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from the editor

I
n the past few years, therapies for 
orphan and rare diseases have been 
approved by FDA in increasing num-

bers. Personalized therapies made their 
mark in 2017 with three approvals of 
individualized patient treatments. In 
addition, several big-name blockbuster 
drugs are scheduled to go off patent in 
the next few years. Is the bio/pharma in-
dustry prepared to address the internal 
and external factors that will influence 
the types of drugs that are developed 
and how patients pay for these therapies? 

In its Drugs to Watch 2018 report (1), 
Clarivate Analytics predicted a record 
number of blockbuster drugs would 
reach the market in 2018. The report 
forecasted 12 new drugs would achieve 
annual sales of $1 billion or more by 
2022, up from a predicted eight block-
busters in 2017, and the most since the 
report was first issued in 2013. Three 
drugs—Hemlibra (Roche/Chugai), Bik-
tarvy (Gilead), and Ozempic (Novo Nor-
disk)—are expected to exceed $3 billion 
in annual sales by 2022.

The prospective blockbusters are 
both large- and small-molecule drugs—
including the first cannabidiol-based 
medicine for the US market—and treat a 
range of diseases including diabetes, en-
dometriosis, epilepsy, HIV, hemophilia, 
migraine, opioid addiction, and shingles. 

Only one anticipated blockbuster is for 
cancer; in the 2017 projections, more 
than half of the anticipated blockbust-
ers were for cancer treatment.

Through the first 11 weeks of 2018, 
FDA approved six new novel drugs, in-
cluding two on Clarivate’s blockbuster 
list (Biktarvy and Johnson & Johnson’s 
Erleada). This overall drug approval rate 
is similar to the number approved in the 
first quarter of 2017 when a record-break-
ing 46 novel therapies were approved (2).

Smaller patient pools—and budgets
If the trends of recent years continue, 
however, a significant percentage of 
new drug approvals will address or-
phan or rare diseases, with small pa-
tient populations, and therefore smaller 
sales volume. A report from the IQVIA 
Institute (3) suggests that bio/pharma 
faces several “turning points” that may 
force companies to adjust to evolving 
business, regulatory, and technical 
factors from both inside and outside 
of the industry.

The  IQVIA  report  noted  that 
branded medicine spending will be flat 
in developed markets for 2018–2020 but 
specialty medicines will drive spend-
ing growth. Patent expirations, includ-
ing biologics, will be 37% higher than 
the previous five years; new medicine 
growth will be slower in 2018–2022 
than from 2013–2017. The report au-
thors also project slower growth in 
China and other pharmerging markets.

The industry has reached a “break-
ing point,” said Graham Lewis, IQVIA’s 
vice-president, global pharma strategy, 
during a presentation at DCAT Week ’18.

Payers are not willing—or in some cases 
able—to pay more for healthcare and 
medications. This price squeeze will 
impact developed and emerging mar-
kets for branded, generic, and specialty 
drugs; limited resources could slow the 
adoption of new therapies. 

Finding value outside the box
Lewis warned of trends in the transfor-
mative space that are not about drugs, 
and the pharma industry will need to 
look outside itself to embrace change. 
Factors to consider include: FDA’s 
adoption of real-world data to acceler-
ate drug approvals, the use of mobile 
health apps and wearable sensors for 
patient treatment; and telehealth pro-
grams that replace the traditional doc-
tor’s office visits; and more mainstream 
use of personalized biotherapeutics. 

There are significant differences be-
tween a therapy that treats millions and 
a therapy that treats one patient. Both 
blockbusters and personalized therapies 
will be needed. The bio/pharma indus-
try must be flexible enough to discover, 
develop, manufacture, and market ther-
apies for both ends of the spectrum, and 
all patient needs in between.
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Efficient, large capacity manufacturing plants 

and specialized expertise help clients stick 

to schedule with biologics production.

B
iologic drugs are a rapidly 

g row i ng  marke t  se c to r. 

According  to  G lobalData 

and Biomedtracker, the market for 

biopharmaceuticals is expected to grow 13% by 

2025, with 111 new monoclonal antibodies developed. 

The manufacture of biologics requires specialized 

processes, and pharmaceutical companies are 

increasingly turning to contract manufacturers for 

their production needs. Those CDMOs can offer 

specialized knowledge as well as facilities custom-

ized to their needs. Here, Sangwon Seo, engineering 

technology team leader at Samsung BioLogics, talks 

about his company’s significant growth since its 

founding in 2011.

Pharmaceutical Technology: Please tell our 
audience a little about Samsung BioLogics. 
How has it become so successful in such a 
short time?
Seo: Samsung BioLogics is a contract development 

and manufacturing organization headquartered 

in Songdo, South Korea. In just the seven years of 

operation, we have built one of the largest biologics 

manufacturing facilities, which can reach about 

362,000 liters total capacity. This makes us the fastest 

growing company in the biotech industry in terms of 

capacity and innovation.

Samsung BioLogics is built on the foundation of 

Samsung’s industry-leading experience. For example, 

Samsung has experience and knowledge in building 

and operating 25 semiconductor manufacturing 

plants and over 50 petrochemical plants. Those kinds 

of expertise are implanted within Samsung BioLogics, 

and have helped us become an industry leader in 

biologics manufacturing.

To actively stay a sustainable business for the future, 

Samsung BioLogics had its Initial Public Offering 

(IPO) in November 2016. As a result of our innovative 

growth, the market cap has tripled since the IPO, 

reaching over $24 billion USD.

Pharmaceutical Technology: The CMO business 
is Samsung BioLogics’ backbone. Please tell 
us about the current state of each plant such 
as the cell culture capacity and any operating 
highlights you wish to share.
Seo: We have three plants. Plant 1 has 30,000 liters 

of capacity with six 5,000-liter bioreactors. We com-

pleted construction of that site within 13 months and 

validated it 12 months later. Just 25 months after the 

first engineering run, FDA inspections resulted in zero 

observations recorded on the Form 483.

P lant  2, which  was  bui l t  w i th  Samsung’s 

proprietary, innovative design approach, has a 

152,000-liter capacity. It is the largest single plant 

currently being operated worldwide. FDA success-

fully verified its compliance with good manufacturing 

practices (GMPs) last September. This took place 

just 19 months after the first engineering run. We 

also received European Medicines Agency (EMA) 

approval last December.



WORLD’S LARGEST STATE-OF-THE-ART BIOLOGICS PLANT HELPS CUSTOMERS STICK TO SCHEDULE

Plant 3, which has a 180,000-liter capacity, was mechani-

cally completed last November. It is expected to be GMP 

ready in the fourth quarter of this year. Plant 3 is the world’s 

most advanced facility, built leveraging the extensive exper-

tise gained in construction and operation of plants 1 and 2.

Pharmaceutical Technology: Besides the capacity, what 
do you think are Samsung’s strengths?
Seo: Our core differentiators are flexibility to customer needs 

and industry-leading tech transfer tailored to clients’ processes. 

CMO facilities, by nature, are different from clients’ manufac-

turing sites given the process configurations and operation 

philosophy. We must remain flexible to accommodate the 

diverse needs of our biologics clients. While installation changes 

can be daunting, Samsung has numerous engineers with cross-

industry experience focused on meeting our customers’ needs.

Our in-house engineers and our flexible state-of-the-art 

facilities ensure we stick to schedule. Furthermore, the tech 

transfer process is a core area of the assessment for a CMO, 

as it is the first point of contact between client and CMO 

teams. Our industry-leading MSAT (Manufacturing Science 

and Technology) team, with decades of combined experience 

in development and manufacturing, is solely dedicated to the 

tech transfer process. This experienced team, in conjunction 

with our close client communication and partnership, ensures 

we maintain good working relationships and achieve client 

satisfaction. Given those capabilities, we’ve secured extensive 

orders from both large and small biotech companies.

Pharmaceutical Technology: Construction is certainly 
important in terms of capital expenditure, but quality 
and operation is just as important or even more 
critical—especially in the biologics industry. How does 
Samsung manage to maintain the highest quality?
Seo: There are huge similarities between a biologics plant and 

a semiconducter plant. For example, a semiconductor plant 

requires highly controlled cleanrooms that cannot tolerate dust 

or other contaminants, which is more stringent than require-

ments for biotech plants. In areas where Samsung didn’t have 

direct experience, we hired leading global experts to set up 

operations and quality systems even before we began building 

the first plant.

Complementary to this expertise, Samsung BioLogics 

established the quality purchase throughout the organization 

through a unique unit training system led by experienced 

global experts. This expertise and quality culture created a 

synergistic effect, resulting in 11 total approvals from the FDA, 

EMA, and the Pharmaceuticals and Medical Devices Agency 

(PMDA), far faster than many competitors. Our Plant 2, which 

is five times larger than Plant 1, received FDA verification of 

GMP compliance in just 19 months, six months faster than the 

first approval for Plant 1. As a result of our demonstration of 

quality, Samsung BioLogics has already signed manufacturing 

contracts for 16 products from 11 pharmaceutical companies, 

including some major industry players.

Pharmaceutical Technology: You mentioned several 
times that Samsung is the largest CMO. Does that mean 
Samsung only executes Big Pharma’s projects?
Seo: In addition to large-scale manufacturing services, we 

already established two 1,000-liter manufacturing facilities for 

clinical and commercial material manufacturing services. We 

also introduced cell line and process development services. 

In short, we expanded our business to become a one-stop 

service provider from small-scale projects to large commer-

cial projects. Through our year-old Contract Development 

Organization business, we support small plant-less biotech 

as well as Big Pharma companies.

Pharmaceutical Technology: Please tell us more about 
the third plant. What are its most competitive factors?
Seo: We call our Plant 3 a dream plant because it will be 

the largest single plant in the world constructed with state-

of-the-art technologies. Plant 3 has a 180,000-liter capacity 

with twelve 15,000-liter bioreactors. For higher manufacturing 

operation efficiencies, we try to adopt new technologies like 

N-1 perfusion, high cell density, and other new concepts in 

purification. We are the first CMO that adopted those tech-

nologies for commercial use in a mega facility.

Furthermore, we implemented many ideas to minimize 

downtimes as well as reduce product changeover time by 

eliminating operational inefficiencies. This makes Plant 3 

not only the largest mammalian cell culture plant, but also 

one of the most agile facilities with multiproduct capability 

in the world. Continuous improvement, know ledgeable 

management, and being open to new technologies make 

Samsung BioLogics one of the most competitive CDMOs 

in the world.

After only seven years, Samsung BioLogics is one of the largest CDMO in the business, with a total capacity of 362,000 

liters after completing its third plant last November. Samsung BioLogics has differentiated itself from competitors with its 

flexibility in meeting customer needs and its industry-leading tech transfer capabilities. The company makes it a priority to 

“stick to schedule,” making use of in-house engineers and state-of-the-art facilities to overcome delays before they happen. 

Its industry-leading MSAT team guides the tech transfer process smoothly from the first point of contact with the client. 

Samsung has leveraged its quick success for an IPO in November 2016, and its market cap has tripled since then, to $24 

billion, reflecting its efficiency and extensive orders from large and small biotech companies.
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PRODUCT SPOTLIGHT

Secondary Packaging 
Solutions for Injectables

Keystone Folding Box has 

added a new line of secondary 

packaging systems for injectable 

pharmaceutical products. The 

products are available in custom 

all-paperboard and plastic-hybrid 

designs for prefilled syringes, auto-injector pens, vials, and ampoules.

The systems are suitable for automated or manual 

production, as well as for clinical trials and full-scale 

commercialization. Keystone states that the product materials 

are compatible with low-temperature exposure, making 

them appropriate for typical temperatures associated with 

the cold-chain distribution of injectable products.

The collection includes the Vial Pack line of cartons for packaging 

single or multiple vials or ampoules and Injectable Packs suitable 

for prefilled syringes or auto-injector pens, which can be designed 

to include ancillary items such as sterile wipes, according to the 

company. The InjectaSlide package includes a thermoformed tray 

that slides inside a carton and into a locked position. The locking 

function is enabled by a lock-release button that must be pressed 

to unlock and slide the tray forward for access to each dose.

Additional features include child-resistant functions for 

several of the products and dosage-scheduling functions for 

in-home use of multi-dose packs, which can remind patients 

to administer the correct dose at the proper date and time.

Keystone Folding Box Co.

www.keyboxco.com

Automated 
Benchtop Pipette
The Concentrating Pipette Select from 

InnovaPrep is a small automated benchtop 

instrument that can concentrate contaminates from large volumes 

of liquids for improved detection. The instrument allows for 

contamination screening of liquid samples up to 5L and lets users 

choose from six versions of interchangeable, high-flow filtered 

pipette tips that feature different specifications to concentrate 

proteins, viruses, DNA, bacteria, whole cells, fungal spores, or other 

particles. Recovered particles are delivered in seconds and ready for 

analysis using user method of choice, according to the company.

Applications for the pipette include biological and particulate 

contamination monitoring in the environment, as well as 

monitoring the integrity of various ingredients including water, 

intermediate products such as cell culture media, and finished 

products including parenteral fluids and compounded drugs.

According to InnovaPrep, when used as a front-end to 

rapid molecular methods for quality assurance/quality control 

monitoring, the instrument allows for sample-to-answer within 

a single shift, improving detection of trace contamination.

InnovaPrep

www.innovaprep.com

Cloud-Connected Platform 
for Smart Lab Instruments

Gilson has added Gilson Connect, 

a cloud-connected platform that 

powers a product line of Bluetooth-

enabled, smart liquid-handling 

devices that enable scientists to 

achieve verifiable science. The 

products include the company’s Trackman Connected and 

Pipetman M Connected, which are able to record and track 

pipette performance data in real-time and transmit them to 

sciNote, a free, open-source electronic lab notebook (ELN).

The Trackman Connected includes a tablet with PipettePilot, 

a microplate pipetting tracker application. The app interacts in 

real-time with the Pipetman M Connected, a Bluetooth-enabled 

smart electronic pipette, to guide researchers through their 

pipetting protocol. The company states that by tracking and storing 

performance, scientists can review the data for errors and export 

experiment results, improving their report sharing capabilities.

The devices and apps enable data and reports to be pushed to the 

sciNote ELN, which automatically creates a secure and consolidated 

record, helping researchers instantly access and manage the 

data, create and export reports, or audit the data years later.

Gilson

www.gilson.com

Additional Certifications 
for Touchscreen Panels
Ross Systems and Controls 

(SysCon) touchscreen purged 

panels for Ross, Charles & Son’s 

mixers, blenders, and other types 

of equipment and processes have 

been certified under the standards 

of Underwriters Laboratories’ 

(UL)-698A Code and the National 

Fire Protection Association’s 

(NFPA)-496 Code. The new certifications are in addition 

to UL-508A (non-hazardous control panels).

The UL-698A certification involves industrial control panels 

designed for hazardous locations, including the use of safe barriers. 

NFPA-496 standards relate to purged and pressurized enclosures.

According to the company, purge systems, which are an 

alternative to traditional National Electrical Manufacturers 

Association (NEMA) standards 7 and 9 explosion proof enclosures, 

are suited for most hazardous locations, including class I, division 

I and II for gas and vapor environments as well as class II, division 

I and II for dust environments. Purge panel enclosures can be 

NEMA 4 carbon steel or NEMA 4x stainless steel depending upon 

regulatory or aesthetic requirements, the company reports.

Ross, Charles & Son

www.mixers.com

http://www.keyboxco.com
http://www.innovaprep.com
http://www.gilson.com
http://www.mixers.com
www.PharmTech.com


Now That’s 
Brilliant!
The Ross HSM 100LCI-t Laboratory Mixer 

delivers POWER, PRECISION and VERSATILITY. 

Variable speed up to 10,000 rpm, constant 

torque operation and HMI touchscreen controls 

ensure optimal results in critical formulations. 

Record information in 20-second increments 

with an optional Data Station. Take on virtually 

any mixing challenge with interchangeable 

High Shear Rotor/Stator, Disperser, Inline and 

Micro mixing assemblies. 

Batch volumes from 50mL to 15L. Call or buy online. 

Ask about our Trial/Rental Program.

 

HMI Touch Control

Disperser Inline Micro

www.mixers.com  •   1-800-243-ROSS  

Try our free online Knowledge Base & Product Selector 

web app at mixers.com/web-app.

http://www.mixers.com
http://www.mixers.com
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regulatory watch

A
lethal influenza outbreak this past 
winter has spotlighted the impor-
tance of improving and accelerat-

ing vaccine discovery and production. 
Reports that this year’s flu vaccine was
only 36% effective have raised concerns 
about continued use of egg-based pro-
duction systems that appear outdated 
and less reliable. And the imperative 
to combat infectious disease outbreaks
and deadly conditions such as malaria 
and tuberculosis emphasizes the need 
to modernize and streamline vaccine
testing and manufacturing. 

A source of optimism is continued
development of new, more effective
inoculations. In 2017, FDA’s Center
for Biologics Evaluation and Research
(CBER) approved GlaxoSmithKline’s
new Shingrix vaccine against shingles
and a new recombinant hepatitis B 
preventive from Dynavax Technolo-
gies featuring a new adjuvant to boost
immune response. A report from the 
Pharmaceutical Research and Manu-
facturers of America (PhRMA) in late 
2017 lists 264 vaccines in development,
including 137 for infectious diseases
and more than 100 for cancer (1). And 
while vaccines are expensive in the 
United States, costs in low- and mid-
dle-income countries are dropping
as regional producers such as India’s

Bharat Biotech gain World Health Or-
ganization (WHO) prequalification for
important preventives. 

Vaccine discovery, however, remains 
challenging and unpredictable for the 
biomedical research community and
industry. Even though increasingly 
effective vaccines are eliminating dis-
eases such as polio and diphtheria and
helped stem the Ebola outbreak three 
years ago, promising candidates often 
fail. Sanofi recently halted distribution 
of its dengue fever vaccine in the Phil-
ippines after some patients developed
the disease following injection (2). 

Such setbacks fuel anti-vaccine cam-
paigns around the world, as seen in at-
tacks on inoculation programs to com-
bat a yellow fever outbreak in Brazil 
and on measles vaccines in the United
States and Europe. Rumors of health 
risks continue to discourage vaccina-
tion of teens against human papillo-
mavirus (HPV) despite evidence that 
it can prevent cancer. 

FDA Commissioner Scott Gottlieb, 
MD, voiced strong support for vac-
cines at his Senate confirmation hear-
ing in April 2017, where he dismissed as 
groundless claims of a causal link be-
tween vaccines and autism, distancing
himself from earlier challenges to vac-
cine safety by President Trump. In an
announcement of spending priorities 
for 2019, Gottlieb highlighted the im-
portance of advancing manufacturing
technologies for drugs and biologics, 
including vaccines. He noted that con-
tinuous manufacturing platforms can
help ramp up vaccine supply on short 
notice and that FDA clarification of its 
requirements and standards should 
encourage industry investment in new 
technologies and opportunities (3).

Streamlining CMC
FDA support is important in main-
taining an efficient development and 
review process to deliver vaccines 
that meet high standards to ensure
product safety and quality. FDA is 
applying lessons learned from Ebola 
to streamline vaccine development, 
noted Philip Krause, deputy director 
of CBER’s Office of Vaccine Research
& Review (OVRR), at the January 2018
WCBP symposium in Washington, DC.
Krause emphasized how FDA strives 
to review and approve submissions 
and manufacturing supplements in a 

“sensible” way that emphasizes good 
science. CBER also encourages manu-
facturers to meet with FDA staff to ad-
dress chemistry, manufacturing, and 
controls (CMC) issues before filing an
application.

Accelerated development of new preventives raises 

challenges for efficient CMC evaluation and production.

Jill Wechsler

Modern Manufacturing 
Key to More Effective Vaccines

Vaccine discovery 

remains 

challenging and 

unpredictable for 

the biomedical 

research 

community and 

industry.

Jill Wechsler 
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Technology’s 

Washington editor, 
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Robin Levis, deputy director of 
OVRR’s Division of Viral Products, 
further described how FDA’s Fast 
Track and priority review programs 
facilitated development of Ebola vac-
cines and other preventives. To keep 
pace with accelerated clinical testing 
of potential Ebola preventives, FDA 
collaborated with other regulatory 
authorities and WHO to gain con-
vergence on key issues, such as excep-
tions to product characterization and 
testing procedures, and where certain 
aspects of process validation could be 
abbreviated. While FDA licenses only 
those vaccines supported by adequate 
and well-controlled studies and able 
to be manufactured in a consistent 
manner, Levis noted that there may 
be flexibility when combating epidem-
ics, such as accepting supportive CMC 
data from platform-related products 
and specifications based on related 
products. Test vaccines also may be 
used prior to obtaining real-time sta-
bility data, especially for early clinical 
trials. 

An accelerated pathway for vaccine 
testing, however, “puts the squeeze on 
the CMC window” for process defini-
tion, characterization, and qualifica-
tion, commented Natalie Christian, 
integrated development and supply 
team lead at Merck, at the January 
WCBP symposium. Vaccine develop-
ment may be even more challenging, 
she observed, due to limited platform 
technologies for these products, poten-
tial for process change during technol-
ogy transfer, scale-up difficulties, and 
a need for additional qualification 
lots. Similarly, Cristiana Campa of 
GSK Vaccines in Italy emphasized 
that the complexity of vaccine devel-
opment makes it important to define a 
control strategy for identifying critical 
quality attributes as early as possible 
to help screen and select adjuvants 
and to identify attributes to be tested 
in clinical studies. 

Advances in designing small foot-
print, single-use bioreactors w i l l 
provide vaccines quick ly at greatly 
reduced cost, predicted Benjamin 
Damien, director of business devel-

opment at Belgium-based Univer-
cells. He said these developments will 

“transform the biopharmaceutical in-
dustry” by boosting local production 
and supply of high-quality vaccines 
in developing countries, while also 
expanding capacity for rapid response 
to epidemics and global threats. 

