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From the Editor

While technology 

promises advances 

for healthcare, a 

skilled workforce is 

needed to deliver 

on the potential. 

Key Ingredients to Healthcare’s Future

T
rade shows are a good opportunity to assess where an industry stands on 

new technologies, ongoing challenges, and future opportunities. It also is 

a good time to assess general attitudes about prospects for the road ahead. 

As I write this, I am half way through three consecutive weeks of industry 

events, each with a unique market focus, revealing the potential of biopharma 

to make a difference in the lives of patients and the work that must be done to 

achieve that goal.

Continuous manufacturing, which has gained momentum for small-mol-

ecule drugs with FDA approval of several therapies, was a popular discussion 

topic at INTERPHEX in New York, NY in mid-April. The strong interest is an 

indication that the pharma industry may be looking to consider advanced 

technologies that are common in other industries. In the biologics arena, the 

move to continuous manufacturing will be more difficult; experts on a panel 

hosted by BioPharm International magazine noted that while some segments of a 

bioprocess may have continuous operations, an end-to-end continuous process 

will be difficult to achieve.

At CPhI North America in Philadelphia, PA, medical futurist Bertalan Mesko 

shared his vision of bringing science fiction to medical reality through the 

use of digital technologies and data management and identified actions that 

must be taken today to get the most out of future technologies. Smartphone-

based monitoring, 3D printing of medications, drone delivery of medications 

to remote regions, use of blockchain for data security of drug products, and 

Internet-based monitoring of patient medical conditions in their homes are a 

few advances he identified.

A first step to digital medicine was made when FDA approved the first digi-

tal medicine system, a drug-device combination product comprised of Otsuka 

Pharmaceutical’s oral aripiprazole tablets embedded with an ingestible event 

marker (IEM) sensor from Proteus Digital Health.

Mesko, however, noted how the lack of doctors, lack of money, and lack of 

patient trust in medicine can hinder the acceptance of innovation for medical 

applications. New digital technologies will generate vast amounts of data that 

must be managed by artificial intelligence; some people fear the power of artifi-

cial intelligence, a hurdle that must be overcome, he said.

The cost of new technologies may be high, creating a divide between those 

that can afford it and those that cannot, Mesko warned, and including the 

patient in the design of the medical advances—by asking them what they 

want—is crucial.

Mesko also noted that technology is only part of the solution; people are 

needed to implement this vision. The lack of a trained, qualified workforce to 

operate bioprocessing facilities spurred a partnership between Philadelphia-

based Thomas Jefferson University and the National Institute for Bioprocessing 

Research and Training (NIBRT) of Dublin, Ireland to establish the Jefferson 

Institute for Bioprocessing, the first education and training institute for biophar-

maceutical processing in North America. The partnership was announced in 

February 2018; further details were provided by Mary Lynne Bercik, founder and 

CEO, GenZinnovation, and Ronald G. Kander, Dean, Kanbar College of Design, 

Engineering & Commerce Associate Provost for Applied Research at Jefferson.

When operational in 2019, the Jefferson Institute for Bioprocessing is 

expected to serve 2500 people annually, including an academic program for bio-

processing engineering, from undergraduate through doctorate levels, industry 

training with the pharmaceutical companies, workforce training through com-

munity college partnerships, and bioprocessing certifications through regional 

university partnerships. ◆

Rita Peters is the 

editorial director of 

BioPharm International. 

http://www.biopharminternational.com
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Regulatory Beat
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cott Gottlieb has seen a whirlwind of 

activity since taking the helm of FDA in 

May 2017. He blasted brand manufac-

turer “shenanigans” for blocking generic-drug 

development and cited “pernicious” rebating 

schemes that expose consumers to high out-of-

pocket costs for medicines. To help mitigate the 

nation’s deadly prescription drug epidemic, he 

has backed policies to reduce opioid prescrib-

ing and to develop less addictive pain treat-

ments. And to continue last year’s notable gains 

in bringing important new drugs and gene 

therapies to market, Gottlieb has promoted 

innovative clinical research methods and other 

strategies to make drug testing more efficient. 

The commissioner a lso told BioPharm 

International that he is revving up FDA efforts 

to encourage industry conversion to advanced 

manufacturing systems able to scale up quickly 

to address public health issues. New policies to 

ensure quality manufacturing can facilitate the 

development of competitive biosimilars and 

prevent shortages of critical medicines to pro-

tect public health. 

These and other initiatives have quieted crit-

ics on all sides. Democrats initially feared an 

industry bias but have been impressed by the 

commissioner’s criticism of drug pricing and 

his campaign to reduce nicotine in cigarettes. 

Republicans hoping for a free-mar-

ket deregulator admire his efforts to 

combat opioid abuse and his sup-

port for innovation to speed new 

medicines, devices, and diagnos-

tics to patients. Certainly, many of 

Gottlieb’s initiatives are not new and 

reflect years of hard work by FDA’s 

professional staff. But vocal support 

from the commissioner has acceler-

ated action on many fronts. 

A clear achievement is a proposed 

$400-million boost in FDA’s budget for 

2019, as compared to the administration’s plan 

to cut agency appropriations by $700 million a 

year ago. The commissioner has gained support 

for FDA in Congress, which helped enact crucial 

user fee reauthorizations last year and blocked 

the Department of Defense from taking control 

of approving new treatments for the military. FDA 

also negotiated some modifications in “right-to-

try” legislation to lessen its erosion of the FDA 

approval process and maintain patient protections. 

ADVANCING QUALITY
To convince the legislators to approve FDA’s 

new budget plan, Gottlieb outlined propos-

als for utilizing added resources (1, 2). Several 

initiatives advance the testing and production 

of new therapies, including greater use of real-

world evidence and knowledge management 

systems to facilitate regulatory decisions, par-

ticularly for new treatments for rare diseases. 

FDA also highlights the importance of mod-

ernizing drug manufacturing in proposing to 

spend $35 million to produce novel technolo-

gies, vaccines, and personalized medicines more 

reliably and at lower cost.  Gottlieb now sees a 

convergence in regulatory resources, industry 

frustration with traditional production meth-

ods, and wider availability of new technology 

to advance more reliable and flexible advanced 

and continuous manufacturing systems. 

“We’re now at a tipping point,” says Gottlieb. 

The agency will develop further guidance and 

standards to reduce uncertainty for industry in 

adopting high-technology platforms. And more 

highly trained field investigators will inspect 

for quality and those aspects of manufacturing 

that create risks, Gottlieb explains, and move 

away from a checklist system for uncovering 

violations. Further innovation may come from 

FDA funding of advanced manufacturing R&D 

projects to assess new quality manufacturing 

and analytical methods (3). 

Gottlieb Tackles Tough Issues in First Year at FDA
FDA’s commissioner addresses opioid 
abuse, drug costs, and manufacturing quality.

Jill Wechsler is BioPharm 

International’s Washington editor, 

jillwechsler7@gmail.com.

http://www.biopharminternational.com
mailto:jillwechsler7@gmail.com
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Regulatory Beat

This focus on quality manu-

facturing fits well with Trump 

administration efforts to encour-

age “re-domesticating some of the 

manufacturing that has moved 

overseas,” Gottlieb explains. He 

notes that high-quality, small-

footprint manufacturing platforms 

have lower labor costs more suited 

to US operations. Advances in how 

FDA oversees medical device pro-

duction similarly bolsters a “bring 

medtech manufacturing home” 

initiative that encourages firms to 

re-tool manufacturing processes in 

the United States. And streamlined 

oversight of software-based devices 

aims to lower the time and cost of 

market entry. 

FDA also seeks to build the 

largely domestic pharmacy out-

sourcing industry through clearer 

manufacturing standards and poli-

cies. And more modern production 

methods for biologics are on the 

agenda to improve the agility, flex-

ibility, and reliability of manufac-

turing processes for vaccines and 

cell and gene-based therapies. In 

the wake of this year’s severe influ-

enza outbreak, Gottlieb has urged 

shifting from an egg-based to cel-

lular system for seasonal flu vac-

cines, along with efforts to develop 

a universal influenza vaccine to 

provide multi-year protection, and 

ensure US access to vaccines to pro-

tect against a pandemic.  

