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from the editor

U
sing the annual CPhI Worldwide 
tradeshow as a benchmark, the 
bio/pharma industry appears to 

be healthy and growing. Organizers 
of the 2018 event, held Oct. 9–11 in 
Madrid, Spain, reported attendance has 
increased by 9000 attendees compared 
with the last CPhI event in Madrid 
in 2015. Nearly 44,500 participants 
from 164 countries visited the three-
day event, which included more than 
2500 exhibits, conference sessions, and 
networking opportunities (1).

Opinions about industry prospects 
around the globe also were revealed. 
In an annual study released during the 
event (2), CPhI reported results of a 
survey of bio/pharma professionals that 
ranked India, the United States, and 
China as the top regions for predicted 
pharma market growth. The US ranked 
first of 10 countries evaluated for repu-
tation, followed by Germany, Japan, the 
United Kingdom, and France. India was 
ranked sixth; China was ranked last.

CPhI also measured perceptions of 
the knowledge of bioprocessing profes-
sionals, innovation, and quality with the 
US ranking first, followed again by Ger-
many, Japan, and the UK. In a measure 
of growth potential, Ireland—home to 
planned expansions of bioprocessing 
capacity—ranked third.

Recognizing innovation
In addition to the industry data, in-
novative technologies and services 
that support bio/pharma develop-
ment, manufacturing, and distri-
bution were recognized at the 2018 
CPhI Pharma Awards Gala, held on 
Oct. 9, 2018.

The winners were selected from 
139 finalists in 17 categories includ-
ing drug formulation, manufacturing, 
materials, packaging, drug delivery, 
patient compliance, contract services, 
pharma company of the year, and 
CEO of the year. The finalists were 
selected from more than 250 entries.

The winners are as follows:
API Development—Ipca Labs Limited, 

Artemisinin
Formulation—MiVital AG, Micelle In-

side Solubilization
Excipients—Merck, Parteck MXP 

Excipient
Manufacturing Technology/Equipment—

AqVida, AqVida filling line
Bioprocessing and Manufacturing—

Merck, Simplification of Fed Batch 
Processes Using Modified Amino Acids

Analysis, Testing, and Quality Control—
Tornado Spectral Systems, HyperFlux 
PRO Plus, Tornado Spectral Systems

Dr ug Deliver y Devices—Nemera , 
e-NOVELIA, smart ophthalmic add-on. 

Highly commended: Stiplastics, Sti-
plastics

Contract Services and Outsourcing—
CatSci Ltd, Development of a novel 
bio-catalyzed manufacturing route for 
a generic API. 

Highly commended: Cambrex, Con-
tinuous Flow Centre of Excellence

Packaging—Technoflex, Dual-Mix.
Highly commended: Aptar Pharma, 

QuickFlip
Supply Chain, Logistics, and Distribution—

Systech International, UniSecure 
Regulatory Procedures and Compliance—

Scientist.com
Corporate Social Responsibility—West 

Pharmaceutical Services, Inc., Deliver-
ing on the Promise of Good Corporate 
Citizenship

CEO of the Year—Nanobiotix, Laurent 
Levy 

P h a r m a  C o m p a n y  o f  t h e  Ye a r —
Nanobiotix

OTC—Medical Brands and Vemedia, 
Excilor 2-in-1 Wart Treatment Device

Patient Centricity—SRS Life Sciences 
Pte Ltd, SRS Unistraw Delivery System

IT, mHealth, and Digitalization—Qualit-e 
Cloud GmbH, Qualit-e Cloud

Job well done
Congratulations to the awards final-
ists and winners. Information about 
select winning technologies will be 
published in future issues of Phar-
maceutical Technology and on www.
PharmTech.com. 

CPhI and Pharmaceutical Technol-
ogy are UBM (part of Informa plc) 
brands.
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PRODUCT SPOTLIGHT

Advanced Lab 
Paddle Blender

Ross, Charles & Son’s Laboratory Paddle 

Blender offers advanced features 

for automated powder blending and 

liquid spraying operation with recipe 

management. Features include full 

vacuum capability, a pneumatic 

powder charging port, and a liquid 

delivery spray system to promote 

batch-to-batch consistency. The 

1-ft3, 42P-1SS model is constructed 

entirely of US stainless steel type 304 with 150-grit interior finish 

and driven by a 1-hp, totally enclosed, fan-cooled motor.

Touchscreen programmable logic controller recipe controls are 

housed inside a National Electrical Manufacturers Association-

classified 4X stainless steel enclosure, allowing for indoor or outdoor 

use. The company states that an interchangeable ribbon agitator can 

be supplied with any new paddle blender for increased versatility. 

Both paddle and ribbon agitators are used in the preparation of dry 

solid-solid mixes and can accommodate minor liquid additions.

Ross, Charles & Son

www.mixers.com

Detachable AODD Pump
Wilden, part of PSG, a Dover company, 

released its new 6 mm (1/4”) Velocity 

Series air-operated double-diaphragm 

(AODD) pump. The V2550 Velocity 

Series pump features a detachable 

mounting foot, providing adaptable 

mounting capabilities suitable for 

all small-dosing applications.

The company reports that 

the pump can be reoriented 

by loosening a single screw. 

The design provides the user with multiple mounting options 

while allowing the pump to fit into restricted spaces, a critical 

consideration for original equipment manufacturer systems and 

skids. The pump’s design also eliminates the effects of torque 

decay and delivers improved dry suction lift at all operating 

parameters for better priming under a variety of system 

conditions. Additionally, the pumps feature an interchangeable 

footprint with competitor and previous company designs.

This pump series comes equipped with a simple air 

distribution system (ADS) with two moving parts that reduce 

the risk of downtime, according to the company. Wilden 

Velocity Series pumps can handle suction lifts from 10–14 

feet. These pumps are available in polypropylene and PVDF 

construction, as well as an Accu-Flo (solenoid) option.

Wilden, part of PSG, a Dover company

www.psgdover.com/en/wilden

Bioimaging Molecular 
Probes

Stream Bio’s Conjugated 

Polymer Nanoparticle 

(CPN) products are a 

new generation of novel 

molecular bioimaging 

probes for diagnostic and 

therapeutic applications. 

The highly fluorescent, non-

toxic nanoparticles come in 

emission wavelengths 475, 

510, 550, and 680 nm, covering colors blue, green, yellow, and red.

The products can be used in molecular imaging and 

R&D applications, including flow cytometry, enzyme-linked 

immunosorbent assay, fluorescent in situ hybridization, 

western blotting fluorescence resonance energy transfer, 

intensity-hue-saturation, and lateral flow assays.

The CPNs provide significant photostability and sensitivity 

(brightness) with highly specific targeting and magnetic 

cell-purification capability, while remaining compliant 

with existing lab protocols, the company reports.

Stream Bio

www.streambio.co.uk

Custom Multi-Shaft Mixer
Charles Ross & Son Company has 

customized a 150-gallon triple shaft 

mixer, the Ross VersaMix model VMC-

150, with elaborate automation and 

safety functions. Features include six 

pneumatic clamps rated for 4000 lbs 

each for remote locking of the mix vessel 

cover, which is designed for 29.5-in. Hg 

vacuum and 5-psi internal pressure.

The mixer also includes automated 

valves for powder feed and clean-

in-place liquids, a resistance-

temperature detecting multi-point 

temperature sensor, built-in vacuum pump assembly, load 

cell system, and a centralized human machine interface. 

The VMC-150 features a helical auger screw for submerging 

floating agglomerates. When reversed, the auger screw 

surfaces air pockets, which decreases batch cycle time.

Ross, Charles & Son

www.mixers.com

http://www.mixers.com
http://www.psgdover.com/en/wilden
http://www.streambio.co.uk
http://www.mixers.com
http://www.pharmtech.com/


pda.org/2019Aseptic

PDA is an accredited provider of continuing education, offering high-quality, relevant training for 
both new and experienced professionals working in industry, government (health authority), and 

academia. Visit PDAtraining.org for a complete list of PDA training courses.

��This course is taught in PDA’s U.S. manufacturing training facility.

For more than 70 years, PDA has been recognized worldwide as a leader 

in aseptic processing. With the advent of new biological therapies, the 

importance of proper aseptic processing has never been greater. Turn to 

PDA for the most comprehensive aseptic processing education, taught in 

2&#ŦU�WPKSWG�ENGCPTQQO�ƒ�NNKPI�HCEKNKV[�

PDA’s two-week Aseptic Processing training course, taught by industry leading 

GZRGTVU�KP�VJGKT�ƒ�GNFU�YKVJ�OQTG�VJCP�����[GCTU�QH�EQODKPGF�GZRGTKGPEG��YKNN�

give you the training and information needed to properly evaluate and improve 

your aseptic processes to ensure sterile products. This course provides the 

perfect balance of hands-on laboratory and lecture training, equipping you with 

tools and practical experience you can apply immediately on the job.

LEARN HOW TO:

• Limit risk for manual product contamination with airflow visualization studies

• Correlate basic microbiology concepts and techniques to multiple aspects

of aseptic processing

• Evaluate your environmental monitoring program to collect appropriate 

data, identify and interpret trends

•� &GXGNQR�TQDWUV�OGFKC�ƒ�NN�RTQVQEQNU��KPENWFKPI�CRRTQRTKCVG�KPVGTXGPVKQPU��

observations, and documentation procedures

• And much more!
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These courses routinely sell out, so register today to reserve your seat!
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with industry-leading experience and, most importantly, our passion for making a difference. We 

call it the power of human ingenuity. The results? More than 1,000 new molecules developed for 

clinical trial, and 117 new drug approvals launched in the last decade – more than the next six 

manufacturers combined. But with millions more patients awaiting new treatments every day, we 

know our work is just getting started. 
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A 
main strategy for challenging the 
high prices of innovator therapies 
is to support the development 

and production of more competitive 
generic drugs and biosimilars, as out-
lined in FDA’s Drug Competition Ac-
tion Plan, issued in June 2017 (1). One 
sign of success is the agency’s approval 
of a record 971 new generic drugs this 
past fiscal year, largely due to devis-
ing a more streamlined and efficient 
review process and providing added 
advice and assistance on product de-
velopment to manufacturers.  

FDA is applying a similar approach 
to spurring development of more com-
plex generic drugs and combination 
products, such as injectables, topicals, 
and patches that act locally on the skin, 
inhaled drugs affecting the lungs di-
rectly, or eye drops that act on the sur-
face of the eye. These all raise challeng-
ing issues for production, formulation, 
and demonstrating equivalence to a 
brand reference listed drug (RLD). One 
result is that competition is limited for 
complex and combination products 
that involve difficult and expensive 
product development and production 
methods, permitting brands to retain 
high prices even years after losing ex-
clusivity. To achieve a more dynamic 
marketplace, FDA is issuing more 

guidance documents and targeted 
advisories to support R&D on these 
products, as outlined by FDA Commis-
sioner Scott Gottlieb in a statement on 
advancing the development of generic 
copies of complex drugs to improve pa-
tient access to medicines (2). 

This initiative produced a revised draft 
guidance advising industry on the design 
and conduct of studies to evaluate the ad-
hesive performance of proposed generic 
transdermal and topical delivery systems 
(TDS) products (3). A second guidance 
provides recommendations for the design 
and conduct of studies to evaluate in-vivo 
skin irritation and sensitization potential 
of such treatments (4). In addition, FDA 
issued 235 product-specific guidance 
documents to help manufacturers iden-
tify appropriate methods for developing 
specific generic TDS products (5). 

Anna Abram, FDA deputy commis-
sioner for policy, planning, legislation, 
and analysis, provided more details on 
these efforts at an October 2018 work-

shop on complex generic drug-device 
combination products sponsored by the 
Drug Information Association (DIA) 
(6). She described FDA strategies for 
spurring the development and review 
of complex therapies that are difficult to 
formulate and to manufacture because 
the drug acts directly on the skin or eye 
or lungs, producing a therapeutic effect 
that is hard to measure for bioequivalence 
through the blood, as with conventional 
generic drugs. Challenges in identifying 
the most accurate, sensitive, efficient, and 
reproducible method for demonstrating 
“sameness” between the proposed ge-
neric and RLD erect notable hurdles in 
developing complex generic drug-device 
combination products, Abram pointed 
out. FDA seeks to engage earlier and 
more extensively with manufacturers 
in pre-abbreviated new drug applica-
tion (ANDA) meetings to discuss new 
or alternative development strategies for 
complex drug-device products. 

FDA offers advice and support
Complex generics and other combina-
tion drug/biologic-device products also 
can obtain advice and guidance from 
FDA’s Office of Combination Prod-
ucts (OCP). This office has expanded 
to better manage a growing number of 
requests from manufacturers for deci-
sions on designating the review of a 
combination product to the appropriate 
lead FDA product center. FDA’s inter-
center consult process seeks to ensure 
consistency and clarity in the combina-
tion product review process, explained 
OCP Director Thinh Nguyen at the 
subsequent DIA Combination Prod-

To achieve a more dynamic marketplace, FDA is 
supporting R&D of complex generics and combination products.

Jill Wechsler

FDA Promotes 
Complex Generics and 
Combination Products

FDA’s inter-center 

consult process 

seeks to ensure 

consistency and 

clarity in the 

combination 

product review 

process.

Jill Wechsler 
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ucts conference. A forthcoming Q&A 
guidance on combination products may 
provide additional specifics on essen-
tial performance requirements, sample 
sizes for human factors studies, manu-
facturer consultation with FDA during 
development, and strategies for docu-
menting sameness to an RLD.  

FDA officials noted that they suc-
ceeded in addressing some of these is-
sues in the agency’s recent approval of 
the first generic for EpiPen, the widely 
prescribed epinephrine auto-injector 
that has been in the spotlight in recent 
years for its high price, made possible 
by limited competition. The new al-
ternative offers a lower-cost option for 
patients and may help protect against 
product shortages, Abram commented. 

To further advance complex gener-
ics, Gottlieb noted that FDA is devising 
more sensitive and accurate analytical 

tools and in-vitro tests to demonstrate 
sameness between a generic and brand. 
A forthcoming umbrella guidance, 
moreover, should help generics makers 
overcome the most challenging regula-
tory and scientific issues, as will more 
targeted guidance documents that ad-
dress legal issues blocking generic com-
petition. 
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Politics Drive Direct-to-Consumer Price Disclosure Rule

The US Department of Health and Human Services published a proposed rule 

in October 2018 requiring pharma companies to list drug prices in TV com-

mercials. The appearance of the policy just three weeks before the November 

mid-term elections prompted critics to complain that the proposal is designed 

largely to demonstrate that the Trump Administration is taking action to curb 

the cost of medicines. Analysts question whether the required price informa-

tion will be of any use to patients, and legal challenges could delay enforce-

ment of the policy for months, if not years.

The proposal issued by the Centers for Medicare and Medicaid Services (CMS) 

(1) seeks public comments, which are sure to include multiple objections to the 

requirement that direct-to-consumer (DTC) drug ads disclose the wholesale ac-

quisition cost (WAC) for products that cost more than $35 a month for treatment. 

Insurers, doctors, and consumer groups applaud the price transparency proposal, 

while the Pharmaceutical Research and Manufacturers of America (PhRMA) and 

the advertising industry strongly oppose it. Broadcasters stand to lose a good 

chunk of the $3.5 billion spent by pharma companies on DTC ads and will support 

PhRMA’s expected lawsuit challenging the validity of the rule and claiming that it 

violates First Amendment protection of free speech. 

A broader issue is whether disclosing WAC prices on drugs in DTC ads would 

provide any useful information to consumers, particularly those in Medicare or 

Medicaid, the stated beneficiaries of the rule. Even though FDA regulates pre-

scription drug advertising, the proposal came from CMS, which can claim that 

price transparency supports its interest in reducing outlays for drugs paid by 

public health programs. But Medicare and Medicaid patients largely have fixed 

co-pays that don’t vary with price, and they benefit from negotiated rates 

instead of paying list prices, as do many individuals in commercial plans. List 

price disclosure might be of greater benefit to individuals with high-deduct-

ible plans or percentage co-pays, and for consumers without any health insur-

ance who pay cash. High list prices can pose a particular burden for patients 

using specialty drugs and therapies for rare disease, but those products run 

few TV ads, and marketers point to patient support programs that can address 

individual coverage hardships. 

Pharma companies claim that disclosure of WAC rates will only confuse 

consumers and may inhibit patients from seeking care. And they regard the 

requirement to disclose proprietary price information as a violation of first 

amendment protections, particularly if the required information is not rel-

evant to most consumers. The administration counters that court decisions 

have upheld the right of government agencies to require disclosures that sup-

port a public interest. In fact, CMS is considering whether to expand disclosure 

to other marketing media, such as print ads and electronic communications. 

