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BIOLOGICS:

he success of these biologic drugs

THE DRIVING FORCE
IN PHARMA

reflects their ability to treat major
chronic diseases, notably certain
forms of cancer and autoimmune
diseases, better than existing alternatives and with fewer side effects.
This, combined with an aging population that will
be more susceptible to such diseases, is driving the
growth of the global biological drugs market, according to Transparency Market Research (TMR).2
Biopharma launches are being particularly facilitated by FDA’s use of expedited programs for approval.
The 21st Century Cures Act, which former President
Obama signed off on December 13, 2016, should help
to speed up drug development in general, but biologics
even more so, because of their more common applicability to unmet needs.
Biologics actually accounted for six of the top
eight drugs by revenues in 2016. AbbVie’s Humira®
(adalimumab)

for

rheumatoid

arthritis,

psoriasis,

Crohn’s and other autoimmune diseases led the way,
with an astonishing $16 billion in sales.3 Humira has
also been the fastest-growing biological in recent
years.2 The others in descending order, each with over
$6 billion in sales, were:
+ Enbrel® (etanercept), Amgen and Pfizer’s indication for
rheumatoid arthritis; polyarticular juvenile idiopathic

These are exciting times
in biologics. While the
pharmaceutical market is still
dominated in terms of numbers
and total revenues by small
molecules, 2014-2016 saw
record levels of 11, 12 and eight
Biologics License Approvals
(BLAs), respectively, being
issued, after over 20 years
of the total never topping six.
Meanwhile, new molecular
entity (NME) approvals saw
a 20-year low of 14 in 2016.1

arthritis in patients aged two years or older; psoriatic
arthritis; ankylosing spondylitis; and plaque psoriasis
in patients aged four years or older
+ Rituxan® (rituximab, MabThera), by Roche (Genetech)
and Biogen, is a monoclonal antibody (mAb) for
leukemias, lymphomas and some autoimmune diseases
+ Remicade® (infliximab), from Johnson & Johnson and
Merck, has a similar mechanism to Humira and treats
multiple autoimmune diseases, including psoriatic
arthritis, Crohn’s disease, rheumatoid arthritis and
plaque psoriasis
+ Avastin® (bevacizumab), sponsored by Roche
(Genetech), is a chemotherapy treatment for colorectal,
lung, glioblastoma, kidney, cervical and ovarian cancer
+ Herceptin® (trastuzumab), also by Roche (Genetech),
is prescribed for early-stage breast cancer (HER2+),
metastatic breast cancer and gastric cancer or
gastroesophageal (GE) junction adenocarcinoma
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$32B
Shire
acquires
Baxalta

$14B
Pfizer
acquires
Medivation

$9.8B
AbbVie
acquires
Stemcentrx

$5.2B
Pfizer acquires
Anacor
Pharmaceuticals

$4B
AstraZeneca
buying Acerta

Defining the Market

that only 2% of people in the U.S. have

Biotechnology Innovation Organization

mAbs are clearly the single most impor-

used biological drugs, yet they account

(BIO), $98.4 billion was invested in U.S.

tant part of the biologics market, account-

for 40% of prescription drug spending. 2

emerging therapeutic companies through

ing for $90.2 billion or 43% of the market

The question must arise as to how long the

venture capital (42%), follow-on public of-

in 2016, according to TMR. They are pro-

market, however one defines that term,

ferings (41%) and initial public offerings

jected to enjoy an 11.9% CAGR over the

will bear such premiums.

(16%), while larger biopharma compa-

next seven years, rising to be 46% of the
total market. Indeed, seven of the eight
BLAs approved in 2015 were mAbs.

2

A separate report by Grand View Research puts the global mAbs market at

M&A Boom 2015 and 2016

$85.4 billion in 2015, rising to $138.6 billion in 2024. This will be driven by intensive R&D, coupled with supportive government initiatives to support cost-effective
production, notably in the U.S. and China,

mAbs are clearly the
single most important
part of the biologics
market, accounting
for $90.2 billion or
43% of the market
in 2016.

nies spent $161.7 billion on market-stage

Investment Continues

acquisitions.10

Nonetheless, even though 2016 saw the

Meanwhile, 2015 saw a huge rise in the

brakes applied firmly to the pharma M&A

number of biotechs being funded by ven-

boom of 2014 and early 2015, some sig-

ture capital (nearly 350) and the total in-

nificant deals were completed last year.

vested ($6.8 billion). This followed six years

As of the end of November, the total value

of steady increases but was unprecedent-

of all biotech M&A rose from $82.5 bil-

ed in its scale. It included seven of over

lion in the same period of 2015 to $85.8

$100 million and the single largest ven-

billion, while the total number of deals fell

ture capital investment in biotech history,

from 1,336 to 1,231, meaning the average

at $446 million.10 This may, of course, be

enjoyed

over the whole period to 2024, making it

and the concurrent drive to personalized

better approval rates than traditional

$479.8 billion. This is reasonably close

medicines. The human-based mAbs seg-

deal value increased from $61.8 million to

another ‘biotech bubble,’ but at present,

drugs but also take longer to approve, due

to another report by BCC Research, which

ment is projected to show particularly

$69.7 million.9

it looks like the pump is being primed for a

to stringent manufacturing processes and

puts the total at $200.6 billion in 2013, ris-

strong growth, while the trend will be in-

in that direction, according to the 2017 Nice

Five biopharma-related deals topped

regulatory pathways as well as various

ing to $386.7 billion by the end of 2019,

creasingly towards in vitro rather than in

Insight Contract Development and Manu-

$4 billion. The single largest saw Shire

product parameters. They typically go

with a CAGR of 10.6%.5

vivo production, due to its greater cost-

facturing Survey. The 700+ survey respon-

acquire Baxalta for $32 billion to create a

and time-efficiency.6

dents from pharma and biotech companies

giant in rare diseases and other special-

Biologics

have

historically

2

through about five times as many in-

North America remains both the larg-

process tests during development. The

est single regional market, with a 44.9%

The second-largest part of the market

of all sizes in North America, Europe and

ized disorders. Pfizer bought Medivation

high initial capital outlay required has

share of the total, and is expected to grow

is vaccines, which Grand View projects

Asia included companies developing vac-

for $14 billion, motivated mainly by its

deterred many small companies from

at a CAGR of 9.6% from 2016 to 2024.

at $77.5 billion by 2024. This is more than

cines, blood factors, hormones, growth

marketed prostate cancer drug Xtandi®

entering the market.

Heavy R&D investment has taken place in

what TMR values the vaccine market, at

factors, antibody-drug conjugates, mAbs,

and strong oncology pipeline. Pfizer also

the U.S., and is expected to accelerate fur-

about $70 billion and falling as prices

interleukin-based products, interferon and

strengthened its inflammation and im-

ther still in the coming years.

decline and major vaccines go off patent.

TNF factors.8

munology pipeline by acquiring Anacor

A Growing Allure
The attraction of biologics for major

Other developed regions are also pro-

Vaccines are generally basic treatments

Of those who outsource drug substance

pharma companies is obvious. Many,

jected to see strong growth as biologics

for conditions more prevalent in less de-

services for large molecule APIs, 44%

Oncology was also the mover in AbbVie

including Eli Lilly and Company, Bristol-

address fundamentally similar market

veloped countries, but cancer is expected

mentioned R&D, 56% clinical-scale man-

taking Stemcentrx, with its late-stage

Myers Squibb, Novartis, AstraZenca and

needs. However, Asia-Pacific, with its

to be the fastest-growing therapy.

ufacturing, and 35% commercial-scale

small-cell lung cancer candidate roval-

GlaxoSmithKline (GSK), have invested

huge patient base, will have a CAGR of

Major players are involved here, draw-

manufacturing. Outsourced biomanufac-

pituzumab tesirine (Rova-T, another mAb)

billions of dollars in biologics in order

15.6% and will eclipse Europe. Because of

ing on established technologies to develop

turing services include microbial cell

for up to $9.8 billion. Likewise, Astra-

to have prime mover advantage. A key

its skilled workforce, lower overall costs

new forms. Pfizer, for instance, is develop-

line–based development and biomanufac-

Zeneca buying Acerta, originator of the

example is Novartis’ $500 million cell-

and changes in the regulatory scenario,

ing vaccines to prevent severe infections

turing (by 48% of those who outsource),

irreversible oral Bruton’s tyrosine kinase

culture-based manufacturing facility in

this region is also increasingly seen as the

caused by bacteria such as Meningococcal

vaccine development and manufacturing

(BTK) inhibitor acalabrutinib, currently

Singapore.

most attractive for manufacturing.

B, C. difficile and S. aureus. Government-

(46%), mammalian cell line–based devel-

in phase III development for B-cell blood

The first biosimilar, Sandoz’s Zarxio®,

sponsored vaccination programs, notably

opment and biomanufacturing (43%), cell

cancers and phase I/II clinical trials in

was approved in September 2015 and

in India and Australia, offer other oppor-

and gene therapy services (37%) and ad-

multiple solid tumors for up to $4 billion.9

others have since been approved for

tunities. In December 2015, for example,

vanced antibody-based products (23%).

Rituxan® and Lantus®. In contrast with

Sanofi Pasteur launched a new trivalent,

small

inactivated polio vaccine in India.7

8

And both the biopharmas and Big Phar-

Generally, biologics treatments cost

ma continue to invest in drug candidates.

about 22 times more than small molecules

This is one emerging trend — beginning in

Third comes recombinant hormones

and can generate profit margins of up to

2010 — that has not changed, and probably

AbbVie is defending Humira® against

and proteins, at about $50 billion. TMR

40%. Indeed, Express Scripts estimates

will not. From 2006 to 2015, according to

biosimilars to preserve its cash cow until

projects a 14.5% CAGR for this segment

full patent expiry in 2022 — and other

to 2024 and a slight rise in its global

major players, including Lilly, Boehringer

market share, thanks to sustainable sales

some

originators

Ingelheim, Pfizer and GSK, are developing
biosimilars.3,4

Global Opportunity
TMR values the global biologic drugs market at $209.8 billion in 2016. It forecasts
that the market will see a compound annual growth rate (CAGR) of 10.1% to 2020
when it will reach $287.2 billion, and 10.9%
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Generally, biologics
treatments cost about
22 times more than
small molecules and
can generate profit
margins of up to 40%.
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in developed and emerging markets. The
other major segments are cell therapy and
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$15 billion and $10 billion, respectively.2

Integrating Outsourcing
Outsourcing of manufacturing is perhaps
not as well established in biologics as in
small molecules, but the trend is definitely
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I NDUSTRY LE AD E R I N S I G HT

MAKING REAL-TIME
PROCESS ANALYTICAL
TECHNOLOGY IN
BIOMANUFACTURING
A REALITY

utomated, aseptic sampling and analysis
is a prerequisite for making real-time
Process Analytical Technology (PAT) in
biomanufacturing a commercial reality.
Developed in collaboration with several
leading pharmaceutical companies over an extensive
development program, the Modular Automated Sampling
Technology (MAST) platform from Capsugel/Bend Research
allows direct transfer of aseptically collected bioreactor
samples to analytical devices, providing rapid, reliable
data for superior bioprocess guidance.

> BY CLINT PEPPER, Ph.D., CAPSUGEL / BEND RESEARCH

WHY AUTOMATED SAMPLING SYSTEMS?

mode. To fully integrate PAT into biopro-

The FDA first introduced the idea of Pro-

cesses and facilitate the evolution of the

• increased sampling frequencies;

cess Analytical Technology (PAT) in its

sector toward real-time data collection,

• increased sampling reproducibility;

2002 Vision for the 21st Century. It fol-

product quality attribute control and over-

• increased data reliability; and

lowed up with publication of a guidance

all bioprocess guidance, a reliable system

• redirection of saved resources to

document in 2004.1 The agency defines

is required to transfer bioprocess samples

PAT as “a system for designing, analyzing

directly from bioreactors to analytical de-

and controlling manufacturing through

vices while maintaining process sterility.

and yield. This first-of-its-kind technology
allows aseptic collection of representative
samples that generate detailed process information in real time. MAST is the result
of an intensive five-year development program with pilot programs and significant
input from major biopharmaceutical players, and a range of modules have been developed to provide customized sampling,
interface and reporting.
Designed for use in both development and commercial-scale applications,
MAST enables the collection of media,
cell and product quality data across
scales to provide:
• hands-off, contamination-free sampling;
• automated sample scheduling;
• automated at-line analysis of whole 		

timely measurements (i.e., during process-

broth and cell-free samples;

higher-value activities.
Automatated sample collection eliminates
operator involvement, reducing the risk

ing) of critical quality and performance

MAST ™: DEVELOPED FOR THE

of contamination and operator exposure.

attributes of raw and in-process materi-

BIOPHARMA INDUSTRY

The ability to collect more reproducible

als and processes, with the goal of better

The Modular Automated Sampling Tech-

samples more frequently and integrate

understanding processes and thus ensur-

nology (MAST TM) platform from Capsugel/

data from multiple analytical methods can

ing final product quality.”2 PAT is also es-

Bend Research is a complete system spe-

accelerate process development. The data

sential to the successful implementation

cifically designed to fit this need and there-

can also be used to develop more accurate

of continuous processing; real-time data

fore facilitate improved bioreactor quality

predictive control models, which can in

is required for continuous control, which
enables optimum operation during the entire run.
In the biopharmaceutical industry, realtime product quality attribute control is de-

FIGURE 1

MAST Core

sired to maximize protein production and
quality in bioreactors. Current noninvasive
spectroscopic methods such as Raman,
near infrared, and dielectric spectroscopy

MASTER
CONTROLLER

GUI / SCHEDULER

Sample
Sanitant and Purge Air
Control

provide real-time information on cell culSP200

ture and fermentation processes but are
not able to product quality information.

SAMPLE
PROCESSING

A mechanism for obtaining real-time
information through analyses that require
sampling of the bioreactor (or sampling
during downstream unit operations) is a

MAST SANITANT
& PURGE SUPPLY

prerequisite to gain better insight and understanding of bioprocesses, whether they
are run in batch or continuous (perfusion)
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CASE STUDY 2

turn enable the implementation of novel

CASE STUDIES

to multiple different Nova BioProfile FLEX

be used at the development to manufac-

The following case studies provide spe-

units, and thousands of MAST samples

turing scale and takes sample in 5 mL in-

cific examples of how the MAST platform

have been automatically analyzed. For this

crements. The module is compact, requir-

is used to improve the performance of

study, results were analyzed from five cell

ing little space on a bioreactor (~2-inch

bioreactors and solve common industry

culture batch runs (ranging from 1 to 500 li-

radius). Installation is straightforward

problems.

ters) at end user and Capsugel facilities us-

Predicted
galactosylation
in fed batch
cell culture

ing Sample Pilot units (SP100 and SP200).

with multiple port connection options that
allow integration directly into a single-use

CASE STUDY 1: AUTOMATING

Parity plots showed that the results for

bioreactor bag using a Kleenpak connec-

SAMPLING AND ANALYSIS

MAST samples automatically analyzed by

tor sleeve, or insertion through a dip tube

The MAST platform was integrated with a

the Nova BioProfile FLEX correlated well

into a bench top development bioreactor.

Nova BioProfile FLEX automated sample

with the results for samples collected and

The SP200 can be used on bioreactors of

analysis system, a unit widely used in bio-

processed manually.

all scales and can be adapted to all ports

technology laboratories to determine vi-

It was concluded, therefore, that MAST

and fitting types.

able cell density; metabolite, salt and dis-

system samples are consistent with manu-

Actual 5mM Feed

Sanitation is designed into Sample

solved gas concentrations; pH; etc. Results

al samples and representative of the con-

Pilot operation. After each sample is

obtained via automated sampling with the

ditions inside the bioreactor. By enabling

taken, all sample contact components,

MAST platform were then compared to

autosampling

including the Sample Pilot, are flushed

those obtained with manual sampling.

MAST platform has freed up operator and

with liquid sanitant and placed in a user-

In operation, the BioProfile FLEX sys-

defined sanitant hold time. Once the hold

tem is integrated with the MAST system.

is complete, the Sample Pilot and the as-

Once the MAST platform confirms that

sociated sample lines are blown dry with

the Nova system is ready, a sample is

compressed purge gas. Single-use purge

drawn according to the test parameters

gas and sanitant supply filter assemblies

for

routine

assays,
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GALACTOSYLATION (%)

THE MAST PLATFORM
ALLOWS COLLECTION
OF SAMPLES FROM UP
TO 10 STERILE SAMPLE
SOURCES AND CAN
DISTRIBUTE THOSE
SAMPLES TO FOUR
ANALYTICAL DEVICES
FOR AUTOMATED
ANALYSIS.

single-use bioreactor applications. It can
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testing resources otherwise necessary for
manual testing.

galactose concentration was not instan-

Further processing of the sample can

taneous; rather, a time delay of ~12 hours

be required after cell removal, including

CASE STUDY 2: ACCELERATING

was observed. A predictive model without

Protein A purification, solid phase extrac-

DEVELOPMENT

this dynamic information overpredicted

tion, dilution and digestion. Once process-

that have been entered into the MAST

The MAST system enables the collection

the galactose concentration with a steadily

ing steps are completed, the sample is

ensure that there is a consistent flow of

interface and sent to the MAST sample

of time series data from bioreactors at a

accumulating error, whereas the predic-

transferred to the analytical device and

these fluids from run to run.

collection cell. The Nova sample probe

sufficient frequency to capture dynamic

tive model taking into account the dynamic

automatically tested using a preselected

The MAST platform includes software

then moves into position and draws the

behavior of cell culture processes. The dy-

data provided by the MAST system was

method.

MAST: CUSTOMIZED TO EVERY APPLICATION

systems developed to monitor operation,

sample from the cell. After the testing is

namic data can then be used to develop dy-

more accurate.

The MAST platform allows collection

manage scheduling, review historical data

completed, the MAST system flushes the

namic models required for model predic-

of samples from up to 10 sterile sample

and manage system setting. The modules

sample contact lines with sanitant and

tive controllers. In this study, a predictive

CASE STUDY 3: ENABLING PRODUCT

sis using a Waters Patrol UPLC. After cell

sources and can distribute those samples

also feature an easy-to-use graphical in-

then blows the system dry with purge gas.

model was developed for the galactosyl-

QUALITY ATTRIBUTE CONTROL (PQAC)

removal by the MAST CRS, the cell-free

to four analytical devices for automated

terface.

The MAST platform has been integrated

ation of a monoclonal antibody expressed

Automated sampling coupled with auto-

permeate is transferred to a Gilson liquid

analysis. Due to its modular nature, the

from a CHO cell line, based on different

mated analysis of critical product quality

handler, where the samples are purified

MAST platform can be tailored to the

quantities of galactose in the feed.

attributes (PQAs) has been shown to en-

using an automated Protein A method.

A perfusion process with constant vi-

able implementation of PQAC schemes in

The accuracy and precision of the auto-

able cell density, feed rate and volume

bioreactor systems. Measurement of PQAs

mated method were verified by comparing

Total cell density,
viable cell density
and viability
normalized parity
plot comparing
MAST to manual
samples

was used as a steady-state reaction cell,

is a significant technical hurdle. PQAs

the results for six replicate samples puri-

and responses to changes in input vari-

may include glycosylation profiles, degree

fied using the automated method to those

ables were monitored. Once the antibody

of aggregation, degree of amidation. etc.

processed using a traditional GE AKTA

galactosylation reached a steady-state

Techniques such as HPLC, Ultraperfor-

Explorer method. Both methods yielded

value, the culture was subjected to a step

mance liquid chromatography (UPLC) or

results within a standard deviation.

increase in galactose concentration and

liquid chromatography/mass spectroscopy

was allowed to reach a new steady-state

(LCMS) are often used.

Normalized parity
plot comparing MAST
and manual samples
measuring total cell
density, viable cell
density and viability
from five different
cell culture batches.

antibody galactosylation. The galacto-

After the sample is collected, it must

sylation of the antibody product in the

be processed before it is injected into the

bioreactor was continuously monitored

analytical instrument. At a minimum, the

using a MAST platform at four-hour inter-

cells must be removed before injection or

vals. Each reactor had two SP200 Sample

the instrument can be damaged. The MAST

Pilots: one to draw whole broth samples,

Cell Removal SystemTM (CRS) uses tangen-

which were sent to a Nova BioProfile Flex

tial flow filtration technology to effectively

instrument, and the other to draw cell-

isolate the cells from the whole broth in

free samples from the permeate side of

a retentate sample and collect cell-free

The sampling module is mounted to the

the perfusion system, which were sent to

permeate for transfer to downstream ana-

bioreactor using an industry-standard 25

a Gilson liquid handler for analysis of per-

lytical devices. Up to 30 samples can be

cent galactosylation by high-performance

processed per CRS filtration cassette. The

liquid chromatography (HPLC).

MAST system was designed to be configu-

process control and product quality attribute control strategies. Furthermore, the
MAST system allows operators to respond
rapidly to changes in process conditions
to maintain optimum bioreactor performance and maximize yields.

CASE STUDY 1

specific needs of each customer and bioprocess. One of the most important mod-

1.00

ules in the platform is the Sample PilotTM,
which is designed to appropriate scale
for development through commercial applications.

0.80

The Sample Pilot SP100 module is desteel bioreactor applications. It can be
used at the development to manufactur
ing scale and takes sample in 55 mL
increments. The SP100 is construct
ed of PEEK (polyether ether ketone),
a robust organic polymer thermoplastic
known for its thermal stability. The sam-

MANUAL SAMPLES

signed specifically for fixed stainless
0.60

0.40

pling module is autoclave-sterilized and
affixed to the bioreactor prior to the regular bioreactor Steam In Place (SIP) cycle.

mm Ingold port and requires only a threeinch radius of space.

0.20

0.00
0.00

0.20

specifically for development scale or
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MAST SAMPLES

The Sample Pilot SP200 is designed
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0.40

0.80

1.00

The

dynamic

MAST

data

revealed

that the cell response to the increase in
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In this application, Capsugel has focused on Protein A purification and analy-

IN THE
BIOPHARMACEUTICAL
INDUSTRY, REAL-TIME
PRODUCT QUALITY
ATTRIBUTE CONTROL IS
DESIRED TO MAXIMIZE
PROTEIN PRODUCTION
AND QUALITY IN
BIOREACTORS.

rable and flexible for easy cleaning and
quick change out of filtration cassettes.
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CASE STUDY 3

MAST ACCOMMODATES
TAILORED SYSTEM
DESIGN AND CAN BE
READILY EXPANDED
WITH ADDITIONAL
SAMPLING MODULES
AS REQUIRED.

WWW.CAPSUGEL.COM

Process flow diagram for a potential PQAC system
PROCESS LEVERS
Nutrient and
inductive feeds,
Gas flow, RPM,
Temperature, etc.

CONTROL ALGORITHMS
Feedback, Predictive,
Feed forward, etc.

VCD, Metabolites,
Amino Acids,
Glycosylation
Patterns, etc.

Capacitance,
DO, pH, etc.
Cell-Free
Sample

transferred to the Waters UPLC for analy-

CELL REMOVAL SYSTEM

sis. MASTconnectTM software retrieves
available Waters methods and makes
them available during the sample schedul-

SAMPLE PILOT

ing process. When a sample is taken, the
formation (e.g., Sample ID, Experiment ID

AT-LINE DATA

Metabolic-based,
Consumptionbased, etc.

ON-LINE DATA

The purified cell-free sample is then

MAST platform communicates critical in-

PREDICTIVE MODELS

SAMPLE PROCESSING
Whole Broth Sample

HPLC/UPLC/LCMS
BIOPROCESS
ANALYZERS

BIOREACTOR

and sample start time) to the Waters system, ensuring sample traceability and data
integrity. MAST monitors the progress of
the UPLC, provides updates on progress

MAST: NOW COMMERCIALLY AVAILABLE

aseptically collected bioreactor samples to

and can send an alarm if issues arise.

AFTER RIGOROUS TESTING AND

analytical devices, providing rapid, reliable

COLLABORATIVE WORK

data for superior bioprocess guidance.

The MAST platform controls all of the
Sample Pilots, the CRS, the Gilson liquid

The commercial availability of the MAST

Testing has been extensive, and has in-

handler and the solution supply systems,

technology is the culmination of a focused

cluded high cell density cell culture biore-

as well as communicating with analytical

five-year program conducted at Capsugel’s

actors, viscous microbial applications and

devices and other features through a se-

Bend Research facility in Bend, Oregon, in

downstream sample collections. MAST

ries of modular control enclosures. MAST

collaboration with several of the world’s

systems have pulled thousands of repre-

accommodates tailored system design and

largest

companies.

sentative samples from development scale

can be readily expanded with additional

Capsugel has also developed alliances with

bioreactors to 500 liter stainless steel bio-

sampling modules as required. MASTcon-

numerous leading analytical equipment

reactors to 2,000 liter single-use bioreac-

nect software allows configurable, flexible

suppliers to facilitate PAT integration into

tors while maintaining the sterility of all

and user-friendly operation of the MAST

bioprocessing with the MAST platform.

samples.

system, with special modules for sample

These collaborations have enabled an op-

Our rigorous testing and collaborative

scheduling, sample navigation and analyti-

timized, automated sampling system to be

work with equipment manufacturers and

cal data management.

developed that allows direct transfer of

end users has demonstrated the MAST

biopharmaceutical

platform’s reliability, accuracy and value.
MAST’s integrated design has enabled
increased sampling frequency and re-

ABOUT THE AUTHOR

producibility, as well as improved data

Clint Pepper, Ph.D.
Director, MAST Technology, Capsugel/Bend Research
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reliability when compared with manual
sampling, and enables the bioprocessing

Clint Pepper has spent more than 20 years in the biologics,
pharmaceutical and medical device industries creating products,
developing processes and manufacturing biopharm compounds in
development, clinical and commercial environments. He has seen
several products through from phase I to commercial approval. Clint
currently helps Capsugel create the Modular Automated Sampling
Technology (MAST) auto-sampling solution that can be used in any
application where maintaining sterility of the manufacturing process
is the highest priority.

industry to take a step forward in bioreac-

LinkedIn www.linkedin.com/in/clint-pepper-b60a967/
Email clint.pepper@capsugel.com
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tor control and yield.