The race is on to 

discover a universal 

flu vaccine that 

doesn’t require 

reformulation 

every year.

New challenges
Many of these initiatives have support 
from the Bill & Melinda Gates Founda-
tion, which has led efforts for the past 
decade to spur vaccine development to 
combat global diseases. To enhance the 
process, Gates established the Medical 
Research Institute (Gates MRI) in Bos-
ton to work closely with scientists and 
biopharma companies on identifying, 
selecting, and optimizing production 
of novel vaccine candidates. Gates 
veteran Penny Heaton is building the 
MRI with the aim to eradicate malaria, 
accelerate the end of the tuberculosis 
epidemic, and prevent diarrheal deaths 
in children through developing new 
drugs, vaccines, biologics, and diag-
nostics. Heaton outlined plans at the 
WCBP symposium for supporting early 
clinical testing of products that then 
can be passed on to manufacturers for 
late-stage development and commer-
cialization. She anticipates a strong 
focus on CMC issues, which she de-
scribed as often the “number-one bot-
tleneck” in vaccine development.  

Meanwhile, the race is on to discover 
a universal f lu vaccine that doesn’t 
require reformulation every year. A 
dozen candidates are undergoing pre-
clinical and clinical testing at research 
institutions and commercial labs. This 

coincides with efforts to shift from 
egg-based to cell-based and recombi-
nant DNA production technologies. 
In commenting on the effectiveness of 
this year’s f lu vaccine, Gottlieb noted 
that products made with cell-based 
methods appear more effective in pro-
tecting against the H3N2 virus than 
egg-based products (4). 

Seqiris, a unit of Australia’s CSL, 
plans to produce 20 million f lu vac-
cine doses this year using cell culture 
at its North Carolina facility, and 
Sanofi has linked with South Korean 
vaccine maker SK Chemicals to tap its 
cell-based vaccine production tech-
nology. A live attenuated intranasal 
FluMist vaccine from AstraZeneca’s 
MedImmune division, an alternative 
to painful sticks, is back on the US 
recommended list after a two-year 
suspension due to data indicating low 
efficacy.

Despite the shortcomings of an-
nual f lu vaccination, health authori-
ties continue to stress the importance 
of regular immunization to prevent 
thousands of deaths from inf luenza 
each year, particularly in children and 
the elderly. Hopefully, the research 
community will devise a more reliable 
and effective universal f lu vaccine be-
fore the next, much-feared influenza 
pandemic strikes. 
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Chemic Laboratories, Inc. offers a 
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to our clients in support of their product development needs. 

Major Markets 
Chemic Laboratories, Inc. is located in Canton, Massachusetts 

and provides cost-effective outsourcing solutions to a broad 

spectrum of global clients in the pharmaceutical, medical device and 

biopharmaceutical industries. We are committed to developing long 

term strategic alliances with our clients. Chemic offers the ideal blend 

5.�->6-8:19-�)4,�->6-81-4+-�:0):�19�+81:1+)2�:5�5;8�+21-4:9A�9;++-99�

480 Neponset Street,  

Building 7, Canton, MA 02021

%-2����
���
��		

�)>���
���
��


www.chemiclabs.com

Chemic  
Laboratories, Inc.

A
p

o
s
tr

o
p

h
e
 P

ro
d

u
c
ti
o
n
s
/g

e
tt
y
im

a
g

e
s

http://www.chemiclabs.com
http://www.chemiclabs.com


20    Pharmaceutical Technology APRIL 2018  PharmTech .com

Modernizing Manufacturing
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The pharmmaceuticaal indussstry is adoppting IInduusttry 4.00 aanndd emmerrgginngg

technologiees to impprove pproducct quaality annd mmaanufacctturrinngg eeffficcieenncyy.

he pharmaceutical industry has 
the reputation of being cautious 
about implementing new technol-

ogy and slow to make changes. This 
conservatism is due, at least in part, to 
regulatory requirement to prove that 
any process modifications will not 
have a detrimental effect on product 
quality. Regulatory agencies and the 
industry have made a concerted effort 
over the past two decades, however, 
to adopt methods and technologies 
that will improve quality and manu-
facturing efficiency. There is also an 
awareness that more changes will 
be needed to further adapt to new 
manufacturing approaches, such as 
continuous manufacturing, Industry 
4.0, and personalized medicine, as 
well as supporting technologies, such 
as process analytics and advanced 
process control.

Emerging technologies in 
a regulated environment
FDA’s Emerging Technology Program 
(ETP), formed in 2013 to facilitate adop-
tion of new manufacturing technologies, 
gives industry a forum to meet with 
FDA’s Emerging Technology Team (ETT) 
members early in the development stage, 
prior to filing regulatory submissions. 

“Early engagement through the ETP 
helps the FDA proactively identify and 
address potential challenges applicants 
may face and helps eliminate potential 
delays in the adoption of promising 
technologies,” says Sau (Larry) Lee, act-
ing director of the Office of Testing and 
Research in the Office of Pharmaceuti-
cal Quality, Center for Drug Evaluation 
and Research, FDA. “In addition, when 
regulatory submissions are received, the 
ETP will work collaboratively with the 
pharmaceutical quality assessment team 

to ensure timely assessment of the sub-
mission. The continued involvement of 
ETP from early technology development 
through application assessment helps en-
sure the consistency, continuity, and pre-
dictability of the assessment—including 
the facility inspection.”

The ETP is working well, with posi-
tive reception by industry and several 
drug approvals facilitated by ETT dis-
cussions, reports FDA. So far FDA has 
approved four solid-dosage drugs pro-
duced using continuous manufacturing: 
Vertex’s Orkambi (lumacaftor/ivacaftor), 
Janssen’s Prezista (darunavir), Eli Lilly’s 
Verzenio (abemaciclib), and Vertex’s Sym-
deko (tezacaftor/ivacaftor and ivacaftor), 
which was approved in February 2018. In 
addition, tablets made using a 3D-print-
ing manufacturing process—Aprecia’s 
Spritam (levetiracetam) epilepsy treat-
ment—were approved in 2015. 

Modernizing 
Pharma Manufacturing  

Jennifer Markarian

www.PharmTech.com


FETTE COMPACTING AMERICA

400 Forge Way

Rockaway, NJ 07866

parts@fetteamerica.com 

www.fette-compacting-america.com

NON-OEM PARTS 
HAVE EARNED  
A VERY SPECIAL 
PLACE IN THE 
TABLET PRESS 
MARKET.

FETTE will meet or beat any legitimate price 

on major replacement parts GUARANTEED.

Call 973.586.8722

Buying a non-OEM emergency stop switch saved a customer a couple of dollars up front, 

but ended up sparking thousands of dollars in damage, downtime and repair costs when 

it shorted out.

A warped, non-OEM baseplate caused metal contamination in the product, risking consumer 

safety and regulatory action.

A non-OEM turret had an improper weld on the lower punch retaining band, causing erratic 

product weights and expensive material loss.

We could go on and on, but you get the ugly picture.  Why risk everything to save nothing?  

Put your trust in the superior precision and guaranteed performance of Genuine FETTE parts.

TRUE STORIES…

See us at Interphex Booth 2505C
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Moderrniziing MMMannuffactuurringgg

Although personalized medicine is 
still futuristic, the f lexible manufac-
turing platforms needed to support 
clinical development for personalized 
medicine are in development. “One 
might say that emerging technologies, 
including continuous manufacturing, 
advanced process analytics and control, 
and new manufacturing paradigms—
including 3D printing and portable/
modular systems—will be essential 
to the advancement of personalized 
medicine,” suggests Lee. “Of course, 
there will be regulatory challenges in 
the change from bulk manufacturing a 
one-size-fits-all medicine to a system of 
more localized manufacturing.” 

Industry 4.0
Another change on the horizon for phar-
maceutical manufacturing is the “fourth 
industrial revolution” or “Industry 4.0.” 
The first industrial revolution introduced 
mechanical production; the second, mass 
production; and the third, computers and 
automation of production. Industry 4.0 is 
characterized by cyber-physical systems 
and direct, machine-to-machine com-
munication via the industrial Internet 
of things (IIoT). In some ways, the phar-
maceutical industry is still transitioning 
to automation (i.e., “Industry 3.0”), but it 
is moving (albeit more slowly than other 
manufacturing segments) toward an In-
dustry 4.0 paradigm.

The pharmaceutical industry should 
recognize, however, that the rate of 
change in technology is on an expo-
nential growth trajectory, noted Gary 
Rathwell, president of Enterprise Con-
sultants, in a presentation at IFPAC 
2018 (1). Technology is changing so 
quickly that it is almost impossible to 
predict what will happen further than 
five years in the future, he suggested, 
but inaction would be a fatal business 
mistake. A key action to take, according 
to Rathwell, is to adopt new standards 
for “Intelligent Industrial Devices,” such 
as instruments and controllers. Com-
munication standards, such as those 
from the OPC Foundation and the 
FieldComm Group, and data exchange 
standards from the International Or-
ganization for Standardization and the 

International Electrotechnical Com-
mission are crucial for making sure 
devices and systems are designed to 
communicate with each other. In addi-
tion, standards from the International 
Society of Automation (ISA) specify 
engineering design data (e.g., ISA S108 
for configuring intelligent devices), and 
the Capital Facilities Information Han-
dover standard (CFIHOS) standardizes 
product data to facilitate equipment and 
device acceptance testing and handover. 
These standards will be increasingly im-
portant as machines communicate di-
rectly with each other, with less human 
involvement.

AI and digital twins
Artificial intelligence (AI) or machine 
learning is an example of a potentially 
disruptive Industry 4.0 technology. 
In a type of AI called “deep learn-
ing,” computers train themselves at 
high speeds by running scenarios and 
learning from the outcomes, using the 
massive data available at low cost in 
cloud-based storage, said Chris Lar-
kin, vice-president of Advanced Ana-
lytics at GE Digital, in a presentation 
at IFPAC 2018 (2).  “AI poses difficult 
questions from a regulatory perspec-
tive: if the algorithm that defines a 
product is constantly changing as 
learning increases, how do you define 
and validate the product? The pharma 
industry needs to think seriously 
about how AI will affect the industry 
and how this change can be managed,” 
noted Larkin.

Using simulation to model a process 
on the computer and running scenar-
ios in this virtual system rather than 
running experiments on real equip-
ment is already used in pharmaceutical 
process development. The concept of 

the “digital twin,” however, goes be-
yond traditional modeling simulation, 
says Dirk Voelkel, chief technology of-
ficer of Innovation and Analytics at GE 
Healthcare Life Sciences. He explains 
that GE’s digital twin concept creates 
a generic digital representation of an 
asset type. The twin captures multiple 
characteristics of the asset from sensor 
data, and these data can be used for de-
viation or anomaly detection, predic-
tion, and simulation. The digital twin 
models can also learn continuously as 
they adapt to new information. 

“Full digital twins are still at an early 
stage and currently are used in research 
settings, but not in manufacturing 
or in any regulated space. Full GxP-
compliance can be a barrier for learn-
ing systems, so taking the technology 
to a cGMP environment will take time,” 
adds Voelkel. He predicts that the first 
GMP implementations of digital twins 
will most likely be for equipment assets. 
Benefits that will drive implementation 
include higher asset availability, process 
robustness, and cost reduction through 
faster root-cause analysis. “As the tech-
nology matures and systems become 
better connected, there will be more in-
formation available to support decision-
making, so that risks can be mitigated 
in a proactive manner,” he concludes. 

Digital transformation
Several pharma companies have an-
nounced corporate initiatives to em-
brace Industry 4.0.  

At Merck, for example, the vision for 
“Manufacturing 4.0” is a digital trans-
formation to “smart factories” that are 
connected across the entire value chain 
to allow responsive and adaptive man-
ufacturing, explains Francisco Leira, 
executive director, Internal & External 
Manufacturing, Biologics, Global Tech-
nical Operations, Merck & Co. In this 
paradigm, data are seen as a core asset 
to be turned into intelligence to maxi-
mize the effectiveness of operations. 

“Although biopharma as an industry 
has lagged behind industries such 
as aerospace and electronics, we are 
learning from others and taking initial 
steps,” says Leira. Cybersecurity is a key 
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element that must be fully proven, he 
notes. The need to better connect in-
formation technology and operational 
technology systems, which may be dif-
ferent at various facilities, is a challenge. 
Another hurdle to be overcome is devel-
oping the capabilities of the workforce 
to use new tools and systems. 

Pfizer is also beginning a digital 
transformation in a move toward con-
nected manufacturing plants. Such 
connected plants will make data visible 
and available on demand, empowering 
right-first-time execution, the com-
pany noted in a presentation at IFPAC 
2018 (3). The goal is a connected digi-
tal operations center for each worker, 
with access to tools and data for data-
driven performance management and 
real-time, shop-floor decision making.  

Sanofi is working on the digital 
transformation of two of its biophar-
maceutical manufacturing sites, in 
Geel, Belgium, and in Framingham, 
Massachusetts, in the United States, the 
company said in an Oct. 24, 2017 press 
release (4). New technologies will in-
clude collaborative robots, autonomous 
mobile robots to “transport raw materi-
als, single-use equipment, and finished 
products to different points in the facil-

ity,” augmented reality for technicians, 
and paperless operations. The company 
said, “advanced analytics on data from 
all these systems will help identify and 
correct potential issues on the factory 
floor and continuously optimize flow 
and orchestration of activities.” Sanofi 
will use “digital twins” to simulate the 
process. “I see great scope for using digi-
tal models and simulations to transform 
how we plan, design, and operate our 
facilities from the concept through to 
delivering products to patients,” said 
Philippe Luscan, executive vice-presi-
dent, Global Industrial Affairs, Sanofi, 
in the press release. The company added 
that such simulation “provides the level 
of manufacturing modularity and fu-
ture flexibility required to support per-
sonalized medicine.” 

In the new digital plant, the role 
of the workforce will change signifi-
cantly. Robotics may be used to elimi-
nate repetitive and manual activities, 
with their potential for human error, 
improving safety and control, noted 
Sanofi. Operations staff will have new 
tools, including digital collaboration, 
data analytics, and augmented real-
ity solutions. Sanofi says it has trained 
more than 1100 employees in the past 

three years and is “developing a digital 
mindset and capability at all levels of 
industrial affairs.”  

Continuous manufacturing
Modern pharmaceutical manufactur-
ing processes are evolving alongside of 
digitalization, using the tools of process 
analytics and advanced process control 
to improve quality and efficiency.  Au-
tomated and integrated manufactur-
ing control using real-time data can be 
applied to either batch or continuous 
systems, but it is requisite for operating 
a continuous manufacturing system. 

Continuous manufacturing for 
solid-dosage drugs has come a long 
way, with robust process analytical 
technology (PAT) sending real-time 
data to the control system and four 
approved drugs being produced com-
mercially, although it can still be con-
sidered an emerging technology. Much 
work has also been done to develop 
models of pharmaceutical processes. 
The concept of using advanced model 
predictive control of manufacturing is 
gaining acceptance, but more use cases 
demonstrating the value in commer-
cial applications are needed for wider 
adoption, says Doug Hausner, asso-

Pharma 4.0

Industry 4.0 was originally a German concept, so it is fitting that the Inter-

national Society for Pharmaceutical Engineering’s Germany/Austria/Switzer-

land (ISPE D/A/CH) affiliate introduced the concept of “Pharma 4.0” to apply 

Industry 4.0 concepts to pharmaceutical manufacturing and formed the ISPE 

Pharma 4.0 special interest group (SIG) in 2017. Pharma 4.0 envisions highly ef-

ficient automated processes—which could be continuous, batch, or a hybrid 

of these—driven by an integrated manufacturing control strategy. 

The idea is a transformation from today’s current submission-based control 

strategy, in which a strategy for commercial manufacturing is transferred or 

scaled up from the development phase, to a holistic strategy that includes 

equipment, facility, GMP, and business controls, which includes adaptation 

throughout the product lifecycle as learning is captured (1).  This holistic strat-

egy is the basis for the automation and digitization program and for lifecycle 

management as outlined by the upcoming International Council for Harmoni-

zation Q12 Technical and Regulatory Considerations for Pharmaceutical Prod-

uct Lifecycle Management guideline.

To obtain the efficient, robust, and flexible manufacturing operations envi-

sioned in Pharma 4.0, the manufacturing control strategy must be integrated 

with all parts of the manufacturing process as well as with quality and busi-

ness functions, explains Line Lundsberg-Nielsen, Global Technology partner at 

the pharma engineering company NNE. “Vertical integration—the manufac-

turing floor up to manufacturing execution and enterprise resource planning 

systems—allows real-time, data-driven decisions. Horizontal integration of 

laboratory  systems with manufacturing process, equipment, and facility sys-

tems allows feedforward and backward controls.” The availability of data from 

across the product lifecycle allows data-driven process control and predictive 

product quality that increases process robustness and improves quality.

A primary goal of Pharma 4.0 is making pharmaceutical production safer 

and more efficient along the whole value chain, agrees Claudia Roth, vice-

president of Innovation Management at Vetter. The company’s strategic ini-

tiative, “Vetter 4.0,” includes digitalization of processes and systems and the 

use of simulation, for example. Roth notes that the transition to Pharma 4.0 

will require cooperation with all parts of the supply chain, academia, and 

industry associations, as well as exchanging best practices with players from 

other industries. 

Reference
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duction Control: From Industry 4.0 to Pharma 4.0,” https://ispe.org/
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ciate director at the Engineering Re-
search Center for Structured Organic 
Particulate Systems (CSOPS) at Rut-
gers, the State University of New Jersey. 

Integrated, continuous biopharma-
ceutical manufacturing is also making 
progress, driven by the need for more 
flexible production with faster commer-
cialization. Using perfusion technology 
instead of fed-batch reactors allows in-
tensification to smaller reactors that are 
more flexible, noted Rohini Deshpande, 
vice-president of Attribute Sciences Pro-
cess Development at Amgen, in a pre-
sentation at IFPAC 2018 (5). The smaller 
scale accelerates commercialization by 
allowing scale up from pilot to com-
mercial-size more seamlessly. Amgen’s 
advanced manufacturing facility in Sin-
gapore using perfusion and single-use 
systems is the first generation of a flexi-
ble and intensified platform, and the next 
step is to further intensify by integrating 
unit operations to fully achieve continu-
ous manufacturing, said Deshpande. 

One of the barriers to fully realize 
continuous biopharmaceutical produc-
tion is the need for PAT to measure 
product attributes in real time. “Cur-
rently, there are more than 30 assays 
with manual endpoint testing. An al-
ternate for some of these tests in the 
future will be on line sensor technolo-
gies. In the near term, we are shrink-
ing the analytical footprint to enable 
on the f loor testing and investing in 
multi-attribute methods (MAM),” said 
Deshpande. “We are working with the 
ETT to engage proactively and eventu-
ally use MAM for release testing. The 
integration of attribute testing and 
control will be crucial for moving to 
integrated continuous manufacturing.”

Investing in modernization
Modern manufacturing technologies 
offer the potential for robust, efficient, 
and agile production, and pharma 
companies are considering the busi-
ness cases for making these investments. 

“Hopefully, companies—especially early 
adopters—will continue to publicize 
their technology advancements and re-
port the associated gains to encourage 
wider adoption throughout the industry. 
FDA and industry may need to take ad-
ditional steps to address perceived regu-
latory uncertainty and facilitate further 
adoption,” concludes Lee.
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G
lobal government regulatory agen-
cies are paying increasing atten-
tion to the contract manufactur-

ing space, with increased inspections 
particularly of overseas contract manu-
facturing/contract development and 
manufacturing organizations (CMOs/
CDMOs) supplying the US market. 
At the same time, most pharmaceuti-
cal companies are focusing on supply 
chain diversity as a risk management/
mitigation strategy. The increasing 
complexity of APIs and drug delivery 
technologies is also leading sponsor 
firms to seek service providers with 
demonstrated expertise in complex 
chemistry, high-potency API produc-
tion, and small-volume manufacturing. 
Manufacturers of APIs are crucial 
links in the pharmaceutical industry 
supply chain. Selecting the right API 
supplier has become essential for the 
success of any new drug development 
or commercialization project.

An effective selection process
Before the selection of API suppliers 
begins, it is important to conduct an 
internal needs assessment in order to 
understand the expertise needed to 
support a company’s entire API port-
folio, according to Janel Firestein, life-
sciences lead at Clarkston Consulting. 

“Understanding the technologies your 
project requires is a good first step,” 
agrees Eric W. Smart, president of 
Fountainhead Pharmaceutical Con-
sulting. “If there are special capabili-
ties required, for example the ability to 
handle a potent compound or perhaps 
energetic reactions, it is best to seek out 
companies that specialize in that tech-
nology,” he says.

In addition to hav ing the right 
technical capabilities and resources 
to support production needs both 
today and in the future based on the 
pharma company’s organizational 
strategy, the right supplier will be able 
to demonstrate compliance, flexibility, 
and costs for any existing, established 
APIs it produces, as well as have a 
proven track record for hitting regu- S
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latory milestones successfully, accord-
ing to Firestein. She adds that the ideal 
CMO/CDMO will also have the ability 
to partner in support of other portfolio 
and pipeline projects, have innovative 
technical capabilities in early-phase 
formulation development, and have 
developed a roadmap that shows com-
mitment to keeping their facility com-
pliant and efficient. 

Smart uses web searches, but also 
seeks advice and recommendations 
from people he trusts. “Just because 
a company lists a capability online, 
doesn’t necessarily mean they are good 
at it or easy to work with,” he says. He 
also finds it useful to create a fairly de-
tailed request for proposal (RFP) that 
includes the project objectives, quan-
tity, timeline, process description, etc. 

