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From the Editor

Reeling from 

financial and 

tropical storms, 

Puerto Rico needs 

stable industry to 

aid its recovery.

Pharma’s Role in Puerto Rico’s Future

P
harmaceutical manufacturing has long played a major role in the economy 

of Puerto Rico, representing 72.4% of its total exports in 2016, according 

to the US Bureau of Labor Statistics (1). In 2016, Puerto Rico-based facili-

ties exported $14.5 billion in drug products, 25.5% of the US total and more 

than the amount of product exported by any US state.

The US territory, which has struggled for years under a heavy debt burden, 

took another blow on Sept. 20, 2017 when Hurricane Maria knocked out all elec-

trical power and nearly all phone service for the 3.4 million residents. One week 

after the storm, the power grid, communications, and transportation systems 

were in ruins. Food, water, medicines, and other living essentials were in short 

supply. While government agencies and relief organizations initiated humani-

tarian efforts, pharma companies with facilities on the island assessed the dam-

age to their facilities and contributed to relief efforts (2). 

AbbVie and Amgen reported minimal damage to facilities and were working to 

restore normal operations. Eli Lilly and Company reported its two manufacturing 

sites in Puerto Rico had minimal damage, and that operations would not be hin-

dered and there was no supply risk to patients. AstraZeneca reported it was receiv-

ing updates regarding the status of its plant in Canovanas and its employees, but 

believed that the facility fared well. Bristol-Myers Squibb said the company was eval-

uating the situation around its pharmaceutical operations, executing contingency 

plans to mitigate product supply risk, and working to bring operations back online. 

As of Sept. 27, 2017, FDA identified more than 40 high-priority drugs where 

short-term disruptions could lead to shortages. The agency is working with at 

least five companies impacted by the hurricane to prevent critical shortages of 

medical products in Puerto Rico and across the United States, including coordi-

nating transport of critical drugs from Puerto Rico.

Previously, tax laws that enabled US drug manufacturers to send profits from 

the island’s manufacturing facilities to parent companies on the mainland with-

out having to pay federal taxes encouraged companies to establish operations in 

Puerto Rico. Those incentives expired about 10 years ago, leading to the shut-

down of some facilities.  Some worry that other facilities damaged by the storm 

may not reopen (3), hindering the island’s physical and financial recovery.

FDA Commissioner Scott Gottlieb expressed similar concerns—in addition to 

worries about drug shortages—in a Sept. 25, 2017 statement (4). “The island is 

home to a substantial base of manufacturing for critical medical products that 

supply the entire world. This industrial base is an important source of jobs and 

economic vitality for the island. It is a key to Puerto Rico’s economic recovery. The 

manufacturing facilities are also a pivotal source of critical medical products for 

the entire United States. Helping to bring these resources back in operation is an 

important goal of ours and of Puerto Rico’s,” the statement read. Puerto Rico faces 

a long, difficult path to recovery. Will Pharma be part of the healing process?

References

1.  Bureau of Labor Statistics, Puerto Rico: Price Movements of Top Exports and Other 

Highlights, www.bls.gov/mxp/puertorico.pdf, accessed Oct. 2, 2017.

2.  Pharmaceutical Technology, “Pharma Gives Update on Puerto Rico Manufacturing 

Operations,” Sept. 28, 2017, www.pharmtech.com/pharma-gives-update-puerto-rico-

manufacturing-operations-0, accessed Oct. 2, 2017.

3.  M.I. Schwartz, Pharmaceutical Manufacturing in Puerto Rico after Maria–Where does 

it go from here? FDA Law Blog, www.fdalawblog.net/fda_law_blog_hyman_phelps/ 

Sept. 28, 2017, accessed Oct. 2, 2017.

4.  FDA, Statement from FDA Commissioner Scott Gottlieb, Sept. 25, 2017, www.fda.gov/

NewsEvents/Newsroom/PressAnnouncements/ucm577338.htm. ◆
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Regulatory Beat
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T
he US Senate approved legislation in early 

August 2017 reauthorizing critical five-

year user fee programs that fund FDA 

oversight of medical products, just in time to 

avoid major agency disruptions (1). The vote was 

delayed by contentious debate on Capitol Hill 

over revising the Affordable Care Act. But once 

the wrangling over Obamacare fizzled out, the 

Senate quickly enacted the FDA Reauthorization 

Act (FDARA). It mirrored the bill approved by the 

House in early July and was signed by President 

Trump on August 18. 

By enacting new fee programs for drugs, 

biologics, generic drugs, medical devices, and 

biosimilars before they expired on Sept. 30, 2017, 

Congress avoided massive FDA layoffs. Equally 

important for agency staffers charged with 

implementing new fee policies, this user fee bill 

is relatively “clean,” benefitting from enactment 

of the extensive 21st Century Cures Act last 

December, which tackled many of the more con-

troversial proposals for accelerating and stream-

lining the development, testing, and review of 

medical products.

Key provisions added to FDARA seek to spur 

development of pediatric cancer therapies and 

innovative medical devices and to 

deter import of illegal or counterfeit 

medicines. The bill reauthorizes the 

orphan drug grants program, while 

l imit ing orphan drug exclusiv-

ity awards to products that demon-

strate a clear superiority over existing 

therapies, and it requires sponsors to 

conduct studies on new tropical dis-

ease treatments to qualify for priority 

review vouchers. Several provisions 

aim to speed up field inspections of 

manufacturing facilities and to assess 

whether delays in resolving deficien-

cies found in preapproval inspections 

block new product approvals. The leg-

islation seeks expedited review of responses to 

inspection observations for priority applications 

and for those related to drug shortages. 

Efforts to lower prescription drug prices 

ended up with largely symbolic language back-

ing patient access to therapies, plus provisions 

for speeding the development and marketing of 

generic drugs to enhance market competition. 

FDARA establishes a priority review track for 

competitive generic therapies and an acceler-

ated development initiative for high-demand 

products; brand manufacturers have to update 

information on products withdrawn from the 

market to help clarify which drugs have lim-

ited competition. 

NEW FEES AND DISCLOSURES
This latest version of the Prescription Drug User 

Fee Act (PDUFA VI) aims to make revenues more 

predictable for FDA by relying more on a new 

product fee paid by manufacturers that is based 

on number of approved products. At the same 

time, PDUFA reduces application fees and dis-

continues levies for manufacturing establish-

ments and supplements (2). 

The overall increase in funding will help 

improve FDA’s electronic submission process 

and IT initiatives and expand programs for hir-

ing and retaining review staff. Because PDUFA 

already has reduced review times for new drug 

applications (NDAs) by achieving more first-

cycle approvals, the new PDUFA agreement 

focuses more on managing the mushrooming 

demand for development-phase meetings, boost-

ing resources for the breakthrough drug program, 

advancing the review process for rare disease 

treatments, and bolstering support for combina-

tion products. There’s continued emphasis on 

advancing model-informed drug development, 

biomarker qualification, the use of real-world 

evidence, and incorporating the “patient’s voice” 

into regulatory decision-making. 

FDA User Fees Promote Manufacturing Readiness
Industry and FDA face new fee structures 
and new challenges in implementing fee initiatives.

Jill Wechsler 

is BioPharm International’s 

Washington editor, Chevy Chase, 

MD, 301.656.4634, 

jillwechsler7@gmail.com.
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Regulatory Beat

Manufacturers of drugs, biolog-

ics, and generic drugs face added 

pressure to ensure that all facilities 

involved in product development 

and future production are fully 

identified in applications. Omitting 

this information in a submission 

can delay needed facility inspec-

tions, says FDA. Under PDUFA, 

applications that lack full facility 

information face a three-month 

approval delay for an NDA or effi-

cacy supplement and two months 

extra for approving a manufactur-

ing supplement. FDA states that it 

aims to complete all inspections 

of clinical and manufacturing sites 

within six months of accepting a 

priority application and within 10 

months for standard submissions, 

leaving two months at the end of 

the review process to address defi-

ciencies found during site visits. 

FDA’s biosimilar user fee program 

(BSUFA II) is revised to collect $45 

million in revenues through pro-

gram and application fees to sup-

port product development and 

review (3). BSUFA also wants manu-

facturers to identify all planned pro-

duction facilities in applications and 

supplements to avoid inspection 

delays that could add two months 

to a review timetable. FDA speci-

fies that mid-cycle and late-cycle 

meetings will discuss chemistry, 

manufacturing, and controls (CMC) 

issues, and that it aims to complete 

all facility inspections within 10 

months of application receipt. 

The BSUFA program will advance 

through publication of guidance on 

key regulatory issues, including sta-

tistical methods for demonstrating 

similarity and a final policy for devel-

oping interchangeable biosimilars. 

FDA published draft guidance on 

CMC postapproval changes for bio-

logical products in August 2017 (4), 

and a similar document for biosimi-

lars is scheduled for early 2019, along 

with final advisories on biosimilar 

naming, labeling, and clinical phar-

macology data development. 

The revised Generic Drug User 

Fee Amendments (GDUFA II) also 

increases fees overall, to reflect a 

greater volume of abbreviated new 

drug applications (ANDAs) submit-

ted to FDA than originally antic-

ipated. More revenues will come 

from a new program fee based 

on approved products and facili-

ties, with large generic-drug makers 

(more than 20 approved products) 

paying the full $1.5-million fee in 

2018, medium companies (5–19 

products) paying about half, and 

firms with less than five approved 

generics paying one-tenth the 

amount, or $160,000 in 2018 (5). 

Fees for filing an ANDA rise from 

approximately $70,000 in 2017 to 

$172,000 in 2018; facility fees for 

finished drugs and active ingredi-

ents remain fairly even, with the 

exception of a sizeable reduction for 

contract manufacturing organiza-

tions (CMOs). In announcing the 

2018 fees (6), FDA notes that it will 

assess facility fees based on infor-

mation submitted in applications, 

rather than relying on company 

self-identification. 

MOVING ON
A number of key issues failed to 

make it into FDARA, largely to 

avoid legislative delay, but they may 

linger, as Congress is under pressure 

to deal with the federal budget and 

tax reform proposals by year-end. 

One topic that could surface is a 

proposal for establishing user fees 

to support expedited review and 

approval of over-the-counter (OTC) 

drugs (7). FDA and manufacturers 

have negotiated an agreement for 

accelerating development of OTC 

monographs, but too late to include 

it in FDARA. Congress recently held 

hearings on the program, and it 

could be included in other health 

policy legislation this year.

Another high-profile topic is 

the right-to-try (RTT) legislation 

approved by the Senate, which pro-

motes access to certain experimen-

tal therapies that have completed 

Phase I testing for individuals with 

terminal illnesses and no other 

treatment options (8). Under the 

Senate bill, patients would not have 

to apply for FDA approval to access 

these drugs, and it limits liability of 

pharma companies, prescribers, and 

dispensers for problems arising from 

early use of such products. This aims 

to encourage manufacturers to pro-

vide a test therapy when requested, 

but still does not require sponsors 

to agree to such action. House RTT 

advocates have proposed their own 

reform bill, and it may take some 

time to reach agreement on a mea-

sure that satisfies all parties. 
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M
ergers and acquisitions (M&A) are 

a central feature of the contract 

development and manufacturing 

(CDMO) industry today. Several new deals 

are being announced every month, some of 

them quite substantial, and these deals are 

reshaping the industry. 

CDMOs are in great demand by both stra-

tegic buyers (i.e., companies in the CDMO 

business or a related business) and financial 

buyers (i.e., private equity firms). Valuations of 

companies acquired in M&A deals are reaching 

high levels as buyers compete to win the prize. 

While private equity investors typically use a 

“rule of thumb” to value businesses at 10 times 

earnings before interest, taxes, depreciation, 

and amortization (EBITDA), some deals have 

gone as high as 20x EBITDA. One small CDMO 

that recently went through a process reported 

that they had received nearly 10 offers from 

potential investors.

The interest in CDMOs as acquisition tar-

gets is driven in large part by the demand 

for contract development and 

manufactur ing serv ices f rom 

emerg ing bio/pharmaceut ica l 

companies. Those companies gen-

erally lack internal development 

capabilities and are highly depen-

dent on CDMOs and contract 

research organizations (CROs). 

Emerg ing bio/pharma compa-

nies themselves have attracted 

large amounts of investor capi-

tal as they have become a major 

source of new product candidates 

for global bio/pharma companies. 

Thanks to growing demand from 

emerging bio/pharma companies, 

CDMOs have enjoyed high dou-

ble-digit growth rates in recent 

years, and investors in CDMOs are betting 

that those rates of growth will continue into 

the next five years at least.

Therein lies the rub: today’s high valua-

tions are based on current market conditions, 

but history tells us that extrapolating today’s 

market well into the future is dangerous. 

External financing for emerging bio/pharma 

companies is notoriously cyclical: a boom 

in the late 1990s collapsed along with the 

bursting of the dotcom bubble in 2000. After 

several poor years, the market rekindled again 

in 2004 but collapsed with the global finan-

cial crisis in 2008. Public financial markets 

did not really open again for emerging bio/

pharma companies until 2012–2013, and the 

industry is now four years into the current 

financing rebound. While an imminent col-

lapse in bio/pharma funding is not predicted, 

history suggests that caution is warranted.

The challenge for the industry is illustrated 

in Figure 1. R&D spending by publicly-traded 

emerging bio/pharma companies has risen 

rapidly since the beginning of 2015, although 

it has been flat in the first few quarters (blue 

columns). However, most of those companies 

have cash on hand equivalent to just over 

four quarters’ of R&D spending (red line). If 

external financing becomes more difficult to 

raise, as it did in 2016, companies will slow 

their rate of spending in order to conserve 

their cash until they can raise more. With 

just four quarters’ of cash on hand, spending 

could slow quickly if conditions worsen.

DOWNSIDE RISKS
The implications of making acquisitions in 

an overheated market will differ depending 

on the motivations of the buyer, and the way 

the buyer finances the deal. Strategic buyers 

have a long-term perspective, and measure 

Up and Away, M&A
Mergers and acquisitions are positive for 
the CDMO industry, but there is a downside.

Jim Miller is president of
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and publisher of Bio/Pharmaceutical 
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success in terms of market share, 

revenue growth, and enterprise 

value. The motivations of finan-

cial buyers, however, are often 

more complicated. They typically 

make acquisitions with defined 

investment horizons of about 

five years, and their focus is on 

how to optimize their cash return 

on investment over that period. 

While concerned with enterprise 

value at the end of the holding 

period, private equity investors 

may also seek a faster return by 

using the company’s cash f low 

and debt capacity to finance divi-

dends. Their take on what makes 

an acquisition attractive is often 

different from that of the strate-

gic buyer.

The conf l ic t between near-

term cash returns and long-term 

investments  can be pa r t ic u-

larly severe in the case of phar-

maceutical manufacturing and 

deve lopment .  A  subst a nt ia l 

capacity investment can take 

two-to -three years to design, 

const ruct,  and va l idate,  and 

ramping up utilization of that 

capacity increment will take sev-

eral more years after that. For a 

f inancial investor with a f ive-

year horizon, an investment that 

is cash-negative for most of that 

per iod may not be attract ive, 

even if it enhances the long-term 

value of the business.

LINGERING CONCERNS
This is not to suggest that private 

equity f irms are not welcome 

buyers of CDMOs. Often the 

businesses private equity buyers 

invest in are short on the capital, 

know-how, financial discipline, 

and executive skills necessary to 

take their businesses to the next 

level. The best pr ivate equity 

f irms are very good at provid-

ing the resources to enable busi-

ness growth and maturation. In 

an environment of frothy valua-

tions, however, investors in debt-

f inanced acquisit ions may be 

challenged to feed businesses all 

the resources they need to grow.

But using a lot of debt to buy a 

business at the top of a cycle can 

be dangerous. As revenues flatten 

out or fall on the downside of the 

cycle, debt-laden businesses will 

struggle to make the necessary 

investments as well as service 

their debt. A number of CDMOs 

experienced financial challenges 

in the wake of the downturn in 

the late 2000s and were forced 

to restructure or close down 

altogether. Bio/pharma compa-

nies should do careful financial 

due diligence when qualifying 

CDMOs, especially for commer-

cial requirements.

Another concern is the impact 

that M&A activity has on cus-

tomer percept ions, especia l ly 

global bio/pharma companies. 

On the one hand, M&A creates 

companies with broader capa-

bilities and scope, which enables 

bio/pharma companies of a l l 

sizes to simplify their supply 

chains. 

However, the M&A activity also 

creates uncertainty around the 

supply chain. Given the current 

rate of activity, there is no assur-

ance that the CDMO a biopharma 

company contracts with today 

will be the same company that is 

fulfilling its order two years from 

now. The business model, objec-

tives, culture, and operating skills 

of a new owner may be different 

from the owner the CDMO origi-

nally contracted with. 

Global bio/pharma companies 

may be particularly concerned 

about changes in ownership. 

Already reluctant to outsource 

and keen ly at t uned to sup -

ply chain security issues, too 

much churn in the supply base 

can make those companies wary 

about working with CDMOs.

Overall M&A is a positive for 

the CDMO industry. The current 

activity attests to the industry’s 

robustness and long-term pros-

pects, and rewards the entrepre-

neurs who have built admirable 

businesses. But buyers and sellers 

need to be wary of the downsides 

of the overheated market. ◆

Figure 1. R&D spending and cash on hand for emerging bio/pharma companies.
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T
he biologics market is pro-

jected to reach $399.5 billion 

by 2025, according to a report 

by Grand View Research (1). 

Growth is being driven by a number of 

factors including the superior efficacy 

and safety of biologics as a result of 

specific drug targeting, an aging popu-

lation, and the shift toward personal-

ized medicines. The drug development 

process for biologics, however, is not as 

straightforward as that for small-mole-

cule drugs. Unlike small molecules that 

can be chemically synthesized, biolog-

ics are produced in genetically modi-

fied living cells using recombinant DNA 

technology. The complexity and size of 

these macromolecules not only present 

challenges in the manufacturing step, 

but also in formulation development. 

“There is tremendous pressure to 

shorten the formulation development 

timeline to accelerate product develop-

ment,” Jay Kang, director, Analytical 

& Formulation Development, Patheon, 

notes. “But the instability of a product 

because of poor formulation develop-

ment can result in clinical hold and put 

the whole program at risk.” 

Kang explains that the instability 

of a biologic can be caused by aggre-

gation, deamination, isomerization, 

hydrolysis, oxidation, and denaturation. 