More advanced manufacturing 

methods also support more reliable 

production of biosimilars. Gottlieb 

plans to issue new guidance docu-

ments on reducing lot-to-lot vari-

ability over time for biologics by 

utilizing new tools better able to 

identify where lot variation raises 

potential risks to patients, along 

with more standard reference prod-

ucts that are easier to test and copy 

as biosimilars. 

CHALLENGES AHEAD
Despite a year of considerable suc-

cess in broadening support for FDA 

initiatives and policies, the com-

missioner shows no sign of slow-

ing down. He continues to tackle 

controversial issues, such as lim-

its on flavored nicotine products, 

oversight of independent testing 

labs, and programs to limit food 

contamination outbreaks. The 

commissioner has emphasized 

the importance of promoting vac-

cination rates, despite continued 

opposition from vaccine deniers. 

And in another speech, he out-

lined plans to implement nutrition 

labeling standards and menu dis-

closures, which Gottlieb considers 

key to improving public health (4). 

FDA also faces numerous dead-

lines for implementing key provi-

sions of the 21st Century Cures 

legislation, including policies to 

support regenerative medicine 

and to speed the development of 

new cancer therapies, personalized 

medicines, and gene therapies. At 

the other end of the spectrum is a 

press for more efficient oversight 

and approval of over-the-counter 

medicines through a new user-

fee program. And transparency 

remains a thorny issue, as FDA 

supports wider disclosure of data 

and analyses related to regulatory, 

safety, and enforcement decisions. 

Yet proposals for release of com-

plete response letters remain on 

hold, as industry seeks to keep 

confidential certain regulatory 

decisions. 

Combating the opioid epidemic 

is a prime challenge. While FDA 

supports the development of safer 

and more effective pain therapies 

and treatments for substance abuse 

and is re-examining the safety of 

abuse-resistant products, physi-

cians are pushing back on propos-

als to limit opioid prescribing. FDA 

has gained added funds to expand 

its capacity to block imports of 

unlawful controlled substances 

at the border, and new legislation 

may strengthen its authority to 

require small-dose packaging of 

opioids and to remove from the 

market approved pain medicines 

found to raise safety issues. 

Gottlieb plans to remain a vis-

ible advocate for lower drug prices, 

anticipating a continued roll-out 

of incremental changes to create 

a more competitive prescription 

drug market place. He has loudly 

criticized drug reimbursement and 

coverage policies for limiting con-

sumer access to drugs, including 

a “rigged payment scheme” that 

blocks biosimilars, and suggested 

that FDA may be more flexible in 

setting standards for demonstrat-

ing product interchangeability (5). 

The commissioner’s concerns 

about the high cost of medicines 

reflect his own experience as a 

physician and seeing ill patients 

“struggling very hard at the worst 

moments in their lives” to try to 

afford drugs that are “absolutely 

indicated for their disease.” He 

wants to be sure “that in my time 

here at FDA, I do something to 

address that.” 
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Perspectives on Outsourcing
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merging bio/pharmaceutical companies 

are going through an unprecedented 

period of opportunity and growth and 

have contract development and manufacturing 

organizations (CDMOs) to thank for much of 

their good fortune.

Bio/pharma companies that are depen-

dent on external funding have never enjoyed 

such a sustained period of funding support as 

they are now. Analysts who track the indus-

try expect 2018 to be the sixth straight year 

of substantial new investment in emerging 

biopharma companies from venture capital, 

public markets, and partnering. Funding for 

emerging bio/pharma companies has tradi-

tionally been cyclical, with the positive por-

tion of the cycle lasting three-to-four years at 

most. This continuous funding streak is nearly 

twice as long as is typical for emerging bio/

pharma companies.

A number of factors have contributed to the 

explosion in funding for emerging bio/pharma 

companies, including:

• A plethora of new disease targets thanks to 

genomics and a better understanding of dis-

ease process 

• An increased arsenal of weapons to aim at 

those targets with traditional small mol-

ecule and monoclonal antibod-

ies being augmented by highly 

potent small molecules, antibody 

drug conjugates, and gene and 

cell therapies

•  A favorable regulatory environ-

ment that offers faster routes to 

new drug approval

•  A robust equity investment envi-

ronment across the economy

•  Agg res s ive  pa r t ner ing ,  in -

licensing, and acquisition by 

global bio/pharmaceutical com-

panies.

•  A mature network of contract services pro-

viders that can get new drug candidates into 

clinical trials and end markets relatively 

quickly.

Individually and in combination, these 

factors have greatly changed the risk/reward 

equation for new drug development. Relative 

to what they could expect 10 or more years 

ago, investors in emerging bio/pharma com-

panies today can put up less money and get 

proof of concept more quickly, for the follow-

ing reasons:

• Most new drug candidates are highly tar-

geted at narrow diseases, meaning that clini-

cal trials can be smaller and faster, with less 

commercial infrastructure.

• Regulatory pathways such as the break-

through therapy designation enable smaller 

clinical programs and faster approval times, 

while the 503(b)2 pathway for new formula-

tions of older products may mean that only 

bioequivalence studies are needed.

CDMOS AS ENABLERS
While scientific research can discover targets 

and ways of attacking them, those discover-

ies are only valuable if they can be converted 

into physical products that can be safely and 

effectively administered to patients, and if that 

safety and efficacy can be demonstrated in clin-

ical research. For that reason, CDMOs and con-

tract research organizations (CROs) are the real 

enablers of success for emerging bio/pharma 

companies.

By rely ing on CDMOs, emerging bio/

pharma companies can get a product into 

Phase I testing for $2–5 million and in one to 

two years from when they commence GMP-

compliant development. Without the access 

to CDMOs, companies would need to invest 

at least $10 million in facilities and a similar 

amount on manufacturing, analytical, and 

CDMOs Driving Emerging Bio/Pharma Success
CDMOs can claim credit for the robust growth of emerging bio/pharma financings.

Jim Miller is the founder and former 

president of PharmSource, 

A Global Data Company, 

jim@ludwinmiller.com.
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quality professionals. It would take at least two 

years before that infrastructure could start making 

product, and much of that capacity would be unde-

rutilized. In short, the presence of a robust CDMO 

industry probably reduces the cost of making the 

product by 50–75% and shortens the time to the 

clinic by half.

Those time and cost savings accrue to the venture 

capitalists and public investors who back emerging 

bio/pharma companies. The amount of funding put 

at risk for any given company is much less, and the 

money and time expended on a product or company 

that is ultimately unsuccessful are much less. That 

means there is more funding available to back more 

companies with less risk.

SYMBIOSIS
The relationship between emerging bio/pharma 

companies and the CDMO industry is truly symbi-

otic: one could not exist without the other. Thanks 

to the economics cited previously, the emerg-

ing bio/pharma sector depends on CDMOs for at 

least 80% of its development and manufacturing 

requirements and is similarly dependent on CROs 

for their preclinical and clinical testing needs. 

CDMOs have enabled the formation of virtual com-

panies with just a few staff overseeing a network of 

service providers.

On the other hand, the availability of funding 

for emerging bio/pharma drives the fortunes of the 

CDMO industry.  Following the sharp decline in fund-

ing for emerging bio/pharma in the wake of the global 

financial crisis, many CDMOs hung on by their fin-

gertips and some went out of business altogether. By 

contrast, in today’s environment, most are growing 

at double-digit rates and are sought after by private 

equity firms wanting to acquire them at valuations as 

high as 15 times earnings.

Emerging bio/pharma companies are much more 

important to CDMOs than they are to clinical CROs. 