“The more detailed you can make the 
RFP, the more consistent the result-
ing proposals will be (if you get that 
far with a particular supplier), and the 
easier it will be to compare multiple 
proposals,” Smart explains. Compli-
ance history should be gauged through 
review of recent inspections and their 
outcomes.

The selection process, according 
to Firestein, should include a self-
evaluation questionnaire, interviews, 
an onsite evaluation, and a thorough 
review of any supporting documen-
tation. With regard to on-site audits, 
Smart usually advocates waiting until 
a supplier has been chosen, because it 
is a time-consuming process for both 
the supplier and the pharma company. 
Proposal acceptance can be made con-
tingent upon a successful audit. 

Key attributes to consider
The criteria by which API suppliers 
should be judged can vary depending 
on the requirements of each project. 
For instance, Smart notes that if dif-
ficult or specialized chemistry is in-
volved, finding a supplier with these 
capabilities should be the focus. If the 
chemistry/technology requirements 
are of a more general nature, then he 
recommends focusing on compliance 
and whether the supplier appears to 
communicate well and will be easy to 
work with. “While it can be hard to 
assess in advance of beginning work, 

Cynthia A. Challener is a contributing 

editor to Pharmaceutical Technology.
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matching a pharma company’s project 
management expectations with the 
CMO’s way of doing things is impor-
tant,” he observes.

Firestein points to six key consider-
ations, including manufacturing qual-
ity, capacity, culture/compatibility, cost 
(accuracy of the cost estimate, approach 
to cost-containment), data integrity, and 
facilities (protocols, location of raw ma-
terial receiving, sampling, testing, etc.). 
Product quality can be gauged by com-
paring the CMO’s/CDMO’s regulatory 
history against industry standards. The 
percentage of clients that are repeat cus-
tomers also gives an indication of client 
satisfaction, according to Firestein. The 
number and types of molecules a com-
pany has produced—and at what scale—
gives an indication of manufacturing 
sophistication and supply chain diversity.

Data integrity is increasingly impor-
tant due to the greater emphasis being 
placed by FDA on this performance 
aspect, according to Firestein. “Data 
integrity issues will inevitably create 
regulatory challenges, but there are 
also impacts to communication and 
integration,” she notes.

Smaller sponsor firms should also 
assess the CMO’s/CDMO’s roster of 
active clients and consider asking po-
tential suppliers how smaller projects 
are not orphaned as resources are al-
located to bigger-budgeted projects. 

“Ultimately, pharmaceutical com-
panies should be looking for CMOs/

CDMOs that will treat their molecules 
as though they were their own,” Fires-
tein asserts. Smart adds that while geo-
graphic proximity, price, and the like 
can sometimes play important roles, 
in his experience they take a back seat 
to technical competence and the ease 
with which the sponsor can work with 
the supplier. 

Ongoing evaluation
To an extent, the same criteria should 
be continuously met throughout the 
lifecycle of the sponsor/supplier rela-
tionship, according to Firestein. “There 
should be a partnership scorecard es-
tablished and shared on both sides of 
the relationship that measures key per-
formance criteria (e.g., on time delivery, 
number of deviations, batches right-
first-time, etc.). It may also include 
volumes that need to be tracked each 
year, such as consumption for Drug En-
forcement Administration controlled 
substance licenses,” she observes.

Evaluation of CMO/CDMO perfor-
mance should be ongoing, with the 
pharmaceutical company providing 
honest and timely feedback throughout 
a project, according to Smart. “Suppli-
ers may not always like what they hear, 
but they should appreciate it because 
it is not in anyone’s interest for clients 
to be unhappy. If feedback isn’t pro-
vided, particularly when it is negative, 
it is hard for a supplier to improve its 
performance,” he says. 

The importance of partnerships
Changing suppliers is usually diffi-
cult, because institutional knowledge 
tends to be lost in the process. Sticking 
with one supplier all the way through 
clinical trials and into commercial pro-
duction is not always possible, but is a 
good goal, according to Smart. “Even 
if a project doesn’t go smoothly, a 
supplier will usually learn important 
lessons every time a given product is 
manufactured,” he notes.

Due to the costs and timelines re-
quired to onboard a new CMO/CDMO, 
Firestein adds that establishing a long-
term partnership is advantageous. “We 
advise our clients to catalogue partners’ 
capabilities, determine partnership 
goals, regularly review partner results, 
and continuously evaluate opportuni-
ties to invest to extend the value of the 
partnership. These partnerships are 
especially beneficial in building out 
multi-year contractual minimums, 
where you can agree to dollar mini-
mums across multiple APIs with the 
ability to rebalance needs as demand 
fluctuates.”

Switching suppliers
While switching is difficult, in some 
cases a project outgrows a supplier’s 
capacity. In fact, some CMOs/CDMOs 
aim to serve only clinical needs, while 
others only work on commercial 
products. “Shifting from a clinically-
focused CMO to a commercial supplier 

FDA issues draft guidance to limit bulk drug substances used in compounding

In early 2018, FDA continued its initiatives to monitor drug compounding oper-

ations, announcing plans to issue proposed regulations on CGMP requirements 

that compounders classified as outsourcing facilities must meet; restricting 

the compounding of drugs that are essentially copies of FDA-approved drugs; 

improving FDA’s partnerships with state regulators; and issuing a guidance on 

repackaging biologic products (1). 

In another step, on March 23, 2018 the agency issued a draft guidance docu-

ment that limits the bulk drug substances that an outsourcing facility can use 

in compounding. The new draft guidance, Evaluation of Bulk Drug Substances 

Nominated for Use in Compounding Under Section 503B of the Federal Food, Drug, 

and Cosmetic Act, details FDA’s interpretation of the statutory phrase “bulk 

drug substances for which there is a clinical need,” and how FDA will evaluate 

whether to include a bulk drug substance on the list of substances that may be 

used when compounding drugs.

Compounding from bulk drug substances generally presents greater risk to 

patients than compounding from FDA-approved drugs, FDA states. In addition, 

compounding drugs using bulk drug substances, when the use of an FDA-ap-

proved drug or a drug compounded using an FDA-approved drug would meet 

patients’ medical needs, could undermine the drug approval process, reducing 

the incentive for drug manufacturers to seek approval of brand or generic drugs, 

FDA Commissioner Scott Gottlieb said in a statement (2). 
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is a pretty easy decision when its nec-
essary. If it is a decision being made 
because of poor performance, that can 
be more difficult,” Smart says.

Clarkston Consulting clients have 
switched in the past due to supply 
or quality issues with their current 
CMOs/CDMOs. Others have made a 
change after reevaluating their sup-
plier bases, making the decision to 
move from tactical to more strategic 
relationships with a select group of pre-
ferred partners, according to Firestein. 

“When pharmaceutical companies per-
form a risk assessment of their entire 
supply chain for a given product, they 
often discover that the risk profile is 
too great for their CMO/CDMO. In 
addition, as government agencies con-
tinue to tighten regulations across the 
globe, more and more CMOs/CDMOs 
are finding it difficult to meet the more 
stringent regulations, so we’re seeing 
more audit findings (i.e., 483s), which 
creates risk for pharmaceutical compa-

nies and often causes them to pursue 
new partners,” she observes.

When sponsors do choose to make 
a change, it is important to get a good 
technology transfer package put to-
gether and, if possible, the assistance 
of the previous supplier, according to 
Smart. The practicality of achieving 
this goal often depends, however, on 
the circumstances surrounding the 
need for the change.

What CMOs/CDMOs should do
CMOs/CDMOs can take steps to make 
themselves attractive to potential cli-
ents. First, according to Firestein, they 
can differentiate around a core compe-
tency in the increasingly consolidated 
industry, whether through quality, 
f lexibility, or a proprietary expertise. 
Demonstration of a commitment to 
the future of their facilities is also 
important. “Suppliers should make it 
clear how they will remain compliant 
and efficient while leveraging indus-

try best practices and new technolo-
gies,” she says. CMOs/CDMOs can 
also prove their dedication by acting 
as extensions of their clients’ strategic 
imperatives and showing that their 
organizations will be aligned through 
good times and challenges. 

For suppliers looking to establish 
new relationships, the sales team plays 
an important role in conveying what 
it would be like to work with them, 
according to Smart. “Some CMOs/
CDMOs never really get a chance at a 
new project if their business functions 
aren’t easy to work with,” he observes. 
Smart also believes it is important for 
CMOs/CDMOs to get key technical per-
sonnel involved during the early phases 
of the sales process in order to provide 
prospective clients a good window into 
their organizations. “Being perceived as 
a company that is easy to work with and 
responsive to client needs is, all other 
things being equal, a key factor in the 
selection process,” he concludes. PT
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onoclonal antibodies (mAbs) 
are typically given as intrave-
nous infusions, but subcutane-

ous administration is fast becoming 
the preferred alternative, especially for 
patients with chronic diseases who re-
quire frequent dosing of the mAb over 
their lifetime. Subcutaneous injection 
of a drug using a self-administered 
delivery device such as an autoinjec-
tor, pen, or prefilled syringe is not 
only more convenient for the patient, 
but it also reduces healthcare costs by 
minimizing hospital visits. 

High viscosity
When developing mAb formulations 
for subcutaneous administration, vol-
ume and viscosity are crucial consider-
ations. Because the subcutaneous space 

limits the volume that can be delivered, 
mAb formulations tend to be devel-
oped as highly concentrated solutions, 
often in the range of hundreds of mil-
ligrams per mL, which consequently 
give rise to high viscosities. “Inter-
molecular interactions are thought to 
play a role [in viscosity],” says Nicholas 
Warne, senior director, Formulations, 
Pfizer. He explains that the proteins 
within the mAb molecule have the po-
tential to align themselves at specific 
domains, causing the solution to form 
transient, networked structures. The 
literature has reported that a protein 
solution’s viscosity can be predicted 
based on the formulation and pro-
tein characteristics such as the shape 
of the protein molecule (1, 2), charge 
distribution on the protein, which is 

formulation-dependent (3, 4), and the 
kinetics of self-association (5–7). 

High viscosity not only presents 
difficulties in processing and storage, 
but it is known to pose formulation 
and delivery challenges, as viscous 
solutions require high injection force 
to administer the drug and may also 
require prolonged injection time. The 
pain and discomfort experienced by 
the patient can have a negative impact 
on compliance and adherence to the 
medication. For drug developers, it is 
important to bear in mind the poten-
tial product loss that could result from 
the highly viscous solutions sticking 
to the contact surface of the primary 
packaging. If drug delivery is through 
an autoinjector, the challenge will be 
to ensure that the device can produce 
the required force to function properly 
throughout its shelf life, hence necessi-
tating extensive modeling and acceler-
ated aging to simulate the high stress 
placed on the device.

According to Warne, the acceptable 
viscosity range for subcutaneous injec-
tion will depend on the patient popu-
lation. “For patients with challenged 
dexterity, we tend to limit viscosity to 
10 cps for a 1-mL prefilled syringe,” he 
says. “[Whereas] for patients with nor-
mal dexterity, the limit may be 20 cps. 
For these higher viscosity solutions, we 
may choose to implement autoinjectors, 
which help manage self-administration 
and reduce injection time to below 10 
seconds.” 

With highly concentrated mAb 
formulations, there are a number of 
issues to consider. Warne highlights 
that compounding and mixing must 
be assessed to ensure a homogeneous 
solution at the time of mixing and stor-
age. He adds that viscous solutions can 
affect the filtration process. High-con-
centration mAb formulations will re-
quire the use of filters with higher V

max

(i.e., maximum volume that can be fil-
tered through) and larger surface area. 

“The need for larger membrane area 
can result in yield losses and slower 
processing times [due to the higher 
back pressure on the filtration equip-
ment created by the viscous solution],” 

Delivering 
High-Concentration 

Protein Formulations
Adeline Siew, PhD

The high viscosity of highly concentrated 

monoclonal antibody formulations not only 

presents processing and storage difficulties, 

but also formulation and delivery challenges.
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he highlights. Moreover, as shear stress can cause proteins 
to unfold or aggregate, Warne recommends assessing the 
solution characteristics of the mAb formulation during 
pumping, transfer, and filling. 

Addressing viscosity challenges
Viscosity challenges can be addressed by controlling the pH 
of the formulation in relation to the isoelectric point (pI) 
or by adding excipients, including cations and anions to 
increase the ionic strength of the formulation (8). In terms 
of optimizing the viscosity of a mAb formulation, Warne 
believes that less is more, “the closer to water, the better,” 
he says. “We are exploring the application of viscosity-re-
ducing formulations including formulating at least two pH 
units away from the pI, developing proteins and mAbs with 
favorable electrostatic profiles, assessing the impact of pH 
on viscosity and the role of ionic strength, and evaluating 
the potential role of viscosity-reducing excipients such as 
arginine,” he adds. According to Warne, arginine may oc-
casionally be beneficial in reducing formulation viscosity, 
but he cautions that using novel innovative excipients car-
ries regulatory and safety risks. 

Despite the challenges associated with delivering highly 
viscous solutions, Warne observes that there have been ad-
vances in the delivery of high-concentration protein formu-
lations, such as the increased comfort level with delivering 
a 2-mL injection subcutaneously and the development of 
2.25-mL prefilled syringes and autoinjectors from mul-
tiple vendors. “The ability to tolerate osmolality of up to 

Formulation

Future therapies using implanted engineered cells as protein factories

Biotech developers have long hoped to build on the historical successes of 

protein therapeutics by addressing the limitations of drug delivery. These 

therapies are typically delivered by intermittent infusions or injections, result-

ing in wide peaks and troughs of protein levels in the body. The varying levels 

prevent these treatments from freeing patients from the symptoms of their 

disease. In addition, the process of administering therapies by infusions or 

injections, required as often as several times a week, is a significant disruption 

to the patient’s quality of life. 

Gene therapies have promising potential as a method for generating 

proteins within the body. While there have been recent successes in a few 

therapeutic applications, broad use of gene therapy remains a major challenge. 

Another approach has been to implant allogeneic, or genetically dissimilar, 

cells engineered to act as “protein factories.” The problem, however, is that 

implanted allogeneic cells are rejected by the immune system. Even if the 

implanted cells are encapsulated within a device, a foreign body response 

from the immune system typically results in a fibrotic response that effectively 

kills the cells.

Following a focused, high-throughput search for biomaterials that can 

evade this fibrotic response, researchers at the Massachusetts Institute of 

Technology have discovered a new set of compounds that do not elicit a foreign 

body response when implanted. These biomaterials permit the development 

of a new category of treatment with the ability to deliver therapeutics either at 

a constant rate or under programmable conditions by using implantable cells 

as protein factories. Sigilon Therapeutics was founded to combine these new 

“Afibromer” biomaterials with the cell engineering required for successful 

clinical development of effective therapeutics. 

Allogeneic cells programmed to express therapeutic protein can be loaded 

within a small spherical capsule made from the Afibromer biomaterials. These 

capsules can then be implanted into appropriate locations in the body. For 

some applications currently in development, the 1.5-millimeter diameter 

Afibromer beads could be implanted using a straightforward injection, or for 

specific locations, a minimally invasive laparoscopic surgical procedure. With 

the implants in place, proteins produced by cells within the beads would be 

secreted out of these engineered cells and enter circulation. The dose for each 

patient can be adjusted both by varying the number of cells loaded onto a bead 

and by varying the number of implanted beads. One of the limitations of gene 

therapies is that the dose cannot be tailored to individual patients. The ability 

to adjust the dose with Afibromer biomaterials is, therefore, an advantage—

particularly for pediatric patients who may require dose adjustments as 

their body grows. Afibromer protein factories represent a flexible and 

programmable alternative to gene therapies, but they can also be used to “top 

up” gene therapy doses in the future and thus be a complementary approach. 

Continued on page 33 
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600 mOsm/kg in high-concentration solutions has also 
provided much needed flexibility,” he adds. 

Advances in drug delivery
As demonstrated at Pharmapack Europe 2018, held on 
Feb. 7–8 in Paris, France, the industry continues to innovate 
and provide patient-centric solutions to drug-delivery chal-
lenges. Biocorp’s Onejet autoinjector won the Patient Safety 
and Convenience Award at this year’s show. According to 
Biocorp, the device is the first motor-driven, disposable, and 
Bluetooth-connected autoinjector compatible with stan-
dard primary containers (prefilled syringes from 1 mL to 
2.25 mL) (9). Its motorization can be adjusted to any biologics 
density, enabling Onejet to easily deliver highly viscous drugs. 
Injection speed and force can be calibrated. Another key fea-
ture of Onejet is its ability to record injection data such as date, 
time, and doses administered, which are then transferred to a 
mobile app via Bluetooth so that treatment can be monitored. 

The SelfDose patient-controlled injector by West Pharma-
ceutical Services received the award for “Ease-of-Use and Pa-
tient Compliance.” The injector has a simple two-step opera-
tion where the patient only has to remove the cap and press 
the device against the skin to deliver a subcutaneous injection. 
Audible and visual end-of-dose indicators confirm successful 
administration of the prescribed dose. Erin O’Brien, vice-pres-
ident of West, noted in a press release that many patients could 
benefit from a drug-delivery device system that makes the in-
jection experience more user-friendly and less intimidating (10). 
SelfDose has been ergonomically designed with the patient’s 
unique needs in mind. In addition, the device has a passive 
safety system that covers the needle before and after injection 
to help prevent needlestick injuries to the patient and caregiver. 
According to West, extensive human factors studies have been 
performed with the SelfDose injector, confirming the intuitive 
design and supporting its ease of use and patient acceptance. 
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Future therapies using implanted engineered cells as protein factories  (Cont.)

Another issue is that gene therapies may require immunosuppressive therapy to 

prevent immune responses against gene therapy vectors, particularly in a re-dosing 

scenario. With Afibromer technology, immunosuppressive therapy is not required. 

Extending beyond published data (1, 2) using animal models of diabetes, 

unpublished preclinical data demonstrate that these Afibromer protein 

factories can remain functional for at least a year, producing a variety 

of therapeutic proteins. This is a proof-of-concept minimum limit to the 

duration of the cell implant approach. The goal for this therapy would be 

to provide a stable level of therapeutic protein for multiple years. As with 

any new technology, finding the appropriate real-world application is key to 

maximizing clinical benefit and commercial success. Currently, the researchers 

are working to develop treatments for diseases with significant co-morbidities 

and patient burdens. The plan is to bring a lead product to the clinic in two to 

three years. Once the approach is validated in clinical studies, it is expected 

that this technology will have use in a wide variety of applications.
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or pulmonary drug delivery, particle 
size (specifically the aerodynamic 
diameter) has a significant impact 

on lung deposition and retention in the 
different airway regions. Jet milling and 
spray drying are two particle engineer-
ing methods used to optimize particle 
properties. Pharmaceutical Technology
spoke with Herbert Chiou, PhD, product 
development lead (inhalation & novel 
therapeutics), and Salvatore Mercuri, 
R&D Manager, both at Lonza Pharma 
& Biotech, about optimizing and scaling 
up micronization processes.  

Using jet mills
PharmTech: Jet milling is the conventional 
approach commonly used for mechanical 
micronization of drug particles for pulmo-
nary delivery. Can you provide an over-
view of the different types of jet mills used?

Chiou and Mercuri (Lonza): Jet milling 
is the most common method used to 

produce particles in the 1–20 μm range, 
characterized by a narrow particle size 
distribution. Jet mills differ in configura-
tion of the milling chamber (i.e., where 
the comminution takes place) and in 
particle classification system. Spiral or 
opposed jet mills are typical milling ap-
proaches, with both using fluid energy 
to achieve comminution through an im-
pact breakage mechanism.

In spiral jet mills, the material, accel-
erated by a Venturi pipe, is fed into the 
milling chamber. High pressure gas (e.g., 
2–10 bar) enters the low cylindrical mill-
ing chamber through many nozzles (e.g., 
5–12) tangentially distributed around the 
peripheral walls. The gas expansion gen-
erates a spiral vortex in which the com-
minution takes place, due to particle-on-
particle collisions. Particles in this flow 
field are subject to centrifugal and drag 
forces. Larger particles are dragged to the 
outer zone of the milling chamber, while 

small particles are exhausted from the 
central outlet with the gas stream.

The spiral jet mill gives a ‘static’ clas-
sification of the powder. The cut-off of 
the powder exhausted from the jet mill 
is related to the geometrical charac-
teristic of the classification tubes and 
to the operating parameters applied 
(i.e., material feeding rate, feeding and 
grinding pressures).

In opposed jet mills, the grinding gas 
enters the mill via three or more copla-
nar nozzles situated at the bottom of 
the milling chamber. Subsequently, the 
powder particles entering the milling 
chamber via a double valve system are 
accelerated to high velocity and start to 
collide with each other. The milling gas 
is also responsible for a fluidizing effect 
that transports the particles to the upper 
part of the milling chamber where the 
classification takes place. In this case, a 
‘dynamic classifier’ (i.e., classifier wheel) 
is used. Particles that are larger than the 
cut-off will be returned to the milling 
zone, whereas particles that are suffi-
ciently small can be exhausted with the 
gas stream. The higher the speed of the 
classifier wheel, the lower the cut-off of 
the particles that can leave the jet mill.

The physical characteristics of the 
drug substance and the particle size to 
be achieved determine the choice of the 
most suitable jet mill configuration and 
the appropriate operating parameters.

PharmTech: What types of drugs are 
suitable for the jet milling approach?

Chiou and Mercuri (Lonza): Considering 
that, in jet milling, the comminution oc-
curs due to particle-on-particle collisions, 
no specific requirements in terms of ma-
terial hardness are needed. Jet milling is 
a suitable technique even for very hard 
materials. Despite this, the efficiency of 
the process and, consequently, the extent 
of the particle size reduction are corre-
lated to the physico-chemical characteris-
tics of the material. Plastic materials (e.g., 
thermoplastic polymers) are more dif-
ficult to micronize, compared to brittle 
and highly crystalline materials. Particle 
morphology also plays a crucial role in 
micronization applications; a needle or 
plate crystal can be fractioned more eas-
ily than an equant or prismatic crystal.