“The tendency of a biologic to exhibit 

these structural modifications depends 

on the properties of the protein and 

environmental factors including tem-

perature, pH, and the ionic strength 

of the surrounding environment,” he 

says. “Several excipients have been 

Formulation of Biologics 
for Non-Invasive Delivery

Adeline Siew, PhD

TTThheeerreee iisss aaaaaaa llooooootttt 
ooff innntteeerreeeeeeesssssttt iinnnnn 

ddeeelivvvvvveeeeerrriinnnnnggggggg 
bbioooloogggiccccccssss vvvvvviiaaaaaaa 
nnooonn--innvvvvvaaaaassssiivvvvvveeeeee 

rrooouuutttteeeeeeesssss iinnnnn 
aaatttteeemmmmmmmpppppptttt tttooooooo 

immmmppppppprrrrooooooovvvvvveeeeee 
pppaaaaaattttieeeeeeennnntttt 

cooommmppliiaaaaannnnnccccceeeeee 
aaaaaaannnnnddddddd 

ccoonnvveeennniieeeeennnnncccccceeeeee.
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tested to increase the stability of 

biologics, including the use of 

disaccharides and non-ionic sur-

factants. Although many of these 

agents are effective stabilizers, 

their use requires careful consid-

eration in terms of local toxicity 

and potential immunogenicity. 

Understanding the mechanism of 

inactivation of biopharmaceuti-

cal drugs is crucial and can enable 

a rational approach to determine 

what excipients should be used 

for stabilization.” 

E n r i c o  C o r o n a ,  d i r e c t o r 

of  Pharmaceut ics  & P rocess 

Technology, Patheon, highlights 

that because formulation devel-

opment often occurs in parallel 

with process development, scien-

tists not only have a limited sup-

ply of material, but they are also 

using materials that might not be 

representative to the final process. 

“Critical quality attributes (CQAs) 

are not clearly defined for novel 

biologics,” he says. “A lot of CQAs 

are based on similar molecules ini-

tially, which might not be the case. 

This poses challenges in making 

effective formulation decisions.”

Moreover, because of their high 

molecular mass, biopharmaceu-

ticals have lower permeability 

across biological barriers such as 

the skin, mucosal membranes, and 

cell membranes, Corona points 

out. “For this reason, injection is 

the primary mode of administra-

tion for most biopharmaceuticals,” 

he adds. Injections are not ideal, 

especially for chronic conditions. 

The pain and inconvenience 

caused by this invasive route can 

have a negative impact on patient 

compliance and quality of life. 

ORRAALL DEELIVVEERRY
Oral delivery offers advantages to 

both patients and manufacturers, 

but for biopharmaceuticals, success 

has been limited. “Both industry 

and academia have spent signifi-

cant amount of resources on this 

effort,” Kang observes. “However, 

avoiding degradation in the harsh 

gast rointest inal env ironment 

as well as transporting large and 

hydrophilic biologic molecules into 

the blood stream remains a chal-

lenge. Until we see a breakthrough 

in both areas, oral delivery of bio-

logics will remain an elusive goal 

for formulation scientists.” 

OOrral ddeellivveerryyy oooooffffffeeeeerrrssss 

advvaannttaaggeeessss ttttoooo 

bbbotth ppaatieennntttssss aaaaannnnnddddd 

mmannnuufaaccttuureerss,,,, bbbbbbuuuuttt ffffooorrr 

bbbiooopphaarmmaacceeeuuuuutttiicccaaaallssss,,

sssuccceess hhaass bbbbeeeeeeeeennnn 

liimmmiitteeddd..

David Lyon, head of biotherapeu-

tics, Capsugel, now a Lonza com-

pany, notes that oral delivery of 

biologic APIs—mainly peptides and 

proteins—has been the “holy grail” 

of pharmaceutical drug delivery for 

the past several decades. “The deliv-

ery of biologic APIs is challenged 

by both physical-chemical proper-

ties of the molecules as well as the 

biology of the gut,” he explains. 

“Specifically, the challenges include 

hydrolytic sensitivities of the mol-

ecules to the acidic media in the 

stomach as well as the enzymatic 

activity of the intestine.” 

Lyon adds that peptides and pro-

teins have high molecular weights 

and are highly hydrophilic. Such 

properties are opposite to those 

required for passive permeation 

of molecules across the gut epi-

thelium. “The stability of peptides 

and proteins to temperature, pH, 

and in some cases, light can also 

have an important impact on man-

ufacturing,” he says. “And in such 

cases, a delicate balance between 

the formulation process and pro-

cess conditions and the stability of 

the biologic API will be required.”

INHHHALLEDD ORR NASAAL DEELLLLLIVVVEEEERRRYYYY
Ryan Klein, senior director of R&D 

at Tergus Pharma, notes that the 

limited success of delivering biolog-

ics via the oral route has led to the 

exploration of other delivery sites 

such as the lungs and the skin. The 

inhaled or nasal route, for example, 

has attracted a great deal of interest, 

not only because of its potential for 

direct delivery of the drug locally to 

the respiratory system, but also as an 

alternative systemic delivery route. 

“As a systemic dosing route, 

inhaled and nasal delivery presents 

a more patient-friendly alternative to 

parenteral delivery. It also has poten-

tial advantages in pharmacokinetic 

profiles compared to other options 

such as subcutaneous injection,” 

says Mark Parry, technical director, 

Intertek Melbourn (2). “Topical deliv-

ery, on the other hand, allows target-

ing of the drug to the site of action 

with a potentially lower dose than 

would be needed for systemic intra-

venous (IV) dosing—for example, 

in the treatment of a lung infection 

or delivery of a gene therapy to the 

lungs of a cystic fibrosis sufferer.” 

According to Lyon, nasal deliv-

ery can be limited by surface area 

and rapid mucous turnover. “But 

the lung has a large surface area 

and a relatively porous membrane 

that it offers a good non-invasive 

target for the delivery of pep-

tides and proteins,” he says, cit-

ing Alfrezza, an inhaled insulin 

product developed by MannKind 

Corporation, as an example. 

A number of devices are used to 

deliver drugs via the inhaled or nasal 

route, from nebulizers and nasal 

sprays to dry powder inhalers (DPI) 

and pressurized metered-dose inhal-

Non-Invasive Formulations

http://www.biopharminternational.com


 October 2017 www.biopharminternational.com BioPharm International  15

ers (pMDI). Ashleigh Wake, direc-

tor of Biological Services, Intertek 

Manchester, highlights that device 

selection should take into account 

factors relating to both the proper-

ties of the compound being devel-

oped as well as the intended usage 

model of the product. “There are 

also related commercial consider-

ations to be factored in,” she says (2). 

“Some compounds may need to 

be present as a solid material because 

they lack long-term stability in solu-

tion; DPI products are advantageous 

in such cases, besides the additional 

benefit of patient convenience. 

However, engineering a DPI formu-

lation requires the development of 

a suitable spray-drying process (or 

other suitable particle-engineering 

technique), which adds complexity 

and cost to the product and its devel-

opment,” Parry explains (2). 

“At Capsugel, we have developed 

a spray-drying/particle-engineering 

technology that allows the gentle 

processing of biologic APIs into 

room temperature-stable formu-

lations that can then be inhaled 

using specially designed DPI cap-

sules (for optimized clearance of 

the drug) and readily available DPI 

devices,” Lyon says. “Capsugel has 

progressed more than 10 inhaled 

peptides and proteins that are now 

in various stages of development.”

Despite some of the advantages 

of a DPI formulation, nebulized 

and nasal solution and reconsti-

tuted solution products tend to 

dominate current developments, 

according to Parry. Lyon points out 

that nebulizers and pMDIs require 

the biologic to be presented as a 

solution. “While many proteins 

can be stabilized in solution, this 

often requires cold-chain storage 

(2–8 °C) to keep the protein in its 

correct three-dimensional struc-

ture,” he says. “Also, nebulization 

and pMDIs are generally consid-

ered less convenient for the patient 

and more challenging from a 

patient compliance perspective.” 

According to Lyon, dry powder 

formulations offer the advantage of 

better patient compliance as well 

as being room temperature stable 

when properly formulated. Parry 

also agrees that the advantages of 

a simpler, shorter inhaled dosing 

process as well as improved shelf 

lives make DPI products more com-

mercially desirable.

“In terms of device compatibility, 

one of the early parts of develop-

ment is to look at the compatibility 

of the product with the materials and 

methods of operation of the chosen 

devices,” says Wake. “For example, 

the aerosolization of solutions for 

nebulization can impart significant 

shear forces as well as increased 

exposure to oxygen in the air, which 

must be assessed in order to select 

an appropriate delivery device.” She 

explains that biologics can suffer 

from changes in activity and struc-

ture when exposed to extreme con-

ditions, as typical of a nebulized or 

nasal system. It is, therefore, impor-

tant to ascertain if the delivery mech-

anism has adversely affected such 

parameters (2). 

Besides the typical quality con-

trol criteria of assay, purity, and 

impurities, inhaled and nasal prod-

ucts requires specific testing to look 

at the product performance, Parry 

points out. “These tests include 

measuring the delivered dose (i.e., 

the actual amount delivered by the 

device to the patient) and the par-

ticle or droplet size, which affects 

where the product will deposit,” he 

says (2). “These parameters are criti-

cal for inhaled and nasal product 

performance as they ensure that 

the right amount of drug is deliv-

ered to the right part of the nose or 

lungs, and are key stability indicat-

ing tests for development and rou-

tine testing of these product types.”

SKIIN DDELLIVERRYY
The potential of delivering biolog-

ics through the skin is also being 

explored. “Biologics as topical treat-

ments are playing an increasing role 

in treating a variety of skin condi-

tions,” says Klein. He highlights, 

however, that there are unique 

challenges in delivering such large 

molecules across the skin given its 

function as a protective barrier. “The 

compact structure and hydrophobic 

nature of the stratum corneum is 

the primary barrier,” he says. “As 

a result, the cutaneous delivery of 

biologics typically requires the use 

of penetration enhancers or some 

other physical or chemical disrup-

tion of this skin layer.”

Despite these challenges, Klein 

sees great opportunities for deliver-

ing biologics via the topical route, 

particularly for the treatment of 

skin conditions. “The advantages of 

topical delivery of biologics include 

direct treatment at the site of the 

disease, the avoidance of hepatic 

first pass metabolism, extended 

delivery times that can prolong the 

pharmacodynamic effect at the site 

of action in the skin, and the flex-

ibility to remove the delivery sys-

tem to discontinue administration 

of the drug,” he explains.

From a formulation perspective, 

Klein stresses that it is important 

to select excipients and penetra-

tion enhancers that allow the drug 

to maintain its efficacy and reach 

the target site in sufficient quan-

tities. “The tertiary structure of 

large molecules is crucial to their 

efficacy, and this conformation 

can be highly sensitive to certain 

excipients and processes used to 

formulate the final product,” he 

says. He adds that chemical deg-

radation, aggregation, and confor-

mational denaturation can lead to 

a significant decrease in efficacy. 

“Factors such as pH, salt content, 

shear, and heat that typically have 

minimal impact on conventional 

small molecules can have a sig-

nificant impact on a biologic,” he 

says. “Thus, appropriate solvents 

and excipients should be carefully 

selected to ensure they are fully 

Non-Invasive Formulations
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compatible with the drug sub-

stance in the final dosage form 

(i.e., cream, lotion, gel, ointment). 

The final process should be thor-

oughly evaluated and the design 

space fully characterized to estab-

lish the impact of manufacturing 

process on the final product.”

According to Klein, most alco-

hols are incompatible with pep-

tides and proteins and should, 

therefore, be avoided as solvents 

in favor of aqueous buffer systems 

that provide a more stable environ-

ment for biologics. “To optimize 

product shelf life, preservatives 

and stabilizers may also be neces-

sary and should be added to main-

tain pH and prevent oxidation. 

Typical stabilizers include methio-

nine, glutathione, and trehalose,” 

he says. 

Klein notes that penetration 

enhancers are often required to 

enhance the delivery of large 

molecules, but must be selected 

carefully to ensure compatibility. 

“Many conventional penetration 

enhancers exert their effect due 

to their ability to disrupt the bio-

logical environment of the skin, 

and therefore, are not compatible 

with large molecules in the for-

mulation,” he explains. “Specific 

enhancers that are amenable to 

most biologics include isopropyl 

myristate, propylene glycol, and 

N-methylpyrrolidone.” 

MICCCROONEEDDLLE DDEELLIVVEERRRYYYY
Another alternative to injections, 

for biologics, is the transdermal 

route, which offers the possi-

bility of a faster onset of action 

compared to subcutaneous admin-

istration, according to Lisa Dick, 

microst ructured t ransdermal 

system (MTS) new technology 

and product development man-

ager, 3M Drug Delivery Systems. 

“Microneedle delivery provides an 

alternative to standard syringes 

and needles or autoinjectors,” she 

says. “For needle-phobic patients, 

microneedles are less threatening 

than standard injection needles.” 

For transdermal products, the 

drug molecule needs to be relatively 

small (i.e., several hundred atomic 

mass units) and permeable through 

the stratum corneum, observes 

Mark Tomai, head of Toll-Like 

Receptor (TLR) and MTS Business 

Development, 3M Drug Delivery 

Systems. “Most biologic drugs are too 

large for passive intradermal deliv-

ery,” he says, “that’s why micronee-

dle-based delivery systems have been 

developed.” 3M has developed hol-

low and solid microneedle systems, 

which use biocompatible polymeric 

microneedles to bypass the barrier 

properties of the stratum corneum.

The hollow microneedle tech-

nology by 3M is a single-use 

delivery system designed for self-

administration. Liquid formula-

tions are contained in a reservoir 

and delivered into the skin via a 

1-cm2 microneedle array. The 

microneedles can accommodate 

a range of molecules and drug 

volumes of up to 2 mL, as long as 

stability in the liquid form is main-

tained (3). 

“For liquid formulations deliv-

ered through hollow microneedles, 

skin tolerability and viscosity are 

key considerations during formu-

lation development,” says Tomai. 

“Non-viscous formulations flow 

readily through the narrow flow 

paths in the microneedle-based 

devices, but viscous formulations 

are more likely to require a long 

delivery time due to back pressure 

from the skin toward the volume 

being delivered.” According to 

Tomai, it is possible to deliver more 

viscous solutions of up to approxi-

mately 25 centipoise (cp) with the 

3M hollow microstructured trans-

dermal system (hMTS), and there 

are options for delivery of up to 80 

cp solutions in the future (2).

Dick stresses the importance of 

ensuring that the drug product 

formulation is chemically compat-

ible with the microneedle array 

and device, including storage over 

time. “Drug molecules in a liq-

uid formulation that are deliv-

ered using a hollow microneedle 

injector must be physically able 

to withstand shear forces when 

flowing through the device. Such 

physical compatibility consider-

ations are especially important 

for biological drugs, which can 

denature or become inactive,” she 

explains (2). 

3M’s solid microneedle tech-

nology is based on tiny needles 

mounted on a wearable patch, 

which has been designed to 

del iver proteins, vaccines, or 

other solid formulations up to 

300 mcg (4). “In this case, the 

drug is coated on the micronee-

dle patch and these systems have 

the advantages of having many 

short microneedles, being easy for 

a patient to self-administer, and 

potentially being stable at room 

temperature,” says Dick. There 

are, however, several formulation 

considerations that need to be 

taken into account, for example, 

the balance between chemical 

stability, the ability to coat onto 

solid microneedles, and the abil-

ity of the formulation to release 

into the skin, Tomai highlights. 

“Chemical stability considerations 

are similar to those of other dos-

age forms. The ability to coat a 

formulation onto solid micronee-

dles is drug dependent and relies 

on solubility, target dose, and 

viscosity. For the ability of a for-

mulation to release into the skin, 

it needs to be released from the 

microneedle surface through its 

inherent solubility in the dermal 

interstitial fluid,” he says. There 

may be more than one acceptable 

formulation composition for a 

drug molecule, Tomai points out, 

therefore, it is a matter of testing 

several formulations for manufac-

turability and the eventual out-

come for effective treatment (2).

http://www.biopharminternational.com
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TREENDDS IN BIIOOLLOOGGICCSS 
DRRUUGGG DEEVEELOOPMMMENT
The impending patent expira-

t ions of biologic blockbusters 

continue to fuel the development 

of biosimilars. There is a lot of 

pressure for faster formulation 

development as companies strive 

to quickly file an investigational 

new drug application, according 

to Kang and Corona. “Most com-

panies are using high throughput 

methods to screen large amounts 

of buffer/excipients more quickly 

and efficiently. There is also the 

development of kinetic models 

to predict drug product expira-

tion dates based on stressed or 

accelerated stability results,” they 

say. “In addition, we see increas-

ing emphasis by regulators on 

efforts to measure, characterize, 

and control subvisible particles 

in biologics.”

There is, at the same time, a 

shift toward the development of 

formulations that are more con-

venient for patients. With key 

biologics coming off patents, 

there are opportunities for prod-

uct differentiation, such as deliv-

ering biologics via non-invasive 

routes. Lyon believes that in the 

near future oral delivery of bio-

logic APIs will be fairly common 

for APIs treating local gut dis-

ease states, such as Crohn’s and 

irritable bowel syndrome. “This 

delivery modality will require 

prote c t ion f rom ac id - ba se d 

hydrolysis using enteric-coated 

multiparticulates or an intrinsi-

cally enteric capsule technology 

(e.g., Capsugel’s enTRinsic drug-

delivery technology).” However, 

he highlights that signif icant 

breakthroughs will have to be 

made to translate currently mar-

keted biologic APIs from IV deliv-

ery to drug products delivered 

orally.

REFFFERRRENNCES
 1. Grand View Research, 

“Biologics Market Size Worth 
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Release, March 29, 2017. 

 2. A Siew, PharmTech 41 

(5) 30-33 (2017).

 3. 3M, Drug Delivery Systems—

Hollow Microneedle Technology, 

www.3m.com/3M/en_US/drug-

delivery-systems-us/technologies/

microneedle/hollow-needle/. 

 4. 3M, Drug Delivery Systems—

Solid Microneedle Technology, 

www.3m.com/3M/en_US/drug-

delivery-systems-us/technologies/

microneedle/solid/.  ◆
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within l iv ing organisms, 

f rom ma n to  mic robes . 

