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From the Editor

More diversified 

therapies and 

tighter payer 

budgets

 will challenge 

bio/pharma 

companies to think 

outside the industry. 

When One Therapy No Longer Fits All

I
n the past few years, therapies for orphan and rare diseases have been approved by 

FDA in increasing numbers. Personalized therapies made their mark in 2017 with 

three approvals of individualized patient treatments. In addition, several big-name 

blockbuster drugs are scheduled to go off patent in the next few years. Is the bio/

pharma industry prepared to address the internal and external factors that will influ-

ence the types of drugs that are developed and how patients pay for these therapies? 

In its Drugs to Watch 2018 report (1), Clarivate Analytics predicted a record number 

of blockbuster drugs would reach the market in 2018. The report forecasted 12 new 

drugs would achieve annual sales of $1 billion or more by 2022, up from a predicted 

eight blockbusters in 2017, and the most since the report was first issued in 2013. 

The prospective blockbusters are both large- and small-molecule drugs—including 

the first cannabidiol-based medicine for the US market—and treat a range of dis-

eases including diabetes, endometriosis, epilepsy, HIV, hemophilia, migraine, opioid 

addiction, and shingles. Only one anticipated blockbuster is for cancer; in the 2017 

projections, more than half were for cancer treatment.

Through the first 11 weeks of 2018, FDA approved six new novel drugs, including 

two on Clarivate’s blockbuster list (Biktarvy and Johnson & Johnson’s Erleada). This 

overall drug approval rate is similar to the number approved in the first quarter of 

2017 when a record-breaking 46 novel therapies were approved (2).

If the trends of recent years continue, however, a significant percentage of new 

drug approvals will address orphan or rare diseases, with small patient populations, 

and therefore smaller sales volume. A report from the IQVIA Institute (3) suggests 

that bio/pharma faces several “turning points” that may force companies to adjust to 

evolving business, regulatory, and technical factors from both inside and outside of 

the industry.

The IQVIA report noted that branded medicine spending will be flat in developed 

markets for 2018–2020 but specialty medicines will drive spending growth. Patent 

expirations, including biologics, will be 37% higher than the previous five years; 

new medicine growth will be slower in 2018–2022 than from 2013–2017. The report 

authors also project slower growth in China and other pharmerging markets.

The industry has reached a “breaking point,” said Graham Lewis, IQVIA’s vice-

president, global pharma strategy, during a presentation at DCAT Week ’18. Payers 

are not willing—or in some cases able—to pay more for healthcare and medications. 

This price squeeze will impact developed and emerging markets for branded, generic, 

and specialty drugs; limited resources could slow the adoption of new therapies. 

Lewis warned of trends in the transformative space that are not about drugs, and 

the pharma industry will need to look outside itself to embrace change. Factors to 

consider include: FDA’s adoption of real-world data to accelerate drug approvals, the 

use of mobile health apps and wearbable sensors for patient treatment; and tele-

health programs that replace the traditional doctor’s office visits; and more main-

stream use of personalized biotherapeutics. 

There are significant differences between a therapy that treats millions and a 

therapy that treats one patient. Both blockbusters and personalized therapies will 

be needed. The bio/pharma industry must be flexible enough to discover, develop, 

manufacture, and market therapies for the entire length of the spectrum.

References

1.  Clarivate Analytics, Drugs to Watch 2018 (March 2018).

2.  FDA, New Drugs at FDA: CDER’s New Molecular Entities and New Therapeutic 

Biological Products, www.fda.gov/Drugs/DevelopmentApprovalProcess/

DrugInnovation/default.htm.

3.  M. Aitken, M. Kelinrock, and D. Nass, 2018 and Beyond: Outlook and Turning Point, 

IQVIA Institute (2018). ◆
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Regulatory Beat

A 
lethal influenza outbreak this past winter 

has spotlighted the importance of improv-

ing and accelerating vaccine discovery and 

production. Reports that this year’s flu vaccine was 

only 36% effective have raised concerns about con-

tinued use of egg-based production systems that 

appear outdated and less reliable. And the impera-

tive to combat infectious disease outbreaks and 

deadly conditions such as malaria and tuberculosis 

emphasizes the need to modernize and streamline 

vaccine testing and manufacturing. 

A source of optimism is continued develop-

ment of new, more effective inoculations. In 2017, 

FDA’s Center for Biologics Evaluation and Research 

(CBER) approved GlaxoSmithKline’s new Shingrix 

vaccine against shingles and a new recombinant 

hepatitis B preventive from Dynavax Technologies 

featuring a new adjuvant to boost immune 

response. A report from the Pharmaceutical 

Research and Manufacturers of America (PhRMA) 

in late 2017 lists 264 vaccines in development, 

including 137 for infectious diseases and more 

than 100 for cancer (1). And while vaccines are 

expensive in the United States, costs in low- and 

middle-income countries are dropping as regional 

producers such as India’s Bharat Biotech gain World 

Health Organization (WHO) prequalification for 

important preventives. 

Vaccine discovery, however, remains challenging 

and unpredictable for the biomedical 

research community and industry. Even 

though increasingly effective vaccines 

are eliminating diseases such as polio 

and diphtheria and helped stem the 

Ebola outbreak three years ago, promis-

ing candidates often fail. Sanofi recently 

halted distribution of its dengue fever 

vaccine in the Philippines after some 

patients developed the disease following 

injection (2). 

Such setbacks fuel anti-vaccine cam-

paigns around the world, as seen in 

attacks on inoculation programs to combat a yel-

low fever outbreak in Brazil and on measles vac-

cines in the United States and Europe. Rumors of 

health risks continue to discourage vaccination of 

teens against human papillomavirus (HPV) despite 

evidence that it can prevent cancer. 

FDA Commissioner Scott Gottlieb, MD, voiced 

strong support for vaccines at his Senate con-

firmation hearing in April 2017, where he dis-

missed as groundless claims of a causal link 

between vaccines and autism, distancing him-

self from earlier challenges to vaccine safety by 

President Trump. In an announcement of spend-

ing priorities for 2019, Gottlieb highlighted the 

importance of advancing manufacturing tech-

nologies for drugs and biologics, including vac-

cines. He noted that continuous manufacturing 

platforms can help ramp up vaccine supply on 

short notice and that FDA clarification of its 

requirements and standards should encourage 

industry investment in new technologies and 

opportunities (3). 

STREAMLINING CMC
FDA support is important in maintaining an 

efficient development and review process to 

deliver vaccines that meet high standards to 

ensure product safety and quality. FDA is apply-

ing lessons learned from Ebola to streamline 

vaccine development, noted Philip Krause, 

deputy director of CBER’s Office of Vaccine 

Research & Review (OVRR), at the January 2018 

WCBP symposium in Washington, DC. Krause 

emphasized how FDA strives to review and 

approve submissions and manufacturing sup-

plements in a “sensible” way that emphasizes 

good science. CBER also encourages manufac-

turers to meet with FDA staff to address chem-

istry, manufacturing, and controls (CMC) issues 

before filing an application.

Robin Levis, deputy director of OVRR’s 

Division of Viral Products, further described 

Modern Manufacturing Key 
to More Effective Vaccines
Accelerated development of new preventives raises 
challenges for efficient CMC evaluation and production.
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Regulatory Beat

how FDA’s Fast Track and prior-

ity review programs facilitated 

development of Ebola vaccines and 

other preventives. To keep pace 

with accelerated clinical testing of 

potential Ebola preventives, FDA 

collaborated with other regula-

tory authorities and WHO to gain 

convergence on key issues, such as 

exceptions to product characteriza-

tion and testing procedures, and 

where certain aspects of process 

validation could be abbreviated. 

While FDA licenses only those vac-

cines supported by adequate and 

well-controlled studies and able to 

be manufactured in a consistent 

manner, Levis noted that there 

may be flexibility when combating 

epidemics, such as accepting sup-

portive CMC data from platform-

related products and specifications 

based on related products. Test 

vaccines also may be used prior to 

obtaining real-time stability data, 

especially for early clinical trials. 

An accelerated pathway for vac-

cine testing, however, “puts the 

squeeze on the CMC window” 

for process definition, charac-

ter izat ion, and qual i f icat ion, 

commented Natalie Christian, 

integrated development and supply 

team lead at Merck, at the January 

WCBP symposium. Vaccine devel-

opment may be even more chal-

lenging, she observed, due to 

limited platform technologies for 

these products, potential for pro-

cess change during technology 

transfer, scale-up difficulties, and 

a need for additional qualification 

lots. Similarly, Cristiana Campa of 

GSK Vaccines in Italy emphasized 

that the complexity of vaccine 

development makes it important to 

define a control strategy for iden-

tifying critical quality attributes 

as early as possible to help screen 

and select adjuvants and to iden-

tify attributes to be tested in clini-

cal studies. 

Advances in designing small 

 footpr int, single-use bioreac-

tors will provide vaccines quickly 

at greatly reduced cost, predicted 

Benjamin Damien, director of busi-

ness development at Belgium-based 

Univercells. He said these develop-

ments will “transform the biophar-

maceutical industry” by boosting 

local production and supply of high-

quality vaccines in developing coun-

tries, while also expanding capacity 

for rapid response to epidemics and 

global threats. 

NEW CHALLENGES
Many of these initiatives have sup-

port from the Bill & Melinda Gates 

Foundation, which has led efforts 

for the past decade to spur vac-

cine development to combat global 

diseases. To enhance the process, 

Gates established the Medical 

Research Institute (Gates MRI) in 

Boston to work closely with scien-

tists and biopharma companies on 

identifying, selecting, and opti-

mizing production of novel vac-

cine candidates. Gates veteran 

Penny Heaton is building the MRI 

with the aim to eradicate malaria, 

accelerate the end of the tubercu-

losis epidemic, and prevent diar-

rheal deaths in children through 

developing new drugs, vaccines, 

biologics, and diagnostics. Heaton 

outlined plans at the WCBP sym-

posium for supporting early clini-

cal testing of products that then 

can be passed on to manufactur-

ers for late-stage development and 

commercialization. She antici-

pates a strong focus on CMC issues, 

which she described as often the 

“number-one bottleneck” in vac-

cine development.  

Meanwhile, the race is on to dis-

cover a universal flu vaccine that 

doesn’t require reformulation every 

year. A dozen candidates are under-

going preclinical and clinical testing 

at research institutions and commer-

cial labs. This coincides with efforts 

to shift from egg-based to cell-based 

and recombinant DNA production 

technologies. In commenting on 

the effectiveness of this year’s flu 

vaccine, Gottlieb noted that prod-

ucts made with cell-based methods 

appear more effective in protecting 

against the H3N2 virus than egg-

based products (4). 

Seqiris, a unit of Australia’s CSL, 

plans to produce 20 million flu 

vaccine doses this year using cell 

culture at its North Carolina facil-

ity, and Sanofi has linked with 

South Korean vaccine maker SK 

Chemicals to tap its cell-based 

vacc ine produc t ion technol-

ogy. A live attenuated intranasal 

FluMist vaccine from AstraZeneca’s 

MedImmune division, an alterna-

tive to painful sticks, is back on 

the US recommended list after a 

two-year suspension due to data 

indicating low efficacy.

Despite the shortcomings of 

annual f lu vaccination, health 

authorities continue to stress the 

importance of regular immuni-

zation to prevent thousands of 

deaths from influenza each year, 

particularly in children and the 

elderly. Hopefully, the research 

community will devise a more reli-

able and effective universal flu vac-

cine before the next, much-feared 

influenza pandemic strikes. 

REFERENCES
 1. A. Powaleny, “New Report and Event 

Examine the New Era of Vaccines,” 
The Catalyst, Nov. 9, 2017, https://cata-
lyst.phrma.org/new-report-and-event-
examine-the-new-era-of-vaccines 

 2. Sanofi, “Sanofi Updates Information on 
Dengue Vaccine,” Press Release, Nov. 
29, 2017.

 3. FDA, Statement from FDA Commis-
sioner Scott Gottlieb, MD, on Admin-
istration’s Request for New FDA Fund-
ing to Promote Innovation and Broaden 
Patient Access through Competition, 
Feb. 13, 2018, www.fda.gov/NewsEv-
ents/Newsroom/PressAnnouncements/
ucm596554.htm 

 4. FDA, Statement from FDA Commis-
sioner Scott Gottlieb, MD on the Effi-
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T
he majority of molecules in 

today’s drug development 

pipeline are biologics, driven 

by the shift toward person-

alized medicines. But despite their 

superior efficacy and safety profiles, 

biologics present multiple challenges. 

Biologic drugs are macromolecules 

that are hundreds of times the size of 

conventional small-molecule drugs, 

notes Mike Hooven, CEO of Enable 

Injections. “They are frequently com-

posed of a heterogeneous mixture of 

more than 1300 weighty amino acids, 

thus, creating three main challenges 

for pharmaceutical companies seeking 

to develop the next blockbuster bio-

logic—first, biologics are hard to make; 

second, they are hard to take; and third, 

they can be expensive,” he highlights. 

A large proportion of biologics are 

injected, in most cases, by intrave-

nous infusion in a hospital setting. 

Over the past decade, however, self-

administration in a home setting has 

become a growing trend, driven by 

the increasing focus on patient cen-

tricity. Pharmaceutical companies are 

constantly striving to differentiate 

their biologic drug products from com-

petitors through the use of innovative 

drug delivery devices that offer better 

patient experience and improved com-

pliance, but they are faced with a num-

ber of challenges. 

Most biologics present as highly vis-

cous formulations that have to be deliv-

ered in large volumes, often beyond the 

capacity allowed by a prefilled syringe 

or an autoinjector. Also, because bio-

Wearable Injection Devices 
Address Delivery Challenges

Adeline Siew, PhD

Advances 
in wearable 

devices 
have made 
it possible 
to deliver 

high-volume, 
high-viscosity 

biologics.

Drug Delivery
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logics are often used to treat 

chronic diseases, repeated dosing 

at regular intervals is required. 

These requirements c reate a 

demand for self-administration 

devices that not only provide safe 

and effective subcutaneous deliv-

ery of high-volume, high-viscosity 

drugs but also offer convenience 

and ease of use. As a result, large-

volume wearable injectors, which 

are worn on the skin, have gained 

increasing interest within the 

pharmaceutical industry. 

“Large-volume wearable injec-

tors enable pat ient-centered, 

stress-free subcutaneous biologics 

delivery—easily, comfortably, and 

conveniently at home or at work,” 

highlights Hooven. “These devices 

are expected to increase patient 

compliance, influence outcomes 

positively, and generate cost sav-

ings while increasing patient sat-

isfaction. For pharma companies, 

that is the bottom line in suc-

cessfully navigating the outcome-

based models that health systems 

are moving toward.” He quotes a 

former US Surgeon General, Dr 

C. Everett Koop, who famously 

remarked that “drugs don’t work if 

patients don’t take them.”