P

DRIVING PULMONARY DELIVERY FORWARD
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Capsugel’s unique capabilities and expertise in product design and
particle engineering can prove crucial for enhancing the bioperformance
of inhaled therapeutics. We design and optimize formulations using an
array of specialized tools, including micronization, spray dry processing
and nanocrystal technologies. Combined with formulation expertise for both
small and large molecule, specialized DPI capsules, and finished product
manufacturing capabilities to commercial scale, Capsugel is the right partner
to bring your product from concept to market.
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reatment of diseases, espe-

differentiate the same iPS cell from a pa-

cell lines to screen compounds. This can

derived cellular therapy (allogenic — com-

cially rare diseases, is very

tient into multiple lineages provides an

be relatively easy for many cell types. A

ing from a single patient) approved in some

complex due to specific chang-

immediate means to assess off-target/cy-

researcher can obtain some types of cells

rare, life-threatening diseases like Duch-

es in the genetic makeup of the

totoxic effects.

from a donor, expand the cells in a petri

enne Muscular Dystrophy.7 However, many

individual patient. As such, a

dish, test the compound of interest on the

concerns still exist with regards to the

more personalized approach

THE CASE FOR HUMAN MODELS

cultivated cell lines and even introduce

safety of employing these cells and their

to the generation of therapeu-

Despite attempts to improve animal mod-

specific mutations. But finding volunteers

potential to undergo unlimited cellular ex-

tics is gaining greater traction

els, the majority of drugs that pass preclin-

to donate affected cells for a specific dis-

pansion if not appropriately addressed.

not only with medical personnel but also

ical research and include “pivotal” animal

ease adds a level of difficulty. Further, some

Although regenerative therapies employ-

with the patient.

tests fail in human trials. This figure has

cells, such as cardiomyocytes and neurons,

ing iPS cells have been heralded as the fu-

The term “personalized medicine” re-

increased from the FDA’s 2004 estimate

cannot be isolated from living humans,

ture of medicine, iPS cells have made a qui-

lates to the dedication of therapeutics to

of 92%.1 The inherent difference in the

making research in diseases that affect

eter revolution in drug discovery. Plagued

the individual patient but does not tell the

biological makeup between humans and

these biological systems even more com-

with the lack of translatability of human

full story of just how individualized the

other mammals leads to models that pro-

plex. Due to these facts, a combination of

diseases in animal models, researchers

new wave of pharmaceutical therapies

duce untranslatable results. Furthermore,

iPS cell derived cells and animal models —

understand the possibility of iPS cells to

could soon become. Diseases that share

it is unclear “whether variability within hu-

in some form or another — will be required

create specialized cell lines that previous-

the same set of symptoms are often re-

man populations, due to either genetic or

to complete modern drug discovery going

ly couldn’t be harvested (such as neurons).

classified into different subtypes based

environmental factors, can be captured

forward. Importantly, however, this mar-

With the introduction of CRISPR-cas9

on their genetic variants. Specifically tar-

sufficiently within laboratory animal mod-

riage between the disease-in-a-dish and

gene-editing technology, the iPS cell field

geting these subtypes has transformed

els.”2 For many rare genetic diseases, there

the animal model is being employed by

has again been transformed. Researchers

drug discovery into a highly segmented

simply isn’t an animal model on which to

many biotech/biopharma companies and

can now use iPS cells to build cell lines of

pursuit driven by the fact that every indi-

test the efficacy of lead candidates. For ex-

academic groups in an effort to create per-

previously difficult-to-harvest cell types,

vidual is genetically unique.

ample, recently the FDA approved Vertex’s

sonalized, centered approaches for drug

and then modify these cells to exhibit a

Considering the inherent biological

Orkambi® to treat ΔF508 homozygote cys-

discovery. In fact, a number of compounds

disease. In many ways, for specialized or-

differences between humans and other

tic fibrosis patients; it was never evaluated

have recently entered the drug develop-

ganizations such as Icagen, this alignment

mammals, animal models for studying

for efficacy in an animal model.3

ment pipeline without an animal model for

proved pivotal.

human disease remain inadequate and

Studies have even shown that com-

overwhelmingly untranslatable. Although

pounds that produce promising results in

animal models can be useful to study drug

animal models sometimes exhibit the op-

DISEASE-IN-A-DISH BREAKTHROUGH

employing primary human and animal stem

safety and distribution, more and more

posite effect in humans. Besides issues

When Shinya Yamanaka discovered induc-

cells for drug discovery. Historically, Ica-

researchers are avoiding animal models

with efficacy, if you ask any professional in

ible pluripotent stem cells in 2006, the

gen also has experience in developing cell

to assess the efficacy of therapeutic can-

pharmaceutics, they will likely tell you that

most obvious trajectory for their use was

lines that express ion channels — consid-

didates. Instead many groups are now de-

animal testing for safety, both for toxicolo-

in regenerative medicine. Derived from

ered challenging therapeutic targets. Com-

veloping “disease-in-a-dish” drug screen-

gy and pharmacokinetics, is not going any-

adult skin cells, pluripotent stem cells can

bining this expertise, Icagen is leveraging

ing programs that harness the promise

where anytime soon. But the argument can

be differentiated into a variety of different

iPS cell–based approaches to generate

and power of human inducible pluripotent

be made that this statement isn’t as true as

cell types and composite tissues. There-

neurons and muscle cells that can be phar

stem cells (iPS). iPS cells derived from an

it once seemed. “Retrospective analysis in-

fore, they can in principle be employed to

macologically evaluated by therapeutics

individual patient can be differentiated

dicates that toxicity evaluation in healthy

replace damaged or diseased patient cells

that modulate channel function. In order to

into a variety of cell types (i.e., skeletal

rodent and non-rodent species results in

through cellular therapy approaches. To

transform capabilities to the next level of

muscle, neurons, cardiomyocytes, etc.)

prediction of human risk in approximately

date, however, only one therapeutic treat-

human biology, Icagen is laboring to create

that can be used to evaluate the effects of

71% of instances.”4 To some this may seem

ment has been developed (and subsequent-

complex tissue systems of co-intercommu-

potential therapeutics on cells from the

an acceptable number, until faced with the

ly halted) for human trials using the cells.6

nicating human cells. For example, Icagen

target organ of the disease. This is ben-

percentage of times when effectiveness of

Importantly, other efforts are continuing

is advancing efforts to combine contractile

eficial because it demonstrates the direct

animal testing shows its shortcomings in

and it is not unreasonable to expect that

skeletal muscle cells with motor neurons

effect of a potential therapeutic on the

clinical stages. A recent example of this is

in the next 10 years we will see iPS cell–

derived from diseased and normal iPS

organ of interest versus using an animal

the devastating case in January 2016 when

model to evaluate target engagement.

a man was declared brain dead after re-

Additionally, iPS cells from multiple

ceiving an experimental drug in a first-in-

patients with similar genetic changes can

human trial.5 Human cells that are difficult

be differentiated at the same time, in the

to isolate and expand in vitro are rapidly

same assay dish, providing a means to po-

being employed in pharmaceutical labora-

tentially stratify populations of patients

tories to enhance drug safety evaluations

that may respond to a potential thera-

to prevent these types of adverse events.

peutic (completing a “clinical-trial-in-a-

In addition to animal models, researchers

dish”). Furthermore, having the ability to

have developed and relied on specialized

efficacy.

Icagen has been able to successfully
harness 20-plus years of experience in

iPS in Action
Human inducible pluripotent
stem cells (iPS) can be
differentiated into specific
cell types in order to test the
effects of targeted therapies.

iPSC Derived Skeletal Muscle

iPSC Derived Neuron Precursors

ICAGEN IS POSITIONED TO
BE AT THE FOREFRONT OF
PHASING OUT OBSOLETE
AND INADEQUATE
ANIMAL MODELS.

the identification and development of new
therapeutics.

terested in tackling complex biology in in
vitro models to discover new therapeutics

Icagen collaborates with key leaders in

to treat rare diseases with a great unmet

the ALS field such as Dr. Justin Ichida at

medical need. A quarter of a century op-

USC, who uses complex “disease-in-a-dish”

erating with the same team has allowed

ALS models to examine a small number of

us to seamlessly adopt and implement

high-quality leads or pathway probes. “For

revolutionary technologies. Our “disease-

the past three years,” states Dr. Ichida, “my

in-a-dish” human model for drug discovery

lab has been collaborating with Icagen on

is the culmination of this hard work and

two projects using patient-specific iPS cells

dedication.

cells to essentially create a functional mo-

to identify therapeutics for ALS. Icagen’s

We are positioned to be at the forefront

tor unit. Leveraging this entire human tis-

advanced iPS cell disease modeling capa-

of phasing out obsolete and inadequate an-

sue model, disease mechanisms can be

bilities, along with its leading expertise in

imal models, in hopes of contributing to the

studied at the neuromuscular junction at

small molecule screening and hit-to-lead

advancement of new methods that will im-

a molecular level never before possible. In

development have made them invaluable

prove safety and efficacy, and shorten the

addition, therapeutic molecules for neuro-

partners for these innovative Department

discovery time for new drugs. Icagen is ca-

degenerative diseases can be evaluated.8,9

of Defense– and Muscular Dystrophy Asso-

pable of producing a human model for drug

These types of in vitro–engineered “Tis-

ciation–funded projects.” The relevance of

discovery that may one day replace the

sues” are capable of producing some of

the human “disease-in-a-dish” model — and

most viable animal models. Our integrated

the greatest breakthroughs in science and

the throughput it enables — is guaranteed

biology and chemistry, top-of-the-industry

could someday lead to the evaluation of

to outpace what is possible in any of the

in silico approaches for compound screen-

drug candidates in complete in vitro hu-

leading animal models.

ing, and downstream safety toxicology and

man systems. For rare diseases like amyo-

pharmacokinetics all contribute to our

trophic lateral sclerosis (ALS) with histori-

NEW FRONTIERS

unique positioning as a CDMO. With these

cally inadequate animal models that lack

New technologies transform the pharma-

capabilities combined with a diversified

predictivity, there is a strong case for Ica-

ceutical industry daily, but again, what

compound collection coupled to ultra-high-

gen to work with partners to create unique

truly sets Icagen apart is experience — es-

throughput screening, we are considered

human cell models that will outperform

pecially experience working in partnership

the first organization to be fully focused on

the animal model alternative, leading to

with industrial and academic partners in-

advancing early drug discovery.
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DISCOVERY FOR
RARE DISEASES
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Early Stage Expertise
Icagen’s novel, integrated approach to early drug discovery fuels our ability to advance
new therapeutics for rare diseases. Leveraging unique expertise across a wide range of
target classes and assay types, Icagen’s highly-experienced, multidisciplinary scientists
are able to generate in vitro cellular human models of rare monogenic diseases,
employing these models to create platforms for innovative drug discovery.

and Contractility. Rep. The Journal of Cell Biology. 3 Oct. 2016. Web.

Come visit us at BIO International booth 1639 to learn more about our truly integrated
approach, and to discuss ways we can partner to achieve your therapeutic goals.
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> ANALYTICAL QUALITY BY DESIGN

Applying Quality by Design
(QbD) principles to analytical
method development leads
to many benefits, such as
a more efficient method
development process, more
robust and reliable analytical
methods, and compliance
with increasing regulatory
requirements, including those
pertaining to method lifecycle
management.

SPEEDING DEVELOPMENT
AND REDUCING COSTS
WITH ANALYTICAL
QUALITY BY DESIGN
> BY ANTÓNIO RAMOS AND RUI LOUREIRO, HOVIONE
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when using this structured and scientific

this approach leads to methods that pres-

approach, the fewer the resulting failures.

ent a narrow knowledge space, robustness

As such, methods that are more robust

issues and high risk of failures through

and reliable are therefore fit for purpose

their life cycles. For that reason, it is be-

throughout their life cycles.

coming a trend in the pharmaceutical industry to apply a life cycle management

BENEFITS OF AQbD

approach to analytical method lifecycles

In addition to more efficient development

in order to enhance method understand-

of a more robust method, AQbD provides

ing through the application of structured

greater regulatory flexibility, because re-

and scientific approaches. Herein is de-

sults that fall within the well-defined de-

scribed the application of QbD to analyti-

sign space are not considered to be chang-

cal method development.6,7

es in the method.4 Furthermore, because

WITH AQbD IT IS NO
LONGER NECESSARY
TO EMPLOY A
TRIAL-AND-ERROR
APPROACH; THE
APPLICATION OF
EXISTING KNOWLEDGE
GREATLY FACILITATES
THE EVALUATION OF
POTENTIAL METHODS.

Application of QbD to analytical method

there is a greater understanding of these

development as part of life cycle manage-

methods, the number of failures (out-of-

ment enables the use of well-known tools/

trend (OOT) and out-of-specification (OOS)

concepts already employed during manu-

results) and transfer issues that occur over

facturing process development. This new

the life cycle of the method are often re-

WELL-KNOWN CONCEPT

analytical mindset, known as Analytical

duced.5 For commercial processes, the

Quality by Design (QbD) is defined in

Quality by Design (AQbD), provides greater

high quality of the data provided by AQbD

ICH Q81 and ICH Q112 for pharmaceuti-

process knowledge while enhancing deep

methods may allow for more timely data

based on the method understanding ob-

cal development and manufacturing. It is

method understanding and results in the

release, reduced regulatory risk and lower

tained during the development work. At the

“a systematic approach to development

development of robust methods that are

costs.5 Overall, therefore, AQbD is a pow-

end, an ACS is defined in order to reduce

that begins with predefined objectives

compliant throughout their full life cycles.3

erful strategy for method development

and control all sources of variability.

and emphasizes product and process un-

A structured and scientific approach,

that leads to better, faster, greener analyti-

From Hovione’s perspective, this ap-

derstanding as well as process control,

AQbD typically starts with the definition

cal methods that reduce costs and enable

proach will provide regulators and cus-

based on sound science and quality risk

of the Analytical Target Profile (ATP) con-

resource optimization.

tomers with a clear explanation regard-

management.”1

cept, which should state the performance

ing the choice of method and how it was

At Hovione, QbD is widely applied and

requirements for the analytical method

SCIENTIFIC AND STRUCTURED APPROACH

developed. In addition, AQbD is valuable

the company has received approvals from

based on the selection of an appropriate

At Hovione, the overall AQbD process flow

because it allows for the development of

regulatory authorities for products de-

technology. Through the application of

for analytical method development is di-

robust methods that can be used through-

veloped using a QbD approach. Because

prior knowledge and an initial risk assess-

vided into three stages. (1) Method Design &

out the product life cycle. Improvement of

analytical method development occurs

ment, it is possible to evaluate and priori-

Development, where method performance

analytical methods based on performance

alongside process development, it seemed

tize sources of variability that may affect

requirements and goals are identified by

is becoming a compliance expectation.

natural to extend QbD to this activity.

method performance. Design of experi-

a multidisciplinary team, and a technology

With methods developed via AQbD, the im-

ments (DoE) can be used as a systematic

is selected that complies with these goals.

pact of possible changes over a method’s

WHY QBD FOR ANALYTICAL

tool to understand the real impact of each

(2) Method Understanding, which includes

lifetime has already been considered, so

METHOD DEVELOPMENT?

variable. This process results in the defini-

gaining knowledge about the method to

the need for changes is minimized.

Analytical control is crucial to the success

tion of a planned set of operational con-

understand how potential sources of vari-

of drug development and manufactur-

trols referred to as the Analytical Control

ability such as critical method parameters

CASE STUDY: RP-UPLC

ing programs from the earliest discovery

Strategy (ACS) that is designed to reduce

(CMPs) may impact the method perfor-

METHOD DEVELOPMENT

phases through process development to

and control all sources of variability.6

mance characteristics or key performance

Reversed-phase

liquid

chromatography

commercialization. Appropriate and ef-

Rather than looking at one factor at a

requirements (KPRs) and critical method

(RP-LC) is the most widely used analyti-

fective analytical methods provide infor-

time (OFAT), which typically involves op-

attributes (CMAs) using risk assessment

cal technique in the pharmaceutical in-

mation on the impact of process changes

timization of one factor while the others

tools; definition of an experimental strate-

dustry, and thus it is well understood. At

on the quality of pharmaceutical products

remain constant, AQbD introduces mul-

gy in which the multidimensional combina-

Hovione, due to technology advances,

and play a vital role in decision-making.

tivariate analysis. This approach allows

tion and interaction of CMPs are defined

high-performance liquid chromatography

Therefore, the quality of analytical meth-

an overall understanding of method per-

using DoEs, resulting in a space where it

(HPLC) methods are being transferred to

ods must be assured throughout their life

formance based on the multidimensional

is possible to assure method performance,

ultra-performance liquid chromatography

cycle (development, validation, transfer

combination and interaction of these fac-

known as the method operable design re-

(UPLC) methods. UPLC is a similar but

and routine use).

tors to be obtained, and leads to the defini-

gion (MODR); and selection of the working

much faster technology than traditional

tion of the optimum design space.

point, normal operating ranges (NOR). (3)

HPLC. It also provides better chromato-

Traditionally, the analytical method

20 PHARMA’S ALMANAC

deep method understanding. Typically

steps (development, validation, transfer

The greater the understanding of the im-

Risk Mitigation, where potential causes that

graphic resolution and more sensitive

and routine) are considered as separate

pact that changes in some method parame-

may affect method performance during

analyses in less time, with reduced solvent

entities and there is no focus on gaining

ters have on the analytical results obtained

its life cycle are identified and eliminated

consumption.8 The combination of this
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faster technology with AQbD is becom-

This information aided in selection of the

approach results in more efficient, envi-

ing a powerful tool for analytical method

most approriate column and pH range.

ronmentally friendly and cost-effective

development activities at Hovione.

CMAs of critical resolutions, least peak

analytical methods.

In one particular example, a customer

retention time, peak shape and signal-to-

Overall, quality by design is a good

brought a process to Hovione that required

noise ratio, and potential CMPs were iden-

fit for analytical method development

seven different HPLC analyses for seven

tified and an initial risk assessment was

because it involves such a structured

different compounds using four different

performed. During this process, each CMP

and

methods. Each analysis had a run time of

was scored based on its potential to affect

understood and systematic tactic makes

approximately 30 minutes (at a flow rate of

the CMAs, and this information was used

it much easier to discuss why and how a

1 mL/min). Method redevelopment was pur-

to determine which parameters should

method was developed with customers,

sued with the goal of identifying one robust

be evaluated and when. As an output, the

including chemists, engineers and others

and reliable method for all intermediates.

more appropriate experimental strategy

involved in the development process.

AQbD was applied in this case.

was defined. The MODR was established,

The process began with the definition of

providing increased knowledge of method

the ATP, which consisted of a single meth-

performance and leading to robust operat-

od that could accurately quantify the drug

ing conditions for routine use (the NOR).

substance and all intermediates to support

The method was then assessed to ensure

decision-making for each step of the manu-

that it complied with all of the performance

facturing process. This was in order to en-

requirements when operating in the NOR.

scientific

approach.

This

P
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Current FDA Draft
and Final Guidance:

> COMPLIANCE CHALLENGES

WHY WAS THE DSCSA NEEDED?
One in ten medicines worldwide are counterfeit, according to the Pharmaceutical
Research and Manufacturer’s Association.1 Routine testing of drugs purchased
online by the U.S. FDA has revealed that
more than 50% are fake.2 In 2015 alone,
FDA and Interpol seized illegal medicines
and medical devices from more than 1,050
websites.1 Meanwhile, the World Health
Organization estimates that 10% of drugs
in the global marketplace are counterfeit,
with much higher levels (30%-40%) in developing countries and approximately 1%
in developed nations.2 Counterfeiting of
medicines is clearly big business — $200
billion annually, according to the World
Customs Organization.2
The objectives of the DSCSA are to enable tracking of drug product down to the

• Drug Supply Chain Security Act (DSCSA)
Implementation: Identification of
Suspect Product and Notification
• DSCSA Implementation: Product Tracing
Requirements – Compliance Policy

• The Effect of Section 585 of the FD&C
Act on Drug Product Tracing and Wholesale Drug Distributor and Third-Party
Logistics Provider Licensing Standards
and Requirements: Questions and
Answers (Draft Guidance)

• Guidance for Industry: Standards for
Securing the Drug Supply Chain –
Standardized Numerical Identification
for Prescription Drug Packages
• DSCSA Implementation: Annual Reporting
by Prescription Drug Wholesale
Distributors and Third-Party Logistics
Providers (Draft Guidance)
• DSCSA Standards for the Interoperable
Exchange of Information for Tracing of
Certain Human, Finished, Prescription
Drugs: How to Exchange Product Tracing
Information (Draft Guidance)

Between now and 2024, FDA plans to publish
final guidance on system attributes necessary
to enable secure tracing at the packaging level
and also on standards for data exchange to enhance secure tracing of product at the package
level. Additionally, the FDA plans to develop
regulations establishing a drug distribution security system for electronic tracing of product
at the packaging level.

individual unit of sale, improve detection
and removal of counterfeit products in the
drug supply chain, and facilitate more efficient drug recalls.
Verification requirements start in 2017

IMPLICATIONS OF SERIALIZATION
FOR THE U.S. PHARMA INDUSTRY
> BY WALTER C. HOLBERG III AND LEE MURTAGH, ALCAMI

New requirements under the U.S. Drug Supply Chain Security Act (DSCSA)
have been set for pharmaceutical manufacturers, repackagers, wholesale
distributors, dispensers and third-party logistics providers. Some of
these requirements began in 2014; additional requirements will be
phased in until 2023. The next deadline — November 2017 — applies
to manufacturers. Compliance is challenging, but noncompliance carries
the risk of significant consequences. In addition, challenges won’t end
with implementation: there will be vast quantities of data to manage to
support serialized production moving forward.
24 PHARMA’S ALMANAC
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for manufacturers, 2018 for repackagers,

less than six years after the date of the

would need to break down all packaging

2019 for wholesale distributors and 2020

transaction.

levels to the smallest saleable unit to de-

for dispensers. Following these dates,

• Upon making a determination that a

termine which unit-level serial numbers

products can only be transferred between

product is suspect or upon receiving a 		

are involved in a transaction. Therefore,

authorized trade partners. It is essential

request for information, promptly

while aggregation is not legally required

that all participants in the pharmaceutical

conduct an investigation to determine 		

per DSCSA, it is required by many trad-

drug supply chain become familiar with the

whether the product is an illegitimate

ing partners and is becoming the industry

law and its implementation over the next

product by verifying the standardized

standard.

six years, and work with partners that un-

product identifier on the package.

derstand and comply with the regulation.
NOVEMBER DEADLINE APPROACHES

• Upon making a determination that a

REAL CONSEQUENCES

product is illegitimate, notify the Secretary

The DSCSA was signed by the president

and trading partners within 24 hours.

and was an act of Congress, meaning

The next deadline of November 27, 2017,

that noncompliance will be penalized

applies to manufacturers, which are de-

It is important to note that while the

through legal action. More specifically,

fined as application holders. There are

DSCSA does not explicitly require aggre-

the DSCSA (Section 585 (b)(4)(C)) modi-

several requirements that manufacturers

gation (tracking of parent/child relation-

fies Federal Law 21 U.S.C. 331 to include

must meet, including:

ships from unit level to case, and case

noncompliance with aspects of the DSC-

• The provision of transaction information,

to pallet), statements such as “…enable

SA as a “Prohibited Act.” In addition to

transaction history and transaction

secure tracing of product at the package

compliance dates and requirements for

statements in electronic format.

level, including allowing for the use of ver-

T3 documentation (Transaction History,

• Having a system in place to affix or imprint a

ification, inferences, and aggregation as

Transaction Information and Transaction

product identifier [including the National

necessary...” are present in the language

Statement) and serialization, prohibited

Drug Code (NDC number), serial number,

of the Act.

acts will include reselling or misbranding

lot number and expiration date printed in a

In addition, because wholesalers and

a product and failing to report issues with

2-D barcode and human readable form] to

third-party logistics providers (3PL) need

shipments and/or suspect or illegitimate

each package and homogenous case of a

the capability to infer contents of pallets

product (within 48 hours).

product intended to be introduced in a

and cases to conduct their business effi-

“Failure to comply with DSCSA can

transaction into commerce.

ciently, they are requiring serialized prod-

lead to fines, suspension or revocation of

• The product identifier information must be

uct to be aggregated. Without aggrega-

license, and even potential imprisonment

maintained by the manufacturers for not

tion and inference, wholesalers and 3PLs

or civil penalties,” according to FDA.3
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While the DSCSA does not specify what

Implementation costs may be a further

services will need to identify individual

the penalties will be, Federal Law 21 U.S.C.

obstacle for smaller companies. Although

numbers in an aggregate, if necessary. In

333 specifies penalties for a prohibited

the up-front costs will be fairly well defined

addition, supply chain partners will need

act to include:

(i.e., the purchase of software and hardware

to share product location and transaction

• Imprisonment for not more than one year

to create a serialization system), costs to

information throughout the distribution

and/or a fine of not more than $1,000.

upgrade IT infrastructure remain ill de-

process, which may be difficult if partners

fined. The setup of a serialization system

use different software systems.

• Imprisonment of not more than three years
and/or a fine of not more than $10,000 for

and associated databases, ensuring com-

There is, however, currently no agree-

subsequent or intentional violations.

patibility between the serialization system

ment on how the data and databases

• Equitable remedies, such as restitution,

software and other software management

generated as the result of track/trace ac-

systems in a facility and long-term main-

tivities will be managed. In the distributed

tenance of databases, may stress already

model, each organization stores and trans-

stretched IT and production departments.

mits its own data as required. In the semi-

disgorgement of profits and product seizure.
• The Federal Criminal Code also authorizes
a general fine of up to $250,000 for
individuals and $500,000 for entities.

centralized model, organizations transmit
DATA MANAGEMENT CHALLENGES

data to one of several databases managed

The DSCSA also establishes the primacy

Serialization efforts must be scalable to

by third parties. In the centralized model,

of the FDA in regulating the pharmaceuti-

support increasing DSCSA tracking re-

traceability data would be transmitted to a

cal supply chain; the state will not control

quirements. A tremendous amount of

single repository managed by the govern-

what penalties are faced under the DSCSA.

tracking data will be generated at many

ment or an industry consortium.

levels. Serial numbers for unit-level serial-

In fact, at this point in the implementa-

PRODUCTIVITY AND COST ISSUES

ization must be FDA’s SNI guidance, with

tion of DSCSA requirements, the greatest

Implementation of the requirements in

2D barcodes expected to be most widely

challenge appears to be data management.

the DSCSA poses many challenges. Op-

used, but GTIN barcodes are another op-

A standard data format has not been man-

erational bottlenecks can be expected for

tion. Local data management systems must

dated by FDA but will be essential if data

several years as additional requirements

allocate, store and communicate assigned

is to be easily shared among supply chain

are implemented through 2024. As each

serial numbers and associated data.

partners.

system goes online, it will be necessary to

Systems must also be in place for track-

“work out the bugs” and provide addition-

ing at the pallet or case level to allow trace-

PROACTIVELY PREPARED

al training for production and warehouse

ability back to the manufacturer in case

With deadlines quickly approaching for

personnel.

of an investigation or damage. Software

serialization requirements, a strong crossfunctional team is crucial to implementing
new serialization systems and processes.
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Alcami is prepared. We provide proac-

Walter C. Holberg III
Scientific Advisor, Operations Lab Support, Alcami
Walter Holberg is a 30-year veteran of the pharmaceutical industry
with experience in analytical and product development for both
branded and generic products. Walter has been granted four patents
and has collaborated on seven scientific publications and posters
since 1989. He currently holds the position of Scientific Advisor –
Laboratory Operations Support for Alcami. He manages MD/MV
studies for API and drug products, generates technical test protocols
and reports, and is the subject matter expert for the company.
LinkedIn www.linkedin.com/in/walterholberg
Email walter.holberg@alcaminow.com

tive project management and technical
expertise to streamline customer onboarding and ensure continuity of supply. Our
packaging lines have been upgraded for
full serialization and aggregation capability and will be fully compliant with the new

DRUG
PRODUCT

APIs

Connected
At Every Level
Alcami is the new CDMO you already know. With world-class

regulations. Furthermore, Alcami offers its

capabilities we are focused on the best possible outcome

customers a universal connection point

for your product on every level. Building a personalized

for the exchange of serialized data via an

connection with transparency, trust, quality and innovation

enterprise serial number management

ensures an unparalleled customer experience, and the rapid

platform. This universal connection point
minimizes onboarding efforts and gives
customers access to any Alcami packaging
line and packaging format.

P

Lee Murtagh

advancement of your project. Alcami offers comprehensive
pharmaceutical development and commercialization services.
Connect with us.

