGT
http://pda.org/2017AnnualCourses
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NEW PRODUCTS AND SERVICES

NEW PRODUCTS AND SERVICES

You deserve a strategic, responsive, and effi-

cient partner for your early-stage drug devel-

opment. MPI Research offers that and more.

With an impressive breadth of discovery, 

preclinical, and clinical scientific knowledge 

and services, our team of highly trained scien-

tists and world-class facilities offer the insights 

to see your project through. We do every-

thing we can to make your vision a reality. 

MPI Research, 54943 North Main Street, Mattawan, 

MI 49071 USA, t�www.mpiresearch.com t 
tel. +1.269.668.3336

INTERPHEX 2017 EXHIBITOR GUIDE AND INDUSTRY PIPELINE

Cautiously Quick Testing Services

Does your lab have comprehensive 

capacity and capabilities to proficiently 

advance projects of any size? Will your data 

withstand regulatory scrutiny? Do you have 

a trusted Lab partner helping you win the 

race for market approval? Eurofins 

Lancaster Laboratories delivers fast results 

with a methodical quality approach for your 

Biopharmaceutical Products. Contact us to 

get timely results without sacrificing quality.

Eurofins Lancaster Laboratories t�

www.EurofinsUS.com/BioPharmTour

The Leistritz LHLG 

series air quench 

pelletizer mates with 

an extruder and en-

ables die face cutting 

of pellets in air for 

water soluble, highly 

filled and foamed 

formulations as typically used for pharma-

ceutical, nutraceutical, and specialty plastics 

products. The die is electrically heated and 

the flow geometry is matched with the 

formulation and throughput rate. The die, 

blades, and all contact areas are fabricated of 

hardened stainless, tool and carbide steels.

Leistritz t sales@leistritz-extrusion.com t 

www.leistritz-extrusion.com

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., t www.mikart.com t  tel. 404.351.4510 

Company Services

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

is a leading provider of contract development 

and commercial manufacturing services to the 

pharmaceutical and biotechnology sectors. 

The company offers one of the broadest sets of 

solutions to customers including commercial 

manufacturing, drug product services, biolog-

ics, pharmaceutical development services, and 

active pharmaceutical ingredients. 

Patheon, 4815 Emperor Blvd. Suite 300, 

Durham, NC 27703 t www.patheon.com t��

tel. +1 919.226.3200

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 t 
www.pyramidlabs.com t Info@pyramidlabs.com t 
tel. 714.435.9800 t fax 714.435.9585

Dispersers

Ross Bow Tie Dispersers, 

or High Viscosity 

Dispersers, are heavy-

duty mixers designed 

for heavy pastes and 

viscous liquids up 

to several hundred 

thousand centipoise, 

with stainless steel 304 wetted parts. An 

explosion-proof inverter-duty motor helps 

the mixers incorporate solids into liquid 

vehicles in a consistent manner without 

running at high speeds.

Ross, Charles & Son Company  t Hauppauge, NY t�

www.mixers.com t tel. 800.243.ROSS

VAC-U-MAX 

Vacuum Conveyor 

for Gel Caps, 

Capsules, and 

Coated Tablets

VAC-U-MAX offers a 

full range of Vacuum 

Conveyors for conveying capsules, liquid-

filled gel caps, and coated tablets. Unit 

conveys up to and over 2500 units per 

minute, gently delivering product to 

capsule filling machine or packaging lines. 

For more information, visit our website at 

www.vac-u-max.com/pneumatic or call 

973.759.4600 or (800) VAC-U-MAX.

VAC-U-MAX t 69 William Street t 

Belleville, NJ 07109 t info@vac-u-max.com

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 

development, 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  t

428 E. Saturn St. Brea, CA 92821, t�

www.suheung.com t�tel. 714.854.9887 t�

fax. 714.854.9896 t�nasales@shcapsule.com

http://www.EurofinsUS.com/BioPharmTour
http://www.mpiresearch.com
mailto:sales@leistritz-extrusion.com
http://www.leistritz-extrusion.com
http://www.mikart.com
http://www.patheon.com
http://www.pyramidlabs.com
mailto:Info@pyramidlabs.com
http://www.mixers.com
http://www.vac-u-max.com/pneumatic
mailto:info@vac-u-max.com
http://www.suheung.com
mailto:nasales@shcapsule.com
http://www.pharmtech.com/
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Titration in Early 
Drug Discovery  
and Development

EVENT OVERVIEW:

Many assay methods described in the United States 

Pharmacopeia and European Pharmacopoeia rely on the 

accuracy and simplicity of titration. These methods how-

ever, usually require several hundred milligrams of the 

active ingredient, which is expensive and difficult to obtain 

during the discovery and development stages. This analyt-

ical challenge is addressed by microtitration technology so 

that sample waste is minimized and re-analysis is avoided. 