The ability of CROs to reduce clinical research costs 

by absorbing large numbers of clinical staff from 

company payrolls and implementing advanced 

information technology made them valuable part-

ners for global bio/pharma. By contrast, global bio/

pharma have been much less willing to outsource 

their manufacturing operations.

RISKS AND OPPORTUNITY
The two biggest risks to the emerging biopharma 

and CDMO industries would seem to be a downturn 

in macroeconomic conditions that would make 

investors more skittish about investing and a major 

change in the willingness and ability of the US 

healthcare industry to pay for expensive new drugs. 

Both of these risks are real. Many economists see 

the likelihood of a recession in the United States 

in 2019 or 2020; the Trump administration cam-

paigned on the promise to bring down drug prices; 

and US corporations look to be getting more aggres-

sive in managing healthcare costs, including the 

cost of drugs. 

Nevertheless, CDMOs look well-positioned to 

ride the wave of emerging bio/pharma success into 

the foreseeable future. The year 2018 has started off 

well for new financings, and public companies have 

often been able to raise sufficient funding to last 

them for a number of years into the future. Further, 

while global bio/pharma companies have domi-

nated new product approvals in recent years, thanks 

largely to their acquisitions and in-licensing, pipe-

line data suggest that more emerging bio/pharma 

companies are willing and able to remain indepen-

dent entities. ◆
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T
here is general agreement in 

the biopharmaceutical indus-

try that new manufacturing 

paradigms will be essential 

to tackling issues around the cost and 

timeliness of new drug development, 

particularly for complex biologic thera-

peutics. Process intensification is being 

pursued as a first step toward fully con-

tinuous manufacturing. A combination 

of business challenges, technology gaps, 

and regulatory uncertainties must first 

be overcome before continuous bioman-

ufacturing (CB) becomes a commercial 

reality. Equipment suppliers, drug man-

ufacturers, and regulators are working 

closely to address these issues.

The potential benefits to implement-

ing continuous processing range from 

economic to time savings to quality 

improvement. Process intensification, 

the forerunner of continuous manufac-

turing, is allowing drug manufacturers 

to achieve, in some cases, up to 75% 

reduction in cost of goods sold (COGS), 

according to Andrew Bulpin, head of 

process solutions for MilliporeSigma.

BUSINESS CHALLENGES 
There are a range of business hurdles, 

however; benefits vary with each biopro-

cess and require individual assessment. 

The historic standardization on fed-batch 

processes is one key challenge, accord-

ing to Parrish Galliher, chief technology 

officer for upstream with GE Healthcare 

Life Sciences. 

In addition, he notes that the business 

risk for CB is substantially higher due to 

the 5–10-fold increased rate of raw mate-

Managing Uncertainty in 
Continuous Biomanufacturing

Cynthia A. Challener

More 
published data 

and initial 
regulatory 

approvals are 
needed 
to drive 

adoption of 
continuous bio-
manufacturing.

Cynthia A. Challener, PhD, 

is a contributing editor to 

BioPharm International.

Continuous Biomanufacturing
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rial consumption under continuous 

upstream processing (perfusion-

medium consumption), which pres-

ents a significantly higher financial 

risk in the event of a product-qual-

ity failure compared to batch or 

fed-batch processes. Conducting 

quality-by-design (QbD) studies 

and validation of critical param-

eters and process design spaces is 

also more complex, labor-intensive, 

and time-consuming due to the 

extended duration of continuous 

production campaigns. The cost 

of training can be higher as well; 

operators need to be able to run 

more complex processes 24-7 with-

out mishap.

Proof of sca labi l it y across 

upstream and downstream process-

ing is another main hurdle, accord-

ing to Peter Levison, executive 

director of business development at 

Pall Biotech. “Processes must satisfy 

both internal and external expecta-

tions from concept through to com-

mercialization,” he says. 

“There are many unsubstanti-

ated claims in the literature that 

the costs for CB are lower com-

pared to current methods. On the 

other hand, users are beginning to 

report that perfusion media con-

sumption is far higher for CB in 

the upstream, and in the down-

stream, buffer and resin reductions 

need to be balanced toward any 

increased capital or consumables 

costs compared to batch chroma-

tography,” Galliher says. On the 

positive side, he does note that CB 

has the potential to improve prod-

uct quality consistency in cases 

where variability in product qual-

ity is not acceptable. 

Lev ison st resses,  too, that, 

“While investment may first seem 

like a financial hurdle, one of the 

most often overlooked points is 

the exceptional savings on the 

backend (even with higher costs 

on the front end), for the life of 

the process. Savings come from 

less human/operator interven-

tion and investment, less cost 

in process critical resources like 

fluids, and fewer quality-control 

demands, which combined lead to 

improvements in productivity and 

process economics.”

Duncan Low, previously with 

Amgen and currently principal 

at Claymore Biopharm, asserts 

that from a purely business per-

spective, there are in fact more 

incentives than hurdles, “unless 

you start stacking up uncertainty.” 

“You have to define the technical 

issues and identify the risks as for 

any project. You may ask if you 

want to start with a commercial 

molecule or a biosimilar, or a new 

molecule where the risk of clini-

cal failure overshadows the whole 

assessment. You may also want to 

ask about regulatory acceptance, 

which you could argue is a busi-

ness risk,” he observes. 

TECHNOLOGY DATA GAPS
Much of the technology for CB is 

in a relatively advanced state (com-

pared to that for cell and gene 

therapies, for example), and much 

of it has been implemented to 

varying degrees, Low argues. “CB 

is, however, broader in scope than 

continuous processing for small 

molecules in that it considers the 

entire process, involves biology as 

well as chemistry and physics, and 

can be performed in plastics rather 

than steel,” he comments. 

While suppliers have developed 

and demonstrated scalable plat-

form technologies for end-to-end 

CB, there still remains some work 

to be completed with analytics and 

automation and control to secure 

the greatest benefits of improved 

product quality and safety, accord-

ing to Levison. “The right level of 

automation and control has been 

a hurdle for drug manufacturers, 

regardless of process type, and is 

even more crucial for continuous 

processes because they are run in 

closed environments. There needs 

to be sensors and detectors that 

measure critical process parameters 

and critical quality attributes in 

real time, ideally in-line or at-line,” 

he comments.

“Improvements a re needed 

around sensor and process ana-

lytical technologies (PAT), as this 

would bring enhanced process 

monitoring and real-time release 

of the product,” agrees Galliher. 

Such sensors must be stable to 

operate in-line for weeks without 

drift or fouling. 

Advances in these technologies 

are also important in the drive to 

create and archive more data that 

prove continuous processing advan-

tages. “Data are really the top tech-

nical gap,” Levison emphasizes. 

“There still remains a paucity of 

published experimental data and 

case studies to demonstrate that 

continuous processes work effec-

tively and provide multiple advan-

tages. Consequently, there has 

yet to be a strong enough record 

of commercialized drugs (small or 

large molecule) to model success 

from,” he states. 

Levison anticipates that the 

Internet of Things will play a sig-

nificant role in how the industry 

will be looking to manage and 

drive progress based on data. Pall 

Biotech has also created a process 

development services lab to help 

customers overcome the perceived 

challenges in transitioning from 

batch to continuous processes, or to 

create new processes from scratch. 

“With this approach, it is possible 

for drug manufacturers to start to 

gather data with less investment up 

front,” he says.

Indeed, for Low, the transparent 

and seamless integration of data 

between suppliers and manufac-

turers is desirable when it comes 

to addressing PAT and automa-

tion requirements for CB. Overall, 

he sees CB as offering “amazing 

opportunities” for biopharmaceu-

tical manufacturing. “Analytics 

Continuous Biomanufacturing
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and process control is an area with 

significant opportunities to apply 

ground-breaking, disruptive expe-

rience from other industries in 

data gathering, manipulation and 

understanding, and machine learn-

ing. We are at the beginning of 

Industry 4.0, and industry groups 

are working to address the ramifi-

cations of the impact these devel-

opments will have on the pharma 

industry,” he explains.