According to Hooven, cost-

effectiveness analyses (CEAs) that 

are routinely used to determine 

which medical technologies offer 

value for money, when applied to 

biologic drugs, show that variable 

“subcutaneous delivery” is asso-

ciated with lower administration 

costs. “Administration costs are a 

major cost factor for drugs deliv-

ered intravenously; these are costs 

that could be eliminated,” he says. 

“Large-volume wearable injectors 

deliver drugs subcutaneously at 

significant savings to health sys-

tems because they eliminate the 

costly health facility and health 

professional.”

“For formulation teams develop-

ing injectable biologics, the new 

drug-delivery technology makes 

development of stable, bioavail-

able, clinically relevant formula-

tions easier, faster, and less costly,” 

Hooven adds.  “It  can shave 

months off development time, 

bringing differentiated products 

to market faster, cheaper.” 

DRIVERS FOR WEARABLES
For drug developers, a wearable 

device can be considered if the 

biologic can be injected subcu-

taneously and sa fe ly by the 

patient or caregiver without the 

need for cont inuous c l inical 

monitoring, Thomas Mayer, sales 

manager, Sonceboz, points out. 

“Typically, one would consider 

pairing a drug with a wearable 

device if the intended delivery 

volume exceeds values that can 

be administered comfortably with 

alternative technologies such as 

autoinjectors,” he explains. “The 

typical limit for autoinjectors is at 

a payload of 2.25 mL; therefore, 

if the required dose is above this 

value, one could consider moving 

towards a wearable system that 

delivers the drug over a prolonged 

period of time, thereby, enabling 

the administration of larger quan-

tities without causing injection 

pain induced by volume.” 

Another driver for wearable 

device technology is time-depen-

dent delivery, Mayer observes. He 

cites Amgen’s Neulasta Onpro as 

an example, where the drug has 

to be delivered at a specific time 

window after chemotherapy. The 

on-body injector is applied to the 

patient’s skin after chemotherapy 

by the healthcare provider and it 

automatically delivers the biologic 

(pegfilgrastim) over a 45-minute 

period approximately 27 hours 

after application. The patient can 

remove the injector when dosing 

is complete. 

“In such cases, the micro -

controller inside a device can 

be programmed accordingly,” 

says Mayer. He notes that these 

advanced technologies enable 

pharmaceutical companies to 

work with drug formulations that 

cannot be delivered with prefilled 

syringes or autoinjectors due to 

their high viscosity or high dos-

ing volume requirement.

KEY CONSIDERATIONS 
FOR WEARABLES
Volume is obviously a key consid-

eration when developing a wear-

able drug product. “For patch type 

devices, the volume can start at 

1 mL up to 50 mL,” Mayer says. 

Nonetheless, he cautions that 

while it is possible to have more 

than 20 mL in a wearable device, 

one needs to consider that devices 

become larger when they have to 

accommodate higher payloads, 

and a bigger device will be less 

comfortable and concealable for 

the user. 

Another crucial consideration is 

the primary container. “In order to 

make easy-to-use devices a reality, 

it is important that the drugs are 

stored in suitable primary contain-

ers,” Mayer says. Ultimately, the 

aim is to ensure that the stability 

and quality of the drug is main-

tained throughout its shelf life. 

Graham Reynolds, vice-presi-

dent and general manager, Global 

Biologics at West Pharmaceutical 

Services highlights that a wearable 

injection technology should be 

regarded as an integrated system. 

“It starts with an understanding 

of the interface between the mol-

ecule and the container and incor-

porates a thorough understanding 

of the needs of the patient, to 

ensure effective drug delivery and 

optimum patient outcomes,” he 

explains. He recommends part-

nering with a company experi-

enced in the selection and supply 

of high-quality container systems 

for biologics, which often incorpo-

rate fluoropolymer-faced closures 

and polymer containers. “It is 

important that this consideration 

Drug Delivery
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is not made in isolation and that 

the integration of the container 

with the device is considered early 

to optimize performance,” he says.

Systems currently approved on 

the market are either using a con-

tainer that is part of the device 

and then loaded with drug by 

the user via a syringe, or one that 

works with a proprietary con-

tainer system, observes Mayer. 

“We are convinced that future 

devices will work with proven pri-

mary containers such as cartridges 

and vials. This reduces the vali-

dation burden and helps pharma 

companies to leverage on existing 

fill/finish infrastructure.”

PATIENT REQUIREMENTS
According to Reynolds, today’s 

advanced drug-delivery systems 

are complex pieces of technology 

that can incorporate innovative 

and intuitive features to poten-

tially make it easier for patients 

to self-administer critical medi-

cations. This shift, however, has 

created an interesting challenge, 

he notes; while self-administra-

tion technology becomes more 

complex, it must easily integrate 

into a patient’s l ife. Reynolds 

stresses that key to this mission is 

providing drug-delivery systems 

that are: 

• Less painful: Many companies are 

developing self-administration 

systems that minimize discom-

fort. A large-volume injector 

can help to address the issue of 

discomfort during self-admin-

istration, as they can mitigate 

perceived pain by using lower 

flow rates (higher flow rates are 

often associated with pain).

• Easy to use: Regardless of how 

innovative a delivery system 

is, it must be simple enough 

for anyone to use successfully. 

Human factors analysis can 

yield significant insight into 

patient behaviors, motivations, 

and needs to inform features 

that make delivery systems 

intuitive and less intimidating.

“Medication adherence is a 

complicated, ever-evolving puz-

zle,” Reynolds says. “How patients 

view and use their drug delivery 

system is one important piece of 

that puzzle and can significantly 

impact whether they stick with 

prescribed treatment regimens.” 

But he believes that the adherence 

challenge can be addressed when 

pharmaceutical companies work 

collaboratively with their device 

partners early in the drug develop-

ment process to design delivery 

systems that patients not only can 

use safely, effectively, and reliably, 

but want to use. 

SMARTDOSE FROM WEST
West has developed the SmartDose 

drug-delivery platform with exten-

sive human factors testing and 

analysis to understand the inter-

action between the patient and 

the delivery system. The system 

adheres to the patient’s body, usu-

ally on the abdomen, allowing 

patients to be hands-free during 

administration. “The SmartDose 

drug-delivery platform also offers 

a variety of integrated solutions for 

delivery and containment, featur-

ing a silicone-free Daikyo Crystal 

Zenith cartridge and a FluroTec-

coated  p i s ton  cont a i n ment 

system,” says Reynolds. “This com-

bination was chosen to provide an 

optimum system for drug contain-

ment, as well as a high-precision 

system that helps facilitate reliable 

injection performance.”

In addition, to help address 

barriers to adherence, West col-

l aborated  w it h  Hea lt h P r i ze 

Technologies to develop a con-

nected health offering that is 

designed to improve and reward 

medication adherence with unique 

technologies in a gamified environ-

ment. “The West and HealthPrize 

offering integrates HealthPrize’s 

Software-as-a-Service (SaaS) medi-

cation adherence and patient 

engagement platform into inject-

able drug-delivery systems with 

an app that tracks and rewards 

patients for taking their medica-

tion,” Reynolds explains. “By lever-

aging connected health in chronic 

disease management, including 

incorporating apps and other sys-

tems that add positivity or ‘gamify’ 

treatment regimens into integrated 

drug delivery, patients will have 

new motivation for caring for 

themselves, in both incentive and 

accountability, and clinicians will 

be able to better monitor patient 

data and medication adherence.” 

VERSATILE PLATFORM 
FROM SONCEBOZ
Sonceboz’s devices platform is 

unique in that it—aside from a 

single 6-mL container large-vol-

ume injector—provides pharma 

companies with novel options 

such as dual-cartridge injectors for 

combination therapies or payload 

extension and automatic recon-

stitution injectors that enable the 

patient to perform complex drug 

delivery from lyophilized drugs 

at home. “Although in-part still 

under clinical investigation, and 

currently administered intrave-

nously, we see the potential use 

for dual-drug combinations espe-

cially in immuno-oncology, where 

two or more proteins are admin-

istered in combination, for exam-

ple, the checkpoint-inhibitors PD1 

and CTLA4,” says Mayer. Dual-

drug combination could poten-

tially also be useful in cases where 

co-formulation of drugs is not 

possible for reasons of stability. 

“For automatic reconstitution, 

our device will be preloaded with 

both the lyophilized drug and 

the diluent stored in standard 

primary containers. Upon activa-

tion, the device starts a reconsti-

tution cycle, mixing the diluent 

with the drug, and then inject-

ing the reconstituted drug into 

Drug Delivery
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the patient. This capability is a 

great benefit because it eliminates 

multiple use steps such as the 

external connection of the drug 

containers to the device, there-

fore, enhancing patient comfort 

and safety, which ult imately 

improves quality of life and ther-

apeutic outcome,” he adds.

“Our three devices out of one 

platform design approach cen-

ters around usability for patients 

and compatibi l ity with exist-

ing pharmaceutical infrastruc-

ture,” Mayer says. “Each device 

design builds upon proven stan-

dard containers ranging from 

cartridges to vials. We are part-

nering with experts in primary 

packaging and assembly to pro-

vide a streamlined integration 

into existing filling processed.” 

YPSODOSE FROM YPSOMED
Ypsomed’s large-volume patch 

i n j e c to r ,  Yp s oD o s e ,  a l low s 

pat ient s  to  se l f - i njec t  a nt i -

body-based drugs in the range 

of 2–10 mL. The device is not 

an infusion pump, which takes 

hours or days to administer the 

drug, Ian Thompson, vice-pres-

ident, Business Development, 

Ypsomed, points out. “Instead, 

it is designed to be worn for up 

to 30 minutes during the injec-

tion,” he says, adding that for 

ease of use, YpsoDose comes pre-

filled with the drug cartridge to 

minimize user steps and sim-

plify handling. 

In addit ion, YpsoDose has 

a proven and robust electro -

mechanical drive mechanism, 

which can be customized to a 

range of drug volumes, viscosi-

ties, and flowrates. The system 

also controls needle insertion 

and the needle safety mecha-

nism, Thompson highl ights . 

W hen the patch injec tor  i s 

attached to the skin, the device 

senses skin contact and needle 

insertion and injection is ini-

t iated by pressing a but ton. 

YpsoDose also has the function-

ality to communicate with the 

patient or caregiver via audio and 

visual signals before, during, and 

after the injection.

Pens and autoinjectors have 

standardized drug reservoirs, 

typically 3-mL cartr idges and 

1-m L or  2 . 2 5 -m L s y r i nge s , 

respectively, notes Thompson. 

“A key aspect of YpsoDose is the 

careful selection of a standard 

drug container that interfaces 

with the sterile f luid path,” he 

says. “In close collaboration with 

pharma companies and specialist 

suppliers, Ypsomed has selected 

5-mL and 10-mL cartridges with 

vial stopper closures that inter-

face with the proprietary needle 

unit, which contains the injec-

tion needle and fluid path.” 

“Right from the start we have 

focused on using standard drug 

reservoir components that have 

been specified in collaboration 

with pharma customers, glass/

elastomer manufacturers, filling 

equipment companies, and con-

tract fillers. This approach pro-

vides customers with an ‘open 

source ’  d r ug conta iner  that 

facilitates the drug formulation 

and stability testing processes,” 

Thompson explains. “The inte-

gration of the cartridge system 

with the proprietary needle unit, 

skin sensing patch, and electrome-

chanical drive as well as patient 

interface combine to generate a 

unique system that can be indus-

trialized for a range of customers 

based on the same basic YpsoDose 

product platform.” 

The patient interface and size 

and weight of the device need to 

be carefully tested with patients, 

Thompson asserts. “Human fac-

tors studies to date have shown 

that  the technolog y i s  wel l 

understood and accepted by 

patients and that they can han-

dle YpsoDose easily,” he says. 

ENFUSE FROM ENABLE
Enable Injections has developed 

the enFuse wearable platform, 

a disposable wearable infuser 

that delivers high-volume (up 

to 50 mL), high-viscosity drug 

(biological) products to the sub-

cutaneous tissue. According to 

Jeannie Joughin, executive vice-

president and chief commercial 

of f icer, the enFuse is smaller 

than other wearable dev ices. 

“The 10 -mL dev ice i s  about 

the si ze of an Oreo cook ie,” 

she says, adding that the small 

size-to -volume rat io could be 

achieved because the dev ice 

does not incorporate a sepa-

rate rigid container closer and 

mechanism to extract or deliver 

the treatment; hence, it is more 

comfortable and discrete to wear 

under the user’s clothing.

The enFuse has the function-

ality for automated mixing and 

reconst itut ion of lyophi l ized 

drugs, which removes patient 

variability from the mixing pro-

cess. The smallest possible needle 

size is used but it can still deliver 

highly viscous drugs, Joughin 

highlights. “Because the patient 

never sees the needles, injection 

anxiety is reduced,” she says.

Joughin explains that the plat-

form has also been optimized 

to provide dosing f lexibi l ity, 

including a multi-vial system or 

syringe filling system for weight-

based dosing. A unique feature 

is the ability of the technology 

to respond to each patient by 

adjusting the injection flow rate 

for minimum pain. Moreover, 

the device comes with a “pause” 

f unct iona l it y.  “Connect iv it y 

enables data capture via an app to 

aid in monitoring of patient com-

pliance,” Joughin says, adding 

that the enFuse can accommo-

date any pharmaceutical primary 

container closure, hence, elimi-

nating the need for new con-

tainer closure stability studies. ◆
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C
ont i nuou s  c h romatog ra -

phy processes use the same 

resin and buf fer systems 

as batch counterparts, but 

in a smaller footprint with less resin 

and buffer consumption. Switching 

from batch to continuous allows for 

improved resin capacity utilization 

through continuous loading (over-

loading, in fact) of the column or 

membrane for increased process effi-

ciency. It is particularly attractive for 

sensitive biomolecules that need to be 

rapidly separated from the other com-

ponents in bioprocess solutions. 

Some regulatory aspects must still be 

addressed, however, and for companies 

with extensive existing infrastructure, 

switching to continuous chromatogra-

phy might not be cost-effective. 

COONNTINNUOUUUS VSS. 
BAATTCH CCHRROOOMAATTOGGRAAAPPHYY
In batch chromatography, one large 

column is used. In continuous multi-

column chromatography, the large col-

umn is effectively split into a number 

of much smaller columns that oper-

ate in series over a larger number of 

cycles. While product is loaded on some 

columns, other columns in the set are 

going through the wash, elution, and 

regeneration phases. By allowing simul-

taneous operation on many columns, 

continuous chromatography is more 

efficient with time and resin, according 

to Michelle Najera, senior development 

scientist for downstream product devel-

opment for AGC Biologics. “The load 

phase can be split into two columns in 

series as well, allowing more product 

Making the Move to 
Continuous Chromatography

Cynthia A. Challener
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to be applied to a given volume of 

resin since unbound product from 

the first column is easily collected 

by the second column in the load 

phase,” she adds.