Process Engineer, Alcami
Lee Murtagh, project leader for Alcami’s serialization implementation,
is a process engineer with nine years of experience in drug product
packaging and manufacturing. Lee has been involved with serialization
since 2012 on an early serialization and aggregation pilot and production
project, and has spent the last two years dedicated to implementing
Alcami’s serialization solution.

www.alcaminow.com
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> TRACK AND TRACE

WHY SERIALIZATION IN PHARMA

At Servier we do business with coun-

The World Health Organization (WHO) esti-

tries that have both emerging and estab-

mates that 1% of the drug supply in devel-

lished economies — nearly 150 in all. We

oped countries is counterfeit — including

fully expect approximately 80% of the

millions of prescriptions in the U.S. alone —

markets we serve to have serialization

with as much as 40% in developing nations.1

regulations in place by 2021. We see the

Counterfeit medicines can pose serious,

need to comply with regulations in coun-

even life-threatening danger to patients.

tries like Turkey, China, South Korea and

At the same time, the pharmaceutical

Saudi Arabia as offering the opportunity

supply chain has become more global

to conduct pilot runs prior to being faced

and more complex, as drug companies

with the requirements of the EU.

increasingly rely on outsourcing partners

SERIALIZATION: THE FIRST STEPS
IN SALES UNIT TRACEABILITY AND
DATA MANAGEMENT
> BY MICHAEL KINSELLA, SERVIER

Increasing numbers of countries around the world are requiring some
level of unit traceability in the pharmaceutical industry. While initially
driven by regulations, the impacts of serialization will be far-reaching.
Early adopters that implement a strategy that goes beyond compliance
to leverage the vast quantities of newly generated data will be well
positioned for success in the digital age.
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for development and manufacturing sup-

WIDESPREAD IMPACT

port. Governments have responded by es-

Serialization is not simply applying a se-

tablishing serialization (track and trace)

rial number to product packaging. It is

requirements, many of which have loom-

truly a change in the bio/pharmaceutical

ing implementation deadlines.

industry that will impact all aspects of

On a fundamental level, serialization

the supply chain, not just manufacturers

brings to the pharmaceutical industry

that must install equipment and software

tracking of drug products on a sales unit

systems. In fact, serialization will also im-

level throughout the supply chain, from

pact distributors, wholesalers, clinicians,

initial manufacture through distribution

pharmacists, and patients. For instance,

and onto receipt by the patient. This tech-

patients will have the opportunity to re-

nology is already widely applied in other

quest reimbursement and file complaints

sectors, but with the implementation of

on specific product units. Indeed, track-

track and trace systems, the pharmaceu-

ing and tracing of sales units on a global

tical supply chain is embarking on a new

basis is just the tip of the iceberg; it will

journey. Initially, track and trace will be

have a huge impact on the way people in

required for each box; perhaps ultimately

the industry do their jobs.

it will apply to each unit dose or vial.

IN BRAZIL,
FOR EXAMPLE,
SERIALIZATION
IS SOUGHT TO
ASSIST WITH TAX
CONTROL ISSUES,
WHILE IN TURKEY
THE GOVERNMENT IS
LOOKING TO LIMIT
FRAUDULENT
REIMBURSEMENT
CLAIMS AND CHINA IS
SEEKING TO ACHIEVE
A CERTAIN LEVEL OF
STANDARDIZATION
AND REASSURANCE FOR
DISPENSERS.
CENTRALIZED APPROACH

For manufacturers, from a project man-

To ensure effective management of the

The challenge is to mark the identity of

agement perspective, serialization is not a

physical equipment, software systems,

each individual sales unit with full trace-

simple project with a defined scope. It is a

and data generated at each of our multiple

ability during its passage through the

complex initiative with numerous aspects

sites and compliance with varying coun-

supply chain. Doing so requires the gen-

that impact many different business pro-

try requirements, Servier determined in

eration and sharing of new types of data

cesses. It is necessary to harmonize many

2014 that the best strategy would be to

never previously managed by pharmaceu-

different components and requires co-

develop a centralized track and trace so-

tical companies. Collaboration across the

operation and collaboration across many

lution and create a corporate-level serial-

supply chain to ensure security and integ-

different business units and with external

ization team.

rity of the data is essential.

members of the supply chain.

We elected to conduct the vast majority

As a result, the impacts go beyond

of the project (and project management)

RAPID EXPANSION OF REGULATIONS

ensuring

regulatory

in-house rather than bring in third-party

During the last three years, the number

requirements. Other benefits of imple-

suppliers. This strategy was selected so

of countries publishing serialization/unit

menting serialization solutions include

that we could develop the necessary in-

traceability regulations has grown sig-

standardization of equipment and pro-

ternal expertise as rapidly as possible.

nificantly. In general, it seems that gov-

cesses across facilities, improved qual-

Our initial efforts have been focused on

ernments are seeking to leverage the ad-

ity, enhanced access to supply chain data,

compliance with regulations in the many

vanced technologies that are applicable to

real-time verification of packages in tran-

different countries that already require

serialization to address a number of differ-

sit and fraud prevention. The biggest ques-

track and trace capabilities, including

ent issues. In Brazil, for example, serial-

tions related to the vast quantities of data

Argentina, Turkey, China, South Korea

ization is sought to assist with tax control

that will be generated as a consequence of

and Saudi Arabia, and those with loom-

issues, while in Turkey the government is

implementing track and trace capabilities

ing deadlines, such as Egypt, Lebanon,

looking to limit fraudulent reimbursement

are related to data ownership, security and

Jordan, Taiwan, Russia and Europe (Ser-

claims and China is perhaps seeking to

integrity. All of these data management

vier does not sell products in the U.S., but

achieve a certain level of standardization

and business intelligence issues must defi-

serialization requirements are impending

and reassurance for dispensers.

nitely be thoroughly considered.

there as well).

compliance

with
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INITIALLY,
SERIALIZATION
WILL BE REQUIRED
FOR EACH SALES
BOX; PERHAPS
ULTIMATELY IT WILL
APPLY TO EACH UNIT
DOSE OR VIAL.

A versatile system is being implemented

the requirements for different countries.

CDMOs AND SERIALIZATION ASSURANCE

In addition, an organization is being put

Serialization is still a new concept, and

in place to maintain the system and work

as a result, we are finding that some cli-

with all aspects of the businesses that are

ents of Servier CDMO are now beginning

impacted by the serialization program.

to ask detailed questions about our track

The exposure Servier has to so many

and trace program. But generally, clients

countries and their different serializa-

are looking for assurance that Servier is,

tion requirements is a challenge, but

or will be, in compliance with serializa-

also creates opportunities. We make a

tion regulations around the world as they

point of establishing close relationships

come into force. The fact that Servier al-

with the local agencies and regulatory

ready has packaging lines equipped for

authorities, which gives us an advantage.

serialization gives our customer confi-

This access provides us additional infor-

dence that we have the capability to man-

mation and a greater understanding of

age the compliance aspects.

the nuances of each regulation and the

At Servier, we have a dedicated quality/

motivations, goals and expectations of

validation role within the serialization

the authorities.

project to ensure that risk assessments

that allows for compliance with different

of all systems are conducted. This also

country serialization schemes and en-

PAY TO PLAY

includes making sure that all systems

sures full compatibility and connectivity

There is no argument that serialization

are fully audited. We also anticipate sig-

with systems at our CDMO client compa-

requires an initial up-front investment.

nificant discussions regarding data ex-

nies. The program is sponsored by the sup-

However, at a minimum it is essential to

change and how to control data security.

ply chain director, but also incorporates

be compliant with track and trace regula-

Clients want to be assured that there is no

representatives from marketing, distribu-

tions; careful investments can also lead

risk of data breaches when products are

tion, production, finance and more.

to the numerous benefits cited above,

released to the market. We place empha-

The equipment, software and other

particularly regarding access to informa-

sis on stress testing and validation report-

program components will be the same at

tion never previously available to pharma-

ing. In fact, proof of validation and proof

all nine Servier packaging plants to en-

ceutical companies. In this case, you defi-

of security are essential. Because respon-

sure harmonized operations. All employ-

nitely have to be willing to pay to play — as

sibility ultimately lies with the market-

ees will also receive the same training

the adage goes, you cannot compete if you

ing authorization holders, including our

in order to accurately operate the new

don’t have a seat at the table.

clients, we do expect to see increasing

serialization systems and to develop the

At Servier, although a significant in-

skill sets needed to quickly make effec-

vestment has to be made in serialization

tive decisions. This approach also facili-

and aggregation per line, comprising

tates technology transfer from one site

bar-coding equipment, visions systems,

DATA MANAGEMENT AND OPPORTUNITIES

to another.

software

systems,

In the pharmaceutical industry, serializa-

One person is responsible for consoli-

benchmarking within the industry has re-

tion will become the new standard for

dation of all serialization legislation so

vealed that our level of expense per line

unit traceability. Servier responded early

that the system has the capability to meet

remains competitive.

to this issue and is on track to be in com-

and

line

control

numbers of questions about serialization
going forward.

pliance with the many track and trace
requirements of the countries we serve.
We have committed to making security a
ABOUT THE AUTHOR

EMBEDDED PROTECTION
FOR YOUR MOLECULE

large component of our serialization pro-

Michael Kinsella

gram strategy.

Projects Director Serialization & Packaging, Supply Chain, Servier

It is difficult to know where serialization is ultimately going, but it is patently

An engineer by background, with a combined 20 years’ experience
in aeromotive, automotive, medical device, packaging equipment,
pharmaceutical blister and bottle packaging, Michael started
his Servier experience in the Irish production site and currently
works in Servier headquarters’ supply chain department. Michael
is primarily managing Servier’s serialization program. Servier has
already rolled out serialization solutions for South Korea, China
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partners. The team is now deploying data management solutions
at corporate and technical solutions on our international sites.
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clear that it will have impacts on the
structure of the pharmaceutical industry
well beyond compliance requirements,
and in particular, regarding the management and analysis of serial number transactional data.
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ENGAGE AN
EMBEDDED CDMO
YOUR MOLECULE IS OUR MOLECULE
There is a reason to consider embedded CDMO services from a leading
pharmaceutical company. You want to protect your molecule – and this happens
when you engage our years of know-how, embedded quality, and empathy with
your objectives. Servier CDMO brings these strengths to integrated development,
manufacturing, packaging and supply chain services for drug substance and drug
product from 11 facilities worldwide. During six decades, we’ve launched more than
50 commercial products. There is your reason to consider Servier CDMO.
For more information, visit www.servier-cdmo.com or contact cdmo@servier.com
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> CELL AND GENE THERAPY

SUPPORTING THE TECH
TRANSFER CONTINUUM
FOR CELL & GENE
THERAPIES
> BY JESSICA TATE, Ph.D., MATTHEW CAPLE AND
RICHARD 0. SNYDER, Ph.D., BRAMMER BIO

As growing numbers of biopharmaceutical companies
experience clinical success with new cell and gene
therapies, they are satisfying their development and
manufacturing needs in collaboration with contract
service providers. Those organizations that can support
the continuum of tech transfer projects from preclinical
to commercial manufacturing will be best positioned
to meet the expanding needs of the marketplace.

TECH TRANSFER CONTINUUM

themselves but also the analytical methods

Technology transfer of cell- and gene-

that support them.

therapy production processes is a com-

Mature projects that are moving from

plex undertaking that can occur at differ-

phase III into commercial production can

ent stages of development. The reasons

present challenges of their own. Difficul-

for transferring a process vary significant-

ties may arise when client processes are

ly and often correlate with the maturity of

not as characterized or controlled as would

the process.

be expected based on client descriptions.

When companies initiate development

It is essential that sponsor firms trans-

programs for next-generation therapies,

ferring next-generation technologies to

they often rely on assistance from univer-

CDMOs be fully aware of the actual state

sity laboratories or other academic insti-

of their processes and accurately describe

tutions for production of the small quanti-

them to their outsourcing partners prior to

ties of material required for early studies.

project initiation.

They may find, however, that those organizations are unable or unwilling to license

THE REGULATORY PERSPECTIVE

cell lines and other reagents used in manu-

Pharmaceutical technology transfer as de-

facturing at later stages. Additionally, the

fined by the Parenteral Drug Association

cell lines may not be very well character-

(PDA) “consists of planned and controlled

ized or the pedigree is unknown, informa-

actions that are based on well-defined ac-

tion that is necessary for an FDA biologics

ceptance criteria to convey a manufactur-

license application (BLA) filing and com-

ing process, analytical method, packaging

mercial production.

component, or any other step or process

In these cases, the company must turn to

along the pharmaceutical drug lifecycle

a contract development and manufacturing

from an originator site, known as a sending

organization (CDMO) that can help iden-

unit (SU), to a new site, the receiving unit

tify appropriate cell line platforms, create

(RU).”1

master cell banks, identify and source raw

The goal of tech transfer as outlined in

materials, and design production and pu-

ICH Q10 is to “transfer product and pro-

rification strategies to generate products

cess knowledge between development

that meet purity and safety standards and

and manufacturing, and within or between

other desired quality-attribute specifica-

manufacturing sites to achieve product re-

tions. In some cases, both raw material

alization.” This knowledge “forms the ba-

and product specifications must be estab-

sis for the manufacturing process, control

lished. Processes and analytical methods

strategy, process validation approach and

must be developed and qualified using re-

ongoing continual improvement.”2

liable standards and controls. Batch and
test records also need to be drafted.
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Brammer Bio was established in 2006 as
a biologics CDMO focused on providing
process development, clinical and commercial
supply of autologous and allogeneic cell therapies, and viral vector products used for ex vivo
and in vivo applications. With facilities for earlystage projects in Florida, and late-stage and
commercial manufacturing projects in Massachusetts, the company can transfer in external
projects all along the product development continuum as well as transfer projects internally as
they progress from early to later stages.
The emphasis at Brammer Bio is on communication and transparency. We listen intently
to our clients and work hard to ensure that
our client team is aligned on all aspects of a
project. Brammer’s technology transfer teams
include experienced scientists from all areas
relevant to each individual project (e.g., process development, analytical development,
manufacturing, quality, etc.) and are facilitated
by a dedicated project manager. Each team
member has clearly defined responsibilities
and each interacts with their counterpart on
the client or internal project team to ensure
close, frequent and transparent interactions.
At Brammer Bio’s Florida facility, we provide
process development support as well as the
production of GMP material for phase I/II studies. In Massachusetts, we have the capability to
support both large- and small-volume late-stage
and commercial manufacturing, including formulation development and fill/finish services.
In both locations, we also provide analytics development and testing. To facilitate tech transfer
between Brammer’s Florida and Massachusetts

sites, we have an SU team in Florida and a RU
team in Massachusetts with extensive experience managing the internal transfer of projects. Brammer’s tech transfer teams accept
projects from clients directly into Florida for
early-phase support and into Massachusetts
for late-phase support. The Florida tech
transfer team’s experience, together with
input from the Massachusetts team, allows
them to develop controlled processes and
analytics with a perspective for large-scale
manufacturing, even at an early stage. The
Florida SU together with the Massachusetts
RU facilitates the seamless transfer of technology for late-stage manufacturing, thereby
streamlining and accelerating the life cycle of
a product to market.
Clients that transfer projects to Brammer
Bio benefit from the collective learning and
depth of knowledge regarding process development and the identification of optimal
solutions gained by the company during the
completion of over 100 client projects and
the delivery of over 150 clinical lots for human trials. This high level of both process
and analytical development, and clinical supply and commercial manufacturing expertise, makes Brammer Bio a comprehensive,
integrated outsourcing partner for pharmaceutical companies requiring assistance with
their next-generation therapy projects.

Controls for transfer of processes, documentation and professional expertise are

Companies further along in the develop-

essential, according to the World Health

ment cycle may need a horizontal transfer

Organization, which states that “Technol-

work.5 Personalized medicines such as

analytical requirements and processes

of information to switch service providers

ogy transfer embodies both the transfer

cell and gene therapies in fact have the

should also be provided.7 Other aspects of

in order to gain access to larger-scale pro-

of documentation and the demonstrated

potential to suffer from greater manu-

an effective technology transfer program

duction capabilities. There are currently

ability of the RU to effectively perform the

facturing variability due to the increased

include an agreed-upon, detailed project

a limited number of CDMOs that can pro-

critical elements of the transferred tech-

influence of the underlying biology, which

transfer strategy with clearly delineated

vide support for the commercialization of

nology to the satisfaction of all parties and

can lead to inefficiencies in technology

acceptance criteria for all steps of the

these advanced therapies. Most projects,

any applicable regulatory bodies.”3

transfer.6

tech transfer process, including final GMP

therefore, require the transfer from one

Overall, technology transfer should be

Regardless of the maturation stage of

manufacture;8,9 established project man-

outsourcing partner to another as they ad-

pursued using a science- and risk-based

a next-generation therapy project or the

agement procedures; small-scale runs to

vance to phase III and beyond.

approach that achieves a balance between

type of technology transfer to a CDMO,

verify performance; and at least one pre-

Clients who are in the midst of phase I/II

risk minimization and cost effectiveness

technology transfer should follow a highly

GMP engineering run.7

studies often produce clinical material us-

while aligning with applicable regulatory

structured approach, starting with robust

Technology transfer begins with shar-

ing less-than-optimal processes. Typically

expectations.4

information exchange through provision

ing of all relevant information, including

7

of a comprehensive technology transfer

safety aspects (e.g., safety profile, mate-

be optimized to establish a process and

HIGHLY STRUCTURED APPROACH

document package or technology trans-

rial safety data sheets, biosafety level

analytics suitable for phase III trials. There

Inefficiencies during technology transfer

fer package that contains the process de-

concerns, etc.) and process (e.g., cell line,

are consequently opportunities in verti-

can have significant, negative time and

scription, process parameters, process

manufacturing reagents, process condi-

cal transfer of information to incorporate

cost consequences and may also lead to the

performance and a process development

tions,

improvements, not only in the processes

need for additional process development

report.5 Any available information on the

and analytical (e.g., protocols, custom

the process controls and methods need to
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Tech Transfer at Brammer

purification

methodology,

etc.),
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reagents, assay standards, etc.) details.

of the information technology and quality

the capability to identify appropriate alter-

In essence, the client must provide all of

systems, culture, and project management

natives and perform the necessary compa-

the available information that will enable

and problem-solving approaches is equally

rability studies to show that they achieve

the CDMO to design, develop, optimize or

important.10

similar process yields and similar product

implement processes and resources depending on their level of maturity.

quality attributes.
VIRAL VECTOR TECHNOLOGY

It is also not unusual to have processes

TRANSFER SOLUTIONS

transferred to CDMOs that are not prac-

technology transfer team is closely aligned

As mentioned above, the range of support

tical at a larger scale. For instance, the

with the client’s team with regard to all

required during the transfer of projects

upstream cell-culture configuration may

facets of the project, including the devel-

focused on next-generation therapies var-

be inappropriate for the scales needed at

opment program, manufacturing require-

ies from project to project, and along the

later stages; early processes conducted on

ments and product release requirements.

product life cycle.

flat stock often do not scale easily to the lot

The CDMO must also ensure that its

Close

collaboration

with

transparent,

One of the most common issues is raw

sizes needed for later-stage clinical stud-

two-way communication facilitates a suc-

material sourcing. Many clients bring pro-

ies, and thus the process may need to be

cessful technology transfer and successful

cesses to CDMOs that use raw materials

redesigned. One primary downstream pro-

project completion. Direct communication

that are not appropriate for GMP manu-

cessing example is centrifugation, where

between scientists and engineers at the SU

facturing, such as uncharacterized animal-

a CDMO will develop a filtration or chro-

and RU is essential to success.7 In addition

derived materials or chemicals of a lower

matographic purification method as an al-

to alignment of the SU and RU, alignment

grade than is suitable. CDMOs must have

ternative. Some clients require assistance
with formulation development as well, such
as determining the appropriate concentra-
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fill volume to ensure delivery of the correct
dose with minimal product loss.
With respect to analytical methods, protocols often need to be developed to support manufacturing processes. In many
cases, characterized references standards
for the analytical methods also need to be
established. The assays need to be qualified and then fully validated to support release of the product at different stages of
development.
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Best-in-Class ContraCt ManufaCturing
Brammer Bio is a CDMO focused on providing process development, clinical, and
commercial supply of viral vector and cell and gene therapy products, enabling the
delivery of novel medicines and improving patient health. We have a highly skilled
team of scientists with the development, manufacturing and analytical expertise
from 100 client projects that is required to tackle the challenges posed by these
novel technologies and help accelerate their transition from the clinic to patients
in need while focusing on meeting cGMP standards. Brammer Bio has the
expertise to support your gene and cell therapy projects to Phase III and beyond.

www.brammerbio.com

> CONTINUUM OF TECHNOLOGIES

T

Development of an antibody with both

conformation, binding affinity, etc.), but

ture of antibody-drug conju-

the desired binding affinity and specific-

also addresses the desired modes of ac-

gates (ADCs) requires exper-

ity, attractive physicochemical proper-

tion and safety concerns that might lead

tise in both biological drug

ties, safety profile, and an efficient, cost-

to issues in the clinic. Abzena specializes

substance and chemical active

effective process for the production of

in the construction of customized assays

pharmaceutical ingredient (API)

clinical and commercial material requires

for novel products where “off-the-shelf”

technologies. The need for con-

protein engineering and cell line develop-

assays are not available, especially in the

tract development and manu-

ment as well as bioprocess development

burgeoning immune-oncology sector.

facturing organizations (CDMOs) to pro-

and scale-up expertise. Production of

Preclinical immunogenicity assessment

vide the full spectrum of services for this

cytotoxic payloads requires specialized

to aid lead selection and inform of poten-

rapidly growing drug type for enhanced

manufacturing facilities, equipment and

tial clinical safety and product perfor-

patient treatment is rising.

highly trained operators who can perform

mance issues is achieved using Abzena’s

advanced synthetic chemistry and purifi-

EpiScreenTM suite of functional assays,

TARGETING ADCs

cation techniques under highly contained

which enable determination of the likeli-

ADCs have attracted significant interest

conditions. Access to state-of-the art link-

hood that a product will induce antidrug

due to the success of the first two FDA-

er technology with the ability to perform

antibodies. If a client’s antibody (or other

approved products — Adcetris® (brentux-

the bioconjugation of highly potent pay-

therapeutic biologic) is found to have im-

robust RCBs of good productivity. Abzena

imab vedotin from Seattle Genetics) and

loads to antibodies is also needed.

munogenicity potential, Abzena can apply

provides all necessary documentation sup-

emtansine

This requirement for extensive and var-

its humanization or deimmunization tech-

porting the clonality and quality of the RCB

from Genentech). These complex drugs

ied technical expertise has resulted in the

nologies to reduce immunogenicity po-

required for GMP manufacturing.

consist of three components — an anti-

outsourcing of most ADC manufacturing —

tential while maintaining the integrity and

body conjugated using linker chemistry

approximately 70%-80%, according to

functionality of the candidate molecule.

to a small molecule, highly potent payload.

Roots Analysis.3 There are only a few con-

Abzena can apply standard methods for

of only a few CDMOs with direct access to

This design enables targeted delivery of a

tract manufacturers that offer linker chem-

humanization of antibodies but also offers

and recent experience of successful RCB

cytotoxic agent to the site of interest, sig-

istry and cytotoxic payload development,

a more complete and thorough approach

development of older cell lines used for

nificantly increasing efficacy while reduc-

and even fewer that provide ADC bioconju-

through its proprietary Composite Human

production of many of the biosimilar bio-

ing side effects seen with systemically de-

gation services.3

AntibodyTM technology. Currently, there

logic opportunities. For example, Abzena

are 12 products in the clinic that have used

has access to a serum-free SP2/0 cell line

BUILDING ON LINKER TECHNOLOGY

this technology with no antidrug antibody

for biosimilar manufacture. SP2/0 cells

growing rapidly. Different market research

In recognition of this gap in the CDMO

issues reported. Composite ProteinTM tech-

were frequently used to produce biolog-

firms report compound annual growth

space, Abzena was formed in 2014 fol-

nology is also available for the deimmuni-

ics prior to the popularity of CHO cell

rates (CAGR) ranging from 21.82% between

lowing

zation of nonantibody therapeutic proteins

lines. With its colocated, sophisticated

2017 and 2022 (Azoth Analytics)1 to 41.7%

(ThioBridgeTM

linker

and has been shown to be effective even

and advanced bioanalytical capabilities,

from 2016 to 2024 (Credence Research).2

technology) of Warwick Effect Polymers

for a biologic drug substance that is entire-

Abzena is also able to rapidly evaluate

The latter estimates the value of the market

(low-viscosity polymers for half-life exten-

ly foreign to humans.

the similarity of material produced using

for ADCs will grow from $1.3 billion in 2015

sion) and Antitope (immunogenicity, pro-

Combined, these technologies help cus-

these cell lines with the original product

to $29.3 billion in 2022.2 The clinical pipe-

tein deimmunization and manufacturing

tomers design and construct better prod-

for a very streamlined biosimilars devel-

line included 53 molecules as of late 2015,

cell line development services). Its ADC

ucts. The breadth and depth of scientific

opment program.

with nearly one-third in phase II or phase

capabilities were then further expanded

knowledge and understanding of the prod-

III, along with an additional 60 ADCs at

with the acquisition in 2015 of PacificGMP

uct development process at Abzena is ap-

BIOPROCESS DEVELOPMENT

the discovery/preclinical stage, according

(bioprocess development and GMP manu-

plied on a regular basis to the production

AND MANUFACTURING

to Roots Analysis.3 Roots Analysis expects

facturing) and The Chemistry Research

and selection of lead candidates with the

Development of optimized processes for

approximately 10 new ADC commercial

Solution (TCRS), which provides cytotoxins

goal of improving the chances of success

the non-GMP and GMP production of lead

launches through 2025 but pegs the value

and chemistry services.

in the clinic.

candidates (whether identified by Abzena

Kadcyla®

(ado-trastuzumab

livered cytotoxic therapies.

PROPAGATING A FULL
SPECTRUM OF SERVICES
FOR ADC DEVELOPMENT
AND MANUFACTURE
> BY JOHN MANZELLO AND CAMPBELL BUNCE, ABZENA
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ABZENA HAS
EFFECTIVELY COMBINED
A COMPREHENSIVE
RANGE OF EMERGING
TECHNOLOGIES TO
SUPPORT THE FULL
SPECTRUM OF ACTIVITIES
INVOLVED IN BIOLOGIC
DRUG DEVELOPMENT.

he development and manufac-

Not surprisingly, the ADC market is

acquisitions

by

proprietary

PolyTherics
ADC

in Cambridge or elsewhere by clients)

of the market at a much smaller $10 billion
by that year.3

Biosimilars development is also a core
capability of Abzena. The company is one

takes place in San Diego at the former

TECHNOLOGY FOR LEAD
CANDIDATE SELECTION

CELL LINE DEVELOPMENT AND

PacificGMP site. Significant investments

COMPLEX CHALLENGE

At its Cambridge, UK facility, Abzena of-

BIOSIMILARS SUPPORT

are currently being made to upgrade the

Because ADCs contain both large and

fers support at the very earliest stages of

For lead product candidates, Abzena can

facility to larger (2 x 500 L plus a third

small molecule components and involve

development, including discovery, design

establish research cell banks (RCBs) for

2,000 L within 12 months), single-use

the preparation and bioconjugation of

and characterization of lead candidates.

manufacturing purposes with experience

stirred-tank bioreactors. This retrofit is

highly potent compounds, the breadth

With its many proprietary functional as-

in many cell lines, including its own pro-

in response to a general demand in the

and depth of expertise and technical ca-

says and extensive analytical expertise,

prietary Composite CHOTM cell line. Com-

marketplace and the need of many legacy

pabilities required for their manufacture

Abzena not only determines the necessary

posite CHOTM is a license-free technology

clients with clinical successes for larger-

are extensive.

physicochemical

that allows the development of stable and

volume production capabilities.

properties

(structural
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development, pilot/engineering and manu-

Abzena is expanding its capabilities to

facturing scales have the same design, al-

include the GMP manufacture of its Thio-

lowing rapid scale-up.

BridgeTM linker reagents for coupling toxic
payloads to antibodies.

CYTOTOXIC PAYLOAD AND
ADC LINKER MANUFACTURING

BIOCONJUGATION

The toxic payloads for ADCs, as well as

The GMP bioconjugation services at the

other highly potent and conventional com-

Bristol facility have progressed, with the

pounds, are produced at Abzena’s Bristol,

site expecting to offer the conjugation of

Pennsylvania site (previously TCRS). The

linker-payload molecules with antibod-

company has a toolbox of more than 20

ies by early 2018. Three different levels

different payloads for the preparation of

of service will be offered: lab-scale, non-

ADCs, with extensive expertise in custom

GMP conjugation; non-GMP process de-

synthesis of novel linker-payload variants

velopment and optimization; and GMP

and chemical moieties.

bioconjugation.