REGULATORY UNCERTAINTIES
Regulatory authorities support 

the implementation of CB, and 

companies can work closely with 

different agencies from the pro-

cess development stage. Limited 

regulatory precedent does exist 

for continuous upstream process-

ing given that more than 15 bio-

logic products manufactured using 

continuous upstream processing 

are on the market, according to 

Galliher. “There is still regulatory 

uncertainty in the downstream 

space, however, because no bio-

logics produced continuously in 

the downstream [process] have 

yet been licensed for commercial 

manufacturing,” he says.

In particular, regulatory uncer-

tainty surrounding batch defini-

tions for continuous processes 

remains. Bulpin points to two 

examples: demonstrating prod-

uct equivalence for a perfusion 

process at day one through day 

60 and ensuring virus validation 

in an integrated and continuous 

bioprocess. “In the former case, 

the cell-culture development team 

must express product with low 

variability and the purification 

development team must minimize 

the impact of variability in the 

cell-culture feed on the final pro-

file of the purified product. Even 

if successful, it is not possible to 

produce a fully uniform product 

over the entire process time, so 

we must be able to define a level 

of functional equivalence that is 

acceptable to the regulators,” he 

says.

For virus validation, which is a 

downstream operation, Bulpin 

says it is necessary to rethink the 

entire strategy for CB because for 

integrated and continuous process-

ing, variability in the performance 

of one operation can have a ripple 

effect on several downstream steps. 

“This impact as well as changes in 

operating modes including mass 

loading, flow rates, and consum-

ables re-use, must all be accounted 

for during virus inactivation and 

removal validation studies,” Bulpin 

observes.

There are also questions about 

how to handle the traditional three 

batches during a performance 

qualification when working with 

30–90 days processes, according to 

Galliher.

“Until these types of questions 

are addressed, manufacturers have 

to consider performing QbD studies 

over the full extent of a continu-

ous bioprocess campaign, driving 

up material costs, time for process 

development, and labor require-

ments,” Galliher says. 

Based on the process develop-

ment and validation strategy for a 

product, a batch may be defined 

according to the mass of product 

produced, such as 2 kg of purified 

product equals one batch; or pro-

cess time, for example, 24 hours of 

clarified cell culture harvest from 

a perfusion bioreactor; or as a num-

ber of process cycles typically in 

the downstream process, that is 50 

cycles through a Protein A column 

on a multi-column capture step. 

“While regulators appear agnostic 

on which definition is used, deter-

mining the required data package 

to support the definition and suc-

cessfully collect that data in a way 

that is transparent and defensible 

will be the critical step in timely 

approval of the process for com-

mercial production,” Bulpin asserts. 

“Suppliers, biomanufacturers, and 

regulators must work together to 

build the regulatory framework for 

approval of next-generation pro-

cesses,” he adds.

INTEGRATED DIFFICULTIES
The ultimate goal with CB is to per-

form integrated biomanufacturing, 

with upstream and downstream 

operations connected together so 

the process is running in continu-

ous mode. Doing so brings addi-

tional complexities and hurdles, 

according to Galliher. 

First, liquid flow rates through all 

unit operations must be matched 

and controlled continuously to be 

in synchrony, so that no overflows 

or flow stoppages occur. The pro-

cess controls for each of the unit 

operations must also be synchro-

nized to maintain steady-state 

operations without mishap, which 

requires sensors to operate stably 

and reliably over extended periods 

of time.

“It is increasingly important with 

CB to define process and control 

strategies and use in/at-line anal-

ysis and a step-wise approach to 

ensure control over each individ-

ual process step before verifying 

the complete process. Setting the 

design-space for integrated CB often 

starts with defining the design-

space for one-unit operation at a 

time, followed by multivariate data 

analysis to define the complete pro-

cess,” Galliher notes. He adds that 

reliable model-scale setups should 

be available, including those for the 

connections between unit opera-

tions, where process development 

and trouble-shooting can be per-

formed. 

Sensors and automation con-

trols are relevant to bioburden 

control as well, which is also essen-

tial throughout the duration of 

integrated continuous processes. 

Connection of the bioreactor with 

the clarification system presents 

particular challenges, according 

to Levison. “In fed-batch, there is 

Continuous Biomanufacturing
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less chance for bioburden contamination due to the 

relatively short time taken to harvest the cell culture 

(typically 2–8 hours). In the case of perfusion culture, 

however, where the user may be continuing this pro-

cess for 20–60 days or even longer, there must be a 

closed system to maintain low bioburden; consequently 

the analytics, sensors, and controls become so much 

more important. The user needs to be able to ‘know’ 

what is going on during the entire process,” he states.

Today, the industry is taking an evolutionary 

approach toward achieving integrated and continuous 

processes. “Process intensification, like multi-column 

chromatography or the implementation of single-pass 

tangential-flow filtration, has been a successful first 

step. We are now in the process of connecting opera-

tions like anion exchange and virus filtration into a 

single operation,” Bulpin says. “As we move toward 

connected and continuous processes, software must 

enable processing systems to communicate and inte-

grate several operations in order to maintain process 

controls and product quality. Biomanufacturers are 

clamoring for this type of software and control plat-

form,” he continues. “Based on the knowledge we are 

gaining in the earlier stages of this evolutionary path, 

we will innovate and develop software and automa-

tion capabilities that don’t yet exist to fully connect 

and integrate both upstream and downstream pro-

cesses to enable continuous processing,” Bulpin asserts.

Low agrees: “We must have a realistic appreciation 

of the issues that need to be addressed and try to 

tackle them. That will involve identifying the issues, 

defining them (regulatory, quality, technical, etc.), 

recruiting the appropriate subject matter experts, and 

working together to resolve them.”

PROMISING FUTURE 
DESPITE THE CHALLENGES
There is a perception, according to Levison, that tran-

sitioning to continuous processing from batch is dif-

ficult, when it really is not. “While early adopters 

may have to work out some of the nuances, they also 

get the greatest advantage. Single-use technologies 

were initially viewed with skepticism but have gained 

acceptance and are now moving into a more mature 

phase; late adopters have had to play more catch up. 

At Pall Biotech, we are driven by the potential of CB 

and are happy to embrace early adopters and work 

with them to advance continuous bioprocessing,” he 

states.

MilliporeSigma is also bullish about the future 

of CB. “We estimate that next-generation process-

ing cuts down one-quarter of original cost, around 

$100/g to $25/g, and frees up capacity in the range of 

25–93% for manufacturing of other molecules,” says 

Bulpin. He also notes that PAT offers the opportunity 

for easier and more cost-effective quality and pro-

cess controls. “Through continuous and automated 

monitoring driven by an advanced software platform, 

we can eliminate the need for sampling and offline 

measurement in many cases. Instead, we will have 

the ability to make near real-time decisions and react 

quickly to control our processes and ensure product 

quality,” he observes. 

As a result, next-generation bioprocessing will 

have a significant impact on how biopharmaceutical 

manufacturers bring therapies to market, delivering 

them to patients faster and more cost-effectively than 

ever before, according to Bulpin. “We estimate that 

by 2025, next-generation bioprocessing will repre-

sent 20% of pipeline molecule revenue and will be a 

[$1.5-billion] €1.2-billion opportunity for life-science 

suppliers,” he concludes. ◆
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D
rug products based on live 

cells have an inherent risk 

for viral contamination that 

could cause serious harm 

or death to patients. When applying 

for regulatory approval, a drug license 

holder must demonstrate that its pro-

posed manufacturing process can 

remove or inactivate potential viral 

contaminants. 

Viral clearance studies assess the 

capability of a downstream process 

to remove or inactivate potential con-

taminants and are based on a scale-

down model of a biopharmaceutical 

production process. The studies must be 

designed to evaluate potential viruses, 

be representative of the production pro-

cess, meet regulatory requirements, and 

provide reportable data. In addition, 

the testing should be conducted under 

“worst-case” conditions.