Different vendors offer differ-

ent formats; in some cases up 

to eight columns can be used, 

accord ing  to  Pete r  L ev i son, 

senior market ing director for 

downstream processing at Pall 

Biotech. “Mult icolumn chro -

matography has long been an 

accepted continuous pur if ica-

tion practice by small-molecule 

manufacturers, but is just now 

gaining traction in the biomanu-

facturing space,” he says.

C ont i nuo u s  c h r om atog r a -

phy systems are designed to be 

loaded continuously, which is a 

useful approach when the puri-

fication step is connected to an 

upstream perfusion bioreactor. 

There are several different tech-

niques available, including sim-

ulated moving bed (SMB) and 

periodic counter current chro-

matography (PCC). The aim is 

the same for all: to achieve a 

continuous (over) loading of the 

columns or membranes,  and 

thereby improve the process 

ef f ic iency through increased 

r e s i n  c a p a c i t y  u t i l i z a t i o n , 

according to Lotta Molander, 

senior product manager with GE 

Healthcare Life Sciences. “This 

approach also allows a chroma-

tography step to be run with 

less safety margins than would 

normally apply in a traditional 

batch process without loss of 

product,” she says.

Some systems come with flow 

paths that are designed to be 

cleaned and reused, while oth-

ers are f low paths that are sin-

gle-use. Some systems come with 

dynamic control functionality—

process analytical technology 

(PAT)—that enables the continu-

ous chromatography unit opera-

tion to better adapt to changes 

in feed concentrat ion (when 

connected to a bioreactor) or 

differences between columns in 

real-time, assuring steady state 

operations and a robust/stable 

output from the chromatography 

step, Molander notes.

WWHHY SSSHOUUULDD YYOU MMMOVVEE TOO 
COONTINNUOOOOUS CCHRROOMMMATTOOGRRAPHHHHY?
Regardless of the technical solu-

tion used for continuous chroma-

tography, it can offer advantages 

compared to traditional batch 

chromatography through the 

improved uti l izat ion of resin 

capacity, according to Molander. 

“Data indicate that more than one 

column offers better efficiency, and 

greater yield of product per unit 

volume of chromatography resin 

per unit of time. That means that 

because the columns are smaller, 

less resin volume is used, and it 

can be used much more efficiently, 

thereby saving cost,” Levison states.

In turn, a decrease in the 

equipment footprint and f loor 

space requirements in classi-

f ied areas is possible, because 

unit operations can be down-

sized, particularly when two or 

more unit operations are con-

nected in a fully or semi-contin-

uous/hybrid production process, 

according to Molander. Buffer 

consumption is also reduced.

Ma nu fac t u re r s  a re  a lways 

t ry ing to opt imize their pro -

cesses ,  pa r t ic u la rly  a s  prod-

uct titers increase, according to 

Levison. In the case of antibod-

ies, the industry is now working 

well above 3 g/L, even up to 5 

g/L, with titers of 10 g/L being 

described. “To really maximize 

productivity, the kinetic effects 

of adsorption:desorption of pro-

tein to the resin become impor-

tant, and drive demand for more 

columns in order to operate at 

high flow rates while maximiz-

ing the productivity benefits of 

cont inuous chromatography,” 

Levison observes. 

In the c l inical manufactur-

ing setting, Levison notes that 

users are looking for more effi-

cient use of the resin lifetime by 

cycl ing more f requently com-

pared to batch. “Clinical manu-

facturers are motivated to cycle 

as much as possible using fairly 

short residence times in order 

to use less resin early on when 

the future outcome for a given 

molecule is still unknown,” adds 

Najera. She points out that com-

mercial manufacturers, on the 

other hand, may use a st rat-

egy where slightly longer resi-

dence times are used to reach 

high resin loading because the 

ma x imum number of  c yc les 

will eventually be reached for 

a  com merc ia l i z ed  molec u le 

w ith steady demand for the 

drug. “The real benefit,” asserts 

Levison, “is overall greater pro-

ductivity and improved process 

economics based on reduced 

resin requirements and reduced 

buffer usage.”

As a contract manufacturer 

t hat  produces  a  s ig n i f ica nt 

amount of clinical material, AGC 

Biologics’ current goal with con-

tinuous chromatography is to 

more efficiently use resin so that 

less is required to make clinical 

material, according to Najera. 

Downstream Processing
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“The cost for resin makes up a 

significant portion of the cost 

to manufacture clinical mate-

rial. Resin reduction is achieved 

by cycling the resin more inten-

sively than traditional chroma-

tography,” she explains. 

In addit ion to cost savings, 

Molander notes that the steady 

state  operat ion that  can be 

achieved with continuous chro-

matography can also give addi-

t ional process robustness and 

control and lead to improved 

product quality levels, which can 

be particularly useful when pro-

cessing unstable molecules.

Access to single-use continu-

ous chromatography systems 

is a lso advantageous, accord-

ing to Levison. “With the abil-

ity to operate at higher titers or 

cell densities, there is a drive 

to reduce bioreactor volume. If 

a manufacturer can reduce its 

process to a 2000-L bioreactor, 

or multiple 2000-L bioreactors, 

facilities become much easier to 

build with shorter construction 

times and reduced cost. In this 

case, single-use chromatography 

becomes a very desirable compo-

nent of the entire single-use pro-

cess,” he explains. 

Importantly, according to Jim 

Sulzberger, process chromatog-

raphy consultant with Bio-Rad 

Laboratories, the advantages of 

continuous chromatography—

increased utilization of chroma-

tography media binding capacity, 

significant reduction in buffer 

consumption, increased adoption 

of single-use buffer pathways 

and pre-packed large columns, 

decreased capital costs, and lower 

real estate costs—can be achieved 

using all of the same types of 

media originally developed for 

batch processes. He also notes 

that the advent of new mem-

brane chromatography devices 

and chromatography media with 

hydrophilic base beads and high 

ligand densities will maximize the 

impact of continuous operations.

WWHHENN SHOOOOULLDD YOOUUU MMOOVVE TTO
COONTINNUOOOOUS CCHRROOMMMATTOOGRRAPHHHHY?
Traditional chromatography steps 

can create bottlenecks in the pro-

cess because they can be time 

and labor intensive. Continuous 

multicolumn chromatography, 

according to Levison, overcomes 

this barrier and can be applied 

to pretty much any batch pro-

cess. “The transition is not diffi-

cult. The manufacturer just needs 

the right equipment and exper-

tise; the processes use the same 

buffers and resins as used in their 

current batch processes,” he says. 

“Ultimately, if you want to work 

faster, continuous multicolumn 

chromatography is an excellent 

solution for both small- and large-

molecule processes,” he states.

Continuous chromatography 

can be an excellent choice when 

working with sensitive molecules, 

where continuously removing 

the molecule from a potentially 

harmful environment into the 

first purification step can be the 

only viable option, according to 

Molander. She adds that in scenar-

ios where there is limited product 

demand (in kg), continuous chro-

matography using a higher num-

ber of cycles in the available time 

can allow significant reduction of 

the needed resin volume. 

F o r  S u l z b e r g e r ,  c o nt i n u -

ous chromatography should be 

of interest for all processes that 

start with a capture step and 

where there is a desire for straight 

through processing. “The premise 

behind continuous bioprocessing 

is a decrease in consumable costs 

and an increase in process pro-

ductivity. Process development is 

the same in terms of selectivity, 

but there are changes in terms of 

engineering concerns surround-

ing efficiency and capacity. For 

current commercial processes, 

however, many continuous chro-

matography platforms have soft-

ware that aids in converting a 

batch process to a continuous pro-

cess,” he comments.

Protein A capture steps are the 

most common application for con-

tinuous chromatography at AGC 

Biologics. “The resin is expensive 

and therefore the potential cost 

of goods savings is substantial,” 

Najera observes.

When considering continuous 

chromatography for a new process, 

Molander does add that the ben-

efits from continuous processing 

should be balanced with the risk 

of delayed regulatory process appli-

cations and thereby time to clini-

cal trials and market introduction. 

“Even though regulatory agencies 

are very supportive and collabora-

tive when it comes to companies 

introducing different process inten-

sification initiatives, there is still, 

to my knowledge, no approved 

biopharmaceutical product with a 

continuous chromatography step, 

and some aspects/questions in the 

area that could still benefit from 

further clarifications,” she says.

WWHHY YYYOU SSHOOUULD NNOT MMOVVEE TTTOO 
COONTINNUOOOOUS CCHRROOMMMATTOOGRRAPHHHHY
Not all chromatography steps are 

suitable for continuous processing. 

For instance, when a manufac-

turer is using a chromatography 

adsorbent that requires a longer 

contact time between the ligand 

and ligate to get effective inter-

action, continuous multicolumn 

chromatography may not be the 

best option, according to Levison. 

He points to some affinity pro-

cesses that need to have extended 

contact times and need to run 

slowly; the efficiencies of continu-

ous chromatography would not be 

realized in these cases. Switching 

from batch to continuous chro-

matography would also not make 

sense for processes that are mini-

mal or only run once per year.

Downstream Processing

http://www.biopharminternational.com
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Downstream Processing

C ont i nuou s  c h rom atog r a -

phy is not recommended when a 

chromatography step is not well 

understood, is expected to expe-

rience significant variability, or 

may be modified later, according 

to Najera. “One thing we like to 

remind ourselves is that we should 

fully understand all aspects of a 

process step run in batch mode 

before it is modified to a continu-

ous step,” she notes. 

For companies with a large 

installed base of equipment and 

facilities plus well-established 

plat forms and inf rastructure, 

GE Healthcare sees an increased 

interest in addressing process 

efficiency initiatives in different 

ways,” according to Molander. 

“The producers want to maximize 

the use of existing resources with 

few changes to standard operat-

ing procedures, rather than invest 

in new equipment for continuous 

chromatography,” she says. 

Contract manufacturers face 

other issues. AGC Biologics often 

has less ability to make modifi-

cations toward continuous chro-

matog raphy for  commerc ia l 

processes, according to Najera. 

“Modif icat ions to commercial 

processes  may requ i re  add i -

tional regulatory filing activities. 

Making the switch to continuous 

chromatography at this stage is 

therefore less appealing for our 

clients,” she observes.

ANNALYYYTICCAAAL AANNDD 
REEGGULLLATOOOORY QQUEESTTIIONNSS
Outside of increasing early adopt-

ers of continuous chromatography, 

there are two improvements that 

need to be addressed to keep con-

tinuous processing on the path to 

become the new purification para-

digm, according to Sulzberger. 

The first issue relates to sen-

sor and PAT for enhanced process 

 monitoring and real-time release 

of the product to next-unit opera-

tion, according to Molander. “PAT 

and analytical methods that allow 

a process to continue running 

while providing feedback on criti-

cal quality attributes of a particular 

purification step have not evolved 

at the same rate as their process 

science counterparts,” Sulzberger 

says. Since PAT is not yet a via-

ble reliable option, he notes that 

how often and when to have hold 

steps to perform quality checks is a 

required discussion.

Reporting and analysis tools for 

time-based data (i.e., chromato-

grams) need some improvements 

as well, according to Najera. “We 

are going from chromatograms for 

just a few cycles to often over 100 

eluate peaks per continuous sublot. 

There needs to be a way to analyze 

and report these data seamlessly, 

as well as detect adverse trends in 

performance,” she explains. 

Regulatory aspects are the sec-

ond area of concern. Here, Levison 

believes that advances can be made 

as more data are generated. “In this 

instance, there is a great benefit of 

starting from the process develop-

ment step to document scalability,” 

he notes. 

T he  d i s c u s s ion  top ic  fo r 

Sulzberger focuses on whether 

there is sufficient guidance from 

regulatory agencies on how a 

‘batch’ is defined. “If there is a 

truly continuous process, when 

are lot numbers assigned dur-

ing the process? If there is ever 

a recall of a drug product, how 

large of a batch would need to 

be recalled given lot definition 

and how far back in the process 

should the proper investigation be 

extended?” he asks. 

“Collaboration between indus-

try leaders, early adopters of con-

t inuous chromatography and 

continuous processing in general, 

and regulatory agencies will be 

paramount in appropriately defin-

ing such guidelines and require-

ments,” Sulzberger asserts.

Finally, Molander notes that the 

industry is in the early days of 

adoption of connected process-

ing techniques in the biomanufac-

turing workflow. “More modular, 

plug-and-play equipment designs 

that can fit in seamlessly to differ-

ent automation backbones would 

help accelerate that transition,” 

she observes.

ACCCCELLEERAATTTINGG ADDOOPPTIOON
As with all new technologies, 

Sulzberger notes that there will 

be a learning curve, with some 

scientists/companies quick to 

adopt continuous chromatogra-

phy. “Early adopters of continuous 

chromatography will see more effi-

cient production, and by extension 

lower cost of goods for their final 

products. Additionally, they will be 

able to construct smaller produc-

tion sites due to the reduction of 

skids and columns required to pro-

duce a given number of batches of 

a particular pharmaceutical prod-

uct,” he says.

“It comes down to adoption,” 

agrees Levison. “Open access to 

real-world experimental data that 

demonstrate the efficiencies of 

continuous multicolumn chroma-

tography is essential. As more large-

scale applications get published, 

there will be more demonstrations 

of scalability, which will advance 

adoption,” he concludes. ◆
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T
he purity (aggregates, host-cell 

proteins, host-cell DNA, etc.) 

and structure (sequence of 

amino acids, post-translational 

modifications, folding, etc.) of proteins 

directly impact the safety and efficacy 

of any formulated drug product based 

on them. Because proteins are generally 

produced as a mixture of similar but 

different biomolecules using living cells 

and subjected to extensive purification 

steps, variations in their structure and 

purity can occur from batch to batch. 

The Internat ional Counci l  for 

Harmonization (ICH) guidance Q6B, 

Specifications: Test Procedures and Acceptance 

Criteria for Biotechnological/Biological 

Products (1) established guidelines for 

setting specifications for biologic drug 

substances, including determination of 

their composition, physical properties, 

and primary and higher-order struc-

tures, using appropriate methodologies. 

Comprehensive characterization of pro-

teins is often challenging, however, given 

their complexity. In many cases, singular 

analytical methods cannot provide the 

complete picture for specific attributes. 

Orthogonal methods—different methods 

intended to measure similar attributes—

are often necessary to provide independent 

confirmation of protein properties. Protein 

particle characterization is no exception.