Simultaneously, expansion of process

The facility is currently being modified

In addition to its proprietary Thio-

development capabilities at the San Diego

to add to its fee-for-service chemical syn-

BridgeTM linker technology, which allows

facility is underway to help clients develop

thesis operation, which also provides GMP

site-specific conjugation through reac-

more robust, predictable processes for

manufacturing services. The first verifi-

tion with the disulfide bond between two

GMP production of clinical trial material

cation run for monomethyl auristatin E

cysteines in the antibody without disrup-

(up through phase II at present). Installa-

(MMAE, vedotin), a well-known and well-

tion of the tertiary structure of the pro-

tion of an ambr® 250 bioreactor system

characterized highly potent antimitotic

tein, Abzena can provide a selection of

(from Sartorius Stedim Biotech) for parallel

agent, was completed in Q1 2017. Process

other cleavable and noncleavable linkers

cell culture using 24 x 250 mL SU bioreac-

development services (route design and

and spacer molecules for use with a vari-

tors is underway. A plethora of state-of-the-

optimization, troubleshooting, process op-

ety of conjugation technologies. With this

art downstream technologies are also be-

timization, etc.) are also available. In addi-

choice of approaches, it is possible to op-

ing adopted, with the process development

tion, Abzena is developing its own propri-

timize the pharmacokinetics and pharma-

group expanding into a state-of-the-art fa-

etary cytotoxic payloads and establishing

codynamics of not only ADCs but many

cility that will support GMP manufacturing.

relevant IP.

other therapeutic peptides and proteins.

Notably, all of the equipment at the process

From discovery through lead selection to GMP manufacturing, Abzena brings together
a range of services and technologies to seamlessly support customers’ projects

Cambridge, UK | San Diego, CA, US | Bristol, PA, US

San Diego, CA, USA

ADCs HAVE ATTRACTED
SIGNIFICANT INTEREST DUE
TO THE SUCCESS OF THE
FIRST TWO FDA-APPROVED
PRODUCTS, WITH OVER
100 IN DISCOVERY/
PRECLINICAL STAGE,
PHASE I OR II.

Proprietary Technologies & Complementary
Services to Enable Better Biopharmaceuticals

GMP manufacture specializing in single-use
technology for the production of biopharmaceuticals
for preclinical, Phase I and II clinical trials
Process development focuses on improving
yield at each stage of development by
optimizing each step in the process

Bristol, PA,USA
Bioconjugate and ADC Manufacturing
and synthesis of payload-linker
combinations
Custom synthesis of a variety of
complex molecules and payloads at mg
to kg scale

To further support ADC manufacture,
FULL SPECTRUM
To meet the growing demand for ADCs

ABOUT THE AUTHORS

and other antibody-based biopharmaceu-

John Manzello

ticals, Abzena has effectively combined a

President, Abzena U.S.

comprehensive range of emerging tech-

John Manzello heads up Abzena’s U.S. operations, covering both its
mammalian manufacturing and chemistry research operations. John
comes to Abzena after serving as president of San Diego’s Promosome
LLC. John expanded the business development, intellectual property
portfolio and strategic alliances for Promosome’s suite of synthetic
biology technologies.

nologies to support the full spectrum of
activities involved in biologic drug development. Ongoing investments in facilities, equipment and personnel will further
enhance the company’s ability to serve as
a true partner to developers of innovative
therapies and biosimilars. With advanced

LinkedIn www.linkedin.com/in/john-manzello-b682537/
Email john.manzello@abzena.com

capabilities in cell line development;

is positioned to accelerate the develop-

Senior Vice President of Scientific Operations, Abzena
Campbell Bunce leads Abzena’s scientific operations, bringing over
19 years’ experience working in the biotech and diagnostics sectors,
occupying senior management positions with Piramed Pharma, Immune
Targeting Systems and Oxford Immunotec. Campbell has a Ph.D. in
immunology from the University of Manchester and has published a
number of papers in T cell biology, immunomodulators
and vaccines.

ment and manufacture of important nextgeneration therapies to benefit both its
clients and their patients.
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EpiScreen™ for ex vivo assessment of the
immunogenicity of biopharmaceuticals

Bioassays & Bioanalytics including a range
of standardised cell-based and biochemical
assays and analytical equipment
Biosimilar cell line development in CHO,
NS0 and SP2/0 including enhanced PQA

Composite Human Antibody™ technology
to humanise and deimmunise antibodies

ThioBridge™ for the generation of more
homogeneous antibody drug conjugates

Composite Protein™ technology for
deimmunisation of therapeutic proteins

TheraPEG™, CyPEG™ and HiPEG™ for
linking polymers to therapeutic proteins to
extend their duration of action

iTope and TCED™ to identify T cell epitopes
using a proprietary database and algorithm

antibody, linker and cytotoxic payload
production; and bioconjugation, Abzena

Campbell Bunce

Cambridge, UK

Market. Rep. Credence Research. 3 Apr. 2017. Web.
3. Antibody Drug Conjugates Market (3rd Edition). Rep.

Composite CHO™ to produce high
expressing cell lines for manufacture

Roots Analysis. 10 Dec. 2015. Web.
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Start your project today. Visit www.abzena.com

> M QA

after they have been produced, with MQA,
quality is evaluated during the entire manufacturing process in real time, so that any
potential issues can be quickly addressed.
The result: accelerated batch release and

MOVING QUALITY TO THE
FOREFRONT BRINGS
MEASURABLE RESULTS

product review processes, leading to more
rapid delivery of high-quality products to
our customers. Once a sufficient dataset
is generated (after at least one full year),
statistical evaluations will provide further
information on areas that can benefit from
further improvements.
MORE EFFICIENT ORGANIZATION
The second initiative at UPM, undertaken
in 2016 with the goal of improving our quality performance, was the realignment of
our laboratories along specific capabilities. Today we have labs focusing on raw
material testing, release testing, stability

> BY CHRIS CURTIN, UPM PHARMACEUTICALS

testing and microbiological testing. This
reorganization has not only boosted the
quality of our output, it has increased our
efficiency and responsiveness.
A third change in 2016 involved the institution of a team approach for client
support. Each UPM customer is now supported by an R&D manager, who is teamed

Quality initiatives are imperative in the pharmaceutical
industry, but not all quality systems are equal. The new,
proactive approach to quality adopted in 2016 by clientfocused UPM Pharmaceuticals includes implementation
of manufacturing quality assurance (MQA), the use of
metrics to evaluate performance, and realignment of
its laboratory functions to increase both efficiency and
responsiveness. Together, these changes add up to
accelerated delivery of high-quality products.
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FDA FOCUS ON QUALITY

sometimes within different sites of the

quality culture.4 Part of this effort includes

with a quality project manager. These in-

The U.S. Food and Drug Administration

same firm. The agency thus issued a tech-

introduction of the New Inspection Proto-

dividuals are involved with a project from

Safety and Innovation Act (FDASIA), which

nical reference document providing rec-

col Project (NIPP), which requires inspec-

the time the client first brings it to the com-

was passed in 2012, requires FDA to use a

ommendations on the submission of data

tors to consider quality practices that go

pany through to completion, from proof of

risk-based approach to the inspection of

to be used for the calculation of quality

beyond the minimum requirements and

concept to commercialization.

pharmaceutical manufacturing sites and

metrics as part of the process validation

the state of quality at a manufacturing site,

authorizes the agency to collect manufac-

life cycle and pharmaceutical quality sys-

including the quality culture, design and

USING METRICS TO IDENTIFY

turing quality data and other records in

tem (PQS) assessment.2

effectiveness of the quality programs —

OPPORTUNITIES FOR IMPROVEMENT

advance of, or in some cases instead of,

In response to industry concerns, FDA

not just specific deficiencies. Sites will

Our fourth new quality program imple-

conducting inspections. In response, FDA

released a revised version of the Draft

be ranked according to six performance

mented in 2016 was the implementation of

formed the Office of Pharmaceutical Qual-

Quality Metrics Guidance in November

levels, including two that recognize per-

quality metrics. We have begun using met-

ity and issued a draft guidance on its in-

2016.3 The program was changed to include

formance that exceeds basic compliance.

rics to evaluate the quality performance

tended use of quality metrics to determine

an initial voluntary phase through 2018,

The agency will initially target sterile drug

at both the department and individual

site risk rankings, redesign inspection

the number of data types to be collected

manufacturing but expects to ultimately

level. Error rates in manufacturing and at

protocols, predict possible drug shortages

was reduced and the data definitions were

apply the approach to all inspections.5

our laboratories are closely monitored to

and encourage the implementation of ad-

revised and supported with examples.

vanced quality management programs. The

Pharmaceutical manufacturers were also

MOVING QUALITY TO THE FOREFRONT

occur. An investigation into the root cause

proposed metrics included lot acceptance

given more flexibility in how they report

In light of the changing focus on quality

is then conducted to try to understand the

rate (LAR), product quality complaint rate

the data (site and product reports will be al-

metrics and quality culture at FDA, in 2016

reason for the errors, such as a lack of

(PQCR),

out-of-specification

lowed). The agency is now focusing on LAR,

UPM Pharmaceuticals elected to adopt a

training or need to redefine poorly written

rate (IOOSR) and annual product review on

PQCR and IOOSR and will use the data to

new approach to quality management and

standard operating procedures (SOPs). We

time rate (APROTR).1

prevent drug shortages, prepare for site

implemented a manufacturing quality as-

also look for nonhuman sources of error,

FDA was, however, finding it difficult

inspections and use the calculated metrics

surance (MQA) initiative. In essence, MQA

such as problems with maintenance SOPs,

to compare quality performance between

in its post-approval manufacturing change

removes quality from the backend of the

equipment breakdowns, etc. During 2017,

different companies because the defini-

reporting program.

manufacturing process and incorporates it

we plan on continuing to monitor and re-

invalidated

identify any areas where repeated errors

tions of terms such as batch, lot and rejec-

Also in 2016, FDA announced that it will

into the entire process from start to finish.

fine our metrics and align them with FDA’s

tion vary among manufacturers and even

be focusing not just on metrics, but also on

Rather than checking final dosage forms

quality metrics initiative.
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The overall goal of this program and all

impact product quality. Small batches are

other quality initiatives at UPM is to imple-

run in our R&D laboratory to evaluate pro-

ment all activities and processes correctly

cesses and identify critical process param-

the first time, every time, in all that we do.

eters (CPPs). Once we have established the

We are also committed to continuous im-

acceptable limits for each CPP, we then

provement; there are always some perfor-

move to GMP operations to confirm perfor-

mance areas that can be further improved

mance on a large scale.

upon. We take quality very seriously and

QUALITY BY DESIGN
(QBD), ANOTHER FDA
QUALITY INITIATIVE, IS BASED
ON RISK ASSESSMENT AND
PROACTIVE RISK CONTROL.

are focused on looking to uncover poten-

PROACTIVE RATHER THAN REACTIVE

tial issues very early on before they be-

We have always had a right-first-time phi-

come problems, identify the root causes

losophy, and are now following a natural

requires a minimum of skilled, quality

and take the necessary actions to fix or

extension of that approach with the mea-

professionals to ensure full implementa-

eliminate the issues.

surement of performance, which will lead

tion. UPM has hired additional quality

As with the MQA initiative, no analyses

to further improvements. With MQA we are

experts to ensure that this new approach

have been performed to date. It is impor-

considering quality during all stages of the

is successful. We have also expanded

tant to have a sufficient dataset that will

manufacturing process, from production

our quality assurance and quality control

provide valid statistics. Once we have gath-

to filling to packaging. Although this ap-

staff to ensure that each laboratory runs

ered at least one full year of data, we will be

proach requires more human capital, leav-

as efficiently and effectively as possible

conducting in-depth analyses to identify

ing quality evaluations to the final product

and that the right R&D/quality teams can

any overarching trends and issues and to

release stage actually costs more. We find

be formed for each client. Overall, in 2016

determine if the new quality programs we

it is much more effective to address any is-

we added about 24 new quality experts.

implemented in 2016 are leading to reduc-

sues as they arise.
Indeed, we are committed to being pro-

tions in error rates.

CONCLUSION

active rather than reactive. It is much more

The results of this new quality journey at

IMPORTANCE OF QBD

effective to fix things before they become

UPM have been noticeable and highly re-

Quality by design (QbD), another FDA qual-

major problems than to undo something

warding. Being proactive clearly bears re-

ity initiative, is based on risk assessment

that has already been done. Both our adop-

sults. The cost to react exceeds the cost

and proactive risk control. It involves

tion of a QbD approach with the design

to address issues as they occur in real

designing quality into processes and

of quality into processes and systems up-

time. We are not only experiencing more

products from the concept stage through

front, and our recent implementation of

efficient production, but more consistent

commercialization and requires in-depth

manufacturing quality assurance, reflect

operations, and we are able to deliver prod-

knowledge of both product and process

this commitment.

ucts to our customers more quickly.

COMPLIANCE COMES WITH A PRICE

derlies all aspects of the company’s activ-

QbD approach. The key to the successful

The various initiatives outlined above

ities, has facilitated the implementation

definition of optimum process conditions

have required investment by UPM. To be

of MQA and our other new quality initia-

that provide a consistent quality product

effective, quality programs require the

tives. The systems we now have in place

with the highest yields is having an in-depth

installation of proper systems and per-

not only ensure quality performance with

understanding of the process so that scale-

sonnel to man them and ensure they are

continuous improvement but also help

up to commercial manufacturing does not

properly maintained. MQA, for instance,

accelerate the product development and

Our quality culture at UPM, which un-

properties to ensure consistent quality.
At UPM, we recognize the value of the

commercialization process. With reduced
time to market an essential factor for sucABOUT THE AUTHOR

cess in the pharmaceutical industry to-

Chris Curtin

day, we believe we are well positioned to

Executive Vice President and Chief
Operating Officer, UPM Pharmaceuticals

meet crucial customer needs.

Mr. Curtin serves as UPM’s Chief Operating Officer. He has 40 years of
industry experience in both domestic and international markets related
to quality, manufacturing, supply chain, pharmaceutical technology and
engineering. Mr. Curtin has held executive management positions at ParkeDavis/Warner Lambert, King Pharmaceuticals, Graceway Pharmaceuticals,
Rockward Pharmaceutical Consultants, Actient Pharmaceuticals and, most
recently, Lynwood Pharmaceuticals. He has overseen the design, construction
and validation of multiple pharmaceutical facilities and utility systems
covering all dosage forms both in the U.S. and outside the U.S.
LinkedIn www.linkedin.com/in/chris-curtin-241b773b
Email ccurtin@upm-inc.com
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UPM Pharmaceuticals is an independent, award-winning
CDMO. We offer development and manufacturing of tablets,
capsules and semi-solid dosage forms – including DEA
controlled substances (CII–CV) and a controlled humidity
suite. At our 476,000 sq ft facility in Bristol, Tennessee, our
experienced personnel can advance your project from lab
scale to commercialization in a single location. Our excellent
quality record offers reassurance for success and speed
to clinic/market.

P

To learn more, visit www.upm-inc.com
or call +1 423 989 8000
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Processing Capabilities

Tablets & Capsules

Creams & Ointments

•
•
•
•
•
•

• Capacity for 3.5 billion tablets and
680 million capsules per year
• Sophisticated tableting and
encapsulation technology
• Multi-layer tableting

• Capacity for 138,000 kg units
per year
• Automated packaging lines for
tubes and jars

Dry blending
Wet & dry granulation
Fluid bed processing/drying
Controlled substances (CII-CV)
Clinical & commercial packaging
Full analytical support

TRENDS TRADING

The term ‘printing’ is
perhaps misleading.
A more accurate
description would be
‘cell patterning,’ since
3D bioprinters do
not ‘print’ anything.

From Blobs to Hearts:
Understanding the 3D
Bioprinting Revolution

profound implication for the efficacy of
screening compounds. Although these
models exist — some even in three dimensions through such processes as microfluidic 3D cellular scaffolds (i.e., ‘organs

BY EMILIE BRANCH, NICE INSIGHT

on chips’ or ‘tissues on chips’) — the real
revolution, the revolution that is occurring today with 3D bioprinters, is moving
these assay designs from the small scale
to the high-throughput and ultra-highthroughput compound screening range.

Although the sci-fi dream of regenerative
medicine where diseased organs can be
immediately replaced by those that are bioprinted
is still many years in the future, 3D bioprinters
today are already beginning to revolutionize
the sector. Process optimization that is afforded
by this technology will improve rates of lead
candidate success, which will drastically
decrease development costs.

A

The challenge is to create 3D models
of multiple cell types, a biopsy would be

system of a tree searching for nutrients.

complexity to current human cell models.

where there is not just communication

necessary to extract and preserve each

This is also the point in which vasculariza-

Instead of relying on testing of compounds

between the cells, but cross talk between

cell type for propagation. Thankfully, this

tion will begin to occur naturally.

on a specific cell type, 3D bioprinting al-

tissues and organs.

is no longer the case. iPS cells, taken from

What we are capable of today, which is

lows for the creation of interconnected

the skin of a patient, can be differenti-

very exciting, more closely resembles cel-

heterotypic cell types, which create both

ated into the cell types needed to create

lular blobs that to some degree are able

layers and junctions. Using 3D-printed

most tissues.

to mimic organ tissue functions. Although

tissues, researchers can see how small
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Once cells are differentiated and propa-

these ‘organoids’ have some mechanical
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bioprinter. Using a derivative of CAD software, cells are patterned and layered in a

THE REVOLUTION TODAY

three-dimensional space with a sacrificial

Regardless of the shortcomings in organ

medicine that affects one cell type but

hydrogel that acts as a temporary scaffold

development, 3D bioprinting is already

does not affect adjoining cells has a

to hold the spatial arrangement of cells in

revolutionizing the drug discovery domain.

The implications for testing precise

place, as well as a stand-in for the extra-

For decades, researchers have struggled

dditive manufacturing (AM),

relationship between adjacent cells, while

cellular area that will be fabricated by the

with how animal models fail to translate in

commonly referred to as ‘3D

creating a structural artifice that enables

cells during a post-printing process.

disease and drug research. Supplementing

printing,’ is a revolutionary

the formation of a complex system.
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After the alignment of cells in two- and

this with human cell models has helped

Emilie Branch

three-dimensional space, the biological

curb such woes, but even in concert (as

Strategic Content Manager, Nice Insight

HOW 3D BIOPRINTERS WORK

manifold is added to a bioreactor where

they have been used for decades), only one

However, compared to other AM tech-

Prior to 3D bioprinting a tissue or organ,

the cells will begin to develop their ‘story.’

out of 5,000 compounds from the drug

nologies, ”the term ‘bioprinting’ is more

a researcher must begin by cultivating the

Both the slow disintegration of the hydro-

pipeline succeeds to market level.

conceptual and is not restricted to a spe-

necessary cell types. Before the discovery

gel — which allows for the gradual introduc-

Current 3D bioprinter technology (de-

cific technology.”1 The term ‘printing’ is

of inducible pluripotent stem (iPS) cells, if

tion of neighboring cells — and the infusion

spite shortcomings in organ fabrication)

perhaps misleading. A more accurate de-

a researcher wanted to propagate a spe-

of chemical signals and growth factors into

still has the potential to revolutionize

scription would be ‘cell patterning,’ since

cific cell type, a physician would have

the bioreactor chamber facilitate tissue

drug discovery by improving rates of lead

3D bioprinters do not ‘print’ anything, but

had to extract the desired cell type from

maturation. During this process, the cells

candidate success, which will drastically

instead — with growing precision — align

a precise location within the organ or tis-

make intercellular connections by reach-

decrease drug development costs.

and layer cells in a way that best fosters a

sue. As organs and tissues are composed

ing out to each other, much like the root

technology that seems to
bleed
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These 3D bioprinters add a level of

Emilie is responsible for strategic content development based on scientific areas of specialty for Nice Insight research articles and for assisting
client content development across a range of industry channels. Prior
to joining Nice Insight, Emilie worked at a strategy-based consulting firm
focused on consumer ethnographic research. She also has experience as
a contributing editor, and has worked as a freelance writer for a host of
news and trends-related publications.
LinkedIn www.linkedin.com/in/emiliebranch
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DRIVING INNOVATION
Taking a promising molecule to market requires
expert planning, sustained performance, utiliza-

PARTICIPATE IN OUR ROAD TO
BIO CHALLENGE!

tion of technology and an unwavering ability to nav-

Grab a dice and play the
board game on page 48, or visit
www.pharmasalmanac.com/bio
to guess stats from the trip
for a chance to win an iPad Pro.

demands a fine-tuned supply chain equipped with

MILES COVERED (3,750-6,000)
HOURS OF DRIVING (60-200)
GAS STATIONS VISITED (16-38)
GALLONS OF GAS PURCHASED (340-600)
STATE LINES CROSSED (16-21)

igate inevitable challenges along the way. Crossing
the finish line at all, but especially in first place,
the technical expertise to stay the course and ultimately deliver value to patients.

ACCELERATED DELIVERY
You need a high-tech vehicle to advance a large
molecule to market – like the right partner with
the right technology. We echoed that, selecting a
217 mph, 6,498cc Lamborghini Aventador for the
Road to BIO. Pharma leaders are driving their highpowered molecules across the biopharmaceutical
landscape in a race to bring their product to market
fastest. With 0-60 in less than three seconds in
the Aventador, velocity won’t be what inhibits our

SPEEDING TICKETS INCURRED (0-4+)

journey – until we hit the inevitable speed bumps

FLAT TIRES (0-4+)

along the way!

BEATING THE ODDS
We know that, in reality, making it all the way to
the end of the journey and optimizing speed and
efficiency is all about meticulous planning. We’ve
planned the optimal route, engaging with some key
partners along the way, but we know we’ll also need
to be flexible and creative when challenges occur
and things don’t go as planned. We hopefully have
the right team to navigate around problems and
get us to the finish line.
211

JOIN US
The Road to BIO is an epic trip mirroring the
541

development of a biologic drug, but it is also a
vehicle for your story. We’ll be making pit stops

1,105

AN EPIC JOURNEY
FUELED BY STRATEGY,
TECHNOLOGY AND
THE RIGHT TEAM

trends

in

technologies,

and more. If we don’t see you along the course,

4,034
2,003

about their own journeys, breakthroughs in
biopharmaceuticals,

1,566

3,437

to interview sponsor companies who will speak

we certainly hope to see you at the finish in
Interested in sponsoring the Road to BIO?
Contact us to learn more.

The notion of breaking barriers is echoed often inside

THE ROAD TO BIO

the walls of That’s Nice. From our life sciences clients’

The Road to BIO is a 12-day, coast-to-coast road trip

strategic challenges to the ones we inflict upon ourselves

kicking off on June 8, 2017. Starting in Boston, That’s

(read further), finding innovative solutions in the face of

Nice will be making our way to the BIO International

adversity is what we do. In fact, it was this very principle

Convention in San Diego, mirroring your journey in

on which That’s Nice was founded 22 years ago, and is

launching a drug by emphasizing speed-to-market

the motivation behind our upcoming journey to the BIO

while overcoming the myriad challenges that can

International Convention.

inhibit the effort.

San Diego.
Follow our journey from the front seat at
www.pharmasalmanac.com.

POWERED BY

Register for BIO 2017 at
www.convention.bio.org/register.

SPONSORS
46
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FINISH

THE ROAD TO BIO
IS ABOUT YOU

SUPPLY CHAIN
WELL PREPARED

While our game may be only
45 steps, the length will vary
greatly with the accelerators
and roadblocks throughout.
Similarly, drug development
may comprise five steps,
but can take 14 years —
5,110 days — to complete.

MISSISSIPPI

LOUISIANA

Ole Miss holds a DEA
registration for cannabinoidbased molecular research.
28

Located in New Orleans,
LouisianaBio is an affiliate
of BIO.
29

IMPORT
ON HOLD!

Disaster procedures
in place for impending
storm. Move to New
Mexico.
30

More than 800
bioscience
companies
are located in
Alabama.

Congratulations. You’ve
overcome the odds to arrive
first to market. Cross the
finish line to BIO 2017!
45

SAN DIEGO, CA

JUNE 19, 2017

Come celebrate the Road to BIO with
That’s Nice at BIO 2017 booth # 1019!

POSTAPPROVAL

SHIPMENT
DELAY
GEORGIA
Over 400 life sciences
companies are based
in Georgia.

24

25

26

VIRGINIA
The biopharmaceutical
sector in Virginia creates
11,000 jobs per year.

Temperature fluctuation
detected. Quarantine
for analysis and delay
clinical trial.
19

18

Conduct postapproval research to
evaluate pharmionics,
safety and efficacy.

NEW MEXICO

Raw materials delayed
due to customs holdup
at Charleston, SC port.
Await clearance.

SOUTH CAROLINA
The Palmetto State was
formerly known as the
Iodine State.

TEMPERATURE
HAZARD!

The FDA’s 351(k) approval
pathway has been
granted.

The FDA has issued a
hold on excipient import.
Activate contingency
plan and lose one turn.
32

ALABAMA

27

ABBREVIATED
PATHWAY

TEXAS
The city of Austin is
emerging as a hub for
biotech industry start-ups.
31

FIRST
TO MARKET

The state is making
a push to become
a national leader in
biotech with its
GrowBio initiative.

NORTH CAROLINA
The 7,000-acre
Research Triangle
Park is one of the
world’s largest R&D
parks.

WELCOME TO
SAN DIEGO

TENNESSEE

Founded in 1942, Oak Ridge
is home to the historic Oak
Ridge National Laboratory.

REGULATORY
REVIEW
22

21

20

44

33

MARKET
LAUNCH

23

SECOND
TO MARKET

Reevaluate commercial
strategy.

Proceed to the
BIO International
Convention 2017!

POSTAPPROVAL

43

34

42

41

WASHINGTON, DC
The DC-based
Pharmaceutical Research &
Manufacturers of America
promotes the discovery
and development of
innovative medicines.

ARIZONA

CALIFORNIA

Arizona’s Bioscience
Roadmap aims to make
the state a national leader
in select biosciences
areas by 2025.
35

17

GRAB YOUR DICE AND JOIN US ON OUR
JOURNEY TOWARD BIO 2017.
WE’LL SEE YOU AT THE FINISH LINE!

MARYLAND
Based in Silver Spring,
the U.S. Food and Drug
Administration approved
22 novel drugs in 2016.

CDER
EVALUATION

MARKET
APPROVAL
Compound approved
by the FDA.
Congratulations – you
are one in 5,000!

Submit evidence of
drug safety and efficacy
to the Center for Drug
Evaluation & Research.

GAME RULES: Roll the dice and follow the instructions on each square. If
you land at the bottom of a ladder, climb up to the space at the top. If you
land at the top of a slide, move down to the space at the bottom. If there
are no instructions, remain where you are until your next turn.

Home to 3,400 life
sciences companies and
host of the 2017 BIO
International Convention.
40

36

COMMERCIALIZATION

PIT STOP

Refine marketing
strategy based on
patient value within
appropriate segment.

Ensure safety and
efficiency standards
are being met across
the supply chain.
39

37

38

16
PIT
STOP

SOLUBILITY
WARNING!
DELAWARE
Nearly 20 life sciences
companies are located at the
Delaware Technology Park.

Bioavailability issues
detected.
Move back to
Preclinical.
15

BOSTON, MA

PENNSYLVANIA
One of the top five states
for bioscience R&D and
innovation.

14

JUNE 8, 2017

Team assembled, high-powered vehicle
chosen and optimal route selected.
Commence trip.

Ensure safety and efficiency
standards are being met
across the supply chain.

BIOLOGICS
IDENTIFICATION

START

11

BIOLOGICS
OPTIMIZATION

You identify molecules
that interact with the
drug target. Advance to
Biologics Optimization.
01

48

NEW JERSEY
14 of the world’s 20 largest
pharma companies are in
New Jersey.

CLINICAL

12

13

ON
HOLD

TECHNOLOGY
TRANSFER

Potency, selectivity and
physiochemical properties
improved. Advance to
Candidate Selection.
02

Successful technology
transfer accelerates the
preclinical research process.
Advance to Clinical.