Optimizing Particle 
Engineering Methods for 
Inhalation Drug Products

Jennifer Markarian

Jet milling and spray drying can be used to 

obtain appropriate particle characteristics.

www.PharmTech.com


Pharmaceutical Technology APRIL 2018    35

Thermolabile compounds can also 
be jet milled because the particles are 
accelerated by a gas stream under ex-
pansion. Therefore, no overheating 
of the material occurs, per the Joule–
Thomson effect.

When to consider spray drying
PharmTech: What considerations would 
lead to an alternative particle engineer-
ing approach, such as spray drying?

Chiou and Mercuri (Lonza): For product 
development of respiratory products, 
there isn’t a one-size-fits-all approach, 
but spray drying may be a tool to use 
when any of the following questions is 
applicable to the API:
• Would the API have any interac-

tions with the lactose carrier if it 
is blended? APIs containing amino 
groups could react with lactose, 
because it is a reducing sugar. Use 
of non-reducing sugars as carriers 
are being investigated and require 

rounds of studies to optimize the 
formulation with respect to release. 
With the spray drying approach, 
non-reducing sugars can be used 
as bulking agents in the formula-
tion to dilute the API concentra-
tion and maintain uniformity. 

• Are there any concerns in mix-
ing two APIs together uniformly 
through a blending process, espe-
cially if there is a significant dif-
ference in concentrations between 
the APIs? While uniform dry 
powder blends can be produced, 
the spray drying approach uses 
uniform solutions or suspensions 
and can typically achieve better 
content uniformity.

• Does the API have physical stabil-
ity concerns? With spray drying, 
it is possible to include excipients 
with high glass transition temper-
atures (i.e., glass formers) to limit 
long-range diffusional mobility.

• Is there a f lowability issue with a 
smaller particle size of the API? 
Would the issue be compounded if 
there is a high dose requirement? 
Sub-micron particles, which can 
be generated by processes like 
crystallization or jet milling, may 
be spray dried as a suspension to 
form slightly larger agglomer-
ates (still in the respirable range), 
which have improved f lowability 
but maintain a high surface area 
for improved solubility. Alterna-
tively, particles may be engineered 
to be porous to achieve a certain 
aerodynamic particle size. There 
has also been work done with 
respect to using excipients, such 
as magnesium stearate, to act as 
a lubricant, but if the process of 
adding surface energy modifying 
agents does not provide the de-
sired effect, physical shape would 
be the next option to consider.
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Jet mill process optimization
PharmTech: What are the key consider-
ations for a jet milling process? How do 
you determine optimal conditions?

Chiou and Mercuri (Lonza): The develop-
ment of the jet milling process starts 
with the characterization of the un-
milled material’s bulk properties (e.g., 
morphology, tap density, f lowability) 
and with defining the milling behavior 
of the material. For this assessment, the 
operating parameters that can be var-
ied are three-fold: material feeding rate, 
feeding pressure, and grinding pressures. 
In cases where the specifications are not 
achieved by adjusting the standard pro-
cess parameters, the modification/assess-
ment of the jet mill geometry (e.g., nozzle 
angle, shape of the milling chamber, size 
and length of the static classification sys-
tem) is also taken into consideration.

This approach is particularly helpful 
in identifying the solution for achieving 
the required particle size distribution 

(PSD) while reducing/avoiding solid-
state changes of the material. In fact, the 
impact of the micronization process on 
the solid state of the material has to be 
carefully assessed given the higher spe-
cific energy for comminution to reach the 
required PSD for pulmonary drug deliv-
ery, which is generally characterized by a 
Dv50 [median for a volume distribution] 
between 2–5μm.

The best approach to determine the 
optimal working conditions is to con-
duct a risk assessment with the customer 
to identify all the possible critical pro-
cess parameters, such as the variability of 
the raw material size, the water content 
specifications, and the knowledge about 
the solid-state changes. 

Following this step, a stress test and a 
short stability study (e.g., one week) can 
be performed to determine the impact of 
the specific energy on the solid state of 
the API and the impact of the contingent 
solid-state changes on the post-micron-

ization stability of the API (e.g., particle 
size increase).

A screening design of experiments 
(DoE) potentially followed by an re-
sponse surface methodology is generally 
used to properly define the design space 
and the normal operating range (NOR) 
for a particular API.

The last step of the development is 
usually to execute one or more confir-
mation runs to endorse the develop-
ment results and also to evaluate the 
process variability by means of an in-
tensive sampling protocol throughout 
the trial duration.

Jet mill scale up
PharmTech: What are some of the con-
siderations in scaling up a jet milling 
process?

Chiou and Mercuri (Lonza): The calcula-
tion of the scale-up factor for the main jet 
milling operating parameters (i.e., ma-
terial feeding rate, feeding pressure, and 

Inhalation Drug Manufacturing

Testing Hard-Shell Capsules for Dry Powder Inhalers

Dry powder inhalers (DPIs) are one of the types of devices used to deliver 

orally inhaled drug products. In a DPI, the drug is encapsulated in a hard-shell 

capsule and released by the device at the time of use. “The attraction of using 

a capsule-based DPI is its simplicity. The powder formulation consists of solely 

the API, or a mixture of API with a carrier particle, such as lactose or manni-

tol,” notes Justin Kalafat, ACG North America scientific business development 

manager. Although DPIs have primarily been used for treating respiratory 

diseases, such as asthma or chronic obstructive pulmonary disease, pharma-

ceutical companies are now also considering inhalation delivery methods 

as alternatives to oral or parenteral delivery for other drug products as well. 

Pharmaceutical Technology spoke with Kalafat and with Fernando Diez, ACG 

Europe scientific business development manager, about the requirements for 

capsules used in DPIs and the methods used to test their performance.

Performance requirements

PharmTech: What are the key requirements for capsules used for dry powder 

inhalers?

Kalafat and Diez (ACG): The two key requirements of capsules used in 

DPIs are puncturing and aerosolization. For hard-shell capsules to function 

effectively as drug reservoirs in DPIs, the capsule must be punctured with 

sharpened pins or cut with blades to release the powdered medication 

upon inspiration. During this process, the capsule cannot shed pieces 

or create hindrances to the outflow of the powder. For example, if a pin 

punctures the capsule and a flap is produced, it must stay attached and 

remain open. A closure of the flap would result in an obstruction of the 

opening, hindering the powder’s delivery to the patient.  Additionally, if 

the capsule cracks or shatters during puncturing, the fragmented pieces 

can interfere with the medication passing though the device’s filter as 

inhaled by the patient.  

Aerosolization is the process of converting a physical substance into the form 

of small, light particles, to be carried on the air. In this process, the capsule 

enables the powder release (i.e., emitted dose). It must not make agglomerates 

that increase powder particle size; higher moisture content of a capsule material 

tends to increase agglomerate creation in API through capillary action. 

In inhalation technology, particle size matters. To reach the peripheral airways, 

where the drug is most efficiently absorbed, particles need to be optimized in the 

1–5 μm aerodynamic diameter range. The efficiency of the aerosolization process 

is measured using the fine particle fraction (FPF), defined as the percentage of 

emitted dose with particles in the targeted 1–5 μm diameter range. 

Test methods

PharmTech: What tests need to be performed to determine these properties? 

Kalafat and Diez (ACG): In a puncture test, the force and deformation 

profile of a pin moving onto a capsule wall at different relative humidities 

is registered. Puncturing performance can be described by two values taken 

from these profiles: puncturing force (maximum force registered) and capsule 

deformation (displacement at maximal force). It is also important to measure 

the puncturing area and shape, as this defines the space through which the 

drug leaves the capsule. Small areas and irregular shapes can lead to non-

reproducible emitted doses to the patient.

As for aerosolization, a device with a capsule is attached to a next-generation 

cascade impactor (NGI) operating at a flow rate (normally 60 L/m) for a specific 

interval (normally four seconds). Drug deposition on various parts of the NGI 

equipment and the device is measured, and the emitted dose and FPF are calculated. 
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grinding pressure) is performed, keeping constant the specific 
energy applied to the powder among the different jet mill sizes.

To scale up a micronization process developed through DoE 
approach, the best working condition defined from the design 
space analysis will be scaled up and tested on the commercial-
scale jet mill. If PSD results (i.e., DoE responses or critical 
quality attributes) are included in the calculated confidence 
intervals, other working conditions need to be verified to con-
firm that the mathematical model used to describe the design 
space during development could be applied on the industrial-
size jet mill.

To scale up a process developed applying a trial-and-error 
approach, the best working condition defined during the devel-
opmental work is scaled up and tested on the commercial-scale 
jet mill. If PSD results comply with the customer specifications, 
the ‘edges of failure’ of the process are assessed by varying the 
main operating parameters around the defined working point.

The size of the jet mill is usually defined, taking into con-
sideration the volumes needed to be micronized at com-
mercial scale and keeping in mind that it is not feasible to 
micronize under the critical pressure (i.e., related to the 
nozzle diameter and needed to achieve a sonic effect at the 
grinding nozzle outlet).

Spray drying for DPIs and scale up
PharmTech: What are the key considerations in spray drying for 
dry powder inhaler (DPI) applications?

Chiou and Mercuri (Lonza): With spray drying for DPI applica-
tions, one has to evaluate the goal of the produced powder. For 
example, is the spray-dried powder the ‘complete’ formulation 
to fill or does the customer only need engineering of the API, 
which would later be mixed with a carrier?  The answers to 
these questions help determine the loading of the active mate-
rial in the final powder and which excipients (if any) to use. 
Another question to consider: is the material susceptible to 
moisture? In addition to packaging configuration, spray drying 
could incorporate excipients to help with moisture protection.

For most small molecules, a crystalline API is generally pref-
erable to minimize any stability issues. However, in some cases, 
it may be preferable to have an amorphous API to increase 
the dissolution kinetics. Regardless of the particle engineering 
approach, particle size control is crucial for DPI applications.

PharmTech: What are some of the key considerations for scal-
ing up a spray drying process for DPI applications?

Chiou and Mercuri (Lonza): At the feasibility stage of product de-
velopment, it is recommended that a small-scale dryer is used 
to evaluate initial formulation screening to conserve API. Once 
the formulation selection has been made, larger quantities are 
required for toxicological studies, which require scaling. Is the 
feedstock composition aqueous or organic? Water-based feed-
stock has a lower throughput than feedstock containing mainly 
organic solvent. When scaling up, the atomization pressure, 
nozzle geometry, and feed rates would need to be evaluated in 
concert to generate approximately the same droplet size to ensure 
the product is as close to those formulated in the feasibility study.

For collection, cyclone separation is commonly used for both 
jet milling and spray drying, which separates particles based 
on aerodynamic diameter. As the particles are engineered to 
be entrained in the airways for pulmonary delivery, separation 
of the particles from the airstream for collection requires spe-
cial attention to the cyclone geometries, internal velocities, and 
pressure drops to ensure high collection yields. High-efficiency 
cyclones need to be designed accordingly to be compatible with 
larger spray dryers during scale up, such that it does not impact 
the drying process.

Analytical tools
PharmTech: What analytical testing tools are used to character-
ize the physicochemical properties of spray-dried or jet-milled 
micronized particles?

Chiou and Mercuri (Lonza): Standard physicochemical charac-
terization techniques for drug substances still applies to engi-
neered particles, and additional characterization techniques 
help guide product development. This understanding may also 
predict product performance and stability. Impurities, typically 
characterized by chromatographic methods, have to be evalu-
ated to determine if the selected particle engineering approach 
is appropriate to the API and if it generates any degradants. 
As aerodynamic PSD significantly impacts lung deposition, 
understanding morphology and geometric PSD is crucial. 
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Scanning electron microscopy, as well as optical microscopy 
coupled with particle imaging, can provide particle morphol-
ogy information, while laser diffraction techniques provide 
the geometric particle size. Moreover, the aerodynamic as-
sessment of inhalable powders is performed through the use 
of impactors.

Additional characterization includes techniques that allow 
researchers to study the impact of the process on the solid state 
of micronized/spray-dried materials. The energy involved in 
the process may induce amorphous formation and/or favor 
polymorphic transitions. Such solid-state modifications can 
be detected by differential scanning calorimetry (DSC) and 
X-ray powder diffraction (XRPD). In addition, isothermal 
microcalorimetry or dynamic vapor sorption (DVS) are used 
to determine amorphous content as well as susceptibility to 
moisture. Moisture content and residual solvents are also eval-
uated as the different processes can impact the final content.

Trends in particle engineering 
PharmTech: What advances have you seen in particle engineer-
ing techniques and what areas are still lacking?

Chiou and Mercuri (Lonza): Jet milling and spray drying are 
well-established particle engineering techniques. Additional 
improvement in process control and optimization has oc-
curred in the past few years.  

From the equipment point of view, some advances in the ap-
plication of computational fluid dynamics (CFD) and discrete 
element method (DEM) tools are allowing geometric optimi-
zation of jet mills and spray dryers to achieve either higher 
throughput or improved particle size classification.  

We are also seeing advances in co-micronization of APIs 
and excipients that allow for advanced formulation prop-
erties with regards to the starting powder blends. Going 
forward, we see additional work towards combining jet-
milling and spray-drying techniques to achieve beneficial 
formulation characteristics.

PharmTech: What do you see as needs or areas of research in 
the inhalation delivery space?

Chiou and Mercuri (Lonza): Due to the cost and time of human 
clinical studies, there is a drive to reduce risk; the pharma-
ceutical development team needs high confidence prior to 
committing to the API and subsequent human clinical study. 
There is ongoing research and advances in developing more 
clinically relevant techniques, such as using the Alberta Ide-
alized Throat and human breath profiles; improved animal 
studies for understanding pharmacokinetics through im-
proved delivery techniques with appropriate animal model 
selection; and in vivo-relevant dissolution models that could 
be used for screening formulations.

The next challenge is to find better ways to minimize pa-
tient errors and improve compliance. Human factors are being 
recommended by FDA for combination products, which in-
cludes inhalers. Particles for inhaled drug products may need 
to be engineered for delivery at low inspiratory flowrate for 
patients with compromised breathing, for example. PT
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Research suggests that radiation 

can have a significant impact on the 

composition and rheology of hydroxyethyl 

cellulose-based medicinal gels.
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Peer Review: Impact of Sterilization

R
ecent studies evaluated the effects that different steril-
ization methods have on the active ingredients present 
in four hydroxyethyl cellulose-based gels. Physical and 
chemical properties such as rheology, color formation, 

formation of volatile low molecular weight compounds, and 
degradation of API were studied. This article summarizes 
the findings.

To ensure unbiased results, four samples of gels with the 
same basic composition were sterilized. One sample con-
tained two APIs, Lidocaine and Chlorhexidine; two gels 
contained only one of each of these APIs; while the fourth 
gel did not contain any active ingredients.

Samples were sterilized using hot steam, gamma radia-
tion, and electron beam methods (with doses measured in 
kiloGrays, kGy). The radiation doses were 5, 10, and 25 kGy 
for the gamma sterilization and 5 and 25 kGy for the e-beam 
process. Unsterilized gels of each type were used as blanks. 
For comparison, another four commercially available gels 
were analyzed, sterilized by radiation, and then analyzed 
again after an additional gamma sterilization step, carried 
out at 5 and 25 kGy.

Sterile medicinal products can be sterilized in two ways, 
either via terminal methods (i.e., on the product in its final 
container) or via aseptic processing (1).  Whichever steriliza-
tion approach is used, the process must be validated in order 
to verify that it effectively and reliably kills any microorgan-
isms that might be present in the product (2). 

Heat, radiation, gamma or electron beam, and steam ster-
ilization are most frequently used to sterilize medicines. Heat 
sterilization is typically preferred (1); however, successful 
processing isn’t merely achieving a sterility assurance level 
of 10-6. Sterilization should not alter or affect the product, 
which could reduce its efficacy and even harm patients (2). 

Product changes can be signaled by changes in color or 
the degradation of ingredients within the formulation. In 
addition, radiation can also result in new compounds whose 
potentially toxicological impacts must be evaluated.

Radiation, a physical process that does not involve heat-
ing the sample, is often used to sterilize pharmaceuticals. 
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In the past, a minimum dose of 25 kGy was routinely used 
to sterilize many pharmaceutical products and biological 
tissues. Today, however, dose is determined by the product 
and the specific type of contaminant, as recommended by 
the International Organization for Standardization (ISO) (3).

In addition to evaluating sterilization’s possible impact on 
products, its effects on packaging and component materials 
must also be considered. Each polymer and chemical sub-
stance reacts differently to radiation, so it is important to 
verify that the dose being used does not affect product qual-
ity, safety, or efficiency throughout its intended shelf life (4).

The authors performed research to evaluate the effects of 
certain sterilization methods on different lubricating gels 
with similar compositions. The lubricants were all based on 
hydroxyethyl cellulose, and commercially available medi-
cal gels were also evaluated for comparison. Table I lists the 
sterilization methods that were evaluated. 

This work did not consider the efficiency of the steriliza-
tion methods themselves, but, rather, focused on demonstrat-
ing whether and which physical and chemical changes oc-
curred due to different methods of sterilization and radiation 
doses. Results are summarized in Table II. 

Research centered on changes in rheology, viscosity, color, 
and odor, as well as the formation of volatile decomposition 
products, and measured the stability of the active ingredi-
ents Lidocaine and Chlorhexidine contained in most of the 
formulations that were evaluated.

Materials and methods
Experimental procedure.  Research involved performing the 
following procedures:

• Sterilization of the samples—gamma, e-beam, steam. To de-
tect the influence of different sterilization methods, and 
to include any secondary reactions that might have oc-
curred because of this influence, the gel samples were 
stored at room temperature for one month after they 
had been sterilized. The goal was to achieve a decay of 
chemical degradation processes that occurred as a result 
of radiation.

• Determination of the degradation behavior of Lidocaine and 

Chlorhexidine using high-performance liquid chromatography 

(HPLC) methods.

• HPLC-UV/Visible analysis.  An HPLC system (Thermo Fisher) 
and a variable wavelength detector were used to evaluate 
the samples. Separation was achieved on a 2.6-μm C18 
100A, 150 x 4.6 mm, 00F-4462-E0 analytical column 

(Kinetex, Thermo Fisher). The mobile phase was 0.1 % 
trif luor acetic acid in 20% acetonitrile (ACN) in 80% 
water for the first 2 min. Then, the concentration of ACN 
was gradually increased to 90% ACN and 10% water at 
20 min. Each analysis was run for 25 min. The f low 
rate was 1.2 mL/min., and injection volume was 10 μl. 
The detection wavelength was 254 nm. Before analysis, 
samples were diluted 1:10 in 0.1% trifluoro acetic acid 
in 20% ACN to 80% water.

• Determination of volatile and semi-volatile substances by gas 

chromatography/mass spectroscopy (GC/MS).

 Method 1: Headspace GC/MS. A GC system (7890A GC, 
Agilent Technologies), coupled to a mass selective detector 
(5975C inert XL MSD, Agilent Technologies), was used 
to perform headspace HS-GC/MS analysis. A DB-624 
capillary column was used, with a capillary column of 320 
μm x 1.8 μm and helium as the carrier base. Analysis was 
run at 250 °C.

Initially, the oven temperature was kept at 40 °C for 2 min  
and then increased by 5 °C/min. to 220 °C and held at con-
stant temperature for 2 min. The injection mode used was 
split, with ratio 20:1 of sample entering the column.  The 
National Institute of Standards and Technology (NIST) li-
brary was used to estimate structures. An external calibra-
tion was used to quantify results, so concentrations are given 
as toluene-equivalents.

Method 2: Gas chromatography/Flame ionization detector/mass 

spectrometry (GC/FID/MS). GC/FID/MS analysis, using liquid in-
jection, was performed using a GC system (7890A GC, Agilent 
Technologies), coupled to a mass selective detector (5975C inert 
XL MSD with a ZW-WAX Plus, Agilent Technologies) at 250 
°C. A 30-m x 250-μm x 0.5-μm capillary column was used, with 
helium as the carrier gas. 

For GC, the injector temperature was held at 270 °C. The 
oven temperature was held at 50 °C for 2 min, then increased 
gradually by 10 °C/min to 240 °C, and held constant at this 
temperature for 39 min.  The injection mode used was split-
less. Compounds were identified via NIST library and quan-
tification was done by an external calibration, so concentra-
tions are given as toluene equivalents.

Analysis of the rheological behavior. Sample rheology was 
analyzed by a universal rheometer (MCR 500, Anton-Paar 
Physica) via a rotating plate system in rotation at 23 °C. A 
shear rate in the range of 1 to 1000 1/s was used as a mea-
suring target. Dynamic viscosity vs. shear rate was used to 
study the samples at different conditions.

 Table I: Performed sterilization tests (kGy is kiloGrays of radiation).

Gel Reference
Gamma e-beam

Hot Steam
5 kGy 15 kGy 25 kGy 5 kGy 25 kGy

Gel 1 Non sterile x x x x x x

Gel 2 Non sterile x x x x x x

Gel 3 Non sterile x x x x x x

Gel 4 Non sterile x x x x x x

Peer Review: Impact of Sterilization
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Photometric measurement of color formation . A multi-label 
plate reader (Victor 3 -1420-011, Perkin Elmer) was used 
to determine absorbance at 405 nm for all of the samples 
that were tested.  

Results and discussion 
Determination of the degradation behavior of Lidocaine and 

Chlorhexidine by HPLC. An increase of radiation dose was shown 
to decrease the amount of active ingredients Lidocaine and 
Chlorhexidine in all samples that contained either one or 
both actives. The decrease in levels of Chlorhexidine was 
particularly evident, whereas Lidocaine seemed to be more 
resistant against the effects of radiation. 