The key when selecting orthogonal 

analytical methods is to choose tech-

nologies that overlap in complementary 

ways to provide a complete characteriza-

tion of the protein in question, accord-

ing to Kent Peterson, president and CEO 

of Fluid Imaging Technologies. The first 

step is to identify the information that 

is required for protein characterization 

Multiple Views Deliver 
Protein Particle Characterization

Cynthia A. Challener
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cccchhhaaaaarrraaaacccttteeeeeeeerrriizzzzzzzzinnnnnngggggggg 
ccccooooooommmmmmmmppppppppleeeeeeeexxxxxxx 
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fffooooorrrmmmmmuuuuullaaaaaaaattiiioooooooonnnnnnnssssss..
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is a contributing editor to  

BioPharm International.
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and which techniques can provide 

that information—and the informa-

tion that each cannot provide. “It 

is important to keep in mind that 

different techniques may provide 

the same information, but produce 

different results due to their varying 

technologies,” Peterson says.

Proteins, as well as all types of 

monoclonal antibodies and gene 

and cellular therapeutics, differ in 

terms of their structures, biologi-

cal activities, and purity profiles. 

While different sets of orthogonal 

technique strategies may be used 

for different biologics, true “toolbox” 

approaches or platforms may not be 

completely successful, according to 

Mike Merges, director of strategic 

growth for Catalent Biologics.

As a result, Catalent, when devel-

oping strategies for assay or method 

development and optimization, con-

siders a combination of “one factor at 

a time” (OFAT) to define individual 

factors, at least initially, and design 

of experiment (DoE) to look at multi-

ple and interacting factors. “The use 

of fractional factorial DoE as soon 

as is practical allows for a more rapid 

and robust development of a set of 

orthogonal methods,” Merges adds.

When it comes to particle anal-

ysis, Peterson notes that different 

techniques rely on different detec-

tion principles ranging from fairly 

basic (visual/microscopic inspec-

tion) to high-tech methods (reso-

nant mass measurement [RMM], 

analytical ultracentri fugation 

[AUC]) and cover a wide range of 

particle sizes. “No single technique 

provides all of the answers. Two 

different techniques provide more 

data than just one,” he observes.

EFFFFFEEEECTTTIIVVVE OOORRRTHHOOOGGGOOOOONNNAAALLL MMMMMEEETTTTHHHHOOOODDDDDSS
Effective sets of orthogonal methods 

“follow-the-molecule,” according to 

Merges. Timeliness, cost-effectiveness, 

and accuracy are other important fac-

tors, according to Peterson. In addi-

tion, Merges notes that the ability to 

validate the techniques and transfer 

them from the development phase/

lab to the quality control phase/

lab or even to an outside contract 

research organization are essential.

“Validation is accomplished in a 

phase-appropriate manner,” Merges 

continues. The overall guidance for 

all phase-appropriate levels is ICH 

Q2 (R1) (2), although different tech-

nical platforms (e.g., enzyme-linked 

immunosorbent assay [ELISA] or 

bioassay potency tests) may have 

specific levels of adherence to the 

ICH guidelines and/or other pieces 

Analytical: Protein Characterization
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Critical Quality Attributes:
The Ins and Outs of LC-Based 
Analytical Tools and TechniquesA Q&A

The importance of critical quality attributes for the 

safety and efficacy of biotherapeutics.

A
t the 2018 WCBP Symposium in Washington, D.C.—a meeting intended to address 

issues at the intersection of analytical development and global regulations for biothera-

peutics—much of the discussion throughout the week revolved around critical quality 

attributes (CQAs). Attendees wanted to know what are CQAs, how to define them, how to 

identify them, and how to monitor them. BioPharm International recently sat down with Anne 

Blackwell, PhD, an applications scientist at Agilent Technologies, to talk about these important 

issues, some of the analytical challenges scientists face, and new tools available to meet those 

challenges.

BioPharm International: What makes CQAs such a hot topic for biotherapeutics?
Blackwell: Ultimately, it boils down to the safety and efficacy of the drug product, the impor-

tance of which cannot be understated. CQAs are all the properties of a biomolecule that may 

affect how safe and effective it is. One aspect of this inspection is identifying and defining the 

CQAs. For example, which structural properties of the protein have an impact on its safety or 

efficacy, and which do not? Another aspect is the huge analytical challenge of measuring all 

of these attributes with sufficient sensitivity, resolution, speed, and accuracy.

BioPharm International: Can you give an example demonstrating the impact of a 
CQA on safety, and how one might monitor that CQA?
Blackwell: Aggregation provides a clear example of this. Aggregation of a biotherapeutic can 

trigger an undesirable immune response. Unfortunately, aggregation is fairly common. When 

a protein is stressed by sample handling or storage conditions, for example, it can aggregate.

Size-exclusion chromatography (SEC) is the go-to approach for measuring aggregation. 

Agilent’s AdvanceBio SEC columns are a great tool for this. The inert chemistry of the packing 

material minimizes secondary interactions. As a result, it is not necessary to add extra salt or 

organic solvents to the mobile phase, which could influence the accuracy of measurements. 

Either of these additives could inadvertently affect the aggregation state of the protein. Ideally, 

the measurement should reflect what is present without changing what is present.

BioPharm International: Could you please provide an example of how LC and other 
techniques can be used together to form a more complete analysis of the CQA?
Blackwell: In terms of aggregation analysis, SEC is really good at measuring the relative 

abundance of monomer to dimer. It can provide insights regarding sediments or higher-order 

Anne Blackwell, PhD 

Applications Scientist 
Agilent Technologies

https://www.agilent.com/
http://www.biopharminternational.com/
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aggregates. An SEC run can take roughly 15 minutes, however, 

and the sample is tough to recover.

In a high-throughput environment, it may make sense to use 

a faster screen first. A UV-Vis screen could be used initially to 

quickly determine the relative amount of aggregate. UV-Vis can 

provide that measurement within seconds. Then, any samples 

that need further quantitative analysis of the aggregates could 

be flagged for SEC.

Even more information can be obtained by combining 

SEC with a light-scattering detector. With light scattering, 

it is possible to determine the molecular weight and then 

confirm the aggregation state of the protein. So, certain tools 

can be used either before or in addition to SEC to flesh out 

more information.

BioPharm International: What is one way that scientists 
can try to control these CQAs, perhaps by limiting 
product-related impurities or by encouraging the 
production of a single specific protein product?
Blackwell: Risk is reduced if a uniform product can be pro-

duced in the first place. This can also simplify the downstream 

purification and analysis process. Carefully optimizing and 

monitoring the cell culture media conditions in which the bio-

therapeutic is produced can lead to a more uniform product.

Every protein and biotherapeutic is unique. But ensuring 

that the cells have everything they need—and only what 

they need—can lead to fewer sequence variants or even to 

glycosylation patterns that are more uniform. The UV detec-

tion of derivatized amino acids (e.g., by using a tool such as 

AdvanceBio Amino Acid Analysis kit) has been a common 

approach to this for a long time. Recently, in addition to 

looking at amino acids, there has been increasing interest in 

considering what other components of the media are key to 

productivity. Moreover, by determining which compounds in 

the spent media are indicative of a problem, one can quickly 

address and remedy the issue.

Agilent’s newest column is a great tool for this. The 

AdvanceBio MS Spent Media column with mass spectrometry 

detection allows the analysis of underivatized amino acids in 

samples. But it is also possible to look at other cell culture 

metabolites at the same time, using a single analytical method.

BioPharm International: Multi-attribute methods sound 
like an exciting, but challenging, means of monitoring 

CQAs. Please describe those challenges and what 
one might look for in a column and chromatography 
technique for multi-attribute methods.
Blackwell: Multi-attribute methods are definitely a challenge, 

but a really interesting one. All analyses cannot be replaced 

with a single method. However, in addition to the primary 

sequence of a protein, a single method can potentially monitor 

a wide variety of post-translational modifications, ranging from 

clips to deamidation, or even glycosylation.

Multi-attribute methods rely upon the specificity of mass 

spectrometry detection. Not only does it determine that 

there was a change, but it also identifies exactly what that 

change is. Analysts will want columns that enable them to 

take full advantage of the sensitivity and specificity of mass 

spectrometry such as having sharp, symmetric peaks under 

formic acid mobile phase conditions.

Furthermore, the goal of multi-attribute methods is to 

simultaneously monitor a wide variety of CQAs. The ability to 

separate a range of peptides and to resolve post-translational 

modifications, especially isomers, is key. AdvanceBio Peptide 

Mapping and AdvanceBio Peptide Plus are two reversed-

phase columns that have complementary selectivity and 

retention for peptide mapping and multi-attribute methods.

BioPharm International: Many of the columns you have 
mentioned include AdvanceBio in the name. What is the 
driver behind the AdvanceBio branding?
Blackwell: The AdvanceBio brand reflects Agilent’s effort 

to design column products specifically to address the chal-

lenges of analyzing biological molecules. Agilent has been 

in the small-molecule chromatography market for a long 

time, but biologics definitely have unique challenges versus 

small molecules.

Therefore, Agilent is consciously testing columns on these 

applications in the research and development stage, as well as 

through application-specific QA testing during column produc-

tion. Agilent is working hard to expand its AdvanceBio portfolio 

to offer all the separation tools needed to fully characterize 

biotherapeutics, to accurately monitor CQAs, and to back that 

portfolio with expert support.

Agilent’s goal is to provide its customers with the tools 

they need to be successfu l. That requires us to l isten 

carefully to what they need and then innovate to create 

those solutions.
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of guidance, such as United States 

Pharmacopeia (USP) <1033> (3) and 

<1034> (4). “The establishment of 

appropriate validation acceptance 

criteria should be based upon data-

driven decisions. Those data are best 

generated via a pre-validation exer-

cise conducted prior to the drafting 

of each phase-appropriate validation 

protocol,” he explains.

ORTTTHHHOOOGGOONNNNAALLL TTTEECCHHHHNNNNNIQQQQQUUUEESSSS
FOOORRR PAAARRRTTICCCCLLEEE CCCHHAARRRAAAAACCCCTTTEEEERRIIZZZZAAAAATTTIIIOOOONNNNN
When it comes to particle char-

acterization, Petersen points out 

that collection of imaging data is 

one of the accepted techniques for 

acquiring size, shape, and other 

morphological information used 

to differentiate protein aggregates 

from other particles in the formula-

tion. “The nature of the particles in 

protein formulations and the small 

sample volumes pose a challenge 

in that throughput, accuracy, and 

specificity are met by very few tech-

nologies, however,” he comments. 

Different techniques have differ-

ent strengths and weaknesses for 

addressing these challenges. “For 

example,” Petersen observes, “parti-

cle count can be obtained by various 

particle analyzers, including single-

function particle counters, light 

obscuration (LO) instruments, and 

flow imaging microscopes (FIMs). 

However, only some FIMs offer light 

and dark pixel thresholding that 

enables the detection of translucent 

proteins, while these proteins go 

undetected by other technologies.” 

More specifically, LO provides 

particle count and concentration 

for large sample volumes. It pro-

vides the ability to analyze large 

volumes relatively quickly, has 

been around for a long time, and 

is seen as the first step in particle 

analysis, according to Peterson.

It does not capture morphological 

information about the particles con-

tained in the sample, however, nor 

does it accurately detect or record 

translucent to semi-translucent par-

ticles, according to Peterson. “In LO, 

the signal from each particle is con-

verted to a sphere of correlative size, 

and what is actually measured is 

the equivalent spherical diameter 

(ESD) of the generated sphere. We 

know, however, that not all protein 

particles are spherical in shape, so 

this method does not produce the 

most accurate size distribution,” he 

explains. LO is an inexpensive and 

quick method that has been in use 

for decades despite these limita-

tions due mostly to the fact that it 

remains a USP compendial method.

FIM, on the other hand, enables 

the detection of particle sizes 

ranging from 300 nm–5 mm and 

reveals morphological character-

istics of the particles imaged. In 

addition, FIM can detect translu-

cent, semi-translucent, and opaque 

particles and allows for the differ-

entiation of protein aggregates and 

non-proteinaceous particles.

GREEAAATTTEERR AAACCCCCEPPPTTAANNNNCCCCCEEE OOOOOFFFF FFFFIIMMMMMM
Currently, light obscuration and 

membrane microscopy are required 

by USP regulations, and flow imag-

ing microscopy is being rapidly 

embraced globally, according to 

Peterson. The combination of tech-

nological advancement and the 

industry’s acceptance of the need 

for a better method to fill the gap 

where methods like LO left a lot of 

unanswered questions—specifically 

for smaller micro- and nanoparticle 

analysis—have paved the way for 

newer methods to become widely 

accepted, he explains. “Better data 

from imaging flow microscopy pro-

vides morphological characteristics 

of the particles analyzed and answers 

these questions while providing a 

more detailed analysis,” he says.

NANNNOSSCCAALLLEE AAANNNAALLYYYSSSIISSSS NNNNNEEEEEEEDDDDDSSS
Nanoparticle analysis lacks many 

orthogonal components. Historically, 

imaging in flow could not address 

this size range, according to Peterson, 

so information on size and shape and 

transparency through the imaging 

of nanoparticles had been missing. 

Newer technologies such as nano-

flow imaging from his company are 

addressing this need. Automated 

membrane microscopy from HALO 

Labs and hypersprectral imaging 

from Spheryx are also offering prom-

ising solutions. “Until recently, there 

has been no imaging capability for 

flow imaging microscopy of parti-

cles in the nanometer size range. The 

FlowCam Nano imaging instrument 

from Fluid Imaging Technologies is 

an oil immersion flow microscopy 

technique that provides optical res-

olution down to the hundreds of 

nanometers,” Peterson says.

SLLLOOWWWW RREEGGUUUULLAAATTOOORRYYY AAAAACCCCCCCEEEEPPTTTTTAAAANNNCCCCEEEE
The breakthrough technologies 

described herein are examples of 

solutions being developed by instru-

ment manufacturers in response 

to the needs of formulation devel-

opment scientists for orthogonal 

analytical techniques for protein 

characterization. Bringing them 

to the market is increasingly diffi-

cult, however, according to Peterson. 

“There seems to be a growing lag 

time between commercial imple-

mentation and regulatory accep-

tance and requirements. These 

delays may be jeopardizing the 

timely, widespread use of technolo-

gies that can significantly contrib-

ute to the safely and efficacy of 

biotherapeutic drugs,” he asserts.

REEFFEEEERRENNCCEEEESS
1.  ICH, Q6B Test Procedures and Acceptance 

Criteria for Biotechnological/Biological 
Products, Step 4 version (ICH, 1999).

2.  ICH, Q2(R1) Validation of Analytical 
Procedures: Text and Methodology, 
Step 4 version (ICH, 1994) 
(Complementary Guideline on 
Methodology dated 6 November 1996 
incorporated in November 2005).

3.   USP General Chapter <1033>, “Biological 
Assay Validation” (US Pharmacopeial 
Convention, Rockville, MD, 2010).

4.  USP General Chapter <1034>, “Analysis 
of Biological Assays” (US Pharmacopeial 
Convention, Rockville, MD, 2012). ◆
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M
any new biological enti-

ties use unique processing 

flows and steps that can 

require non-traditional 

thinking about process validation. 