VIRAL CLEARANCE STUDY ELEMENTS
“The scale-down process used in the 

spiking study must be representative 

of the full-scale process and care must 

be taken to demonstrate the validity of 

the scale-down model using appropriate 

model viruses,” says Kate Smith, princi-

pal scientist, global operational devel-

opment services, MilliporeSigma. “The 

study should be carefully designed to 

ensure the capacity to remove or inacti-

vate virus is not over-estimated, apply-

ing ‘worst-case’ parameters to individual 

steps, where known.”

The key elements of a viral clearance 

validation are choice of process steps, 

viruses, points of sample withdrawal, 
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and the correctness of scaling, says 

Gustav Gilljam, client project man-

ager, Vironova Biosafety. “The pro-

cess steps chosen must represent 

different mechanisms in virus inac-

tivation/removal to be included. 

The viruses tested should include 

both enveloped and non-enveloped 

viruses, and both RNA and DNA 

viruses with different physical and 

chemical properties.” He also notes 

that the studies should be con-

ducted under worst-case conditions 

and performed according to good 

laboratory practice.

Developing a test protocol, 

including the selection of viruses, 

is crucial. The model viruses used, 

and the number of steps investi-

gated for viral clearance capacity, 

should be related to the risk assess-

ment and product-specific regula-

tory guidance, says Horst Ruppach, 

director, viral clearance and virol-

ogy at Charles River. “Pre-tests like 

cytotoxicity and interference assays 

are essential to prove the validity 

of the assays used for viral quanti-

fication,” he explains. “The prod-

uct- and step-specific adjustment 

of virus spiking, sample treatment, 

and assay sensitivity ensure the 

viral clearance potential can ade-

quately be demonstrated.”

Drug license holders often turn 

to contract testing laboratories for 

this specialized testing; planning 

and communication are key ele-

ments. “Studies should be planned 

enough in advance to allow time 

to determine the scope and essen-

tial parameters of the study, to 

obtain the necessary materials 

for the study, and to work with 

your testing partner to sched-

ule the study,” says Katherine F. 

Bergmann, manager, viral safety 

and clearance services, Eurofins 

Lancaster Laboratories. “The key 

parameters that determine the 

scope of the study are the clinical 

stage and indication of the prod-

uct and the nature and origin of 

the source material.”

WHAT TO TEST, AND WHEN
Viral clearance studies typically 

are conducted at two phases of 

product development. “The early-

stage study demonstrates the gen-

eral viral clearance capacity, while 

the late-stage study typically dem-

onstrates the robustness of the 

clearance capacity,” says Ruppach. 

“The extent of both depends on 

the product type and the develop-

ment phase.” 

While only one or two viruses 

and a minimum number of 

samples are tested in early clini-

cal phase, says Bergmann, four or 

five viruses are typically tested 

for products approaching or 

in commercial manufacturing. 

“Additional samples are evalu-

ated in order to determine mass 

balance,” she says. “In addition, 

expanded ranges of critical operat-

ing parameters may be evaluated, 

and column cleaning and carry-

over must be evaluated.”

In testing prior to Phase III, 

Gilljam notes, “Reduction of virus 

infectivity is the most important 

measure, but various methods to 

detect viral genome copies or phys-

ical particles could be a comple-

ment. The manufacturing limits 

of parameters in these steps that 

might have an impact on the virus 

reduction should be challenged in 

the virus validation studies prior to 

Phase III, to show the robustness of 

the steps.”

Smith notes the key areas of viral 

safety testing. Raw materials and 

cell substrates must be character-

ized using molecular, in-vitro, and 

in-vivo testing strategies, she says, 

and cell banks and end-of-produc-

tion cells are tested to identify spe-

cies of origin, confirm expression 

construct stability, and to dem-

onstrate the absence of potential 

bacterial and viral contamina-

tion. “Additional routine bulk har-

vest testing and the viral clearance 

study complete the tripod of viral 

safety testing,” she says.

CHALLENGES IN STUDY DESIGN
The multi-step nature of biopro-

cesses—and the viruses them-

selves—present challenges to the 

development of viral clearance 

studies and limit their effectiveness. 

“All steps in a viral clearance study 

must be orthogonal; they must clear 

virus by independent mechanisms,” 

says Bergmann. “For example, if one 

step inactivates virus due to low pH, 

then a second step that uses a low 

pH buffer may not also be included, 

since virus that escapes inactivation 

by one low pH step is likely to be 

resistant to a second low pH incuba-

tion. Achieving a satisfactory clear-

ance level can be limited by the 

virus titer, by cytotoxicity, or by viral 

interference,” she explains. “These 

limitations can be addressed by care-

ful study design to optimize the 

clearance available from each step.”

T he  E u r o p e a n  M e d ic i ne s 

Agency lists potential limitations 

in a guideline (1), notes Smith. 

“Test sample composit ion can 

limit assay sensitivity and reduc-

tion factors obtained where large 

dilutions are required to allevi-

ate cytotoxic effect on indicator 

cell lines,” she says. “Virus spike 

quality can influence the oper-

ation of key steps; for example, 

higher purity virus spikes are 

required for virus reduction filters 

to minimize virus induced flux 

decay and achieve the target filter 

capacity.” International Council 

for Harmonization (ICH) Q5A (2) 

also lists limitations of viral clear-

ance studies.

Ruppach and Gilljam note that 

the use of virus models presents 

some limitations.  “Relevant viruses 

may be difficult or impossible to 

produce in high concentrations. 

Therefore, model viruses, preferably 

of the same genus or family, are 

used as substitutes,” says Gilljam. 

“Even though few model viruses 

represent the biophysical charac-

teristics of a broad range of mam-

malian viruses of different virus 

Downstream Processing

http://www.biopharminternational.com


 May 2018 www.biopharminternational.com BioPharm International  21

families, they are still models pre-

pared and kept under laboratory 

conditions. They do not perfectly 

mimic the characteristics of related 

wild-type viruses,” says Ruppach. 

“This is of specific concern for bio-

pharmaceuticals directly isolated 

from human or animal tissues, like 

human plasma products. On the 

other hand, the laboratory model 

viruses have a great chance of con-

taminating bioreactors using con-

tinuous cell lines.”

Gilljam identified other chal-

lenges. “Due to the volume tested 

in the viral clearance study and 

that a dilution of the sample is 

needed to avoid any cytotoxicity to 

the indicator cells and the interfer-

ence with the ability of the indi-

cator cells to be infected with the 

virus, it is not possible to analyze 

the entire volume for the presence 

of infectious virus,” he says. “There 

is always a lower limit of detec-

tion, so the virus infectivity may be 

greatly reduced, but never to zero. 

Not all viruses are known. We will 

find what we look for but may miss 

the unexpected.”

The relevance of the model 

virus depends on the virus step 

analyzed, Ruppach notes. “Virus 

retentive filtration is based on size 

exclusion, and a model of a spe-

cific size will represent all viruses 

of the same or greater size. But 

removal with chromatography 

steps is based on the virus enve-

lope characteristics, which can 

differ among viruses of the same 

virus family and even among dif-

ferent strains,” he explains. 

Another limiting factor is the 

relevance of the downscale model. 

“In some cases, it’s easy to down-

scale the manufacturing scale but 

in other cases a 1:1 downscale isn’t 

possible,” Ruppach says. 

ASSESSING RISK
As in other areas of biopharmaceu-

tical development, a risk assessment 

can define potential risks of viral 

contamination—and the need for 

viral clearance—in different phases 

of a production process. 

Risk assessment defines the 

viruses of risk, the type of and how 

many model viruses should be ana-

lyzed in the viral clearance study, 

and the overall reduction needed, 

says Ruppach. “In general, a high 

and robust viral clearance capacity 

is a much more efficient measure-

ment to reduce viral risk than any 

extensive viral testing program; in 

fact, it can significantly reduce the 

testing on viruses.”