While the concentrations of active ingredients decreased, 
the sum of drug-related degradation products increased at 
higher radiation doses, although the increase in levels of the 
degradation products investigated was not as high as the loss 
of Chlorhexidine and Lidocaine.  Steam sterilization caused 
no significant degradation of Lidocaine or Chlorhexidine in 
this study. 

Comparing the results of testing samples 1–3 using steam 
sterilization and radiation showed that products were only 
marginally affected by steam sterilization, while radiation 
induced significant changes. 

After gamma sterilization, for example, Lidocaine was 
found to degrade by up to 10% at 25 kGy, while Chlorhexi-
dine was subject to a strong degradation of up to 77% at 
25 kGy.  Similar results were found for e-beam sterilization, 
with active ingredient loss proportional to radiation intensity. 
Using a dose rate of 25 kGy, Chlorhexidine loss was over 55%. 
At 5 kGy, loss ranged between 7% and 33%.

During radiation, degradation products of Lidocaine and 
Chlorhexidine arise, which do not correspond to the deg-
radation products discussed in the European Union GMP 
Annex (1) because the mass balance of active ingredient and 
known impurities is not complete. 

As a result, most decomposition products are not detect-
able under the conditions specified by HPLC -UV/VIS and, 
therefore, will not be visible in the mass balance. For all 
samples evaluated, an increase in radiation dose resulted in 
an increase in the sum and concentration of volatile organic 
compounds detected. This is due to chemical degradation. 

For the steam-sterilized samples, no increases or only small 
increases in the sum of volatile organic compounds were seen, 
compared to levels in unsterilized products. At an irradiation 
intensity of 5 kGy, however, an increase in number as well as 
the concentration of volatile compounds was clearly seen in 
all gel samples. This increase was much higher after exposure 
to a 25-kGy dose, compared to the original samples. 

Using GC/MS to determine levels 
of volatiles and semi-volatiles 
Using GC/FID/MS, depending on the radiation intensity 
and the sterilization method, only slight differences in 
the investigated gel patterns were found. Concentration of 
1-hydroxypropan-2-one and 3-methoxypropane-1,2-diol 
increased with higher radiation dose of e-beam treatment. 
3-methoxypropane-1,2-diol could not be identified in the 
non-sterile sample. The substance shows nearly the same 
concentrations in gamma radiated and steam sterilized 
samples, independent of radiation dose. 

Figure 1:  Selected substance data from gas chromatography/

mass spectrometry (kGy is kiloGrays of radiation). 

Figure 2:  Measured sample viscosity based on sterilization 

method and radiation intensity (kGy is kiloGrays of radiation).

 Table II: Degradation of Lidocaine and Chlorhexidine in first sample  (KGy is kiloGrays of radiation).

ppm Non-sterile 5 kGy gamma
5 kGy

e-beam

10 kGy

gamma

25 kGy

gamma

25 kGy

e-beam
steam

Lidocaine 20000 19120 20903 19774 17942 21199 19787

Chlorhexidin 500 444 416 373 218 280 493

A
L

L
 F

IG
U

R
E

S
 A

R
E

 C
O

U
R

T
E

S
Y

 O
F

 T
H

E
 A

U
T

H
O

R
S

.

Peer Review: Impact of Sterilization

www.PharmTech.com


mailto:pressupgrade@natoli.com


46    Pharmaceutical Technology APRIL 2018  PharmTech .com

Peer Review: Impact of Sterilization

Impact of e-beam sterilization
The concentration after e-beam sterilization was three 
times higher, while a slight increase was detected for the 
higher radiation dose. An increase of 1-hydroxypropan-2-
one was detected with higher radiation dose. The influence 
is more significant for the gamma-radiated samples, than 
for the samples treated by e-beam. Steam sterilization did 
not affect the concentration of 1-hydroxypropan-2-one (see 
Figure 1).

Analysis of degradation products (hydroxyethyl cellu-
lose and glycerol) after radiation showed an increase in the 
number of low molecular weight oxygenated substances, also 
depending on radiation dose. All compounds were detected 
in ppm range, but generation of these substances appeared 
to increase in samples with higher concentrations of API at 
higher doses of radiation. In particular, short-chain alcohols, 
aldehydes, and ketones were detected, each with a characteris-
tic odor. Odor deviation was especially perceptible after gamma 
sterilization.

Analysis of the rheological behavior
The viscosity of all lubricants decreases significantly at 
higher radiation doses. This change was particularly evi-
dent by comparing samples 1–4 after gamma irradiation 
at 5, 10 and 25 kGy, with the non-sterile samples. The 
decrease in viscosity was less pronounced after e-beam 
radiation. Regardless of the active ingredient contained 
in the gels, the rheology of steam-sterilized samples 1–4 
barely differed from that of untreated gels. After gamma 
sterilization, however, sigificant decreases in viscosity were 
seen in all gels (1–4) as the radiation dose increased (see 
Figure 2). This correlates with the increase of the detected 
degradation products of hydroxyethyl cellulose, suggest-
ing degradation of the polymer chain. Length of the poly-
meric chains after degradation was not explicitly measured, 
however.

Photometric measurement of color formation
Depending on the active ingredients present in the gel, there 
were differences in the color intensity of the irradiated sam-
ples. Discoloration has already been detected after radiation 
with 5 kGy. Gel matrices containing Chlorhexidine show a 
greater degree of yellowing than the samples containing only 
Lidocaine. In contrast, radiation with 25 kGy causes no dis-
coloration without the addition of Lidocaine and Chlorhexi-
dine (see Figure 3).

Conclusion
According to EN ISO 11137-2:2015 (3), in the case of a bio-
burden of 0.1, a sterilization dose of 11 kGy is necessary 
to ensure a sterility confidence level of 10-6 colony form-
ing units (CFU) (5). If a radiation dose of 25 kGy is used to 
sterilize the medicinal gels examined in this study, it must 
be stated that gamma sterilization leads to a massive chemi-
cal change, in particular in the concentration of the active 
ingredients. In some cases, it can also lead to odor, as well as 
significant physical changes, especially in terms of viscos-
ity and color. The effects are already detectable at dosage 
levels of 5 kGy. 

For medicinal lubricating gels that are based on hydroxy-
ethyl cellulose, steam sterilization is clearly a better option 
if the final product is to remain intact. This sterilization 
method has been shown to result in relatively few degrada-
tion reactions. 
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Figure 3:  Absorption levels based on sterilization method and 

radiation intensity (KGy is kiloGrays of radiation).
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B
eing knowledgeable of the most 
advanced equipment and technol-
ogies available for manufacturing 

is essential for tackling and prevent-
ing production issues. Over the past 
several months, equipment innovations 
have been introduced and updated to 
enhance pharmaceutical manufactur-
ing operations. The following is a sam-
pling of such products and equipment 
options.

New single-use technologies 
for biopharmaceuticals
Sartorius Stedim Biotech ’s new au-
tomated parallel bioreactor system, 
ambr250, is a high-throughput bio-
reactor system suited for rapid cell-
culture perfusion culture process 
development to increase therapeutic 
antibodies production (1). The system 
combines 12 or 24 single-use perfu-
sion mini bioreactors with associated 

single-use perfusion components, all 
controlled by one automated worksta-
tion, as stated by the company. The 
mini bioreactors have a working vol-
ume range of 100–250 mL.

According to Sartorius Stedim, the 
combination of this multi-parallel 
processing capacity and fully single-
use perfusion vessel allows for more 
perfusion culture experiments in less 
time and cost compared to traditional 
perfusion-enabled benchtop bioreac-
tors. The system is suitable for a range 
of hollow fiber perfusion applications, 
which allows for design-of-experi-
ments studies for high cell density 
process development in a quality-by-
design approach.

The system, which is a collaborative 
effort between Sartorius Stedim and 
other biopharma companies, uses a per-
fusion bioreactor assembly based on the 
company’s branded bioreactor design. 

Components such as high efficiency 
spargers, perfusion pump chambers, 
and an industry-standard hollow fibre 
for cell retention filter enable intensified 
cell culture processing. 

The system’s fully assembled and 
irradiated  perfusion  bioreactors 
come with all necessary components, 
including single-use sensors to con-
tinuously monitor pressure at both 
the culture f luid inlet and permeate 
outlet, which enables online moni-
toring of transmembrane pressure 
and standard parameters such as pH 
and dissolved oxygen.

“Transitioning from fed-batch to 
perfusion culture offers the poten-
tial to reduce capital intensive risk by 
using 1–2000-L single-use bioreac-
tors instead of 10,000-L production 
volumes in stainless steel,” said Dr. 
Barney Zoro, ambr product manager 
at Sartorius Stedim Biotech, in a 
company press release.“[A]mbr 250ht 
perfusion is a predictive process de-
velopment tool that could lower the 
cost of goods of antibody production, 
as well as significantly shortening 
development timelines.”

Watson-Marlow Fluid Technol-
ogy Group (WMFTG) has added 
Q Clamp, a new sanitary tri-clamp 
connection for single-use f luid path 
applications, to its BioPure brand 
(2). The clamp can provide a secure 
connection in less than 12 seconds, 
according to the company. 

The clamp does not require any 
tools for application or removal and 
can be closed using one hand. The 
company reports that a double-sided 
ratchet ensures that the lightweight 
clamp remains shut in the event that 
one side should fail.

The  clamp  comes  w ith  a  tam-
per-evident identification technol-
og y  solut ion  for  t r i-cla mp  con-
nections, which can also be used 
for  ident i f icat ion  through  eight 
color  opt ions ,  a l low i ng  proce -
dures to specify relevant areas of 
the process, according to WMFTG. 
Application of this solution is pos-
sible either before or after the clamp 
is assembled.
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The connection tri-clamp, which is 
backed by a validation pack for non-
wetted components, is manufactured 
and packed in an International Or-
ganization for Standardization (ISO), 
Class-7 cleanroom and meets current 
ISO and United States Pharmacopeia 
<87> and <88> industry requirements. 

The company also confirms that the 
clamp has been evaluated for extract-
ables using a single solvent approach.

New mixers optimize blending
The MagMixer MBE Series from 
SPX Flow is a hygienic magnetic 
mixer  that  meets  current  opera-
t ional  standards  and  regulatory 
compl ia nce  a nd  i s  su itab le  for 
low-viscosity blending, dissolving 
solids, and solid suspension in sterile 
applications (3). 

The mixer has bottom-mounted 
magnetic agitators, is engineered 
using computational f luid dynamics, 
and uses Lightnin A281 3-blade hy-
brid axial/radial impellers in an open 
construction that facilitates improved 
cleaning and sterilization. Magnetic 
impellers remove the need for shaft 
and seals, which significantly reduces 
the risk of leakage or microbial con-
tamination, according to the company. 
SPX Flow reports that in addition to 
optimizing product flow, the impellers 
also produce high levels of torque ca-
pacity in a compact form.

Robust ceramic bearings reduce 
the risk of breakage, are product-lu-
bricated, and enhance mixer stability, 

reliability, and performance, as stated 
by the company. The bearings can be 
easily replaced on-site with no need for 
a spare impeller.

The unit is controlled by a vari-
able frequency drive and covers a 
power range from 0.09 to 7.5 kW 
(0.12–10Hp) with operating speeds 
between 200–1000 rpm.

According to SPX Flow, “magnetic 
lifting of the impeller reduces the 
load on the surface of the bearings 
and enables the mixer to continue to 
run until the mixing vessel is com-
pletely empty, improving formula-
tion mixing.” Unit range options in-
clude a variety of bearings, O-rings, 
drive, and body materials.

Munson Machinery’s rotary batch 
mixer with a integral lump breaker 
provides inline de-agglomeration of 
compacted bulk materials before gently 
blending batches uniformly in one to 
three minutes regardless of disparities 
in the bulk densities, particle sizes, or 
f low characteristics of batch ingredi-
ents, according to the company (4).

M a t e r i a l  e n t e r i n g  t h e  n e w 
De-Clumper model RDC-1515-SS 
is de-lumped by dual rotors w ith 
three-point, single-piece, stainless 
steel breaking heads rotating with 
minimum clearance inside a curved, 
perforated bed screen. On-size mate-
rial passes through bed screen aper-
tures, which range from 1/16 to 2½ 
in. (25–64 mm) in diameter, imme-
diately before entering the stationary 
inlet of the mixer.

The mixer has a useable batch ca-
pacity of 50 cu ft (1.42 m3) and weight 
capacity of 4000 lbs (1814 kg) and is 
equally effective in blending of batches 
from 100% to as low as 5% of rated ca-
pacity, as stated by Munson. As the 
mixer’s horizontal drum rotates, pro-
prietary mixing f lights tumble, turn, 
cut, and fold the material, imparting 
minimal energy to the batch, minimiz-
ing or eliminating degradation.

Munson states that inline stacking 
of the system, when above the station-
ary inlet of the model 700-TH-50-SS 
mixer, minimizes headroom require-
ments while eliminating the need for 

flexible connections or hard piping be-
tween the units. Synchronized shafts 
rotate at 120 rpm to prevent heating 
and degrading of the product.

The internal f lights lift and direct 
the entire batch into the stationary 
discharge spout for evacuation with-
out leaving residue of material be-
hind, eliminating waste and improv-
ing product quality while facilitating 
rapid, thorough cleaning.

Smart HVAC control system
A heating, ventilation, and air condi-
tioning (HVAC) control system from 
Telstar automatically controls the par-
ticle concentration level in cleanroom 
air to maintain the required environ-
ment, depending on the cleanroom 
grade classification and activity (5).

The HVAC control system is con-
nected to a particle counter and 
air-handling unit, and it adjusts the 
number of air changes to reach the 
maximum level of particles permitted 
in the room according to its GMP clas-
sification, following the regulations 
stated in European Union GMP Annex 
1 and ISO Standard 16644-1.

Depending on the room, the system 
can reduce energy consumption by 
more than 40%, according to the com-
pany. The system maintains pressure, 
temperature, and humidity variables 
under stable conditions, and provides 
steady air changes, without oscillations.  
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A
n electronic batch record pro-
vides proof that an organization 
properly handles and records all 

critical steps to produce each batch of 
a product, whether entered electroni-
cally or manually. This record includes 
data associated with operators, the 
manufacturing process, equipment, 
materials, and supplies. It can also in-
clude data from laboratory information 
management systems (LIMS), enter-
prise resource planning (ERP), process 
control systems (PCS), and more. 

From a compliance standpoint, 
an electronic batch record solution 
helps an organization meet  21 Code 
of Federal Regulations (CFR) Part 11, 
which defines the manner in which 
FDA accepts electronic records and 
electronic signatures (1). 

By putting electronic batch re-
cords in place, an organization sees 
benefits that relate to improved data 
integrity and accuracy, streamlined 
processes, and efficient operations. 
Optimizing these processes yields 
improved  resource  management, 
improved inventory management, 
and reduced material losses—all of 
which positively impact the opera-
tion’s bottom line.

But what must an organization con-
sider when beginning the journey to 
implement an electronic batch record 
solution? Evaluation of the following 
areas is crucial: 
• People (organization culture)
• Business processes
• Technology.

People and organizational culture 
Cultural aspects are significant for an 
organization to consider when preparing 
for electronic batch records. The changes 
required for the successful implementa-
tion of an electronic batch record affect 
personnel throughout a company and 
include how people work with each other, 
how data are used, how data integrity is 
maintained, and how processes are im-
plemented. Operators, engineers, and 
maintenance personnel must be trained 
to complete the right activities and access 
the right data at the right time. 

Before training can begin, managing 
cultural change must be well planned 
and include communications across all 
areas of an organization. Input should 
be solicited from stakeholders and busi-
ness direction should be given to mul-
tiple audiences. 

Management must communicate 
the overall organizational direction 
and why this change is important. 
Plant-f loor personnel will therefore 
understand why changes are occurring, 
and they will recognize the value of the 
changes in their daily responsibilities. 
Ultimately, the cultural shift needs to 
be management driven and accepted 
across the enterprise.
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At the same time, plant-f loor per-
sonnel have deep process expertise that 
management likely does not possess. 
Therefore, although management must 
drive the electronic batch record initia-
tive and the accompanying changes, 
plant-f loor experts need to help set 
the requirements that ensure a smooth 
transition. Plant-floor personnel must 
provide input to assess how changes 
will affect work processes; they will also 
help craft a workable and well-accepted 
electronic batch record solution. 

Managing organizational culture 
change is most successful when per-
sonnel from many areas of expertise 
are involved in making decisions and 
in building an implementation plan. A 
good start to the initiative is found in 
a participatory workshop environment 
that encourages team members to see 
their personal stake in the changes and 
recognize the benefits to them and to 
the organization. The workshop can 
bring value when the participants: 
• Map the changes to organizational 

key performance indicators and 
the inherent values 

• Discuss organizational change, 
best practice business processes, 
technology, and regulations 

• Gather information to build a con-
sensus about the overall concept, 
boundaries, and expectations for 
the overall concept 

• Align the organization and pro-
mote teamwork. 

Business processes for 
electronic batch records
A true electronic batch record captures—
in digital form—all information entered 
electronically or manually. Manually 
entered data that are critical to the 
process need to be verified by a second 
person if it is not readily available for 
verification inherently by the system. 
All systems in an enterprise must en-
force data integrity so that the data in 
the electronic batch record can be con-
sidered accurate and dependable. Data 
integrity is about ensuring that data are 
taken from the right place and recorded 
in the right way. It means data are at-
tributable, legible, contemporaneously 

recorded, an original or true copy, and 
accurate (ALCOA). 

To maintain an environment of 
digital integrity and support electronic 
batch record accuracy, all personnel—
new or experienced, management or 
plant-f loor—must follow procedures 
consistently as directed per the pro-
cedure. To ensure that data cannot be 
tampered with or manipulated, an or-
ganization must build a data-integrity 
strategy into each of these business 
processes:

• Equipment management: So that all 
device information is available 
electronically, it is essential to se-
lect instruments that securely de-
liver data to be used in higher lev-
els of the International Society of 
Automation (ISA) S95 architecture. 

• Material management: The manufac-
turing execution system (MES) can 
be integrated with ERP systems to 
allow tracking of materials, manu-
facturing orders, inventory trans-
actions, and more. This ability 
eliminates manual, error-prone 
data transactions to resolve inven-
tory and production discrepancies.

• Batch record process flow and recipe 

management: An MES solution 
can be used to minimize common 
paper-based errors with electronic 
verification of equipment and 
recipes to reduce variability and 
deviations. When properly inte-
grated with the process control 
and computerized maintenance 
management systems, the MES 
provides access so that all produc-
tion records can be easily produced, 
stored, and approved with elec-
tronic signatures.

• Exception management: All produc-
tion details must be captured in the 
batch record, including associated 
exceptions or deviations that may 
affect product quality. The elec-
tronic batch record can be used to 
flag nonconformities and be used 
to create an exception-based batch 
report for easier quality review. 

The following topics should be well 
understood and processes should be set 
in place to maintain data integrity. Each 

topic is a subset of the four business pro-
cesses mentioned previously and must 
be in place to support electronic batch 
record processes: 

• User and workstation management: 

Each instance where the data or 
process are affected must be re-
corded. Individual users must have 
unique IDs and passwords. If logon 
sharing is unavoidable, the situa-
tion should be documented, justi-
fied, and managed by a procedure 
to periodically review audit trails 
for suspicious activities.

• Electronic signatures: For any case 
where an electronic signature is 
required—in specific activities re-
lated to the quality of the product—
a two-token (ID and password) or 
biometric reading should be used. 
Other acknowledgements may be 
single token, but individual user 
IDs should still be used. Often ac-
tive directory integration is used as 
the tool to manage this at a corpo-
rate-wide level for many systems.

• Disaster recovery: A disaster recovery 
plan must be established and tested 
for system and data back-up and 
recovery. This procedure should 
include how to back up and recover 
portions of the system and to test 
the whole system.

Technology 
An electronic batch record solution re-
sides in layer three of the ISA-95 model; 
the layer includes production dispatch-
ing, detailed production scheduling, re-
liability assurance, and other manufac-
turing execution functions. Electronic 
batch record solutions can provide an 
integrated environment that pulls to-
gether information from ERP, LIMS, 
quality management systems (QMS), 
distributed control system (DCS), and 
other control systems. Data from the 
relevant systems are presented to the 
operator in the correct context pro-
viding them with a central location to 
capture their electronic batch records. 
Technology infrastructure should 
provide all the security and personnel 
management tools required to meet the 
established business process goals.
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To prepare the organization for elec-
tronic batch records, technology solu-
tions must be evaluated to fit the situa-
tion. Process set up and process control 
scenarios as well as integration to higher 
level systems should be considered. The 
technology must be applied per the 
practical needs of various operating sce-
narios. Often, several solution scenarios 
will be used for various types of operat-
ing plants and even within a plant. 

As such, a set of guidelines should be 
established to cover how to apply the 
technology, and the integration should 
match the needs of the facility. These 
guidelines should cover practices asso-
ciated with the level of shop-f loor au-
tomation, workflow philosophies, and 
workf low integration. For example, 
consider the following different needs 
of manual or automated processes:

• Manual processes: A process that 
requires significant manual steps 
might not require much shop-floor 
automation. In this situation, the 
integration between the electronic 
batch record and the shop floor re-
lies heavily on instructions to the 
operator. Common steps should 
be analyzed to ensure consistency 
across the operation and to ensure 
that parallel and serial steps are 
managed appropriately with the 
electronic batch record workflow. 