PhRMA lobbying succeeded in blocking Congressional approval of a similar 

ad disclosure provision that was added to a big budget bill in September and is 

ramping up to achieve a similar outcome in this round. As a stopgap, PhRMA is 

pushing an alternative plan for DTC ads to direct viewers to company websites 

with relevant price information (2). Despite the opposition, the administra-

tion is expected to finalize the rule sometime next year, and FDA will be key 

to implementation, including publication of guidance clarifying the require-

ments and penalties for violations. 
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Cover Story: CMC Strategy

N
ew drug development is so chal-
lenging that it’s hard to blame 
manufacturers for seeking short-

cuts. But one area that cannot be given 
short shrift is chemistry, manufac-
turing, and controls (CMC) strategy, 
which offers a blueprint for taking a 
drug from the lab to clinical stages and 
through to commercial manufacturing. 

“CMC is the most underappreciated 
aspect of the whole drug development 
process, but it can make or break de-
velopment,” says Ed Elder, director of 
the University of Wisconsin’s pharma 
experiment station, which performs 
early-phase development, preformula-
tion, and formulation work for both 
small and large molecules.  

“Large pharma companies are un-
likely to make mistakes due to the 
resources invested early in program 
management. They generally have 

much more experienced personnel 
and turn to consultants primarily to 
supplement their staff when timelines 
accelerate,” says Christopher Buss-
ineau, senior consultant with Biologics 
Consulting Group, Inc.

“Smaller companies, especially tech-
nology innovators, do not have the 
same number of experienced people 
on staff or too few staffers with the 
specific experience required for the 
drug that they are developing,” he 
says. Bussineau considers the case of 
a start-up company that is developing 
a novel topical formulation that con-
tains a well-characterized protein as 
an active ingredient, with staff that 
formerly worked in the cosmetics in-
dustry. This group can fail to assemble 
an analytical package that is robust 
enough to characterize and control the 
product. The result, Bussineau says, 

puts too much risk on the product by, 
for example, not knowing the stabil-
ity-indicating assays, not identifying 
significant impurities, and setting 
up inadequate formulation recipes. 

“Companies with limited budgets and 
experience may force short develop-
ment timelines that compromise assay 
qualification and validation, as well 
as supplier and material qualification; 
facility and equipment qualification; 
storage conditions; tech transfer; and 
process validation,” he says. 

Although Big Pharma has done well 
with CMC over the years, as it moves 
away from a focus on R&D to one 
that emphasizes acquisition strategies 
and licensing, the picture may begin 
to change in the future, says Elder. 
Smaller innovative companies do not 
always understand the importance of 
having a clear CMC strategy. “Some 

Experts share best practices, and war stories, for a crucial 

but often underappreciated part of drug development.

Agnes Shanley

Don’t Let CMC 
Oversights Derail 
Drug Development

http://www.pharmtech.com/


Connect with Alcami 

to begin your next 

oral solid dose project.

sales@alcaminow.com

alcaminow.com

1-800-575-4224

mailto:sales@alcaminow.com
http://www.alcaminow.com/
http://www.alcaminow.com/


22    Pharmaceutical Technology NOVEMBER 2018  PharmTech .com

Cover Story: CMC Strategy

small biotechs take the approach of 
‘Let’s run as fast as we can with what-
ever works, and if there’s a problem, 
we’ll deal with it later,’” he says. 

Small biotechs should learn from 
Big Pharma that performing extensive 
due diligence on CMC is crucial before 
an asset is acquired. This is necessary 
in order to protect the investment, says 
Bussineau, especially if the technology 
is outside of the company’s area of ex-
pertise. “It is possible for companies to 
buy a process that cannot be scaled up; 
has dozens of impurities that were pre-
viously undetected by the seller’s CMC 
quality-control group; may not have 
sufficient stability; or that may have 
been created with an uncharacterized 
cell bank,” he says.

Expensive shortcuts
FDA’s accelerated review process, 
part of the 501(b)(2) approval path-
way, may have made it more tempt-
ing to take shortcuts that, in some 
cases, have added millions of dollars 
and months if not years to develop-
ment timelines. This is ref lected in 
the growing number of Complete Re-
sponse Letters (CRLs) that FDA has 
issued to manufacturers. CRLs put a 
temporary stop on a drug’s approval 
until specific issues are addressed. For 
the past few years, as the complexity of 
drug formulations has increased, FDA 
reviewers have issued more CRLs that 
directly cite CMC deficiencies. 

According to a recent study that an-
alyzed CRLs issued between January 
2017 and May 2018 (1,2), FDA issued 
33 CRLs for 25 new drug applications 
(NDAs), six biologics, and two complex 
generic-drug applications. Of the 24 
CRLs that manufacturers were will-
ing to talk about, 25% reflected failures 
within the manufacturer’s CMC pro-
gram. Eighty percent of the CRLs were 
issued to small companies, and 80% 
were for drug applications that used 
FDA’s 505(b)(2) approval pathway (2). 

“Timelines are very crunched, espe-
cially now with accelerated approvals,” 
says consultant James Blackwell, prin-
cipal of Windshire Consulting Group. 
It’s essential that drug developers think 

through any process, go through it step 
by step and unit operation by unit opera-
tion to determine risk and predict where 
issues will show up during scaleup or 
technology transfer. “Operating compa-
nies must be proactive and drive their 
CDMO [contract development and 
manufacturing organization] partners 
to do this [with them],” Blackwell says. 

Internal metrics
More telling than any regulatory fail-
ings are the internal metrics that won’t 
be visible to anyone outside the orga-
nization, says James Bernstein, founder 
and principal of Live Oak Pharmaceu-
tical Services. Questions to ask, he says, 
include the following:

• How often do we have out-of-spec-
ification (OOS) results?

• How often do we have reworks on 
batches of drug substance or drug 
product?

• How often have we had to refor-
mulate the product?

• Have we had a failed manufactur-
ing batch?

Any one of these should be consid-
ered a red f lag, Bernstein says. Bus-
sineau suggests asking the following 
questions as well:

• Are we doing sufficient trend anal-
ysis to know when it is necessary 
to revalidate the process?

• Do we know the cost of noncon-
formance, and is it keeping total 
cost of goods sold (COGS) from 
decreasing over time?

• Do the product lifecycle plans 
include process improvements or 
equipment changes?

Have a clear target product profile
Given the complexity of CMC, the 
best way to develop a clear strategy is 
to base it on a target product profile, 
which looks holistically at what you’re 
trying to achieve, says Elder. Questions 
to address include the therapy, patient 
population, and understanding the 
physical chemical characteristics of the 
drug and how that plays into all those 
factors, he says. 

In addition, cost elements and intel-
lectual property protection must also 

be considered. “You need an under-
standing, not only of the basic science 
of CMC, but how that fits into preclini-
cal strategy, clinical strategy, regula-
tory strategy,” says Elder. 

Every compound and every develop-
ment program will be different. “It’s a 
matter of understanding what infor-
mation is needed and when, and gen-
erating it in real time. Based on what 
you learn, you can adjust that strategy 
as you go so that you can make good 
decisions on whether or not to move 
forward at each step,” he says.

Errors of omission are typically 
the biggest problem. “Many develop-
ers fail to anticipate problems based 
on the data that have been generated. 
In some cases, they haven’t generated 
the right data, or they haven’t thought 
through all the potential problems. 
In other situations, they don’t have 
adequate expertise in the CMC area, 
and so they just continue to do what 
someone else did or what they think is 
necessary without a thorough strategy 
or plan,” says Elder.

Don’t get blindsided
As a result, the development team may 
miss a solubility or stability issue, or a 
polymorph change, Elder says. It is espe-
cially important to look for signs during 
analytical development that may signal 
problems later on, such as changes in the 
compound under different conditions. 

“You do some forced degradation stud-
ies that may show whether something 
is sensitive to oxidation, to acidic or 
basic conditions, or to hydrolysis. De-
pending on what type of solid systems 
you’re using to dissolve your drug for 
analysis, you may discover solubility 
issues. You may see precipitation issues 
during testing that show that compound 
may be converting salt forms and, thus, 
is less stable than you thought, or the 
compound may not be as soluble as you 
thought,” Elder says.

Frequent analytical testing is the key, 
says Bussineau, along with scale-up and 
scale-down models, quality risk man-
agement principles, thorough docu-
mentation, and a lifecycle approach. 

“The earlier you set the foundation, 
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the sooner it will benefit the develop-
ment program,” he says. “People talk 
about working ‘with the end in mind’,” 
says Elder. “I prefer to turn that image 
around, and look from the end through 
to the beginning, and consider the best 
path to get there,” he says. “Get your 
regulatory people involved and think 
about intellectual property protection 
strategy early on. Look at it from the 
payers’ perspective. Think about the 
manufacturing angle, and whether 
technologies might be too expensive, 
but do this as early as possible in de-
velopment,” he says.

Beware of polymorphs
Even a simple product line extension, 
and a change as simple as adding a new 
flavoring or coloring to a product can 
result in problems, says Elder, result-
ing in the creation of a new polymorph 
form due to differences in solubility. 

“There are some things that you can’t 
anticipate, but you can test and try to 
induce those things during testing,” he 
says. “I’ve had things like liquid-filled 
capsules that started leaking because 
the packaging wasn’t designed appro-
priately,” says Elder. In other cases, a 
product’s “failure” was due to clinical 
trial patients trying to open up the liq-
uid capsules with a fork to determine 
whether they were being given the pla-
cebo or an active ingredient, he says.

He warns against taking the easiest 
way out, recalling one case that in-
volved a very insoluble drug where the 
project team decided to go to first-in-
human clinical trials with a powder-in-
a-bottle approach, to save formulation 
time. They weighed powder, put it in a 
vial, and liquid would be added at the 
clinic to make a slurry for patients to 
drink. The resulting process wound up 
taking more time than it would have 
taken to make a solution. “It all comes 
back to getting the right data and mak-
ing the best possible decisions,” he says. 

With biopharmaceuticals, Bussineau 
has seen the following errors: 

• Failing to audit a CDMO for spe-
cific expertise (e.g., clinical manu-
facturing versus commercial-scale 
manufacturing and quality assur-

ance and control capabilities)
• Failure to qualify and validate ap-

propriate assays
• Failure to question ‘what might go 

wrong’ 
• Believing that data are a complete 

reflection of the product
• Not characterizing sole-sourced, 

esoteric raw materials and identi-
fying an alternative supplier

• Failing to identify all critical pro-
cess parameters before starting a 
process performance qualification

• Failing to identify the mechanisms 
of product degradation during the 
intended storage condition of drug 
products and drug substances, and 
failing to develop assays that might 
have detected this problem

• Setting in-process intermediate, 
drug substance, and drug product 
specifications without sufficient 
knowledge of process capability

• Failing to develop a potency assay 
until a process is defined that leads 
to inactive product

• Failing to develop a target profile 
and quality target product profile

• Not using a quality risk manage-
ment approach to decision making 
in everything from deviation in-
vestigation to validation protocols 
to development plans

• Failure to set up quality agree-
ments with all suppliers.

Talk with regulators
Another big mistake that companies 
make is failing to work with FDA, says 
Bernstein. “Small companies may in-
teract with FDA on clinical issues, but 
may underestimate the need to interact 
with the agency on CMC issues. Some-
times they don’t appreciate the oppor-
tunity and value of having direct com-
munication with the agency,” he says.

Bernstein encourages small compa-
nies to think one phase ahead of where 
they are, so that if they’re doing Phase I 
work, they should already be incorpo-
rating elements that will be needed in 
Phase II. This way, even if they decide 
to sell the asset, the buyer won’t have 
to redevelop the synthesis or formula-
tion, he says.

Small pharma companies can often 
do without a dedicated CMC person 
throughout Phase I and even into 
Phase II, says Bernstein, but at some 
point during Phase II, this will change.  

“You need at least one if not two people 
to manage the CMC issues of getting 
ready for the NDA and managing 
CDMO relationships,” he says. “This 
person should have an advanced de-
gree, project management and man-
agement experience, and several years 
of experience in an integrative capac-
ity, understanding the relationship 
between synthesis, formulation, and 
quality control.” In addition, they will 
need good people skills, he says.

Bussineau summarizes strategy de-
velopment with partners: “Document 
everything from the plan to deliver-
ables; make the plan transparent and 
translatable into a coherent budget; en-
able a team with the appropriate skills, 
supplement the team with consultants 
where needed, and grow when neces-
sary; develop partnerships with your 
service providers; develop ‘win-win’ 
contracts, and, finally, set the right 
definition of success.”  

Choosing a CDMO
Bernstein suggests getting as much 
information as possible on potential 
CDMOs. “Visit each of them yourself, 
and get their proposals organized so 
that you can compare them directly 
[point by point].” He suggests consider-
ing intangibles. “Do people look happy 
at their facility? Is it well equipped? 
What kinds of training programs do 
they have? Ask for references from con-
sultants and other colleagues,” he says. 

Beware of inconsistencies. Bernstein 
recalls one CDMO that had a great 
track record in formulation and man-
ufacturing. “Any time we’d ask them 
about an aberrant dissolution value or 
other questionable result from their 
QC lab, they’d say ‘It’s just an outlier’ 
without investigating it. Because this 
happened several times, we don’t work 
with them anymore,” Bernstein says.

Contin. on page 56
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the HPAPI market remains dominated 
and is foreseen to continue to be dom-
inated within the next five years by 
small-molecule, chemical APIs. 

Lonza also expects the generic 
HPAPI market to see strong growth 
over the next few years due to patent 
expirations of some branded HPAPI 
products, according to Janssen. Another 
driver for the growth of HPAPI capac-
ity demand is the additional knowledge 
being obtained for existing compounds 
that previously were not considered to 
be HPAPIs. As new toxicity data are 
generated, some of these compounds 
are being reclassified as HPAPIs, ac-
cording to Salo.

Outsourcing of HPAPI production 
is also expected to expand faster than 
the overall HPAPI market, according to 
Janssen. “This growth is due to the fact 
that the majority of innovation is taking 
place in smaller emerging biotech com-
panies with no in-house manufacturing 
capabilities and therefore the need to 
outsource,” he explains.

Limited options for 
highly potent production
The number of companies advertising 
highly potent manufacturing capabili-
ties is quite high, according to a recent 
survey conducted by Minakem. “In a 
market analysis, approximately 100 
[contract manufacturing organizations 
(CMOs)]/CDMOs were identified as 
claiming to focus on high potency and 
making numerous investments in the 
past 10 years, so what was once a niche 
segment appears to be more crowded,” 
Salvagnini notes. 

Upon closer look, however, Minakem 
found that classification of highly po-
tent manufacturing capability comes 
down to how each company defines 
potent vs. highly potent. Many of these 
companies are capable of processing 
compounds with OELs down to 10 
μg/m3/8h, but only a handful of active 
CDMOs have the capability of han-
dling highly potent intermediates and 
APIs with OELs of 0.10–0.01 μg/m3/8h 
and lower, Salvagnini says. This HPAPI 
business is highly concentrated in West-
ern countries, according to Janssen.

H
ighly potent APIs (HPAPIs) are an 
increasingly important segment 
of the API market. While there are 

many contract development and manu-
facturing organizations (CDMOs) that 
claim to have potent compound pro-
duction capabilities, few have the facil-
ities, equipment, and trained personnel 
needed for the production of highly 
potent compounds with occupational 
exposure levels (OELs) of 10 μg/m3/8h. 
CDMOs with established expertise 
are investing in expanded capabilities 
to meet the growing need for HPAPI 
production capacity.

Fast growing market
Global demand for HPAPIs is estimated 
by various market research firms to be 
approximately $17 billion in 2018 and 
expanding to about $26 billion by 2023, 
according to Claudio Salvagnini, direc-
tor of CDMO API and HPAPI activities 
at Minakem. The rapid growth is driven 
largely by the global oncology market, 
as many highly potent compounds are 
used for the treatment of cancer. This 
market has already surpassed $100 bil-

lion in global sales and is expanding at 
double-digit rates, according to intel-
ligence reports reviewed by Minakem. 

Maurits Janssen, head of com-
mercial development, API develop-
ment, and manufacturing with Lonza 
Pharma & Biotech, adds that the per-
centage of HPAPIs that are cancer 
treatments has grown from more than 
50% in 2015 to approximately 60% in 
2018, with the rest found in hormonal 
treatments, central nervous system 
treatments, and all other therapeutic 
areas. There are also many rare dis-
eases under focus, and many of these 
conditions are being treated with 
highly active compounds according 
to Marko Salo, vice-president of mar-
keting and sales with Fermion. 