Therefore, any biological 

system used to generate biological or 

biopharmaceutical products could be 

contaminated with viruses. Viruses 

can cause serious or fatal illness. Even 

viruses not known to be highly patho-

genic, or to cause significant disease 

in humans, could potentially do so if 

introduced into an immune-compro-

mised host and/or by a non-natural 

route of infection (e.g., intravenous 

or intramuscular inoculation rather 

than respiratory or oral spread). Some 

viruses can result in chronic infec-

tions, or persist silently within cells 

for long periods. For example, retro-

viruses, a family of viruses known to 

cause serious disease in humans and 

animals, integrate into the host cell 

genome as part of their lifecycle, and 

can result in life-long infection or cel-

lular change.

There are several, well-documented 

historical instances of virus transmis-

sion to humans through contaminated 

vaccines. Some early batches of yellow 

fever vaccine, for example, produced in 

hens’ eggs were found to be contami-

nated with avian leucosis virus. In the 

late 1950s and early 1960s, batches of 

poliovirus and adenovirus vaccines were 

contaminated with Simian vacuolat-

ing virus 40 (SV40) from rhesus mon-

key kidney cells. Viruses have also been 

detected in cell culture-derived products 

without transmission to humans or ani-

mals. Examples are shown in Table I.

Control Viral Contaminants 
with Effective Testing

Richard Adair

Detecting viral 
contaminants in 
biologic-based 

medicines—
and identifying 

their source—
requires a 

holistic testing 
approach.

Richard Adair is virology 

and technical support manager, 

SGS Life Sciences, Glasgow, Scotland.

Cell Line Quality
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Virus contamination could arise 

due to the presence of virus in 

the original cell line or biologi-

cal system used, or to the inad-

vertent introduction of virus into 

cell cultures during a manufac-

turing process. Raw materials of 

animal origin, a manufacturing 

process operator, or even mate-

rials contaminated by contact 

with animals or animal-derived 

material are possible contamina-

tion sources. Contamination of 

Chinese hamster ovary (CHO) cell 

banks with murine minute virus 

(MMV), a virus primarily found in 

the urine of rats and mice, could 

potentially have resulted from this 

latter route.

Although there is significant 

effort to move away from the use 

of animal-derived materials such 

as bovine serum or porcine tryp-

sin for cell culture, many cell lines 

have historically been exposed to 

these materials and could poten-

tially be infected with a range 

of bovine and porcine viral con-

taminants. For example, the most 

likely source of contamination of 

live rotavirus vaccine with por-

cine circovirus, identified ini-

tially in 2010 via next generation 

sequencing, appears to have been 

non-irradiated porcine trypsin 

used in the 1990s to manufacture 

the Vero cell banks used for vac-

cine production (1–3). 

CONTROL OF POTENTIAL VIRUS 
CONTAMINATION IN BIOLOGICALS
Three pr incipal and comple-

mentary approaches are gener-

ally applied for controlling viral 

contaminants in biologics: the 

selection and control of starting 

materials; the testing of source 

materials and the products; and 

viral clearance. This article pri-

marily focuses on testing of source 

materials and products. 

Regulatory authorities require 

testing to be carried out at every 

stage of the manufacturing pro-

cess of the product, including 

cell substrate banks, viral seed 

banks, raw materials of animal 

origin, bulk harvests, and batches 

of the final manufactured clini-

cal product. The samples must 

be tested to recognized inter-

nat ional gu idel ines,  such as 

the International Council for 

Harmonization (ICH) guidelines, 

FDA Vaccine 2010 guidelines (4), 

and/or European Pharmacopeia 

guidelines, as appropriate.

There are many factors to be 

taken into consideration when 

planning a viral testing strategy, 

and these will include assessment 

of the risk of contamination from 

endogenous and adventit ious 

viruses due to the starting materi-

als and reagents used, as well as 

the nature and intended use of the 

final product. All potential con-

taminants may not be predicted. 

Novel infectious agents are being 

increasingly reported (e.g., novel 

coronaviruses, such as severe acute 

respiratory syndrome [SARS] and 

novel influenza virus variants), 

and no single assay method or 

approach will detect all viruses. 

A combination of approaches for 

virus detection, including gen-

eral and specific assays, is there-

fore required. Potent ia l  test 

methods typically include adven-

titious agent tests, usually non-

specific tests capable of detecting 

a broad range of viruses; species-

specific assays, designed to detect 

the presence of identified poten-

tial contaminants (e.g., specific 

bovine or porcine viruses in serum 

or trypsin, respectively, or murine 

viruses in mouse cells); and tests 

for retroviruses.

HOW ARE VIRUSES DETECTED?
Viruses can be detected by using 

assays that look for evidence of 

infectivity in a living system (in-

vitro or in-vivo assays), or for viral 

markers including the presence of 

the virus genome (e.g., polymerase 

chain reaction [PCR]-based meth-

ods), viral proteins (e.g., enzyme 

assays for reverse transcriptase in 

retroviruses), or virus particles 

(e.g., by electron microscopy). 

Electron microscopy (EM) is 

used widely in the industry as a 

generalized, non-specific screen-

ing method. It allows direct visu-

alization of cells or samples, and 

can allow for the detection of a 

broad range of viruses as well as 

other micro-organisms, included 

bacteria, fungi, and mycoplasma. 

Although a useful screen, the sen-

sitivity of the method is low. For 

example, virus present in a very 

small proportion of a cell bank 

Cell Line Quality

Table I. Virus contamination of cell culture-derived products. CHO is Chinese 

hamster ovary. BHK is baby hamster kidney cells. 

Virus Cell culture-derived source

Bovine diarrhea virus
Human IFN

Mumps vaccine
Live veterinary vaccines

Paramyxovirus CHO products

Epizootic haemorrhagic disease virus CHO products

Bluetongue virus Veterinary vaccine

Bovine polyomavirus   Live veterinary vaccine

Murine minute virus
CHO products

BHK-derived veterinary vaccine

Canine parovirus Veterinary vaccine

Human rhinovirus BHK cell product

Porcine circovirus Rotavirus vaccine

Contin. on page 25

http://www.biopharminternational.com
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Keys to Successful 
Implementation 
of Single-Use Technology
How and why collaboration improves single-use projects.
BY WILLEM KOOLS, PHD, HEAD OF TECHNOLOGY MANAGEMENT, MILLIPORESIGMA 

s biopharmaceutical projects oc-
cupy an increasingly larger share 
of the development pipeline, drug 
makers are striving to imple-
ment strategies that bring 
affordable therapies to market 
quickly and cost effectively. 

Over the past several years, the adoption of single-
use technology has emerged as one important 
strategy for improving downstream and upstream 
processing while avoiding the downsides of tradi-
tional stainless-steel bioreactors. 

Uptake of single-use technology shows no signs 
of slowing. A recent market report predicted the 
single-use market will become a $6-billion industry 
by 2024, marking a compound aggregate growth 
rate of 11.1% from 2015 to 2024.1

While drug companies are highly motivated to 
use single-use solutions to speed the develop-
ment of new molecules, increase production 
effi ciency, and decrease capital expenditures, they 
still face several complicated challenges such as 
on-time delivery of materials, regulatory issues, 
and quality questions.

How are innovators addressing these issues and 
bringing single-use solutions to the next level? 

SINGLE-USE CHALLENGES 
AND OPPORTUNITIES
While many teams can implement single-use 
systems to some degree, not everyone has the 
knowledge and experience to do it well. Some fi rms 
believe they are restricted to a one-size-fi ts-all ap-
proach for single-use assemblies. In reality, “single-
use” cannot be implemented the same way for 
every molecule and every project. A knowledgeable 
third-party expert can effi ciently develop single-use 
assembly elements tailored to a given project while 
the sponsor company focuses on making its mol-
ecule as productive as possible.

At the M LabTM Collaboration Centers, sponsor 
companies have access to the Mobius® MyWay port-
folio, allowing them the fl exibility to choose from three 

single-use assembly routes. Mobius® 
Stock solutions can ship within 24 

hours for clients with immediate needs. Mobius® Se-
lect assemblies give sponsor companies with acceler-
ated timelines the option of using custom assemblies 
from an optimized component library (six-week lead 
time). Last, Mobius® Choice offers fully customized 
solutions for end-users with specialized requirements 
(standard lead time). This diverse portfolio helps us 
address the many different needs and challenges that 
users face. 

But with the many choices available to them, 
how do companies choose the best assembly for 
their project? 

We believe having input from a knowledgeable 
expert as well as state-of-the-art process develop-
ment tools are key for designing the best proto-
types possible. This pairing—expertise and innova-
tive tools—enables projects to quickly move from 
the draft stage to one that is fully optimized. 

Using our non-GMP facility for this work helps 
spark creativity and allows end-users to explore the 
full breadth of options available to them. Clients can 
troubleshoot unit operations freely with modern tools 
for both small- and large-scale projects without being 
bound by regulatory restrictions and standard operat-
ing procedures. Experts are committed to helping 
with demonstrations, evaluations, and education 
about single-use solutions to quickly optimize and 

implement applications across various processes.
To support such intricate process development 

teamwork, we chose to establish our nine in-
novative M Lab™ Collaboration Centers across 
the globe which include a host of virtual tools for 
remote discussions and troubleshooting. Centers 
are located in North America, Latin America, Eu-
rope, and Asia, and we tailor our approaches to the 
various regional dynamics.

The individualized support and guidance offered 
at the global M Lab™ Collaboration Centers also 
helps with any regulatory and validation concerns 
that arise. For instance, sponsor companies often 
want to know how to generate the best data for 
testing processing materials for extractables and 
leachables. The team at the M Lab™ Collaboration 
Centers is committed to addressing questions like 

A
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this and creating a transparent way to supply data-
backed critical information and solid best practices 
about our technologies in support of process 
validation and optimized manufacturing protocols. 
Regardless of where in the world this work takes 
place, we align our training and educational materi-
als and tailor it to the situation at hand. 

This collaborative effort is not only critical for 
new projects, but also for facilitating the stream-
lined transfer of projects from a traditional stain-
less-steel manufacturing process to one designed 
around single-use technology. Working with a 
knowledgeable partner helps avoid time and re-
sources lost to errors and retesting.

COLLABORATION IN ACTION
A collaborative approach brings together great 
people and great minds, overcomes barriers, and 
accelerates progress. We feel this strategy leads to 
robust best practices that customers can confi -
dently implement in their manufacturing processes. 
What follows are four examples that illustrate how 
partnering in a creative M Lab™ Collaboration 
Center environment played an important role in the 
success of customer projects.

CASE STUDY 1: Importance 
of global network. 

A contract manufacturer located outside of the United 
States did not have a fully automated single-use TFF 
system to produce clinical material for a US-based 
client. The manufacturer needed to see what such a 
system would look like and immediately decide on a 
strategy to implement. Using a virtual demonstration, 
we responded very quickly and showcased appropri-
ate systems. We then invited the client to an M LabTM 
Collaboration Center in the United States, so they 
could not only see the most appropriate system, but 
also discuss the intricacies of the process and how 
it would translate into recipes they could run. This 
type of customer engagement would not have been 
possible without the interconnectivity of our various 
regional M Lab™ Collaboration Centers.

The contract manufacturer and their client were 
both very happy with the end result and imple-
mented the system successfully. 

CASE STUDY 2: Higher 
protein concentrations. 

The need for higher protein concentrations in bulk 
drug substances is increasing. One client asked us 
to collaborate on the use of a 500-L single-use mixer 

to uniformly mix a viscous drug product 
without risking protein aggregation. 

With a joint project team, we 
designed a set of experiments and 
showed in an M LabTM Collabora-
tion Center that our mixers worked well 
while maintaining drug product quality.

CASE STUDY 3: 
Virtual solutions. 

One client had key team members based in Asia, 
Europe, and the United States, and wanted employ-
ees from all these areas to discuss a specifi c unit 
operation. M LabTM Collaboration Center specialists 
ran the experiment at our Massachusetts Center with 
the client’s team members in the United States, while 
other individuals watched the experiment in real time 
from sites in Europe and Asia using our virtual tools.

CASE STUDY 4: 
The power of education. 

The authorities in Singapore wanted to prepare the 
local workforce for the infl ux of new biopharmaceuti-
cal R&D and manufacturing projects coming into 
the country. Because our experts have been deeply 
entrenched in the industry and regional regulatory 
issues for years, we were able to train employees of 
biopharma companies based there and well as regula-
tory personnel. This collaboration was important to 
us because we believe an educated workforce is vital 
to the success of a project—especially in emerging 
markets where employees may not all have the same 
degree of regulatory and practical experience in the bi-
opharmaceutical industry. Our involvement in industry 
consortia like the BioPhorum Operations Group plays a 
major role in our ability to help clients on this front.

SUMMARY
As companies move away from traditional stain-
less-steel bioreactors and explore new technolo-
gies for accelerating timelines and slashing costs, 
single-use solutions have come to the forefront as 
an important option. To fully take advantage of this 
powerful technique, collaborating with a third-party 
provider that has an established framework and 
tools for testing and exploring possible single-use 
platforms alongside clients is essential for maxi-
mizing effi ciencies and cost savings.

1 Single-use Bioprocessing Systems Market: Customizability as per 
Consumer Requirements Key Feature Driving Adoption, reports 
TMR,” Sept. 27, 2016, http://www.transparencymarketresearch.
com/pressrelease/single-use-bio-processing-systems-market.htm

The life science business of Merck KGaA, Darmstadt, Germany oper-
ates as MilliporeSigma in the U.S. and Canada.  M Lab and Mobius are 
trademarks of Merck KGaA, Darmstadt, Germany.  All other trademarks 
are the property of their respective owners.  Detailed information on 
trademarks is available via publicly accessible resources.

© 2017 Merck KGaA, Darmstadt, Germany and/or its affi liates.
All Rights Reserved.

https://www.transparencymarketresearch.com/pressrelease/single-use-bio-processing-systems-market.htm
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Best Practices 
for Achieving 
Virus Safety
The importance of collaboration in 
achieving virus safety assurance.

BY WILLEM KOOLS, PHD, HEAD OF TECHNOLOGY 

MANAGEMENT, MILLIPORESIGMA 

o avoid production problems and 
potential supply delays, biophar-
maceutical companies must be 
vigilant in all aspects of virus 
safety risk management. Regula-
tions indicate that virus control 
should be employed at every 

stage of the manufacturing process. While it may 
feel overwhelming to design and validate layers of 
virus safety measures, partnering with Millipore-
Sigma and the large network of technical experts 
at the M LabTM Collaboration Centers can make the 
difference between a proactive approach to virus 
risk mitigation using methods like Quality by Design 
(QbD) versus a more costly, time-consuming one 
that may leave patient safety at risk.

PREVENT. DETECT. REMOVE.
What’s the best approach for developing a virus 
safety process for biologics such as monoclonal 
antibodies (mAbs) and recombinant proteins?

With its experienced BioReliance® team, 
MilliporeSigma and the M LabTM Collaboration Cen-
ters rely on a three-pronged approach to virus safety. 

• Firms can focus on preventing viruses from 
entering bioreactors by screening and carefully 
sourcing all raw materials (e.g., cell lines, buffers, 
and media) for potential contaminants and incorpo-
rating technologies to inactivate or remove poten-
tial virus contaminants with techniques such as 
UV-C inactivation and high-temperature short-time 
(HTST) treatment. Virus fi ltration of raw materials is 
another key prevention method.

• Virus testing is critical for determining 
levels of endogenous virus-like particles and 
for assessing if adventitious virus has 
contaminated the drug product.

• To eliminate any virus present in the process, 
manufacturers should employ virus removal and/or 

inactivation operations in downstream 
purifi cation. This can involve a 

variety of methods such as chemical inactivation, 

chromatography, and virus fi ltration.

The MilliporeSigma team has 30 years of experi-

ence working with customers on virus fi ltration in 

all phases of biopharmaceutical development. As 

these efforts evolved into comprehensive viral clear-

ance testing and process development services, 

they saw the need to expand the opportunities 

for clients to work side by side with the technical 

experts at the M LabTM Collaboration Centers. Here, 

sponsors and the M Lab™ Collaboration Centers 

team can work on testing new products—both 

fi ltration, chromatography and new virus barrier 

technologies—as well as scale-up processes in 

T

To avoid production problems 

and potential supply delays, 

biopharmaceutical companies 

must be vigilant in all 

aspects of virus safety 

risk management.
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a non-GMP and collaborative environment that 
inspires creative solutions.

Collaborative testing. The M Lab™ Collaboration 
Centers’ network of scientists and engineers work 
with clients to identify which product and service 
solutions or combinations would be best for their 
processes and help them implement a viral safety 
strategy with confi dence. The open, collaborative at-
mosphere at M LabTM Collaboration Centers provides 
the fl exibility to evaluate virus safety applications and 
processes that might 
not be possible in the 
client’s facility. In this 
“sandbox,” clients are 
free to collaborate 
and learn through 
hands-on and virtual 
experimentation. If a 
customer is facing a 
specifi c problem in 
their process, a suite 
of innovative digital 
tools and manufactur-
ing equipment can 
help determine how 
to address it under representative process condi-
tions. This scientifi c “playground” gives customers 
the freedom to explore without restrictions and 
sets the stage for a well thought-out and success-
ful virus testing strategy. In addition, virus safety 
support offered at the M Lab™ 
Collaboration Centers is complemented by the 
biosafety testing and viral clearance services 
offered by MilliporeSigma’s BioReliance® team.

Streamline strategies across production scales. 
Working with a knowledgeable partner to optimize 
virus safety solutions for biologics can also help 
streamline process scale-up as molecules mature. 
This is vital for keeping costs and timelines on track. 

While a molecule is still in development, techni-
cal experts in the M LabTM Collaboration Center 
can run studies at both small and large scales to 
ensure the processes meet targets for purifi ca-
tion and virus clearance. For instance, a group of 
technical experts worked with an early evaluator 
of a new virus barrier fi lter that wanted to know 
whether the technology would scale well as their 
molecule progressed through development and 
into commercialization. They mimicked the condi-
tions of the customer’s plant in the M LabTM Col-
laboration Center and conducted a scalability study 
using the customer’s media. Doing that work up 
front, free from the bounds of SOPs and GMP 
requirements, was by far the easiest and fastest 

way for the client to generate reli-
able scalability data and perform 

both pilot-scale studies and 

large-scale operations.

QbD approach for increased ef-

fi ciency. To bring virus safety to the next level, 

experts at the M LabTM Collaboration Center take 

a QbD approach to virus fi ltration processes. QbD 

can help teams understand the process, fi lter, and 

feed parameters that affect virus retention in order to 

develop a robust design space and parameter control 

strategy for virus fi ltration, which paves the way for 

process validation and regu-

latory approval. 