Assessments should 

consider the entire 

production process 

and any changes. 

The source of starting materials 

and raw materials used in produc-

tion are of primary concern, says 

Bergmann, and a risk assessment 

identifies which viruses are likely 

to be contaminants and the lev-

els of contamination that could 

potentially exist. “This analysis is 

relatively simple for biologicals pro-

duced in well-characterized cells 

in culture but can be much more 

complex for products derived from 

uncharacterized cells or from ani-

mal materials (e.g., tissue),” she said. 

“Understanding the risks of viral 

contamination leads to the choice 

of viruses selected for a study, as 

well as the level of virus clearance 

required, to assure a safe product.”

Assessments should consider 

the entire production process and 

any changes. “The impact on the 

validity of the viral clearance data 

by changes to the process, such as 

facility, procedural, process, and 

raw materials must be assessed,” 

says Smith. “A detailed risk assess-

ment covering all aspects of the 

manufacturing process demon-

strates an understanding and con-

trol of the process and provides a 

framework to evaluate the impact 

of each change both on the 

affected unit operation and those 

following. An informed decision 

can then be made to determine the 

scope of revalidation required.”

KEEPING PACE WITH 
BIOPHARMA ADVANCES
While the primary guidance docu-

ments—EMA/CHMP/BWP/268/95 

and ICH 5QA—are 20 years old, 

they are still adequate for determin-

ing the background and principles 

for viral clearance, says Ruppach. 

There is space for adaptions based 

on the experiences made since the 

guidances were issued, he adds. 

Bergmann concurs and notes 

that while these guidance docu-

ments work well for monoclonal 

antibodies and therapeutic proteins, 

“use of the guidelines for novel 

types of products can be chal-

lenging” and revisions of regula-

tory guidance documents need to 

address these product types.

Advances in production tech-

nology also can present complica-

tions for the viral clearance studies. 

“A lack of appropriate scale-down 

models and strategies to support 

changes in industry practices 

such as continuous processing can 

restrict the design of the viral clear-

ance study,” Smith says. “As new 

markets open up to the industry, 

greater visibility of requirements 

supporting biosimilars, validation 

of continuous processes, and global 

submissions would be beneficial.”
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U
ltraviolet (UV) and  visible 

spec t rophotometers a re 

found in every bioana-

lytical laboratory and are 

frequently used to measure concentra-

tions of both proteins (1) and nucleic 

acids (2). Concentration of an analyte 

is related to absorbance at a specified 

wavelength by Beer’s Law. Absorbance 

of light at a specific wavelength is 

defined as the log10 (I0/I), where I0 

is the intensity of the light before it 

enters the sample and I is the inten-

sity of the light after it passes through 

the sample. This definition of absor-

bance assumes light is either absorbed 

by the solution or transmitted, and 

that scattered or reflected light is a 

minor component (3). Measurements 

of the light transmitted by solutions 

of large complex molecules that may 

contain particles that may scatter a 

significant amount of light are more 

properly termed decadic attenuance 

(DA). DA refers to the base 10 loga-

rithm of the ratio of the incident to 

the reduced light intensity measured 

in the sample without correction due 

to scattering or reflection. Protein 

solutions such as monoclonal anti-

bodies (mAbs), for example, may con-

tain particles capable of light scatter 

in formulation conditions that induce 

colloidal instability.  

The formulation of protein biophar-

maceuticals, such as mAbs in many 

cases, requires high concentrations to 

reduce the volumes administered to 

patients. It is advantageous to do direct 

measurements on these protein solu-

tions to determine the concentration 

for quality control programs. This has 

been made possible by the develop-

ment of efficient analytical methods 
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and instruments. DA measurements of pro-

teins at high concentrations directly with-

out dilutions requires short pathlengths to 

ensure that sufficient light is detected by 

the spectrophotometer. Short-pathlength 

cuvettes can be used in conventional dou-

ble-beam spectrophotometers, or a new 

generation of spectrophotometers have 

been developed that can measure the full 

absorbance spectrum of samples using 

microliter volume (MV) samples using 

short pathlengths. 

A variable pathlength spectroscopic 

instrument that uti l izes a f iber optic 

probe to measure absorbances at multiple 

pathlengths (0.01 mm to 15 mm) and the 

resulting “slope spectroscopy” data can be 

used to measure highly concentrated pro-

tein samples (4–6).

NIST has developed Standard Reference 

Material (SRM) 2082, a pathlength stan-

dard for these MV spectrophotometers and 

short-pathlength cuvettes (7). SRM 2082 

is composed of solutions of tryptophan 

and uracil in a buffer, and these solutions 

can be used to evaluate pathlengths in the 

UV range. The authors propose using SRM 

2082 to calibrate short-pathlength cuvettes/

instruments and/or determine if MV spec-

trophotometers are operating correctly 

within the specifications. Additionally, 

once pathlength and instrument perfor-

mance have been verified using SRM 2082, 

a reference material such as the NIST mAb 

reference material (RM 8671) may be used 

to confirm spectrophotometer performance 

with a protein that has similar biophysi-

cal properties to many biopharmaceuticals. 

The reference value for the concentration 

of RM 8671 (NISTmAb) was determined 

using DA measurements at 280 nm, and 

this reference material has been well char-

acterized by many additional measurement 

methods (8, 9). 

This study, using two example applica-

tions, was designed to illustrate how the 

NIST standards can be used to achieve 

reproducible optical pathlength and pro-

tein concentration measurements. The 

authors have demonstrated how SRM 2082 

can be used to calibrate short-pathlength 

cuvettes to increase the measurement accu-

racy and also to benchmark the absorbance 

measurements of MV spectrophotometers 

and MV plate readers. RM 8671 was then 

used as a relevant biopharmaceutical sam-

ple to confirm the pathlength calibrations 

done with SRM 2082 and benchmark the 

DA measurements using a MV spectropho-

tometer and a MV plate reader.

MATERIALS AND METHODS
Samples

The development and characterization of 

SRM 2082 have been detailed (7). SRM 

2082 is composed of solutions of trypto-

phan and uracil in a buffer, 10 mmol/L 

2-amino-2-hydroxymethyl-propane-1,3 

diol, pH 8.0 buffer (TRIS buffer, included 

in the standard for a blank sample). SRM 

2082 is stored at -20 °C, but can be kept for 

at least three months at 4 °C. It is impor-

tant to fully mix the samples by bringing 

the solutions to ambient temperature and 

then invert the vials 20 times to ensure a 

uniform solution.

The NISTmAb (Reference Material 8671, 

lot 14HB-D-002) is a humanized IgG1κ 

mAb at a concentration of nominal 10 mg/

mL (9). The NISTmAb is in a buffer com-

posed of 12.5 mmol/L L-histidine, 12.5 

mmol/L L-histidine HCl, pH 6.0 (His buf-

fer). Samples were kept at -80 °C for long-

term storage. The samples were brought to 

ambient temperature for approximately 30 

min and then inverted 10 times. Samples 

were aliquoted and stored at -80 °C. The 

thawed samples could be kept at 4 °C for 

up to a month.

Certified absorbance values of 

SRM 2082 and reference values of RM 8671

The certified values of the tryptophan and 

uracil solutions of NIST SRM 2082 were 

measured using NIST calibrated cuvettes 

(0.01 cm to 0.2 cm) and the NIST material 

measurement laboratory transfer spectro-

photometer  (traceable to the NIST high-

accuracy spectrophotometer) (10). The 

measurements were done at a spectral 

bandwidth of 0.8 nm and a temperature of 

22 °C. Additional details are available from 

the certificate of analysis for SRM 2082 

(NIST SRM webpage, www.nist.gov/srm) 

and Lang et al. (7). The reference value 

measurement of the NISTmAb samples is 

described in the report of investigation 

for RM 8671 (also available at www.nist.
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gov/srm) and a recent publication (9). The 

NISTmAb RM 8761 (lot 14HB-D-002) refer-

ence mass concentration value is 10.003 

mg/mL with a standard Type A uncertainty 

of 0.176 % (Reference Material 8671, www.

nist.gov/srm). The protein concentration 

was calculated using the measured DA val-

ues and a theoretical extinction coefficient 

(1.42 mL·mg-1·cm-1) (9, 11–13). The DA value 

and uncertainty (Table I) were from the ref-

erence measurement of NIST RM 8671 (9), 

normalized to a 1-cm pathlength.