Large-molecule drug products and atten-

dant manufacturing processes often 

involve complex syntheses and purifica-

tion steps that differ substantially from 

those employed for small-molecule phar-

maceutical products. In fact, it has been 

said that for biotechnology products, 

“The product is the process.” Traditional 

small-molecule drug products have well-

defined chemical structures and can 

be analyzed to ensure conformance to 

specifications. Biopharmaceuticals are 

often complex molecules, or mixtures 

of molecules, produced in biological 

systems and it is not always possible to 

fully characterize these products in the 

laboratory. Therefore, the manufactur-

ing and purification processes become 

critically important in ensuring the 

“sameness,” quality, efficacy, and safety 

of these products.

Process validation is documented 

process understanding and control that 

begins when it is determined that a cell, 

molecule, or compound may have clini-

cal significance and ends when the prod-

uct is no longer viable in the marketplace. 

Each product and process may have dif-

ferent validation formats and structures 

and may not fit the traditional valida-

tion models. Validation requires careful 

thought and planning. It is not a stack 

of protocols and reports designed to sat-

isfy regulatory expectations. It is not fol-

lowing by rote a series of “qualifications” 

Understanding Validation and 
Technical Transfer, Part I

Russell E. Madsen
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such as design (DQ), installation 

(IQ), operational (OQ), and perfor-

mance qualification (PQ) studies. It 

is not hiring a validation company 

to develop the protocols, perform 

the studies, and write the reports. 

A BRIEF HISTORY
The need for formal process vali-

dation became evident following a 

series of incidents beginning in the 

early 1960s. Thalidomide, a widely 

prescribed drug for morning sick-

ness in pregnancy, was determined 

to have caused birth defects, lead-

ing to the 1962 Kefauver-Harris 

Amendment to the US Federal Food, 

Drug, and Cosmetic Act, which 

among other provisions, autho-

rized FDA to issue good manufac-

turing practice (GMP) regulations 

for “manufacturing, packaging, or 

holding of finished pharmaceuti-

cals.” Those regulations were final-

ized in 1963 as 21 Code of Federal 

Regulations (CFR) 133 “Drugs; 

Current Good Manufacturing 

Practice in Manufacture, Processing, 

Packing, or Holding” (1).

During the period 1966–1972, a 

series of incidents at Evans Medical 

Ltd., Liverpool, England, led to the 

deaths of five people due to micro-

bially contaminated infusion flu-

ids. The contamination was found 

to be due to problems with the 

autoclaves used to process termi-

nally sterilized parenterals (2).

From 1970–1973, a series of 

septicemia events in hospitals 

throughout the United States due to 

contaminated IV fluids were linked 

to inadequate container-closure 

systems and terminal sterilization 

conditions for large-volume paren-

terals (LVPs) produced by several 

manufacturers. Following a series 

of inspections, FDA questioned the 

manufacturers’ ability to ensure ste-

rility of these products, leading to 

the promulgation of GMP regula-

tions for LVPs in 1976 (3). Although 

the LVP GMP regulations were 

never finalized and were ultimately 

withdrawn, they established for-

malized requirements for the vali-

dation and monitoring of critical 

processes such as sterilization.

When the US GMP regulations 

underwent a major revision in 1978, 

validation requirements for steril-

ization processes were included (4). 

Subsequent revisions to US and 

international regulations and guid-

ance documents stressed the need 

for process validation and quality 

management systems to ensure 

pharmaceuticals and biopharmaceu-

ticals are safe and effective.

In May 1987, FDA issued a draft 

process validation guidance docu-

ment for comment (5). That draft 

guidance was followed by two more, 

one in 2008 (6) and one in 2011 (7). 

Each of these guidance documents 

was intended to clarify FDA’s expec-

tations regarding process validation.

The International Council for 

Harmonization (ICH), an orga-

nization composed of regulatory 

authorities from the US, Europe, 

Japan, Canada, Switzerland, Brazil, 

China, and the Republic of Korea, 

and representatives of pharmaceu-

tical industry organizations, has 

published a series of documents 

that, among other things, relate to 

process validation: Q6B for setting 

specifications for biotechnological 

and biological products (8), Q7A 

for active pharmaceutical ingre-

dients (9), Q8 for pharmaceutical 

process development (10), Q9 for 

quality risk management (11), Q10 

for pharmaceutical quality systems 

(12), and Q11 for drug substance 

development and manufacture (13). 

In 2007, ASTM International 

published E2500, Standard Guide 

for Spec if icat ion, Design, and 

Verification of Pharmaceutical and 

Biopharmaceutical Manufacturing 

Systems and Equipment, which 

describes an alternative to conven-

tional process validation (14).

The literature is full of references 

to process validation, and many 

of them seem to be contradictory. 

What is process validation, really? 

To understand this, we need to 

define “process” and “validation.”

“PROCESS” DEFINED
Process has been defined in a 

number of ways. One dictionary 

definition is “a particular method 

of doing something, generally 

involving a number of steps or 

operations” (15). Another defi-

nition is “a series of actions that 

you take to achieve a result” (16). 

However, these definitions do 

not adequately consider the fac-

tors influencing the operations, 

actions, and steps that constitute a 

process. Those factors include the 

processing system itself, the inputs 

that drive the system, and the sys-

tem outputs.

Scherkenbach, a student of W. 

Edwards Deming, defines process 

broadly yet concisely.  “In its sim-

plest form, a process is a blending 

or a transformation of inputs such 

as people, materials, equipment, 

methods, and environment into 

outcomes. Some of these inputs 

do the transforming and some of 

them are transformed” (17). This 

definition considers important 

process influences lacking in dic-

tionary definitions. The keys to the 

effectiveness of this definition are 

the identified influences on the 

inputs and outputs. Those influ-

ences must be defined, evaluated, 

and controlled to ensure the pro-

cess performs as intended.

Figure 1, based on Scherkenbach’s 

work, presents a process defini-

tion applicable to pharmaceutical 

and biopharmaceutical validation. 

Specifically, a process is inputs 

operating through a processing sys-

tem to produce outputs. The inputs 

and outputs are influenced by 

people, material, equipment, pro-

cedures, and the environment in 

which they operate.

Processes may be discrete or 

linked so that the output of one 

process becomes the input to 
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another, or multiple process outputs may serve as 

inputs to another. For example, a drug substance is an 

input to a process that produces a drug product, along 

with other components that result from other pro-

cesses. And the drug substance itself is likely the result 

of multiple process inputs and outputs.

“VALIDATION” DEFINED
Validation of pharmaceutical processes was codi-

fied in the mid-1970s. That does not mean that ear-

lier pharmaceutical processes were not validated. 

Pharmaceutical manufacturers had quality control 

programs that ensured the robustness of their manu-

facturing processes and the quality of the pharma-

ceuticals they produced. However, the scope of those 

programs depended on individual manufacturers 

resulting in variable effectiveness. Codification of vali-

dation expectations and requirements was intended to 

reduce that variability.

The 1978 CGMP regulations (4) discussed valida-

tion in terms of automatic, mechanical, and electronic 

equipment (21 CFR § 211.68), validation of supplier’s 

test results for components, drug product containers, 

and closures (21 CFR § 211.84(d)(2)), and validation of 

any sterilization process (21 CFR § 211.113). However, 

the word validation was not explicitly defined.

FDA’s 1987 process validation guideline defined vali-

dation as “Establishing documented evidence which 

provides a high degree of assurance that a specific pro-

cess will consistently produce a product meeting its pre-

determined specifications and quality attributes” (5).

In 2000, ICH Q7A defined validation as, “A docu-

mented program that provides a high degree of assur-

ance that a specific process, method, or system will 

consistently produce a result meeting pre-determined 

acceptance criteria” (9). 

PROCESS VALIDATION
The concepts presented in the definitions of validation 

and process can be combined to form a meaningful 

definition of process validation applicable to the pro-

duction of pharmaceuticals and biopharmaceuticals. 

FDA’s 2008 draft process validation guidance docu-

ment defined process validation as “the collection 

and evaluation of data, from the process design stage 

throughout production, which establishes scientific 

evidence that a process is capable of consistently deliv-

ering quality products” (6).

The 2008 definition falls short in several areas, not 

the least of which is that the process is capable of deliv-

ering quality products instead of that it does deliver 

quality products—and does so consistently and repro-

ducibly. Also, the term “quality products” is nebulous. 

Does quality relate to meeting regulatory require-

ments? Or, does it relate to product safety and efficacy?

ICH Q8(R2) provides an excellent description of 

process validation vis-à-vis product development (10).

Process validation, based on the combination of 

the definitions of the words process and validation, 

is establishing, documenting and verifying that the 

inputs, operating through the processing system, 

result in outputs that consistently meet pre-deter-

mined acceptance criteria and quality attributes. This 

definition is remarkably similar to FDA’s original 1987 

definition of validation. In essence, process validation 

is documented process understanding.

Quality 

Figure 1. Process defi nition applicable to pharmaceutical 

and biopharmaceutical validation.
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WHY VALIDATE?
Validation is necessary throughout a 

product’s lifecycle, from initial devel-

opment through commercialization, 

to ensure it is safe and effective. The 

molecule originally identified as 

possibly having clinical significance 

must be fully characterized and its 

synthesis routes developed with the 

aim of scalability. Formulations to be 

used in clinical trials must be devel-

oped. The clinical formulations must 

be scalable to commercial produc-

tion, retaining their effectiveness 

and safety attributes. Commercial 

production processes must be robust 

and reliable to ensure consistent 

product quality, maximize efficiency, 

and minimize cost. Process valida-

tion should—read must—begin at 

the very beginning to ensure the fin-

ished product can be manufactured 

and controlled to provide requisite 

levels of clinical effectiveness and 

patient safety. Products manufac-

tured with validated processes almost 

invariably meet all regulatory expec-

tations and quality requirements.

HOW TO VALIDATE
Start by thinking about the goals: 

What is the purpose of the study; 

what should it show, or prove, or 

demonstrate? Successful val i-

dation efforts often follow the 

80–20 rule—80% of the effort 

should be thinking, evaluating 

options, and planning, and 20% 

should be devoted to perform-

ing the study. This optimizes the 

chances of success. Often, how-

ever, the reverse percentages are 

employed, resulting in wasted 

resources and yielding validation 

reports that do little to support 

the effectiveness of the processes 

they were intended to validate.

A process consists of inputs oper-

ating through a processing system 

resulting in outputs. The inputs, 

outputs, and the processing system, 

are influenced by people, materi-

als, equipment, procedures, and the 

environment in which the process 

operates. All of these things must 

be considered and evaluated before 

developing the validation strategy 

and writing the validation protocol. 

Each process is unique, and no vali-

dation approach is universally appli-

cable. Validation of a purification 

process for monoclonal antibodies 

differs substantially from validation 

of a steam-sterilization process for a 

drug product in its final container. 

Terminal sterilization does not work 

as a model for validation of a phar-

maceutical water system.

CCommmmmerrcciall 

pprrodduucttioonn proceessses 

mmusstt bbe rrobuuust and 

reliaabble tto eensurree 

cconnssisttennnt pprrodduuctt 

quaaality, mmaxxximmizzee 

effficcienncy,, annd 

mmminimmize ccosst..

A few simple guidelines will help 

to simplify validation planning and 

execution:

• Define the inputs, the processing 

system, and the expected outputs.

• Don’t get bogged down in termi-

nology.

• Define critical and non-critical 

process attributes and parameters.

• Use common sense.

• Demonstrate a state of control.

The second part of this three-part 

series will provide a generalized 

example intended to show how a 

validation plan might be developed 

to support a process unrelated to 

biopharmaceutical manufacture, but 

which demonstrates various points 

to consider related to the inputs, 

the processing system, and the out-

puts that can be applied to biophar-

maceutical processes and systems. 

Part three will cover validation of a 

non-traditional biopharmaceutical 

process, and lifecycle and change 

management.
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P
arenteral product quality is 

improving. Since 2014, when 

USP <790> “Visible Particulates 

in Injections” (1) became offi-

cial, particle-related recalls of injectable 

products have dropped significantly.  

However, “I want to be cautious and 

not give all of the credit to USP <790>,” 

says John G. Shabushnig, PhD, owner and 

principal consultant at Insight Pharma 

Consulting and leader of the Parenteral 

Drug Association’s (PDA’s) Visual 

Inspection Interest Group. “There was a lot 

going on during this period including sig-

nificant recalls from compounding phar-

macies; however, I do think having clear 

guidance on inspection and acceptance 

criteria was a contributor to this drop.” 

Publication of USP <1790> “Visual 

Inspection of Injections” (2) is another 

positive influence. Shabushnig says, 

“USP <1790> provides a more complete 

picture of good practices when imple-

menting and operating a visual inspec-

tion program. It also clearly discusses a 

lifecycle approach to inspection, with 

an emphasis on continuous process 

improvement and using inspection data 

to drive that process. Defect prevention 

should always be the primary goal.”

In addition, there continues to be a 

shift toward lower acceptable quality limit 

(AQL) values for acceptance sampling after 

100% inspection, according to a bench-

marking survey (3) performed in 2014 

by PDA. Shabushnig says, “This trend is 

especially true for critical defects, having 

moved from 0.10% to 0.065%. More firms 

are classifying particles as critical defects 

despite an implied classification as a major 

defect, which would have a mean AQL 

of 0.65%, in USP <790>. The subsequent 

PDA benchmarking survey for difficult-to-

inspect products also showed that many 

firms have not adopted the supplemen-

tal (destructive) testing specified for these 

products in USP <790>. Examples include 

reconstitution of lyophilized or powder 

products or dilution or filtration of opaque 

or strongly colored solutions.”

AUUTTOOMAATTEEDD IINSSPEECCTIONN
Wider adoption of automated inspection 

ranks as another positive force on  product 

Improving Visual Inspection
Hallie Forcinio
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quality. This effort begins with con-

tainer production. “Aiming for zero 

defects in our pharmaceutical pack-

aging production, we employ an 

automated inspection system (AIS),” 

reports Michael Feldhaus, director of 

Technology at Schott Pharmaceutical 

Systems. “This 100% visual inspec-

tion technology examines all key sur-

faces of our vials and cartridges and 

merges cutting-edge machine vision 

technology with our decades-long 

glass-forming expertise.”

Feldhaus explains, “Camera 

inspection allows for inline process 

control. The sensitivity and reli-

ability of the system enable us to 

perform 100% cosmetic inspection 

for vials and pen cartridges, result-

ing in high-quality pharmaceutical 

containers. In addition, the data 

help us optimize process control.” 