10

Newly published safety
and toxicology
requirements issued.
Move back to Connecticut.

09

08

05

CONNECTICUT
Ranked fourth in the nation
for bioscience patents per
1,000 people in 2016.
06

NEW YORK
In 2016, NY state
announced a
$650M initiative
to advance life
sciences.

LEAD
OPTIMIZATION
MASSACHUSETTS
MassBio advances the
state’s leadership in
the life sciences.

A potential lead is
successfully identified
after thousands tested.
Advance to Preclinical.
03

PRECLINICAL
04

07

49

B I O L O G I C S F E AT U R E I N T R O D U C T I O N

Biologics are no longer seen as the
‘next big thing’ in drug development;
they are now a mainstay in many
pipelines. Although they cost
considerably more than small
molecule therapies, as long as
biologics do a better job of treating
the chronic diseases that typically
afflict an aging population, they will
remain a cost-effective option.

STEVE KUEHN, CYNTHIA CHALLENER, Ph.D., EMILIE BRANCH

Large numbers of those who outsourced biomanufacturing services specified microbial cell line–based
development and biomanufacturing (48%), vaccine
development and manufacturing (46%), mammalian
cell line–based development and biomanufacturing
(43%), cell and gene therapy services (37%) and advanced antibody-based products (23%).1
Biotechnology-related events rank highly among
those respondents that plan to attend trade shows
this year; 37% of those surveyed still use these shows
as a means of finding suppliers. Between 27% and
30% of respondents plan to go to BIO International,
BIO Europe and BioProcess International (BPI), making them three of the four highest-scoring shows, and
well ahead of CPhI Worldwide (22%).1
One of the key advantages of biologics, and particularly mAbs, is how they address the trend towards
personalized medicine and patient-centric drug development. Cell and gene therapies are also highly regarded, with a huge pipeline in spite of relatively few
commercial products. The rise of biologics has also led
to an increasing number of clinical trials, and the path
towards innovative ways of conducting them.
Meanwhile, equipment is developing rapidly and biopharmaceutical manufacturers are adopting multi-

he 2017 Nice Insight Contract Development

ple technologies to move away from fixed-scale batch

and Manufacturing Survey has highlighted

processing to more flexible, automated modular and

some of the key trends in the outsourcing

flow-optimized processes. This is widely seen as the

of biologics manufacturing, based on input

most important challenge in manufacturing terms for

from over 700 industry professionals repre-

the industry.

senting all sizes of pharmaceutical and biotech companies from around the developed world.1

Because of their greater viscosity, biologics have
traditionally been formulated for parenteral delivery.

Of those respondents actively engaged in the devel-

Ingenious new devices to facilitate injectable delivery

opment of biologics, 51% are active in new biological

continue to be launched, but oral, inhalation and trans-

entities and 33% in biosimilars. The types of biologics

dermal methods of delivery will also be needed to en-

in their pipelines were highly varied: 51% mentioned

hance compliance and improve the patient experience.

vaccines, 46% blood factors, 44% included hormones

Patients will increasingly be informed participants

and growth factors, and 42% cited antibody-drug con-

in this process, and their involvement will play a major

jugates (ADCs) and monoclonal antibodies (mAbs),

role in determining what biologics get used in future

with 41% naming interleukin-based products and 37%

treatments. That is certainly a challenge that must be

recognizing interferon and TNF factors.1

addressed and perhaps the biggest ‘new thing’ of all.

While slightly fewer were likely to outsource new biological entities (NBEs) at 21% and biosimilars at 17%

Clinical Trials Find a Device for Growth
The Search for Alternative Delivery Methods Continues
Biopharmaceutical Manufacturing Goes Mainstream

52
54
56

than they were their small molecule equivalents and
over-the-counter medicines (at a combined 41%), there
has been a substantial amount of outsourcing both for
drug substance and drug product. Of those who outsource drug substance services for large molecule
APIs, 44% mentioned R&D, 56% clinical-scale manufacturing and 35% commercial-scale manufacturing. 1
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That said, the direction of travel is clear.

B I O L O G I C S F E AT U R E P A R T 1

NUMBER OF REGISTERED STUDIES OVER TIME
AND SOME SIGNIFICANT EVENTS (AS OF MARCH 19, 2017)

Outsourcing is growing at 4%-6% per year,
even in conservative analysis. Changing

260,000

priorities mean that CROs will expand

239,290

their services starting from the early

234,480

phases in order to remain competitive in
Insight Preclinical and Clinical Contract
Research Survey, the top reason for part-

Clinical Trials
Find a Device
for Growth

nering with a CRO is access to specialized
technology, which even beats out quality.
Indeed, CROs are implored to innovate.
As well as the sheer amount of clinical
research and innovation in drug development — directly correlated to biologics —
the market is being driven by technology

207,224

NUMBER OF REGISTERED STUDIES
SIGNIFICANT EVENTS

the later ones.5 According to the 2017 Nice

200,000

183,049
159,558
139,043
119,385
ICMJE

One key trend that many observers note
and other medical and diagnostic devices.
As well as standard consumer devices,

101,144
83,403

66,249
49,238
35,847

changes, and vice-versa.
is the use of wearable monitors, sensors

FDAAA

100,000

24,919
8,567 10,231
3,966 5,632 6,979
0

2000

12,018

2005

SOURCE www.ClinicalTrials.gov

2010

2015

2018

YEAR

clinical- and research-grade wearables
and sensors are gaining FDA clearance.

Technology developments and a growing
population are driving growth in the
clinical trials market.

This, thanks to advances like electronic

Such technology developments are both

The U.S. is still overwhelmingly the prime loca-

data capture (EDC) and ever-expanding Wi-

cause and effect of patient-centricity in

tion for clinical trials. As of January 2017, according

Fi connectivity, has made patients them-

clinical trials. The FDA has its own Patient-

Traditionally, the clinical trials sector

to ClinicalTrials.gov, over 235,000 trials were tak-

selves sources of massive volumes of data.

Focused Drug Development Program that,

has not been innovation-driven but has re-

during the 2016-17 financial year, held

sponded to its clients’ needs and timelines.

meetings on nine areas of therapy.8

It has also tended to operate in silos, with

ing place worldwide. North America accounted for

Feeding data back is also
seen as a way of building
trust. Patients who have
access to and control
over their health data are
more willing to share it
to support research.

109,420 (46.5%), of which the U.S. was 98,840 (42.0%).
Other prominent regions, predictably, were Europe
(66,416, 28.2%) and East Asia (23,822, 10.1%), not including Japan.4

OUTSOURCING ON THE RISE
Clinical trials have become more complex and difficult
to manage, as well as more numerous. Drug developers, who are already under pressure to develop better
he story of the pharmaceutical industry in

drugs and keep costs down, have turned to CROs.

proving the user experience and making
them more ready to do as directed.

Patient-centricity, in turn, feeds back

clinical research, lab research, data man-

into how data is used. Pfizer, for instance,

agement and other key elements managed

has recently launched its Blue Button pilot,

largely in separation from each other. On-

an initiative to enable patients from clini-

going technology development will change

cal trials to download their individual data.

that; companies will need to adapt their

This came in response to calls for open-

models accordingly in order to survive.10

P

ness about data in general, but is also seen
as an opportunity for the pharma industry.
“We’re helping to develop the model of

the 21st century can be told in two graphs:

This response has led to the growth of outsourcing,

one showing the number of yearly approv-

particularly the new model of ‘virtually integrated drug

own data,” said Craig Lipset, Head of Clini-

als by the U.S. Food & Drug Administration

development’ with preferred service providers. Over

cal Innovation at Pfizer. “We are interested

(FDA), which has fluctuated between 17 and

70% of all clinical trial services could be outsourced

in understanding how patients might use

the patient as an aggregator of his or her

References
1. Clinical Trials Market Growth - Global Trends, Growth, Analysis
& Forecasts (2016-2021). Rep. Mordor Intelligence. Feb. 2017. Web.
2. Global Clinical Trials Market (2016-2021). Rep. Market Data

THE CRO ON THE GO

those data. For instance, how they can use

clinical trials in each successive year, from 5,633 in

Wearables enable companies conducting

the data from their participation in a re-

3. The New Trends of Global Clinical Development Outsourcing

2000 to 207,088 in 2015.1

trials to capture a mass of data that was

search study to help improve their overall

Market. Rep. Research & Markets. 30 Jun. 2015. Web.

45, the other showing the explosion in the number of

by 2020.

3

50

inaccessible or difficult to measure objec-

health and wellness, to share those data

tiple trends in the industry and market, which are all

45

tively before, for instance on exactly how

with other providers on their care team, or

much pain a patient was suffering. Now de-

to use [the data] to enable other types of

vices make it possible to measure by mul-

decision support.”9

driven ultimately by a growing, richer and longer-living
world population vulnerable to chronic diseases that
need improved treatments.
Market analysts diverge markedly on the size of the
global clinical trials market. Mordor Intelligence and
Market Data Forecast put the market at $14.2 billion
and $14.7 billion, respectively, in 2016, reaching $22
billion and $21.4 billion in 2021; Research & Markets
has it at $38.4 billion in 2015 and $64 billion in 2020.
All three foresee strong compound annual growth
rates of 7.5%, 7.7% and 9.0%, respectively.1,2,3
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The growth in clinical trials has been driven by mul-
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tiple indicators and to collect and analyze

25

the data in real-time.6

20
15

Similarly, eConsent — an automated

Feeding data back is also seen as a way of

10

means to engage patients and secure in-

building trust. Patients who have access

5

formed consent — and remote monitor-

to — and control over — their health data

0

ing make it possible to control costs and

are more willing to share it to support re-

adapt to new ways of communicating,

search. This also ties in with the need to

although some human interaction will

improve compliance in clinical trials when

remain necessary.7

using marketed drugs, even if only by im-
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B I O L O G I C S F E AT U R E P A R T 2

The Search
for Alternative
Delivery Methods
Continues
While biologic drugs offer numerous
advantages, the need to administer them
parenterally is a significant limitation.
Efforts continue to identify alternative
formulation solutions for ease of use and
effective delivery.

cyclosporine is formulated as a lipid-based

environment and can be used in conjunc-

self-microemulsifying system that displays

tion with standard biologic APIs and pro-

uniform and relatively high bioavailability.2

drugs for either systemic or local gut deliv-

In addition to forming lipid systems, the

ery.2 The company is also applying particle

most common technologies for overcoming

engineering based on new spray-drying

the oral bioavailability challenge posed by

technologies to achieve the thermal stabi-

biologics include encapsulation in poly-

lization of peptides, proteins, vaccines and

meric coatings and forming nanoparticles

live cells.4

by three basic methods: formulation, drug
molecule modification or biological system

I N H A L AT I O N D E L I V E R Y

modification. Many companies combine

Delivery of drugs to the lung is advanta-

these approaches, as all have their pros

geous for several reasons. The lungs have

and cons.2

a large surface area, combined with higher

Most formulations include permeation

permeability through the thin alveolar lay-

enhancers, such as bile salts, fatty acids,

er, which also has numerous blood vessels

surfactants, salicylates, chelators, chito-

for systemic delivery. Enzymatic degrada-

sans and zonula occludens toxin, and of-

tion in the intestine and first-pass hepatic

ten enzyme inhibitors, including sodium

metabolism are avoided.3 To date, most

glycocholate,

soybean

inhaled therapies have been for local treat-

trypsin inhibitor.3 Permeation enhancers

ment of lung diseases, but there is growing

increase the spaces between epithelial

interest in this route for a wider range of

cells in the gastrointestinal (GI) tract lin-

indications.

bacitracin

and

ing, while enzyme inhibitors prevent deg-

The FDA has approved two biologic

radation in the intestine. Chitosan and

drugs designed for inhalation to date. Pul-

forts across the supply chain and in academia to de-

chitosan derivatives are often used to

mozyme® by Genentech is administered

velop delivery options for biologics that combine the

encapsulate biologics in nanoparticulate

using a nebulizer that generates an aerosol

high efficacy of parenteral administration with conve-

form to facilitate easier penetration.3

and is designed for local treatment of cys-

nience and ease of use.

To achieve transdermal delivery of biologics requires the use of chemical and
physical penetration-enhancement techniques to disrupt the stratum corneum
barrier or generate temporary pores in it.
Chemical penetration enhancers alter the
lipid structure of the stratum corneum.
Encapsulation in polymeric or lipid carriers, most often liposomes, has also been
used. Examples of penetration techniques
include sonophoresis, laser ablation, microneedle technology and electrically assisted methods (e.g., iontophoresis, electroporation, radiofrequency ablation).3

Interesting technologies under devel-

tic fibrosis with no penetration in the deep

M U C H W O R K TO D O

opment include ‘robotic’ pills from Rani

lungs. AFREZZA® by Mannkind is a dry

Significant progress has been made in

Therapeutics. These consist of needles

powder formulation formulated to reach

the development of biologic drug formula-

ORAL DELIVERY

that deliver the biologic active through the

the deep lungs for the systemic treatment

tions for nonparenteral delivery, but much

Oral administration is the preferred method of drug

intestinal wall. The needles are pushed

of diabetes.

remains to be achieved. The continued

delivery for good reason. Patients find oral medica-

into the intestinal wall by self-inflating bal-

tions easier to take, which leads to greater adherence.

loons that only function in the intestine.

The key to success for inhaled drugs is

growth of the market and the high level of

particle and droplet engineering, including

interest in this field will drive further de-

Transport’s

size, size distribution and other properties,

velopment and innovation in non-invasive

er dosage forms. Injections can be painful and often

TRANSINT platform, meanwhile, uses the

such as hygroscopicity. Permeation en-

biologic drug treatments.2

require attendance at a hospital or doctor’s office.

non-toxic portion of the protein cholix tox-

hancers such as surfactants, phospholip-

Even those biopharmaceuticals that can be self-

in, a natural, active transporter of peptides

ids and polymers are also often effective.3

Their production also tends to be less costly than oth-

Applied

Molecular

Indeed, work to date has focused on the
reformulation of biologic drug substances

administered using prefilled syringes, cartridges or

and proteins across the GI tract. TRANSINT

To this end, growth and innovation has

initially engineered with parenteral ad-

he global market for biopharmaceuticals is

pens pose challenges. Furthermore, most oral medi-

covalently binds the biologic API to the tox-

been seen in spray drying development,

ministration in mind. Greater success

expected to see a compound annual growth

cations — unlike parenteral biologic products — do

in and has technologies for delivery to both

which uses particle-engineering technolo-

might, therefore, be achieved if biologic

rate of 8.6% from $192 million in 2016 to

not require low-temperature storage, which reduces

the GI tract and the liver. Another approach

gy to gently process peptides and proteins

APIs are initially designed for an alter-

$291 billion in 2021, according to Mordor

costs and facilitates their use in developing nations

is to genetically engineer bacteria found in

into room temperature–stable formula-

native route of administration.2 Further

with limited cold chain capabilities.

the intestine to produce desirable biologic

tions. These formulations can be inhaled

advancement will also require extensive

APIs with attractive absorption profiles and

using specially designed dry powder inha-

cooperation between experts in many dif-

deliver them to the intestinal wall.

lation (DPI) capsules and readily available

ferent disciplines.

Intelligence. Biopharmaceuticals represent
approximately 20% of the entire pharmaceutical mar-

The oral delivery of biologic APIs has been a tre-

ket revenue, and more than half of the current top 20

mendous goal of pharmaceutical drug delivery from

blockbuster drugs are biopharmaceuticals.1

the earliest days of the industry. However, there are

Catalent has adopted a parallel screen-

Because of their physicochemical properties, most

two main issues to overcome. First, proteins and pep-

ing approach, as no single technology is

biopharmaceuticals are formulated for parenteral de-

tides undergo hydrolytic degradation in the acidic

suitable for all APIs. The company recently

livery. Unlike small molecule APIs, proteins, peptides,

media of the gut and enzymatic degradation in the in-

launched OptiForm® Solution Suite Bio,

TRANSDERMAL DELIVERY

antibodies and other large biologics do not readily

testine. Second, high molecular weight biomolecules

which includes two screening technolo-

Transdermal and ocular administration

pass through biological membranes, such as the epi-

have polar surfaces and thus are hydrophilic, result-

gies: OptiGel BioTM for duodenal delivery

routes have also garnered attention. The

thelial layer in the intestinal tract (for oral delivery) and

ing in poor permeability across the epithelium in the

and Zydis Bio® for buccal absorption.

former is attractive because it avoids both

nasal mucosa (for inhalation).

stomach.

Also

interesting

enTRinsicTM

drug

is

Capsugel’s

delivery

generated in the appropriate size range.4

new

potential degradation in the GI tract and

technology,

first-pass metabolism, which are issues

Only two oral peptide products have been approved

chemically stable than most chemical APIs and cannot

by the FDA for systemic therapy: desmopressin and

which incorporates an enteric polymer in

with oral delivery. Moreover, it is attractive

easily withstand, for instance, the harsh environment

cyclosporine. The oral desmopressin product has

the capsule shell. This overcomes the need

for the treatment of skin disorders where

in the gut. Consequently, there have been ongoing ef-

a very low bioavailability of 0.08%-0.16%, whereas

to protect biologic APIs from the GI tract

the sites of action are within the skin.3
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DPI devices, with over 90% of the particles

In addition, biomolecules are less physically and
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Significant progress has been
made in the development of
biologic drug formulations for
nonparenteral delivery, but
much remains to be achieved.

References
1. Global Biopharmaceuticals Market Growth, Trends & Forecasts
(2016 - 2021). Rep. Mordor Intelligence. Sep. 2016. Web.
2. Challener, Cynthia A. “Oral Delivery of Biologic APIs: The
Challenge Continues.” Pharmaceutical Technology. 1 Mar. 2017.
Web.
3. Non-Invasive Macromolecule Drug Delivery Guide. Rep.
Catalent Applied Drug Delivery Institute. Web.
4. Challener, Cynthia A. “New Drug-Delivery Methods: From
Concept to Patient.” BioPharm International. 1 Oct. 2016. Web.

PHARMASALMANAC.COM 55

BioPlan Associates’ 13th Annual Bio-

B I O L O G I C S F E AT U R E P A R T 3

pharmaceutical

Manufacturing

units can be transported, assembled on

indicated that, for the first time, respon-

site and made ready to operate in 14 to

dents felt that continuous manufacturing

18 months.

should be the focus of equipment supplier
innovation R&D efforts.4

LO N G -T E R M A F FA I R

Biopharmaceutical
Manufacturing
Goes Mainstream
With biologics, the maxim is “process is the
product,” and suppliers are meeting the
technologies demanded by developers with
an equal amount of innovation.

monoclonal antibody production. The

Survey

7

Following the flexibility and automation themes in technology development,
MilliporeSigma was similarly recognized
at Interphex as ‘Efficiency Champion’ for

Regardless of pharma’s alliances with bio-

its Mobius® 1,000 L Single-use Bioreactor.

processing technology, suppliers are be-

A stirred-tank bioreactor design, it con-

coming more strategic and long-term. For

figures software, hardware and single-use

example, in June 2016, GE Healthcare’s

assemblies for suspension and adherent

Life Sciences business agreed to acquire

cell culture applications, either as a stand-

IP relating to a proprietary yellow fever in-

alone system or integrated into a facility

active vaccine platform from PnuVax. The

automation platform.

deal was predicated on the purchase of

Modularity and flexibility were high-

GE’s single-use FlexFactoryTM biomanufac-

lighted for another aspect of down-

turing platform.

stream process — fill-finish — with Inter-

5

2017 Equipment Buying Trends

Downstream
Bioprocessing Equipment
43% Filtration
40% Purification
39% Separation
33% Chromatography Systems
32% Disposable Processing

phex Biotech Innovation award winner

technologies to help them transition from inflexible,
proprietary, fixed-scale batch processing platforms
to the more flexible, modular, automated and flowoptimized process essential to sustain successful and
cost-efficient processing capacity.2
The 2017 Nice Insight Pharmaceutical Equipment
Survey revealed that 64% of respondents have a focused interest in purchasing biopharmaceutical processing equipment. Of those that have a particular
interest in pursuing downstream bioprocessing equipment, 43% are interested in filtration equipment,
40% in purification equipment and 39% in separation

eliably manufacturing large molecules at

equipment. For those interested in upstream biopro-

commercial scale requires both technical

cessing equipment, 37% mentioned mixers/blenders/

and operational acumen that only the best

millers being of interest, 34% cited incubators and

can muster; such sophistication comes at

29% expressed interest in fermenters.3

Biopharmaceutical
manufacturing spending has
funded an extremely mature
technological supply chain,
one actively supporting
the industry’s quest to
engineer and field more
flexible, cost-efficient and
reliable commercial-scale
manufacturing capacity.

Bausch+Stroebel recognized for its VarioSys® flexible processing line. The auto

time-consuming buffer production, inte-

mated, scalable fill-finish platform em

grating quality by design into fluid pro-

pha
sizes

cessing through a real-time process ana-

the

integration

of

critical

final processing routines through a modular design, standardized subassemblies

lytical technology platform.9
For the near term, biopharmaceutical
processors will continue spending to de-

and isolation technologies.

velop their capacity and improve their abil-

DOWNSTREAM PERFORMANCE

ity to successfully manufacture biologic

The real battle for efficiency and cost con-

drug products without defect and at what-

trol comes by configuring downstream pro-

ever volumes the market demands. This

cesses and ordering filtration, purification

investment is driving technical develop-

and similar molecule-finishing operations

ment as well as the breakthroughs the in-

successfully. Various high-throughput in-

dustry needs to bring these life-changing

struments have been developed over the

therapies to patients everywhere.

P

last 25 years to support downstream process development, notably in the purification of vaccine candidates.8
Automated liquid handling systems
like predictor plate or ‘robo’ columns for

References

a price. McKinsey analysts note that large-

Development with technical partners is

the screening of chromatography resins

1. Otto, Ralf, Alberto Santagostino, Ulf Schrader. “Rapid

scale biotech-manufacturing facilities require any-

often intensive and in the moment. To solve

and Design of Experiment studies — high-

Growth in Biopharma: Challenges & Opportunities.” McKinsey.

2017 Equipment Buying Trends

a particular processing problem, a Parker

throughput sample preparation (compact

upstream Bioprocessing Equipment

Dominick Hunter Technical support group,

liquid handling systems), high-throughput

along with its R&D team, developed a new

analytical

filter for a drug intermediate. The company

phoresis, ultra-performance liquid chro-

said that involving the customer directly in

matography and bio-layer interferometry

the product development phase ensured

label-free technology) — provide biophar-

that the filter was developed rapidly to the

maceutical processors feedback for pro-

required specification and solved the cus-

cess development and facilitate vaccine

tomer’s problem.

purification development.

where from $200 million to over $500 million to build
and can take around four to five years to complete,
compared with $30 million to $100 million for similarscale small molecule facilities.1

Mixers/Blenders/Millers

37%

Incubators

34%

ture technological supply chain, supporting its quest

Fermenters

29%

to engineer and field more flexible, cost-efficient

Stainless Steel Bioreactors

29%

WHERE THE MONEY GOES …
The biopharmaceutical industry has an extremely ma-

and reliable commercial-scale capacity. ‘Commercial-

6

tools

(microfluidic

electro

8

Speed-to-market and the need for ‘in-

Finally, commercially viable technolo-

stant’ capacity are driving the uptake of

gies situated a little deeper in downstream

modular single-use technologies and pre-

processing are already supporting the

Tank Equipment

28%

however, ranging from fielding enough processing ca-

Disposable Bioreactors

27%

pacity to win approval for an orphan-category therapy

Disposable Bioprocessing

27%

fabricated processing units. Available to

continuous processing movement iden-

before it is sold upmarket, or meeting global, expand-

Cell Culture Biological Shakers 27%

meet that demand is another recent GE of-

tified by BioPlan Associates.9 Named

fering: the KUBio, a prefabricated, preval-

‘Technology of The Decade’ by Bioprocess

idated modular cGMP-compliant facility

International, Asahi Kasei’s inline buf-

and process solution designed for scalable

fer dilution system automates expensive,

scale’ is a totally relative construct in this industry,

ing demand for a popular biosimilar.
Regardless of scale, biopharmaceutical manufacturers are adopting multiple, increasingly affordable
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> API SUPPLY CHAIN

OPTIMIZING API PRODUCTION AS A
TRUE MANUFACTURING PARTNER
> BY JIM SCANDURA, AVARA PHARMACEUTICAL SERVICES

ith an established track

of performance. Both Avlon and Shannon

record of high-quality,

meet these standards. Avlon and Shannon

reliable

cost-effective

each offer high hazard chemistry; Shan-

performance and highly

non’s multiproduct API facility can also

experienced

employ-

handle many difficult chemistries, most

ees, Avara Pharmaceu-

prominently nitration. Shannon features a

tical Services is rapidly

number of different milling and blending

becoming

recognized

technologies to add additional value to the

as a full-service CDMO with integrated

API. The Avlon and Shannon facilities have

capabilities designed to meet customers’

strong technology transfer records and

needs. Many outsource service providers

cGMP manufacturing environments sup-

are strategically acquiring sites that ex-

ported by the latest processing and fini

pand their ability to be part of the global

shing technologies. “Avlon and Shannon

supply chain solution. Since 2015, Avara

have a proven track record for many years

has acquired four manufacturing sites

delivering complex products and projects

from large pharmaceutical companies as

with the customer always as the center of

part of its global strategy to provide high-

the focus and as a true partner,” explains

quality manufacturing and timely delivery

Werner Kunz, Vice President and Site Di-

from a comprehensive integrated network

rector at the Avara Shannon Site.
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AVLON, UNITED KINGDOM

“At Avara, we are acutely
aware of the need for
highly competent and
reliable outsourcing
partners to truly support
customers by managing
their supply chain,”
according to Gary Butler,
Vice President and
Site Director at Avlon.

of facilities. Two of the new facilities, Are-

Another criterion supporting Avara’s

cibo, Puerto Rico (acquired from Merck)

strategic acquisition strategy is that the

and Norman, Oklahoma (acquired from As-

potential site has an excellent compliance

tellas), provide secondary manufacturing/

and regulatory history, with no environmen-

drug product and packaging. The remain-

tal liabilities and a strong process safety

ing two, Avlon in the UK (acquired from

record. Each of Avara’s API sites also has

AstraZeneca) and Shannon, Ireland (ac-

excellent FDA and MHRA inspection re-

quired from UCB) specialize in APIs/

cords. Avlon is a top-tier Control of Major

and full-scale manufacturing capabilities.

primary manufacturing.

Accident Hazards (COMAH) site, with exten-

Avara’s strategy for the site is similar. In

CDMOs integrate all aspects of drug

sive experience handling the materials and

fact, Avara is currently bringing existing

development and manufacturing, includ-

processes required for high hazard chem-

additional chemistry labs and a kilo-scale

ing APIs and formulations. This approach

istries. Given the rising demand for API

lab with two walk-in facilities back online.

is attractive to drug makers, who generally

suppliers, such API manufacturing capa

The Avlon team’s experience managing

want to simplify their supplier bases while

bilities are increasingly critical to serving a

the life cycles of Crestor and Seroquel of-

ensuring quality and regulatory compli-

partner’s drug development strategies.

fers continued value. Demand for Crestor

ance within their supply networks. It is a

The personnel tie all of this together.

and Seroquel has significantly exceeded

risk-sharing strategy that to be successful

An organization with a strong culture that

initial volume expectations. Avlon was

requires true partnerships and complete

combines a deep understanding of special-

able to increase existing capacity and op-

trust in the operations and leadership of

ty API production, based on a wide range

timize the chemistry and manufacturing

any prospective CDMO partner.

of technical competencies with a safety

processes with augmented batch sizes and

This is fundamentally needed when we

mind-set, represents the secure trusted

improved cycle times. Applying advanced

consider that the Active Pharmaceutical

partner that drug owners require to assure

problem solving, chemistry and statistical

Ingredient (API) market is expected to

long-term strategic success.

techniques, and experimental design to
multistage processes has allowed the site

reach $213.97 billion by 2021 from its cur-

The required attributes of a good API — namely
quality, safety and effectiveness — stem from good
manufacturing processes. With an ever-expanding
global patient population and the increased requirement
for outsourcing, carefully selecting the right facilities
and, ultimately, the right contract development and
manufacturing organization (CDMO), has never been
more important.