Measurements on the MV 

spectrophotometer and MV plate reader

The SRM 2082 and RM 8671 samples were 

measured using a MV spectrophotometer 

(Nanodrop One C, Thermo Fisher Scientific). 

Samples of the His or TRIS buffer were run 

to blank the instrument. MV spectropho-

tometer measurements were performed 

by applying samples to the measurement 

surfaces with a pipette (2–3 μL). Between 

replicates, the sample stage was wiped off 

with a laboratory wipe, cleaned with water, 

wiped again, and a new sample applied for 

measurement. The instrument was oper-

ated at ambient temperature (22 °C) in the 

NIST laboratories. The measurements at 

260 nm and 280 nm using the MV spectro-

photometer were corrected by the instru-

ment software using the absorbance at 340 

nm (non-absorbing region).  The MV spec-

trophotometer was checked to ensure the 

correct operation based on the recommen-

dations of the manufacturer. The baseline 

correction from the absorbance at 340 nm 

is an adjustment to zero the baseline of the 

sample at that wavelength and is not a wave-

length-dependent correction specific for 

protein scattering.

Samples of SRM 2082 and RM 8671 were 

measured using a MV plate reader (BioTek 

Synergy MX microvolume plate reader) with 

a Take3 microvolume plate and operated 

according to the manufacturer’s instruc-

tions. A basic system test was run and 

evaluated to confirm full operation of the 

reader’s motors, lamp, the detector, and 

various subsystems. A calibrated absorbance 

test plate was used to confirm mechani-

cal alignment, including optical density 

accuracy, linearity, and repeatability, and 

wavelength accuracy for the following 

wavelengths: 405 nm, 450 nm, 490 nm, 550 

nm, 620 nm, 630 nm, 690 nm, and 750 nm. 

An absorbance liquid test was performed to 

confirm repeatability and alignment of the 

reader when a solution is used in a micro-

plate.  The Take3 microvolume plate was 

pathlength calibrated as described in the 

manufacturer’s instructions. Briefly, 2 μl of 

buffer were loaded onto the microspot slide 

for the blank sample. Both the microspot 

slide and top slide were cleaned using a 

dry laboratory wipe and deionized water. 

Samples of interest were loaded onto the 

microspot slide and absorbance measured 

at 260 nm for the uracil component of SRM 

2082 and 280 nm for the tryptophan com-

ponent of SRM 2082 and RM 8671 samples. 

All values were imported via the Gen5 soft-

ware and exported into excel for analysis. 

The values at 260 nm and 280 nm were 

corrected by subtracting values at 320 nm 

(non-absorbing region) and normalized to 

a pathlength of 1 cm. The baseline cor-

rection from the absorbance at 320 nm is 

Peer-Reviewed

Table I. Certifi ed absorbance values for the components of SRM 2082 and the reference value decadic 

attenuance (DA) for RM 8671. SRM 2082 is Standard Reference Material (SRM) 2082.

*The uncertainties were calculated as described in the NIST certifi cate of analysis for SRM 2082 and **decadic attenuance (DA), standard type 

A uncertainty (9), report of investigation for RM 8671 (see certifi cates at www.nist.gov/srm). ***The DA was corrected for protein scattering done 

using the DA values from 320 nm to 340 nm as described in the text (13).

Test sample Absorbance 260 nm Absorbance/DA 280 nm

Tryptophan  8.350 ± 0.003*

Uracil  7.990 ± 0.003*  

NISTmAb (DA)   14.204 ± 0.026**

NISTmAb (wavelenth dependent corrected scattering at 
320 nm to 340nm)

  14.125 (S.D. 0.008)*** 

NISTmAb (simple correction at 320 nm)   14.145

NISTmAb (simple correction at 340 nm)   14.174 
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an adjustment to zero-the-baseline of the 

sample at that wavelength and is not a 

wavelength-dependent correction specific 

for protein scattering. 

RESULTS AND DISCUSSION
Test samples

The respective UV spectra of the tryptophan 

component of SRM 2082 and RM 8671 (the 

NISTmAb) were measured with a double-

beam spectrophotometer (Figure 1). They 

have a similar shape with a broad peak at 

280 nm. To ensure accurate measurements 

of protein and nucleic acid concentrations, it 

is important to ensure that the absorbance 

and pathlength values follow Beer’s Law. 

Beer’s Law (shown in Equation 1) describes 

the fundamental relat ionship among 

absorbance, target analyte, concentration, 

and pathlength:

A = εbc

[Eq. 1]

where A is absorbance, ε is the extinc-

tion coefficient, b is pathlength, and c is 

concentration. The units for the extinction 

coefficient (ε) are usually mol-1·L·cm-1, for 

the pathlength cm, and mol· L-1 for concen-

tration (c). Alternatively, the extinction coef-

ficient can have units of mg-1·L·cm-1 resulting 

in concentrations of mg/mL. 

Absorbance is the -log10 of transmittance 

of light, and it has a proportional (linear) 

relationship with concentration when solu-

tion and instrument conditions follow Beer’s 

Law. Measurements of the absorbance of 

target analytes at high concentrations may 

have serious limitations. An instrumental 

limitation is that, at high absorbance, very 

little light is transmitted by the solution 

and reaches the detector. For instance, at an 

absorbance of 3, only 0.1 % of the incident 

light reaches the detector, potentially lead-

ing to serious signal-to-noise issues. Shorter 

pathlengths can help keep the absorbance 

values in the optimal range for measure-

ments (0.6 absorbance unit [AU]). Figure 2 

shows the relationship between the DA of 

RM 8671 (corrected for absorbance of the 

HIS buffer) and the pathlengths of the NIST 

calibrated cuvettes. These results show that 

the RM 8671 measurements have a linear 

correlation of DA and pathlength using these 

conditions. Lang et al. also showed that the 

tryptophan and uracil components of SRM 

2082 also followed a proportional (linear) 

relationship of UV absorbance with path-

length over this same range (7).

Protein solutions can contain particu-

lates that scatter light in spectroscopic 

measurements. Var ious methods have 

been used to correct the measurements for 

light scattering. These methods use mea-

surements at higher wavelengths (above 

320 nm), where proteins do not typically 

absorb light (6, 13, 14). Rayleigh light scat-

tering predicts that if the protein aggre-

Peer-Reviewed

Figure 1: Ultraviolet spectra of the tryptophan 

component of SRM 2082 and RM 8671 

(the NISTmAb) at 0.05-cm pathlength. The 

spectral band width was 0.8 nm. SRM 2082 

is Standard Reference Material 2082.

Figure 2: Proportionality of the decadic attenuance 

(DA) measurements of RM 8671 with cuvette 

pathlength. Samples of RM 8671 were measured 

in the NIST calibrated cuvettes at 280 nm with the 

indicated pathlengths at 22 °C. Single point DA 

measurements with the NIST calibrated cuvettes 

had an R2 value for the linear regression of 1.0. The 

uncertainty in the measurments is approximately 1%. 
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gates are smaller than the wavelength of 

light, then the scattering is inversely pro-

portional to the fourth power of the wave-

length of light (λ); shorter wavelengths will 

scatter greater amounts of light than longer 

wavelengths (14). Using this theory the cor-

rected absorbance at 280 nm (A280) can be 

calculated by subtracting the protein light 

due to scattering by measuring the absor-

bance at non-absorbing reference wave-

lengths (Aref) and using the wavelength 

dependence ((λref/λ280)
4) of scattered light, 

as shown in Equation 2 below (adapted from 

Maity et al. [13]):

A280, corrected = DA280, observed – (λref/λ280)
4  x 

Aref 

[Eq. 2]

The authors did the correction for light 

scattering on the data from the NISTmAb 

samples (RM 8671, lot 14HB-D-002) using 

this equation for measurements at the ref-

erence wavelengths of 320 nm to 340 nm 

(average of the data at 0.5 nm resolution) 

(Table I). This correction is not large (approxi-

mately 0.6%) in this case, but it can be sig-

nificant in some samples. 