Attend this webcast to hear Andy Lever, Research Scientist at 

AstraZeneca, discuss his experience optimizing titration for 

research and development.

Further optimization can come from selecting the proper 

solvent, optimizing titration parameters, and using alterna-

tive techniques such as thermometric titration. Lori Spafford, 

Titration Product Manager at Metrohm USA, will discuss 

these elements of titration and offer practical insights for 

developing API microtitration methods. 

Key Learning Objectives

■ Learn how microtitration technology can be applied to early-

stage pharmaceutical compounds

■ Understand how optimizing titration parameters affects titration 

speeds, data resolution, and result accuracy

■ Learn proper titration techniques specific to pharmaceutical 

assay titrations

For questions contact Ethan Castillo at 

ethan.castillo@ubm.com

Andy Lever
Research Scientist 
AstraZeneca

 
Lori Spafford
Titration Product 
Manager 
Metrohm USA

Moderator:  
Rita Peters
Editorial Director 
Pharmaceutical 
Technology

Who Should Attend

 
■ R&D Scientists and QA/QC 

managers from pharmaceuticals, 

biopharmaceuticals and nutraceutical 

industries

■ Experts involved in method 

development for pharmaceutical 

products

■ Anyone interested in learning about 

developments in potentiometric 

titration for applications in the 

pharmaceutical industry

Sponsored by Presented by

ON-DEMAND WEBCAST Originally aired March 16, 2017

Register for free at www.pharmtech.com/pt/titration

Presenters

http://www.pharmtech.com/pt/titration
mailto:ethan.castillo@ubm.com
https://www.metrohm.com/en-in
http://www.pharmtech.com/


ALL OF THE SOLUTIONS YOU NEED 

TO COST EFFECTIVELY DEVELOP

& MANUFACTURE PRODUCT

EXPERIENCE 

SCIENCE THROUGH 

COMMERCIALIZATION

TUESDAY, MARCH 21 - THURSDAY, MARCH 23, 2017 | JAVITS CENTER, NYC

Courtesy of

Fette Compacting

REGISTER FOR YOUR FREE TECHNICAL CONFERENCE & EXHIBIT HALL PASS AT: INTERPHEX.COM/REGISTER

REGISTER TODAY

 FOR FREE

http://INTERPHEX.COM/REGISTER
http://INTERPHEX.COM/REGISTER


EVENT OVERVIEW:

In-process sampling and analysis is a vital function in biophar-

maceutical manufacturing; however, transferring samples from 

bioreactors to analytical devices while maintaining process 

sterility is a challenge.

An aseptic bioreactor sampling system, Modular Automated 

Sampling Technology (MAST), allows for obtaining media, cell, 

and product information on development and commercial 

scales. 

In this webcast, an expert will discuss the MAST technology 

and how it can be incorporated into aseptic processing appli-

cation. Three case studies will be shared to demonstrate how a 

MAST system can accelerate a development process.

Participants will learn how to:

• Minimize non-value added work with automated 

sample collection, preparation, and processing in the 

Nova BioProfile FLEX

• Reduce experiments by using novel process develop-

ment approaches

• Gain fundamental understanding of a product and 

process by implementing a Product Quality Attribute 

Control (PAC) strategy

Who Should Attend:

■ Scientists and engineers who work in cell culture and 

microbial process development in both upstream and 

downstream applications

■ CSOs from biopharma

■ PAT implementation experts

■ Technology evaluation scientists

■ Pilot plant operators

For questions, contact Ethan Castillo at ethan.castillo@ubm.com

Sponsored by

Presented by 

Presenter:

Clint Pepper, PhD
Director, MAST Technology
Capsugel

Moderator: 

Rita Peters
Editorial Director
Pharmaceutical Technology

Key Learning Objectives:

■ Understand how the implementation 

of autosampling and auto-analysis can 

accelerate development

■ Learn how the MAST modules work 

together to create a complete  

autosampling solution

■ Hear about the exciting new MAST 

products that are in development

Accelerate Bioprocess Development  
Using the Modular Automated  
Sampling Technology (MAST) Platform

ON-DEMAND  WEBCAST    Aired Feb. 23, 2017

Register for free at  www.pharmtech.com/pt/bioprocess

mailto:ethan.castillo@ubm.com
http://www.pharmtech.com/pt/bioprocess
http://WWW.CAPSUGEL.COM/
http://www.pharmtech.com/
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Mixing/Blending/Drying

MANUFACTURING/PROCESSING EQUIPMENTQC CHEMIST

QC CHEMIST

Pharmaceutical manufacturing company (Ewing, NJ) seeks QC Chem-

ist to perform new analytical method development, method validation & 

method verification for pharmaceutical raw materials and finished prod-

ucts. Perform IQ, OQ & PQ for analytical instruments like HPLC, UPLC & 

UV-spectrophotometer. Review laboratory deviations such as LDN, OOPS 

& CAPA; create & review protocols for stability testing and method valida-

tion; write & review SOPs, reports for method validation & verification, and 

Stability testing protocols according to OGD recommendation. 