AVARA

rent $157.95 billion in 2016, according to Re-

API OPTIMIZATION AT AVLON AND SHANNON

to increase production from 100 to over

search and Markets. “At Avara, we are acute-

Avlon supplies APIs for two of AstraZene

400 tons/year.

ly aware of the need for highly competent

ca’s (AZ) best-selling drugs, Crestor® (ro-

Shannon continues to produce the API

and reliable outsourcing partners to truly

suvastatin) and Seroquel® (quetiapine),

for UCB’s Neupro®, a €350 million/year

support customers by managing their sup-

which together accounted for a third of the

Parkinson’s disease therapy, which is still

ply chain,” according to Gary Butler, Vice

company’s sales at one point. Despite go-

under patent protection. The site was

President and Site Director at Avlon.

ing off patent, they are still top-five brands

also heavily involved in late-stage chemi-

for AZ. The site remains a critical part of

cal development for three current market

CHOOSING API SITES TO SERVE THE MARKET

AZ’s supply chain, through its deal with

NCEs, with combined revenues of more

Key criteria that Avara applies in qualify-

Avara. AstraZeneca invested strategically

than $2.0 billion/year, and in the past was

ing one potential API site over another

in the Avlon site, installing advanced R&D,

also very active in developing chemical

are the culture of the site and its history

clinical trial material production, scale-up

processes for the generics market. It also
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AVARA
SHANNON, IRELAND

“Avlon and Shannon have
a proven track record
for many years delivering
complex products and
projects with the customer
always as the center of
the focus and as
a true partner,” explains
Werner Kunz, Vice President
and Site Director at Shannon.

currently manufactures 70-80 tons/year of

on Six Sigma principles, both have a strong

than a collection of stand-alone sites.

two particular APIs for many clients and

best-in-class culture and a track record of

From the moment any acquisition deal is

worldwide supply. With a level of manufac-

implementing process improvements to

signed, the company works to integrate its

turing competence matching sister-site Av-

reduce the cost of goods and avoid capi-

operations and people into every aspect of

lon, Shannon maintains an on-time in-full

tal expenditures. Each site has delivered

the corporate culture under a single brand,

(OTIF) record of nearly 100%.

products over a long period of time, stew-

in which common values and standards

arding them through their life cycles. The

are shared. Although Avlon and Shannon

COMBINED CAPABILITIES

veteran personnel at Avlon and Shannon

bring individual capabilities, together the

While Avlon and Shannon have unique his-

know where the value lies within the supply

sites are key elements of Avara’s strategic

tories, both sites share the attributes of

chain, and have identified the work needed

global manufacturing model, ready to put

expertise and experience that will enable

to deliver opportunities and mitigate risk

their capacity and experience to work for

them to represent an integrated, single of-

for their customers.

global partners.

fering. With experience in lean manufac-

Avara pursues its market strategy to op-

Communities of practice covering areas

turing and operational excellence based

erate as a tightly integrated CDMO, rather

such as Operational Excellence; Safety,

EXPERIENCE
at youR sIdE

Health & Environment (SHE); and Manufacturing have already been established

ABOUT THE AUTHOR

across the sites, each sponsored by a site

Jim Scandura
Executive Vice President, Chief Operating Officer,
Avara Pharmaceutical Services
Jim Scandura has a wealth of pharmaceutical industry experience
through projects with i-Solutions — a Life Sciences specialty consulting
company. He has managed three major pharmaceutical manufacturing
network change programs, three consent decree recovery efforts, over
30 manufacturing-site audit and operational improvement efforts,
integration of a large R&D center, and the direct management and
integration of several manufacturing sites. Mr. Scandura has experience
working for Bristol-Myers Squibb, GSK, Roche, Valeant, Patheon, Aptuit and
many other pharmaceutical companies. Previously, he was Senior Vice
President at Johnson Controls Inc. and, prior to that, served in the U.S.
Navy Nuclear Submarine Service.

leader with an agreed common agenda that
will be deployed uniformly across all sites.
To be an effective partner, Avara also recognizes the need for autonomy at a given
site. This is in order to maintain total customer focus depending on the product and
supply chain. With highly experienced management, staff and operators, each site can
define its role for customers and align itself
to meet those needs. That role is the same,

COMMITMENT TO YOUR PROJECT
Avara is a CDMO with a long record of reliability, fostered through the
leadership of a team of industry veterans. Put all our knowledge and
commitment at your side and you’ll see how it results in world-class service
and your desired outsourcing experience. Our seasoned understanding
of market needs for flexibility alongside delivery supports project
optimization and trusted relationships.

ultimately, for all sites — fulfilling the company promise to the customer that Avara
will deliver reliably, to the highest-quality
standards, on-time and in-full, while using its skills and experience to take out

LinkedIn www.linkedin.com/in/jimscandura

costs and manage supply chain issues.

P
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> PARENTERAL STRATEGY

SMALL MOLECULE
INJECTABLE
MANUFACTURING:
CHALLENGES
AND COMPLEXITIES

plastic bags and deliver a fixed dose,
ensuring accurate delivery of the drug to
the patient and reducing waste.
QUALITY, QUALITY AND MORE QUALITY
Processes involved in the manufacture of
sterile parenteral products are typically
more complex than those required for the
production of oral dosage forms. The stability of parenteral solutions must be assured. The product must be sufficiently
stable to remain in solution (or within the
freeze-dried cake) for a reasonable amount
of time.
In addition, compatibility studies must
be conducted to ensure that there are no
interactions between the drug product/
solution and the glass or plastic container,
rubber stoppers, etc. Products packaged in
plastic must also undergo extractable and
leachable testing to ensure that no additives in the plastic contaminate the drug
product. Sterility assurance is also essential. Studies must be conducted to confirm
that there is no bacterial or fungal contamination of the formulated product. Trans-

> BY MARGA VIÑES, GRIFOLS PARTNERSHIP

portation and logistics can also be an issue
if low-temperature storage or other special
conditions are required.
All of these issues relate directly to
product quality. A culture of quality and

Despite the growth of biologic drugs, medicines based on
small molecules remain important in the treatment of all
types of diseases. Small molecule injectable drugs are often
necessary for the treatment of hospital patients. Production
of sterile injectable projects is much more complex and
challenging than oral dose manufacturing. A commitment
to quality, robust processes and knowledge of the end user
are essential for CDMOs providing these services.

DON’T COUNT OUT SMALL MOLECULES

expected to grow at an annual rate of ap-

medication directly into the bloodstream.

effective quality systems are essential for

These days small molecule drugs don’t

proximately 7% from 2016 to 2027, reach-

For small molecule drugs, such rapid de-

successful production of complex prod-

seem to receive the attention that biolog-

ing $279.7 billion.6

livery is needed to treat patients, and is

ucts such as sterile injectables. It is imper-

most often needed in hospitals — either

ative that all parenteral products be manu-

ics do. They are just as relevant today as
they ever have been, however. In fact, they

SMALL MOLECULE INJECTABLES’

in an emergency room situation or when

factured to the highest quality standards,

account for approximately two-thirds of

IMPORTANT NICHE

there are unexpected complications. In

regardless of whether they are brand-

drugs in the pharmaceutical industry pipe-

Within the small molecule drug market, the

some cases, patients are incapable of tak-

ed drugs or generics. Because Grifols

line.1

vast majority of products are formulated

ing medications by mouth, and injection or

participates in the plasma-derived pro-

In addition, the majority of FDA new drug

for oral administration. Oral dosage forms

infusion is the most effective route of ad-

teins market, we have made an extensive

approvals have gone to small molecule

are generally the easiest for patients to

ministration. In others, the API may be de-

drugs in the past several years. Specifical-

take and the least costly for manufactur-

graded in the intestinal tract and therefore

ly, in 2015, 33 of the 45 new drugs approved

ers to produce. There is a real need, how-

require parenteral delivery.

by FDA were small molecules,2 while in

ever, for parenteral formulations of small

2016, 15 out of 22 newly approved products

molecule drugs.

were based on chemical active pharma-

The global sterile injectable drugs mar-

tions, antibiotics and analgesics. Standard

ceutical ingredients (APIs).3 Furthermore,

ket will expand at a compound annual

solutions of glucose, potassium and saline

as recently as 2014, small molecule drugs

growth rate of more than 7% from 2016 to

are also administered in this manner.

accounted for 84% of pharmaceutical in-

2024, reaching a value of $657 bilion by

dustry revenues.4 Five of the top 10 drugs

the end of the forecast period.7 Notably,

concentrated

in terms of revenue, and nine out of the top

the market research firm sees small mol-

premixed solutions. Admixtures, often

10 most-prescribed drugs, were based on

ecule injectable drugs gaining immense

freeze-dried and packaged in glass vials,

small molecule APIs.5

popularity.7

require dilution prior to administration,

It is also worth noting that the global
market
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The main small molecule drugs delivered parenterally include heart medica-

for

small

molecule

APIs

is

These drugs can be formulated as
admixtures

or

diluted,

Intravenous infusion provides an im-

which can introduce human errors. Pre-

mediate therapeutic effect by delivering

mixed solutions are packaged in flexible

GRIFOLS HAS NEVER
EXPERIENCED ANY
QUALITY PROBLEMS
WITH ITS BLOOD
DERIVATIVE PRODUCTS
DUE TO VIRUS
CONTAMINATION.
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A CULTURE OF QUALITY
AND EFFECTIVE QUALITY
SYSTEMS ARE ESSENTIAL
FOR SUCCESSFUL
PRODUCTION OF COMPLEX
PRODUCTS SUCH AS
STERILE INJECTABLES.

for particulates, avoiding the potential for

multiproduct lines are used to produce

human error in this important unit opera-

high-quality, small molecule injectable

tion. Automation systems also help reduce

drugs that can withstand terminal ster-

the chance for incorrect container manipu-

ilization. We continue to expand our ca-

lation and ensure accurate labeling.

pabilities in response to customer needs;
one example is the latest addition of a

UNDERSTANDING THE NEEDS

fourth “Form-Fill-Seal” line for the pro-

OF YOUR REAL CUSTOMERS

duction of premixed products in plastic

With the emphasis in the pharmaceuti-

bags that will be operational by the end

cal industry today on increasing patient

of 2017.

medication compliance through the devel-

As a business unit within a global pharma-

opment of patient-centric drug products,

ceutical manufacturer, Grifols Partnership

it has become more important than ever

has access to financial, technical, regula-

for drug manufacturers to understand

tory and other resources not readily avail-

the needs of their ultimate customers.

able to standalone CDMOs. In addition,

commitment to quality. Quality culture is at

For small molecule parenteral products,

the same equipment, which is designed

the roots of our company and it branches out

those customers are typically nurses and

specifically for Grifols by Grifols Engi-

to all of our businesses, including our sterile

doctors with hospitals, clinics and organi-

neering, is used for both internal and ex-

fill-finish operations.

zations that provide in-home patient care.

ternal projects. As a result, operators have

Grifols has never experienced any

Grifols has a 75-year history develop-

extensive experience working with these

quality problems with its blood derivative

ing plasma-derived medicines, and dur-

systems. This vertical integration also

products due to virus contamination. In

ing that time we have worked directly with

fits with Grifols’ quality culture; it enables

addition, we received no 483 complaints

nurses and doctors. As a result, we have

us to control the entire process, ensuring

following our most recent FDA audit in

extensive knowledge regarding their pref-

achievement of the highest quality.

June 2015. Furthermore, Grifols was one

erences for parenteral product design.

of the first companies in Europe in 2007

We also have insight into how changes in

to obtain approval for the parametric re-

process or product design might impact

lease of parenteral solutions in glass and

final product acceptance. This knowledge

flexible containers from its EMA- and

can be highly beneficial for drug manufac-

FDA-certified production plants in Bar-

turers looking to differentiate their small

celona and Murcia, Spain. Parametric

molecule parenteral products, whether

release is authorized for companies that

they are introducing a new branded thera

have historically shown excellent sterility

py in a glass vial or looking to extend the

test results and high consistency in their

life cycle of a generic premixed solution

overall quality systems. It is a guarantee

in flexible plastic packaging.

that the product has attained the desired

PARENTERAL
CDMO
Grifols guides pharmaceutical companies
through the process of switching from
concentrated formula to pre-mixed
solution in ready-to-use
flexible bags

P
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and patient safety.
We have both “Form-Fill-Seal” technology for the production of polypropylene
bags and fully automated glass vial filling
lines designed to minimize human interactions with drug products. Artificial vision
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> CELL LINE DEVELOPMENT

RAPID PROCESS
DEVELOPMENT AND
OPTIMIZATION ARE
ACHIEVED THROUGH
THE EXTENSIVE USE
OF MULTIVARIATE
EXPERIMENTAL
DESIGNS FOLLOWING
QBD PRINCIPLES.

BUILDING A ONE-STOP
SHOP CDMO FOR
BIOPHARMACEUTICALS

drug substance and drug product manufac-

> BY FEDERICO POLLANO, POLPHARMA BIOLOGICS

turing in 2019.
All of these activities are directed toward the vision of a CDMO that can serve
as a true modular one-stop shop for pharma-biotech companies looking for support
for their biologics or biosimilars. Polpharma Biologics has, in fact, been specifically
structured as a European biopharmaceutical CDMO that offers fully integrated
solutions along the biopharmaceutical

The rapid growth of the biopharmaceutical market has
created increasing demand for contract development
and manufacturing services. Contract development
manufacturing organizations (CDMOs) that can provide
support across the full development life cycle, from cell
line development to commercial manufacturing, can
reduce the time to market for their clients. However,
there are few true one-stop shop organizations
providing support to pharma companies developing
biosimilars and branded biologics.

STRONG BIOPHARMA DEMAND

with a few others possessing one or two

comprehensive capabilities to support the

development and production value chain

The global market for biopharmaceuticals

12,000 L lines.2 Furthermore, in 2015 the

full drug development cycle. With more

to serve global market needs, not only for

was valued at $192.2 million in 2016 and

overall cell culture capacity utilization for

than 80 years of experience producing

today but also into the future. It provides

projected to grow at a compound annual

biopharmaceutical CDMOs is >85%, and

generics and over-the-counter medicines,

fast, flexible, responsive service with a fo-

growth rate (CAGR) of 8.6% to reach $291

was expected to increase with the grow-

and as one of the largest pharmaceutical

cus on mammalian cell culture and capa-

billion by 2021, according to Mordor In-

ing acceptance of biosimilars combined

companies in Central and Eastern Europe,

bilities, spanning the full range from cell

telligence.1 Biopharmaceuticals currently

with increasing interest in novel biologic

Polpharma has extensive expertise in

line, process and analytical development

represent approximately 20% of the entire

drugs.2

GMP/regulatory compliance and the qual-

to GMP manufacture of drug substance
and drug product meeting international

pharmaceutical market revenue, and this

What the market needs is CDMOs that

ity assurance to support such an endeavor.

is expected to increase in the future, as

offer a comprehensive portfolio of services

Polpharma Biologics was established

growth is predicted to exceed that of non-

supporting the entire biopharmaceutical

in 2013 as a division of Polpharma Group.

biologics.

development cycle, from cell line devel-

Today, the company has five biosimilars in

MAGIC IN THE CELL

Although outsourcing of biopharmaceu-

opment through clinical and commercial

development. Cell line development capa-

With an increasing emphasis on the cost

tical manufacturing provides access to

manufacturing with full analytical capabili-

bilities were added in 2016 with the acqui-

of goods (COGs), identification of highly

advanced technologies and necessary ca-

ties and regulatory expertise. Ideally, these

sition of Bioceros in the Netherlands. In

productive cell lines is essential for the

pacity, while also offering the potential for

highly integrated CDMOs will be located

addition, Polpharma Biologics is currently

successful development of biosimilar and

project acceleration and cost reductions,

where they can readily support the Euro-

adding the capability to produce final

innovator drug processes. High-yielding

reliance on CDMOs does introduce risk

pean and North American markets, which

drug product (five million vials/syringes

cell lines allow the use of smaller-scale up-

into a project and has its own challenges.

account for over 80% of the consumption

per year) at the Gdańsk facility. Construc-

stream and downstream processing equip-

There are, in fact, a limited number of

of biologic drugs.2

tion of a commercial manufacturing facil-

ment, resulting in reduced capital expendi-

ity at Duchnice near Warsaw is underway,

ture and the potential for fewer batches per
year for lower operating costs.

contract manufacturers with the capacity
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quality standards.

to provide large-scale biopharmaceutical

NEED FOR FULLY INTEGRATED CDMOs

which will eventually have 12 x 2,000-liter

manufacturing. According to McKinsey &

Recognizing the significant need in the

production trains and an annual fill-finish

For more than 10 years, Bioceros, part

Co, there are only 10-20 biopharmaceutical

marketplace for integrated biopharmaceu-

capacity of 30 million vials and syringes.

of Polpharma Biologics, has generated

CDMOs, and in 2015 only three suppliers

tical CDMO services, Polpharma Group

The additional capacity in Gdańsk and the

high-yield production cell lines for both

had six or more 12,000 L bioreactor lines,

began to take steps in 2013 to establish

new site in Warsaw will be operational for

biosimilar and innovative proteins based
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POLPHARMA BIOLOGICS
WAS ESTABLISHED IN
2013 AS A DIVISION OF
POLPHARMA GROUP.

interest and further identify its core quality

comparable — and in many cases identical —

attributes, which play a crucial role in the

equipment for research, development and

biosimilarity of the final product. For proj-

production combined with intense collab-

ects that begin with cell line development,

oration between manufacturing and devel-

further optimization of the upstream and

opment teams facilitates smooth and fast

downstream processes greatly increases

in-house transfer.

productivity while maintaining all relevant
quality attributes.
Rapid process development and optimion its proprietary CHO

platform tech-

zation are achieved through the extensive

nology. This platform is complemented by a

use of multivariate experimental designs

comprehensive science-based toolbox for

following QbD principles. Customized for-

targeted modulation of post-translational

mulations for both drug substance and

modifications to accomplish fingerprint

drug product can also be developed in-

biosimilarity, which can be readily analyzed

house and subsequently tested for stabil-

using robust in-house bioassays.

ity according to ICH standards. Upstream

BC®

master cell bank contains

process development capabilities include

cells intensively tested for the absence of

The CHO

research cell bank production and media

viral elements according to the ICH guide-

feed optimization.

BC®

lines, with CHOBC® cell lines successfully

Clinical manufacturing takes place at

upscaled to 1,000 L. Currently, a monoclo-

the Biotechnology Center in Gdańsk, which

nal antibody (mAb) biosimilar generated

houses bioreactors that contain volumes

using a CHOBC® production cell line is in

up to 1,000 liters for cell culture and 500

clinical trials. Bioceros has developed a

liters for bacterial processes. Commer-

range of innovative therapeutic mAbs that

cial GMP manufacturing using scale-down

are available for clients to quickly embark

models, as well as high-throughput mini-

on new clinical programs.

and regular bioreactor systems for parallel

Bioceros is equipped with a full range

screening, will be operational at the new

of cutting-edge, high-throughput technolo-

Duchnice facility by 2019. Downstream de-

gies capable of achieving rapid generation

velopment services include identification

of optimum, high-producing cell lines that

of optimum protein purification process-

meet specific quality-attribute require-

es based on design of experiment (DOE)

ments. These technologies are supported

models combined with full scale-down and

by a wide range of advanced analytical ca-

scale-up capabilities. A wide range of chro-

pabilities, including mass spectrometry, in

matography systems and single-use tan-

addition to state-of-the-art chromatogra-

gential flow filtration (TFF) are employed.

phy systems for clarification and purifica-

With successful technology transfer

tion, as well as the custom design and ex-

being crucial for effective biologic drug

ecution of bioassays. With this approach,

development and commercialization, Pol-

Bioceros is able to achieve a locked 50 L

pharma Biologics has fully aligned tech-

process (using single-use disposable bio-

nologies at all of its facilities. The use of

PARTNERSHIP FOR THE FUTURE
CDMO services from Polpharma Biologics are tailor-made for customers from
all over the world for both biosimilars
and innovative molecules, including nextgeneration biologics such as newer antibody frameworks and antibody-drug conjugates (ADCs). As a fully integrated CDMO,
Polpharma Biologics offers support for all
steps in biopharmaceutical development
programs and works with clients through
a variety of relationships, from a purely

Drug substance and Fill&Finish
BC®

Own CHO

platform

your modular

one-stop-shop
for biopharmaceuticals

mABs
New AB formats
Proteins

fee-for-service basis to risk-sharing co-

large sCale
CommerCial
manuFaCturing

developments and strategic partnering.
Investments in laboratory and production
facilities, state-of-the-art single-use production, analytical equipment and highly
qualified and talented bioprocess experts
are backed by a long and successful histo-

gmp manuFaCturing
(2000l)

ry of Polpharma, which has demonstrated
commercialization capabilities and industrial CDMO expertise.

pilot manuFaCturing
Development
(50-1000l)

At Polpharma Biologics, we are eager to
develop partnerships with clients looking
for a biopharmaceutical one-stop shop that
can provide both development and largescale industrial production services.

P
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MANUFACTURING PROCESSES
With its one-stop-shop approach, Polphar-
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ma Biologics is positioned to provide a
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> DRUG ADHERENCE

efficacy and therapeutic value of these
drugs are significantly impacted, resulting in poor patient outcomes and higher

THE PEOPLE’S CHOICE:
PREMEASURED
SINGLE DOSAGE FORMS

overall healthcare costs. In the U.S., more
than 50% of the population takes their
prescriptions incorrectly, contributing to
some 125,000 deaths each year. A 2013
IMS Institute for Healthcare Informatics
study noted that nonadherence leads to
approximately $200 billion in avoidable
healthcare costs annually.2 Another report
by the National Council on Patient Information and Education explained that nonadherence leads to an extra $47 billion in
hospitalization costs related to the issue.
There are multiple causes of poor adherence with no patient or demographic group
exempt; however, most studies have shown
the reason most people don’t take medica-

> BY DAVID KUDLA AND RAO TATAPUDY, R.Ph., Ph.D., UNITHER PHARMACEUTICALS

tion properly is related to dose form, dosing complexity and other, often psychological motivations relating to personal
perception. Taking the incorrect dose is a
common nonadherence error, but other issues include forgetting to take the medication, mixing up medication or dispensing
the wrong amount of a medication from its
primary packaging.

Taking medication as intended is an issue
for many patients — single unit packaging is a
solution for better FDA and patient compliance.
In May 2011, FDA offered guidance1 suggesting
that patients should be given an accurate way
to measure their medication even in the case
of fixed doses, such as 5 mL or 10 mL.
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Who is most prone to adherence errors?
The elderly are especially vulnerable. It is
made

prescription writing. Parents and caretak-

includes the Ventolin Nebules used in inha-

increasingly common for patients aged 65

based on several years of

ers of children and geriatrics, whether at

lation and governed by unit dosing.

or older to take 10 or more medications

studying patient compliance.

home, in a hospital or at a nursing home,

For patients, the convenience of taking a

daily. Children are another at-risk group

The study found that patients

are realizing the benefit of not having to

few liquid stick packs of a preferred cough-

regarding adherence. U.S. National Poi-

were routinely over- or un-

measure an oral liquid, share an oral liquid

cold-fever medicine on the go, without hav-

son Database statistics revealed that from

derdosing themselves due to

bottle or request that a doctor write mul-

ing to carry the whole bottle, is especially

2002 to 2012, almost 700,000 of those un-

a wide variation in volume of

tiple prescriptions of the same medicine.

promising. Unit dosing will not only allow

der age six suffered out-of-hospital medi-

his

suggestion

was

medication, measured by inconsistently

An added benefit of unit dosing is that

a patient to take their medicine in any set-

cation errors; 80% of those errors involved

sized teaspoons. Another patient issue ob-

it enables doctors to prescribe controlled

ting, but also creates a situation where

liquid doses. The same reference also evi-

served was with dosing cups. Dosing cups

substance oral liquids without worry, as

they do not have to worry about measuring

denced that adolescents are prone to inad-

are provided specifically with one product

unit doses address the issue of abuse. It

it. This enhances patient medication com-

vertent dosing mistakes and waste. Color-

and are not interchangeable — they cannot

also allows pharmacists to store the oral

pliance and adherence to a medication

free formulations were introduced as a way

be used with another medication — though

liquids under lock and key, which is a great

schedule. It also eliminates medication-

to address this problem, but such changes

patients were not abiding by this, which led

new advantage. This innovation allows al-

dosing errors due to language barriers,

merely serve to mask the real problem of

to errors in compliance. Thus, the ability of

most any unit dose oral solid, or multiple

which are often not accounted for. This is

nonadherence; much of it is due to the

a patient or caregiver to accurately mea-

dose oral liquid, to be converted to a unit

especially helpful for OTC products, where

product’s fundamental delivery system —

sure medication is an unmet need. A pre-

dose oral liquid. It also addresses several

a pharmacist may not be engaged in ex-

again, in this case, liquid formulations.

measured liquid stick pack is the solution.

challenges, including stability concerns re-

plaining the dosing directions, and the pa-

Authors of a paper published by the

“Unit dose” is poised to be a game-

lated to multiple dose oral liquids — such

tient does not understand the text on the

American Association of Pharmaceutical

changer in pharma. Measuring cups, table-

as light sensitivity and oxygen headspace.

medication.

Scientists (AAPS) Journal sought to de-

spoons, teaspoons and multiple dose con-

The benefit of introducing ophthalmic

tainers for oral liquids and eye drops are a

unit dose forms, available without pre-

PATIENT-CENTRIC DRUG DESIGN

Patient-Centric Pharmaceutical Drug Prod-

thing of the past. Today’s patient is looking

servatives is an immense advantage and

Most of pharma has recognized that

uct Design.” In concluding its research,

for convenience. Doctors are also realiz-

provides convenience of transportation.

when a given patient cannot (or will not)

the authors offered this one-sentence

ing the value of unit dosing in regards to

Another prime example of unit dosing

take their medications as prescribed, the

definition: “The process of identifying the

fine the term for the industry in “Defining
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comprehensive needs of individuals or the

Unither’s Unistick® single unit dose liq-

medications to caregivers, doctors and

target population and utilizing the identi-

uid stick packs offer a number of benefits

clinicians tasked with managing dispens-

fied needs to design pharmaceutical drug

when it comes to delivering pharmaceuti-

ing and dosing of drug products to those

products that provide the best overall ben-

cals in convenient forms, including a fi-

in their care.

efit to risk profile for the target patient

nancial aspect. For example, a heartburn

Taking all these factors into consider-

population over the intended duration of

medication delivered in a liquid stick

ation, single unit, premeasured dosage

treatment.”3

pack form captured 80% of the market in

forms are an answer to the issue of nonad-

France after it was introduced.

herence. As the number of medications

It is evident that every patient group,
young or old, can benefit from a patient-

The premeasured Unistick® is designed

prescribed increases, drug developers

centric approach. Improved delivery sys-

to accommodate liquids and provide great

must evaluate and incorporate patient-

tems are a benefit to all, from patients

utility for viscous products like gels and

centric properties into their product, and

who self-administer their medications to

creams — these forms are very function-

introduce the single unit dose forms that

caregivers, doctors and clinicians tasked

al. Portable and convenient, liquid stick

people prefer.

with managing drug products to those un-

packs reduce spilling, as well as inadver-

der their supervision. In other words, drug

tent under- or overdosing. Stick packs are

designs that aren’t patient-centric in form

a great substitute for glass bulbs, small

and delivery are less likely to be consumed

vials and conventional bottles. Similarly,

as directed, and therefore less likely to be

each dose can be imprinted with branding

commercially successful.

and other information for patient safety

1. Guidance For Industry Dosage Delivery Devices For Orally

and caregiver effectiveness. Other ben-

Ingested OTC Liquid Drug Products. Department Of Health And

P
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centricity in their drug development efforts, introducing products with innovative packaging technology and delivery
solutions to better meet patient needs and
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increase their therapeutic value. These at-
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tributes are being integrated into product
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development earlier into the product cycle.
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single dose liquid stick packs, and strategic leadership of the manufacturing
site in Rochester, NY. He has over 30 years’ experience, from start-up to
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Today an active, mobile lifestyle is the
norm for most people, making the need for
portable solutions, including single unit,
premeasured dosage forms such as those
created by Unither, key. Unither is focused
on single unit dose packaging, including
sterile single-use primary packaging tech-

LinkedIn www.linkedin.com/in/david-kudla-6a38188/
Email david.kudla@unither-pharma.com

nologies, blow-fill-seal (BFS) and liquid
stick packs. Unither filling systems are
flexible and adjustable to suit varied dose
measurements. Equipped with advanced,
flexible cGMP fill and finish processes
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and technologies, Unither is experienced

Executive Director, Research & Development, Unither Pharmaceuticals

at delivering affordable unit dose forms to

Dr. Tatapudy is the head of all R&D activities at Unither Pharmaceuticals
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OTC, generics and brand products. Dr. Tatapudy is a member of Rochester
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both consumers and manufacturers on a
cost-of-goods basis.
POWER TO THE PEOPLE
Unit-dose packaging is growing in popularity. For drug developers and drug marketers, single unit dose forms are increasingly
seen as an affordable route to improve patient drug adherence and outcomes, em-

Unistick® single unit dose liquid stick packs are user-friendly, convenient,
and affordable. They help patients take their medicine on-time and in the
right amount, and can reduce the need for artificial preservatives.
Speak to Unither Pharmaceuticals today to differentiate your products
and improve your patient’s experience without increasing costs.
Unither is a global development and manufacturing partner for pharmaceutical
dosage forms, with facilities in Europe and North America.