The QbD approach 

used at MilliporeSigma 

has numerous real-world 

benefi ts. One client, for 

instance, accelerated their 

development timelines 

enabling more-effi cient 

fi ling of Biologics License 

Applications as a result 

of the streamlined pro-

cess improvements. This 

is a huge advantage for 

biopharmaceutical companies that are often under 

intense time pressures to bring products to mar-

ket as quickly as possible.

SUMMARY
Creating and implementing a solid virus safety 

strategy for biologics is essential for all biopharma-

ceutical companies. Working with M LabTM Collabo-

ration Centers not only gives companies access to 

cutting-edge solutions, but also provides a fl exible 

environment conducive to problem solving and 

experimentation. Clients can try several solutions be-

fore committing to them and receive guidance from 

knowledgeable experts about the best approach for 

their project. The innovative tools at the M LabTM Col-

laboration Centers also help ensure processes scale 

well while a molecule is still in development, poten-

tially cutting development time and costs. Last, the 

QbD approach that MilliporeSigma applies to virus 

safety brings additional effi ciencies. All told, exten-

sive collaboration between sponsor and supplier not 

only simplifi es the complicated process of establish-

ing a virus safety strategy, but also adds numerous 

other cost and time-saving benefi ts to clients.

The life science business of Merck KGaA, Darmstadt, Germany 

operates as MilliporeSigma in the U.S. and Canada. M Lab and 

BioReliance are trademarks of Merck KGaA, Darmstadt, Germany.  

All other trademarks are the property of their respective owners.  

Detailed information on trademarks is available via publicly 

accessible resources.

© 2017 Merck KGaA, Darmstadt, Germany and/or its affi liates. 

All Rights Reserved.
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provides a fl exible environment 

conducive to problem solving 

and experimentation.
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xpansion into emerging markets is a key 
growth strategy in the life sciences sector, 
with numerous pharmaceutical compa-
nies interested in adding production and/
or R&D capabilities there in the coming 

years. Conducting R&D and manufacturing work in 
emerging markets is not a straightforward endeavor, 
however, and numerous challenges must be ad-
dressed for projects to run smoothly. 

BioPharm International recently spoke with Wil-
lem Kools, PhD, head of technology management at 
MilliporeSigma, about the role of education in break-
ing down some of those barriers to entry in emerging 
markets such as Singapore, India, China, Brazil, South 
Korea, and elsewhere. He explains how experts from 
the M LabTM Collaboration Centers are leading the way 
in making emerging markets a less-risky proposition for 
biopharmaceutical companies wanting to expand there.

BioPharm International: What challenges 

stand in the way of a drug company entering 

an emerging market?

Kools: Seven out of nine M LabTM Collaboration 

Centers are located in emerging markets. Given our 

successful track record working in these areas, we get 

a lot of questions from clients about how to success-

fully work and bring technology for biopharmaceutical 

projects into emerging markets. 

The fi rst challenge that comes to mind is access to 

technical expertise. While some companies have come 

to emerging markets to develop and manufacture bio-

pharmaceuticals like vaccines, not much more-complex 

biopharmaceutical work has been conducted in these 

areas. In many cases, the infrastructure for large-scale 

biopharmaceutical production is still growing and there 

is not a large pool of experienced and skilled workers in 

these areas to draw on. 

Thus, it is critical from a risk-mitigation perspective 

to work with knowledgeable partners who understand 

how to train local talent with appropriate workforce 

skills (i.e., technical experience and regulatory under-

standing) while dealing with the speed-to-market chal-

lenges inherent in biopharmaceutical work. 
At the M LabTM Collaboration Centers, we strongly 

feel that to make a business environment in emerging 
markets attractive enough for companies to invest, it’s 

critical to take the lead in training and 
sustaining a qualifi ed, skilled, and 

knowledgeable workforce. This was 

the goal of an important collaboration 

between the M LabTM Collaboration Cen-

ters and the Singapore authorities. Drawing on our years 

of technical and regulatory expertise, we have trained 

employees of biopharmaceutical companies and regula-

tory inspectors based in Singapore for the past eight 

years. In fact, about 70% of the Singapore pharmaceuti-

cal workforce has been trained by our technical experts, 

with 80% working in manufacturing operations. 

For biopharmaceutical R&D and manufacturing efforts 

to be successful in emerging markets, we cannot be 

the only ones who know how to work there. In other 

words, information cannot exist within a silo. M LabTM 

Collaboration Centers have seen time and time again 

that having a strong focus on client collaboration and 

helping to build a stable and skilled workforce through 

training programs benefi ts the entire community and 

helps avoid road bumps as projects grow.

BioPharm International: How diffi cult is it for biophar-

maceutical companies to navigate an uncertain regula-

tory environment?

Kools: Our company has a long track record of strong 

relationships with regulatory bodies in numerous coun-

tries, and we support the development and implemen-

tation of critical regulations in countries just starting to 

see increased pharmaceutical development and produc-

tion. As a trusted partner, we believe it’s vital to be on 

top of the regulations as they stand today as well as to 

have our fi nger on the pulse of how they are evolving. 

In addition, we want to help local regulators in emerg-

ing markets understand the global regulatory dynamic 

and help them achieve the right level of standards, best 

practices, and oversight so they can ensure product 

safety for patients. At the end of the day, that’s what 

we all strive for in this industry.

BioPharm International: How are the M LabTM Col-

laboration Centers helping to overcome these regula-

tory barriers?

Kools: We ensure regulators know all the ins and 

outs of safe biopharmaceutical manufacturing, what 

to look for, what not to look for, what is already 

known, and more. Furthermore, we feel it’s impor-

tant to guide approaches in process characterization 

and validation toward meeting both local and global 

standards. Last, a growing focus for us is initiating 

good discussions about how to evolve regulatory 

frameworks so that customers in those regions have 

certainty about the expectations.

The life science business of Merck KGaA, Darmstadt, Germany 

operates as MilliporeSigma in the U.S. and Canada. M Lab is a 

trademark of Merck KGaA, Darmstadt, Germany. All other 

trademarks are the property of their respective owners. Detailed 

information on trademarks is available via publicly accessible resources.

© 2017 Merck KGaA, Darmstadt, Germany and/or its affi liates. 

All Rights Reserved.
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(e.g., 1 in 1000 cells) may not be 

detected in a standard assay where 

200 –300 cell profiles may be 

examined. EM can also be a useful 

diagnostic and investigative tool if 

the presence of virus is suspected 

in cell cultures.

Almost all cells contain retro-

virus sequences. Some cell lines 

commonly used in the indus-

try, such as murine hybridomas 

and CHO cells, are known to 

release retrovirus-like particles. 

Although the retrovirus particles 

released from CHO cells have 

not been shown to be infectious, 

murine cells can often release 

infect ious v i rus.  Regulat ions 

require the use of EM to look for 

the presence of retrovirus in cells 

and to quantify the load of retro-

virus-like particles in bulk har-

vests when rodent cells such as 

CHO are used.

Retroviruses express an enzyme 

known as reverse transcriptase 

(RT), which converts virus RNA to 

DNA and facilitates integration of 

the virus DNA into the host cell 

genome. It is virtually unique to 

retroviruses, so RT activity is an 

indication of potential retrovirus 

contamination. Regulations call for 

the use of PCR-based RT (PBRT) 

or product-enhanced RT (PERT) 

assays to detect retroviral RT 

enzyme activity (4–10). Although 

PERT assays are highly sensitive, 

they can sometimes give false posi-

tives from high background cel-

lular DNA polymerase activity, so 

unexpected PERT positive results 

need to be confirmed by retroviral 

infectivity testing, using a relevant 

detector cell line(s) (11–14).

Quantitative PCR-based assays 

(QPCR), such as TaqMan (Thermo 

Fisher) technology, or other nucleic 

acid tests (NAT), are widely used 

to look for species-specific con-

taminants by amplification of viral 

DNA or RNA. These methods are 

considered specific, and therefore 

it is only possible to detect what is 

looked for. The appropriate contam-

inants to analyze for are selected 

based on a risk assessment of what 

the material is, and what it is ulti-

mately going to be used for, as well 

as relevant regulatory guidance.

Not all viruses grow or are 

detectable in cell culture or in-vivo 

systems, and PCR-based assays are 

therefore useful for detection of 

such contaminants. However, a 

positive PCR result only indicates 

the presence of virus DNA or RNA, 

rather than reflecting the presence 

of infectious virus. Bovine poly-

oma virus, for example, is a well-

known contaminant of serum, but 

a positive PCR result from serum 

Cell Line Quality

Figure 1.  In vitro assays: Cell-culture assays for detection of adventitious 

virus contaminants. CHO is Chinese hamster ovary. BHK is baby hamster 

kidney cells.

Figure 2. Adenovirus cytopathic effect.
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Cell Line Quality

cannot determine whether there is 

replicating virus present or merely 

DNA fragments. Therefore, posi-

tive results from PCR assays may 

require further investigation, and 

use of infectivity assays, if avail-

able, to determine if infectious 

virus is present.

There are also practical consid-

erations with respect to the use 

of these assays. For example, the 

PCR target must be highly con-

served and the assay highly sensi-

tive (<100–1000 copies per 200,000 

non-infected cells for cell banks or 

<2000 copies per mL for vaccine 

seeds). Due to the high sensitivity, 

PCR is highly prone to contamina-

tion, so rigorous controls must be 

put in place to segregate the PCR 

reagents and test materials in dif-

ferent cleanrooms and to ensure 

that the workflow moves only in 

one direction.

Industry interest in next genera-

tion sequencing (NGS), also known 

as massive parallel sequencing, 

deep sequencing, or metagenom-

ics is strong. Using this method, 

a population of sequences in the 

sample can be surveyed, allowing 

the detection of unknown viruses, 

integrated retrovirus provirus, tran-

scripts and endogenous sequences. 

Assays that detect virus mark-

ers, including virus DNA or RNA, 

protein or particles, are an impor-

tant component of a virus testing 

strategy. Interpretation of results 

can be dif f icult, however, as 

these assays may not distinguish 

between infectious and non-infec-

tious virus. Many of these assays 

are also highly specific (e.g., PCR, 

enzyme assays). Therefore, addi-

tional approaches, including the 

use of assays capable of detecting 

a broad range of infectious viruses, 

are also required. 

Infectivity assays are routinely 

used to screen for the presence of 

infectious virus contaminants. 

These may be non-specific, such 

as in-vitro and in-vivo assays for the 

detection of adventitious virus con-

taminants, or specific bovine or por-

cine virus assays or mouse antibody 

production tests (MAPs)/hamster 

antibody production tests (HAPs) 

for the detection of specific bovine, 

porcine, murine, or hamster viruses. 

Cell culture-based (in-vit ro) 

assays for the detection of adven-

t i t iou s  v i r u s  cont a m i na nt s 

involve inoculating selected indi-

cator cells in culture with the test 

sample, maintaining the cells for 

a period of time to allow virus 

growth and spread, and looking 

for non-specific or general signs 

of infection common to many 

viruses, such as cell death or cyto-

pathology, or hemadsorption (the 

ability of infected cells to bind 

red blood cells). This process is 

illustrated in Figure 1.

To be detected, a virus must be 

able to infect and grow within 

the indicator cell line(s) under 

the conditions used, and induce 

cytopathology or an alternative 

detectable effect (Figure 2). By using 

a range of cell lines capable of 

supporting the growth of differ-

ent viruses, and appropriate end-

points, in-vitro assays may allow 

the detection of a broad range of 

adventitious virus contaminants.

T he  p r e c i s e  a s s ay  cond i -

tions selected will depend, for 

example, on the origin of the 

cell bank, the type of virus that 

may be present, the intended 

use of the product,  and the 

requirements of the regulat-

ing author it y.  For  example, 

ICH Q5A guidelines (6) advise 

that human and/or non-human 

pr imate ce l l s  suscept ible  to 

human viruses be used as indi-

cator cell lines and end points 

for  detec t ion of  c y topat h ic 

a nd  he mad sorb i ng  v i r u s e s . 

L ikewise,  the FDA Points to 

Consider (PTC) (1993, 1997) (8,9)

recommend the use of at least 

three cell types (cells of the same 

species and tissue type as the 

production line, where possible; 

human diploid cells; and monkey 

kidney cells). 

Vero cells are a commonly used 

monkey kidney cell line and can 

detect human adenoviruses, her-

pesviruses (HSV), arboviruses, 

picornaviruses (polio, enterovirus), 

SV40, vesicular stomatitis virus 

(VSV), paramyxoviruses (including 

mumps, measles, parainfluenza), 

and orthomyxoviruses. MRC-5 

cells (a human dipoid cell line) 

can detect human herpesviruses, 

picornaviruses (polio, echo, rhino, 

coxsackie), VSV Indiana, paramyxo-

viruses (parainfluenza), and ortho-

myxoviruses. The use of MRC-5 

and Vero cells, therefore, provides 

two indicator cell lines susceptible 

to a range of human viruses.

Cell culture-based assays can 

also be specific, for example, by 

 including a specific end-point such 

as immunofluorescence with a spe-

cific antibody. This approach is used 

to detect specific viruses that may go 

undetected by other endpoint meth-

ods (e.g., non-cytopathic viruses) 

and this method is used routinely as 

part of 9 Code of Federal Regulations 

113 for the detection of bovine 

and porcine viruses in fetal bovine 

serum, cell banks, and viral seeds. 

Cell-culture assays are f re-

quently performed for the detec-

tion of infectious retroviruses, 

either by infection of relevant 

cells in culture with a test sam-

ple or by co-cultivation with live 

test cells. Retrovirus infection is 

often non-cytopathic, and there-

fore relevant endpoints are typ-

ically included, such as the use 

of a PERT assay for detection of 

RT activity in culture superna-

tants, or a sarcoma-positive, leu-

kemia-negative (S+L-) cell line, 

which results in transformed foci 

in response to infection with a 

relevant retrovirus. These assays 

include the XC, S+L- and Mus 

dunni assays used for rodent cell 

lines and their harvests, and co-

http://www.biopharminternational.com
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cultivation assays using human 

cell lines for detection of human-

tropic retrovirus.

CONSTRAINTS TO VIRUS TESTING
No amount of testing can ever 

definitively prove the absence of an 

infectious agent. Clearly, it is not 

possible to test all of a product, so if 

a contaminant is present at low level 

then there is a statistical chance that 

it will not be detected. Furthermore, 

not all viruses or all individual virus 

isolates will necessarily be detected 

in the assay systems used. 

Virus safety testing therefore 

requires a risk-based approach 

involving a combination of meth-

ods, dependent on factors such as 

the production parameters, the 

viral risk assessment of raw materi-

als, and the clinical application of 

the product.
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R
ecent advances in mammalian 

cell culture processes have sig-

nificantly increased product 

titers, but have also resulted 

in substantial increases in cell density 

and cellular debris as well as process and 

product-related impurities. 

Particularly for Fc-fusion proteins, 

these improvements have resulted in 

a new set of starting conditions for 

downstream processing, including ele-

vated levels of high molecular weight 

species (HMWs; up to 20%) and low 

molecular weight species (LMWs; up to 

20%). New advances in Fc-fusion down-

stream processing are crucially needed.

In this study, utilizing a combination 

of high-throughput condition screen-

ing in 96-well plates, optimization in 

small-scale column models, and a novel 

virus-spiking strategy, the authors have 

developed an alternative Fc-fusion pro-

tein polishing process that incorporates 

flow-through strategy in polishing steps 

using cation exchange or hydrophobic 

interaction chromatography. 

As tested on three Fc-fusion proteins, 

this process demonstrates high process 

yield, improved clearance of HMWs and 

LMWs, and efficient reduction of host 

cell proteins (HCP) and DNA as well as 

robust viral clearance. Consistent per-

formance of flow-through operations 

was demonstrated in multiple cGMP 

campaigns at the 2000-L scale.

INTTROODDUUCTIOONN
Improvements have been made in mam-

malian cell culture to achieve high pro-

ductivity processes primarily to meet 
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the increasing demand of biologi-

cal therapies. In response, titers 

for monoclonal antibodies (mAbs) 

and Fc-fusion proteins have signifi-

cantly increased (1–5). 

Particularly for Fc-fusion pro-

teins, these improvements have 

resulted in a new set of starting 

conditions for downstream pro-

cessing, including elevated levels 

of high molecular weight species 

(HMWs; up to 20%) and low 

molecular weight species (LMWs; 

up to 20%).

Monoclonal antibody purifica-

tion processes exist in different 

well-established platforms with 

extensive process performance his-

tories for production of commer-

cial mAbs (6–10), which typically 

consist of two or three chromato-

graphic column steps for mAb purifi-

cation that allow for the purification 

of similar molecules with minimal 

development and optimization. 

In most two-column down-

stream processing platforms, the 

first column is Protein A (ProA), 

which binds the target mAb 

directly from the harvested cell 

culture fluid. A low pH buffer is 

routinely used to elute the mAb 

product, which is followed by a 

viral inactivation step. 

A n ion  e xc ha nge  c h roma-

tography (AEX) (6 – 8, 10 –11), 

typical ly serves as a pol ish-

ing chromatographic step oper-

ated in f low-through mode, 

binding process-related impuri-

ties such as HCP, DNA, leached 

ProA, endotoxins, viruses, and, 

in some cases, HMWs, while the 

mAb product passes through. 

However, traditional AEX is not 

effective at removing extremely 

high levels of HMWs (>20%), 

nor is it efficient for reduction 

of LMWs, which is frequently 

observed for Fc-fusion molecules. 

In addition, Fc-fusions often 

pose significant challenges to 

other purification platforms using 

traditional cation exchange chro-

matography (CEX), hydrophobic 

interaction chromatography (HIC), 

or mixed-mode chromatography as 

a product polishing step. 

Under normal bind/elute operat-

ing conditions, it is extremely dif-

ficult to remove both HMWs and 

LMWs while maintaining accept-

able process yield. New advances in 

Fc-fusion downstream processing 

are crucially needed.

In this study, both CEX and 

HIC resins were evaluated in a 

flow-through mode as a polishing 

step in purification of Fc-fusion 

proteins that previously proved 

challenging to purify using con-

ventional AEX, HIC, or mixed-

mode chromatography.