MAIL RESUME TO: HR Dept., Navinta LLC, 

1499 Lower Ferry Rd., Ewing, NJ 08618.

Repeating an ad ENSURES  

it will be seen and 

remembered!

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

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

HIGH SHEAR 
MIXERS

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

http://www.HighShearMixers.com
http://www.HighShearMixers.com/
http://mixers.com/web-app


106    Pharmaceutical Technology MARCH 2017  PharmTech .com

ASK THE EXPERT

Siegfried Schmitt, PhD, Principal Consultant at PAREXEL, 

discusses how to mitigate risk in a global regulatory environment.

Q:During a recent inspection by the Chinese regulatory 

authority, we were informed that our quality system had 

not met all requirements of Chinese good manufacturing prac-

tices (GMP). We export to many countries around the world and 

regulatory compliance is of the utmost importance. Could you 

advise on how to mitigate future regulatory risk?

A:It is important to understand the nuances of each regu-

latory authority and take the appropriate steps to fully 

abide by each set of standards. Some agencies wish to see 

their regulations specifically stated in a company’s quality 

system, whereas others are satisfied with a generic statement 

(e.g., “we comply with all applicable laws and regulations in the 

markets we operate in”) about compliance.

In addition to a generic statement, consider including a list 

of the regulations (e.g., 21 Code of Federal Regulations 210,

211, and 820; EudraLex Volume 4 Part II) in your quality manualx

or similar high-level document. It’s unclear if the inspectors 

felt your company had not clarif ied within the quality 

management system (QMS) which regulations it knowingly 

complied with. Including a list of regulations will help ensure 

transparency.

It is also unclear whether your company assured compliance 

with all the country’s regulations and provided documented

evidence. Inspectors often prefer organizations demonstrate 

compliance through established processes and documented

evidence. All too often, companies list within their standard 

operating procedures (SOPs) a series of regulations pertinent 

to the subject of the SOP (e.g., International Council for 

Harmonization [ICH] Q9 in a risk management SOP). Merely 

listing a regulation, however, doesn’t demonstrate that you 

have read, understood, and implemented it into your QMS. You 

must have a process in which dedicated persons or teams 

assess regulations for their applicability to your operations, 

and then implement these into your QMS. Documenting this

process provides the necessary proof of compliance.

In your particular case, employees fluent in the Chinese 

language should review the regulations, log which regulations 

they reviewed for documentation purposes, and then 

implement the new or changed requirements from these 

regulations within the QMS as necessary. For example, if the 

cleaning SOP would require an amendment, this amendment 

should be noted in the change section of the document.

It is necessary to maintain compliance with current 

regulations; any regulatory changes must be assessed for their 

impact on your QMS. This assessment may require a review of 

all documents in your QMS, unless you maintain a matrix (e.g., 

in a spreadsheet or relational database) that shows which 

regulation translates into which documents (e.g., SOPs) within 

your QMS. Such a correlation matrix has another important 

benefit: should you plan a change to a system, process, or 

document, you could easily verify if this is permissible under

the regulations impacted by the change.

It is unlikely that such a matrix is 100% complete, covering 

all and every regulation from every country you operate in. 

However, taking a detail-oriented, risk-based approach helps 

ensure you cover the countries and regulations most critical to 

your operations. PT

Your opinion matters.

Have a common regulatory or compliance question? 
Send it to susan.haigney@ubm.com and it 

may appear in a future column.

Covering Global 

Regulations in a Quality System

It is necessary to 

maintain compliance with 

current regulations; any 

regulatory changes must 

be assessed for their 

impact on your QMS.

mailto:susan.haigney@ubm.com
http://www.pharmtech.com/
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Catalent. More products. Better treatments. Reliably supplied.™    

us + 1 888 SOLUTION (765-8846)  eu + 800 8855 6178  catalent.com/optiform

development

Your molecule has a soluble future. 
Our passion is to help unlock it.

OptiForm‰ Solution Suite. An integrated solution designed to  

efficiently and rapidly help solve complex bioavailability and formulation 

challenges for early stage compounds. We match the best formulation 

technologies to your molecule, and utilize an accelerated parallel 

screening and development approach, to deliver a full testing report  

and animal PK study material, all in 12 weeks!

· easier. integrated solution  

with minimal material needed

· simpler. optimal 

recommendations based  

on real data from a  

dedicated scientific advisor

· faster. parallel process with 

4 formulation technologies

development
assess enhance deliver

http://catalent.com/optiform
http://catalent.com/optiform
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