Three-quarters of HPAPIs are novel 
compounds. In particular, the growing 
focus on precision and personalized 
medicines such as antibody-drug con-
jugates (ADCs) that treat specific pa-
tient subgroups or conditions is driving 
development of novel APIs. Innovation 
is therefore another important factor in 
the growth of the HPAPI market, ac-
cording to Salvagnini. He adds that de-
spite the increasing number of biologic 
drugs in the pharmaceutical pipeline, 

Demand for highly potent APIs continues to rise.
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Salo adds that many of these recent 
investments have involved smaller 
capacities. Janssen notes that the ma-
jority of HPAPI equipment for com-
mercial manufacturing is mid-scale 
(4–6m3), where there is the highest de-
mand. “Only a few companies, includ-
ing Lonza, can cover the full range of 
reactor scales along the drug lifecycle 
from 2–10m3, allowing customers to 
access phase-appropriate equipment 
for their individual needs,” he says.

“Entry into this segment of the 
market is limited by the high initial 
investment required to install con-
tainment systems, glove boxes, proper 
air f low and conditioning systems; 
develop effective processes; and train 
operators,” observes Salvagnini. He 
adds that having a solid reputation 
for success in HPAPI manufacturing 
is probably more important than in 
other segments of the pharma industry, 
given that the safety of operators, the 
environment, and patients is a key con-
cern. “We have seen that clients look-
ing for HPAPI services conduct more 
thorough audits and risk assessments 
when evaluating potential outsourcing 
partners,” Salvagnini says. 

There are currently no indications 
of overcapacity in the market, accord-
ing to Janssen, but increasing compe-
tition may lead to a lower perceived 
market growth of the segment in the 
future. Continued investment will still 
be needed, however; as manufacturing 
and handling technologies for HPAPIs 
continue to improve, older facilities will 
require upgrading from time to time to 
prevent becoming sub-standard.

Investments at Minakem
Minakem recently expanded HPAPI 
capabilities at its Louvain-la-Neuve 
plant in Belgium, which it acquired 
in 2015 from Ajinomoto OmniChem. 
“We acquired high-containment tech-
nology with this site and set as a goal 
to become a leader in high potency de-
velopment and manufacturing,” notes 
Salvagnini. With available space for 
expansion within the building and on 
the site, it was possible for Minakem to 
revamp existing facilities and add new 

equipment and production trains. In 
addition, the company has access to 
talent due to its location near univer-
sities and pharmaceutical companies.

“The HPAPI segment is a high-tech-
nology market that requires continu-
ous investment to ensure state-of-the 
art capabilities,” Salvagnini asserts. 
Not only is the HPAPI market expand-
ing, highly potent compounds are be-
coming increasingly complex and more 
potent. “We need to be certain that we 
have the broadest range of synthetic 
and containment capabilities to meet 
the evolving needs of the marketplace,” 
he adds.

The new closed-controlled, high 
containment laboratory facility was 
opened in August 2018 and extends 
Minakem’s capacity to develop and 
manufacture HPAPI compounds 
from small-scale development to full 
GMP batch releases. In addition to 
nine fume hoods, a double-barrier of 
protection in the form of new-gener-
ation glove boxes in a room dedicated 
to dry powder handling and weigh-
ing, air locks, HEPA air filters, and 
cascading f low, the facility includes a 
preparative chromatography system 
for the isolation and purification of 
target molecules from milligrams to 
hundreds of grams for analysis and 
production applications. 

The current production suite en-
ables production of gram, 1–10 Kg, 
20–50 Kg, and 100–150 Kg batches of 
compounds with OELs down to 0.1 
μg/m3/8h. Minakem has also installed 
5-, 50-, and 300-mm preparative 
high-performance liquid chromatogra-
phy (HPLC) columns, according to Sal-
vagnini. The company is also looking 
to invest in additional hydrogenation 
equipment under containment. 

Investments at Fermion
Fermion’s three-year project to ex-
pand HPAPI production capability 
at is Hanko, Finland plant reached 
its conclusion in the summer of 2018, 
with first batches and regulatory in-
spection completed. Unit 4 consists of 
a fully automated, completely closed 
HPAPI unit of more than 50 m3 capac-

ity for the production of highly potent 
compounds with occupational expo-
sure bands (OEBs) 4 and 5, according 
to Salo.

The facility can be run by just three 
operators due to a high level of au-
tomation, and as a result, Fermion is 
able to produce HPAPIs cost-compet-
itively, Salo adds. A bar-code system 
is fully integrated into the automa-
tion system, preventing charging of 
the wrong materials and avoidance of 
paperwork.

The project was commissioned in re-
sponse not only to the growing demand 
for HPAPIs, but also because Fermion 
was finding that some older generic 
APIs that were previously categorized 
as OEB3 are today considered to be 
category OEB4 or OEB5 compounds. 
“We want to protect our operators to 
the highest possible degree and would 
rather overprotect our employees than 
take any risks even for lower OEB class 
products,” asserts Salo. He adds that it 
is Fermion’s point of view that oper-
ator working conditions with modern 
containment protection systems such 
as isolators are better than those that 
rely on old-fashioned personal protec-
tive gear.

Investments at Lonza
One factor contributing to Lonza’s 
continued investment in HPAPI ca-
pacity and capabilities is the growth 
of oncology as a focus of biopharma-
ceutical research and development, 
according to Janssen. “Since these 
products use increasingly complex 
and toxic molecules, the companies 
that develop them more frequently 
seek external partners like Lonza 
Pharma & Biotech with the facili-
ties and track record and expertise 
to properly handle HPAPI formu-
lations,” he says. As an example, 
he points to ADCs and their use of 
highly toxic molecules to specifically 
target and kill cancer cells as repre-
senting a step up in oncology treat-
ment that would neither be possible 
nor effective without extremely po-
tent payload molecules and the capa-
bilities required to handle them.

http://www.pharmtech.com/
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The company’s HPAPI investments 
have focused on providing agile manu-
facturing solutions for the wide range of 
product volumes required by biopharma 
companies’ increasingly specialized and 
pharmaceutically potent products, ac-
cording to Janssen. Lonza Pharma & 
Biotech’s Visp, Switzerland Center of 
Excellence in HPAPI Development and 
Manufacturing has multi-purpose fa-
cilities designed to efficiently and safely 
manufacture multiple products simul-
taneously at various scales. Lonza cur-
rently has active HPAPI projects with 
OELs ranging from 5 to 0.04 μg/m3.

In February 2018, the company an-
nounced expansion of its HPAPI capa-
bilities in North America, including the 
addition of two commercial-scale pro-
cessing suites for the handling and en-
capsulation of HPAPIs using drum-dos-
ing technology for powder-in-capsule 
filling at its Tampa, FL site.

Investments at Cambrex
In late 2017, Cambrex announced a 
$24-million investment in a new facility 
to manufacture HPAPIs at its Charles 
City, IA plant in the United States. The 
4500-sq.-ft. production area will operate 
to an OEL of 0.1 μg/m3 and have a total 
reactor capacity of 2200 gallons and be 
able to manufacture batches from 50 to 
300 kg. The small-scale manufacturing 
area at the site is also being reconfigured 
to provide a single high-containment 
building to support early stage develop-
ment and manufacturing. Construction 
and installation of all new equipment is 
expected to be completed by Q1 2019.

The investment is in response to 
the growing number of highly potent, 
small-molecule APIs in the pharma 
pipeline, according to Shawn Cavanagh, 
COO of Cambrex. It is also part of an 
ongoing strategic campaign to invest in 
small-molecule API development and 
manufacturing across Cambrex’s global 
network of facilities. 

Overcoming challenges
Implementing new HPAPI development 
and manufacturing capabilities presents 
multiple challenges that must be ad-
dressed within a limited timeline, ac-

cording to Salvagnini. “Multiple depart-
ments are involved, so cross-functional 
teams with representatives from envi-
ronmental health and safety, program 
management, R&D, production, etc., 
must collaborate with external consul-
tants and project design and construc-
tion companies. Having solid internal 
experience in containment technology 
and working efficiently together in close 
collaboration on a daily basis is essen-
tial for keeping such types of investment 
projects on track,” he says.

Significant changes 

in manufacturing 

and logistics 

are anticipated 

in response to 

changing market 

dynamics.

Previous experience with the ad-
dition of HPAPI units is also highly 
beneficial for successfully complet-
ing new projects on time and without 
major issues, according to Salo. Janssen 
agrees: “Considering Lonza’s 20 years of 
experience in handling HPAPIs and in 
maintaining the required facilities, the 
construction of new capacity was sup-
ported heavily from past experience, 
and progress was demonstrated by the 
short realization timeline and absence 
of critical challenges,” he observes. He 
also notes that Lonza has found it ex-
tremely valuable to build on a stable 
team of specialists and to keep everyone 
pointed in the same direction. 

What’s next?
In addition to the expected healthy 
growth of the HPAPI market that is ex-
pected to continue in the coming years, 
significant changes in manufacturing 
and logistics are anticipated in response 
to changing market dynamics. “The 
move into personalized and specialized 
medicines means that large numbers of 

molecules will be produced at small scale, 
which is quite a massive change from the 
way the supply chain operates today,” as-
serts Salvagnini.

There is also a movement toward 
higher containment protection levels, 
according to Salo. Molecular complexity 
will increase further as well and present 
ongoing manufacturing challenges, ac-
cording to Salvagnini. In addition, many 
HPAPIs in the pharma pipeline face 
bioavailability challenges and/or require 
modified-release technologies, according 
to Janssen. “As a result, HPAPI produc-
tion and manufacturing today requires 
more specialized capabilities than ever 
before,” he says.

In addition, many drug formulating 
companies are closing their in-house 
production facilities and shifting toward 
contract outsourcing as a more cost-effec-
tive approach to HPAPI manufacturing. 
“These companies are looking for exter-
nal CDMOs that offer integrated services 
and can tailor their enhanced technology 
platforms and supply-chain solutions to 
specific companies’ needs to facilitate de-
velopment and reduce time to market,” 
Janssen comments. Outsourcing, he adds, 
is strongly driven by emerging and mid-
sized pharmaceutical companies, which 
account for most of the innovations in the 
pharma industry today.

“CDMOs will need both f lexibility 
and agility to accommodate the broader 
range of chemistries, toxicities, delivery 
technologies, and product volumes for 
highly potent intermediates and prod-
ucts that will exist in the near future,” 
asserts Salvagnini. Responsiveness will 
also be important, as increasing num-
bers of projects are designated as accel-
erated approval programs. “Minakem 
is preparing by adapting both its facil-
ity and internal organization, building 
dedicated supply-chain and building 
project teams in order to rapidly pro-
ceed through increasingly complex 
processes and stay on the critical path 
for shortened timelines,” Salvagnini 
says. He adds that its ongoing invest-
ments are made with this new future in 
mind, including investments in analyti-
cal capabilities and skilled and talented 
workforce. PT
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T
he increasing complexity of bio-
logic drugs in development is in 
part driving the need for innova-

tive delivery mechanisms. Innovation 
in syringe technology is one example 
of how drugmakers strive to address 
the challenges of administering these 
newer therapeutics.

The rapid growth of newer and tar-
geted molecular entities, such as mono-
clonal antibodies (mAbs), interferons, 
peptides, vaccines, and ophthalmics; the 
increasing prevalence of chronic diseases 
and cancers; and the growth of biosimi-
lars are driving the growth of prefilled 
syringes. Another factor that contributes 
to this growth is the need for improved 
safety and ease of administration for pa-
tients and healthcare workers. Prefilled 
syringes are known to be easy to use and 

to need only a few administrative steps, 
which contributes to improved safety (1). 

In talking with Pharmaceutical 
Technology, Dr. Nicolas Eon, global 
product manager of syriQ at SCHOTT, 
and Claudia Roth, PhD, vice-president 
Innovation Management at Vetter, dis-
cussed key challenges, required stan-
dards, and the potential future impact 
of biologic drug development on the 
prefilled syringes market.

Biologic drug challenges
PharmTech: What are the main challenges 
or deficits in prefilled syringe technology 
today, specifically challenges meeting the 
needs of biologic drugs?

Eon (SCHOTT): Over two-thirds of the 
drugs in the development pipeline of 
pharmaceutical companies are biologics. 

These drugs offer new treatment options 
for some of the hardest-to-treat diseases, 
such as cancer, and chronic diseases. Yet 
their highly complex molecule structures 
are more sensitive to temperature and 
environmental conditions and are prone 
to interactions with the pharmaceutical 
container. Hence, biologics require inno-
vative packaging to ensure drug stability 
over the entire shelf life. 

With prefilled glass syringes, the drug 
comes into contact with up to seven ma-
terials, with each presenting a potential 
risk of interaction. Subsequently, it is of 
high importance to reduce this risk by 
using components made of high qual-
ity as well as optimized processes. For 
example, when it comes to gluing the 
needle, a process optimization of the 
gluing step can reduce drug/container 
interactions by minimizing the quantity 
of residuals glue monomer. 

Moreover, biologic drugs tend to be 
highly viscous, which means that more 
force is needed during administration. In 
addition, over 75% of biologics are used 
in combination with an auto-injector for 
self-administration. Subsequently, the 
prefilled syringe must meet highest accu-
rate dimensions as well as ensure that the 
gliding performance remains consistent 
from one injection to the next. The me-
chanical strength of the glass container 
must also withstand the pressure applied 
during the administration process.

PharmTech: What specifications are 
required for packaging biologic drugs in 
prefilled syringes?

Roth (Vetter): As is often the case, creat-
ing easy-to-apply systems means a more 
complicated production process at the 
outset. As we know, a prefilled syringe 
system is a complex construct because 
it has many individual components. 
That is why it is critical to achieve the 
correct individual conjunction and in-
teraction of its parts in order to enable 
both functionality and usability. For ex-
ample, when administering a drug with 
a syringe, you need to have a plunger rod 
that operates in concert with the other 
components, especially the glass barrel. 
To achieve this, a slight coating of lubri-
cant is placed on the inner surface of the 
glass barrel. Therefore, a key challenge is 
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to define the appropriate coating process 
and to control the correct amount of lu-
bricant needed to enable the best possible 
movement of the plunger rod. This must 
be achieved in a manner that avoids any 
form of interaction between the lubricant 
and the drug substance.

In the biologics sector where the active 
ingredients of compounds are large and 
very complex molecules, their manufac-
ture is equally complex and challenging. 
Thus, a vast degree of experience and a 
substantial level of process expertise is 
required. Biologics react with far greater 
sensitivity to environmental influences 
such as heat or light than other sub-
stances do. That is why it is important 
to design, develop, and implement the 
correct product-related production pro-
cesses. For example, using a suitable dos-
ing method and proper pumps in the fill-
ing process is critical. 

Another example is the fact that bio-
logics can react negatively to the chemi-
cal composition of the stopper within 
the syringe. For manufacturers, this 
means it is important to have signifi-
cant knowledge of packaging materials 
and components.

Eon (SCHOTT): The Parenteral Drug 
Association’s (PDA) Technical Report 
(TR) No. 73, Prefilled Syringe User 
Requirements for Biotechnology 
Applications (2), published in 2015, can 
be used as a baseline to design syringes 
for biological drugs. Depending on the 
drug and the intended use, the detailed 
specification must be agreed upon 
between the PharmTech a company and 
the prefilled syringe supplier.

Innovations and future impact
PharmTech: What innovations in prefilled 
syringes are currently on the market, or 
in development, to address the chal-
lenges that biologic drugs face?

Eon (SCHOTT): SCHOTT recent ly 
launched syriQ BioPure, prefillable glass 
syringes that are specifically designed 
for self-administered biologics. These 
syringes ensure drug stability during 
shelf life and ease-of-administration for 
patients. The syringes are made of highly 
inert Fiolax borosilicate glass and are 
manufactured under improved processes 

to lower tungsten oxide and adhesive 
residuals. As more and more biologics 
are administered in combination with 
a device, the syringes work with leading 
safety and auto-injector devices, thus en-
abling patients to move from hospital to 
homecare. A uniform silicone layer en-
sures that the flow rate of the injection 
process is as smooth as possible, thus 
enhancing the patient experience.