Using a combination of high-

throughput process development 

(HTPD) in a 96-well batch bind-

ing format and small-scale column 

optimization experiments in a flow-

through mode, the authors have 

developed a Fc-fusion protein polish-

ing step successfully implemented 

at large scale, which demonstrates 

acceptable step recovery and efficient 

clearance of impurities for three dif-

ferent Fc-fusion molecules. 

For all molecules tested in the 

study, acceptable clearance of HCP, 

DNA, and leached ProA was dem-

onstrated. Particularly for one of 

the molecules, the residual HMWs 

were reduced through CEX in a 

flow-through mode by 85% and 

LMWs by 91%. Additionally, more 

than 3.9 logs of viral reduction 

were observed during the viral 

clearance study using a model 

virus, Xenotropic murine leukemia 

virus (X-MuLV). 

Lastly, the methods described 

here can be applied to the purifica-

tion process development of other 

chromatography resins.

MAATEERRIAALSS AANDD MMETTHOODSS
Purification techniques

Feed stock: Fc-fusion proteins with 

an isoelectric point (pI) ranging 

from four to seven were expressed 

in recombinant Chinese ham-

ster ovary (CHO) cells and par-

t ia l ly pur i f ied through ProA 

capture chromatography. The load 

for the Fc-fusion Protein A con-

tained HMWs of up to 5% and 

LMWs at a range of 16 to 20%. 

The feed stream for Fc-fusion pro-

teins B and C was a product of 

one additional chromatographic 

step. Fc-fusion protein B contained 

HMWs in the range of 10 to 25%. 

Fc-fusion protein C contained up 

to 8% HMWs.

High-throughput screening: All 

chemicals (MilliporeSigma) were 

of United States Pharmacopeia or 

multi-compendial grade. For each 

sub-step, 1 mL of solution was in 

contact with 100 μl of resin. Sixty 

percent resin slurry was dispensed 

into the 96-well format filter plate 

(Seahorse or Agilent) followed by 

equilibration at the target pH and 

conductivity. 

Subsequent ly,  prote in was 

loaded into the plate at 40 mg/

mL resin followed by sequential 

wash and strip. Buffers were for-

mulated in an acetate buffer sys-

tem of pH 4.0 to 5.5 with 0 to 

250 mM sodium chloride (NaCl) 

concentration. The filter plate was 

shaken between stages at 1200 rev-

olutions per minute (RPM). 

Incubation time was 10 minutes 

for all phases with the exception of 

the sample application, which was 

incubated for one hour. The filtrate 

was captured in the collection plate 

stacked beneath the filter plate. 

Downstream Processing

FFFc--ffuusiiooonsss vveeryy 

oooftteen ppoosstt siggnnifficcaaantt 
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The final stage involved 1 M 

NaCl solution to strip the protein 

from the resin to allow calcula-

tion of the mass balance. The sam-

ples in the collection plate were 

then analyzed by an ultraviolet 

(UV)–vis spectrophotometer and 

electrophoresis on a chip (Perkin 

Elmer) in a 96-well format. All 

experiments were performed at 

room temperature.

C o l u m n  c h r o m a t o g r a p h y 

and methods :  CEX resins (GE 

H e a l t h c a r e)  a n d  H I C  r e s -

ins (Tosoh Bioscience and GE 

Healthcare) were utilized during 

the experiments. All chromatog-

raphy runs were performed using 

a GE Healthcare ÄKTA Explorer 

or Pure system installed with 

Unicorn software version 6. HIC 

and CEX columns were packed 

in a vantage 0.66-cm or above 

column (MilliporeSigma) with 

a bed-height of 10 to 20 cm and 

residence t imes of f ive to six 

minutes were maintained upon 

scale-up. 

Equilibration with five-column 

volume was performed followed by 

varying the load-ratio conditions 

and chase with equilibration buf-

fers.  Fractions of the flow-through 

were collected during the loading 

and analyzed.

Data analysis

Statistical analysis was carried out 

using Minitab software. Percent 

reduction was defined through the 

use of Equation 1: 

Start (HMW% or LMW%)−End (LMW% or HMW%)

Starting value (HMW% or  LMW%)  
%Reduction = × 100

[Eq. 1]

Analytical techniques

Protein concentration was mea-

sured using a NanoDrop 2000 

( T he r mo F i she r  S c ient i f ic) . 

Microplate protein concentration 

analysis was measured using a 

Spectramax (Molecular Devices) 

plate reader.

Residual ProA levels were mea-

sured by enzyme-linked immuno-

sorbent assay (ELISA) method for the 

quantitation of ProA ligand in solu-

tion (Repligen). Quantitation was 

achieved by comparing the signal of 

the sample to ProA ligand standards 

of known concentrations with a 0.1 

ng/mL limit of quantification.

CHO HCP levels were measured 

by ELISA method for the quantita-

tion of residual host cell proteins 

in solution (Cygnus Technologies). 

Quantitation was achieved by com-

paring the signal of the sample 

to host-cell protein standards of 

known concentrations with a limit 

of quantification of 2.5 ng/ml.

CHO DNA levels were measured 

by quantitative polymerase chain 

reaction (qPCR) method for the 

quantitation of host-cell DNA in 

solution (Thermo Fisher Scientific).  

Quantitation was achieved by com-

paring the signal of the sample to 

DNA standards of known concen-

trations with a limit of quantifica-

tion of 25 pg/ml.

Measurement of aggregation lev-

els was determined by size-exclusion 

chromatography (SEC) using ultra 

performance liquid chromatography 

(UHPLC) (Waters) with Empower 

software that used an Acquity UPLC 

BEH200 SEC column. The protein 

was monitored by UV280 nm.

LMW fragment quantification 

was performed using a method 

that involves the heat ing of 

IgG samples in the presence of 

sodium dodecyl sulfate (SDS) 

under non-reducing conditions. 

A capillary electrophoresis sys-

tem (Beckman Coulter) applied 

high voltage to a capillary, and 

the electric charge caused separa-

tion by size using an UV detector 

to measure absorption.

High-throughput quantification of 

LMW fragment levels was achieved 

with a higher throughput analytical 

platform (Perkin Elmer). The ana-

lytes were  separated electrophorecti-

cally under non-reducing conditions, 

and the bands were detected using 

laser-induced fluorescence. 

REESSULTTSS AANNDD DISSCCUSSSIOON
Resin and condition

screening using 96-well filter plates

The major purification challenge 

for Fc-fusion Protein A was a 

high level of LMWs (up to 20%) 

observed in the eluate of the ProA 

capture step. In the absence of 

detailed characterization of the 

LMW impurities, different cation 

and mixed-mode chromatographic 

resins were screened during the 

initial phase of development.

It was quickly discovered that CEX 

in a flow-through mode was a poten-

tial method of separation between 

product and LMWs. In addition, 

the relatively low pI of the molecule 

makes it a good candidate for cation 

exchange chromatography. 

The second round of HTPD 

was performed for one CEX resin 

under narrower operating ranges 

in a f low-through mode. The 

selected resin was a strong cat-

ion exchanger with a negatively 

charged sulfonate group in the 

ligand. Fc-fusion Protein A was 

screened under various pH and 

NaCl conditions. Greater than 90% 

overall process yield was observed 

in all the conditions evaluated. As 

expected, product flow-through 

was promoted in high salt and 

high pH conditions as indicated by 

Downstream Processing
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Downstream Processing

the high yield in the flow-through 

pool (Figure 1A).

As shown in Figure 1B, there 

is a signif icant dif ference in 

t h e  p a r t i t i o n i n g  b e h a v i o r 

bet ween product and LM Ws 

under the screening conditions. 

Appreciable reduction of LMWs 

was observed at 0–125 mM NaCl 

and pH 5.2–5.5. 

Process capacity determination 

with column chromatography

The screening above with the 

desired purity was used as a starting 

condition for small-scale column 

experiments at a higher load ratio. 

Eluate from the ProA capture 

step was adjusted to pH 5.0 and 

NaCl concentration adjusted to 

80 mM with a concentrated NaCl 

stock solution. Following the equil-

ibration, sample was loaded on a 

0.66-cm inner diameter column 

to a bed-height of 13 cm. Loading 

was performed up to 300 mg/mL-

resin. A residence time of six min-

utes was maintained for the load, 

and wash phases with product 

fractionation at intervals.

Figure 2 presents the product 

recovery versus the level of LMWs 

with a starting concentration of 

18%. Breakthrough of the LMWs 

was observed at approximately 200 

mg/mL-resin, indicating high pro-

cess capacity for the LMWs. 

This high capacity can be 

attributed to the presence of non-

charged groups interspaced within 

the spacer arm linked to the func-

tional ligand on the resin. HMWs 

breakthrough was not observed 

throughout the run, suggesting a 

stronger binding of HMWs to resin 

than other product-related species. 

In addition to purification of the 

monomeric product, process-related 

impurities were also efficiently 

reduced by flow-through CEX as 

the first polishing step. HCP was 

decreased by 60% and residual ProA 

level below 1 ppm. DNA was below 

the limit of quantification in the 

starting material for the study.

In summary, the primary param-

eters governing cation exchange 

chromatography, pH, and NaCl con-

centration were screened based on 

process performance such as prod-

uct recovery, capacity, and selectiv-

ity. CEX steps are more typically 

used in a bind/elute mode, where 

impurities with more acidic species 

than the product may be removed 

Figure 1. Cation exchange chromatography resin evaluated for the effect 

of operating conditions, pH, and sodium chloride concentration. Contour 

plots from screening were evaluated for two response parameters: (A) 

yield; (B) low molecular weight species with starting levels at 20%.
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in the load and wash, while more 

basic impurities are separated from 

the product during elution. 

As a result of the flow-through 

CEX application with significantly 

higher load ratio (up to 400 mg/

mL-resin in this case), buffer con-

sumption is dramatically decreased 

while improving or maintaining 

the recovery of the target protein. 

This work evaluated the feasibility 

of implementing a flow-through 

CEX unit operation as a polishing 

step during purification of a chal-

lenging Fc-fusion protein.

HMW removal through 

HIC in a flow-through mode

In contrast to Fc-fusion A, the 

greatest purification challenge for 

Fc-fusion Proteins B and C was the 

HMW content in the feed stream. 

Similar to Fc-fusion Protein A, 

HMWs had not been characterized 

for Fc-fusion Proteins B and C prior 

to the study. 

High molecular weight contents 

of the starting material were up to 

25% for Fc-fusion Protein B and 8% 

for Fc-fusion Protein C, which were 

good candidates for HIC evaluation.

HIC is widely recognized as 

an effective method in reducing 

aggregated species. Resin selec-

tivity is primarily based on the 

immobilized ligand and protein 

adsorption in an aqueous high-

salt mobile phase and desorption 

in low-salt to no-salt buffer. The 

main parameters to consider when 

selecting HIC media and condi-

tions are ligand hydrophobicity, 

salt type, and salt concentration. 

The feed stream was sourced from 

the first polishing chromatography 

step for Fc-fusion Proteins B and C.

Several resins, including butyl 

and phenyl, were screened (data 

not shown) using Fc-fusion pro-

tein B. The hydrophobic inter-

action resin with phenyl ligand 

was selected based on increased 

selectivity. Condition screening 

was performed for the phenyl with 

two salt types (NaCl and sodium 

citrate [NaCitrate]) and concen-

trations (NaCl, 750 to 1250 nM; 

NaCitrate, 100  to 200 nM). The 

study adhered to the flow-through 

mode of operation. 

The feed was prepared by adjust-

ing the counterion concentration to 

the specified concentration of the 

salt type with the addition of stock 

solution. Following the equilibration, 

sample was loaded on a 1.1-cm inner 

diameter column to a bed-height of 

20 cm. Loading was performed to 

100 mg/mL-resin. A residence time 

of five minutes was maintained for 

the load and wash phases with prod-

uct factions were collected. 

A decrease in yield with NaCl 

concentration was observed with 

Fc-fusion Protein B (Figure 3A). 

This phenomenon is interest-

ing and has been reported as the 

“reverse salt effect” (12). 

This reverse salt effect was 

mostly observed with ionizable 

matrix and was independent of 

the sa lt,  which is indicat ive 

of non-specific binding. In this 

study, this effect is dependent 

upon the anion, indicating that 

the target protein also seems to be 

playing a role.

Figure 3B with NaCitrate shows 

a more robust operating space 

for process yield and reduction 

of the HMWs. Sodium citrate 

is chaotropic and tends to pro-

mote hydrophobic binding and 

enhance the solubility of pro-

teins in solution. Because of this, 

NaCitrate with low counterion 

concentration was selected for 

better manufacturability.

A similar approach was used to 

determine the resin and condi-

tions for Fc-fusion protein C with 

an increased column ratio of 180 

mg/mL-resin. However, the effect 

of salt type was in agreement 

with Fc-fusion protein B (data not 

shown). A summary of a represen-

tative experimental run for three 

molecules and a cGMP 2000-L 

run for Fc-fusion protein B run is 

shown in Table I. 

Downstream Processing

Figure 3. Yield and high molecular weight impurities reduction profiles at varying 

counterion concentration for hydrophobic interaction chromatography (HIC). Under 

the HIC conditions tested, robust yields and impurity removal were obtained under 

conditions containing sodium citrate (NaCitrate), and high reduction values were 

obtained at higher NaCitrate concentrations. HMWs is high molecular weight species.
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Downstream Processing

It should be mentioned that fur-

ther optimization was performed 

for the first polishing step for 

Fc-fusion protein C before the HIC, 

which significantly reduced the 

HMW level in the starting mate-

rial and increased robustness of the 

downstream operations. This may 

explain the lower HMW reduction 

fold observed for this molecule.

Discussion

Viral clearance is an important 

aspect when developing and 

opt imiz ing downst ream pro -

cesses. However, there are very 

limited data available from flow-

through CEX and HIC chro -

matography (13). The clearance 

capability was demonstrated with 

Fc-fusion Proteins A and B.

Init ial v iral clearance stud-

ies for Fc-fusion A using f low-

through cation exchange with 

conditions previously identified 

revealed ≥ 3.9 log reduction value 

(LRV) for X-MuLV. Relat ively 

limited clearance (1.5 LRV) was 

observed with mouse minute 

virus (MMV). Evaluation of HIC 

in a f low-through mode for its 

viral clearance capability using 

Fc-fusion Protein B was a lso 

 performed, which resulted in a 

clearance value of > 4.2 logs. 

A f low-through mode unit 

operation is generally preferred 

over bind/elute in manufacturing 

processes. Advantages can include 

higher process capacity, smaller 

column size, shorter cycle time, 

and, in most instances, lower 

manufac tur ing cost.  Smal ler 

buffer volume is also typically 

required, which may confer an 

advantage if there is a limit on 

buffer tank capacity. 

In addition, wider operating 

ranges can be defined relative to 

traditional bind/elute chromatog-

raphy, which is likely to result in 

greater process robustness and 

manufactur ing f lexibi l ity. As 

such, CEX or HIC chromatogra-

phy in f low-through mode is 

likely to provide a valuable addi-

tion to Fc-fusion protein purifica-

tion with challenging properties. 

The demonstration of the viral 

clearance capability of these CEX 

and HIC chromatography meth-

ods in a f low-through mode, 

along with clearance of product 

and process-related impurities, 

paved the way in implementing 

these unit operations for clinical 

and commercial manufacturing of 

Fc-fusion proteins.
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Table I.  Summary of process performance and product quality for 

3 Fc-fusion proteins using flow-through cation exchange chromatography 

or hydrophobic interaction chromatography. HMWs is high molecular 

weight species. LMWs is low molecular weight species. 

Fc-fusion protein A B C

Chromatography
Cation exchange 
chromatography

Hydrophobic 
interaction 

chromatography

Hydrophobic 
interaction 

chromatography

Scale Bench scale
Bench 
scale

cGMP 
scale

Bench scale

HMWs reduction 
(%)

85 73 23 39

LMWs reduction 
(%)

91

Host cell protein
(LRV)

0.4 1.3 0.9

Leached Protein A 
(ppm)

Below limit of quantification
Residual DNA

 (ppb)
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O
ne of the challenges with bio-

pharmaceutical production is 

the need for enhanced process 

analytical testing techniques. 

Manufacturing biologics, such as mono-

clonal antibodies and therapeutic pro-

teins, inherently relies on complex and 

sophisticated cell-based processes that 

require close monitoring, particularly 

during scale-up for commercial produc-

tion. Sensitive testing and sophisticated 

data analysis are important for ensuring 

product quality.

BUILDING ON PAT
The launch in 2004 of FDA’s guidance 

on process analytical technology (PAT) 

set the regulatory framework for biophar-

maceutical processes (1). The objectives 

include increasing process robustness 

and process understanding and improv-

ing yields by way of less rejections and 

reprocessing to enable batch release in 

real-time (2). 

When a biomanufacturing process has 

been developed, process characterization 

studies are typically conducted to define 

the ranges for various control param-

eters. These studies involve a number of 

small-scale bioreactor cultivations. 

Of the data generated during these 

studies, only that which is needed to 

define the acceptable ranges for the con-

trol parameters are processed in more 

detail. Evaluating specific sets of per-

formance data (e.g., metabolite profiles) 

with a toolbox of advanced statistical 

methods can be used to forecast the 

product quality and quantity of mam-

malian cell culture processes (2).

The Challenges of PAT in the 
Scale-Up of Biologics Production

Feliza Mirasol

Process 
analytical testing 

for biopharm-
aceuticals 

requires 
enhanced 

methods due 
to complex 

bioprocesses.
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Though described as a “holistic” 

approach, the PAT concept is often 

reduced to the specific aspects of 

real-time monitoring and multi-

variate modeling. The many new 

applications of sophisticated on-line 

analyzers have since been evaluated, 

targeting the enhancement of bio-

process monitoring capabilities (2). 

Some monitoring techniques 

typically involve infrared spec-

troscopy, dielectric spectroscopy, 

and 2D fluorescence. Other exotic 

analyzers, such as proton transfer 

reaction mass spectrometry or elec-

tronic noses, have also found their 

way into bioprocessing. 

To correlate the complex signals of 

most on-line analyzers with mean-

ingful parameters for cultivation, 

such as viable cell density or metab-

olite concentrations, the signals of 

these analyzers must be modeled by 

multivariate statistics, according to 

the authors of a study (2). 

One way to innovate biopro-

cesses is to use new analyzers that 

can thus generate new data sets, but 

using data sets of routine at-line or 

off-line analytics by applying more 

sophisticated data analysis meth-

ods is an aspect of PAT that is often 

neglected, the authors said. 