• Automated processes: In the case of 
an automated process, integration 
with the shop-f loor automation 
system can be handled in several 
ways. The PCS could start the 
batch and launch the associated 
electronic batch record, or the 
electronic batch record solution 
could launch the workf low and 
start the PCS batch. Recipe and 
workflow integration between the 
PCS and electronic batch record 
solution could be accomplished 
using a combination of several dif-
ferent strategies. One method is to 
have one system manage both the 
PCS and electronic batch record 
workflow steps. Another method 
is to use read-and-write actions to 
ensure that the systems are work-
ing in tandem. A third method is 

to employ more of a listening ca-
pability within the electronic batch 
record solution to stay in step with 
the PCS. When to apply these ca-
pabilities should be covered in a 
project guideline.  

Any technology solution should be 
able to validate that the data adhere to 
the ALCOA principles. Utilizing sys-
tems and devices that send data digitally 
to the electronic batch record solution 
with requisite checking capabilities is 
helpful so that manual data entry and 
verification is not required. 

Benefits and effort repaid
Many people must be involved in pre-
paring the culture, the processes, and 
the technology for an electronic batch 
record solution. Although the associ-
ated considerations and implementa-
tion activities are not trivial, the risks 
and expenses of not implementing an 
electronic batch record solution far out-
weigh the costs of implementing it. 

Without an electronic batch record 
solution in place, the short- and long-
term effects can include rising costs 
of business operations and potential 
product quality issues that could have 
otherwise been prevented. Without the 
batch record solution, an organization 
pays for manual compliance, manual 
documentation, manually dealing 
with errors, manually tracing actions, 
and manually gathering/reviewing all 
information about deviations. 

Instead, with an electronic batch re-
cord solution in place, an organization 
can look forward to an easier means 
of compliance, reduction in errors, 
streamlined ability to trace actions, and 
simultaneous generation of documenta-
tion with product. All of these benefits 
add to a swift return on investment.
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Analytics: Protein Characterization

C
Y

C
R

E
A
T

IO
N

/S
H

U
T

T
E

R
S

T
O

C
K

.C
O

M

T
he purity (aggregates, host-cell 
proteins, host-cell DNA, etc.) and 
structure (sequence of amino acids, 

post-translational modifications, fold-
ing, etc.) of proteins directly impact the 
safety and efficacy of any formulated 
drug product based on them. Because 
proteins are generally produced as a 
mixture of similar but different biomol-
ecules using living cells and subjected to 
extensive purification steps, variations 
in their structure and purity can occur 
from batch to batch. 

The International Council for Har-
monization (ICH) guidance Q6B, Speci-
fications: Test Procedures and Acceptance 
Criteria for Biotechnological/Biological 
Products (1) established guidelines for 
setting specifications for biologic drug 

substances, including determination of 
their composition, physical properties, 
and primary and higher-order struc-
tures, using appropriate methodologies. 
Comprehensive characterization of 
proteins is often challenging, however, 
given their complexity. In many cases, 
singular analytical methods cannot 
provide the complete picture for spe-
cific attributes. Orthogonal methods—
different methods intended to measure 
similar attributes—are often necessary 
to provide independent confirmation 
of protein properties. Protein particle 
characterization is no exception.

Selecting orthogonal methods
The key when selecting orthogonal ana-
lytical methods is to choose technologies 
that overlap in complementary ways to 
provide a complete characterization of 
the protein in question, according to 

Kent Peterson, president and CEO of 
Fluid Imaging Technologies. The first 
step is to identify the information that 
is required for protein characterization 
and which techniques can provide that 
information—and the information that 
each cannot provide. “It is important to 
keep in mind that different techniques 
may provide the same information, but 
produce different results due to their 
varying technologies,” Peterson says.

Proteins, as well as all types of mono-
clonal antibodies and gene and cellular 
therapeutics, differ in terms of their 
structures, biological activities, and 
purity profiles. Consequently, while 
different sets of orthogonal technique 
strategies may be used for different bio-
logics, true “toolbox” approaches or plat-
forms may not be completely successful, 
according to Mike Merges, director of 
strategic growth for Catalent Biologics.

As a result, Catalent, when develop-
ing strategies for assay or method de-
velopment and optimization, considers 
a combination of one factor at a time  
(OFAT) to define individual factors, at 
least initially, and design of experiment 
(DoE) to look at multiple and interact-
ing factors. “The use of fractional fac-
torial DoE as soon as is practical allows 
for a more rapid and robust develop-
ment of a set of orthogonal methods,” 
Merges adds.

When it comes to particle analy-
sis, Peterson notes that different tech-
niques rely on different detection prin-
ciples ranging from fairly basic (visual/
microscopic inspection) to high-tech 
methods (resonant mass measurement 
[RMM], analytical ultracentrifugation 
[AUC]) and cover a wide range of par-
ticle sizes. “No single technique provides 
all of the answers. Two different tech-
niques provide more data than just one,” 
he observes.

Effective orthogonal methods
Effective sets of orthogonal methods 

“follow-the-molecule,” according to 
Merges. Timeliness, cost-effectiveness, 
and accuracy are other important fac-
tors, according to Peterson.

In addition, Merges notes that the 
ability to validate the techniques and 
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transfer them from the development 
phase/lab to the quality control phase/
lab or even to an outside contract re-
search organization are essential.

“Validation is accomplished in a phase-
appropriate manner,” Merges contin-
ues. The overall guidance for all phase-
appropriate levels is ICH Q2 (R1) (2),
although different technical platforms 
(e.g., enzyme-linked immunosorbent 
assay [ELISA] or bioassay potency tests) 
may have specific levels of adherence to 
the ICH guidelines and/or other pieces of 
guidance, such as United States Pharma-
copeia (USP) <1033> (3) and <1034> (4).

“The establishment of appropriate valida-
tion acceptance criteria should be based 
upon data-driven decisions. Those data 
are best generated via a pre-validation 
exercise conducted prior to the drafting 
of each phase-appropriate validation 
protocol,” he explains.

Orthogonal techniques 
for particle characterization
When it comes to particle characteriza-
tion, Petersen points out that collection 
of imaging data is one of the accepted 
techniques for acquiring size, shape, 
and other morphological information 
used to differentiate protein aggregates 
from other particles in the formulation. 

“The nature of the particles in protein 
formulations and the small sample vol-
umes pose a challenge in that through-
put, accuracy, and specificity are met 
by very few technologies, however,” 
he comments. 

Different techniques have different 
strengths and weaknesses for address-
ing these challenges. “For example,” 
Petersen observes, “particle count can 
be obtained by various particle analyz-
ers, including single-function particle 
counters, light obscuration (LO) instru-
ments, and flow imaging microscopes 
(FIMs). However, only some FIMs offer 
light and dark pixel thresholding that 
enables the detection of translucent 
proteins, while these proteins go un-
detected by other technologies.” 

More specifically, LO provides par-
ticle count and concentration for large 
sample volumes. It provides the abil-
ity to analyze large volumes relatively 

quickly, has been around for a long time, 
and is seen as the first step in particle 
analysis, according to Peterson.

It does not capture morphological 
information about the particles con-
tained in the sample, however, nor 
does it accurately detect or record 
translucent to semi-translucent parti-
cles, according to Peterson. “In LO, the 
signal from each particle is converted 
to a sphere of correlative size, and what 
is actually measured is the equivalent 
spherical diameter (ESD) of the gen-
erated sphere. We know, however, that 
not all protein particles are spherical 
in shape, so this method does not pro-
duce the most accurate size distribu-
tion,” he explains. LO is an inexpensive 
and quick method that has been in use 
for decades despite these limitations 
due mostly to the fact that it remains a 
USP compendial method.

FIM, on the other hand, enables the 
detection of particle sizes ranging from 
300 nm–5 mm and reveals morpho-
logical characteristics of the particles 
imaged. In addition, FIM can detect 
translucent, semi-translucent, and 
opaque particles and allows for the dif-
ferentiation of protein aggregates and 
non-proteinaceous particles.

Greater acceptance of FIM
Currently, light obscuration and mem-
brane microscopy are required by USP 
regulations, and flow imaging micros-
copy is being rapidly embraced globally, 
according to Peterson. The combination 
of technological advancement and the 
industry’s acceptance of the need for 
a better method to fill the gap where 
methods like LO left a lot of unanswered 
questions—specifically for smaller 
micro- and nanoparticle analysis—have 
paved the way for newer methods to be-
come widely accepted, he explains. “Bet-
ter data from imaging flow microscopy 
provides morphological characteristics 
of the particles analyzed and answers 
these questions while providing a more 
detailed analysis,” he says.

Nanoscale analysis needs
Nanoparticle analysis lacks many or-
thogonal components. Historically, 

imaging in f low could not address 
this size range, according to Peterson, 
so information on size and shape and 
transparency through the imaging of 
nanoparticles had been missing. Newer 
technologies such as nano-f low imag-
ing from his company are addressing 
this need. Automated membrane mi-
croscopy from HALO Labs and hyper-
spectral imaging from Spheryx are also 
offering promising solutions. “Until re-
cently, there has been no imaging capa-
bility for flow imaging microscopy of 
particles in the nanometer size range. 
The FlowCam Nano imaging instru-
ment from Fluid Imaging Technologies 
is an oil immersion f low microscopy 
technique that provides optical resolu-
tion down to the hundreds of nanome-
ters,” Peterson says.

Slow regulatory acceptance
The breakthrough technologies de-
scribed herein are examples of solu-
tions being developed by instrument 
manufacturers in response to the needs 
of formulation development scientists 
for orthogonal analytical techniques 
for protein characterization. Bringing 
them to the market is increasingly dif-
ficult, however, according to Peterson. 

“There seems to be a growing lag time 
between commercial implementation 
and regulatory acceptance and re-
quirements. These delays may be jeop-
ardizing the timely, widespread use 
of technologies that can significantly 
contribute to the safely and efficacy of 
biotherapeutic drugs,” he asserts.
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C
ertificates of analysis (CoAs) are 
a tangible, and important, mani-
festation of a manufacturer’s re-

lationship with its suppliers of APIs, 
excipients, and the other materials 
used to make drug products. Provided 
by suppliers to customers as a matter 
of course, these documents operate at 
the point where materials, laboratory 
control systems, and manufacturing 
intersect. These are three of the six 
crucial domains governed by any good 
pharmaceutical quality system (1). The 
right approach to managing and evalu-
ating CoAs is also key to maintaining 
data integrity, an area where many 
pharma company compliance strate-
gies continue to fall short (2).

CoAs summarize key information 
on product quality testing, including 
test conditions and parameters, speci-
fications and requirements, results of 

tests (both qualitative and quantita-
tive), and approval signature and date. 
They also provide information on the 
chain of custody, including such basics 
as the manufacturer’s name, address, 
telephone number/email and other 
identifiers that allow the material to be 
tracked throughout the supply chain. 

Despite CoAs’ importance, some 
pharmaceutical manufacturers have 
begun to take them for granted. In 
other cases, they may be relying on 
them too much. As spectroscopist 
and consultant Emil Ciurczak notes, 

“They might be better off heeding the 
old Russian proverb: ‘Trust, but verify,’ 
which former US President Ronald 
Reagan often used in arms control 
talks with the former Soviet Union.”

In fact, given the complexity of out-
sourcing chains today, taking a defen-
sive approach, and cutting straight to 

“verify” might be an even better strat-
egy.  Ciurczak recommends taking a 
systematic approach and, in addition 
to thoroughly testing all incoming ma-
terials, randomly testing APIs a second 
time, on a rotating basis, to validate 
data in the CoAs. 

In general, many pharma companies 
don’t do a good job in their annual 
verification of supplier CoAs, notes 
Irwin Silverstein, consultant to the In-
ternational Pharmaceutical Excipients 
Council (IPEC).  “Their focus seems 
to be only on whether the sample they 
test annually meets the monograph. 
They should instead investigate any 
measurements that differ significantly 
from what was reported on the CoA. 
These differences may be due to differ-
ences in test method or sample prepa-
ration, lack of homogeneity within the 
excipient lot, or erroneous test results,” 
he says.

“Best practice would be to make CoA 
verification part of annual overall veri-
fication. It would require sending the 
excipient manufacturer a copy of the 
CoA they have received and asking 
whether their copy is genuine,” Silver-
stein says. In addition, manufacturers 
should review the CoA with attention 
to the reference to the test method. 
Where the method listed is not com-
pendial, they should request a copy 
from the manufacturer, says Silverstein.

Oversight of OTC manufacturers 
A systematic approach to CoAs, and 
vendor data management, is extremely 
important. In finished drug products, 
FDA has clearly been stepping up its 
enforcement of current good manufac-
turing practices (GMPs) for over-the-
counter (OTC) products. In February 
2018, the agency issued a warning let-
ter to an OTC antacid manufacturer in 
Mexico, which was found to have dis-
tributed product even before receiving 
CoAs on finished product test results 
from its third-party testing lab (3).  

The company had not tested for 
identity of incoming APIs and ingredi-
ents, and failed to verify supplier CoAs.  

Certificates of Analysis: 
Don’t Trust, Verify
Agnes Shanley

Taking vendor product data at face value 

puts pharmaceutical manufacturers and 

their supply chain partners at risk.

contin. on page 64
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Elemental Impurities 

in Small MoleculesA Q&A

Risk assessment and testing requirements are critical 

to complying with new USP and ICH guidelines.

A
re you prepared for new U.S. Pharmacopeia (USP) requirements for 

instrument-based heavy metals testing covered by USP Chapters <232> 

and <233> and ICH Q3D? Selecting the best risk assessment and ana-

lytical testing strategy is key to successful compliance with the new regulations. 

Pharmaceutical Technology recently spoke with Scott Afton, manager of CMC 

structural chemistry at Catalent Pharma Solutions, to gain an understanding of the 

guidelines, testing requirements, and analytical approaches for complying with USP, 

including steps to perform risk assessments.

Pharmaceutical Technology: What is the most common source of an 
elemental impurity?

Afton: More often than not, the most common source is from catalysts added in 

the manufacturing process when they are not effectively removed. A second source 

that is quite common is the excipients for the finished product. Is there a mined 

or plant-based source? Excipient sources can have varying levels of elemental 

impurities. Certainly, elemental impurities can enter the system from all parts of the 

process, but catalysts and excipient sources are the most common.

Pharmaceutical Technology: What information regarding risk assess-
ments should be held at the manufacturing site?

Afton: The manufacturing site should have a complete risk assessment, if available. If, 

during the risk assessment process, it is anticipated that elemental impurities levels will 

not be above the control threshold, partial documentation may be used where there 

is supporting data for particular pieces. This will show the agency that work is being 

done toward completing the risk assessment, but it is not 100% complete. Additionally, 

with a finished risk assessment, the site may be waiting until the annual review for filing 

the information.

Scott Afton 

Manager, CMC  
Structural Chemistry 

Catalent Pharma Solutions



ELEMENTAL IMPURITIES IN SMALL MOLECULES

Pharmaceutical Technology: What is the 
relationship between ICH Q3D and pharma-
copeia specifications?

Afton: They are in line with each other, and several 

steps were taken to harmonize the documents. The 

critical differences are 

in the control threshold. 

There  is  a  30% l imit 

defined in ICH where 

there is the equivalent 

of a 50% l imit in USP. 

Another variant is in the 

validation activities that 

are required, where LOQ 

range and linearity are 

assumed through the 

accuracy and precision measurement in the USP 

guidance; those are called out separately through 

ICH Q2(R1). Another difference may be the range in 

quantitative assessment where USP is 50% of the 

limit to 150%, and ICH, if used through the Q2(R1) 

and ICH Q3D combined, results in 30% to 120% 

of the limit.

Pharmaceutical Technology: USP <232> is only 
intended for oral parenteral and inhalation 
products. How do we apply this chapter to 
topical, but not transdermal, products?

Afton: The best advice is to work with a toxicologist. 

There is a part of the ICH Q3D guidance that helps 

with establishing exposure limits that should be used, 

but a common practice is to use the levels for the 

oral administration route. As a topical product, the 

bioavailability is similar or lower, so the oral admin-

istration route levels are conservative in this case.

Pharmaceutical Technology: Is periodic 
testing of drug product or raw materials 
expected if the risk assessment is based 
on Option 3 for finished product analysis?

Afton: A common practice in this area is to pro-

pose intervals of sk ip 

level testing, when the 

submission is delivered 

to the agency. This is 

based on the supportive 

data  w i th in  the  r isk 

assessment. Depending 

on the levels observed 

and the associated risk, 

we have seen several 

cases where skip level 

testing has been proposed. But, there is not a 

definitive guidance on this, as far as I know.

Pharmaceutical Technology: Is a matrixing 
approach between closed formulations 
acceptable for finished products?

Afton: I would encourage single datasets be 

used to support multiple risk assessments. In 

this case, each finished product should have its 

own risk assessments. Examples of datasets 

that could easily cross over would be if the same 

utility or water source was used, or if a manufac-

turing equipment assessment was performed. In 

addition, if it is a change in the concentration of 

an API or a slight switch in excipients, all the data, 

as far as what is similar between both formula-

tions, can be used in those risk assessments. I 

think there should be separate documents per 

finished product.

Catalent is the leading global provider of advanced delivery technologies and development solutions 

for drugs, biologics, and consumer health products. With over 80 years of experience, the company

has the deepest expertise, the broadest offerings, and the most innovative technologies to help you

get more molecules to market faster, enhance product performance, and provide superior, reliable 

manufacturing results. Catalent employs over 10,000 people, including over 1,400 scientists, at more 

than 30 facilities across five continents, and in fiscal 2017 generated $2 billion in annual revenue.

“I would encourage single datasets 

be used to support multiple risk 

assessments. In this case, each 

finished product should have its 

own risk assessments.”
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In some cases, FDA found, operators 
made up yield results in batch records 
for weighing, filling, and label recon-
ciliation because there were no 

established methods or calculations 
used to determine yields.

Cellex-C International, a Canadian 
OTC manufacturer, received a warning 
letter from FDA in 2017 (4) for failing 
to test incoming APIs and ingredients. 

Regulatory inspectors found that the 
company relied almost entirely on its 
suppliers’ CoAs for evidence of identity 
and product conformance data (5).  

As FDA’s letter stated, “You must 
conduct at least one specific identity 
test to analyze all incoming compo-
nents. You may not rely on your sup-
plier’s CoA to verify the identity of 
your components.”

In addition, the company was cited 
for failing to test product identity, 
strength, and other specifications. 
Cellex-C  had outsourced lab testing 
for APIs in finished drug products, but 
FDA inspectors found that its manag-
ers had no action plan or timelines in 
place for testing products and super-
vising that outsourced testing. 

In India, Kim Chemicals, a manu-
facturer of OTC chest rubs and other 
treatments was penalized for data in-
tegrity deficiencies related to CoAs (6).  
As FDA investigators wrote, “You had 
no records to support the analytical 
testing results that were reported on 
your CoAs.” 

Technicians would document fin-
ished product analysis on a piece of 
paper, transcribe the test results onto 
a certificate of analysis, and then de-
stroy the paper with the original test 
results. As a result, there was no record 

Certificates of Analysis

“Many pharma companies don’t do a 

good job in their annual verification of 

supplier CoAs ... Their focus seems to be 

only on whether the sample they test 

annually meets the monograph.” 

— Irwin Silverstein

contin. from page 60

More opportunities to access the LATEST 
industry news for FREE

Ensure that you and your colleagues keep up-to-date with the latest news by subscribing 

to the following FREE e-newsletters from Pharmaceutical Technology.

Pharmaceutical Technology Europe E-Alert | WEEKLY

The latest business, scientifi c, and regulatory news, plus 

feature articles, delivered to your inbox every Thursday.

PHARMTECH FIRST LOOK | MONTHLY

Preview the latest issue of Pharmaceutical Technology with quick links to 

online content, expanded coverage, and the digital edition of the magazine.

SOURCING & MANAGEMENT | MONTHLY

Reports, analysis, and updates on innovations, regulations, and 

technology advancements to guide bio/pharmaceutical experts 

in navigating the contract services and supplier marketplace.

EQUIPMENT AND PROCESSING REPORT (ePR) | MONTHLY

Focus on pharmaceutical manufacturing processes and technology, 

providing analysis of manufacturing news, regulatory issues, and current 

trends. Each issue features a showcase of processing equipment.

PHARMA KNOWLEDGE RESOURCES | MONTHLY

Receive free technical whitepapers and application notes submitted by 

leading pharmaceutical manufacturing product and solution providers.

Connect with Pharmaceutical Technology Online

www.PharmTech.com

  www.PharmTech.com/twitter   www.PharmTech.com/linkedin

Subscribing takes less than a minute. Simply visit: www.pharmtech.com/enewssignup.ptna

http://www.PharmTech.com
http://www.PharmTech.com/twitter
http://www.PharmTech.com/linkedin
http://www.pharmtech.com/enewssignup.ptna
www.PharmTech.com


Key Learning Objectives: 

■ Evaluate potential risks associated with a 

drug candidate

■ Develop a product-specific assessment and 

mitigation strategy 

Presenters

Yvette Stallwood, PhD

Head of Applied  

Protein Services

Lonza Biologics

Moderator

Rita Peters

Editorial Director

Pharmaceutical 

Technology

Sponsored by

 

Presented by

Successfully Progressing Therapeutic 
Candidates from Discovery 
to Development Using Early 
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verifying that tests had been run in the 
first place.

In 2014, FDA issued a warning letter 
to CBSCHEM, an API distributor in 
Hong Kong, for inconsistent documen-
tation and failure to record manufac-
turer’s identity, address, batch number, 
purchase, receipt, transportation, dis-
tribution, and CoAs and provide this 
information to customers (7). In addi-
tion, CoAs did not include batch or lot 
codes, laboratory testing information, 
expiry or retest dates, and other rele-
vant information.  The facility was also 
found to store unlabeled APIs inside 
inadequately labeled totes. 