Roth (Vetter): In our opinion, despite 
all the innovative activities being con-
sidered today, quality will always be the 
leading criteria of achievement. After 
all, we are in an industry where patients 
literally get injected with the products 
we manufacture for pharma and biotech 
companies. It is for our customer, as well 
as the patient, that we make every effort 
to be as innovative as possible while 
striving to achieve the highest-possible 
manufacturing and process quality on 
a day-by-day basis.

 Another central target is achieving 
compatibility between the active ingre-
dients of a drug and its method of ad-
ministration. That means it has to be 
as ‘end-user friendly’ as possible. It is a 
well-accepted principal that the higher 
the usability of a drug-delivery system, 
the greater the acceptance among pa-
tients and caregivers. The reasons for 
this include the homecare sector where 
a patient-friendly system fits well and 
contributes to cost avoidance and time-
intensive visit to doctors’ offices and 
hospitals. Also, patient adherence itself 
is strongly dependent on the convenience 
level of the drug-delivery system.

To put it simply, whatever protects or 
increases the safety of a drug-delivery 
system while increasing its usability, is 
an enhancement and an innovative ad-
vance for the market and, ultimately, for 
the patient.

PharmTech: What trends in biologic 
drug development do you think will have 
an impact on the future development of 
prefilled syringe technology?

Eon (SCHOTT): One trend we see is the 
higher complexity of biologics as well as 
the higher sensitivity of the drugs. This 
results in the need for a superior extract-
ables and leachables profile of the phar-
maceutical primary packaging. More 

specifically, this means that the amount 
of tungsten and glue residual must be 
minimized and the selected rubber for-
mulations carefully considered. In addi-
tion, the options for lubrication, such as 
the use of silicone, must be evaluated. 

Another trend is the move from hos-
pital to homecare to allow patients to 
self-administer the drugs in an environ-
ment where they feel most comfortable. 
To ensure that this is as easy and safe for 
the patient as possible, the self-injection 
is handled in combination with a device, 
such as auto-injectors. For the develop-
ment of prefilled syringes this means that 
the container must be compatible with a 
number of devices and meet the specific 
requirements and dimensions.

The rise in personalized medicine, 
including biologics, targeting small tar-
get groups also effects the development 
of prefilled syringes. Due to the smaller 
batch sizes that are required, a new sup-
ply chain concept and a flexible platform 
approach are needed. This flexibility can 
be introduced early on in the drug de-
velopment process by using standard 
secondary packaging for the primary 
packaging. For example, SCHOTT re-
cently launched its iQ platform concept 
in which syringes, including syriQ Bio-
Pure, are packaged in a standardized tub, 
which simplifies the changeover from, 
for example, vials to prefilled syringes 
to run on one filling line. Subsequently, 
the syringe development needs to fit in 
with a broader picture in order to meet 
market demands. 

Lastly, the industry is confronted 
with more stringent regulations, which 
require the packaging to provide ‘design 
history file ready’ documentation and 
be ‘essentially free of particle’. SCHOTT 
continuously improves its process and 
online inspection technology to ensure 
compliance with current and future 
regulatory requirements.
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I
n methods currently used to ensure the uniformity of dosage 
units (UDU) (1), the test acceptance value (AV) is based on 
the following formula: AV = M x + ks, where M is reference value, 
x is sample mean, k is acceptability constant, and s is sample 

standard deviation.
Despite its widespread use, this method can result in bias and 

may allow batches of inferior quality to be released. The bias 
can result in fluctuated conclusions, especially when guidance 
established by the American Society for Testing and Materials’ 
(ASTM) E2810 standard guide (2) is followed. Studies have found 
lack of correlation between AV and probability (ASTM E2810) 
computed using validation data. In addition, AV, as it is typically 
computed, is also inconsistent with lot coverage (3). This incon-
sistency is caused by the conditional determination criteria that 
are used to determine the reference value (M). 

In order to remove bias from the AV limit, the definition of 
M must be adjusted. One way to do this is by replacing it with 
the process target (T). Appropriate derivation using statistical 
techniques can result in an unbiased formula with increased dis-
criminative power to generate a new AV distribution. Using this 
approach, the higher power would be indicated by one AV limit 
for each sample size, for example, as well as one limit for each 
target, and limitation of “T-Xbar” values, effectively preventing 
the release of inferior quality batches. 

Critical AV values (at locations with 95% or 99% coverage) can 
be determined after simulation studies and complete construc-
tion of the distributions, so that new and unbiased AV limits can 
be established. This article will briefly describe how to do this.

The test acceptance criteria for current (UDU) (1) are sum-
marized as follows, where AV = acceptance value, M = reference 
value, s = standard deviation, x = content uniformity data mean, 
x

min 
= minimum, and x

max
 = maximum of 30 units: 

• Stage 1: assay 10 units. Pass if AV = M x + 2.4s 15 criteria are met.
• Stage 2: assay 20 additional units. Pass if AV = M x + 2s 15 criteria 

are met, provided that x
min 

≥ 0.75M and x
max

 ≤ 1.25M criteria 
are also met. 

The determination criteria for reference value (M) are subject 
to the target value (T), which may be not more than 101.5% of the 
label claim (LC) (where M may be x, 98.5 or 101.5% LC) or more 
than 101.5% LC (where M may be x, 98.5 or T% LC). See United 
States Pharmacopeia (USP) (1) for more detail. 

The concept of acceptance value must be redefined 

to remove bias and more closely reflect quality 

targets. This paper describes how this can be done. 
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A previous study (4, 5, 6) suggests that AV values are not 
always consistent with reliability, so they cannot fully guar-
antee that the batches being tested meet UDU. According 
to part three of that study (6), the definition of the AV for-
mula, AV = M x + ks, where AV is acceptance value, M is refer-
ence value, x is sample mean, s is sample standard deviation, 
and k is acceptability constant, is the root cause of the bias 
since it is associated with the biased determination criteria. 
For example, the previous formula forces M for any samples 
with means less than 98.5% or more than 101.5% LC to be 
98.5 or 101.5% LC, respectively (when the target is not more 
than 101.5% LC). 

The following (see Figure 1) is a relevant example of errors (6). 
Figure 1 illustrates lack of correlation between AV and probability 
graphs (according to ASTM E2810) due to its non-linearity. The 
probability pitfalls at 98.5% and 101.5% LC mean locations illus-
trate how the formula influences the AV parameter’s reliability. 

Use of the working AV limits (6) (e.g., not more than [NMT] 
12.5 for n = 10) still has a limitation (i.e., its validity exists 
only when sample mean values are those other than 98.5% 
or 101.5% LC). For 91.13% probability, as shown in the figure, 

there is 90% assurance (a 90% joint confidence interval) that 
at least 91.13% of all samples tested for content uniformity will 
pass the USP test.

The new concept of acceptance value (AV)
To remove the discriminative power bias and subsequently fix 
the method currently used to establish AV limits, the definition 
of M needs to be adjusted through directly using the process 
target (T). In order for the formula to be unbiased and more 
discriminative, it must divide by the square root of sample size 
n (i.e., in the same manner used to determine the standard error 
of the mean, σ∕√n) so that it is a function of sample size. Taking 
this approach, the current formula (Equation 1)

 AV = M x + ks [Eq. 1]

would become the following expression (Equation 2),

AV = T x / n +ks
 [Eq. 2]

Simulation studies must be run, however, to confirm the va-
lidity of this hypothesis.

An appendix to part one of the study mentioned previously (4), 
describes the statistical methods that are used, which include 
deriving the probability density function (pdf) formula in-
volved. Since the overall approach will be exactly the same 
as that used in the previous study (4), it may be sufficient to 
compare current AV numbers with derivations using the new 
AV formula derivation. This comparison is shown in Table I. 
When using the Microsoft Excel formula (Equation 3): 

Probability (P) = CHISQ.DIST(x,n - 1,TRUE)
  [Eq. 3] 

where, for practical use, chi variable χ2 is now replaced by x vari-
able. In Table I and Equation 3,

• χ2 is the Chi-square variable (it is a numerical variable equiv-
alent to each of the AV data on the x-axis)

Figure 1: The relationship among critical acceptance values 

(AVs), probability, and mean value for content uniformity (CU) 

(validation sample size n = 30). 

Table I: Current vs. new acceptance value (AV) formulas and how they’re derived.

Current acceptance value New acceptance value

•  To create the new formula, the reference value M in the current formula is replaced with the target value, T. To make the formula discriminative, it needs to 

be divisible by the square root of the sample size n, in the same manner as the expression for the standard error of the mean, / n  . 

Current AV formula: 
AV = M x +ks

 New AV formula: 
AV = T x / n +ks

 

•  To create the probability density function (pdf) using chi square statistics (4), the average value M x  in the current chi square formula must be replaced with 

the average value T x / n (where T x = 0.94748 in cell “G2” in Table II). The only difference is the average values. This is why the approach remains the same. 

Current χ2 formula: 

2
=

(μ / )
2
+1

1/
n 1

k
2
μ
2
AV M x

2

+1/ n New χ2 formula: 

2
=

(μ / )
2
+1

1/
n 1

k
2
μ
2
AV T x / n

2

+1/ n

For more detail, see reference 4. In Excel format, see cell “G4” in Table II. 

•  From the χ2 formula: To generate the probability density using the corresponding chi square function in MS Excel, the same formula must be used for both 

current and new, i.e. Probability (P) = CHISQ.DIST(χ2,n-1,TRUE) or CHISQ.DIST(x,n-1,TRUE) see Equation 3 above. See also cell “G5” in Table II.

http://www.pharmtech.com/
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• n is sample size
• n-1 is n-1 degrees of freedom
• μ is process mean (mu)
• σ is process standard deviation (sigma)
• AV is acceptance value (on x-axis)

• M is reference value
• T is target value
• x is sample mean
• k is acceptability constant
• M x is absolute value between reference value (M) and sample 

Table II: New acceptance value (AV) vs. probability data (n = 10) (Microsoft Excel spreadsheet). 
ABS is the absolute function in Microsoft Excel.

A B C D E F G H I

1
Descriptions

n Mean Sigma (T-Xbar) av. Lot CpK K

2 10 100.00 3.75 0.94748 1.33 2.40

3 New AV data (x-axis) 6.00 6.25 6.50 6.75 7.00 7.25

4 Chi square variable 3.61 3.94 4.28 4.63 4.99 5.37

5 Probability density (cumulative) 6.50% 8.45% 10.76% 13.44% 16.50% 19.92%

6 Probability density (y-axis) 1.78% 2.13% 2.50% 2.87% 3.24% 3.59%

7 G2 = 0.94748 (the average of all IT-XbarI values generated from the simulation study N = 900,000)

8 H2 = MIN(115-E2,E2-85)/(3 * F2) = 1.33333

9 G3 = F3 + 0.25 = 6.75, H3 = G3+0.25, I3 = H3 + 0.25, and so on

10 G4 = (($E$2/$F$2)^2 + 1)/((1/((($D$2 - 1)/(($I$2*$E$2)^2))*((G3-$G$2/$D$2^0.5)^2)))+(1/$D$2)) = 4.63

11 G5 = CHISQ.DIST(G4,$D$2 - 1,TRUE) = 13.44%

12 G6 = ABS(H5 - F5)/2 = 2.87% (probability density at AV = 6.75)
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mean (x) and M x is the average of all M x data in simulation
• T x is absolute value between target value (T) and sample 

mean (x) and T x is the average of all T x data in simulation
• P is probability density (%) (on y-axis)
• CHISQ.DIST is the MS Excel function that will return the 

chi square (χ2 or x) distribution (%)
• TRUE is the cumulative distribution

Construction of theoretical AV distribution (n = 10)
According to part one of the previous study (4), the minimum 
process capability index, CpK, i.e., Lot CpK at 1.33 (using mean 
= 100 and sigma = 3.75) is used as a benchmark and the baseline 
for working AV acceptance limits. The same baseline is also ap-
plied in this study. 

An Excel function (Equation 3) is used to compute the 
probability density (% frequency), when the spreadsheet 
in Table II is keyed with parameters such as n = 10, mean = 
100, and sigma = 3.75. In Table II, within thick-line border, 
if the new AV = 6.75 (x-axis), then the chi-square vari-
able = 4.63, and the cumulative probability density will 
be 13.44%, while the non-cumulative probability density 
will be 2.87%. 

The data in x-axis and y-axis rows, rows three and six in 
Table II, can be plotted into AV distributions as required. How-
ever, this table is only intended as an example to demonstrate 
how the method works. The actual working spreadsheet table 
must be customized so that the population size (N) is large 
enough for implementation. 

Figure 3: New acceptance value (AV) distributions: Lot Mean 

and Target = 105% LC (n = 10).

Figure 2: New acceptance value (AV) distributions: Lot Mean 

and Target = 100% LC (n = 10).

Table III: Microsoft Excel spreadsheet for normal data simulation and acceptance value (AV) calculation. ABS is the 
absolute function in Microsoft Excel.

A B C D E F G H I

1 Data # Mean 100.00 Sigma 3.75 n 10 k 2.4

2 1 100.76 103.93 103.46 101.53 102.06 98.84 105.63 96.12

3 2 103.19 100.84 97.24 99.83 103.43 102.71 102.77 100.96

… … … … … … … … … …

10 9 103.72 103.77 107.05 96.16 104.06 97.25 95.63 100.59

11 10 102.75 101.24 92.45 95.16 103.77 99.74 101.27 108.42

12 Mean 101.28 100.54 99.61 99.09 101.10 101.72 98.97 100.42

13 SD 2.80 2.87 5.42 3.18 3.10 2.84 4.08 4.62

14 AV 7.13 7.07 13.14 7.92 7.78 7.36 10.13 11.22

15 ABS 1.28 0.54 0.39 0.91 1.10 1.72 1.03 0.42

16 Lot Mean 100.34 Lot SD 3.67 Lot CpK 1.33 ABS avg. 0.92200 N = 90

17 Each simulated normal data cell (B2 through I11) = NORM.INV(RAND(),$C$1,$E$1)

18 B12 = AVERAGE(B2:B11) B16 = AVERAGE(B12:I12) = 100.34

19 B13 = STDEV(B2:B11) D16 = STDEVP(B2:I11) = 3.67

20 B14 =ABS($C$1-B12)/( $G$1^0.5)+$I$1*B13 F16 = MIN(115-B16,B16-85)/(3*D16) = 1.33

21 B15 =ABS($C$1-B12) H16 = AVERAGE(B15:I15) = 0.92200

22 I16 = “N = “&COUNT(B2:I11)&”” = N = 90

http://www.pharmtech.com/
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In simulation studies conducted by the author, N is up to 
900,000 (6 sheets x 150,000 elements of data/sheet). More detail 
can be seen in Table I in part one in the previous study (4). The 
solid line distribution curve (theoretical) in Figure 2 (or Figure 3, 
n = 10) is the example for the implemented cases.

Construction of simulation AV distribution (n = 10)
When a simulation for sample size n = 10 is planned, the first 
step is to simulate (i.e., generate) a pool of normal data using the 
spreadsheet in Table III, where it is keyed with parameters such 
as mean = 100, sigma= 3.75, n = 10 and k = 2.4. The computed 
AV results are then rearranged in an ascending manner (from 
minimum to maximum) on a separate spreadsheet (Table IV) 
so that % frequency (probability density) is managed (i.e., 
distributed). The data in x-axis and y-axis rows, rows one and 
three in Table IV, can be plotted into AV distribution as required. 
Also note that Table III containing 90 data (N = 90) is intended 
for example only while the simulation conducted by the author 
comprises N = 900,000 (6 sheets x 150,000 data/sheet). The work-
ing spreadsheet is to be customized so that N is large enough for 
implementation. More detail can be seen in Table I of part one in 
the previous study (4). 

See also the simulated distribution curve (bar) in Figure 2 (or 
in Figure 3, n = 10, lot mean = 105% LC) as the implemented case. 
Figures 2 and 3 will provide the evidence that the simulation tests 

conducted are successful because the simulated data properly fit 
to the theoretical solid-line distributions. It also strongly suggests 
that the pdf formulae (theory) introduced in this article are valid.