In that study (2), the use of per-

formance-based modeling (PBM) 

allowed for the prediction in daily 

intervals of the final product con-

centration and 12 quality attributes 

(QAs). This approach gave the best 

forecast for product concentration 

in an early phase of the process. 

Some glycan isoforms were also pre-

dicted—with accuracy—several days 

before the bioreactor was harvested. 

PBM thus demonstrated its capa-

bility to predict the endpoint of 

the manufacturing process early 

on by only using commonly avail-

able data, even though it was not 

possible to predict all QAs with the 

desired accuracy. 

“Knowing the product qual-

ity prior to the harvest allows the 

manufacturer to take countermea-

sures in case the forecasted quality 

or quantity deviates from what is 

expected. This would be a big step 

towards real-time release, an impor-

tant element of [FDA’s] PAT initia-

tive,” said the authors of the study.

EXPLORING AN INTEGRATED
SCALE-UP METHOD
One method explored to increase 

the efficiency of the most com-

monly used downstream biophar-

maceutical separation process, 

tangential f low microfiltration 

(MF), and decrease the risk of MF 

scale-up involved an integrated 

approach of using at-line PAT and 

mass balance-based modeling. MF 

is a type of tangential flow filtra-

tion (TFF) that is known to be a 

robust and versatile separation 

technique used in biopharmaceuti-

cal manufacturing. MF processes 

have been traditionally used in the 

harvest and primary recovery of 

biopharmaceuticals (3). However, 

successful scale-up is an important 

challenge in the implementation of 

microfiltration processes. 

A group of researchers used chro-

matography-based PAT to improve 

the consistency of an MF step where 

filter fouling due to deposition of 

insoluble material caused a bottle-

neck in the manufacturing pro-

cess for a therapeutic protein (3). A 

reverse-phase ultra-high-performance 

liquid chromatography (RP–UHPLC) 

assay was developed to provide at-

line monitoring of protein concen-

tration. The method successfully 

resulted in the highlighting of spe-

cific areas where the manufacturing 

process could be improved by show-

ing areas of divergence from a mass 

balance-based model.

Following illumination of the 

specific areas for improvement, 

process controls were appropriately 

adjusted, resulting in better oper-

ability and significantly increased 

yield (3). The approach presented in 

the study is applicable to reducing 

the risk during scale-up filtration 

processes in general and is consid-

ered suitable for feed-forward and 

feed-back process control, according 

to the authors of the study. 

The researchers showed that lever-

aging UHPLC technology to reduce 

the run time of liquid chromatog-

raphy-based methods increased the 

sampling frequency, which enabled 

more rapid feedback. “Because PAT 

systems are highly automated, the 

cost and time impact associated 

with the increased sampling is 

minimal. As shown in this report, 

feed-back control during MF pro-

cessing could enhance detectability 

of filter fouling to allow processing 

to be paused for filter regeneration. 

Feed-back control could also enable 

adjustments of operating parame-

ters to mitigate further fouling,” the 

report authors said.

They concluded that PAT is an 

attractive option for improving 

consistency of MF processes and 

enabling more efficient scale-up. 

Though MF is a cost-effective and 

robust separation technique in the 

downstream purification of a thera-

peutic protein, full scale implemen-

tation has been hindered by the 

empirical, trial-and-error nature of 

scale-up. With the application of a 

UHPLC-based PAT method to lessen 

the scale-up risk, the MF process 

was optimized, leading to improved 

yields that were sustained over time, 

and which also aligned with histori-

cal laboratory-scale practice (3).
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H
epatitis C virus (HCV) infec-

tion is associated with the 

development of liver dis-

ease, such as cirrhosis or 

hepatocellular carcinoma and a lead-

ing cause of the death and morbid-

ity. New estimates of disease burden 

indicated that there are more than 

180 million chronic infections world-

wide, and annually three to four mil-

lion people are exposed to this virus. 

Historically, the available HCV drug 

therapy is dependent on pegylated 

interferon (IFN) and ribavirin as first-

generation combination therapy but 

it is associated with severe side effects 

(1–4). Second generation, direct-acting 

antivirals (DAAs) therapies have min-

imal side effects with a cure rate of 

more than 90%. Furthermore, multiple 

DAA therapies that target specific HCV 

proteins have been considered a real-

istic option for the future. Such drug 

therapies, however, have been a bar-

rier for low-income countries because 

of their high costs (3, 5, 6). Therefore, 

there is a need for an effective thera-

peutic vaccine that provides the most 

protection against HCV. In this regard, 

several therapies such as recombinant 
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vaccines, synthetic peptide vaccines, DNA 

vaccines, and vector vaccines have been cre-

ated, but they have low efficacy in treat-

ment and viral infection removal (7, 8, 9). 

Therefore, new approaches for the develop-

ment of candidate vaccines have focused 

on attempts to increase cellular immune 

response by targeting conserved HCV anti-

gens between the different HCV genotypes 

(10, 11, 12). Patients with HCV have a defect 

in their immune response mechanisms; it is 

believed that specialized immunostimulatory 

molecules can restore the immune function. 

Several therapeutic vaccines based on this 

approach, such as T-cell mediated vaccines, 

are undergoing Phase II clinical trials (10, 12).

HCV is a small, enveloped, positive-

strand RNA virus that is classified in the 

Flaviviridae family. It exhibits a high degree 

of genetic diversity greater than HIV—tar-

geting this unique feature of HCV has been 

the major subject for designing both HCV 

vaccines and drug therapies (7, 13). The non-

structural 5 B (NS5B) protein (65 kDa, with 

591 amino acids) is a RNA-dependent RNA 

polymerase (RdRp) that plays a key role in 

the replication of the HCV genome (14). 

Previous studies showed that non-structural 

proteins can be used for stimulation of the 

immune system, indicating that the NS5B 

protein could be a potent target in vacci-

nation strategies (15). On the other hand, 

immunostimulatory molecules may acti-

vate Toll-like receptors to secrete cytokines 

expressed by T cells from patients with 

chronic infection (16, 17). The increase 

of HCV-specific immune responses in the 

patients with chronic infection is prom-

ising, but further research and follow-up 

of present clinical trials are still needed 

(18, 19). Therefore, in order to achieve the 

desired responses, one needs to combine the 

antigen(s) with appropriate carriers and adju-

vant molecules. One of these molecules is 

the heat shock proteins (HSPs), a group con-

served molecular chaperones that are highly 

effective in inducing immune responses and, 

therefore, can have an effect on the out-

come of adaptive immune responses. Indeed, 

HSPs act as an immune-regulator, as well as 

a stimulator of the immune system (20, 21). 

Moreover, the HSP-antigen complex can be 

used in the development of vaccines against 

infectious disease and cancers (22, 23). Gp96 

(GRP94), a 96-kDa glycoprotein, is a mem-

ber of the HSP90 family. It was established 

that Gp96 is able to bind to receptors on 

professional antigen-presenting cells (APCs) 

and stimulate these cells (24). Moreover, the 

GP96-antigen complex presents the peptides 

to major histocompatibility complex (MHC) 

molecules for activation of specific CD8 and 

CD4 T cells, after interaction with APCs and 

internalization. Several studies demonstrated 

that the N-terminal fragment of the GP96 

molecule (NT-gp96) in comparison with full-

length gp96 is sufficient to bind antigens 

and mediate uptake of antigens into APCs; 

therefore, NT-gp96 could have similar effects 

on up-regulation of the same co-stimulatory 

receptors and potentially induce secretion 

of the same cytokines (24, 25). The source 

of gp96 in this study is from Xenopus lae-

vis. The aim of this study is to clone the 

fragment NT-gp96 in upstream of sequence 

of the N-terminal fragment (NT300) of the 

NS5B gene in an expression vector. The 
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designed recombinant fusion protein (rNT-

gp96-NT300) was expressed and purified in 

E. coli (BL21) for the development of a HCV 

therapeutic vaccine in the future.

MATERIALS AND METHODS
Construct design and 

cloning of fusion recombinant protein

For construction of chimeric NT-96-NT300, 

the NT300 fragment was first amplified 

by polymerase chain reaction (PCR) using 

pET28a expression vector (Biomatik, Ontario, 

Canada) containing the full coding sequence 

of the NS5B gene from HCV as the template 

and a set of primers designed as follows:

NT300 F: 5-GACGAATTCGGTACCAAGCT 

TTCAATGTC-3

N T 3 0 0 R :5 -T T T C T C GAG G C G G G C T

TTAATATAACA CGTCAGG-3

The EcoR1 restriction site in the forward 

primer and Xho1 restriction sites in the 

reverse primer were underlined. PCR was 

carried out under the following conditions: 

94 °C, 30 s; 61 °C, 30 s; 72 °C, 2 min for a 

total of 35 cycles. The PCR product of NT300 

was purified by using a gel extraction kit 

(Fermentas, Thermo Fisher Scientific, USA), 

and the product was then cloned into the 

EcoR1/Xho1 sites of the expression vector 

pET28a (+), which encodes a His-tag in the 

C-terminal end. For amplification of the NT 

(gp96) region (nucleotides 16-1030), PCR was 

performed by using pQE30 vector (Qiagen, 

Germany) containing full coding sequence 

of gp96 as the template. Primers designed for 

the reaction were as follows:

NT-gp96 F: 5-CCTGGATCCGAAGATGACG

TTGAGTGGA-3

NT-gp96 R: 5 -TGCGGTACCT T TGTA

GAAGGCTTTGTATTC-3

The BamH1 and Kpn1 restriction sites were 

included in the forward and reverse primers, 

respectively. The PCR conditions for amplifica-

tion include: running the reaction for 30 s at 

94 °C; 35 s at 62 °C; 105 s at 72 °C, for a total 

of 35 cycles. After confirming the presence 

of the amplified product on a 1% agarose 

gel, the NT-gp96 fragment was cut and puri-

fied using a gel extraction kit (Fermentas, 

Thermo Fisher Scientific, USA). To generate 

pET28a (NT-gp96-NT300), the NT-gp96 frag-

ment was digested with BamH1 and Kpn1 

and then cloned into the BamH1/Kpn1 sites 

of the expression vector pET28a-NT300, 

upstream of the NT300 fragment. After that, 

the construct transformed into E. coli DH5a 

competent cells and the recombinant plas-

mids were extracted from transformed E. coli 

using a plasmid extraction kit (Fermentas, 

Thermo Fisher Scientific, USA).

PCR analysis using T7 promoter-specific 

primers and double digestion with Nco1 

and Xho1 enzymes was used to confirm the 

proper insertion of the gene in the recombi-

nant plasmid. The sequence of recombinant 

constructs was checked by DNA sequence 

analysis (Bioneer, Korea).

Expression and purification of the 

recombinant NT (GP96) protein-NT300

The construct, pET28a–NT (GP96)–NT300, 

which contains a Polyhistidine-tag (His-tag) 

at the C-terminus of the NT300 region, was 

used to transform E. coli BL21 (DE3) compe-

tent cells.

The clones were checked by PCR amplifica-

tion, restriction analysis, and DNA sequenc-

ing. Expression of recombinant vector of 

pET28a–NT GP96–NT300 was carried out. 

According to the protocol, a single trans-

formed colony of recombinant E. coli (DE3) 

cells was inoculated in 10 mL Luria Broth 

(LB) media containing 100 μg/mL kanamy-

cin (Sigma, Germany) and grown overnight 

under aerobic conditions at 37 °C. The next 

day, 1 mL of overnight culture was inoculated 

to 50 mL LB broth and the cells were grown 

at 37 °C under aerobic conditions, with con-

stant shaking (200 rpm). When the optical 

density (OD at 600 nm) of the culture reached 

0.6 (OD=0.6), a final concentration of 1 mM 

isopropylthiogalactoside (IPTG) (Fermentas, 

USA) was added to the culture medium, then 

after induction, the culture was allowed to 

grow at 37 °C for an additional 6 h. After 

this incubation time, the cell pellet was har-

vested by centrifugation (4000 rpm for 15 

min at 4 °C) and was stored at -20 °C until 

the protein purification step. 

Purification of the recombinant fusion 

protein under denaturing condition was 

performed using Ni-NTA Agarose (QIAGEN, 

Germany) according to the manufacturer’s 

recommendations. Purity and identity of 

the recombinant protein was confirmed by 

12.5% sodium dodecyl sulfate–polyacryl-

amide gel electrophoresis (SDS–PAGE) and 

Western blot.  
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SDS–PAGE and Western blot analysis

SDS–PAGE was used to analyze the proper 

expression of the NT-gp96-NT300 fusion 

protein. Briefly, 20 μL of each of the purified 

fractions were suspended in 20 μL of loading 

buffer, heated for 5 min at 100 °C. Then, 20 

μL of each sample was used for loading on 

12.5% SDS–PAGE gel. 

Western blot analysis using horseradish 

peroxidase (HRP) conjugated anti-polyHis 

antibody (Sigma, USA) with an appropriate 

of (1:3000) dilution was performed. First, 

the samples were separated by SDS–PAGE. 

Then, the resolved samples on the gel were 

transferred into a nitrocellulose membrane 

(Mill ipore, Biomanufacturing and Life 

Science Research) using mini Trans-blot 

Cell (Bio-Rad, USA). Transfer was done at 4 

°C at 25 Volt (V) for overnight using mini 

Trans-Blot Cell (Bio-Rad, USA). To pre-

vent non-specific binding, the membrane 

was blocked with skimmed milk (block-

ing solution) in phosphate buffered saline 

tween-20 (PBST). To remove the excess of 

antibody, the membrane was washed with 

PBST for three times, 15 min per wash. 

The membrane was incubated at room 

temperature with conjugated anti-poly-

His antibody for 2 h, under shaking con-

dition. The horseradish peroxidase color 

development reagent, DAB (3, 3’-diami-

nobenzidine) solution (0.05%) with 30 μL 

hydrogen peroxidase (30%) as an enzyme 

substrate was used for detecting bounds 

binding to nitrocellulose membrane. This 

substrate develops a brown, insoluble prod-

uct on the membrane surface after expo-

sure to horseradish peroxidase conjugated 

antibodies.

RESULTS
Cloning and construction 

of rNTgp96-NT 300

The authors generated a fusion protein 

consisting of the NT-gp96 gene linked 

to the N-terminal end of the NS5B gene 

(NT300) by using the restriction enzyme 

met hod .  T he  const r uc t  cons i s t s  o f 

NT-gp96 fragment, NT-300 fragment, and 

poly-his tag as shown in Figure 1. Results 

of the final PCR product and double diges-

tion by the restriction enzymes (BamH1/

Xho1) are shown in Figure 2 and Figure 3, 

respectively.

Peer-Reviewed

Figure 2. 1. DNA ladder 1kb. 2. PCR product of fusion rNTgp96-NT 

300 (1914 bp). 3. Negative control (H2O).

Figure 3. 1. 1kb DNA ladder. 2. Vector digested by (BamH1/ Xho1) 

enzymes (1914bp band). 3. Uncut vector.

Figure 1. Schematic diagram of recombinant fusion construct consists 

of NT-gp96 fragment, NT300 fragment, and poly-his tag.
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Expression and purification of 

the recombinant rNTgp96-NT300 protein

Under denaturing conditions and by apply-

ing Ni-NTA affinity column, the recombi-

nant protein His-tagged NT-gp96-NT300 was 

successfully purified. The result of SDS-PAGE 

related to the recombinant fusion protein 

is shown in Figure 4. Western blotting tech-

nique was performed by anti-His antibody to 

verify the expression of the NT-gp96-NT300 

recombinant protein. The existence of main 

band with expected size (73 kDa) corre-

sponding to this protein in the induced bac-

terial lysate is shown in Figure 5.

DISCUSSION
HCV infection remains a major public 

health problem worldwide. The current 

gold-standard drug therapy is limited by 

a number of factors (26). There is, there-

fore, a need to develop an effective vac-

cine against HCV. Up to now, there are no 

licensed or in-use vaccines available for the 

prevention or treatment of chronic HCV. 

One of the challenges in treating chronic 

HCV is immune dysfunction; in order to be 

effective, the therapeutic vaccine against 

HCV must stimulate HCV-specific immune 

responses (26, 27). In line with this, one of 

the HCV therapeutic vaccine approaches 

is to develop recombinant protein vac-

cines. Unfortunately, these proteins (anti-

gens) have poor immunogenicity in that 

many of these vaccines lose their potency 

to stimulate appropriate immune responses. 

However, the application of an adjuvant 

could induce an Ag-specific response (28, 

29). According to previous studies, the 

NS5B protein, when compared with other 

HCV antigens, is an appropriate target for 

a protein-based vaccine. Habersetzer F and 

colleagues designed and produced TG4040 

as a recombinant poxvirus vaccine that 

expresses the HCV non-structural proteins 

(NSPs) (NS3, NS4, and NS5B). According to 

their results, the candidate vaccine induced 

HCV-specific cellular immune responses 

and reduced viral load (15). Eleanor Barnes 

et al. conducted a Phase Ib study of a novel 

virally vectored therapeutic vaccine against 

HCV, which contained NSPs including the 

NS5B protein (30). 

In addition, the role of gp96 or its 

N-terminal fragment has been confirmed 

as an appropriate adjuvant in other recent 

studies (31). For example, E. Mohit, et al. 

produced the E7-NT-gp96 protein in a pro-

karyotic expression system, and  demon-

strated that protein vaccination with the 

fused E7-NT (gp96) protein induces potent 

immune response and delays tumor inci-

dence and growth compared with the E7 

protein alone (25). Hong-Tao Li and col-

leagues expressed and purified the gp96 

and its N-terminal fragment in E. coli and 

reported that co-administration of the 

N-terminal fragment of gp96 along with 

HBsAg increased antibody response (32). 

Therefore, the authors hypothesized that 

fusion of GP96 as an adjuvant molecule to 

the NS5B protein as a target antigen could 
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Figure 4. 1.Protein ladder. 2. Non-induced sample. 3. Induce sample. 