With quality control demands 

escalating continuously, both the 

software and hardware used for cos-

metic inspection have improved sig-

nificantly. “For example,” Feldhaus 

says, “we have further developed 

our AIS software, which creates a 

3D image of the container based 

on visual material from multiple 

cameras with different light set-

tings. This process allows the con-

tainer surface to be analyzed in a 

more comprehensive way. Moreover, 

machine learning technology 

helps detect patterns and improve 

the process further. On the hard-

ware side, higher processing power 

and improved illumination enable 

systems to provide more data and 

sharper images. In addition to using 

improved machinery, our employ-

ees regularly take part in training 

to strengthen their overall quality 

awareness and ensure our products 

meet high quality demands.”

Makers of parenteral packaging 

components such as closures and 

stoppers also rely on automated 

inspection. Datwyler Pharma 

Packaging Division uses advanced 

100% camera inspection technolo-

gies and improved lighting sources 

to ensure product quality through-

out its manufacturing process. 

Increased processing power per-

mits use of more powerful detec-

tion algorithms, which improve 

detection capabilities and minimize 

false rejects. As a result, “some of 

the most critical production defects 

have been brought to the lowest 

level ever recorded,” reports Dirk 

Vander Mierde, Datwyler’s site direc-

tor in Alken, Belgium. Potential 

defects caught by the system include 

the presence of foreign matter, 

deformation, or damaged coating. In 

addition, any rejects undergo addi-

tional inspection to help identify 

ways to improve the process. 
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On parenteral packaging lines, 

automated inspection tends to be 

limited to high-volume operations 

due to capital and validation costs. As 

a result, manual inspection contin-

ues to dominate with approximately 

50% of firms relying on it, accord-

ing to the 2014 PDA benchmark-

ing survey (3). Shabushnig reports, 

“Approximately 30% use automated 

inspection with the remaining 20% 

using semi-automated systems.” He 

notes, “This is actually a drop in the 

response rate for automated inspec-

tion since the 2008 survey (3). This 

does not, however, mean that fewer 

companies are using automated 

inspection; rather, there are differ-

ences in which companies respond 

to the survey each year. More impor-

tantly, the survey is structured so 

that each company/site has a single 

‘vote.’ That vote counts the same if 

the company/site is making 10,000 

or 100,000,000 units each year. If 

the results were normalized for 

units produced, I believe we would 

see more units inspected by auto-

mated systems. We should also note 

that manual inspection continues 

to be the reference visual inspection 

method in all of the pharmacope-

ias and that smaller-volume opera-

tions will continue to use manual 

inspection for the foreseeable future. 

Automated inspection does not 

ensure greater detection ability, and 

a well-run manual inspection pro-

cess is very capable of delivering a 

high degree of security.” 

IMMPPRROVVVEEMMEEENNTSS TTTO
INSPPECTTTIOONN EEQUUIPPMMEENNNT
Meanwhile, automated inspection 

continues to evolve and protect 

product quality with enhanced 

lighting, flexibility, container han-

dling, and speed. 

“LED lighting has provided a 

great improvement to our automatic 

inspection machine (AIM) in sev-

eral ways,” reports Jose Zanardi, head 

of Vision Technology Engineering at 

Bosch Packaging Technology. LED 

lighting reduces downtime due to 

less frequent bulb changes and post-

change verification. It also provides 

a consistent light level, eliminating 

the need for the inspection machine 

to compensate for light degradation. 

Compared to the halogen lighting it 

replaces, LED illumination generates 

less heat, eliminating concerns about 

product exposure to potentially dam-

aging temperatures and the need for 

time-out programming for lamps. 

“LED lights offer both precision 

and flexibility,” says Christopher 

Nerreau, area sales manager at 

Laetus US, which introduced LED 

lighting for machine vision in 1994. 

Combining low cost and easy imple-

mentation, options address virtually 

any application with bicolored, ultra-

violet, or standard LED illumination.

Higher resolution cameras and 

customizable software also enhance 

flexibility. For example, Bosch’s 

Halcon vision system in its flagship 

AIM 8 series provides a standard 

vision tool that can be customized 

to maximize identification of visual 

defects. Zanardi notes customized 

inspection algorithms are essential 

to protect the quality of parenteral 

products. He explains, “Most of the 

medicines produced today pose chal-

lenges for inspection due to product 

clarity, viscosity, and fill volume, as 

well as container challenges such as 

dual chamber design, increased use 

of plastic, and influence of silicon-

ized components, which attract both 

product and foreign particles.”

Other new features on equip-

ment from Bosch include a patented, 

dynamic puck material handling 

system. It eliminates glass-to-glass 

or glass-to-hard-surface contact and 

minimizes size changeover time via 

a semiautomatic puck exchange sys-

tem. Finally, Bosch has developed a 

fourth-generation static division unit. 

The SD4 module inspects particles in 

motion and offers the highest reli-

ability for solutions and light suspen-

sions with easy-to-develop recipes 

and validation.

Despite advancements in software, 

off-line image storage and analysis, 

and inspection speed, automated 

inspection systems using machine 

vision still pose challenges related 

to tuning and validation complex-

ity. “Machines also have difficulty 

in managing the ‘normal’ variation 

found in many container closure 

systems,” says Shabushnig. “This 

difficulty is especially true for 

molded vials, which results in a high 

false reject rate (i.e., acceptable units 

that the machine rejects to assure 

that true rejects are detected with 

sufficient sensitivity and certainty).”

In addition, challenges remain 

with line integration and interpret-

ing inspection results. Shabushnig 

explains, “In most cases, a scratch 

and a crack look the same to a 

machine yet have differing risks 

to patients (critical vs. minor). 

This limitation makes analyzing 

reported inspection results difficult 

and often requires a reinspection of 

rejected units to assess the type of 

defects found in the batch.” 

For optimum line performance, 

automated inspection must integrate 

with equipment before and after fill-

ing. Nerreau notes, “There is a wide 

variety of parenteral products requir-

ing vision solutions. Some examples 

include: using color identification to 

recognize color-coded needles, pat-

tern matching to identify missing 

products in the package, optical char-

acter recognition to identify expira-

tion dates on vials, and serialization 

for security.” Each application poses 

challenges for machine integration.  

Prior to filling, inspection equip-

ment typically connects to exterior 

washing or capping machines. After 

filling, the typical connection is 

to container closure integrity test-

ing equipment using high voltage 

or laser headspace or vacuum tech-

nology, or to a re-nester/re-trayer 

for syringe applications. “Ensuring 

proper container transfer with sen-

sors to manage product flow is essen-

tial to the integration process,” says 

Packaging
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Zanardi. In projects where glass-to-

glass contact must be eliminated, pre-

cise design engineering is necessary 

to assure that container handling 

and machine starts and stops do not 

damage the product or the machine.

“To perform complex image pro-

cessing tasks in quality control envi-

ronments, it is essential that the 

camera and lighting systems are 

tailored to the specific application,” 

says Nerreau, adding, “It is impera-

tive for any machine integration to 

include extensive discussions and 

intensive consultations early on, 

along with a personal survey of the 

production environment.” 

NEEXXTT STTTEEPPSS
With the industry focused on qual-

ity improvement, visual inspection 

continues to be a hot area, reports 

Shabushnig. A project at PDA is 

addressing visible particles in inject-

able products, with a current focus 

on improvements to the primary 

packaging materials. It seeks to bet-

ter understand the risks as well as 

methods to detect and control par-

ticles in these components. This 

project is supported by both phar-

maceutical manufacturers through 

the Pharmaceutical Manufacturers 

Forum and a number of primary 

packaging component manufacturers. 

PDA’s Visual Inspection Interest 

Group meets in April 2018 in the 

United States and in Europe to dis-

cuss the draft revision of Annex 1 (4). 

“Changes included significant expan-

sion of sections associated with visual 

inspection and container integrity,” 

says Shabushnig. In addition, PDA 

continues to provide hands-on train-

ing in the area of visual inspection in 

the US, Europe, and Brazil.  

Meanwhile USP continues to 

review comments and  suggestions for 

USP <790> and <1790>. “Current top-

ics of interest include the selection 

and use of sampling plans for USP 

<790> and using risk-based methods 

to set alternative acceptance crite-

ria for particles,” reports Shabushnig. 

“The Expert Panel responsible for 

these chapters is always interested in 

feedback to improve the understand-

ing and use of these chapters,” he 

concludes. 
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I
mprovements in analytical tech-

nologies provide increased capa-

bilities to examine proteins, cell 

lines, raw materials, and drug 

product throughout the drug develop-

ment and manufacturing process. New 

analytical technologies and regulatory 

requirements can tax the resources and 

technical capabilities of drug companies. 

Contract testing laboratories, which tra-

ditionally provided specialized testing 

services and expertise, are playing new 

roles in the current biopharmaceutical 

development market. 

To gain insight on what sponsor compa-

nies can gain from outsourcing their ana-

lytical processes, BioPharm International 

spoke with Andrew Bulpin, head of 

Process Solutions at MilliporeSigma, and 

Alex Perieteanu, director, biopharmaceu-

tical services; Natalia Belikova, analyti-

cal services director; and Bérangère Tissot, 

general manager and manager Biological 

Sales; all at SGS Life Sciences.

NEW TECHNOLOGIES AND 
REGULATORY REQUIREMENTS
BioPharm: Are there new analytical tech-

nologies being developed? If yes, how will 

these impact the industry?

Perieteanu, Belikova, and Tissot (SGS 

Life Sciences): We have been develop-

ing orthogonal analytical tools to work 

alongside the classic structure and func-

tion of biophysical, biochemical, and 

biological techniques. Hydrogen deute-

rium exchange with mass spectrometry 

(HDX–MS) services, in combination with 

biolayer interferometry (BLI), and surface 

plasmon resonance (SPR), better equip 

Outsourcing Analytical Processes 
in Biologics Development

Susan Haigney
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us to investigate key structural char-

acteristics, or changes that impact 

biochemical potency.

The pharma and biopharma com-

panies are now at a stage when some 

of the methods that were deemed 

fit for characterization only now are 

entering the quality control (QC) 

arena:

• Intact molecular weight by mass 

spectrometry has replaced the 

sodium dodecyl sulfate polyacryl-

amide gel electrophoresis (SDS–

PAGE)

• Peptide mapping by liquid chro-

matography–mass spectrometry 

(LC–MS) is replacing the Western 

Blot and ultraviolet (UV)-based 

methods

• The multi-attribute methods 

based on peptide mapping by 

LC–UV–MS are on the verge of 

replacing a multitude of the most 

QC-established methods such as 

chromatography and capillary 

electrophoresis.

It is still challenging from a com-

pliance standpoint to bring such 

complex equipment and software 

into a QC environment. Additionally, 

from more of a characterization 

standpoint, methods that were 

deemed as being ‘academic’ are 

now making their way into the bio-

pharma industry, with two-dimen-

sional nuclear magnetic resonance 

spectroscopy (2D–NMR), HDX–MS, 

or ion mobility mass spectrometry 

being among these.

Bulpin (MilliporeSigma): Fluorescent 

associated cell sorting (FACS) tech-

nology has been around for many 

years, but with the recent minia-

turization of the technology, it now 

allows real-time analysis of cells and 

cell behavior while interacting with 

the drug under test. This will change 

the way we potentially can perform 

release assays and describe the mode 

of action of drugs. As miniaturiza-

tion requires a very small sample for 

analysis, it allows for monitoring the 

drug’s activity over a period of time 

rather than a single point. This pro-

vides the kinetic profile of how the 

drug affects the cells over time.

A method that is 

well developed is 

a method that is 

efficiently validated 

and applied to routine 

testing, so investing 

the time and money 

will lead to greater 

success.

— Perieteanu, 

Belikova, and Tissot 

(SGS Life Sciences)

 Another new advancement is 

the development of inline ana-

lytical probes that are maintained 

within the process that is being 

tested at the t ime. Currently 

there are active research projects 

to develop these probes offering 

real-time, in line, analysis. This 

could fundamentally change the 

way we release batches of drugs as 

you would no longer need to take 

samples and wait for results prior 

to release. The final result of the 

batch would be available instantly.

BioPharm: What are the top 

things companies should be 

doing when it comes to analytical 

method development?

Bulpin (MilliporeSigma): Companies 

should be aware of the changes in 

technology available to test biophar-

maceuticals. For example, newer 

mass spectroscopy technologies 

improve sensitivity and specificity.

Companies should also consider 

the use of software to combine 

multiple data sets in order to pro-

vide an orthogonal approach to 

assess the safety and efficacy of a 

product, rather than the current 

manual processes.

Perieteanu, Belikova, and Tissot 

(SGS Life Sciences): We have all 

heard the statement, ‘f it for 

intended purpose,’ and many labo-

ratories have well established pro-

cedures paralleling International 

Council for Harmonization (ICH) 

Q2(R1), which defines ‘fit,’ but 

few have procedures discussing 

the requirements of ‘intended 

purpose.’ Arguably, one is of no 

use without the other. Companies 

should be taking a holistic look at 

method development and incor-

porate key elements of quality by 

design (QbD).

Defining up front the direction 

of any program’s development is 

crucial:

• Know your product: there is a 

great deal of method develop-

ment that can start on paper in 

the preparation of the develop-

ment

• Understand what is the purpose 

of the method: define what attri-

butes need to be characterized or 

monitored relevant to the stage 

of development the product is at.

A method that is well devel-

oped is a method that is efficiently 

validated and applied to routine 

testing, so investing the time and 

money will lead to greater success.

BioPharm: Have there been 

recent changes in regulatory 

requirements, either in the United 

States or internationally, that 

have impacted how you perform 

analytical testing and/or method 

development?

Bulpin (MilliporeSigma): Statistical 

analysis of data derived from these 

Analytical Outsourcing
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analytical assays is being re-eval-

uated and newer techniques are 

being introduced. For example, 

the United States Pharmacopeia 

committees are re-evaluating how 

the statistical analysis of setting 

parameters for drug release is 

determined. This could affect how 

an assay is developed to ensure 

that the proper profile is created, 

such as numbers of batches, rep-

licates, and finally the statistical 

methods used to assess the data. 

EXPERTISE AND CAPACITY
BioPharm: What are the benefits of 

outsourcing analytical processes?

Bulpin (MilliporeSigma): There 

are many benefits to outsourc-

ing analytical processes. One 

benefit is that through outsourc-

ing you have access to the newest 

and most advanced process tech-

nology without having to invest in 

the technology. Biopharmaceutical 

manufacturers also have access to 

skilled, expert resources that are up-

to-date in all GMP and validation 

guidelines and requirements. An 

outsourcing partner with years of 

experience and advanced technol-

ogy will customize and streamline 

your process, increasing efficiency 

and reducing cost and risk. 

Perieteanu, Belikova, and Tissot (SGS 

Life Sciences): The biopharmaceuti-

cal landscape continues to rapidly 

change as new technologies become 

available, new regulations take effect, 

and as markets expand. To remain 

competitive, companies must adapt 

rapidly, which brings high infra-

structure cost, knowledge costs, and 

risks dilution of focus and internal 

resources.