Understanding the new acceptance value
All AVs discussed above are associated with those lots having 
targets and lot means at 100% LC. Another case involves lots 
with a variety of means, including 100% LC (the target is still 
100% LC) where the AV limits (critical AVs) dedicated to indi-
vidual lot means can be computed and illustrated in Figure 4. 
The author has run simulation studies to obtain these values, 
using Microsoft’s Excel program (.xlsm, not .xlsx). Since one 
never knows the exact lot means, the corresponding AV limits 
cannot be specified. One way around this problem is to use the 
representative acceptance limits based on those critical AVs at 
lot mean location equal to the target of 100% LC, such as 12.67 
(n = 10), 9.21 (n = 30), and 8.04 (n = 70), as illustrated in Figure 

4 where lot CpK is fixed at 1.33. The alternative is based on an 
assumption that lot means and sample means are at about 100% 
LC most of the time if the target is 100% LC. Note that, accord-
ing to statistical textbooks (7), the acceptability or tolerance 
constants (k), at 90% confidence interval and 90% coverage, for 
n = 10 and 30 are 2.53 and 2.03, respectively. Using these two 
constants, the critical AV values would be 13.34 (n = 10) and 
9.34 (n = 30). When determining the formula AV = T x / n +ks, if T 

Table IV: Managed acceptance value (AV) data prior to construction of AV distribution. ABS is the absolute function in 
Microsoft Excel.

A B C D E F G H I

1 New AV data (x-axis) 6.00 6.25 6.50 6.75 7.00 7.25

2 Cumulative frequency 6.50% 8.45% 10.76% 13.44% 16.50% 19.92%

3 Non-cumulative frequency (y-axis) 1.78% 2.13% 2.50% 2.87% 3.24% 3.59%

4 G2 = COUNTIF($B$14:$I$14,"<="&G1)/COUNT($B$14:$I$14) = 13.44%

5 G3 = ABS(H2-F2)/2 = 2.87%

6
Note: The cumulative and non-cumulative data (two decimals) may look the same as the theoretical values. In fact, they are different at decimal points 

three or four. In simulation studies run by the author, N = 900,000 (n = 10), so 90,000 AV data are available. 

Figure 4: Critical new acceptance value (AV) (95% coverage) 

and content uniformity (CU) lot means (with target 100% LC) 

relationship (n = 10, 30, and 70). 

Figure 5: New acceptance value (AV) distributions for three 

different targets (100, 102.5, and 105% LC): n = 10 and 30.
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increases, x will increase accordingly, so the absolute value will 
remain nearly the same. 

If process targets other than 100% LC are planned, the 
same AV limits may be employed. For example, if a target 
of 100, 102.5, or 105% LC is required, the AV limit (n = 10) 
used is 12.67. This is confirmed by Figure 5, which illustrates 
AV distributions (n = 10 and 30) from lots with different tar-
gets (100, 102.5, and 105% LC) where the three distributions 
for each sample size are practically identical. This implies 
that AV limits established for the target of 100% LC are also 
applicable to any other targets, provided that lot standard 
deviations (SDs) are the same (3.75 in the figure). Figure 6, 
the special case of Figure 4, will fully illustrate how the AV 
limits for a target of 105% LC are proportional to those of 
100% LC (e.g., 13.30) (Figure 6) is equal to 12.67 x (105/100) 
(Figure 4). This is the case with fixed lot CpK (1.33) with dif-
ferent lot means and SDs. 

Figure 7 illustrates standard AV distributions for n = 10, 
30, 60, and 70. This implies that this particular characteristic 
still exists as it does in the AVs (4, 5, 6). Standard AV distribu-
tion may be defined as: when individual AV data are divided 
by its distribution mean, the new distributions of ‘AV/Mean’ 
ratio data—from significantly different lot CpKs (one vs. 10 
in Figure 7)—will be practically identical to each other with 
their means equal to one (1.00). 

Such a typical characteristic can be applied such that AV 
control chart constants can be established, i.e., upper and 
lower control limits (UCL and LCL) can be computed using 
such factors. For calculation example: if n = 10 (in the figure), 
the UCL factor will be 1 + 3x0.223 = 1.669 and the LCL factor 
will be 0.331. The control chart ranges using these factors 
will be more narrow (stringent) than those computed using 
the conventional principle “mean±3SD” directly from the 
original AV data (5), so results will be at least three times 
more accurate than those using the conventional approach. 
Since the factors relevant to the new AVs are nearly equal 
to those of the current ones (e.g., for n = 10, UCL and LCL 
factors = 1.71 and 0.29, respectively), the new chart ranges 
will also be three times better than those derived using the 
conventional approach. 

In addition to the AV charts, in-house limits may be computed 
for use in the future, i.e., UCL and LCL will become the upper 
and lower limits for the in-house specifications. 

In comparison with the current AV behavior, Figure 8 
illustrates that there is an obvious correlation between the new 
AV parameter and Lot Coverage 1 (i.e., the resulting graph shows 
a sample size-based linearity [not exactly straight line] of the 
plotted data).

Establishing the new AV acceptance criteria limits
Determination of the critical AV values at 95% coverage, 
as illustrated in Figures 2, 3, 4, and 6, is the basic approach 
to establishing the corresponding acceptance limits. Such 
AV limits are summarized in Table V. They are applied to 

Figure 6: Critical new acceptance value (AV) (95% coverage) 

and content uniformity (CU) lot means (with target 105% LC) 

relationship (n = 10, 30, and 70). 

Figure 7: Standard acceptance value (AV) distributions.

Figure 8: Critical new acceptance values (AVs) and Lot 

Coverage 1 relationship (n = 30)

http://www.pharmtech.com/
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all processes with targets not less than 100% LC. AV and 
AV average limits must be computed following the calcula-
tion examples in Table V. AV average limit requirements are 
implemented when several batches produced are evaluated 
(e.g., in continued process verification or process valida-
tion batches). The successful average results show that Lot 
CpK is, on average, not less than 1.33. Table VI introduces 
the two-stage acceptance criteria for UDU using the new 
AV limits.

Discussion
Justification of sample mean (x) values is important and assumes 
that the natural ranges for the mean data are known. In theory, 
for sample size n the acceptance range is 15∕√n . However, the 
working ranges about the target must account for some process 
errors. For example, suppose that the following justification cri-
teria are given: 

• Individual range: ±15% about the lot mean (justification: 
“15” is commonly used, i.e., derived from 115% - 100% or 
100% - 85% [- is minus]).

• Sample mean range: ±15∕√n% about the lot mean (justifica-
tion: this criterion is in the same manner as standard error 
of the mean σ∕√n).

• Lot mean range (process error): ±1.25% about the target 
(justification: process error may be not more than 10% of 
the individual range 15, 1.25% or 8.33% of 15 is determined 
adequate).

The working mean range will, therefore, be not more than 
±(15 / n +1.25) about the target, i.e., T x (15 / n +1.25). In summary 
using this particular expression, the CU working mean ranges 
for n = 10, 30, 60, 70, and 140 will be ±6, ±4, ±3.2, ±3, and ±2.5% 
about the target, respectively, where the target may be 100%, 
102.5%, 105% LC or other. See also the calculation examples re-
garding “T-Xbar” in Table VII. 

Table V: New acceptance value (AV) acceptance criteria limits.

Sample sizes (n)
Acceptability 

constant (k)
AV limits (L)

AV average 

limits
Application (AV average limits)

QC data (routine batches) Cumulative QC data (routine batches)

10 2.4 12.7 14.5 9.1
Continued process verification (CPV).

30 2.0 9.2 10.0 7.5

Validation data (validation batches) Cumulative validation data (validation batches)

Sampling Plan A (≥ 70 units)
30 2.0 9.2 7.5

Process validation summary review.
70 1.87 8.0 7.0

Sampling Plan B (≥ 140 units)
60 1.89 8.2 7.1

140 1.79 7.4 6.7

Note 1: Use AV = T x / n +ks L(T /100). If n = 10 and the target is 102.5% LC, AV = 102.5 x / 10 + 2.4s 13 where the acceptance limit is 12.7 x (102.5/100) = 

13.0. Subsequently, the AV average limit is 9.1 x (102.5/100) = 9.3. 

Note 2: Meeting the AV limits will provide the information that at least 98.25% (Figure 8) of the lot will fall within 85–115% LC where the target is 100% LC. If 

the target is 102.5% LC, it implies that at least 98.25% of the lot will fall within 87.125–117.875% LC. Performing the calculation, 87.125 is 85 x (102.5/100). 

Note 3: Meeting the AV average limits will summarize that the Lot CpK, on average, is not less than 1.33, which is the conventional process benchmark for 

establishing these particular new AV acceptance criteria limits. 

Note 4: These “default” limits (99% coverage; Figure 2) may be used as quality control limits in continued process verification (CPV) batches. 

Table VI: New (proposed) and current acceptance value (AV) acceptance criteria (n = 10 and 30). USP is United States 

Pharmacopeia.
Stage # New acceptance criteria (proposed) Current acceptance criteria

1
Assay 10 units (n = 10). Pass if AV = T x / 10 + 2.4s L(T /100) and 
T x 6.0 are met (L

n=10
 is 12.7 or 14.5). 

Assay 10 units (n = 10). Pass if AV = M x + 2.4s 15 criterion is met.

2

Assay 20 additional units (n = 30). Pass if 
AV = T x / 30 + 2s L(T /100), T x 4.0, xmin 0.75T, and 
x
max

1.25T are met (L
n=30

 is 9.2 or 10.0). 

Assay 20 additional units (n = 30). Pass if AV = M x + 2s 15, 

x
min

0.75M and x
max

1.25M criteria are met. 

–
T may be 100 (nominal), 102.5, or 105% LC. For other sample 

sizes, refer to Table V. 
M is determined according to USP (as earlier described). 

Application: The new acceptance criteria are applied to both Weight Variation (CU) and Content Uniformity (CU). 

Note: One of the causes of “Fail” in each stage of the new method may be identified using the expression T x (15 / n +1.25), i.e., T x 6.0 and T x 4.0 in 

stage one and two, respectively. 
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Using an acceptance threshold of 95 or 99% coverage point 
is statistically justified. The higher coverage value, at 99% ap-
pears to be more practical, however. Such default limits (99%), 
i.e., 14.5 (n = 10) and 10.0 (n = 30), can be used as quality con-
trol (QC) limits in initial batches such as continued process 
verification (CPV) batches. In routine batches (after successful 
CPV batches), the 95% coverage working limits, i.e., 12.7 (n = 
10) and 9.2 (n = 30), can be used. 

After using either default limits (99%) or working limits (95%), 
the cumulative AV data must be evaluated and included in the 
annual product review (APR), and, in the future, may be com-
puted for use as in-house limits (for quality assurance) in place 
of the two limits. 

Note: The terms “default limit,” “QC limit,” or “working limit” 
are used in this study, rather than using the terms “official limit” 
or “specification limit,” because this new AV concept has not yet 
been recognized by pharmacopeia. 

Calculation examples
Using the data from the calculation examples provided on the 
USP web page (USP–NF General Chapter <905> “Uniformity 
of Dosage Units”) (1), the new and current methods are com-
pared in Table VII. Note that the new method is more discrimi-
native as demonstrated in example two, where the “T-Xbar” 
data also exceed the acceptance ranges (±6 and ±4 for n = 10 
and 30 respectively). In the table, the working formulae are 
AV = T x / 10 + 2.4s 12.7(T /100) and AV = T x / 30 + 2s 9.2(T /100). 

If default limits are employed in the table, the results will be the 
same (e.g., failure results in example two). This implies that the 
discriminative power of the 99% coverage limits is also attainable.

Another case involves actual lots of 50-mg tolperisone tablets, 
where the CU average and SD data are 93.11% and 3.68% LC, 
respectively (n = 10, target = 100% LC). The computed current 
and new AVs are 14.22 (not more than 15, i.e., pass) and 11.01 
(not more than 12.7), respectively. Although the product passes 

Table VII: Comparison between new and current methods.

Example # New acceptance criteria (proposed) Current acceptance criteria

Example 1: both 

pass on first.

Stage 1: LML = 95, UML = 110, T = 102.5, Xbar = 102, SD = 4.6, n = 10 (M = 102)

AV = 102.5 102 / 10 + 2.4x4.6 =11.20(<13.0) AV = 102 102 + 2.4x4.6 =11.04(<15)

T-Xbar = 0.5 (< 6) Conclusion: pass. Conclusion: pass.

Example 2: fail-

fail/fail-pass.

Stage 1: LML = 90, UML = 110, T = 100, Xbar = 107, SD = 4.6, n = 10 (M = 101.5)

AV = 100 107 / 10 + 2.4x4.6 =13.25(>12.7) AV = 101.5 107 + 2.4x4.6 =16.54(>15)

T-Xbar = 7 (> 6) Conclusion: fail. Conclusion: fail.

Stage 2: LML = 90, UML = 110, T = 100, Xbar = 106.5, SD = 4.6, n = 30 (M = 101.5), minimum = 78, maximum = 118.2.

AV = 100 106.5 / 30 + 2x4.6 =10.39(> 9.2) AV = 101.5 106.5 + 2x4.6 =14.2(<15)

MnAV = 75.00, MxAV = 125.00 MnAV = 76.125, MxAV = 126.875

T-Xbar = 6.5 (> 4) Conclusion: fail. Conclusion: pass.

Example 3: both 

fail-fail.

Stage 1: LML = 90, UML = 110, T = 100, Xbar = 107, SD = 4.6, n = 10 (M = 101.5)

AV = 100 107 / 10 + 2.4x4.6 =13.25(>12.7) AV = 101.5 107 + 2.4x4.6 =16.54(>15)

T-Xbar = 7 (> 6) Conclusion: fail. Conclusion: fail.

Stage 2: LML = 90, UML = 110, T = 100, Xbar = 106.5, SD = 5.2, n = 30 (M = 101.5), minimum = 94.7, maximum = 127.1.

AV = 100 106.5 / 30 + 2x5.2 =11.59(> 9.2) AV = 101.5 106.5 + 2x5.2 =15.4(>15)

MnAV = 75.00, MxAV = 125.00 MnAV = 76.125, MxAV = 126.875

T-Xbar = 6.5 (> 4) Conclusion: fail. Conclusion: fail.

LML & UML = Lower & upper monograph limits; MnAV & MxAV = Minimum & maximum allowed values.

Figure 9: Operating characteristic (OC) curves for probability of 

meeting new acceptance value (AV) acceptance criteria (n = 30 

and 70).
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the new AV limit, the T-Xbar value (6.89) exceeds the limit of not 
more than 6, so it ultimately fails to pass the overall acceptance 
criteria in stage one (i.e., discrimination already occurs in stage 
one). Testing in stage two is required. 

Operating characteristic (OC) curves
Illustrated in Figure 9 is the simulated operating characteristic 
(OC) curves for probability of meeting new AV acceptance crite-
ria, with L

n=10
 = 14.5 and L

n = 30
 = 10.0, using validation sampling 

plan A (n ≥ 70), i.e., validation testing plan n = 30 and 70 (10,000 
simulation trials for each of probability points on T-Xbar axis). 
In the figure, the probability dedicated to sample SDs fixed at 
3% LC is demonstrated. One can see that the probability will 
gradually decrease over the increasing T-Xbar values. In other 
words, the sample means closer to the target will have the higher 
probability. Detail on the OC curves, relevant to validation sam-
pling plans A and B and their discrimination, will be discussed 
in part two of this article. 

Conclusion
The simulation test results for the new AV parameter and its 
corresponding distributions are successful (Figure 2) even for 
targets other than 100% LC (Figure 3). The concept of formula 
design (with square root of sample size n) and acceptance 

thresholds (95% and 99% coverage points) is statistically 
natural. The requirements for discrimination properties are 
also fulfilled, such as sample size-based (discriminate between 
different sample sizes, i.e., one limit for one sample size) and 
target-based (discriminate between different targets, i.e., one 
limit for each target) acceptance limits. The “T-Xbar” limit 
(i.e., T x (15 / n +1.25)) is also part of building the discriminative 
power as illustrated in Figure 9. Upon using the new accep-
tance criteria and USP data (Table VII), it is proven to be more 
discriminative than the current one. 

From a quality assurance point of view, the lifecycle approach 
to implementing the new AV concept through using AV limits 
(for individual batch release) together with AV average limits (for 
AV data evaluation at least in CPV) is recommended. 

The typical characteristic of the new AV parameter is also 
associated with what we called “standard AV distributions” 
(Figure 7) (5), where the AV chart factors can be established 
in the same way as traditional factors such as B3 and B4 in S 
charts or D3 and D4 in R charts. AV charts may be used for 
AV data trend analysis in APR. 
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lthough Chinese hamster ovary 
(CHO) cells are the standard in 
antibody-based drug production, 

there are limits to their use (1). Market 
pressures to develop more affordable 
biologic drugs quickly are also driv-
ing the need for optimizing and/or 
updating current methods of protein 
expression. Innovations in cell bank 
sources are attempting to address the 
needs in biopharma manufacturing 
for which a CHO cell line may be 
insufficient. 