4. Purified protein.

http://www.biopharminternational.com


44  BioPharm International www.biopharminternational.com October 2017

substantially enhance the immunogenic-

ity of the antigen. This hypothesis was 

examined by producing the recombinant 

NT-gp96-NT300 fusion protein that consists 

of the N-terminal fragment of GP96 (NT-

gp96) and the N-terminal fragment of the 

target antigen (NS5B)/(NT300). In this study, 

the authors presented the successful genera-

tion and high expression of NT-gp96-NT300 

fusion protein. Cloning and expression was 

performed in pET28a system under IPTG 

inducible T7 powerful promoter. The pET28a 

system is one the most common and suit-

able systems for cloning and expression of 

recombinant proteins. On the other hand, 

E. coli BL21 (DE3) is one of the most strong 

and versatile expression systems because 

of its well-known genetics, rapid cultiva-

tion, and the inexpensive cost.  The accuracy 

of the recombinant construct containing 

NT-gp96-NT300 was confirmed by PCR and 

sequencing analysis. According to SDS–PAGE 

results, recombinant proteins significantly 

expressed in cell lysate compared with non-

induce samples. In addition, the authors 

used C-terminal His tag in pET28a vector for 

detecting protein in western blotting by anti-

His conjugate-antibody and purification of 

fusion proteins by Ni-NTA affinity column. 

CONCLUSION 
The NT-gp96-NT300 recombinant fusion 

protein was successfully amplified, cloned, 

and expressed in a prokaryotic system. 

Future immunological studies are needed to 

examine NT-gp96-NT300 as a novel vaccine 

candidate against HCV.
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M
onoc lona l  a nt ibod ie s 

(mAbs) are a dominant 

class of protein biothera-

peutic that have achieved 

outstanding success in treating many 

life-threatening and chronic diseases. 

Indeed, more than 20 mAb targeted 

therapy products reached ‘blockbuster’ 

status in 2015 (1). With many commer-

cially successful biologic patents now 

expired, or nearing expiry over the next 

few years, there exists a great opportu-

nity for mAb-based biosimilars to enter 

the global market.

Due to the structural and composi-

tional complexity of mAbs, there are a 

number of critical quality attributes that 

require monitoring to meet standards for 

human use. Protein aggregation, which 

may occur throughout the manufactur-

ing process and during product storage, 

may be indicative of partial denatur-

ation or other perturbations of protein 

structure, which can seriously affect 

product safety and efficacy. Robust ana-

lytical methods capable of quantifying 

the extent of protein aggregation are 

therefore essential to maintain product 

performance and patient safety.

Size-exclusion chromatography (SEC) 

is commonly used for this purpose. 

Without proper optimization of instru-

ment set-up and conditions, however, 

the technique may experience several 

problems that can deleteriously affect 

analytical performance. Firstly, as SEC 

Optimizing Protein 
Aggregate Analysis by SEC

Amy Farrell, Jonathan 
Bones, and Ken Cook

AAA UUUHHHPPPLLLCCC SSSEEECCC 
aapppprrooaacchh 
ffoorr pprrootteeiinn 
aaaggggggrreeegggaaatteee 

anallyysis 
of mAbs is 
ppprreesseenntteedd.

Amy Farrell, PhD, is an applications 

development team leader at NIBRT; 

Jonathan Bones, PhD, is principal 

investigator at NIBRT; and Ken Cook, 

PhD, is a bio-separations support 

expert at Thermo Fisher Scientific. 

Troubleshooting Lab Operations

ES975683_BP1017_046.pgs  10.04.2017  19:13    ADV  blackyellowmagentacyan

http://www.biopharminternational.com


 October 2017 www.biopharminternational.com BioPharm International  47

is one of the few chromatography 

methods that does not exhibit on-

column focusing, optimizing pre-

column dispersion is important to 

achieve suitable peak resolution. 

Additionally, proteins can undergo 

non-specific hydrophobic binding 

to the column, resulting in poor 

quality results.

This article presents a robust 

ultra-high-performance liquid chro-

matography (UHPLC) SEC approach 

for protein aggregate analysis of 

five structurally diverse biothera-

peutic mAbs (bevacizumab, cetux-

imab, infliximab, rituximab, and 

trastuzumab) that employs a silica 

column with a covalently-bonded 

diol hydrophilic layer designed to 

prevent secondary interactions. It 

is also shown that pre-column dis-

persion can be minimized through 

optimization of instrument tubing 

and use of appropriate injection 

volumes.

QQUAANNTIFFFYINNGG PPROTTEINNN 
AGGGRREGAAATIOON BBY SSECC
Mono c lona l  a nt ib o d ie s  a r e 

known to form aggregates in 

the course of product expression 

during fermentat ion, product 

purification in downstream pro-

cessing, or in storage or through 

mishandling of the product prior 

to patient administration.

Aggregat ion of mAb mono-

mers to dimers, trimers, and other 

higher order structures is undesir-

able for two key reasons. Firstly, 

aggregates may cause a decrease 

in product efficiency by lowering 

the effective concentration of the 

product. Secondly, aggregation can 

expose normally unexposed epit-

opes, leading to increased immu-

nogenicity. To demonstrate the 

safety and efficacy of the mAb 

and gain regulatory approval, it is 

essential to monitor the formation 

of aggregation products through-

out the production process.

SEC is the standard method for 

protein aggregate analysis. The 

technique involves passing mol-

ecules through a column contain-

ing porous polymer or silica beads. 

The choice of pore size is related 

to the size of the molecule to be 

separated. For the separation of 

mAbs and their aggregates, this is 

around 300Å.  Molecules are sepa-

rated based on their hydrodynamic 

volume. Smaller molecules can 

penetrate fully into the pores of 

the stationary phase, while larger 

molecules cannot get totally inside 

the porous bead. Therefore, the 

larger molecules have less distance 

to travel and elute through the col-

umn more quickly.

One requirement of the tech-

nique is that the analyte does not 

interact with the surface of the 

stationary phase. Ideally, differ-

ences in elution time are based 

solely on a protein’s hydrody-

namic volume, rather than its 

chemical or electrostatic interac-

tions with the stationary phase.

However, mAbs are structurally 

diverse and can exhibit unwanted 

secondary interactions with resid-

ual groups on the column dur-

ing analysis, affecting analytical 

data quality. Non-specific hydro-

phobic binding of proteins to the 

columns can, for example, lead 

to retention time shifts, peak tail-

ing, or even a complete loss of 

protein peaks (2,3). A general SEC 

method applicable to a wide range 

of mAbs is therefore highly sought 

after.

MMATTEERIAAALS AAANDD METHHHODSS
A UHPLC method, which employed 

a silica column (MAbPac SEC-1, 

Thermo Scientific) covalently mod-

ified with a diol-based hydrophilic 

layer, was used for the aggregate 

analysis of five therapeutically-

important and structurally diverse 

mAbs (bevacizumab, cetuximab, 

infliximab, rituximab, and trastu-

zumab). These mAbs were chosen 

as they covered a range of isoelec-

tric points (7.6–8.7) and possessed 

different glycosylation patterns, 

from very simple (bevacizumab) to 

highly complex (cetuximab).

Chromatography experiments 

were performed on a UHPLC sys-

tem (Vanquish Flex Quaternary, 

Thermo Scientific), with UV detec-

tion at 214 nm. For aggregation 

determinations, a 7.8 x 300 mm 

(MAbPac SEC-1, Thermo Scientific) 

silica column was employed. This 

column was selected as the 300 

Å pore size was well matched to 

give good separation of the molec-

ular weight of proteins studied. 

Separation was performed at 30 

°C with a flow rate of 1.0 mL/min. 

Pre-column dispersion experiments 

were also performed at 30 °C and 

used a 4 x 300 mm version of this 

column with a flow rate of 0.3 mL/

min. All experiments used 0.2 M 

NaCl in 100 mM phosphate buf-

fer (pH 6.8) in HPLC-grade water 

as the eluent and sample buffer. 

Monoclonal antibodies were solu-

bilized in water (5–25 mg/mL) and 

injected directly into the instru-

ment. An injection volume of 1 μL 

was used unless otherwise stated.

DDETTERMIINATTTIONN OFF 
EXXTTENT OOOF MMAB AGGGRREEGATTIONN
Using the si l ica column, suit-

able resolution of aggregates and 

fragments from the monomer 

was achieved for all five mAbs, 

permitting determination of the 

percentage aggregation in each 
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Cell Culture Media Lot-To-Lot 
Variability: Can We Control It?

An Executive 

Summary

The importance of taking into account 

variability in cell culture media.

B
iopharmaceutical manufacturers are constantly seeking to gain more control over protein 

quality and process consistency. Both chemically defined media and biologically derived 

peptones can contribute to variability in cell culture processing due to impurities and 

inherent lot-to-lot variability. BioPharm International recently sat down with Graziella Piras, PhD, 

a scientific application manager at BD Life Sciences, to discuss variability in cell culture media 

and how to reduce this variability, in both complete and chemically defined media formulations.

BioPharm International: We hear a lot 
about variability in cell culture media. 
How does this variability affect the 
bioprocessing industry?
Piras: This is a critical question in our industry. 

A bioprocess will depend on several factors. 

The cell line from which a biological drug is 

produced is very important, particularly how it 

is derived and generated as well as its stability. 

In addition, there is also the process itself, 

how it is controlled through all parameters, 

and the cell culture media, which has many 

components. Some chemically defined media 

have more than 80 components, which can 

be sources of variability. Therefore, defining 

the concentration of each component is very 

important as well as controlling what goes 

into the medium to ensure no impurities are 

present that could derail the process.

Medium can be supp lemented w i th 

peptones, which are derived from natural 

products such as plants or yeast, and can 

introduce some inherent variability. We want 

to make sure we can control that and define 

the parameters to always produce the same 

amount of protein from the cell line and ensure 

the efficacy and safety of the biological drug 

being produced. This is at the center of pro-

cess control: making sure we always produce 

a consistent amount of protein and with an 

appropriate quality profile.

BioPharm International: Are peptones 
the major source of variability in com-
plete media formulations?
Piras: Peptones are certainly a potential 

source of variability. But what we have found 

is that the chemical components of the media 

itself can also be a major source of variability. 

For instance, if we are using a peptone-

containing media, we will have the peptone 

in addition to the base medium that contains 

numerous chemically defined components.

Some impurities, like trace metals (e.g., 

manganese), in chemically defined compo-

nents can have a drastic effect on protein 

quality. Therefore, whether the variability 

stems from peptones or chemically defined 

medium components, it’s very important to 

control it.

Graziella Piras, PhD 

Scientific Application Manager 
BD Life Sciences

http://www.bd.com/india/
http://www.biopharminternational.com/


CELL CULTURE MEDIA LOT-TO-LOT VARIABILITY: CAN WE CONTROL IT?

BioPharm International: Understanding what is driving 
your cell culture process is important. What exactly are 
these key drivers and how do you identify them?
Piras: This is key to the approach we have developed at BD. If 

we focus on a process where we are using peptones that are 

composed of over 50 components, to really understand what 

is driving the process, we want to nail down the key, specific 

components that will positively or negatively affect the process. 

In our experience, we have found that not everything is impor-

tant and that every process is unique and will depend on the 

presence and proper concentration of just a few components.

We analyze each component within the peptones and 

generate a statistical model to establish a statistical correla-

tion between each analyte and the performance. We then 

reduce the system to just those few components that show a 

statistical correlation with key performance parameters. At the 

center of this approach is defining which components cause 

the variability versus the ones that just correlate with vari-

ability. We see some components, for example, that fluctuate 

slightly but are not correlating with the variability. By using 

a statistical model, we can establish which ones cause the 

variability. We also find that key drivers have a narrow range 

of optimal performance and that is what we need to define. 

We have examples where copper needs to be between 1 and 

2.5 ppm in a very tight range of lower order ppm. We don’t 

just accumulate analytical data, but apply a statistical model 

and develop a predictive tool to identify which parameter is 

causing the variability.

BioPharm International: How do you get to this statis-
tical model that you mentioned?
Piras: We use an iterative process in which the model will 

analyze the statistical significance of the impact of each 

component that is present in a chemically defined medium or 

a peptone and establish a correlation. If a component drives 

the process and may affect variability, the model will assign 

that component a high coefficient. If the component is not 

driving the process, the model will eliminate that component. 

Finally, the model will eliminate all the components that do not 

correlate with the performance and variability.

The next important step is to assess the causative nature 

of those key drivers. This is done by generating peptones 

in which those potential key drivers are modulated beyond 

the natural variation. By modulating the amount of a potential 

driver, we can demonstrate its causative nature. If the compo-

nent further positively or negatively affects the variability, then 

that is a good indication that this is a key driver of variability.

The last step is then to lock in the model and demonstrate 

that this is a predictive tool to identify lots of peptones with 

a very high likelihood of working in the customer’s process.

BioPharm International: Can you apply this method-
ology to reduce variability in chemically defined media 
as well as complete media?
Piras: Any cell culture medium has impurities and this meth-

odology can be applied to a peptone-containing medium or 

a chemically defined medium where, even though the com-

ponents are defined, each component may bring in impurities. 

Our methodology can identify the variability in both.

BioPharm International: And once you have defined the 
key drivers, how does BD help to manage the variability?
Piras: Once we have the key drivers, we can screen lots of 

chemically defined media or peptones and make sure that 

they fit the model for that specific process. In this way, we 

can provide material that works very well early on rather than 

having to go through extensive screening using a complex 

biological process. The idea is to prescreen the material 

before it is used in large- or small-scale models to save time 

and resources.
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case. Table I shows the percentage 

aggregation for each mAb.

Cetuximab and inf l ix imab 

showed the lowest levels of 

aggregation and fragmentation. 

Bevacizumab exhibited a higher 

level of aggregation and a com-

plex aggregation pattern, but had a 

lower level of fragmentation.

Given the narrow range of 

molecular weights of the proteins 

studied, the similar retention times 

obtained for the samples, shown 

in Table II, indicates a lack of sec-

ondary interactions with the col-

umn. This conclusion is further 

supported by the good symme-

try of the chromatogram peaks. 

The addition of solvent did not 

improve the symmetry of the inf-

liximab peak, which exhibited the 

worst asymmetry.

In general, the expected relation-

ship between retention time and 

size was observed, with the largest 

mAb, cetuximab, eluting first, and 

the smaller mAbs eluting in reverse 

molecular weight order. The excep-

tion to this rule is bevacizumab, 

which elutes last, although it is not 

the smallest protein. This may be 

a result of protein folding or dif-

ferences in the N-glycan structures 

present on this molecule relative 

to the other mAbs studied. These 

subtle effects are magnified due to 

Troubleshooting Lab Operations

mAb sample Molecular weight (kD) Retention time (min) Asymmetry

Rituximab 145 8.66 1.10

Trastuzumab 148 8.48 1.10

Bevacizumab 149 8.84 1.07

Infliximab 149 8.40 2.20

Cetuximab 152 8.37 1.13

Table II. Comparison of monoclonal antibody (mAb) retention times and 

peak asymmetries.

Overlay of the effect of 75um and
100um ID. Tubing at the inlet.

mAU

min

12.3

10.0

8.0

6.0

4.0

2.0

0.0

0.8 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.1

-1.1

Figure 1. Effect of tubing on 7.8mm size-exclusion chromatography (SEC).

mAb sample % Aggregates

Trastuzumab 0.39

Rituximab 0.92

Infliximab 0.10

Cetuximab 0.29

Bevacizumab 2.99

Table I. Percentage aggregation in each monoclonal antibody (mAb).

http://www.biopharminternational.com
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the narrow molecular weight range 

of the analytes.

These results demonstrate the 

applicability of this method for 

accurate aggregate analysis of 

this broad range of commercially 

important mAbs. The data show 

that the silica column eliminates 

non-specific interactions with the 

column often encountered during 

SEC analysis.

EFFEECCT OOOF PRRE-COLLUMMMN 
DDISPPEERSION OON ANALLYYYTICAAL
PERRFORMMMANNCE
SEC is one of the few chromatog-

raphy methods that exhibits no 

on-column focusing. Therefore, 

careful control of pre-column dis-

persion is essential to achieve opti-

mum separation results, especially 

at reduced flow rates on smaller 

identity (i.d.) columns as broad 

peak volumes are not focused at 

the column head. To investigate 

the effect of pre-column dispersion 

on analytical performance, pre-col-

umn tubing of various diameters 

were used in combination with 4 

and 7.8 mm i.d. columns for the 

analysis of bevacizumab.

Using the 7.8 mm i.d. column at 

the higher flow rate of 1.0 mL/min, 

there was essentially no difference 

in the produced chromatograms 

when the pre-column tubing was 

changed from the standard i.d. 

of 100 μm to 75 μm. Peak width, 

asymmetry, and resolution were 

the same in both analytical runs, 

as shown in Figure 1.

In contrast, using the 4 mm 

i.d. column at the lower f low 

rate of 0.3 mL/min, pre-column 

d ispersion had a s ign i f icant 

impact on ana ly t ica l  per for-

mance. Using 180 μm i.d. tub-

ing (typical of a standard HPLC 

system)  produced a  ma rked 

reduction in peak shape qual-

ity (Figure 2). While the relative 

area of the main peak remained 

consistent, notable dispersion 

and reduced sensit iv ity were 

observed, with an increase in 

Thhhheeeesssee rreessuullttss dddeeemmmoooonnnn-

sstttrraaaatttteeeee ttthhee aappppppllliiiiiccccaaaabbiill--

iittyyyy ooff tttthhhiiisss mmmeeetttthhhhoodd ffffooorr 

aaaacccuurraaateee aagggggrrreeggatteeee 

aannnaaaallyyyssiiisss oooofff ttthhhhiiisss bbrrooooaaadd 

rrrraaannnggeee ooooofff ccoommmmmeeeerrrccciiaallllyyyy 

iiiimmmmpppppoorrtttaanntt mmAAbbbbbssss.
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4

3

2
1

UHPLC system tubing 75μm

Conventional HPLC system tubing 180μm

Figure 2. Bevacizumab monoclonal antibody (mAb) with a 4mm size-exclusion chromatography (SEC) column. UHPLC is 

ulta-high-performance liquid chromatography.
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peak width at hal f height of 

more than 40%. 

In reality, this effect would 

be compounded by the disper-

sion associated with the injec-

tion valves of older HPLC systems. 

Reducing tubing i.d. resulted in a 

significant improvement in peak 

resolution, with an optimum tub-

ing diameter of 75 μm. These find-

ings highlight the importance of 

correct instrument set-up when 

using UHPLC systems, operating at 

lower flow rates.

As  sample injec t ion i s  an 

inherent source of dispersion 

in HPLC methods, the effect of 

inject ion volume on analy t i-

cal performance was also stud-

ied. The chromatogram obtained 

for a 1 μL injection of a solution 

of bevacizumab was compared 

against that of a 10 μL injec-

tion of a 10-fold dilution of the 

same sample (Figure 3). The 10 

μL injection volume resulted in 

greater peak width and a loss in 

resolution and definition of the 

smaller aggregate peak, high-

lighting the importance of main-

taining small injection volumes 

for SEC.