The key benefits to outsourc-

ing are the ability to leverage the 

externally existing infrastructure, 

expertise, knowledge base, and flex-

ible resources of the provider. These 

resources include a breadth of instru-

ments and capabilities that are not 

always possible or feasible to invest 

in internally. A contract research 

organization (CRO) is usually pro-

ficient in a wide number of tech-

niques, and if they have successfully 

passed their regulatory inspections, 

can offer a high level of confidence 

to sponsors that its processes and 

procedures are proficient and appli-

cable to a variety of products. A 

CRO’s cost and timelines can also 

be managed by contracts and con-

trolled more rigorously than a spon-

sor’s internal spend can be. 

BioPharm: What changes are you 

seeing in the industry regarding the 

outsourcing of analytical services?

Perieteanu, Belikova, and Tissot 

(SGS Life Sciences): We are witnessing 

greater demand from clients for inte-

grated services, meeting ever shorter 

timelines to reduce the development 

cycle of new drugs, and requests for 

more complex services such as char-

acterization and analytical similarity.

The biosimilar space continues 

to grow, and because of a desire to 

remain lean, rapid, and versatile, 

there is an ever-increasing number 

of near virtual companies that have 

adopted a pure outsourcing model. 

Being the first to market with a 

biosimilar stands to reap the great-

est reward, and many depend upon 

this financial model. Analytics are 

arguably the main cost component 

in biosimilar development, and 

because CROs can offer off-the-shelf 

expertise, platform analytics for 

characterization, and routine testing, 

there is considerable time and cost 

advantage to the outsourcing model. 

However, for clients requiring ana-

lytical guidance, regulatory feedback 

with regards to analytical methods, 

risk assessment, or analytical method 

lifecycle management, bespoke mod-

els can be offered that are more than 

just fee-for-service.

Bulpin (MilliporeSigma): Recently, 

one trend that has become sig-

nificant within the industry is the 

increased interest in understanding 

the glycan structures in biologic mol-

ecules, especially, monoclonal anti-

bodies. New technologies are being 

explored that have helped with this, 

including mass spectroscopy and 

glycan kits. The increasing sensitiv-

ity with mass spectrometry allows 

one to identify possible post-transla-

tional modifications due to increased 

precision. While previous methods 

of glycan analysis could take multi-

ple runs and lengthy analysis, glycan 

kits help to expedite glycan detec-

tion and identification as well as the 

three-dimensional structure of the 

glycans. 

BioPharm: Are biopharmaceutical 

companies outsourcing their analyti-

cal processes more or less than five 

years ago?

Bulpin (MilliporeSigma): Regulatory 

requirements for more detailed and 

technically demanding analysis is 

driving biopharmaceutical compa-

nies to outsource their analytical 

processes. We have seen a more than 

30% increase in outsourcing over 

the past five years. Development of 

biosimilars in the mid-2000s has 

driven the need for sophisticated 

analytical technologies as clinical tri-

als are unable to differentiate similar 

molecules in their efficacy. Due to 

these scientific advances, the inno-

vator molecule development has 

adopted some of these technologies 

in describing their molecule’s ana-

lytical profile.

 Through mergers and acquisition, 

the CRO industry has changed, cre-

ating a new model for outsourcing. 

While in the past, a company would 

require multiple providers to com-

plete a full testing profile, companies 

today can use single-service provid-

ers to test the full complement of 

assays allowing for a broader under-

standing of their molecules activity. 

Single-service providers often reduce 

time and cost by simultaneous test-

ing and the ability to create a cohe-

sive scientific panel of experts.

Perieteanu, Belikova, and Tissot (SGS 

Life Sciences): The trend continues to 

be toward consolidated outsourc-

ing. We are increasingly seeing 

that instead of only using CROs for 

Analytical Outsourcing
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Analytical Outsourcing

overflow or niche testing, sponsors 

are looking to outsource the entire 

analytical paradigm, by partnering 

with CROs with robust analytical 

capabilities mirrored across mul-

tiple continents.

BioPharm: Which analytical ser-

vices are requested most often by 

bio/pharmaceutical companies?

Perieteanu, Belikova, and Tissot 

(SGS Life Sciences): Interestingly, 

it tends to be less about the ana-

lytical technique itself, but more 

about the application of the work 

being conducted. Applications 

that lead to patents that can have 

an impact on patient safety, that 

provide data on the efficacy, the 

biosimilarity of the product, and/

or ultimately are included in reg-

ulatory submissions have certain 

requirements in terms of their 

study design and level of quality. 

Because of the criticality of such 

applications, you often see those 

studies being outsourced to CROs.

Bulpin (MilliporeSigma): Bioassays 

are the most requested analyti-

cal services by biopharmaceutical 

and pharmaceutical companies. 

This is often due to the complex-

ity of working with these assays. 

Advanced technology is needed 

to run bioassays, in addition to 

a skilled and experienced scien-

tist. Maintaining a laboratory that 

employs the scientific staff that 

can accomplish these assays is sel-

dom economically viable for many 

small- and medium-sized compa-

nies, and even sometimes larger 

pharmaceutical companies.

 Also, in order to create the 

proper in-vitro model for the dis-

ease that can measure the efficacy 

and biological outcome of the test 

substance, these assays must be 

completed in a controlled envi-

ronment to produce a robust and 

reproducible result. Analytical 

chemistry identif ies the pres-

ence of specific structures; how-

ever, cell-based assays are looking 

for the mode of action in order to 

mimic the effect that will be seen 

in humans. 

Today, regulators are 

emphasizing the use 

of quality by design 

for developing new 

molecules and design 

of experimentation 

when a new analysis is 

applied to a product.

— Bulpin 

(MilliporeSigma)

ANALYTICAL TESTING CHALLENGES
BioPharm: What challenges in ana-

lytical testing have developed in 

recent years? 

Perieteanu, Belikova, and Tissot 

(SGS Life Sciences): As the biophar-

maceutical industry matures and 

diversifies, we are beginning to 

see more and more cell, gene, and 

other advanced medical therapies 

alongside the more traditional 

vaccine, enzyme replacement, 

and immunotherapy products. 

The analytics and the analytical 

strategy required for each con-

tinue to develop and mature as 

the industry and the regulators 

better understand and define the 

controls and monitoring required 

to ensure all critical product qual-

ity attributes are met. Having the 

right knowledge base and analyti-

cal tools available is essential for 

companies entering these markets.

Bulpin (MilliporeSigma): Today, 

regulators are emphasizing the use 

of quality by design for develop-

ing new molecules and design of 

experimentation (DoE) when a 

new analysis is applied to a prod-

uct. These systematic methods 

are novel to many people work-

ing in the industry and are dif-

ficult to apply in some instances. 

To answer these difficult ques-

tions, one must start looking at 

using multiple forms of analy-

sis to answer in depth questions 

that cannot be obtained from a 

single assay in isolation. Using 

information from binding kinet-

ics, analytical markers, as well as 

biological activity, paints a full 

picture of the molecule’s design 

and function. There are now some 

software packages that specifically 

address DoE. While these can be 

particularly useful with analytical 

chemistry, sometimes the bioas-

says are still difficult to apply the 

DoE techniques, which still need 

to be resolved. MilliporeSigma has 

identified solutions to these dif-

ficult questions in order to move 

through the drug development 

process and is actively talking to 

regulators about the application of 

these technologies.

BioPharm: How has the surge in 

biologics affected the analytical ser-

vices you provide?

Perieteanu, Belikova, and Tissot 

(SGS Life Sciences): In recent years, 

one focus of note was the diversi-

fication and enhancement of our 

structure and function analytical 

capabilities, which include devel-

opment of services such as HDX–

MS, BLI, SPR, and upgrading of our 

flow cytometry capabilities. In the 

coming years, we anticipate multi-

faceted growth both in the tradi-

tional products, biosimilars, and in 

advanced medical therapies. Our 

goal is to maintain an industry 

lead, and to ensure that the one-

stop shop of today expands to be 

the one-stop shop of tomorrow. ◆
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A
lthough adoption of single-

use manufacturing technol-

ogy throughout the industry 

remains low, the market for 

these systems is expanding as biopharma-

ceutical capacity needs change (1). Despite 

this trend, single-use systems can pro-

vide substantial production advantages 

for various bioprocesses, particularly those 

involving upstream applications. The 

following are some of the latest develop-

ments in single-use products and equip-

ment available for upstream processes.

TOOLLLESSS SSINGGLEEHAANNDEDD TTRICLLAMMP
Watson-Marlow Fluid Technology Group 

(WMFTG) has added Q Clamp, a new 

sanitary tri-clamp connection for single-

use fluid path applications, to its BioPure 

brand (2). The clamp can provide a secure 

connection in less than 12 seconds, 

according to the company. 

The clamp does not require any tools 

for application or removal and can be 

closed using one hand. The company 

reports that a double-sided ratchet ensures 

that the lightweight clamp remains shut 

in the event that one side should fail.

The clamp comes with a tamper-evident 

identification technology solution for tri-

clamp connections, which can also be 

used for identification through eight dif-

ferent color options, allowing procedures 

to specify relevant areas of the process, 

according to WMFTG. Application of this 

solution is possible either before or after 

the clamp is assembled.

The connection tri-clamp, which is 

backed by a validation pack for non-wetted 

components, is manufactured and packed 

Single-Use Systems Advance 
Upstream Processing

Amber Lowry

DDeeeveeloopmmeenttss 
aanddd 

innvveessttmmeenttss 
inn ssinngglee--uusee 

ssyyssteemmss 
aaddvvaanncee 

uuppsstreeaammm bbiooo
mmaaanuufaactuurrinngg.

Upstream Processing
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in an International Organization 

for Standardization (ISO), Class-7 

cleanroom and meets current ISO 

and United States Pharmacopeia <87> 

and <88> industry requirements. 

The company also confirms that the 

clamp has been evaluated for extract-

ables using a single solvent approach.

BIORREAACTTORR SSYSTTEM
FOOR PERFFUSION CCULLTUUREE
Sartorius Stedim Biotech’s new auto-

mated parallel bioreactor system, 

ambr250, is a high-throughput bio-

reactor system suited for rapid cell-

culture perfusion culture process 

development to increase therapeutic 

antibodies production (3). 

The system combines 12 or 24 

single-use perfusion mini bioreac-

tors with associated single-use perfu-

sion components, all controlled by 

one automated workstation, as stated 

by the company. The mini bioreac-

tors have a working volume range 

of 100–250 mL.

According to Sartorius Stedim, the 

combination of this multi-parallel 

processing capacity and fully single-

use perfusion vessel allows for more 

perfusion culture experiments in 

less time and cost compared to tra-

ditional perfusion-enabled benchtop 

bioreactors. The system is suitable 

for a range of hollow fiber perfusion 

applications, which allows for design 

of experiments studies for high cell 

density process development in a 

quality-by-design approach.

The system, which is a collabora-

tive effort between Sartorius Stedim 

and other biopharma companies, 

uses a perfusion bioreactor assem-

bly based on the company’s branded 

bioreactor design. Components such 

as high efficiency spargers, perfu-

sion pump chambers, and an indus-

try-standard hollow fibre for cell 

retention filter enable intensified 

cell culture processing. 

The system’s fully assembled and 

irradiated perfusion bioreactors 

come with all necessary compo-

nents, including single-use sensors 

to continuously monitor pressure at 

both the culture fluid inlet and per-

meate outlet, which enables online 

monitoring of transmembrane pres-

sure and standard parameters such 

as pH and dissolved oxygen.

COONTRAACCT SSERRVICCE INVVEESTMMEENTTS
IN SIINGGLEEUSEE TEECHHNOOLOOGYY
In response to available and emerg-

ing single-use technology, biophar-

maceutical contract service providers 

have invested in single-use products, 

equipment, and companies.

In January, Sartorius Stedim 

Biotech announced that it will be 

the equipment supplier in the 

United States for Abzena, a life-

sciences group that provides ser-

vices and technologies for the 

development and manufacture 

of biopharmaceuticals (4).

Abzena has selected Sartorius 

Stedim to equip its integrated con-

tract development and manufactur-

ing facilities in Bristol, PA, and San 

Diego, CA. The Bristol facility does 

development and GMP manufacture 

of antibody drug conjugates, and the 

San Diego facility does development 

and GMP manufacture of monoclo-

nal antibodies and other recombi-

nant proteins. Under the agreement, 

Sartorius Stedim will provide both 

facilities with end-to-end process 

solutions in single-use format. 

The company will equip Abzena’s 

San Diego process development lab 

with industry technologies, includ-

ing the previously mentioned 

ambr250, which will enable scale-

up to 500 L initially and 2000 L 

later for Abzena’s center of excel-

lence in clinical manufacturing.

A lso in Januar y,  Meissner 

Filtration Products, a developer, 

manufacturer, and supplier of 

microfiltration and single-use sys-

tems, acquired PDC Aseptic Filling 

Systems, a supplier of aseptic fill-

ing systems and sealers (5). PDC’s 

products will add to Meissner’s 

current process solutions, which 

include f i lt rat ion, single-use 

systems, fluid handling, and unit 

processing offerings. The filling 

systems enable automated aseptic 

filing of pharmaceutical process 

liquids, while the sealing equip-

ment reduces cycle times associ-

ated with aseptic disconnections, 

according to the company.

ABEC, a provider of integrated 

solutions and services for bio-

pharmaceutical manufacturing, 

announced the completion of its 

second ISO-compliant cleanroom 

for single-use disposable container 

manufacturing at its Fermoy, Ireland, 

facility in February 2018 (6).

The new Fermoy cleanroom 

will strengthen ABEC’s custom 

single run single-use product offer-

ings and will be operational in 

April 2018, according to the com-

pany. The first cleanroom, located 

in Bethlehem, PA, has been fully 

operational since 2015.

ABEC also announced large-

scale single-use microbial fer-

mentat ion capabi l i t y  u s i ng 

the company’s CSR technol-

ogy with working volumes up to 

1000 L (7).

REEFEEREENCCESS
 1. F. Mirasol, BioPharm 

International 31 (2) 2018.

 2. Watson-Marlow Fluid Technology Group, 

“Biopure Q-Clamp is Compatible with a 

Wide Range of Connector Geometries,” 

Press Release, Feb. 8, 2018. 

 3. Sartorius Stedim Biotech, “Sartorius 

Stedim Biotech Launches New Ambr 

250 High Throughput Bioreactor 

System for Perfusion Culture,” 

Press Release, March 14, 2018. 

 4. Abzena, “Abzena Selects Sartorius 

Stedim Biotech to Equip its US-Based 

Development and Manufacturing 

Sites in San Diego and Bristol,” 

Press Release, Jan. 4, 2018. 