In an interview with Pharmaceutical 
Technology, Dr. Nicole Faust, CEO and 
chief scientific officer of Cevec Phar-
maceuticals, and Mark Emalfarb, CEO 
of Dyadic International, spoke about 
the cell-line innovations their respec-
tive companies have taken on to bridge 

that gap in biopharmaceutical manu-
facturing. Cevec is using a human cell-
based expression system, and Dyadic 
uses a fungus, Myceliophthora ther-
mophila, nicknamed C1, expression 
system that it has been developing for 
decades.  

Different from CHO
PharmTech: What about your innovative 
cell line source differentiates it from 
the industry standard CHO cells?

Faust (Cevec): In contrast to the Chi-
nese hamster ovary-derived cells, our 
Cevec amniocyte production (CAP) 
cell lines are of human origin. This 
has several advantages when producing 
recombinant proteins: the cells only 
add human post-translational modi-
fications, thus avoiding any immuno-

genic structures, like non-human sugar 
structures attached to the protein. 
Moreover, any residual host cell pro-
teins in the recombinantly produced 
product will be of human origin. The 
presence of non-human host cell pro-
teins is a concern, in particular since 
there have been some cases (e.g., CHO 
derived blood coagulation factor IX) in 
which residual CHO host cell proteins 
have caused an immune response in 
the recipient.

A second differentiation criterion 
to CHO cells is the ability to produce 
complex glycosylated recombinant 
proteins. While the CHO-platform 
has been continuously optimized for 
the production of antibodies, CAP cells 
are particularly well-suited to express 
more complex proteins, such as, for 
example, blood coagulation factors or 
high molecular weight molecules. We 
have further engineered the CAP-Go 
platform to generate specific cell lines 
allowing the production of glycopro-
teins with tailor-made glycosylation 
patterns.

Emalfarb (Dyadic): CHO cells have a 
20-hour doubling time, whereas our 
Eukaryota-engineered C1 cell line has 
a doubling time of only two hours, two 
times to 10 times higher productivity, 
and a production cycle of one-third to 
one-half the fermentation time with 
one-tenth the media cost compared to 

Feliza Mirasol

Media Requirements 
for Different Cell Sources

Media and Supplements

This article will explore the requirements for 

media and supplements needed to maintain 

newer cell lines, such as those based on 

human cells and fungal cells.

“C1 is a better 

cell line than CHO 

because it is a 

natural enzyme 

producer that is 

more stable and 

can tolerate a wide 

range of growth 

conditions.”

–Emalfarb, Dyadic
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CHO. In addition, with our cell line, 
there is no need for viral inactivation. 
C1 is a better cell line than CHO be-
cause it is a natural enzyme (protein) 
producer that is more stable and can tol-
erate a wide range of growth conditions. 
In addition, C1 can express, secrete, and 
produce proteins such as antibodies at 
high levels (i.e., 2.4 grams per liter per 
day) and can easily grow in fermenters. 
In addition, C1 has a more stable ge-
nome than CHO since it is smaller and 
is haploidic. Therefore, it inherently has 
the potential benefits for becoming a 
successful protein production platform 
for biologics. In comparison, the CHO 
cell line was developed for many years 
before it became suitable as an indus-
trial production platform.  

PharmTech: How and why did you 
choose this source from which to de-
velop a technology platform to produce 
biotherapeutics?

Emalfarb (Dyadic): Fungi in general, 
and C1 in particular, have a natural 
efficient system for protein expres-
sion. C1 however, also has the follow-
ing benefits:
• Growth rate as fast as yeast
• Low viscosity, since the morphology 

was changed to propagules
• High productivity that was gener-

ated by random mutagenesis and 
direct genetic manipulation

• Efficient secretory system
• Wide range of fermentation condi-

tions 
• Grows on simple defined media on 

various carbon sources 
• Can tolerant high glucose concen-

tration 
• Easy scale up (was scaled up and 

used commercially to produce en-
zymes at greater than 100m3)

• Advanced genetic tools (efficient 
transformation).

Faust (Cevec): When developing the 
CAP platform, we were pursuing two 
goals: establishing a cell line from 
human origin that was not derived 
from tumors or from aborted embryos 
like the then-existing human cell lines 
and ensuring that the cells̀  histories 
were carefully documented. For this 
reason, we chose amniocytes (i.e., fetal 
cells obtained for prenatal diagnostics) 
as the primary source of cells. They were 
immortalized using defined DNA seg-
ments of the Ad5 genome, and every 
single step of generating the cell lines 
was documented in detail. Thus, the full 

history of the cell line is known as are all 
materials the cells have been in contact 
with. All this is included in a biologics 
master file deposited with FDA, which 
our clients can reference. 

Media/supplement optimization
PharmTech: What are the media and/or 
supplement requirements for growing and 
maintaining the population of these cells? 
Do these requirements differ from that 
used to grow and maintain CHO cells?

Faust (Cevec): The cells grow as single-
cell suspensions to very high cell densi-
ties in serum-free, chemically defined 
media. The cells’ requirements are very 
similar to other suspension cell lines 
growing in serum-free cultures. For 
optimal process yields, fine-tuning and 
adjustment to the specific metabolic 
needs of the CAP cells are beneficial. 

One remarkable feature of the CAP 
cells is that they are robust in their 

growth behavior. For example, changes 
in media composition do not appear to 
result in changes to the pattern of post-
translational modifications. 

Emalfarb (Dyadic): This is a complete 
synthetic and defined media that is based 
on glucose as carbon source, salts to pro-
vide macro- and micro elements, with a 
few free amino acids to supply organic 
nitrogen. It is very simple, robust, and 
low-cost media. Not many other organ-
isms can grow and produce so well on 
such simple media.

The control of the fermentation is also 
robust, based on a simple fed-batch 
strategy, requiring just control stan-
dard variables such as pH, dissolved 
oxygen, or foaming, which ensure 
scalability and provide versatility to 
the bio-manufacturing process. Addi-
tionally, the system is energy efficient 
and requires only little oxygen.

PharmTech: Is there a need for newer/
innovative media and supplements in 
the market for emerging cell sources, 
such as yours?

Emalfarb (Dyadic): Since we are using 
simple defined already low-cost media 
that is based on glucose, we don’t think 
that there is a need for newer/innova-
tive media and supplements in the 
market.

Faust (Cevec): For producer cell lines 
like CHO or CAP-Go, there are already 
excellent media available. However, 
when you produce very diverse products 
like we do with the CAP-Go platform, 
ranging from small growth factors to 
highly complex multimeric proteins, 
it becomes apparent that the optimal 
media/supplement composition depends 
very strongly on the particular product. 

With a growing number of complex 
recombinant proteins being manufac-
tured, it would be very desirable to have 
‘media optimization kits’ to be used to 
establish the optimal media composi-
tion during process development with 
the option to then obtain exactly this 
composition in GMP quality from the 
media manufacturer.
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“While the CHO-platform has been 

continuously optimized for the 

production of antibodies, CAP cells 

are particularly well-suited to express 

more complex proteins.” 

–Faust, Cevec
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he biopharmaceutical industry 
must begin designing and building 
a new generation of highly capable, 

multi-purpose manufacturing facilities 
to meet the commercial manufactur-
ing challenges of supplying the next 
generation of small- and large-volume 
products, particularly those with short 
commercial lifespans. Biopharmaceuti-
cal manufacturing is challenged by the 
uncertainty risk of anticipating and 
establishing the commercial capacity to 
supply products, including those rap-
idly approved using an Emergency Use 
Authorization (EUA) to meet pandemic 

and bioterrorist threats (1). As described 
in Part I of this article (2), the manufac-
turing uncertainty and risk is signifi-
cantly amplified by therapies following 
FDA’s guidance on Expedited Programs 
for Serious Conditions (3). To support the 
adequate supply of breakthrough desig-
nated therapies, the biopharmaceutical 
industry can no longer afford to design 
and build manufacturing capacity based 
on each product’s process format and 
scale or in response to changing manu-
facturing capacity requirements. 

Dealing with manufacturing’s fre-
quent presence on the critical path has 
led to many initiatives attempting to 
speed up the creation of manufacturing 
capacity. These efforts, however, have 
had minimal impact on the overall time 
required to plan, design, build, start-up, 

and validate new manufacturing capac-
ity. Without a significant change in the 
approach, the availability of commer-
cial manufacturing capacity will re-
main an expensive, time-consuming 
obstacle to launching and then supply-
ing new products. The industry must 
have existing, pre-positioned, highly 
f lexible manufacturing resources ca-
pable of manufacturing a wide variety 
of processes at scales necessary to sup-
ply products when they are approved. 

Current trends in designing commer-
cial biopharmaceutical manufacturing 
facilities are for large operating clean-
rooms designed around specific pro-
cesses where unit operations are com-
mingled for operational convenience.  
While optimum for the processes for 
which they are designed, they are rela-
tively inflexible and inefficient for meet-
ing the challenges described earlier in 
this article for other process configura-
tions. Once constructed, these facilities 
do not provide the adaptability required 
for efficiently changing process scales, 
unit operation sequences, or segregation 
strategies without modifications to the 
facility’s layout that may significantly 
impact ongoing manufacturing of other 
products. 

Rather than commingling many pro-
cess steps, an approach that distributes 
the different process unit operations 
(UOs) into logically operating units 
(LOUs), as described in Part I, can pro-
vide the process and capacity flexibility 
necessary to quickly adapt an existing 
layout to the inevitable changes in prod-
uct demand. Products and processes 
will come and go, but a multi-purpose 
facility remains a manufacturing asset 
capable of manufacturing nearly any fu-
ture product at the required scale using 
any process developed in moveable, 
single-use system (SUS) equipment. 

LOU facility design
Using the example 11-UO, four-LOU 
monoclonal antibody (mAb) process 
defined in Part I, this article brief ly 
describes the layout, flows, and opera-
tional control systems for commercial-
scale, multi-purpose facilities. The 
approach uses large numbers of seg-

Mark F. Witcher and Harry Silver

Multi-Purpose 
Biopharmaceutical 
Manufacturing Facilities

Part II:  Large-Scale Production

Manufacturing

Facilities using a matrix of multi-functional 

cleanrooms can be adapted to efficiently 

manage the capacity uncertainty of 

multiproduct commercial manufacturing. 
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regated, multi functional cleanrooms that can be rapidly 
adapted, configured, integrated, operated, and when neces-
sary, redeployed to quickly satisfy a wide variety of complex 
manufacturing requirements. The multi-functional layout 
trades some of operating convenience provided by a facil-
ity designed around a specific process for the much more 
important, long-term advantages of a facility that can be 
configured and reconfigured to a wide variety of different 
processes and scales necessary for increasing or decreasing 
operating capacity. 

Figure 1 shows a 23,500-ft2 operating core described in 
Part I composed of 18 cleanroom operating areas arranged 
in three arms (A, B, C) with each arm containing six clean-
rooms. Depending on the number of potential commercial 
products and their estimated manufacturing requirements, 
the facility’s initial capabilities can be increased substan-
tially by increasing the number of arms and possibly in-
creasing the number of cleanrooms per arm in the initial 
facility design. Additional arms can be added to Figure 1 at 
the top of the layout, either in the original buildout or as 
a follow-on expansion as Arms D and E, and if needed as 
Arms F and G, etc. The additional arms are supplied, op-
erated, and controlled using the same systems and facility 
infrastructure as the initial design in Figure 1. 

For introducing a new process, equipment is staged in the 
equipment preparation area located in the lower right of the 
layout shown in Figure 1 and moved through the primary cor-
ridors to the designated operating area. Equipment no longer 
needed is removed to the layout’s right via the out corridors and 
then through a de-staging area. Raw materials and components 
are supplied to the operating areas by totes and carts via the 
primary corridor. Transfer of in-process materials in small vol-

umes is achieved using totes via the primary corridor. For large-
scale processes, a variety of options for in-process material 

• nano-scale twin screw extruders

• Production twin screw extrusion systems

• Pharmaceutical Extrusion Seminars

• Process laboratory for melt/granulation extrusion

• Validation documentation and services

Melt extrusion + Granulation + Dosage Forms + Transdermals
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Figure 1: Multi-purpose facility. Layout of 18 multi-functional cleanrooms in three arms (A, B, C) with each arm having six operating 

areas (1–6).
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movement are available. If the appropri-
ate LOU adjacencies are provided, ma-
terial can be transferred through walls, 
particularly in operating room pairs in 
the center of the arms. For non-adjacent 
LOUs and large volumes, such as for 
harvesting 2000-L single-use bioreactors 
(SUBs) to a non-adjacent area, stainless-
steel tubing (with a portable clean-in-
place [CIP] system) on the utility floor 
above the operating areas can be used to 
transfer the conditioned media from the 
SUBs to the harvest UOs. Under normal 
operation, personnel movement is con-
trolled using bidirectional flow via the 
primary corridor. Operating problems 
can be quickly and efficiently remediated 
using procedural controlled access to the 
out corridor. Waste material, used com-
ponents, and equipment are removed 
using unidirectional flow via the out cor-
ridor. A utility floor above the operating 
core contains the heating, ventilation, 
and air-conditioning systems, utility ac-
cess (including water for injection, air, 
etc.), and access to operating areas for 
easily adding inter-room, stainless-steel 
tubing for transferring large volumes of 
media, buffers, and in-process materials. 

Facility control systems
The flexibility, high activity level, and 
complex material and personnel move-
ment of the multi-purpose facility, es-
pecially for intensified commercial 

manufacturing, requires a compre-
hensive control strategy that assures 
appropriate control of all aspects of 
the facility, material, and process unit 
operations. While the layout provides 
significant opportunities for physical 
separation, appropriate procedures sup-
ported by a manufacturing execution 
system (MES) for controlling all peo-
ple, raw material, waste, product, and 
in-process material f lows in time and 
space must be fully implemented. Such 
procedural controls and automated 
support systems are well within cur-
rently available technologies and can 
be readily developed and implemented. 

Using the facility shown in Figure 1 and 
the process LOU strategy described in 
Part I, the capabilities of the multi-pur-
pose layout for large-scale commercial 
manufacturing can be demonstrated. 

Phase III: Launch to 
commercial manufacturing
The layout shown in Figure 1 is identical 
to the facility described in Part I for 
running small- and medium-scale pro-
cesses for supplying product for pre-
clinical (250-L SUB) through product 
launch (2000-L SUB). To demonstrate 
the wide variety of options for larger-
scale operation, the process LOU dis-
tributions in Figure 2 will be used. 

The 2000-L SUB launch process 
might be used for supplying late-stage 

Phase III clinical trials, inventory 
building, and product launch at the 
time of approval. If product demand 
is high, the process can be scaled out 
to multiple 2000-L SUBs or twinned 
2000-L SUBs. If the process is properly 
designed and intensified using a high 
density and a large-volume seed train, 
the 2000-L SUBs can be paired and 
multiple SUB pairs sequentially har-
vested to a suitably intensified single 
downstream process. The f lexibility 
of the multi-purpose facility also al-
lows for significant media and buffer 
resources (support LOUs) to be added 
for supplying media for many large-
scale seed and production SUBs along 
with intensified downstream processes 
requiring very large volumes of buffers. 

Large-scale
commercial manufacturing 
Figure 3 shows one possible high-capac-
ity, commercial-scale configuration. To 
show an extreme scenario, the LOU dis-
tribution for a high-capacity commer-
cial process is shown as the final process 
in Figure 2. This process operates three 
pairs of 2000-L SUBs (located in areas 
B3, B4, and C3) for an effective bioreac-
tor volume of 12000 L. The pairs are op-
erated on a two-day staggered schedule, 
such that one pair of SUBs is harvested 
every other day to a single downstream 
train located in Areas C4–6. The down-
stream train, if intensified using large 
multi-cycle chromatography systems, 
can support three, 2 x 2000-L harvests 
per week. As shown in Figure 3, three 
support LOUs (one media in C2 and two 
buffer preparation and hold located in 
B5 and B6) have been added to support 
the commercial process. Media, buffers, 
and large volume in-process materials 
are transferred by CIP-able stainless-
steel tubing runs located on the utility 
floor above the core in addition to the 
movement of the other in-process mate-
rials by totes and inter-area connections 
via single use tubing between UOs and 
LOUs in adjacent rooms. Even while 
running a commercial-scale process, 
Areas A3 thru A6 are available for op-
erating a small-scale process or a second 
purification train, if needed. 

Figure 2: A single 2000-L single-use bioreactor (SUB) launch design for the 

monoclonal antibody (mAb) process is expanded into a 6 x 2000-L SUB configuration 

to support large-scale production.