But these issues pale when com-
pared to problems that FDA inspec-
tors discovered more recently.  In 2017, 
the agency issued warning letters to 
three API and ingredient distributors 
that created false CoAs (8,9,10). The 
following passage was almost exactly 
duplicated in FDA warning letters sent 
to Lumis and Su Zhou Pharmaceuti-
cals in China, and Sal Pharma in India. 

False records, unlabeled materials
 “For many APIs, you generated CoAs 
by copying and pasting analytical re-
sults from the original API manufac-
turers, replacing the manufacturers’ 
information with your letterhead, then 
issuing these CoAs to your custom-
ers. You omitted critical information, 
including the original manufacturers’ 
names and addresses and the names, 
addresses, and telephone numbers of 
laboratories that performed the test-
ing,” read one such letter. One of the 
companies also held unlabeled mate-
rial, which was reportedly offspec and 
due to be destroyed, in its “released for 
shipping” area.

In addition, Sal Pharma was selling 
APIs from two suppliers that were not 
registered with FDA, calling itself the 
manufacturer. According to the FDA 
letter, company’s staffers would pick 
up API from suppliers, relabel it with 
Sal Pharma’s information in the car, 
and then drop the API off to its clear-
ing agent without knowing whether 
the material would be stored in a 
temperature-controlled environment.

Su Zhou Pharmaceutical Technolo-
gies was found not to have a quality 
unit onsite, or written procedures for 
quality activities.  Instead, FDA in-
spectors found, salespeople signed 
CoAs as “QC directors” and as quality 
testers. Among other problems, includ-
ing nonexistent temperature controls, 
the company distributed supplies from 
a manufacturer that was on FDA’s Im-
port Ban list, under its own name.

Caveat emptor
Such problems, and penalties, can only 
be shared by unwary pharmaceutical 
clients. Tamara Felton-Clark a former 
acting district director within FDA’s 
Off ice of Manufacturing Quality, 
pointed out one case (1) where a manu-
facturer worked with multiple contract 
manufacturing organizations (CMOs) 
to make various drug products.  Sev-
eral of these CMOs had received FDA 
warning letters for cGMP problems 
with API manufacturing, but the man-
ufacturer did not take action. 

The manufacturer’s quality control 
procedures involved checking whether 
a CoA was present for each material, 
rather than testing that the material 
and verifying information within the 
accompanying CoA. As a result, prod-
uct made using the ingredients was 
problematic, with some lots failing sta-
bility tests and customers complaining 
of problems with the product.

FDA issued the company a warning 
letter for cGMP deficiencies, includ-
ing inadequate CMO oversight by the 
quality department.  “Manufacturers 
are responsible for the quality of their 
products, and the reliability of associ-

ated test results, regardless of who tests 
them,” Felton-Clark said. 

In  another  case,  Felton-C lark 
pointed to a finished drug manufac-
turer that found high levels of impuri-
ties in raw materials.  These impurities 
resulted in an up to a 75% rejection rate 
for some compounds and generated 
customer complaints, but no action 
was taken. Failure to test and docu-
ment problems and to verify CoAs 
resulted in warning letters, recalls, a 
multimillion dollar fine, and, eventu-
ally, a permanent injunction, she said. 

CoAs and data integrity
Manufacturers may often fail to con-
sider the importance of document 
control, auditing, and data review, to 
reduce the risk of data integrity fail-
ures, as consultant Magaly Aham told 
attendees at a PDA Pharma Industry 
Trends conference in Brazil in 2017 (2).  
This can often be a function of inad-
equate training, pressure to increase 
output, and a misunderstanding of 
priorities, she noted.

Often, when regulators note these 
problems during inspections, Aham 
said, the deficiencies will fall under 
21 Code of Federal Regulations (CFR) 
211.22(a), for “failure to establish an 
adequate quality control unit with the 
responsibility and authority to approve 
or reject all components … in process 
materials and drug products.” She re-
called cases where one company’s qual-
ity control (QC) department allowed 
the use of adulterated API manufac-
tured by another company.  The de-
partment had approved CoAs for six 
APIs as well as finished products before 
running QC and release tests, while 
the production manager signed and 
dated the “prepared by” and “checked 
by” sections in the CoA. 

Depending on the product involved, 
such omissions might have fatal results, 
especially when potentially hazardous 
materials are being formulated for sen-
sitive patient populations.  The level of 
risk involved was clear in a recent case 
where FDA inspectors found that a 

“QbD offers 

partners an 

opportunity to 

supplement and go 

beyond the CoA ...“

— Emil Ciurczak

contin. on page 69
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CMO of homeopathic infant’s teething tablets accepted raw 
materials without validating data in CoAs or performing 
adequate material testing. These failures resulted in product 
that contained varying levels of the API belladonna, and a 
warning letter to Raritan Pharmaceuticals (11) in June 2017. 

Sharing the blame and the cost
In the end, compliance problems will only be shared by all 
supply chain partners if they are not accounted for, and 
prevented. Strong supplier quality agreements and clear 
delineation of roles and responsibilities are a key first step, 
especially where production involves several different out-
sourcing partners, according to quality expert Sue Schniepp.  
She recalls a situation where a CMO was making clinical 
trial quantities of an API for a drug manufacturer (12). 

As the sixth manufacturing run of clinical materials was 
about to begin, the CMO noticed that the API looked dif-
ferent than it had in previous runs, although the API sup-
plier’s CoA showed that it met specs. The manufacturer had 
contracted with a third-party lab for API release testing, so 
the CMO could only run an incoming material identity test, 
Schniepp explained. 

After the manufacturing run, product was sent to an-
other testing lab, which found that the material was out of 
spec. The CMO asked for permission to talk with the API 
manufacturer to address the quality issues, but the drug 
manufacturer would not allow it, so the clinical trial batch 
was placed on hold.

Then during a regulatory inspection, all problems were 
revealed and, as a result, the CMO, client, and API manu-
facturer all received 483s and product approval was delayed. 

As Ciurczak says, pharmaceutical quality by design (QbD) 
offers partners an opportunity to supplement and go beyond 
the CoA, to prevent quality problems from the start.  Once 
manufacturers get results from design of experiments and 
design space work, they can then specify optimal ranges of 
values such as moisture content, crystallinity, and particle 
size distribution to API and raw material suppliers, and offer 
to pay a premium for product that meets those criteria.

In the end, buyers must still test product, and validate 
CoAs, to mitigate data integrity and drug safety risks. In 
a complex, interconnected global supply chain, trust alone 
just won’t cut it, as more manufacturers are discovering.
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S
tudies have shown that combi-

natorial and high-throughput 

methods result in the genera-

tion of leads that are outside the lim-

its of the Lipinski rule of 5 space (i.e., 

poor solubility and drug-like proper-

ties). Other studies suggest that the 

poor solubility of drug candidates, in 

addition to safety, efficacy, toxicity, 

and metabolic clearance issues, are 

drivers of lead attrition.

It has been estimated that 40% of 

the new chemical entities (NCEs) de-

veloped by the pharmaceutical indus-

try are practically insoluble in water. 

According to Meinolf Brackhagen, se-

nior technical service and development 

scientist at Dow Pharma Solutions, in 

a presentation delivered during CPhI 

Worldwide 2017 in Frankfurt, Germa-

ny, “Drug products containing low sol-

ubility compounds account for about 

30% market share, and about 70% of 

the new drug substances in the pipeline 

are poorly soluble.”

As a result, numerous techniques—

numerous chemical and physical modi-

fications—have been developed to 

enhance the solubility of these poorly 

soluble drugs. One of these techniques 

includes the manufacture of amorphous 

solid dispersions of drug substances in a 

polymeric carrier. Doing so serves two 

purposes, noted Brackhagen, “First, 

the polymeric carrier allows the prepa-

ration of stable amorphous dispersions 

with high solids loading, and, second, 

once in contact with intestinal fluids 

the polymeric carrier helps to stabilize 

the drug substance against precipita-

tion or re-crystallization,  keeping in 

mind that the stability, compound 

loading, and dispersion characteristics 

are characteristic of the particular drug 

substance.”

One of these polymeric carriers is hy-

promellose acetate succinate (HPMCAS). 

HPMCAS is manufactured from hy-

droxypropyl methylcellulose (hypro-

mellose) and anhydrides succinic acid 

and acetic acid to give hydroxypropyl 

methylcellulose acetate succinate with 

differing acetyl and succinyl content 

that are purified by precipitation from 

water. “No heavy metal catalysts are 

used,” says Brackhagen. The material 

meets all requirements in the current 

USP-NF and JPE monographs for 

Hypromellose Acetate Succinate that 

also make it less onerous to use from a 

regulatory submission and documen-

tation perspective. In addition, Dow’s 

technical literature also states that the 

USP/NF specification for the limits 

on the acetyl and succinyl content are 

broader than the material offered by 

the company.

Using a variety of manufacturing 

techniques, HPMCAS has been incor-

porated into drug products such as In-

civek™ (telaprevir), Zelboraf™ (vemu-

rafenib), Kalydeco™ (ivacaftor), Noxafil™ 

(posaconazole), and Orkambi™ (luma-

caftor and ivacaftor), presumably to im-

prove the solubility and dissolution char-

acteristics of these drug substances. The 

techniques that were used to incorporate 

HPMCAS into these drug products in-

cluded co-precipitation, spray drying, and 

hot melt extrusion.

A line of HPM-

CAS, manufac-

tured and mar-

keted by Dow 

Pharma Solutions 

and trademarked 

AFFINISOL™, is 

available as granu-

lar and fine pow-

ders and three 

acetyl and succinyl 

contents (e.g., 7% 

acetyl and 16% succinyl, 9% acetyl and 

12% succinyl, and 12% acetyl and 6% 

succinyl). In addition, Dow also offers 

a developmental “high-productivity” 

grade of HPMCAS for evaluation at 

customers that has the same acetyl 

and succinyl content and chemical 

and physical properties as the stan-

dard grades. “One can increase solids 

loading about 1.7-fold using the high-

productivity grade than you can oth-

erwise use with the standard grades, 

increasing productivity by a corre-

sponding amount,” noted Brackhagen. 

The Affinisol technical documentation 

also says that the same quantities of 

solids and high productivity-grade  

Affinisol in dissolved acetone, metha-

nol, and tetrahydrofuran (THF) exhib-

ited lower viscosities than comparable 

quantities of solids, standard-grade 

HPMCAS, and solvent over the test 

concentration range.

Dissolution test results comparing 

25% itraconazole/HPMCAS 912 and 

25% itraconazole/high-productivity 

HPMCAS 912 showed that the disso-

lution profiles were equivalent. Similar 

Enhancing the Solubility 
of Poorly Soluble Drugs

Meinolf Brackhagen,  

senior TS&D scientist  

at Dow Pharma 

Solutions
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testing also showed that as a function 

of dissolution, the solubility of poorly 

soluble drug substances such as itra-

conazole, ketoconazole, and phenyto-

in dispersed in either the standard or 

high-productivity grades of HPMCAS 

was comparable.

From a cost and productivity stand-

point, compared with the standard 

grade of HPMCAS, the use of high-

productivity HPMCAS in a spray dry-

ing process over a five-fold scale range 

resulted in roughly a 50% savings in 

time and cost at each increase in scale; 

the greater the scale-up, the faster the 

manufacturing and the greater the cost 

savings. “This productivity increase…

could be beneficial for your timelines 

in the early phases,” said Brackhagen.

Hot melt extrusion is another meth-

od of preparing solid dispersions. From 

a materials, equipment, utility, and 

space standpoint, spray drying and hot 

melt extrusion have differences that 

will dictate which method to use: spray 

dryers are available in small scale, but 

require a common solvent for both the 

drug substance and the HPMCAS. Hot 

melt extruders have small footprints 

and do not require solvents, but their 

use is limited to drug substances that 

are not thermally labile at the tempera-

tures used in the hot melt process.  

Studies by Dow show that the vis-

cosity of hot melts of the high-produc-

tivity grade of HPMCAS is 60% lower 

than the standard grade. In addition, 

the results of Design of Experiment 

(DoE) studies show that the design 

space is also much bigger when using 

high-productivity grade HPMCAS. 

“With the high-productivity grade, we 

have more freedom to work with as 

well as better safety margins to in-

crease or decrease throughput,” stated 

Brackhagen. In addition to higher po-

tential throughput, comparisons of 

the dissolution profiles of 40% indap-

amide extruded with high productivity 

and standard-grade HPMCAS showed 

that the high-productivity grade pro-

vided similar or slightly faster dissolu-

tion than the standard grade.

Heat maps resulting from Qual-

ity by Design (QbD) studies exploring 

the behavior of spray-dried HPMCAS 

substituted with a wide range of acetyl 

and succinyl content and poorly solu-

ble model compounds such as itracon-

acole, danazol, griseofulvin, and phe-

nytoin show that there are areas of best 

performance with respect to acetyl and 

succinyl content. In general, formula-

tions containing HPMCAS spray-dried 

dispersions with higher acetyl content 

delay release whereas those with high-

er succinyl content speed release.   

Building on a widely used com-

pendial material, Dow now offers a 

hydroxypropyl methylcellulose grade 

for hot-melt extrusion (Affinisol 

HPMC HME). Compared to HPMC 

2910, HPMC HME is soluble in  

water, acetone, methanol, ethanol, 

and methylene chloride whereas 

HPMC 2190 is soluble only in water, 

swells in methylene chloride, and is 

insoluble in the other solvents. Other 

key properties include a lower glass 

transition temperature (Tg) and mini-

mal color changes at elevated tem-

peratures, plasticizers not needed, 

applicability for immediate and con-

trolled-release applications, and low 

moisture adsorption.

Using griseofulvin as a test com-

pound, comparison of the dissolution 

profiles of pelletized hot melt extru-

dates prepared with different grades 

of HPMC HME showed that the re-

lease of griseofulvin can be controlled 

over a wide range; the higher the mo-

lecular weight of HPMC, the slower 

the release. By controlling the size of 

the pellets, the release can also be tai-

lored (i.e., smaller pellets release drug 

substance more quickly).

The availability of excipients 

such as HPMCAS and HPMC HME 

facilitate the formulation of poorly 

soluble drug substances into viable 

and marketable drug products. In 

addition to enhancing solubility 

and tailoring drug release, these 

excipients also provide options for 

manufacturing flexibility, scale, 

and speed. Brackhagen also noted 

that the company will work with 

customers to develop formulations 

or, if needed, tailor the polymers to 

give formulations that deliver the 

desired performance.

“The use of high-

productivity 

HPMCAS in a 

spray drying 

process over a 

five-fold scale 

range resulted 

in roughly a 

50% savings in 

time and cost at 

each increase 

in scale.”
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ach year, the amount of money spent 
on oral drug development increases 
but the number of drug approvals 

remains relatively constant (1). Even 
for drugs that are approved, the indus-
try-wide return on R&D investment 
has declined for the past decade and 
reached the nadir in 2009–2011 (2). An 
increasing percentage of new chemical 
entities (NCEs) are progressed through 
development by smaller companies, so 
the pipeline is spread across a more 
diverse industry.

Nearly one-third of drug candi-
dates fail in preclinical studies with 
nonclinical toxicology accounting for 
half of the failures (3). Recent analyses 

showed that 60–70% of drugs in Phase 
I progress on to Phase II, and the pro-
gression rate is slowly declining since 
1997 (4, 5). Reliance on conventional 
formulation strategies to solve subopti-
mal pharmacokinetics of Developabil-
ity Classification System (DCS) Class 
IIb lead compounds has been shown 
to increase timelines by approximately 
two years (6). 

Well-funded and well-run smaller 
companies can provide several benefits 
to patients: they work on disease states 
that are of less interest to big pharma-
ceutical companies (e.g., cystic fibrosis 
and rare cancers), they lack bureau-
cracy and red tape, and by outsourc-
ing some or all their needs, they don’t 
need to maintain and utilize a large 
footprint of pharmaceutical develop-
ment and manufacturing capability. 

There may be some significant chal-
lenges also. With a smaller employee 
base, there is a smaller pool of brain 
power available to resolve significant 
challenges. Smaller teams can act fast 
but might miss details that would be 
captured in a larger team or organiza-
tion. A contract services organization 
can add capabilities, resources, and 
knowledge to help prevent mistakes 
that can delay or prevent advancement 
of a drug at any stage of development. 

This article focuses on one problem 
area: the transition between molecule 
development and dosage form selection. 

Molecule development 
and dosage form selection
In small companies, these two phases 
in product development, though part 
of a continuum, are hampered by an 
ideological separation between me-
dicinal chemistry and dosage form 
selection (see Figure 1), and the transi-
tion between them is not as smooth 
and efficient as it could be. Typically, 
the medicinal chemist who is respon-
sible for molecule development is not 
the same person as the formulation 
scientist who is responsible for dosage 
form selection. If the molecule was 
acquired from another company, or if 
the formulation selection is outsourced, 
this is almost certainly the case. This 
practice is understandable, because the 
kind of work that is done is very differ-
ent and it is more efficient to separate 
the functions. The molecule develop-
ment function screens a sometimes 
large number of molecules or molecule 
fragments to select those that have the 
most promising target specificity and 
in-vitro potency. This obsession over 
in-vitro potency leads to inf lation of 
molecular properties (7), often at the 
expense of biopharmaceutical proper-
ties. Coupled with a misinterpretation 
of Lipinski’s Rule of Five (Ro5), a rule 
of thumb to determine if a chemical 
compound meets certain chemical 
property requirements that would 
make it a likely orally active drug in 
humans, it is not rare for chemists to 
develop molecules with LogP in the 
range of 4.5 to 5 and molecular weight 

Bridging the Gap 
from Molecule to Drug 
Stephen Tindal and Ronak Savla

Formulation expertise can smooth the 

transition of a prospective therapy from 

medicinal chemistry to drug dosage form.

Stephen Tindal is director of science and 

technology at Catalent Pharma Solutions. 

Ronak Savla is scientific affairs manager at 

Catalent Pharma Solutions.

www.PharmTech.com


www.EurofinsLancasterLabs.com

Leading experts in:

Chemistry

Biochemistry

Microbiology

Molecular &

Cell Biology

Virology

Global Services: 

Method Development/Optimization

Validation/Qualification/Transfer

Product Release Testing

Stability Storage & Testing

Raw Materials Testing

Impurities & Residuals Testing

Characterization

Cell Banking

Cell Line Characterization

Viral Clearance

Bioassays

Professional Scientific Services®

If the threat of unknown compounds lurking in your 

product is keeping you up at night, our Extractables 

& Leachables team will eliminate the nightmare of 

uncertainty. 

Our clients say our E&L data quality is the best for 

seamless regulatory acceptance because we have:

 t��A >1,500 compound proprietary database for LC/MS.

 t�� �Greater than 12 years experience in single-use, con-

tainer closure, drug delivery device and medical device 

testing.

 t��  Over 30 dedicated elite scientists focused strictly on 

study design and guidance.

 t�� �Capacity and state-of-the-art instrumentation to 

perform studies following PQRI and BPOG guidances 

and ISO 10993 standards.

Know your unknowns and look no further than the #1 E&L 

Lab in the industry at EurofinsLancasterLabs.com.

We all fear the unknown.

http://www.EurofinsLancasterLabs.com
http://www.EurofinsLancasterLabs.com
http://www.EurofinsLancasterLabs.com


74    Pharmaceutical Technology APRIL 2018  PharmTech .com

approaching 500 Daltons, both of 
which do not violate Ro5. 

One major issue for drug delivery 
is that water solubility is typically 
too low and leads to progression of 
unoptimized drugs (7) or increased 
timelines (6). Another issue is that a 
specific molecule may exist in mul-
tiple polymorphic forms with differ-
ent properties that could have a major 
inf luence on solubility and manufac-
turability. One study found that 89% 
of molecules had more than one poly-
morphic form (8). The molecule can 
be modified to produce a salt or a co-
crystal to further modify its solubil-
ity, purity, or manufacturability. The 
real problem is that when a medicinal 
chemist is balancing the structure, 
activity, and property requirements 

of candidate molecules, they are not 
typically thinking about how the drug 
will be dosed to patients, and whether 
their choices are in alignment with the 
formulation and dosage-form technol-
ogies that may be needed.

Exactly when a company engages 
formulation scientists during mol-
ecule development varies between 
companies. In the authors’ experience, 
frequently formulation scientists join 
the process too late, after salt form 
and polymorphic form have been de-
cided. Because most compounds are 
poorly water soluble, the formulator 
has a significant problem if solubil-
ity of the salt form is still not high 
enough or if the solubility increase 
must be countered by an increase in 
molecular weight.

This disconnect can be seen in the ap-
proach that most small companies follow 
in trying to resolve the solubility issue: 
addressing one function after the other, 
rather than together concurrently. A 
2007 study found that early in the devel-
opment process, salts are selected based 
on ease of synthesis and crystallization, 
cost of raw material, etc (9). Unfortu-
nately, focus on downstream processes 
(physical and chemical stability, pro-
cessability into dosage forms, solubil-
ity, and dissolution rate at different pH 
conditions) is often absent. It is difficult 
to change the salt form in later stages of 
development without significantly in-
creasing timelines and costs and requires 
a company to repeat biological, toxico-
logical, formulation, and stability tests. 

W hen  t he  medicina l  chemist 
chooses a salt form to improve solubil-
ity, they add to the molecular weight 
of the molecule. While hydrochloride 
salts are relatively small (MWt 36.5 
g/mol), there are data to show that 
solubility improvement may be lim-
ited by the counter-ion effect (10); as 
a result, molecular chemists are turn-
ing to different salts. Some of the more 
commonly used salts are relatively 
large—such as tosylate with MWt 172 

Outsourcing

Figure 1. Different roles of medicinal chemistry and dosage form design. CDMO is 

contract development and manufacturing organization.

Figure 2. Example effect of tosylate salt form on final dosage form weight at 40% 

drug loading for molecular weight 400 g/mol.