 5. Meissner Filtration Products, “Meissner 

Acquires an Aseptic Filling Company,” 

Press Release, Jan. 12, 2018. 

 6. ABEC, “ABEC Expands 

Manufacturing Capability of Single-

Use Disposable Containers for 

Biopharmaceutical Manufacturing,” 

Press Release, Feb. 13, 2018.

 7. ABEC, “ABEC Introduces Large-Scale 

Single-Use Microbial Fermentation 

Solutions to the Biopharmaceutical 

Manufacturing Industry,” Press 

Release, Feb. 28, 2018. ◆

Upstream Processing
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NEW PRODUCTS AND SERVICESVISIT US AT CPhI NORTH AMERICA 2018

NEW PRODUCTS AND SERVICES

CPhI NORTH AMERICA 2018 

EXHIBITOR GUIDE

Stay Current on Technologies and 

Services

Visit BioPharm International spon-

sors that are exhibiting at CPhI North 

America 2018. See descriptions and 

booth information on the following 

pages.

Intelligent Sensing 

Reduces Cost, Errors, and Time 

With Hamilton’s family of Arc intelligent sensors, 

transcription errors are no longer a concern for 

daily operations of process sensors. Sensors can 

be configured, calibrated, and diagnosed from 

a smart device that captures all of the relevant 

information, reducing the hassles and risks 

associated with sensor maintenance. 

Hamilton Company • 

www.hamiltoncompany.com/sensors 

CPhI North 
America 

2018 
EXHIBITOR 

GUIDE STAY CURRENT ON TECHNOLOGIES AND SERVICES

Visit BioPharm International sponsors that are exhibiting at CPhI North America 

2018. See the following descriptions and booth information.

Container Closure 

Integrity Testing of 

Pharmaceutical 

Products 

PTI is a global leader in 

package testing equipment. PTI  manufac-

tures non-destructive inspection systems 

for container closure integrity testing, leak 

testing and overall package integrity testing.  

Our technologies exclude subjectivity from 

package testing, and use test methods that 

conform to ASTM standards. PTI’s inspection 

technologies are deterministic test methods 

that produce quantitative test result data.

PTI Inspection Systems • www.ptiusa.com/

Comprehensive DNA to IND Platform

WuXi Biologics offers a comprehensive, integrated, 

and customizable platform for biologics develop-

ment. The company provides global pharmaceuti-

cal and biotechnological companies end-to-end 

solutions empowering anyone and any company 

to discover, develop, and manufacture biologics 

from concept to commercial manufacturing. Our 

services are designed to help our worldwide cli-

ents shorten the discovery and development time 

and lower the cost of biologics.

WuXi Biologics • www.wuxibiologics.com 

Experts in Chromatography

Tosoh Bioscience offers a comprehensive 

line of products including TSKgel® and 

TOYOPEARL® bulk media, process develop-

ment products, TSKgel U/HPLC columns, as 

well as a unique EcoSEC® GPC System for 

polymer characterization. These products 

satisfy the needs of the biochemist and 

the biotechnologist involved in analyzing, 

isolating, and purifying proteins, peptides, 

enzymes, oligonucleotides, antibiotics, and 

small biomolecules. 

Tosoh Bioscience LLC • www.tosohbioscience.com 

Experienced Service. 

Global Capabilities.

Eurofins Lancaster Laboratories provides testing 

services for all stages of the drug development 

process and supports all functional areas of bio/

pharmaceutical manufacturing. We offer the 

flexibility to manage your testing programs 

through your choice of three unique service 

models, including standard Fee for Service, 

as well as our award-winning Professional 

Scientific Services® PSS insourcing solution® and 

Full-Time-Equivalent (FTE) service models.

Eurofins Lancaster Laboratories 

• www.EurofinsLancasterLabs.com 

CPhI North America Booth #1533

BioPharma Solutions, a business unit of Baxter, 

collaborates with pharmaceutical companies 

to provide contract manufacturing form/fill/

finish for sterile injectables.   mOur expertise 

includes oncology products, biologics, ADCs, 

and vaccines; and we offer a variety of sterile 

dosage forms, including prefilled syringes, 

liquid vials, lyophilized vials, cartridges, and 

cost-saving diluents for reconstitution.

Baxter BioPharm Solutions, One Baxter Park-

way, Deerfield, IL 60015 • baxterbiophar-

masolutions.com • biopharmasolutions@baxter.

com • tel. 224.948.3278

CPhI North America Booth #1445
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PRODUCT SPOTLIGHT  

New Technology Showcase

Secondary 
Packaging 
Solutions for 
Injectables
Keystone Folding Box has added a new line of second-
ary packaging systems for injectable pharmaceuti-
cal products. The products are available in custom 
all-paperboard and plastic-hybrid designs for prefilled 
syringes, auto-injector pens, vials, and ampoules.
The systems are suitable for automated or manual pro-

duction, as well as for clinical trials and full-scale com-
mercialization. Keystone states that the product materials 
are compatible with low-temperature exposure, making 
them appropriate for typical temperatures associated 
with the cold-chain distribution of injectable products.
The collection includes the Vial Pack line of cartons 

for packaging single or multiple vials or ampoules and 
Injectable Packs suitable for prefilled syringes or auto-
injector pens, which can be designed to include ancillary 
items such as sterile wipes, according to the company. 

Additional features include child-resistant functions for 
several of the products and dosage-scheduling functions for 
in-home use of multi-dose packs, which can remind patients 
to administer the correct dose at the proper date and time.

Keystone Folding Box Co.
www.keyboxco.com

Automated 
Benchtop Pipette
The Concentrating Pipette 
Select from InnovaPrep is a 
small automated benchtop 
instrument that can concentrate 
contaminates from large 
volumes of liquids for improved 
detection. The instrument allows for contamination 
screening of liquid samples up to 5L and lets users 
choose from six versions of interchangeable, high-flow 
filtered pipette tips that feature different specifications to 
concentrate proteins, viruses, DNA, bacteria, whole cells, 
fungal spores, or other particles. Recovered particles 
are delivered in seconds and ready for analysis using 
user method of choice, according to the company.

Applications for the pipette include biological 
and particulate contamination monitoring in the 
environment, as well as monitoring the integrity of various 
ingredients including water, intermediate products 
such as cell culture media, and finished products 
including parenteral fluids and compounded drugs.

According to InnovaPrep, when used as a front-end to 
rapid molecular methods for quality assurance/quality control 
monitoring, the instrument allows for sample-to-answer within 
a single shift, improving detection of trace contamination.

InnovaPrep
www.innovaprep.com

BIOBLU® 10C SINGLE-USE 
VESSEL FOR CELL CULTURE
The BioBLU 10c Single-Use Vessel is the newest 

member of the Eppendorf portfolio of rigid-wall 

stirred-tank bioreactors. With a maximum 

working volume of 10 L it perfectly blends into 

the BioBLU c vessel portfolio covering working 

volumes from 100 mL to 40 L. Consistent vessel 

geometries and highly flexible headplates make 

the product line an ideal choice for process 

development through scale-up. Eppendorf AG, www.eppendorf.com

OUTSOURCING AND INSOURCING 
SOLUTIONS FOR LABORATORY TESTING
Eurofins Lancaster Laboratories provides testing 

services for all stages of the drug development 

process and supports all functional areas of bio/pharmaceutical 

manufacturing. We offer the flexibility to manage your testing programs 

through your choice of three unique service models, including standard 

Fee for Service, as well as our award-winning Professional Scientific 

Services® PSS insourcing solution® and Full-Time-Equivalent (FTE) service 

models. Eurofins Lancaster Laboratories, Inc., 717.656.2300, www.

EurofinsLancasterLabs.com

BIONE–SINGLE-USE BIOREACTOR SYSTEM
Convert your existing benchtop glass 

bioreactor to a single-use bioreactor in 

seconds.  Introducing the BIOne by Distek, 

a benchtop scale single-use bioreactor 

system for mammalian cell growth and recombinant protein 

production. Engineered with a disposable headplate welded to a 

triple-layered liner, the BIOne significantly reduces turnaround time 

by allowing users to seamlessly transition to a disposable platform 

while utilizing their existing capital equipment.

Distek Inc, tel. 732.422.7585, bione@distekinc.com, www.distekinc.com

GUIDELINES FOR PACKING PROCESS-
SCALE COLUMNS WITH CHT™ MEDIA 
CHT™ Ceramic Hydroxyapatite is a mixed-mode chromatography media 

that has a proven track record of significantly reducing the full range of 

impurities in a single polishing step that is easy to develop for a wide 

range of proteins and expression. It has unique separation properties and 

unparalleled selectivity and resolution. Its unique resolution property 

makes it a powerful tool for process developers. Bio-Rad offers optimized 

protocols for packing and unpacking CHT Ceramic Hydroxyapatite. These 

guidelines are recommended for all CHT users to ensure reproducible 

and high-quality results. Bio-Rad, bio-rad.com/chtpacking

http://www.keyboxco.com
http://www.innovaprep.com
http://www.EurofinsLancasterLabs.com
http://www.EurofinsLancasterLabs.com
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http://www.bio-rad.com/
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Ask the Expert

for containers and closures may 

not be practical for the purchaser 

to perform. In this case, the CoA 

becomes the evidentiary proof 

that the material was safe for use. 

US 21 Code of Federal Regulations 

states, “Containers and closures 

shall be tested for conformity with 

all appropriate written specifica-

tions. In lieu of such testing by the 

manufacturer, a certificate of test-

ing may be accepted from the sup-

plier, provided that at least a visual 

identification is conducted on such 

containers/closures by the manu-

facturer…” (6). The purchaser still 

needs to establish the reliability 

of the container/closure suppliers 

through the audit process, but CoAs 

can be used to help determine the 

consistency of the supplier over a 

period of time by comparing and 

trending the CoA results. 

Cer t i f icates of analysis are 

important documents for ensur-

ing the safety of the pharmaceu-

tical supply chain. They allow 

users of pharmaceutical ingre-

dients to monitor and trend the 

reliability of their suppliers over 

time and they provide informa-

tion to the practioner and patient 

that the product they are pre-

scribing has meet the necessary 

requirements. The information 

contained in these documents 

is important for establishing the 

suitability of all the  materials 

a n d  t h e i r  s u p p l i e r s  ( A P I , 

 excipients, components, contain-

ers, closures) used to manufac-

turer a pharmaceutical product. 

Using the CoA to track all your 

suppliers’ reliability over time 

just makes good business sense.

REFERENCES
 1. IPEC, Certificate of Analysis Guide for 

Pharmaceutical Excipients, 

International Pharmaceutical 

Excipients Council (IPEC, 2013).

 2. WHO, Guidelines on the Implementation 

of the WHO Certification Scheme on the 
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Moving in International Commerce, 

www.who.int/medicines/areas/

quality_safety/regulation_legislation/

certification/guidelines/en/, accessed 

March 21, 2018.

 3. European Commission, EudraLex 

Volume 4, Good Manufacturing 

Practice, Medicinal Products for 

Human and Veterinary Use, Part I, 

Basic Requirements for Medicinal 

Products, Chapter 4: Documentation 

(EC, 2010).

 4. European Commission, EudraLex 

Volume 4, Good Manufacturing 

Practice, Medicinal Products for 

Human and Veterinarian Use, Part II: 

Basic Requirements for Active 

Substances used as Starting 

Materials (EC, 2014).

 5. 21 CFR 211.84(d)(2), Testing and 

approval or rejection of components, 

drug product containers, and 
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 6. 21 CFR 211.84(d)(3), Testing and 

approval or rejection of components, 

drug product containers, and 

closures. ◆

Not all materials need 

to have the results of 

the CoAs retested to 

assure their accuracy.
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Ask the Expert
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Certificates of analysis can be used to monitor the reliability 
of products and their suppliers, says Susan Schniepp, 
distinguished fellow at Regulatory Compliance Associates.

Q: 
I work in the warehouse and am 

responsible for maintaining the paper-

work associated with incoming and outgoing 

shipments, including the certificates of analy-

sis (CoA). Can you explain what should be on 

CoAs and how they relate to GMP compliance?

A:
The Internat iona l Pharmaceut ica l 

Excipients Council defines a CoA as “a 

legal document that certifies the quality of 

the excipient and demonstrates the batch con-

forms to defined specifications, has been man-

ufactured under excipient GMP, and is suitable 

for use in pharmaceuticals” (1). The same defi-

nition can also apply to finished product. 

Basically, it is a document that confirms a 

product (an API, excipient, or final product) 

meets defined and expected criteria that ren-

der it suitable for use. It is typically issued by 

the quality assurance department and lists the 

actual test results performed as compared to 

the specification range for the various param-

eters tested. In addition to the test results and 

specification range, the CoA should also list 

the batch number or lot number of the mate-

rial, the manufacturer and their location, the 

date the material was produced and, if appli-

cable, the expiration date of the particular 

material associated with the CoA. It should 

also have the identity and signature of the 

person who approved the certificate along 

with the date of approval. The World Health 

Organization (WHO) has a document on their 

website titled, “Model Certificate of Analysis”. 

This document has a comprehensive list of 

information suitable to be included in a CoA. 

The model CoA was developed in conjunction 

with the Guidelines on the Implementation of 

the WHO Certification Scheme on the Quality of 

Pharmaceutical Products Moving in International 

Commerce (2).

The CoA plays an important role in GMP 

compliance. The safety of the pharmaceuti-

cal supply chain is of concern to regulators, 

manufacturers, practitioners, and patients. 

The process of assuring the suitability of sup-

pliers of pharmaceutical ingredients or prod-

ucts typically starts with an audit. Once the 

audit is completed and the supplier has been 

approved, the purchasers need to be able to 

monitor the credibility of their suppliers. 

CoAs help because they assure the continued 

quality of the product by providing “a sum-

mary of testing results on samples of products 

or materials together with the evaluation for 

compliance to a stated specification” (3). The 

European regulations require that “Authentic 

Certificates of Analysis should be issued for 

each batch ….” (4).

The veracity of the CoA, however, still 

needs to be confirmed by the purchaser. 

When a supplier is new, the results of the 

CoA are usually confirmed for each shipment 

of the material by performing independent 

verification of the CoA results. Once a history 

of reliable and accurate results from the sup-

plier is established, the purchaser will often 

perform skip lot testing, in which they verify 

the CoA results on a defined periodic basis, 

with the exception of the identity test, which 

should be preformed for each shipment of 

material received (5).

Not all materials need to have the results of 

the CoAs retested to assure their accuracy. Some 

latitude is given for drug product containers 

and closures. Some of the tests that need to 

be performed to verify the results on the CoA 

CoAs Help Secure the Supply Chain
Susan Schniepp is 

distinguished fellow at 
Regulatory Compliance 

Associates.
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CoAs help because they 

assure the continued 

quality of the product.
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