Manufacturing
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If operated at capacity, the facility 
shown in Figure 3 would have a very 
high utilization rate and an annual 
capacity of approximately 1.5 Mtons/
year (6 grams/L, 42+weeks/year, 50% 
purification yield). Yet, if the campaign 
is shortened or the process removed, 
the same facility without modification 
can be returned to running small- or 
medium-sized processes for other 
products. 

If Arms B and C are replicated either 
in the initial design or by an expansion 
at the top of Figure 3 as Arms D and E, the 
plant’s capacity can be further increased 
by an additional 1.5 Mtons/year. Very 
large-scale production of one or more 
products can be achieved by building 
multi-purpose facilities with numerous 
arms configured like Arms B and C. 
If sustained long term demand for the 
product is established, the large-scale 
process in Arms B and C can be easily 
transferred to a similarly designed multi-
purpose facility for long-term operation 
and the launch facility returned to devel-
oping new processes and products. 

Conclusion
Regulatory agencies continue to do 
much to expedite the approval of im-
portant new therapies. The biophar-
maceutical industry must match these 
regulatory initiatives by creating a new 
class of manufacturing facilities capable 
of taking manufacturing off the critical 
path of launching and supplying prod-
ucts. Manufacturing these complex 
products over their entire lifecycle re-
quires immediate access to available 
and qualified manufacturing facili-

ties that can be adapted to produce a 
wide variety of products when they are 
needed using a wide range of processes. 
These facilities, using modern single-
use systems in movable equipment 
within appropriately controlled multi-
functional cleanrooms, are capable of 
quickly adapting to overcome the in-
dustry’s manufacturing challenges. 
Processes and products will come and 
go, but the facility that can readily 
adapt to the different processes remains 
essentially the same. Only existing, 
operationally ready facilities f lexible 
enough to manufacture whatever is re-

quired with minimal or no modifica-
tions can rapidly and efficiently fulfill 
the industry’s future manufacturing 
challenges. 
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In shor t ,  t he new met hod for 
ca lculating AV is natural (i.e., it 
requires no intervention into cal-
culations), valid (i.e., has already 
been confirmed by successful sim-
ulation test results), and discrimi-
native (i.e., it offers a way to guar-
antee that only conforming batches 
are released into the market). The 
method can also be useful for set-
ting trend analysis tools with regard 

to AV chart factors and AV in-house 
limits.
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echanistic modeling uses well-
established methodologies that 
have proven success in ensuring 

quality, safety, and efficiency in indus-
tries outside of the pharmaceutical 
industry for decades. Though newer to 
the pharmaceutical industry, mecha-
nistic models have seen increased use 
in R&D in recent years to increase the 
science (physics and chemistry) behind 
quality-by-design (QbD) practices, 
hence increasing R&D efficiency and 

requiring fewer experiments to char-
acterize a process, independent of the 
number of critical process parameters. 
This approach turns data into knowl-
edge that can be extrapolated to other 
scales and/or operating conditions with 
known confidence and enables the con-
struction of probabilistic design spaces 
to characterize robustness.

Mechanistic process 
and product modeling
To date, the majority of use-cases for 
mechanistic models in the pharmaceu-
tical industry either focus on a single or 
few process operations within drug sub-
stance or drug product manufacture, 
or they aim toward quantifying or pre-
dicting product performance through 
mechanistic in-vitro or in-vivo model-
ing. Some of these applications include 

flowsheet modeling, in which several 
manufacturing operation models are 
integrated into a single process model 
to capture interactive effects across unit 
operations. These f lowsheet models 
typically address either drug substance 
or drug product manufacture indepen-
dently, enabling mechanistic-model- 
based design of experiments, process 
design, and optimization.

Less common, however, is the inte-
gration of these subsystem models in 
a holistic, systems-based approach to 
process and product design. As a result 
of successful applications of mecha-
nistic component models in R&D, this 
concept of end-to-end process and 
product modeling is gaining traction 
at several large pharmaceutical compa-
nies, with the aim to reduce the num-
ber of iterations between product and 
process design and accelerate develop-
ment timelines while maintaining high 
product quality.

Once a model of an integrated phar-
maceutical process is available, it can 
be used to analyze the process per-
formance under nominal conditions, 
its ability to cope with “abnormal” 
conditions and disturbances (e.g., raw 
material variability), and the effects 
of changes in the operating policy for, 
and/or the design of, individual equip-
ment items. From the mathematical 
point of view, all of these correspond to 
process simulation calculations where 
the user specifies all the process inputs, 
and the model equations are solved to 
determine all the relevant outputs and, 
in particular, the key performance in-
dicators (KPIs) of the individual steps 
and of the overall process. 

These single-point calculations can 
answer targeted questions about the 
process design space. Does an operat-
ing point yield a quality product, pro-
vided that the sources of variability are 
well controlled? What is the expected 
value of a quality metric for a given set 
of operating conditions?

In reality, the operating point can 
be variable, and the sources of com-
mon-cause variability are not always 
negligible. As a result, “single-point” 
predictions of process KPIs (including 
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critical quality attributes [CQAs]) com-
puted via isolated process simulations 
are often of limited value. Instead, of 
more interest may be the probability 
distributions of these KPIs and also 
the manner in which uncertainty in 
process KPIs can be attributed to the 
uncertainty and variability of indi-
vidual inputs. The key question then 
becomes: What is the probability of 
quality throughout the operational 
space of the process? The same mecha-
nistic model used for single-point cal-
culations can be used to answer these 
questions through sensitivity and un-
certainty analyses.

Risk management 
through sensitivity analysis
The concept of the design space—de-
fined by the International Council for 
Harmonization (ICH) Q8(R1) as “the 
multidimensional combination and in-
teraction of input variables (e.g., mate-
rial attributes) and process parameters 
that have been demonstrated to provide 
assurance of quality” (1)—is central to 
current thinking regarding the degree 
of flexibility afforded to pharmaceuti-

Figure 1: Global sensitivity and uncertainty analysis methodology wherein a mechanistic model describes a system of interest, and 

the key performance indicators (KPIs) are quantified as probabilistic distributions based on the multivariate combination of design/

operational decisions, sources of common cause variability, and model uncertainty.
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cal process operation within a regula-
tory framework. In principle, process 
simulation could be used to determine 
whether a given operating point falls 
within the design space. Such a single-
point calculation, however, may be 

unreliable in view of the uncertainties 
mentioned previously; in reality, one 
can only determine the probability that 
a particular point is within the design 
space. Moreover, establishing the shape 
and size of the entire design space of 

any non-trivial process using isolated 
process simulations is impractical, and 
one may need to resort to more complex 
types of calculations.

The use of calibrated mechanistic 
models enables a step change improve-

Process Modeling

Figure 2: An integrated model in gPROMS FormulatedProducts  (Process Systems Enterprise) of a roller compaction and tableting 

process with in-vitro dissolution testing (top), design space characterization with respect to a change in grade of excipient (bottom) (3).
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ment in risk assessment and mitigation 
at the heart of QbD. Through perform-
ing virtual designs of experiments 
(DoEs) with mechanistic models, one 
can assess the individual and combined 
effects of 10-20 factors, as opposed to 
the three to four factors typically seen 
in physical DoEs. As shown in Figure 1, 
a global analysis can be used to quan-
tify and predict the combined effects of 
uncertainty and variability in process, 
product, and patient parameters on 
probability distributions of risk-related 
CQAs. By globally assessing uncer-
tainty and variability, risk-mitigation 
strategies can be designed to target and 
reduce the highest-impact sources of 
variability. 

Another dimension of complexity is 
added by the uncertainty that is inher-
ent both in some process inputs (e.g., 
levels of raw material impurities) and in 
the underlying processing step models. 
Formal mathematical techniques can 
be used to perform elementary effects 
analysis and identify which of the input 
factors have a non-negligible effect on 
at least one of the output responses in 
order to eliminate unimportant fac-
tors from further consideration at an 
early stage. Uncertainty analysis is next 
performed to determine the probabil-
ity distribution of output responses 
in order to quantify the impact of 
uncertainty and variability. If the re-
sulting probability distribution of the 
output response is unacceptable, then 
a model-based global sensitivity anal-
ysis (GSA) can be performed to com-
pute global sensitivity indices of each 
response with respect to each factor 
and apportion variability of outputs to 
that of inputs, thus enabling targeted 
risk-management actions.

Early adopters
Though the approach is novel, several 
early adopters have successfully dem-
onstrated design-space characteriza-
tion through sensitivity analysis of inte-
grated mechanistic process and product 
performance models.

Gavin Reynolds (AstraZeneca) per-
formed design-space characterization 
and risk analysis on a dry granulation 

and tableting process, as shown in Fig-

ure 2 (2,3). In this study, the product 
CQAs included dissolution behavior 
and tablet hardness, and the material 
flowability during processing was con-
sidered as an additional design con-
straint. Through the flowsheet model, 
the effects of the roller compaction 
process parameters (roll force and gap 
width), milling screen size, number of 
blender revolutions, and tablet com-
paction force were explored, along with 
the roller compactor’s side-seal leak-
age, which is a source of common cause 
variability. A sensitivity analysis was 
performed to identify the multivariate 
design space within which the product 
quality and manufacturability targets 
were met. Further, Reynolds evaluated 
the risk associated with changing to a 
different lubricant grade, overlaying 
the resulting design spaces for the two 
lubricant grades to identify the opera-
tional area of lowest risk.

A second example of early adop-
tion is found in the work presented by 
Marta Moreno-Benito (Pfizer), et. al. (4). 
Moreno-Benito developed an end-to-end 
model from drug substance manufacture 
to drug product manufacture and finally 
in-vitro performance testing. The key ob-
jectives of the work were to predict the 
impact of design decisions on quality 
attributes of the product and to quanti-
tatively identify the design space around 
the process, using GSA to analyze the 
system holistically. Results showed that 
API crystal size, driven mainly by the API 
milling process parameters, largely influ-
enced the dissolution behavior despite the 
many processing steps in between milling 
and dissolution testing.

Future perspectives
While mechanistic modeling has al-
ready taken hold in the pharmaceuti-
cal industry, the next phase of adoption 
will be driven toward holistic, inte-
grated approaches to achieve product 
quality and minimize risk through 
probabilistic input and output spaces 
across the drug manufacture process. 
The adoption of these tools will rely on 
building confidence in the mechanis-
tic models and the tools used for their 

analysis, along with the development 
of the skillsets to use them effectively. 
The early use cases of this methodol-
ogy are promising and demonstrate a 
changing mindset in the approaches 
for design space characterization and 
risk assessment.
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T
he weeks preceding the US Drug 
Supply Chain Security Act’s (DSC-
SA’s) Nov. 27, 2018 serialization 

deadline were full of new develop-
ments. In September, FDA issued final 
guidance on grandfathering (1), which 
exempts pharmaceutical products that 
were packaged before Nov. 27, 2018 
from serialization requirements. 

In September, the agency also pub-
lished final guidance on use of the Na-
tional Drug Code (NDC) (2), as well as  
draft guidance in the form of a Q&A 
document on product identifiers (3). 
FDA now requires that the NDC be 
placed on each package, rather than 
embedded in GS-1’s Global Trade 
Item Number (GTIN). This means that 
manufacturers who assign GTINs to 
product packages will now also need 
to include the NDC, assigned by FDA 

to identify drugs and to submit reg-
istration and listing information (4), 
separately on each package.

In July 2018, according to an Octo-
ber report (5), FDA began enforcing 
DSCSA traceability requirements, is-
suing its first DSCSA-related form 483 
to the US pharmaceutical distributor 
McKesson (6). The 483 cited inad-
equate tracing, quarantine, and com-
munication systems for responding to 
counterfeit product. 

A progress report from GS-1
On October 18, the standards-setting 
group, GS-1, released its status report 
on how well US manufacturers are 
handling serialization. The report is 
based on research that the group con-
ducted in May 2018, scanning prod-
uct barcodes at AmerisourceBergen, 

McKesson, and Cardinal Health’s 
distribution facilities (7). GS-1 stud-
ies in 2017 had only involved Am-
erisourceBergen and McKesson. This 
year’s number fell short of the 30–40% 
expected, but still reached 20.7%, up 
significantly from 6.6% in 2017. For 
Cardinal Health, the figure was 15.1%.

Observers see these results as posi-
tive. They definitely reflect the grand-
fathering policy, which allayed manu-
facturers’ concerns about having to 
maintain two supply chains and raised 
specters of possible shortages. “We 
probably won’t see 100% serialization 
for another two to three years,”says Ju-
lien Faury, vice-president of operations 
at Adents. 

The product identifier guidance 
means that manufacturers will have to 
keep the product’s NDC on the pack-
age, with the bar code on the side, says 
Faury, instead of only using the GITN 
with embedded NDC on the package. 

“Manufacturers are reviewing labels, 
and some may have to reduce the size 
of the artwork,” he says.

Bob Celeste, founder of the Center 
for Supply Chain Studies, also sees the 
results as a sign of progress. For one 
thing, he says, the barcode scans were 
performed in May, so things may be 
quite different now. “There are a num-
ber of manufacturers who are ready to 
go with serialization now, but aren’t 
doing it until they absolutely have [to],” 
he says, due to grandfathering but also 
some issues with line speeds.

“Many of the manufacturers that we 
have talked with had spent significant 
time over the summer continuing to 
test lines, troubleshoot data issues, and 
validate systems, and there has been 
a significant amount of knowledge 
sharing going on among manufactur-
ers, contract manufacturing organiza-
tions (CMOs), and third-party logistics 
providers during this time,” says Brian 
Daleiden, vice-president of industry 
marketing at TraceLink, who agrees 
that results are encouraging.

Grandfathering will provide some 
buffer for manufacturers. Initially, it 
was expected to apply at the point of 
shipping, and manufacturers were 
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looking at scenarios where they might 
have to thin down supply, says Celeste. 

“Having it apply at the point of manu-
facturing will allow them to continue 
to manufacture product as usual, and 
then cut over to serialized lines at the 
end of the month,” he says.  

However, it will also add complexity, 
because hybrid inventory will exist in 
the supply chain, says Daleiden. Dis-
tributors, dispensers, and healthcare 
organizations will need to prepare for 
an environment in which serialized, 
non-serialized but grandfathered, and 
non-serialized but exempt medicines 
will all co-exist for an extended period 
of time across the supply chain, he says.

No more give on deadlines
One thing is certain, Celeste says, and 
that is that there won’t be any more 
‘give’ on US enforcement deadlines. 
“Some companies already have lines 
serialized but don’t have them turned 
on yet, and moving enforcement dates 
around a lot can make things difficult. 
It’s like box cars on a train, after you’ve 
hit hard on the brakes,” he says.

Despite progress, challenges remain 
around data quality, data formatting, 
and artwork adjustments, says Da-
leiden, particularly when there is a dis-
connect between a manufacturer’s as-
sumptions and plans and those of their 
trade partners. He expects these prob-
lems to get worse as the 2020 deadline 
approaches, because most hospitals and 
pharmacies do not have direct trade or 
communication connections with orig-
inal manufacturers. There isn’t as much 
collaborative conversation and testing 
between manufacturers and distribu-
tors as there should be, he says. The key 
will be communication and education, 
says Daleiden, because compliance  
with DSCSA is a shared responsibility. 

“If a manufacturer affixes a serialized 
product identifier on a pack, but it isn’t 
correctly readable by a member of the 
supply chain, it immediately raises all 
kinds of questions about error cor-
rection, exception management, and 
potential suspect product procedures,” 
he says. Manufacturers can implement 
their own version of supplier letters 

to downstream trading partners, in-
forming them of their serialization and 
grandfathering plans, decisions on data 
fields like GTIN and expiration data, 
and testing protocols that they would 
like to execute, Daleiden suggests. 

“It will take some time to work out 
all of the quality and misaligned expec-
tations, but the grandfathering buffer 
will be critical in enabling manufac-
turers and trade partners to work out 
remaining technology and business 
process issues post-November 2018,” 
says Daleiden. In the meantime, he says, 

“The focus has to move from putting a 
barcode on a package, to considering 
the challenges of ensuring that some-
one else can make sense of the infor-
mation in that barcode.” Overall, stan-
dards will be hugely important, he says. 

Progress in Europe
Progress in Europe has been affected 
by the fact that requirements for mas-
ter data changed in 2018, requiring 
updates, says Faury. In addition, indi-
vidual countries such as Portugal are 
asking companies to download data to 
national hubs, so manufacturers must 
now send serialization data to both the 
central hub and national hubs.