Medicinal chemistry Dosage form selection

Salt form Bioavailability

Dose, stability, manufacturability

Route of administration, pill burden

CDMO partner

Solubility enhancing technology

Polymorph form

Structure/target activity

Purity, stability, manufacturability

Solubility

200mg

200mg of
molecule

(MWt=400mg)

200mg of
molecule plus
Tosylate Salt

(MWt=572mg)

200mg of molecule
(MWt=400mg) plus
excipients at 40%

drug loading

200mg of molecule plus
Tosylate Salt

(MWt=572mg) plus
excipients at 40% drug

loading

286mg 500mg 716mg

Weight per unit dose (mg) =
 
dose (molecule) per unit (mg) x 

MWt (salt) 100

MWt (molecule) % drug load

x

[Eq. 1]

The formulator 

needs to balance 

target dose 

and target 

bioavailability 

against pill 

burden to deliver 

an efficacious 

medicine that a 

patient will want 

to take as long as 

needed. 
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g/mol—which would increase the mo-
lecular weight by 22–43% for a mol-
ecule with molecular weight in the 

range 400–800. This extra molecule 
“baggage” needs to be carried by what-
ever drug delivery system is chosen. 

In a powder-filled capsule, this can be 
tolerable but in any other formulation 
with a drug loading of less than 100%, 
the excipient loading becomes a mul-
tiple of the molecular weight increase 
provided by the salt and the drug load-
ing (see Equation 1 and Figure 2). This 
means a larger pill, and potentially 
more pills, for the patient to swallow.

The formulator needs to balance 
target dose and target bioavailability 
against pill burden to deliver an ef-
ficacious medicine that a patient will 
want to take as long as needed. When 
employing technologies for solubility 
enhancement, the type and quantity 
of excipients used are crucial to per-
formance, and thus high drug loadings 
may be difficult to achieve without 
sacrificing performance. If the formu-
lation is more effective at improving 
solubility than the salt form, then it 
makes more sense—all other things 
being equal—to use the original mole-
cule in the drug delivery system rather 
than the salt.

The DCS proposed by Butler and 
Dressman (11) is useful to help guide 
technology selection, but is not widely 
used. In this classification, drugs are 
partitioned into four classes based 
on their jejunal permeability and the 
volume of simulated intestinal f luid 
needed to dissolve an entire single dose 
(see Figure 3). 

DCS also calculates the solubility 
limited absorbable dose (SLAD), above 
which no more drug is expected to dis-
solve during the transit time through 
the small intestine, and this is used to 
split DCS Class II into molecules with 
dissolution rate limitations (DCS Class 
IIa) and solubility limitations (DCS 
Class IIb) to oral absorption. When 
reviewing DCS, it is important to re-
member that dose means the maxi-
mum dose taken by a patient at one 
time (not the highest strength dosage 
unit), and this number is increased 
during ascending dose studies.

A classification of GlaxoSmithKline 
candidates—and likely to be represen-
tative of the industry at large—found 
that 65% of NCEs could be classified 
as DCS IIa/IIb (dissolution rate or sol-

Figure 3. Developability Classification System (DCS) classification chart.

Figure 4. Schematic of the difference between faster dissolution rate and solubility 

enhancement.

Figure 5. Bridging between molecule and dosage form development. CDMO is 

contract development and manufacturing organization.
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ubility limited) (3). It is possible for a 
well-soluble DCS Class I molecule to 
be DCS IIb at the maximum tolerated 
dose. Whenever a compound is clas-
sified as DCS IIb, employing particle 
size reduction alone or dosing as a 
solution (e.g., in polyethylene glycol) 
would not be expected to increase 
solubility, and solubility-enhancing 
technologies such as amorphous dis-
persion, lipid formulation, or perhaps 
co-micronization should be consid-
ered instead, as these technologies are 
likely to have a far greater impact on 
the SLAD (see Figure 4). 

Unfortunately, there is still a rela-
tively higher percentage of molecules 
progressing to Phase I with simply a 
dissolution rate enhancement and/
or powder in capsule approach. This 
results in compounds that have poor 
exposure, do not reach maximum 
tolerated dose levels, and are likely 
to show lack of efficacy in late-stage 
clinical trials.

Conclusion
It is recommended that formulators 
are involved in the later stages of can-
didate screening, during the selection 
of salt form. By proper application of 
science, it should be possible to build 
a bridge between the two disciplines 
(Figure 5), anticipate the DCS clas-
sif ication and dose, and therefore 

determine which technologies will 
be required for human clinical trials, 
including assessment of both salt form 
and dosage form—all at the same 
time, which could save weeks if not 
months of time. 
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at the CPhI North America Conference. See descriptions and 

booth information on the following pages.

CPhI NORTH AMERICA 2018 EXHIBITOR GUIDE AND INDUSTRY PIPELINE

CPhI North 
America 

2018 
Exhibitor 

Guide

BioPharma Solutions, a business unit of 

Baxter, collaborates with pharmaceutical 

companies to provide contract manufactur-

ing form/fill/finish for sterile injectables.  

Our expertise includes oncology products, 

biologics, ADCs, and vaccines; and we offer 

a variety of sterile dosage forms, including 

prefilled syringes, liquid vials, lyophilized 

vials, cartridges, and cost-saving diluents 

for reconstitution.

Baxter BioPharm Solutions, One Baxter Parkway, 

Deerfield, IL 60015 • baxterbiopharmasolutions.

com • biopharmasolutions@baxter.com • 

tel. 224.948.3278

CPhI North America Booth #1445

Avista Pharma 

Solutions is a contract 

development, 

manufacturing, and 

testing organization that understands what 

it takes to rapidly advance products through 

every stage of development. With over 200,000 

square feet of laboratory and manufacturing 

space in the US and UK, we offer a broad 

suite of scientifically differentiated services 

ranging from early stage discovery, API and 

Drug Product development, and cGMP 

manufacturing to stand-alone analytical and 

microbiology testing support.

Avista Pharma Solutions • 3501 

Tricenter Blvd, Suite C, Durham, NC 27713 • 

919.544.8600 • www.avistapharma.com

CPhI North America Booth  #1536

AbbVie Contract Manufacturing has been 

serving our partners for more than 35 

years across 10 of our manufacturing 

facilities located in both North America 

and Europe. Our contract development 

and manufacturing capabilities span 

drug product, fermentation, potent, 

prefilled syringe, hot melt extrusion, 

biologics, and APIs.

AbbVie • 1401 Sheridan Rd, North Chicago, IL 

60064• www.abbviecontractmfg.com • 

abbviecontractmfg@abbvie.com • 

tel. +1.847.938.8524

CPhI North America Booth #1219

Brandwidth Solutions is a distinctive, full-

service marketing firm. We Speak Science™, 

delivering marketing messages, building 

brands, and driving sales growth for global 

companies in the life sciences, pharmaceu-

tical, and healthcare industries. For science-

specific marketing communications, from 

PR to social media, advertising to digital 

marketing, turn to Brandwidth Solutions. 

We’ve delivered trackable results that drive 

client growth for 13 years now.

Brandwidth Solutions LLC • 108 Samantha 

Lane, Lansdale, PA • tel. 215.997.8575 • 
mkt@BWSmarketing.com • 
www.brandwidthsolutions.com

CPhI North America Booth #1638

Intelligent Dose Design

Catalent has multiple tools and technologies, 

including its OptiForm® Solution Suite 

screening platform, to assist in the 

development of innovative drug dose forms. 

Each molecule has unique characteristics, 

and by using proven and intelligent dose 

forms, it is possible to improve clinical efficacy 

and commercial success, and better meet the 

needs of prescribers, payers, and patients.

Catalent Pharma Solutions • 14 Schoolhouse Rd, 

Somerset, NJ 08873 • tel. 1.888.SOLUTION • 

solutions@catalent.com • www.catalent.com

CPhI North America Booth #1401

Colorcon® is a world leader in the 

development, supply and technical 

support of formulated film coating 

systems, modified release technologies, 

and functional excipients for the 

pharmaceutical and nutritional industries. 

Our best-in-class products and 

technologies are complemented by our 

extensive application data and 

value-added services to support all 

phases of solid oral dose design, 

development, and manufacture. 

Colorcon • www.colorcon.com

CPhI North America Booth #1937
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With 30 years of 

experience as a CMO 

working with injectable 

pharmaceuticals, 

PYRAMID Laboratories 

Inc. offers a broad range of services 

that span from preclinical development 

to commercial manufacturing and 

distribution of liquid vials, lyophilized 

products, and pre-filled syringes. Small 

molecule, biologic, or a drug-delivery 

vehicle, we will fulfill your project with 

maximum quality and efficiency.

Pyramid Laboratories, Inc. • 

3598 Cadillac Av. Costa Mesa, California • 

www.pyramidlabs.com • info@pyramidlabs.

com • tel. 714.435.9800

CPhI North America Booth #1901

Grand River Aseptic Manufacturing, Inc

(GRAM), a parenteral contract development and 

manufacturing organization, delivers customized 

solutions to meet clients’ fill and finish needs from 

development through commercialization. With 

capabilities for biologics as well as controlled 

substances, GRAM’s expert project managers 

and modern facilities support pharmaceutical 

development and cGMP manufacturing, 

analytical testing, and regulatory filing. 

Grand River Aseptic Manufacturing, Inc. 

140 Front Ave SW, Suite 3, Grand Rapids, 

MI • www.grandriverasepticmfg.com • 

info@grandriverasepticmfg.com •  tel. 616.678.2400 

CPhI North America Booth #1801

USP is an independent non-profit organization 

that collaborates with the world’s top health 

and science experts to develop high-quality 

standards that set the bar for manufacturing 

and distributing safe and effective medicines, 

supplements, and food around the globe. 

Two billion people worldwide have access to 

quality medicines, dietary supplements, and 

food as a result of USP’s standards, advocacy, 

and education.

US Pharmacopeial Convention • www.usp.org

CPhI North America Booth #1649

For 34 years, Jost 

Chemical Co. has 

manufactured high 

purity chemical salts 

for the pharmaceutical, 

biopharmaceutical, and 

nutritional markets. Our 

FDA-registered site operates under bulk 

pharmaceutical cGMP. Jost’s products meet 

ICH Q3D elemental impurity guidelines and 

USP regulations for <232> and <233>, are 

BSE/TSE free, allergen free, and Kosher and 

Halal certified.

Jost Chemical Co. • 8150 Lackland, St. Louis, 

MO 63114, USA • www.jostchemical.com• 

customer.service@jostchemical.com • 

tel. +1 314.428.4300

CPhI North America Booth #837

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 • One Moonwalker Road, 

Frederica, DE  19946 • tel. 302.335.3911 • 
fax. 302.335.1320 • customer_service@

ilcdover.com • www.ilcdover.com

CPhI North America Booth #1701

CordenPharma is your full-service Contract 

Development & Manufacturing (CDMO) 

partner for APIs, Drug Products, and 

Packaging Services. Through a network 

of cGMP facilities organized under 

five technology platforms—Peptides/

Lipids/Carbohydrates/Oligonucleotides, 

Injectables, Highly Potent/Oncology, Small 

Molecules, Antibiotics—CordenPharma 

experts translate complex ideas at any 

development stage into high-value 

products.

CordenPharma • www.cordenpharma.com

CPhI North America Booth  #1432

As a member 

of Eurofins’ 

BioPharma 

Product Test-

ing Group—

the largest 

network of harmonized bio/pharmaceutical 

GMP product testing laboratories world-

wide—Eurofins Lancaster Laboratories 

supports all functional areas of bio/pharma-

ceutical manufacturing, including method 

development, microbiology, process vali-

dation and quality control throughout all 

stages of the drug development process. 

Eurofins Lancaster Laboratories, Inc, 

2425 New Holland Pike, Lancaster, PA 17601 

www.lancasterlabs.com • tel. 717.656.2300

CPhI North America Booth  #1533

Lonza Pharma & 

Biotech provides 

global contract 

development and 

manufacturing 

services that enable pharma and biotech 

companies to bring medical innovations 

to patients in need. We are recognized for 

our reliability and high-quality, our global 

capacity, our innovative technology platforms, 

and our extensive experience. We have helped 

to commercialize pioneering therapies and 

we continuously invest and innovate to meet 

your expectations also for future medicines. 

Our belief is that the best outcome—for you 

and for your patients—comes as a result of a 

successful collaboration. Lonza Pharma & Biotech

CPhI North America Booth  #605

Thermo Fisher Scientific provides end-

to-end development and manufacturing 

solutions to customers of all sizes 

through Patheon and Fisher Clinical 

Services, which deliver pharma services 

and clinical trials services. With more 

than 40 locations around the world, 

the company has extensive capabilities 

including drug substance and product 

development, clinical trials, and 

commercial-scale manufacturing.

Patheon • 4815 Emperor Blvd,  Durham, NC 

27703-8580 • www.patheon.com

CPhI North America Booth #1001
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Best Practices for 
Spray-Dried  Dispersion 
Formulation Selection 
 and Early Development

LIVE WEBCAST Wednesday, March 28, 2018 at 11am EDT | 10am CDT | 4pm BST | 5pm CEST

For questions contact Ethan Castillo at ethan.castillo@ubm.com

A large fraction of orally administered small molecules have 

low aqueous solubility, and, therefore, poor oral absorption. 

Amorphous dispersions are becoming more widely used as a 

formulation approach to increasing the oral exposure of such 

molecules. Spray-dried dispersions (SDD) are one of the most 

common technologies for producing amorphous dispersions of 

drug and polymer due to applicability and scalability. There are 

a number of important considerations that typically need to be 

addressed early in formulating spray-dried dispersions, 

including recognition of the rate-limiting step to absorption, 

(e.g., dissolution rate vs. solubility-permeability limitations), 

pH-dependent performance, physical and chemical stability 

issues, and target product profiles. 

In this webcast, participants will learn about best practices for 

SDD formulation development in the areas of 

manufacturability, performance, and stability. Specific topics 

will include solvent and polymer selection, formulation 

optimization using early screening approaches and in-vitro 

testing, and minimizing development time and formulation 

screening costs while arriving at technically robust formulation 

solutions for further development.

WHO SHOULD ATTEND

• Large pharma, mid-size pharma, biotech companies

• Product development group leaders and formulators, 

technical, and engineering positions involved in scale-up and 

manufacturing of oral solid dosage forms

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

PRESENTERS

Ian Yates

Product Development 
Lead

Lonza Pharma & Biotech

MODERATOR

Rita Peters

Editorial Director

Pharmaceutical 
Technology

Presented by

Sponsored by

http://www.pharmtech.com/pt_p/spray
mailto:ethan.castillo@ubm.com


Our Multi Media Platform 

provides you with countless 

possibilities to be connected to 

quality peer-reviewed papers, 

scientifi c reviews, and expert 

analyses that defi ne the leading 

edge of drug development, 

formulation and manufacturing.

Pharmaceutical Technology 

delivers practical and applicable 

information to assist 

professionals working in 

technology and manufacturing.
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Dose Design:  

Bridging Early- and  

Late-Phase Development 

EVENT OVERVIEW

With mounting pressure on innovators to achieve faster timelines 

and reduce development costs, clinical dose strategies in Phase 

1 and 2 are often different from the final commercialized dose 

form. As companies transition to late-phase development, they 

must look beyond establishing proof of concept and consider 

patient needs, scalability and market variables to be successful. 

It is increasingly important for companies to understand the 

strategies they can utilize to streamline early-phase development 

while simultaneously preparing for commercial success. This 

webcast will discuss key concepts that should be addressed as 

a molecule advances through the clinical development phases.

Key Learning Objectives

■ Clinical and commercial dosing strategies and the evolution 

of the dose form

■ Strategies to avoid long-term pitfalls while still meeting early-

phase pressures

■ Transition from phase-appropriate to fully-validated analytical 

methods

■ Manufacturing scalability and tech transfers 

■ Case study, including examples of a product evolution from 

first-in-human to Phase 3

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

Sponsored by Presented by 

Presenter

Brent Moody

Principal Scientist

Catalent Pharma Solutions

Moderator

Adeline Siew

Editor

Pharmaceutical Technology 

Europe

Who Should Attend: 

■ Director, R&D Operations

■ Director, Clinical Operations & Development

■ Director, Formulation Development

■ Associate Director, Clinical Operations & 

Development

■ Associate Director, Formulation 

Development

■ CMC Project Management

■ Director, Product Development

■ Associate Director, Product Development

■ Director, CMC

LIVE WEBCAST: Tuesday, April 24, 2018 at 11am EDT | 8am PDT | 4pm BST | 5pm CEST

Register for free at   

www.pharmtech.com/pt_p/design

mailto:kristen.moore@ubm.com
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Network. Learn. 

Conduct Business.

The entire North 

American pharma 

chain, together at last.

April 24-26 2018 
Pennsylvania Convention Center

Philadelphia, PA, USA

Enjoy an extra $50 off ZPVS�

$POGFSFODF�PG�7*1�1BTT�by using 

code PT50. Register today at:  

cphinorthamerica.com/register

With unprecedented global influence and the unique 

infrastructure to connect buyers and sellers, CPhI North 

America is your marketplace—uniting influential industry 

leaders looking for practical and lucrative business 

relationships.

A Hub of Innovation: Access thought-provoking 

educational sessions and see the latest trends and 

technologies shaping the future of pharma.

The Home of Community-Building Connections: 

Interact with inspiring colleagues, connect with 

strategic partners, and meet key industry players.

A Forum for Thought Leadership: See all the 

transformative ideas and insights through the lens 
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Certificates of analysis can be used to monitor the reliability of products and their 

suppliers, says Susan Schniepp, distinguished fellow at Regulatory Compliance Associates.

Q.I work in the warehouse and am responsible for maintaining

the paperwork associated with incoming and outgoing ship-

ments, including the certificates of analysis (CoA). Can you explain 

what should be on CoAs and how they relate to GMP compliance?

A.The International Pharmaceutical Excipients Council defines

a CoA as “a legal document that certifies the quality of 

the excipient and demonstrates the batch conforms to defined

specifications, has been manufactured under excipient GMP, and

is suitable for use in pharmaceuticals” (1). The same definition can 

also apply to finished product. Basically, it is a document that con-

firms a product (an API, excipient, or final product) meets defined

and expected criteria that render it suitable for use. It is typically 

issued by the quality assurance department and lists the actual

test results performed as compared to the specification range for

the various parameters tested. In addition to the test results and

specification range, the CoA should also list the batch number

or lot number of the material, the manufacturer and their loca-

tion, the date the material was produced and, if applicable, the 

expiration date of the particular material associated with the CoA.

It should also have the identity and signature of the person who 

approved the certificate along with the date of approval. The World

Health Organization (WHO) has a document on their website titled,

“Model Certificate of Analysis”. This document has a comprehen-

sive list of information suitable to be included in a CoA. The model

CoA was developed in conjunction with the Guidelines on the

Implementation of the WHO Certification Scheme on the Quality 

of Pharmaceutical Products Moving in International Commerce (2).

The CoA plays an important role in GMP compliance. The safety 

of the pharmaceutical supply chain is of concern to regulators, 

manufacturers, practitioners, and patients. The process of 

assuring the suitability of suppliers of pharmaceutical ingredients

or products typically starts with an audit. Once the audit is

completed and the supplier has been approved, the purchasers

need to be able to monitor the credibility of their suppliers. CoAs

help because they assure the continued quality of the product by 

providing “a summary of testing results on samples of products or

materials together with the evaluation for compliance to a stated

specification” (3). The European regulations require that “Authentic 

Certificates of Analysis should be issued for each batch ….” (4).

The veracity of the CoA, however, still needs to be

confirmed by the purchaser. When a supplier is new, the

results of the CoA are usually confirmed for each shipment of 

the material by performing independent verification of the CoA 

results. Once a history of reliable and accurate results from

the supplier is established, the purchaser will often perform

skip lot testing, in which they verify the CoA results on a 

defined periodic basis, with the exception of the identity test,

which should be performed for each shipment of material 

received (5).

Not all materials need to have the results of the CoAs retested

to assure their accuracy. Some latitude is given for drug product

containers and closures. Some of the tests that need to be 

performed to verify the results on the CoA for containers and

closures may not be practical for the purchaser to perform. In this 

case, the CoA becomes the evidentiary proof that the material was 

safe for use. The 21 Code of Federal Regulations states, “Containers s

and closures shall be tested for conformity with all appropriate 

written specifications. In lieu of such testing by the manufacturer, a

certificate of testing may be accepted from the supplier, provided 

that at least a visual identification is conducted on such containers/

closures by the manufacturer…” (6). The purchaser still needs to 

establish the reliability of the container/closure suppliers through 

the audit process, but CoAs can be used to help determine the

consistency of the supplier over a period of time by comparing and 

trending the CoA results.

CoAs are important documents for ensuring the safety of the 

supply chain. They allow users of pharmaceutical ingredients to

monitor and trend the reliability of their suppliers over time and

they provide information to the practitioner and patient that the

product they are prescribing has meet the necessary requirements.

The information contained in these documents is important for

establishing the suitability of all the materials and their suppliers 

(API, excipients, components, containers, closures) used to

manufacturer a pharmaceutical product. Using the CoA to track all

your suppliers’ reliability over time just makes good business sense.
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To see our hands-free, sterile manufacturing process in action, 

visit www.ASEP-TECH.com/ptus or call 847-697-4900. 

Safeguarding solutions through innovative packaging
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respiratory products. 
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•  Lower product to market cost with streamlined packaging process 
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Catalent Biologics. Advanced technologies and tailored solutions from cell line development 

through commercial supply in liquid and lyophilized vials, prefilled syringes and cartridges.  
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Proven development of high 

performance cell lines

drug substance 

Flexible and scalable 

biomanufacturing
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Expanded capabilities in fill/finish 

across all injectable formats

biologics analytical

Comprehensive services with proven expertise 

from peptides to therapeutic cells
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