LinkedIn www.linkedin.com/in/rao-tatapudy-r-ph-ph-d-5521b41a/
Email rao.tatapudy@unither-pharma.com

powering consumers to be more effective
stewards of their healthcare.

www.unither-pharma.com
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> SINGLE-USE SYSTEMS

DESIGN OF COMPLEX
BIOPHARMACEUTICAL
FACILITIES:
CONSIDERING OPTIONS
AND ALTERNATIVES
> BY SUE BEHRENS AND TOM PIOMBINO, IPS – INTEGRATED PROJECT SERVICES, LLC

GROWING DIVERSITY

manufacturing operations capabilities in

biologic products, on the other hand, still

Twenty years ago, just a few types of bio-

order to compete with Big Pharma compa-

have requirements for large-scale produc-

logic drugs were being developed and

nies and CDMOs. Many of these new en-

tion. They also generally have a longer-

ultimately commercialized, often using

trants have extensive scientific expertise

term visibility of production plans for a

similar cell lines that required common

but lack personnel with large-scale produc-

given facility. As a result, the commercial

equipment and facility designs. That is

tion experience. Engineering and design

adoption of SU technologies by these firms

definitely not the case today. Early clinical

firms with the right skill sets can take on

is occurring at a slower rate compared to

successes with next-generation therapies

an educational role, helping these compa-

that of CDMOs and biosimilar producers.

based on cells, genes and viral vectors are

nies understand the timing of investments

The one exception is branded pharma-

driving investment in manufacturing facili-

and skills they need to develop in order to

ceutical companies that are developing

ties for these and other personalized medi-

become manufacturing organizations.

cell and gene therapies and other next-

cine products, which require novel techMAINTAINING THE RIGHT BALANCE

second- and third-generation antibody-

Perhaps the biggest driver of change in

Titers for mAb and protein production

based drugs also require different manu-

bioprocessing is the need to reduce the

have climbed dramatically and the vol-

facturing processes.
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are often produced at very small volumes.

cost of goods. Of course, many of the

umes required for these products can be

In addition, the pharmaceutical market

changes intended to result in lower costs

sufficiently large to preclude the use of SU

has become very diverse and is no longer

require up-front investment that must

technologies. Though SU systems can be

focused solely on blockbusters; smaller-

be captured at some point in the value

installed more quickly and less expensive-

volume products that treat targeted pa-

stream. The biopharmaceutical industry

ly than a stainless steel unit, the operation-

tient populations account for a growing

is also challenged with legacy investments

al costs associated with the large numbers

percentage of portfolios and pipelines.

and regulatory impact when making any

of SU bags required to meet production

The high potency of some biologics also

manufacturing change.

volumes eventually exceed the costs of op-

contributes to a need for smaller product

Despite these challenges, the drive

eration in stainless steel. In addition, many

volumes. There is also increasing invest-

to move to SU systems is quite strong in

downstream processes continue to be per-

ment in vaccine manufacturing.

certain circumstances. Biopharmaceuti-

formed in stainless steel, so any potential

biopharmaceuti-

cal manufacturers are looking to iden-

savings on utilities (such as steam-in-place

cal manufacturing plants today produce

tify opportunities throughout their entire

and clean-in-place) are not fully realized.

multiple products with varying proper-

production operations — from cell culture

ties that require different production

to fill/finish — for implementation of SU

DESIGN CONSIDERATIONS

their bets. In fact, given that the certainty

processes. The evolution and definition

technologies. Most commonly, SU sys-

It is crucial when designing a new facility,

of product approval after reaching phase

around container closure has provided a

tems are finding a use for upstream oper-

or expanding an existing facility, to con-

III has noticeably declined in recent years,

greater sense of process flexibility, but

ations. The development of downstream

sider where current process development

rather than go straight to a large produc-

companies must still decide if they are

technologies has lagged somewhat, but

efforts might lead. There is significant un-

tion plant, many manufacturers are limiting

going to take a longer multiproduct view

vendors are improving their offerings on

certainty because technologies that work

their initial outlays by constructing launch

of their facility and process design. With

a continual basis. For instance, line sizes

at a smaller scale may or may not work at

facilities with multiple smaller reactors

a myriad of product options that might

for tubing are increasing to address a

the commercial scale. In addition, issues

that provide the ability to scale-up produc-

be in the future pipeline, ensuring that

major shortcoming of SU systems for pro-

such as the staging and storage of consum-

tion as needed.

cross-contamination

cess-scale chromatography.

ables and waste cannot be easily predict-

As

The movement of viral vectors, cell therapies and other
antibody-based next-generation drug products toward
commercialization is driving the need for new and different
technologies and facilities. These facilities need to be more
flexible and suited for multiproduct manufacturing. Large
stainless steel tanks will remain part of the solution,
but single-use systems for upstream and downstream
operations are increasingly important.

generation, personalized medicines, which

nologies and engineering designs. Many

WHILE LARGE (20,000
LITER) STAINLESS STEEL
BIOREACTORS CONTINUE TO
HAVE THEIR PLACE
IN THE INDUSTRY, SINGLEUSE (SU) BIOREACTORS
AND SYSTEMS FOR
DOWNSTREAM UNIT
OPERATIONS ARE BEING
INCREASINGLY ADOPTED
ON THE COMMERCIAL
SCALE TO PROVIDE THE
FLEXIBILITY NEEDED
TO ENSURE SAFE AND
EFFICIENT OPERATION
OF MULTIPRODUCT
FACILITIES.

a

result,

many

can

be

managed

now and into the future is critical. For in-

Manufacturers must maintain a balance,

ed, and generally storage space is limited.

ACCESS TO OPTIONS

stance, large (20,000 liter) stainless steel

however, and most adopt hybrid solutions

Media and buffer management are also im-

Because flexibility of facility design is so

bioreactors continue to have their place

that incorporate SU technologies where

portant issues; shifts in operations and in

crucial for biopharmaceutical manufactur-

in the industry, but single-use (SU) biore-

they can provide significant cost and time

scale are often limited by how much media/

ing plants today, it is essential to select a

actors and systems for downstream unit

advantages combined with operational

buffer can be processed in a facility.

design firm with the depth of knowledge

operations are being increasingly adopted

flexibility. Often adoption of SU systems

on the commercial scale to provide the

provides

It is necessary to identify all business

and breadth of capabilities that enable the

multiple

drivers and fully understand the prod-

presentation of options and alternatives.

flexibility needed to ensure safe and effi-

process-design options, which helps en-

ucts and processes to ensure design of a

Biopharmaceutical products are manufac-

cient operation of multiproduct facilities.

sure that these up-front choices will be ef-

high-quality facility. Will there be multiple

tured using complex process technologies

Access to SU technologies is also pro-

fective for the lifetime of the facility (now

products or a single product? Will there be

for drug substance and require aseptic fill-

viding smaller players with the opportu-

< 20 years). Because CDMOs by definition

a platform technology? Will it be a small-

ing for drug product. An engineering firm

nity to pursue manufacturing on their own,

manufacture many different products and

volume personalized medicine or large-

should be able to identify, at an early stage,

rather than relying on contract service

product types on a wide range of scales,

volume product intended for the global mar-

appropriate standards that provide the

providers. Charting this course is chal-

they have been more eager to implement

ket? This information is considered, along

optimum solutions and align with current

lenging for many of these companies, how-

SU technologies. Branded pharmaceutical

with the available equipment, to design a

manufacturing practices, and be willing to

ever, because they must rapidly develop

companies producing more conventional

flexible facility that will help clients hedge

argue against internal client guidelines, if

manufacturers

with

PHARMASALMANAC.COM 75

required. If not, ultimately the facility may

collaborative relationships as do firms

need to be redesigned at a later stage, which

dedicated to the pharmaceutical industry.

could impact product delivery timelines.

FLEXIBILITY IN FACILITY
DESIGN IS ESSENTIAL
TO MEET DIVERSE
PROCESSING NEEDS FOR
BIOPHARMACEUTICAL
MANUFACTURING.

Being able to tie process technology and

GLOBAL ADOPTION

facility design to regulatory expectations

It is worth noting that the adoption of SU

is also a critical skill for any engineer-

technologies is occurring at different

ing design firm partner. Finally, with the

rates in different geographic areas. For in-

percentage of highly potent biologic drug

stance, SU systems are being implemented

products growing rapidly, it is also impor-

rapidly across many facilities in the U.S.

tant for design firms to have knowledge of,

and Europe. Manufacturers in China are

and experience working with, the complex

focused more on biosimilar than branded

facility systems and equipment necessary

drug manufacturing and thus are more

to ensure the safety of operators and the

prone to adopt SU systems to achieve flex-

lengths of 20-30 feet and tubing transi-

environment.

ibility of scale. In other Asian countries,

tions between floors has also created diffi-

Having knowledge of state-of-the-art bio-

however, SU systems are perceived to be

culties. Optimum solutions for the connec-

processing technologies is not sufficient,

more expensive because equipment is be-

tion of SU systems to stainless steel units

however. A close relationship with biophar-

ing disposed of. In other countries, import/

are also needed. The question of whether

maceutical equipment vendors is extreme-

export treaties can impact SU usage.

to use a unidirectional or bidirectional flow

ly important. Vendors today take part in

In addition, companies that have been

in multiproduct facilities has been raised.

the facility design process more than ever

leading adopters of SU technology have

There is no one answer, however, because

before, and having established working re-

been on a learning curve. In many cases,

the choice is very product- and facility-

lationships facilitates the design and con-

SU technologies are being implemented

dependent. This is yet another reason why

struction process. Notably, design firms

in multiple spots and thus are uncovering

hiring an engineering firm with process

that serve multiple sectors don’t have the

unexpected issues, such as with the ergo-

technology and facility design expertise

same incentive to build and maintain

nomics of SU systems. The need for tubing

is critical in providing options and alter-
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native solutions to support the decisionmaking process.
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> STANDARDIZATION AND MODULARIZATION

EMERGING BIOPHARMACEUTICAL REALITY

provide engineering solutions for a spe-

The emerging biopharmaceutical needs

cific need, the architects together with

have evolved beyond the known monoclo-

the process engineer are helping their

nal antibody model. Other novel drugs and

clients determine how flexible their pro-

therapies are being developed at a rapid

duction facility needs to be and the range

pace, including antibody drug conjugates

of product it can produce. They also pro-

(ADCs) with highly potent or otherwise

vide process and technology integration,

uniquely effective small molecules. Ad-

adopting a holistic point of view when

vanced physical and chemical nano-tech-

incorporating each process and its util-

nologies, genetic manipulations, microbiome manipulation and more cell therapies
challenge the flexibility and control of the
biopharmaceutical facility. These modes
of treatment are playing a larger role in
the design of new drugs aimed at treating
an increasingly large number of diseases.
In addition, the varying needs of operational capacity to meet large production
capacities as well as smaller orphan drug
scale operations are required.
At the same time, biopharmaceutical

PRESSURE TO
REDUCE COSTS AND
ACCELERATE THE DRUG
DEVELOPMENT AND
COMMERCIALIZATION
PROCESSES HAS
GREATLY IMPACTED
FACILITY DESIGNS.

> BY PETER CRAMER, M+W GROUP

design meeting the needs of the clients’
marketing forecasts.
This evolution of expectations for process architects has occurred in response
to the challenges presented by the new
biopharmaceutical landscape; traditional
customer/supplier interactions are no
longer sufficient. Modern process architects share the challenge of bringing new
products to market. As such, they go much
further in providing consultative services,

manufacturing facilities have been evolv-

not just as external advisors but as part-

ing at an increasing rate. Production

ners that are professionally invested in

facilities are transforming from build-

the outcomes of the clients’ projects.

ings that house equipment aimed at in-

DESIGNING FLEXIBILITY
FOR ADDED VALUE

ity requirements into an overall facility

To take on this role, process architects

dividual operations with fairly standard

market demand are continually changing?

need to have an in-depth understanding of

operations into a new type of production

To some extent it is not possible to know

established pharmaceutical manufactur-

facility. These facilities must meet tech-

what might be needed during the lifetime

ing methods as well as the challenges im-

nologically challenging containment and

of the plant. Many questions must be

posed when implementing emerging tech-

operational needs, requiring designs with

addressed beyond the process design,

nologies. Process architects are now being

highly coordinated sets of equipment that

such as:

asked to fill the role of an industrial engi-

can operate simultaneously. In addition,

• How will the facility be constructed?

neer and facility architect, with knowledge

production platforms require thought-

• Is single-use technology a viable approach?

of the science and equipment needed to

ful integration with the building utility

• What types of products will be produced

design buildings. This serves clients in

and mechanical electrical and plumbing
(MEP) systems. Pressure to reduce costs
and accelerate the drug development and
commercialization processes has greatly

and with what support systems?
• How will the equipment, systems and components be sourced?
• How can the design, engineering, construc-

many possible ways, often for applications
that customers are not yet fully aware of at
conception. Because of this, the conversations that architects are having today are

impacted facility designs. It is no longer

tion and validation efforts be optimized to

very different. Process architects must

economically feasible to develop custom

ensure the most effective, highest-quality

think differently in order to offer real val-

solutions for each facility. At the same

production at the lowest possible cost?

ue to their clients.

respond to market demands. Production

Flexibility and agility are essential in

DESIGNING IN BEST PRACTICES

lines often must be scaled up or down, or

many biopharmaceutical facilities. It is

M+W Group uses a platform approach

even modified significantly to produce

imperative, therefore, that these options

with process architects and process

different products while remaining com-

are incorporated into the design concept

engineers focusing on system integra-

pliant with regulatory requirements in a

from the beginning of a project.

tion. Now, a multipurpose design can be

time, it is essential to be able to quickly

In today’s biopharmaceutical reality, biologics are no longer
simply proteins or antibodies; they now are being combined
with small molecules, prepared at the nanoscale and
otherwise manipulated and modified. Biopharmaceutical
facilities today rely on a wide range of equipment and
processes that require a high level of flexibility to ensure they
remain valuable and relevant over the lifespan of the facility.
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global market.

achieved through the use of modular sysTHE CHANGING ROLE OF

tems. Platform designs have the advan-

stant and rapid evolution of production

THE PROCESS ARCHITECT

tage of providing the limited infrastruc-

technologies pose challenges for biophar-

Traditionally architects and, specifically,

ture needed for an accelerated startup

maceutical manufacturers. For instance,

process architects have focused on facil-

(so as not to miss market opportunities)

how can facilities be designed to oper-

ity designs that meet the needs of individ-

and an efficient way of using additional

ate effectively for many years into the fu-

ual processes. Today, however, their role

investments to meet production needs as

ture when the products, technologies and

has changed dramatically. Rather than

they evolve over time.

The integration of facilities and the con-
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Whenever possible, modular and skidded systems and components that fit

design remain a main component of this
approach to facility design.

with the project needs should be used.

Creation of best practices is also im-

For instance, cleanrooms with integrated

perative for the platform design method

recirculation systems can be purchased

to be successful. Once a modular system

from a vendor who will take on the entire

has been identified for standardization, a

scope of work, including installation and

best value analysis should be performed

validation of the system, eliminating the

to ensure that it meets the specific pro-

need to develop a custom solution. With

cess and overall project needs. This re-

this approach, it is possible to develop a

view loop is essential. Systems that will

multipurpose system in which 80%-90%

serve as platform standards should not

of the design remains the same for each

only meet operating performance specifi-

facility. Slight modifications are made as

cations, but also cost and delivery time re-

necessary, in order to fulfill the require-

quirements. Quality can also be designed

ments of the different locations in which

into the manufacturing process, just as

construction will take place.

DESIGN BEST PRACTICES
MODULAR SYSTEMS

80%-90%
50%

cost reduction compared to
customized solutions

specifications can be built into the manu-

new facilities capable of meeting ever-

Ultimately, standardization leads to re-

facturing equipment. These systems then

changing research and production needs.

ductions in both cost and time. Through

become best practices and are used to

Even if all of the project requirements

a Quality by Design approach, many of

construct facilities around the world.

are unclear at the beginning of the proj-

the risks associated with design and con-

Introducing standardized platforms in

ect, the team must work collaboratively to

struction of customized facilities at each

the early development phases of a manu-

develop a range of operating parameters

location can also be avoided. The growing

facturing facility project helps ensure agil-

and assumptions that will allow the de-

availability of modular, advanced process-

ity and predictability in production that is

sign approach and process to continue in

ing solutions makes this approach fea-

crucial for success in biopharmaceutical

an efficient manner. The firm tasked with

sible. The use of modular systems allows

facility design. Having consistent facil-

designing facilities must understand both

for a lean and integrated approach that

ity and process designs affords congruent

equipment and processes well enough to

leverages the specialized skills and capa-

product quality across all sites. Global pro-

identify the requirements necessary for

bilities of contractors, subcontractors and

curement is also possible once a system

conducting the anticipated range of re-

systems vendors.

has been identified as a best practice, elim-

search and production operations. In a bi-

inating the need to rely on bidding. The po-

opharmaceutical facility designed through

the

tential to receive discounts for large quan-

standardization, the goal is to identify the

engineering firm can establish guide-

tity purchases also exists. In addition, the

lowest cost for a given unit output and cre-

lines, which are then used by the systems

modular approach requires fewer engineer-

ate a uniform solution that will provide

vendors to design, fabricate and install

ing standards and spare parts, allowing for

consistent performance within the design

process skids. This provides the added

the standardization of operator training.

space, while allowing for flexibility of ex-

Given the specific requirements of the
biopharmaceutical

manufacturer,

benefit of keeping much of the fieldwork

pansion. For instance, rather than pay an

offsite. Knowledge of how to integrate dif-

DESIGNING FOR THE FUTURE

exorbitant price to construct and install a

ferent vendor systems into the total facil-

With the increasing utility and range of

single, large filling line, multiple smaller

ity solution is essential. Effective project

biopharmaceutical products entering the

multi-format filling lines with ready-to-use

management and an integrated project

mainstream, there is a challenge to design

components and a quick turnover duration
can meet the needs of tomorrow’s more
specialized drug products more effectively and at a lower cost. Through stan-
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of design remains the same

dardization and modularization, such a
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number of times in one building, with more
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> FIT FACILITIES

this has only been increasing in recent
years. Lack of sterility assurance caused

A Look at SIP Issues

by the inability of manufacturers to document adequate protection against contamination by adventitious biological agents is
one of the most frequent causes of drug re-

FIT BIOPHARMACEUTICAL
FACILITIES: A PREDICTIVE
MAINTENANCE APPROACH

calls.1 Between 2004 and 2007, 624 sterile
drug products were recalled. Nearly 400 of
the recalls were due to a “lack of sterility
assurance” and 79 were “contaminated.”1
In the one-year period between March 18,
2016 and March 18, 2017, 21 drugs were recalled due to a lack of sterility assurance.2
Perhaps more alarmingly, 80% of respondents to a survey conducted by the Parenteral Drug Association in 2016 had batch
rejection rates of up to 4% due to a lack of
sterility assurance or the potential thereof,
and 15% of those respondents had rejection rates of 5%-10%.
PREDICTIVE VS. PREVENTIVE

> BY ANDREW HARRIS AND JOE POVENSKI, CRB

MAINTENANCE
For manufacturing facilities, a proactive,
self-assessment approach can be considered a predictive maintenance strategy. Unlike the typical preventive mainte-

It is essential that both mature and newer existing
facilities manage the aging process to ensure
that processes, equipment, critical utilities and
other systems continue to operate as intended. A
proactive approach involving predictive — rather than
preventive — tools will identify deficiencies before
they compound and become actual problems.

WARNING SIGNS

nance strategy, in which maintenance is

Biopharmaceutical manufacturing facili-

performed on a regular calendar-based

ties are complex organisms that evolve

schedule according to industry standards,

over time. As the facility ages and legacy

predictive maintenance is performed ac-

employees depart, the original design in-

cording to the actual level of use of the

tent may not all be handed over to other

equipment. When more runs are conducted

employees. As companies mature and

in a bioreactor, maintenance is performed

new products are commercialized, modi-

more frequently. By predicting the level of

fications are made. These modifications

use of equipment, maintenance can be bet-

may be implemented by in-house person-

ter planned and, thus, more potential prob-

nel lacking the experience of the design

lems can be prevented.
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Saturated steam is used because when it condenses on the surfaces of equipment, sufficient heat is released to render any microorganisms unviable. In most cases, the goal is
to achieve a 6 log reduction in the bioburden
value of appropriate biological indicators, although many companies choose to shoot for
a 12 log reduction. The time it takes to achieve
this goal varies depending on the type of organism; spores are harder to kill than bacteria,
for instance. The F0 value, or the “minutes of
accumulated lethality,” is calculated to determine the equivalent time needed to achieve
the desired level of bioburden reduction at a
given temperature. It is used to calculate the
log reduction of a spore population with a
given theoretical heat resistance.
It is crucial to recognize, however, that F0 calculations are based on the assumption that
all air has been fully evacuated and saturated
steam exists throughout the system. If these
criteria are not met, then sterilization will not
be complete. Unfortunately, general standards
are applied in cases where additional variables
must be considered. Without proper education

and passing of this important knowledge
through the years, it is possible for operators
to be unaware that a particular SIP process
has special requirements. It is often invaluable to revisit the fundamentals to ensure
that SIP processes are being performed as
required.
Use of appropriate pressures and temperatures for SIP processes is also important. It
is often tempting for companies to look for
ways to reduce the turnaround time for bioreactors — longer times carry higher costs.
Raising the steam pressure can reduce the
overall SIP cycle time, but it exposes the sterile boundary to temperatures much higher
than typical process system components are
designed for. The ASME BPE stipulates that
process systems subject to SIP shall be able
to withstand saturated steam conditions of
130°C for 100 hours of continuous steadystate operation. SIP at over 24 psig accelerates the breakdown of the sterile boundary
elastomers, creating weaknesses in the system that can serve as points of ingress for
microbial contaminants.

are performing their duties is needed in or-

tifying how to manage the risks posed by

of the design principles and pitfalls of

FIT FACILITY CONCEPT

der to determine if they are following stan-

each. What level of bioburden can be toler-

making certain changes.

The ‘Fit Facility’ concept strives to chal-

dard operating procedures, understand the

ated and how can the system be designed

Even the newest facilities can be chal-

lenge clinical and commercial GMP manu-

necessary principles and are aware of their

to achieve that tolerance level? Doing so re-

lenged to avoid operational deficiencies.

facturing facilities with a systematic and

responsibilities, and if changes need to be

quires an understanding of the necessary

In some cases key stakeholders move on;

dispassionate ‘stress test’ to reveal risks to

made to improve their safety, performance

process robustness.

in others, those working on the design

patient and profit, with a focus on critical

or comfort (improved ergonomics).

side do not have visibility into opera-

process equipment and utilities. It relies

Defining change and understanding

include in-process testing methods com-

tions within the plant. Facility managers

on routine proactive checkups, constant

the impacts it can have on validated sys-

bined with routine monitoring of the test

are under constant pressure to achieve

monitoring and the use of a predictive

tems, process boundaries and/or support-

points. In some cases, this testing can be

maximum productivity, and often look to

maintenance strategy. A variety of problem-

ing systems is also essential. Other spe-

incorporated into the predictive mainte-

implement efficiency increases that can

solving and risk assessment tools are em-

cific components include process closure

nance activities. This approach to moni-

unwittingly lead to equipment failures,

ployed. Conducting “as built” vs. “as found”

analysis, robust process monitoring (PAT),

toring provides much greater process un-

operational errors and contaminations.

reviews is an effective method for identify-

control system strategy, standard operat-

derstanding and leads to more consistent

These consequences can be quite seri-

ing design deficiencies.

ing procedure reviews, equipment inspec-

processes.

and qualification experts who are aware
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For stainless-steel equipment, sterilization is generally achieved using steam
under pressure. The steam-in-place (SIP) process is used to sterilize permanent equipment,
such as bioreactors and piping.

ous, ranging from lost batches and regu-

Ensuring a Fit Facility also requires ex-

latory warnings to drug recalls, facility

tensive collaboration between operators

closures or even patient harm.

tions and, ultimately, a comprehensive
risk assessment.

Robust process monitoring controls

Procedural reviews are necessary to define boundaries. Process designs should

and other members of the staff, as well as

Process closure analysis involves de-

be compared to existing standards — old-

Issues with sterility represent a key warn-

an appropriate culture that encourages

fining operations as closed, functionally

er methods may no longer be best prac-

ing sign for biopharmaceutical facilities —

success. Investigation of how employees

closed, open or briefly exposed, and iden-

tices. Walk-throughs of P&IDs should be
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GLITTERING INSIGHT FROM INSIDE THE INDUSTRY...

THE ‘FIT FACILITY’
CONCEPT STRIVES TO
CHALLENGE CLINICAL
AND COMMERCIAL
GMP MANUFACTURING
FACILITIES WITH A
SYSTEMATIC AND
DISPASSIONATE ‘STRESS
TEST’ TO REVEAL
RISKS TO PATIENT AND
PROFIT, WITH A FOCUS
ON CRITICAL PROCESS
EQUIPMENT AND
UTILITIES.

conducted to check piping slopes, fit-

process system, as well as a food source

tings, valves, etc. to ensure that they meet

and place to hide and multiply — which is

the initial design requirements.

a huge problem.