CONNCCLUSSSIONN
R o b u s t  a n d  a c c u r a t e  p r o -

tein aggregation analysis was 

ac h ie ve d  fo r  f i ve  s t r uc t u r-

ally diverse mAbs using a SEC 

method that employed a silica-

based column. The column’s 

hydrophilic diol layer eliminated 

the non-specific protein–column 

interactions often encountered 

with this technique, produc-

ing high resolution chromato-

graphic peaks that allowed the 

percentage protein aggregation 

to be determined in each case. 

The poor peak resolution asso-

ciated with pre-column disper-

sion at lower flow rates could be 

minimized through the use of 

pre-column transfer tubing of 

narrower i.d. and smaller injec-

tion volumes. Through correct 

instrument optimization and the 

appropriate choice of chromatog-

raphy columns, protein aggrega-

tion analysis by SEC can be a 

useful technique to ensure the 

safety and efficacy of mAb-based 

biotherapeutic products.
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Figure 3. Changes in injection volume on 4mm size-exclusion chromatography (SEC).
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G
lass has long served as the 

traditional primary pack-

age for parenteral products. 

Unfortunately, glass breaks 

relatively easily and has been known 

to cause particulate contamination, to 

delaminate, and to interact with the 

drug product. 

“Current issues with borosilicate glass 

containers such as breakage, cracks, and 

particles can lead to patient harm due 

to contamination, decreased drug effi-

cacy, and drug shortages, as a result of 

recalls and manufacturing inefficien-

cies,” says John Tobin, vice-president of 

Commercial Operations at Corning. 

He notes, “Current glass packaging 

has not innovated at the same or even 

a comparable pace to the scientific 

breakthroughs in biologic medicines 

and vaccines throughout the industry. 

Corning first became aware of glass 

quality issues with current pharma-

ceutical packaging for injectable drugs 

when a major pharmaceutical company 

and long-time customer asked us to 

develop a substantially more robust 

glass solution that also eliminates 

delamination and reduces particles. 

At the time, FDA had recently issued 

an advisory regarding the formation 

of glass lamellae in certain injectable 

drug containers. It became very clear 

to Corning that the industry needed 

a 21st-century glass package that pro-

vides the enhanced quality required to 

protect 21st-century drugs and, more 

importantly, provide more reliable 

access to vital medicines for patients 

around the world.” 

Improved Materials Enhance 
Parenteral Packaging

Hallie Forcinio

Manufacturers 
introduce 

innovations 
in glass 

and plastic 
packaging for 

injectables.

Hallie Forcinio is BioPharm 

International’s Packaging 

editor, editorhal@cs.com.

Packaging
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To target the problems encoun-

tered with Type I borosilicate glass, 

Corning’s glass experts worked 

in collaboration with Merck and 

Pfizer to develop Valor Glass, an 

aluminosilicate glass, which is now 

commercially available. As a drop-

in replacement for borosilicate 

glass, the new glass type is compat-

ible with existing stoppers, caps, 

labels, and fill/finish lines.

Corning used g lass  chem-

istry and an ion-exchange pro-

cess, and lowered the coefficient 

of friction of the surface to pro-

duce a glass that is inherently 

strong and damage resistant (see 

Figure 1). Traditional borosilicate 

Type I glass contains a signifi-

cant amount of boron. However, 

Tobin says, “When introduced 

to heat, such as during the con-

verting process, the boron in the 

glass network becomes volatile 

and evaporates out of the glass, 

creating surface heterogeneities 

(regions of non-uniform glass 

composit ion) on the inter ior 

drug-contacting surface of the 

package. Corning intentionally 

removed boron from the Valor 

Glass composition because of its 

volatility, which can cause delam-

ination. The other glass compo-

nents are the same but the ratios 

are slightly altered to enable a 

high degree of chemical durabil-

ity. As a result, Valor Glass has a 

pristine, chemically durable drug-

contacting surface both before 

and after the converting process, 

effectively eliminating the root 

cause of delamination.” 

An ion-exchange process also 

minimizes issues such as breakage, 

cracks, and particulate contami-

nation. Despite the difference in 

chemistry, Valor Glass meets the 

current United States Pharmacopeia 

(USP) Type I hydrolytic criteria 

and has low extractable concentra-

tions. Work is underway at USP to 

broaden the definition for Type I 

glass to include Valor Glass. 

A protective coating on Valor 

Glass lowers its coefficient of fric-

tion and eliminates cosmetic flaws. 

Eliminating high-friction vial-

to-vial contact protects the sur-

face of the containers, results in a 

more uniform container flow, and 

enhances machinability. As a result, 

vials and cartridges run smoothly 

on fill/finish machines. Incidents 

with downed vials, jams, and bro-

ken containers are virtually elimi-

nated, and throughput increases. 

For drug manufacturers, fewer line 

interventions mean less downtime 

and a decreased risk of contami-

nation and quality defects. Trials 

on commercial filling lines have 

confirmed performance and shown 

a 96% reduction in peak particle 

counts, according to Corning.  

Valor Glass has drawn the 

attention of more than 40 phar-

maceut ical companies. Tobin 

reports, “We initially thought 

interest would be for pipeline 

products, but it’s being looked 

at for marketed drugs as well. 

Corning has filed a drug master 

file for Valor Glass with FDA and 

will continue to work closely with 

pharmaceutical manufacturers to 

provide supporting information 

to facilitate adoption.” 

Merck has announced plans to 

convert several products to Valor 

Glass pending regulatory approvals. 

At a press conference on July 20, 

2017, Kenneth C. Frazier, Merck’s 

chairman and CEO, said, “Biologics 

today are on the leading edge of sci-

entific innovation, and Valor Glass 

represents a similar advancement 

in materials science: glass that is 

purpose-built for medicines and 

vaccines.” At the same press con-

ference, Valor Glass was described 

as a potential game changer. “Our 

initial trial results with Valor Glass 

show promise, and we are work-

ing with Corning to assess the full 

potential of this glass solution on 

products at several of our manu-

facturing sites,” said Ian C. Read, 

chairman and CEO at Pfizer (1). 

As the designer of the compo-

sition, technology, and manu-

fac tur ing plat form, Corning 

manufactures and sells Valor Glass 

and oversees all purchases of it. 

In addition, established partners, 

such as Gerresheimer and Stevanato 

Group, are providing converting 

and related expertise to speed deliv-

ery to the industry and patients. 

SYRINGE CAPACITY GROWS
With usage of prefilled syringes con-

tinuing to rise, Schott has doubled 

polymer syringe production at its 

Packaging

Figure 1. Glass-to-glass contact damages traditional Type I borosilicate glass vials, 

but has little effect on Valor Glass vials.
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syringe competence center in St. 

Gallen, Switzerland. The new capac-

ity started up in June 2017 and 

builds on a previous expansion. 

Additional capacity is being installed 

and will be operational in 2018 (2).  

“Schott has optimized singular 

process steps based on our existing 

quality and production experience,” 

says Tom van Ginnecken, global 

product manager, Polymer Syringes 

at Schott. He notes, “Typical 

improvements involve the state-of-

the-art technologies for transporta-

tion and handling to further reduce 

the risk of cosmetic defects. In addi-

tion, Schott is getting prepared for 

future pharma requirements in 

automation and data exchange.”

He explains, “We see a growing 

trend toward customized delivery 

systems. The first reason for this 

trend is the focus of pharmaceuti-

cal companies on orphan diseases. 

With a highly individualized 

injection solution, the pharma-

ceutical companies try to increase 

patient comfort and increase drug 

adherence by offering a tailor-

made solution that is compliant 

with the patient group’s impair-

ments and abilities. Another driver 

for more customized delivery sys-

tems is the need for product dif-

ferentiation. More pharmaceutical 

companies use the injection device 

as a way to differentiate their drug 

in the market. In a fiercely fought 

market space with a lot of compe-

tition, such as generic drugs; this 

method of differentiation could 

mean the success or the failure of 

a drug. Also, the injection mold-

ing process of a polymer syringe 

inherently offers a broad range of 

customization possibilities.” 

Polymer syringes offer advan-

tages beyond customization and 

differentiation. The material main-

tains glass-like transparency, resists 

breakage, and offers excellent bar-

rier properties to keep the medica-

tion stable throughout its shelf life. 

Schott polymer syringes are avail-

able in 1–50-mL sizes and deliv-

ered ready-to-fill in a nest-and-tub 

configuration. For more sensitive 

applications, Schott TopPac SD 

syringes feature a reduced extract-

able and leachable profile that 

ensures high drug stability (2). 

GLASS AMPOULES
Glass ampoules remain widely 

used to package injectable drugs, 

and demand is actually growing in 

emerging markets. Although typi-

cally used for high-volume, mainly 

small-molecule drugs, ampoules 

“could be interesting for bio-

pharma products as well,” notes 

Neus Ferré, global product man-

ager, Ampoules at Schott. 

Schott’s glass ampoules combine 

dimensional stability with 100% 

inspection to suit either end of the 

spectrum: long runs at high speeds 

or flexible fill/finish systems for 

small batches. “At Schott, we are 

following a zero defect philoso-

phy, resulting in ampoules of high 

and stable dimensional quality,” 

reports Ferré. She explains, “On 

the one hand, this is achieved by 

an excellent raw material—Fiolax 

Type I borosilicate glass—com-

bined with a precise manufactur-

ing process. On the other hand, we 

have invested in intelligent cam-

era inspection systems that help to 

improve both cosmetic and dimen-

sional quality even further.” 

PRIMARILY PLASTIC VIALS
The DualFusion vial from Wheaton, 

now DWK Life Sciences, combines 

the best properties of both plastic 

and glass into one container. Using 

plasma-enhanced chemical vapor 

deposition, an organosilicate pro-

tective layer is fused with a silicon 

dioxide barrier layer that is fused to 

a cyclic olefin polymer (COP) shell 

to form a robust, covalently bonded 

material. The outer COP shell pro-

vides mechanical strength, protects 

against breakage, and can withstand 

temperatures from -196 °C to 121 °C 

without cracking. The inner barrier 

layer prevents permeation of oxy-

gen, water vapor, and other gases, 

protects against delamination, and 

eliminates concerns over leaching of 

metal ions, which can compromise 

the integrity of vial contents (3). 

Each ready-to-use, ready-to-ster-

ilize DualFusion vial has a unique 

barcode for traceability and authen-

tication. Applications include 

highly toxic drugs and biologics (4). 

More recently, there’s been interest 

for freeze-drying applications. The 

vial has a completely flat bottom 

that allows efficient temperature 

transfer from the lyophilizer to the 

drug product, and the vial’s barrier 

layer allows extended storage time, 

says Jeffrey Reid, strategic markets 

manager, DWK Life Sciences. 

SERVING SMALL BATCHES
The increase in personalized med-

icine is driving growth in small 

batch f i l ls. “Therefore,” says 

Reid, “pharmaceutical companies 

require smaller packouts of ready-

to-use (RTU) packaging compo-

nents.” To address this need, DWK 

Life Sciences will begin supplying 

RTU packaging components such 

as vials, rubber stoppers, and seals 

grouped together in one box with 

an average packout of 200 pieces 

per component. “This will allow 

our customers to shift to smaller 

fill runs and not have to worry 

about a large scrap rate of packag-

ing components,” concludes Reid. 
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CLEAR VIRUSES IN MAB PURIFICATION 
TOYOPEARL NH2-750F resin is a salt tolerant anion exchange 

resin ideal for the removal of impurities in mAbs, such as viruses 

and DNA, without having to dilute the sample prior to loading. 

This resin will work in the presence of 150 mmol/L NaCl and a 

relatively low pH.

Tosoh Bioscience LLC, www.tosohbioscience.com 

THE NEXT STAGE–EPPENDORF’S NEW MASTERCYCLER X50
The Mastercycler X50 is Eppendorf’s new PCR cycler with lots of new 

benefits. Not only can you heat with 10 °C/s, with the new 2D-gradient 

you can also optimize two different temperatures in one run (e.g., the 

denaturation and the annealing temperature). This allows you to take 

your PCR to the next level, as the denaturation temperature can have 

quite en effect on the specificity and the yield of a PCR. Coming with a highly intuitive touchscreen 

and the capabilities to connect up to 10 units to a network, it puts a lot of PCR power in your hands.

Eppendorf, www.eppendorf.com/pcr

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

THE WORLD’S LARGEST COMMERCIAL MANUFACTURING 
FACILITY USING SINGLE-USE BIOREACTORS BY WUXI BIOLOGICS
WuXi Biologics maintains 460,000 sq. ft. of commercial drug 

substance and drug product cGMP manufacturing facilities in addition to extensive existing CMC 

development and clinical manufacturing capabilities. The new commercial facility accommodates 

2 x 1000L disposable bioreactors for perfusion processes and by late 2017 will house 14 x 2000L 

disposable bioreactors for fed-batch production of monoclonal antibodies, bi-specific antibodies, 

Fc-fusion proteins and other recombinant proteins produced from mammalian cell culture.

WuXi Biologics, info@wuxibiologics.com, www.wuxibiologics.com

PICHIA PASTORIS PROTEIN EXPRESSION EXCELLENCE
Based on an unparalleled spectrum of exclusive expression tools and 

ingenious expression strategies, VTU develops high-performance 

Pichia pastoris expression strains and economically viable protein 

production processes for the manufacture of biologics and other 

recombinant proteins. The company’s broad toolbox and versatile 

technology platform enables competitive protein production processes with exceptionally high 

productivities of up to 35 g/L of secreted protein.

VTU Technology, www.vtu-technology.com, +43 (316) 4009 4000

drug that is in short supply, you real-

ize that doctors will potentially need 

all of this product to be able to safely 

transition patients to an equivalent 

treatment because it could take more 

than one treatment cycle for the 

doctors to find an appropriate drug 

substitution. You were also able to 

determine through chemical analysis 

the potency was unaffected by the 

defect and would not pose a threat 

to patient safety. You will still need 

to investigate the defect and try and 

determine its root cause, but based 

on the data available you should be 

confident that the product is safe for 

the patient. If there is any magic for-

mula to risk-based decision making, 

it is to keep patient safety in mind 

and focus on whether the product 

meets its defined quality attributes. 

If you keep these points in mind you 

should be able to make reasonable, 

documentable, and defendable risk-

based decisions. ◆
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Susan Schniepp is 
distinguished fellow

at Regulatory 
Compliance Associates.

Focusing on whether the product meets its defined 
quality attributes should help one make risk-based 
decisions, according to Susan Schniepp, distinguished 
fellow at Regulatory Compliance Associates.

Q: 
I am a quality assurance professional in a 

manufacturing plant. I still struggle with 

the concept of risk-based decision making. Can 

you provide me some advice on how I can make 

appropriate risk-based decisions?

A:
Over the past 10–15 years, there have 

been a number of developments that 

have impacted how pharma companies approach 

various aspects of their business including the 

emergence of the generic industry, biosimilars, 

virtual companies, contract service organizations, 

compounding pharmacies and 503B outsourc-

ing facilities, mergers and acquisitions, and more 

sophisticated information technology platforms. 

The complexity of the industry today makes risk-

based decision making seem convoluted at best.

Risk-based decision making is difficult no mat-

ter what position or department you are in at a 

company or how many years you have been in 

your position. Most employees are comfortable 

when the answer seems to be yes or no. It is much 

harder to make a decision when the answer lies 

somewhere in-between the yes and no. So, how 

do we go about making an appropriate risk-based 

decision? To make an appropriate risk-based deci-

sion, we need to understand the interrelation-

ship of the product, process, and any associated 

deviations and investigations that occurred during 

manufacturing. 

Let’s take a look at a situation that might help 

clarify the risk-based decision process. You are 

the vice-president of quality for a manufacturing 

organization. One of your products for treatment 

of cancer is on the drug shortage list because the 

current API supplier has decided they will no lon-

ger provide the API. You were trying to secure a 

new API manufacturer but could not find one 

that could reliably provide the API that met the 

expected quality attributes, so the company has 

decided to cease providing the drug to the market. 

You have the last three available lots of the API 

and have manufactured the associated final prod-

uct lots. The product is aseptically filled and then 

lyophilized. During the inspection of the second 

product lot, the quality inspectors inform you that 

they have detected a defect and the lot has failed 

its second acceptable quality limit (AQL) for the 

defect. The defect detected is defined as product 

between the vial and the stopper and it displays as 

a white dot the size of the head of a pin. The stan-

dard operating procedure (SOP) defines this defect 

as ‘cosmetic’. The inspectors also inform you that 

they expect the product lot will fail the third AQL 

inspection and that the product will need to be 

rejected per standard operating procedure require-

ments. They also inform you that the product has 

passed all other quality attributes including those 

determined by chemical analysis and that there 

were no deviations associated with the manufac-

turing. You ask your inspectors to halt the inspec-

tion for this particular defect while you look into 

the matter. The question you need to ask is: what 

further information do I need in order to be sure I 

make an appropriate decision? 

The easy decision is to perform the third AQL 

inspection, fail the lot if it doesn’t pass, and docu-

ment the reason for the failure. The harder deci-

sion is to make a risk-based decision to release the 

lot. The first thing to determine is the medical 

indication for the product. In this case, the prod-

uct is a cancer treatment drug. The second piece 

of information to determine is if the cosmetic 

defect has any impact on the potency of the 

product. In this case, through laboratory analy-

sis, it is determined that the potency or stability 

of the product is not affected by this particular 

defect. Based on this information, you document 

a material review of the situation and recommend 

ceasing inspection of the cosmetic defect and 

releasing the product. 

What information made you comfortable in 

making this decision? Because this is a life-saving 

Making Decisions Based on Risk
SSSusan SSSchhhniiiepp iiis
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Recently, researchers developed a new arsenal of multiple sclerosis therapies 

to slow disease progression and manage symptoms with fewer side eff ects. 
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The Dawn of a NEW Biologics
Manufacturing Paradigm

info@wuxibiologics.com

www.wuxibiologics.com

Introducing our “SCALE-OUT” approach

                  ...that eliminates cell culture scale-up risks

                            …. for ultimate flexibility and scalability

                                          …using only disposable bioreactors

                                                       ….to achieve metric ton outputs

Contact us to learn more about our "scale-out" approach utilizing the 

world's largest single-use bioreactor manufacturing plant (14 x 2,000 L).

mailto:L).info@wuxibiologics.com
http://www.wuxibiologics.com
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