“In Europe today, the level of serial-
ized product is similar to what it is in 
the US at around 20% or 25%, but I don’t 
think even 5% of hospitals and pharma-
cies can handle serialized product. It will 
take another two or three years for them 
to be ready and fully operational,” Faury 
says. “A lot of this is just growing pains 
and trying to get a huge supply chain to 
move forward in step,” says Celeste. 

Blockchain projects flourish
Another noticeable trend is pharma’s 
increased acceptance and interest in 
evaluating blockchain for supply chain 
traceability and other applications. Ad-
ents and Microsoft are working on three 
pharma blockchain initiatives using the 
Novatrak platform. They plan to launch 
a pilot program after FDA guidance on 
DSCSA pilot testing is finalized, as ex-
pected in December. 

In October, in Europe, the contract 
packaging company Tjoapack and the 

data management specialist, Vera-
trak, launched Epoch to explore the 
use of blockchain in life sciences. The 
venture will also share and extend a 
blockchain-based data exchange tool 
for product master data that the two 
companies have developed and are now 
launching at Tjoapack, says program 
manager Dexter Tjoa. The Center for 
Supply Chain Management is also pro-
gressing to the next stage of its block-
chain research and pilot program, with 
more news expected by the end of 2018.
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outsourcing outlook

S
ingle-use systems (SUS)—biopro-
cessing equipment designed for 
one-time use or a single product 

manufacturing campaign—has be-
come the leading paradigm for pre-
commercial (preclinical and clinical 
supplies) manufacturing of biophar-
maceutical products (1). An estimated 
≥85% of pre-commercial upstream 
bioprocessing now involves primarily 
or fully the use of single-use equipment 
for manufacturing. And the use of SUS 
for large-scale, commercial manufac-
turing is just starting. 

This article reviews some of the SUS-
related results from BioPlan Associates’ 
15th annual survey of biopharmaceuti-
cal manufacturing professionals world-
wide, which included responses from 
352 responsible individuals, including 
222 working for biopharmaceutical de-
velopers/manufacturers, and 130 work-
ing for bioprocessing suppliers or ven-
dors. Because SUS operations directly 
impact bioprocessing capacity and ca-

pacity utilization, this survey has long 
included questions concerning SUS. 

SUS current status and trends
Much has been written about the ben-
efits and disadvantages of SUS, and 
the biopharmaceutical industry has 
accumulated more than a decade of 
experience with the equipment and 
materials. Industry consensus now 
includes recognition that SUS enables 
lower up-front capital investments and 
operational costs compared with clas-
sic fixed stainless steel-based equip-
ment. SUS also provide more flexibility 
than stainless systems, including more 
rapid turnovers and availability of the 
same process lines for manufacturing 
multiple products. SUS have lower op-
erational costs due to the elimination 
of cleaning, sterilizing, and (re)valida-
tion of stainless-steel equipment. One 
downside of SUS, however, is the con-
siderable recurring costs for new de-
vices and equipment purchase for each 
use or campaign. 

Every bioprocessing facility con-
sumes significant amounts of some type 
of SUS products, if only classic, legacy 
SUS products, such as tubing and filter 
membranes. In the past decade-plus, 
however, newer types of SUS equipment 
have been brought to market, and nearly 
all types of bioprocessing equipment are 
now available in SUS format. The past 
decade has seen rapid growth in adop-
tion of SUS-based process lines in place 
of stainless steel-based equipment, to 
the extent that SUS process lines domi-
nate upstream pre-commercial biophar-
maceutical manufacturing. 

Downstream bioprocessing has seen 
less adoption of SUS compared to up-
stream. It still is difficult, expensive, 
and rare to implement a fully or even 
mostly SUS downstream processing 
stream, as chromatography and other 
purification technologies to date re-
sist cost-effective adaptation to SUS 
formats. Due to excessive costs, chro-
matography columns and separation 
media/resins continue to be recycled. 

SUS has been adopted—nearly ex-
clusively—for mammalian cell-cul-
ture applications; microbial biopro-
cesses have resisted adoption of SUS. 
Microbial bioprocessing compared 
with mammalian, requires higher 
temperatures, pressure, use of spe-
cial atmospheres, and more energetic 
mixing and aeration. Some microbial 
SUS product lines are now marketed, 
but do not appear to have gained trac-
tion in the market. On the other hand, 
most cellular and gene-therapies bio-
processing involves use of SUS, and 
despite adoption of plastic systems, a 
capacity crunch is expected in these 
sectors (2).

In the early 2000s, a few single-use 
systems, such as simple WAVE bag 
bioreactors (now from GE) on rocker 
platforms, and a few primitive fixed-
wall SUS bioreactors with plastic lin-
ers, were available; these systems were 
limited in size, such as a few hundred 
liters. Late-stage clinical and commer-
cial manufacturing, however, requires 
larger capacity. Today, a variety of sin-
gle-use bioreactors and other products 
are available, with most product lines 
going up to 2000-L scale. 

Single-Use Bioprocessing 
Equipment Trends and 
Adoption by CMOs

The growth in adoption of single-use systems for 
commercial manufacturing will be dramatic in coming years.

Ronald A. Rader and Eric S. Langer
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Some suppliers are pushing this 
limit (e.g., ABEC now offers 4000-L 
SUS bioreactors). Each 1000 L of bio-
processing fluid weighs approximately 
2200 lbs., making SUS with capaci-
ties above 2000 L unwieldy, difficult 
to install and move, not practical, or 
cost-effective for many facilities. Stain-
less steel still dominates commercial 
manufacturing, which thoroughly 
dominates all bioprocessing capacity-
wise; pre-commercial manufacturing 
is only done as needed and involves 
much smaller quantities than needed 
to supply world commercial markets. 

Currently, 1000-L and 2000-L SUS 
bioreactors—with multiple bioreactors 
used in parallel if needed—are on track 
to become the industry standard for new 
large- and commercial-scale manufactur-
ing, eventually replacing larger stainless-
steel units and facilities.  Thus far, there 
are few such facilities, but a trend for 
building SUS-commercial manufactur-
ing facilities is starting, and growth in 
adoption of SUS for commercial manu-
facturing will be dramatic in coming 
years, albeit from a very low baseline. 
However, much commercial manufac-
turing, particularly at the largest scales, 
remains more cost-effective when using 
large, fixed stainless-steel equipment-
based process lines/facilities.  Most com-
mercial manufacturing, in terms of new 
facilities and  total capacity, will continue 
to be stainless steel-based for at least the 
next five years. 

A major trend supporting growth 
in adoption of SUS has been the steady 
increase in bioprocessing productivity, 
particularly upstream, in the past three 

decades since the introduction of re-
combinant products in the early 1980s 
(1). Bioprocessing productivity, espe-
cially upstream titers, has increased, 
essentially doubling about every five 
years, going from just a few tenths of a 
gram/L to the 3.2 grams/L that is now 
reported by BioPlan’s survey respon-
dents as the average titer being attained 
at both clinical and commercial scales. 
This trend is expected to continue in 
the near term. Larger volumes of bio-
pharmaceutical products can increas-
ingly be manufactured using smaller 
or the same scale equipment. Only a 
decade ago, a facility producing several 
100 kg/year of monoclonal antibodies 
would have required multiple dedicated 
≥10,000-L stainless steel bioreactors 
and other comparably-scaled equip-
ment. Today, the same amount can be 
manufactured with a few or even just 
one 500–2000-L SUS bioreactor faster 
and at lower cost.

The survey also found outsourcing of 
bioprocessing has remained steady, if not 
slowly increasing, with companies now 
taking a strategic approach to outsourc-
ing versus seeking to outsource every-
thing they possibly can. 

CMOs and SUS 
Contract manufacturing organizations 
(CMOs) use more SUS equipment and 
use it more frequently compared with 
developer/manufacturer companies. As 
shown in Figure 1, survey respondents 
from CMOs reported increased use of 
SUS products vs. developers/manufac-
turers in nearly every product category 
surveyed. 

This increased use of SUS by CMOs 
is fully expected, with CMOs needing 
the flexibility that SUS offers to rapidly 
switch over process lines or suites to 
manufacture different products at differ-
ent scales. CMOs are highly motivated to 
get a facility or project up and running 
as quickly as possible; they do not have 
time to construct and validate stainless-
steel process lines. CMOs, compared to 
developers/manufacturers, have more 
products to manufacture for clients and 
generally at non-commercial scales. 

The past 12-year increases in the adop-
tion of different types of SUS as reported 
by surveyed bioprocessing profession-
als, in terms of first use at facilities, 
are shown in Figure 2. There have been 
approximately 50% increases in first 
use/adoption of major, big-ticket, SUS 
equipment, including bioreactors, mix-
ing systems, membrane adsorbers, and 
perfusion devices. 

Some problems and issues involving 
SUS still inhibit its adoption. For ex-
ample, when asked in the recent annual 
survey to cite the most important reason 
for not increasing their use of SUS, 25% of 
CMO respondents (vs. 17% with develop-
ers) cited high cost; 25% said “leachables 
and extractables are a concern” (vs. only 
10% with developers); and 13% of CMO 
respondents cited a “lack of disposable 
equipment that meets process require-
ments”, and “breakage of bags and loss 
of production material were a concern”, 
compared to 9% and 8% of developer 
respondents, respectively. Fully 70% of 
CMOs cited some factors limiting their 
adoption of SUS. But CMOs do what cli-
ents want, and clients increasingly want 
to adopt SUS for commerial manufactur-
ing of products in development. As other 
parts of the annual survey regularly show, 
end-users identify improvements in SUS 
at the top, or among the top areas, where 
suppliers need to focus their R&D and 
bring new technologies to market.

Conclusion
CMOs have extensively adopted SUS-
based bioprocessing over the past de-
cade-plus, and CMO bioprocessing— in 
terms of the number of process lines, fa-
cilities, and products manufactured, es-

Tubing for disposable applications

Disposable filter cartridges

Perfusion devices
45.8%

52.9%

Biotherapeutic Developers

CMOs

89.4%

100.0%

84.5%

100.0%

Figure 1: Usage of disposables in biopharmaceutical manufacturing, therapeutic 

developers vs contract manufacturing organizations (CMOs). Applications in 

biomanufacturing; % using single-use systems (SUS) products (selected data).
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pecially at clinical scale—is now primar-
ily SUS-based. Stainless-steel equipment 
still dominates in terms of total overall 
capacity; commercial manufacturing 
scales often are using legacy stainless-

steel facilities or are producing at vol-
umes where SUS is not a viable approach. 

CMOs now rarely implement stain-
less-steel process lines for client product 
manufacturing. By using single-use vs. 

stainless-steel systems, CMOs can save 
on facility, campaign and operating costs, 
and capital investments, while gaining 
needed flexibility, including rapid pro-
cess line turnover, enabling manufac-
ture of more products more rapidly at 
diverse scales. The differences in views 
and adoption of SUS by CMOs vs. de-
velopers reflects the business models of 
each, with CMOs needing speed and 
flexibility, and taking a transactional 
approach. Developers have fewer prod-
ucts to manufacture at larger scales and 
seek more long-term and cost-effective 
commercial manufacturing approaches; 
using large stainless steel-based process 
lines still generally fits that bill. But with 
more products in development having 
smaller, even orphan markets; titers and 
bioprocessing productivity continuing to 
increase; and product potency increasing, 
volumetric needs for commercial manu-
facturing are decreasing, with this facili-
tating an increasing percentage of new 
commercial manufacturing using SUS. 
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Figure 2: Twelve-year percentage-point change in first-usage of disposables, 

2006–2018 (selected data). Note: Not growth in sales, this is growth in application first 

usage within a facility.

It’s also important to spend time on 
writing the CMC portion of the NDA 
or abbreviated new drug application 
(ANDA), Bernstein says. All too often, 
applicants submit a Module 3 that is 
poorly written, in which crucial infor-
mation remains buried somewhere in 
the submission but cannot be found.  

“A submission needs to tell a story, 
and it should be a coherent one, with 
information that is readable, clear, and 
as  concise as it can be,” he says, and not 
the 300-page P2 section that he recalls 
one firm submitting. “They had infor-
mation requests from FDA and were 
making no progress because reviewers 
could not find and review the informa-
tion within the time allowed,” he says. 

“You don’t need to tell them about 
everything, but you do have to tell the 
complete story for your product and 
for pivotal tests. Nonessential infor-
mation can easily be summarized and 
referenced, but essential information 
must be there and easily retrievable,” 
says Bernstein.

When a CMC failure does happen, 
Bernstein recommends using a fish-
bone diagram to determine whether it 
was mainly due to the human factor, 
materials, methods, or facilities. Every 
manufacturer has its own performance 
metrics (e.g., success rate, performance 
to plan [yield], plant/equipment utili-
zation rate, productivity [time], devia-
tion closure rate, and corrective and 

preventive action closure rate). FDA’s 
evolving quality metrics promise to 
standardize these company-specific 
measures to develop a consistently 
strong view of quality in the future, 
says Bussineau. “We’ll have to wait and 
see how that program goes,” he says.
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Q. We are a well-established pharmaceutical company, and part 

of our procurement process requires us to prepare a ‘spec 

sheet’ (i.e., a document listing our requirements for either the 

service or the equipment we want to acquire). That has served 

its purpose well; however, we are finding it difficult to use when 

purchasing automated systems or software products. As we often 

have very little expertise or understanding of the software compo-

nent, we struggle to write sensible specifications. We are tempted 

to simply accept the vendors’ system descriptions. Do you have 

any advice for us as to how we can overcome this challenge?

A.Your situation is not unusual, and the reason, as you already 

mentioned, often is a certain lack of expertise with software 

products. Whereas there is a lot of process and product expertise 

in companies, including processing equipment, the same cannot 

be said for automation. Let us first look at the parties/depart-

ments involved in preparing spec sheets for equipment. This will 

involve the operations group (e.g., manufacturing department, 

laboratories, utilities group), engineering, procurement, and the 

quality unit. When it comes to automated systems or pure soft-

ware applications, the information technology (IT) department 

must be involved too. The IT terminology and the engineering and 

operations terminology are not necessarily the same or aligned, 

which can make communication more difficult, not only internally, 

but also with the suppliers. For example, what you refer to as a 

‘spec sheet’ is a user requirements specification (URS) in comput-

erized systems terms. The issue is further complicated as we as 

humans are used to being able to touch, smell, or hear equipment, 

none of which applies to software. 

Can you simply adopt or accept the supplier’s description of 

the system or software, or do you need to prepare this yourself? 

The answer is that even if you were to accept the vendor’s 

description without any change, you still must confirm this in 

writing. In other words, the vendor’s description becomes your 

URS (aka spec sheet). With that, you also become responsible for 

the URS to be compliant with the applicable regulations.

In a few cases, you may be at the mercy of the supplier with 

regard to functionality and performance, but mostly you will have 

a choice. For example, if you are looking for software to support 

a quality management system, there are systems available that 

offer you everything you may wish for. But, you may only want to 

use certain functionalities (e.g., workflow) and specific modules 

(e.g., deviations and complaints management modules, but not 

the change management module). In this case, it would be wrong 

to merely copy/paste the full system description by the vendor 

into your URS; instead the URS has to be specific to your needs 

(i.e., requirements).

In computerized systems validation (CSV) terms, the URS 

forms the basis for user acceptance testing (also referred to 

as performance qualification). This is where it becomes 

essential that the URS is compliant with the regulations. To give 

an unacceptable example would be to write in the URS: ‘the 

screen refresh must be fast.’ This cannot be tested as it is a 

wholly ambiguous requirement. Another example would be to 

require ‘an easy-to-read screen.’ But how do you describe this in 

testable terms if you are not the software expert? This is where 

your IT team will have to support you and provide appropriate 

language. For example, they could suggest a refresh rate of 100 

milliseconds or recommend a certain screen display quality that 

will meet your needs.

Despite its age, one of the best guidance documents for 

writing a URS is FDA’s General Principles of Software Validation; 

Final Guidance for Industry and FDA Staff from January 2002 (1). 

Other agency guidance documents and industry best practices 

are available online (e.g., European Directorate for the Quality 

of Medicines [EDQM] [2], the European Union [3], or GAMP [4], to 

name but a few). As the use of automated systems will surely 

increase in the future, it is sensible to build up relevant expertise 

in-house, so that in future you will be as comfortable writing spec 

sheets for a mechanical system as for a piece of software. 
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User Requirements 

Specifications–

How Difficult Can It Be?

Building up relevant expertise in-house will make writing spec sheets for 

software easier, according to Siegfried Schmitt, principal consultant at PAREXEL. 
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