All activities should be questioned and

Compounding of deficiencies leads to

not assumed to be fine because they have

failed batches and product recalls. When

been effective in the past. Equipment

these trends are identified, a facility then

should be reviewed to determine if it is

goes into a reactive mode, trying to mini-

operating out of its designed/qualified

mize the damage. It is much better to take

scope and whether there are any proce-

a proactive approach and scrutinize facil-

dural sensitivities. Gaining knowledge of

ity systems extensively and continuously

all raw materials and determining the ap-

to prevent any serious issues from arising.

propriate level of testing for them, as well

It is also important to realize that iden-

as establishing consistent parts require-

tifying a problem such as an improperly

ments, are important preventive actions.

sloped line is not sufficient. Finding the

Equally important is understanding the

root cause of the problem is necessary to

“enemy” — the possible microbial organ-

ensure that it does not continue to happen

isms that may inhabit the facility.

and may also reveal other issues that have

I’VE GOTTA SKETCH THESE SMB COLUMN
ANGLES SO WE GET THE HIGH CONTAINMENT
FACILITY SHOOT RIGHT. THEN I’M GONNA GO
GET ME SOME JOE. VISIT US IN SAN DIEGO
AT BIO INTERNATIONAL BOOTH 1019
FOR THE LATEST!

resulted from the same root cause.
COMPOUNDING DEFICIENCIES
One of the key aspects underpinning the

REALIZING FIT BIOPHARMA FACILITIES

Fit Facility concept is recognition that

CRB is leveraging the expertise of em-

individual deficiencies cannot be consid-

ployees with both design and end-user

ered in isolation. While it is true that an in-

experience to develop strategies for re-

sufficient piping slope by itself is unlikely

alizing Fit Biopharma Facilities. We have

to cause any significant issues, if that

developed a comprehensive, systematic

piping is connected to a valve that was

approach that involves varying degrees of

not seated properly after the last steam-

examination depending on how in-depth

in-place (SIP) process and is a point of in-

a client wishes to investigate the health

gress for contaminants, the microbes now

of a plant. Options can be compared to a

have a point at which they can enter the

15-minute quick checkup, a more intense
physical or a full-body scan.

Marpac

The effort begins with the development
ABOUT THE AUTHORS

of an overall facility investigation road-

Andrew Harris

map. Processes, equipment, utilities and

Associate, Lead Process Engineer, CRB

staff knowledge and interactions are sub-

Andrew Harris has over 19 years of process engineering experience,
including more than 18 years focused on biopharmaceutical process
system design. He has led teams of engineers for the conceptual,
preliminary and detailed design phases for a variety of process
and clean utility systems. In addition, he has experience in risk
assessments, bioburden control strategy, single-use system design,
construction support, commissioning/start-up and validation.

jected to review. Risk assessments are

LinkedIn www.linkedin.com/in/andrew-harris-04872117/
Email Andrew.Harris@crbusa.com

affecting plant operations. In these fa-

conducted and often uncover previously
invisible issues. Predictive maintenance
strategies are implemented to reveal deficiencies as early as possible. A holistic
approach to root cause analysis is employed to reveal underlying deficiencies
cilities, potential problems are identified
before they can have a measurable im-

S C RI B BL E

pact. The result is a healthy bioprocess-

Joe Povenski

ing facility that functions effectively and

Process Specialist, CRB

produces high-quality, safe efficacious

Joe Povenski has over 18 years of end-user experience within
biopharma manufacturing, with the majority of his experience being
on the owners’ side as a manufacturing and technical lead, technical
transfer lead and project manager. Joe understands the importance of
equipment design, implementation and maintenance — his industry
experience has provided him exposure, knowledge of process closure,
operational excellence and large-scale cross-functional investigations.
LinkedIn www.linkedin.com/in/joepovenski/
Email Joe.Povenski@crbusa.com

medicines.

P

REFERENCES
1. Sutton, Scott and Luis Jimenez. “A Review of Reported
Recalls Involving Microbiological Control 2004-2011
with Emphasis on FDA Considerations of ‘Objectionable
Organisms.’” American Pharmaceutical Review. Jan./Feb. 2012.
2. “Drug Recalls.” U.S. Food and Drug Administration. 19 May
2017. Web.

84 PHARMA’S ALMANAC

GLOBAL PHARMACEUTICAL SUPPLY CHAIN TRENDS

Q2 2017

IT’S TIME TO ENGAGE A SCIENCE AGENCY.
WWW.THATSNICE.COM OR CALL +1 212 366 4455

M OSD 20

17

Nice Symposium
Small Molecule will
take place in New Jersey
in January 2018 and
continue the dialogue
around the key outcomes
of the 2017 OSD event,
with the addition of the
entire small molecule
API life cycle.
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Nice Symposium Oral Solid Dose 2017:

Bringing the Supply
Chain Together to Tackle
Development Challenges

• Meeting serialization requirements and
capitalizing on investment
• Collaboration across the entire oral dose
supply chain, with a focus on best practices

ment sourcing, regulatory compliance, fa-

manufacturing organization innovation

cility design, continuous manufacturing

• Clinical trial logistics and management

and track-and-trace systems: These tech-

• Equipment/operational expansion

nologies and capabilities are just a handful

strategies
• Accelerating time to market and how it

discovery through commercialization.

affects the supply chain
LOOKING FORWARD: FUTURE SYMPOSIA
KEY THEMES

The “think tank” concept for a pharma-

In each panel discussion during the 2017

ceutical industry conference that brings

Nice Symposium, several key themes

together representatives from all aspects

emerged:

of the supply chain proved to be valuable.

• Time to market is critical, and therefore 		

Even in a one-day format, the 2017 Nice

speed and flexibility are essential to sucess

Symposium provided a strong breadth

• The pharmaceutical industry is evolving in a

of focused engagement. The concept of
bringing thought leaders from across the

globalization, emergence of small pharma,

supply chain together in an open dialogue

greater outsourcing/partnering, increased

with customers fostered a conversation

to share solutions. The symposium gener-

complexity on all levels from the new drug

around innovation, collaboration and

ated interactions supporting the growing

candidates to clinical trials to manufacturing

solutions. Based on discussions with in-

importance of preferred partnerships

processes, the switch from blockbuster to

dustry experts about relevant topics for

between suppliers and their customers,

small-volume drugs, and advancing

further events, we have prepared a Nice

regardless of whether they involved con-

technologies

Symposium event for 2018.

tract service providers and drug innova-

• Addressing patient adherence with

Nice Symposium Small Molecule will take

tors or equipment suppliers and generics

products — including the API, formulated

place in New Jersey in January 2018 and

manufacturers.

product, delivery technology and

continue the dialogue around the key

packaging as one solution

outcomes of the 2017 OSD event, with the
addition of the entire small molecule API

Despite being the oldest, most popu-

life cycle. In addition to the areas of for-

sues, including OSD supply chain interac-

lar dosage form, OSD development and

mulation and excipients, we will explore

tions; clinical trial supply and logistics;

manufacturing can still be problematic.

clinical trial manufacturing, and prog-

serialization, traceability and patient

Responsive and flexible CDMOs with the

ress in serialization.

safety; and outsourcing difficulties and

ability to address any concerns quickly

During the one-day event, a total of 12

opportunities. Panelist dialogue focused

and leverage opportunities will be suc-

panels will be presented in two tracks,

A NEW CONCEPT IN DIALOGUE

on the challenges associated with OSD de-

cessful going forward. Doing so will re-

offering participants a broad range of

AND NETWORKING

velopment and manufacturing, how these

quire the development and application of

chances to contribute to the dialogue

The industry is undergoing a paradigm

challenges can be converted to oppor-

novel technologies and the establishment

around key issues facing all members of

shift from large-volume blockbuster drug

tunities, and how companies across the

of strategic, collaborative partnerships.

the pharmaceutical supply chain.

development and manufacturing to a fo-

supply chain are responding — especially

cus on small-volume targeted therapies,

through deeper, more strategic collabo-

as well as personalized medicines and

ration. The diversity of the supply chain,

immunotherapies. In today’s business cli-

represented by participating panelists,

mate, successful new drugs are brought to

supported a lively conversation across a

market under accelerated conditions and

broad range of specific topics during each

with evidence-based advantages, while

of the sessions, including:

still meeting quality and compliance re-

• The composition and functioning of the

quirements. This requires deep collaboration across and through the supply chain.
Designed to be an interactive think
sium Oral Solid Dose 2017 provided an

Q2 2017

of those required to take an OSD drug from

Four-panel sessions tackled a range of is-

tank and a robust forum, Nice Sympo-
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delivery for clinical trial materials, equip-

• Investing in contract development and 		

IN-DEPTH KNOWLEDGE SHARING
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tegrating formulations, direct-to-patient

number of respects — consolidation,

BY CYNTHIA CHALLENER, Ph.D., NICE INSIGHT

The first-ever “Nice Symposium,” hosted by
That’s Nice, brought together a diverse range
of service and technology providers and their
customers in the oral solid dosage (OSD)
market to discuss challenges, opportunities
and current business drivers — including the
need to improve patient adherence, sustain
quality and meet regulatory requirements —
while also framing what collaboration across
the supply chain must look like today.

High-throughput synthesis, solid-state
technologies, spray drying, orally disin-

P

oral solid dose supply chain
• Worldwide demand at all stages of the
oral solid dose supply chain
• Increasing patient adherence through

For more information, including how to
register, visit NiceSymposium.com

dose form and formulation tactics

environment to generate dialogue among

• Outsourcing challenges and opportunities,

pharmaceutical professionals, to explore

including sponsor needs, partner models

important issues facing the industry and

and project management approaches
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COMPANY
PROFILES
Nice Insight and the Pharma’s
Almanac editorial team would like
to thank all the companies participating
in this quarter’s edition. The following
are the profiles of the industry-leading
companies that have appeared in this
issue. These are companies that make
it their business to energize pharma’s
increasingly complex supply chain,
and pursue excellence every day in
support of the industry’s overall quality,
health and safety goals.

Alcami is a world-class supplier of
comprehensive pharmaceutical
development and manufacturing
services. With seven sites across the
globe, Alcami’s combined capabilities
include API development and
manufacturing, solid-state chemistry,
formulation development, analytical
development and testing services,
clinical and commercial finished
dosage-form manufacturing (oral solid
dose and parenteral), packaging
and stability services.

Avara Pharmaceutical Services was
founded by a team of industry veterans
who, through personal experience,
understand both sides of the contract
manufacturing market. A state-ofthe-art contract development and
manufacturing organization, Avara
provides API and bulk drug formulation
and manufacturing as well as primary
and secondary packaging services
for solid dose drugs, including highly
potent compounds. The company’s
manufacturing technologies include
granulation, coating, blending,
encapsulation, compression and drying
of tablets and capsules.

For over 30 years, CRB has specialized
in delivering high-quality bioprocess
facilities that are safe, reliable and
sustainable. CRB provides services
across the entire project life cycle,
from conceptual design through
preliminary and detailed design,
construction, commissioning and
validation. The company has more
than 900 employees across 14 offices
and hundreds of project locations
around the world. CRB offers a range of
services from packaging solutions, fill/
finish design and aseptic processing to
operations improvement solutions.

Grifols is a global healthcare company
with a legacy of improving people’s health
and well-being through the development
of life-saving plasma medicines, hospital
pharmacy products and diagnostic
technology for clinical use. The company
is present in more than 100 countries
worldwide, with headquarters in Barcelona,
Spain. Grifols Partnership is a businessto-business contract development and
manufacturing platform for sterile solutions
and lipid emulsions with over 75 years’
experience in producing intravenous
solutions for the pharmaceutical industry.

www.grifols.com

Hovione is an international company
with over 50 years’ experience in the
development and compliant manufacture
of active pharmaceutical ingredients and
drug product intermediates. With four
FDA-inspected sites in the U.S., China,
Ireland and Portugal and development
laboratories in Lisbon and New Jersey,
the company focuses on the most
demanding customers in the most
regulated markets. The company also
offers branded pharmaceutical customers
services for the development and
compliant manufacture of innovative
new drugs, and is able to support highly
potent compounds.

+1 34 93 05712200

Abzena is a revenue-generating life
sciences group with its headquarters
in the U.K. and two sites in the U.S.
Abzena provides proprietary technologies
and complementary services to
organizations involved in the development
of biopharmaceutical products. Working
with companies and academic groups
all over the world, including most of the
top 20 biopharmaceutical companies,
Abzena supports the development and
manufacture of better treatments
for patients.

www.alcaminow.com

www.avara.com

www.crbusa.com

Avinguda de la Generalitat, 152

www.hovione.com

+1 910 254 7000

+1 734 282 3370

+1 816 880 9800

Parc empresarial Can Sant Joan

+1 609 918 2600

2320 Scientific Park Drive

101 Merritt 7

1251 NW Briarcliff Parkway, Suite 500

08174 Sant Cugat del Vallès,

40 Lake Drive

Wilmington, NC 28405

Norwalk, CT 06851

Kansas City, MO 64116

Barcelona, Spain

East Windsor, NJ 08520

Brammer Biopharmaceuticals LLC
is a contract development and
manufacturing organization dedicated
to cell and gene therapy. The company
specializes in in-depth biologics
manufacturing, which enables large
pharma and biotech clients to accelerate
the delivery of novel medicines. Founded
by Mark Bamforth (CEO) and Steven
Kasok (CFO), previously cofounders
of Gallus Biopharmaceuticals, the
company is positioned to accelerate
the development of these emerging
technologies. Brammer Biologics is
building a facility in Lexington, MA.

Capsugel provides innovative dosage
forms and comprehensive support from
formulation to final production. The
company offers a wide variety of highquality, innovative capsule products
and drug-delivery technologies, which
translate to improved time to market for
customers. The company also offers dosage
form development, abuse-deterrent
dosage form development, colonic
dosage form development, formulation
support, preclinical and clinical support,
manufacturing and technical services, in
addition to quality management support,
regulatory assistance and unique ways
to help clients’ brands differentiate and
stay competitive.

Icagen is an integrated early-discovery
partner, offering clients specialized
technologies and deep scientific
expertise to solve myriad challenges and
optimize efficiency moving from target to
lead. The process begins with druggable
targets, and Icagen scientists bring
exceptional experience in kinases, GPCRs,
ion channels and transporters. Icagen
works with clients to determine drug
feasibility using computational chemistry
methods. Once a target is selected,
Icagen combines virtual screening,
ultra-high throughput screening (uHTS),
biology and medicinal chemistry to
generate viable leads in an abbreviated
time span.

IPS-Integrated Project Services, LLC is
a full-service engineering firm dedicated
to helping clients succeed with capital
projects and improve operations. IPS
specializes in complex facilities in
hi-tech and highly regulated industries
providing knowledge, skill and passion
in the areas of technical consulting,
engineering, construction, commissioning
and qualification. The IPS mission is to
consistently meet clients’ expectations
and help them succeed through
delivering quality technical services at a
fair reward and with a quality experience.

M+W Group is a leading global hightech engineering and construction
company with 6,000 employees in more
than 30 countries, offering a full range
of services from concept and design
to turnkey solutions. Services offered
by the company include consulting &
planning, design & engineering, (pre-)
construction & project management
and service, maintenance & installation.
Founded in 1912 and headquartered in
Germany, M+W now has locations in
over 30 countries worldwide.

www.mwgroup.net
www.abzena.com

www.brammerbio.com

www.capsugel.com

www.icagen.com

www.ipsdb.com

+44 1249 455150

+44 1223 903498

+1 386 418 8199

+1 862 242 1700

+1 919 941 5206

+1 610 828 4090

Methuen South, Bath Road

45 Hartwell Avenue

412 Mt. Kemble Ave., Suite 200C

4222 Emperor Boulevard, Suite 350

721 Arbor Way, #100

Chippenham Wiltshire

Morristown, NJ 07960

Durham, NC 27703

Blue Bell, PA 19422

SN14 0GT, United Kingdom

Babraham Research Campus,
Cambridge CB22 3AT UK

Lexington, MA 02421
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Polpharma Biologics is a division of
Polpharma Group—one of the largest
pharmaceutical companies in Central and
Eastern Europe. The company offers a
one-stop-shop approach—fully integrated
solutions along the biopharmaceutical
development and production value chain
to serve today’s and tomorrow’s global
market needs. With the integration of cell
line developing specialist Bioceros in the
Netherlands, the company is now a fully
backward-integrated biopharmaceutical
one-stop-shop CDMO.

Servier CDMO provides fully integrated
manufacturing and supply chain services
for small molecules & drug product,
from development and clinical supply
up to commercial launch. Servier
CDMO includes a worldwide footprint
with eleven state-of-the-art facilities,
a proven track record in chemical
synthesis, pharmaceutical formulation,
development and manufacturing, and
a complete range of services offering full
flexibility. Services include process and
analytical development, pilot production
and industrial scale production, and
regulatory dossier, in collaboration with
the Servier network.

Unither Pharmaceuticals is a leading
manufacturer of single-unit dose
pharmaceuticals using sterile blow-fillseal, stick-pack and effervescent-tablet
technologies. Offering support from
early development to commercial
manufacture, over 100 products on
the market use technology developed
by Unither. Unither’s mission is to
provide innovative, competitive and
sustainable solutions to their customers.
The company does this by combining
extensive expertise in drug delivery
technologies and fill-finish operations
with a growing understanding of patient
needs and experience in product and
process development.

www.polpharmabiologics.com
+48 58 770 95 00

www.servier-cmo.com

www.unither-pharma.com

Gdansk Science & Technology Park,

+33 1 55 72 60 00

+1 585 475 9000

Trzy Lipy 3 building A, 80-172

50 Rue Carnot

755 Jefferson Road

C

Gdańsk, Poland

92284 Suresnes, France

Rochester, NY 14623
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UPM Pharmaceuticals is a Bristol,
Tennessee–based, independent
drug-development and contract manufacturer serving the pharmaceutical
and biotechnology industries. The
company provides pharmaceutical
drug development services — including
formulation development, cGMP
manufacturing, analytical methods
development and stability testing —
from concept to commercialization.
UPM’s focus is on drug development for
dosages with oral routes of administration,
in solid dosage forms such as capsules
and tablets, and semisolid creams and
ointments.

Asahi Kasei Bioprocess America, Inc.
Cozzoli Machine Company
Federal Equipment Company
FUJIFILM Diosynth Biotechnologies U.S.A., Inc.
MilliporeSigma
Rentschler Biotechnologie GmbH

www.upm-inc.com
+1 423 989 8000
501 5th St.

Pharma’s Almanac Online

Bristol, TN 37620

www.PharmasAlmanac.com

Nice Insight’s Content Community
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Andrew Bulpin
Head of Process Solutions Strategic,
Marketing & Innovation, MilliporeSigma

Abel Hastings
Director, Process Sciences, FUJIFILM
Diosynth Biotechnologies U.S.A., Inc.

Timothy Hill
Director, Upstream Process
Development, FUJIFILM Diosynth
Biotechnologies U.S.A., Inc.

Michael Murray
Director, Downstream Process
Development, FUJIFILM Diosynth
Biotechnologies U.S.A., Inc.

Kimo Sanderson,
VP Marketing and Client Services,
Asahi Kasei Bioprocess America, Inc.

UFDF lacks standardization
and controls to enable
comparison across
multiple scales and to
provide meaningful PAT
to minimize risk. We spend
a lot of effort de-risking
this step when changing
scales because there is so
much variability and so
little solid PAT. Abel Hastings

Q

ROU N DTABL E
BIOSIMILARS

If you could have one piece
of biologic manufacturing
equipment improved, what
would it be and why?

Improving bioreactor and
cell retention setup used in
perfusion processes could be
a major improvement area
for biologic manufacturers.
Although substantial benefits can be
achieved using perfusion, current approaches are complex and require that
the biologic manufacturers complete the
integration of the bioreactor and cell retention device. By enabling the simple integration of the cell retention device and
bioreactor, along with all the necessary
control requirements, complexity can be
reduced to achieve better and more consistent results within a robust process
operation. Andrew Bulpin
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S

eparation of cells from protein supernatant at the end of
cell culture processes is timeconsuming and expensive at
higher production scales and can introduce product variation. New technology is
needed to rapidly remove cells, in order to
move the product to downstream capture
chromatography where protease and other impurities are removed and the protein
is stabilized in defined chemical buffers.
Pall’s Cadence Acoustic Separator holds
promise for this purpose. Timothy Hill

C

ontinuous processing is the
ultimate goal, which has the
promise of reducing time,
footprint and cost. Systems
are currently in development, but issues
such as control strategies and regulatory
approaches still need to be determined.
A shorter-term goal would be a costeffective means of automated buffer
preparation, coupled with thoughtful
process design and cycling strategies, and
preparation of buffers from concentrated
stocks will have a dramatic impact on the
footprint of a process, eliminating the
need for storage of large volumes of buffers. The associated cost with the current
buffer preparation systems prevents their
use as a point-of-use device as multiple
systems are required for this approach.
Michael Murray

Q

RO UN DTA BLE

BIOSIMILARS

How is growth in the biosimilars
market impacting the development
of new biologics manufacturing
equipment technologies?

B

iosimilar market growth is
heightening the pressure to improve cost and quality. To lower
manufacturing costs, biosimilar
developers are looking to new technologies with higher productivity and reduced
costs that can be achieved through process intensification. The intensification
of individual unit operations can deliver
significant cost savings in manufacturing,
with reductions in CapEx, labor, utilities,
manufacturing space and process time.
Additionally, novel technologies may
offer improvements in product quality,
such as new chromatography media
with higher selectivity for charge variant
removal, enabling target-product profile
matching. Andrew Bulpin

For processes operating on a platform or
well-defined processes, fully automated
chromatography systems are increasing
throughput and reducing effort in downstream process development. These systems integrate multiple chromatography
steps and run continuously over one to
two days to generate grams of purified
material using preprogrammed recipes.
With a platform approach, these systems
can be coupled with automated buffer
preparation systems to even further reduce time and effort. Michael Murray

Lab analytical instrumentation
technology is advancing rapidly
to meet process development
demands for protein characterization in real time.

C

MO customer expectations for
biosimilars are that they will
have shorter process development and clinical trial timelines,
especially if the biosimilar is a monoclonal antibody. To address this expectation,
use of high-throughput process equipment, including mini-bioreactors (below
1L working volume) and scaled-down integrated chromatography steps, enables
rapid process optimization and earlier
advancement to GMP manufacturing. Essential for rapid process optimization is
having a strong analytical capability. Key
process and protein attributes must be
monitored throughout development runs
to ensure the final product quality matches originator standards. Lab analytical
instrumentation technology is advancing
rapidly to meet process development demands for protein characterization in real
time. This analytical feedback loop provides data for process development scientists to modify or lock-in process steps
and controls to achieve desired PQ using
only a few experiments. This approach
also provides good confidence in process
performance with scale-up and eliminates
the need for engineering batches, in many
cases. Timothy Hill

Effective biosimilar
development focuses
heavily on shortened
timelines and efficiency.
In standard projects the
selection and establishment of specifications
and quality attributes
can be effort consuming,
can require late-breaking
large-scale data and can
be of great regulatory
consequence.
Because critical quality attributes are
known well in advance, we advocate
early mapping of the critical quality attributes (CQAs) to unit operations and to
specific parameters in order to expedite
and de-risk early large-scale runs. In addition, developing clarity regarding the
process control strategy can jump-start
the PPQ activities to ensure paperwork
is never the rate-limiting factor. We have
developed a suite of tools aimed at rapidly mapping the process control strategy
and evaluating process noise and capability. In addition, we developed template
process validation protocols and documents to greatly reduce cycle time and
improve reliability. The increasing market
of biosimilars, and especially monoclonal
antibodies, has allowed us to leverage lessons learned into systematic approaches,
which ultimately increases value for our
clients. Abel Hastings
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DOWNSTREAM PROCESSING

R

ecent advancements in continuous chromatography and
Single-Pass Tangential Flow Filtration (SPTFF) are all contributing to significant improvements across
the complete process. Continuous
chromatography increases productivity over traditional batch processes
by cycling multiple columns through
various sub-steps in parallel, allowing
for constant capture and elution of
protein. SPTFF has been demonstrated
to de-bottleneck a variety of process
steps and improve product quality, and
is easy to implement with existing equipment. These important process innovations lead to improved efficiencies and
process robustness, which in turn lead to
significantly reduced operating and capital costs. Andrew Bulpin

D

The aforementioned improvements in
resin and virus filter capacities and new
concentration techniques have all been
significant.
Inline buffer dilution has been particularly noticeable since buffers are used
in effectively all downstream unit operations at high volumes. The ability
to produce all of the necessary buffers
accurately, on demand, from a small
footprint buffer station, has significantly
reduced the floor space and manpower
required for modern downstream processing suites. Further, newer bioprocess chromatography systems are now
incorporating IBD technology while also
allowing the expected gradient formation — a two-in-one solution that promises to further streamline downstream
processing. Kimo Sanderson
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Further, recent techniques such as
Single-Pass Tangential Flow Filtration
(SPTFF) offer an opportunity to streamline concentration steps. Additionally,
newer virus filters that are specifically
designed to handle higher concentration
protein feed streams have also helped to
improve downstream efficiency. Finally,
technology to enable just-in-time buffer
production, such as Inline Buffer Dilution
(IBD), has dramatically reduced one of
the major downstream bottlenecks. Taken together, these incremental improvements have helped to narrow the gap
between upstream and downstream productivities. Issues still persist, especially
as it pertains to $/g downstream cost,
which is encouraging a look at novel continuous or semi-continuous processes as
opposed to classic batch approaches.
Kimo Sanderson

DOWNSTREAM PROCESSING

What is the most significant
recent advancement in
downstream bioprocessing
technology? Why is it so
important?

Nice Symposium
Oral Solid Dose
Thank You to Our
2017 Sponsors
BY NIGEL WALKER, THAT’S NICE LLC/NICE INSIGHT

Nice Symposium, a new industry think tank
forum for leaders in outsourced pharmaceutical
service providers and their customers, was
held January 31, 2017 in Durham, NC.
We are already planning for our next symposium in 2018.
Responding to industry interest in exploring these topics with
experts and customers, we have prepared to host:
Nice Symposium – Small Molecule (January 2018)
We will continue and expand the dialogue around the key
outcomes of the 2017 event in the New York-New Jersey area.

The most significant development is the
advance of continuous chromatography
systems, which have the promise of reducing time, footprint and cost. Systems
are currently in development, but issues
such as control strategies and regulatory
approaches still need to be determined.
Michael Murray

Nice Symposium 2018 – Small Molecule will continue the
conversation around the key outcomes of the 2017 OSD event,
with the inclusion of the entire small molecule API life cycle.
In addition to the areas of formulation and excipients, we will
explore clinical trial manufacturing, and progress in serialization.
During the one-day event, a total of 12 panels will be presented
in two tracks, offering participants a broad range of chances
to contribute to the dialogue around key issues facing all
members of the pharmaceutical supply chain.
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Yes, downstream technology
development is advancing
to accommodate higher titers
via multiple chromatography
approaches, utilizing resins with
increased capacity and mass
transport that require shorter
residence time. In addition,
increased volumes downstream
are addressed by high-flux virus
filters and ultra filters to relieve
bottlenecks. Andrew Bulpin

ownstream technology is lagging behind the upstream output of high-titer monoclonal
antibody expression. Vendors
are continually working to increase resin
capacity and throughput, but we are finding incremental improvements. Gains to
date are largely based on processing and
cycling strategies designed to maximize
throughput at each chromatography step
or by combining steps, as is the case for
continuous processing. In addition, the
large volumes of chromatography buffers
needed for mAb processes are a problem
for manufacturers. Improvements in flow
through membrane technology have reduced buffer amounts and process times
while improving the ease of execution.
Michael Murray

From Protein A to ion exchange to
mixed mode, there have been significant improvements in chromatography resin binding capacities over
the past several years that have enabled the use of smaller columns or
higher loading.
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Has downstream processing
technology caught up with the
significantly higher titers coming out
of the current upstream process?
If no, what issues remain?
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GLITTERING INSIGHT FROM INSIDE THE INDUSTRY...

I’M REPORTING FROM THIS NEW
BIOPHARMACEUTICAL MANUFACTURING
INSTALLATION, AND WHAT YOU’RE LOOKING
AT HERE IS A 6-PACK. VISIT US IN SAN DIEGO
AT BIO INTERNATIONAL BOOTH 1019
FOR THE LATEST!

IT’S TIME TO ENGAGE A SCIENCE AGENCY.
WWW.THATSNICE.COM OR CALL +1 212 366 4455