The reference absorbance values for the 

components of SRM 2082 and RM 8671, 

normalized to a 1-cm pathlength to facili-

tate comparisons, were derived from their 

reference values measured by NIST (Table 

I). These values are based on many pre-

vious measurements of the NIST refer-

ence materials from many measurements, 

including investigation of several sources 

of uncer ta int y in the measurements 

(w w w.n ist .gov/srm).  S imple base l ine 

corrections for the NIST mAb reference 

values were done by subtracting the DA 

at 340 nm and 320 nm to facilitate the 

comparisons of the reference values for 

MV spectrophotometer and the MV plate 

reader, respectively (Table I), because the 

software for these instruments does this 

correction. 

The authors have included two exam-

ples  of  appl icat ions using the N IST 

standards to ensure the qualitiy of the 

measurments of protein biopharmaceu-

ticals. The first is the use of SRM 2082 

to calibrate the pathlength of a short-

pathlength cuvette, followed by using the 

calibrated pathlength of the cuvette to 

determine the DA of RM 8671 (NISTmAb) 

and calculating the resulting protein con-

centration using the theoretical extinction 

coeficient (13) as a control of the calibra-

tion using a typical protein pharmaceuti-

cal modeled by RM 8671. 

Example #1: calibration of 

a short-pathlength cuvette

The components of SR M 2082 were 

used to il lustrate the calibration of a 

short-pathlength cuvette. The cuvette 

was obtained from a vendor with an 

approximately (nominal) pathlength of 

0.05 cm. This cuvette had been previously 

calibrated at NIST using interferometry and 

other dimensional metrology methods (7) 

as 0.05115 cm. 

Although NIST has the higher-order 

metrology equipment to precisely measure 

the pathlength, these resources may not be 

readily available to many biopharmaceutical 

laboratories. The authors wanted to deter-

mine how well a typical laboratory could do 

a calibration on a short-pathlength cuvette 

using conventional commercial dual beam 

spectrophotometers. The absorbance values 

of the tryptophan (at 280 nm) and uracil (at 

260nm) components were measured using 

two different dual beam spectrophotometers. 

Equations 3 and 4 were used to calculate the 

pathlengths (in cm) of the cuvette using 

three measurements at the respective maxi-

mal absorbance wavelength for tryptophan 

and uracil:

l = 8.3498 (cm-1)/A280 (tryptophan)  

[Eq. 3]

l = 7.9903 (cm-1)/A260 (uracil) 

[Eq. 4]

Table II shows the pathlengths calculated 

using measurements from tryptophan, ura-

cil, and the average of both. These measure-

ments were done at a spectral band width of 

0.8 nm and a temperature of 22 °C. The coef-

ficients of variation (CVs) for the dual-beam 

spectrophotometers are less the 0.25% for 

these measurements (Table II). 

The next step was to measure the DA 

of RM 8671 (NISTmAb) using the same 

cuvette and condit ions (spectral band 
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width of 0.8 nm and a temperature of 

22 °C) on two dual-beam commercial 

spectrophotometers. The NISTmAb was 

measured three times, and the DA val-

ues at 280 nm were normalized to 1 cm 

using the calculated pathlengths shown 

in Table II. The DA values were then used 

to calculate an apparent protein concen-

trat ion by dividing by the theoretical 

extinction coefficient (1.42 mL·mg-1·cm-1) 

(14). The dif ferences between the cal-

culated protein concentration and the 

reference value (10.003 mg/mL) were 

calculated as a percentage of the refer-

ence value. In this manner, SRM 2082 

components were used to calculate the 

pathlengths, and RM 8671 was used as a 

protein biopharmaceutical control with 

an established concentration to bench-

mark the concentration measurements.

The results show that using the approxi-

mate (nominal) pathlength for the 0.05 cm 

cuvette, as provided by the manufacturer, 

leads to calculated absorbances/DA (and 

resulting concentration values) 2% to 3% 

higher than the reference value (for this 

example). Using the pathlength values 

obtained using SRM 2082 reduces the dif-

ferences to less than 0.3%, showing that 

the laboratories can perform pathlength 

calibrations of short-pathlength cuvettes 

to ensure accurate protein concentration 

measurements. 

Example #2: benchmarking 

the performance of a MV 

spectrophotometer and a MV plate reader

Figure 3 shows typical data for absorbance 

measurements taken over three days for 

the components of SRM 2082 obtained 

using a MV spectrophotometer and a MV 

microplate reader. The measurements over 

the three days were normalized as the per-

centage of the reference values (Table I) to 

facilitate comparison between the different 

samples. 

Peer-Reviewed

Table II. SRM 2082 components used to calculate the pathlengths of a 0.05 cm cuvette and to 

calculate the concentration of RM 8671 on two dual-beam (DB) spectrophotometers. SRM 2082 is 

Standard Reference Material (SRM) 2082.

Method to calculate Calculatted  
pathlength, cm

DA 280 nm, RM 8671 
(normalized to 1 cm)

Resulting 
protein 
(mg/mL)

Difference 
(%)

DB Spectrophotometer A

SRM 2082 Trp.  280 nm 0.05080 (0.00008, n=3) 14.249 (0.035) 10.035 (0.025) 0.32

SRM 2082 Uracil 260 nm 0.05096 (0.00001, n=3) 14.205 (0.035) 10.003 (0.025) 0.01

SRM 2082 both  0.05088 (0.00005, n=3) 14.227 (0.035) 10.019 (0.025) 0.16

Calibration by dimensional 
metrology and IF 

0.05115 (0.00004)* 14.152 (0.035) 9.966 (0.025) -0.37

Approximate value 0.05 14.477 (0.036) 10.195 (0.025) 1.92

DB Spectrophotometer B 

SRM 2082 Trp. 280 nm 0.05094 (0.00005, n=3) 14.291 (0.007) 10.064 (0.005) 0.61

SRM 2082 Uracil 260 nm 0.05129 (0.00004, n=3) 14.195 (0.007) 9.997 (0.005) -0.06

SRM 2082 both 0.05111 (0.00005, n=3) 14.243 (0.007) 10.030 (0.005) 0.28

Calibration by dimensional 
metrology and IF

0.05115 (0.00004)* 14.233 (0.007) 10.024 (0.005) 0.2

Approximate value 0.05 14.560 (0.007) 10.253 (0.005) 2.51

*NIST uncertainty values for the cuvette measurements from previous NIST measurements (Report of Analysis for SRM 2082).

TRP is tryptophan.

IF is infrared spectroscopy.

Table III. Average percentage of reference values and 95% confi dence interval.

Instrument Tryptophan (95% C.I.) Uracil (95% C.I.) NISTmAb (95 C.I.%)

MV Spectrophotometer 101.1 (103.3-98.8) 101.2 (102.1-100.4) 100.1 (101.3-99.4)

MV Plate Reader 101.2 (102.0-100.3) 102.9 (109.4-96.4) 101.8 (103.1-100.5)

http://www.biopharminternational.com
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These results are typical among those 

obtained by the authors over many measure-

ments with these instruments. The path-

length of the MV spectrophotometer can 

vary from 0.003 cm to 0.1 cm (adjusted auto-

matically), and the MV plate reader is approx-

imately 0.05 cm, according to the instrument 

manufacturers. The tryptophan and uracil, 

components at a 0.05-cm pathlength, would 

have absorbances of approximately 0.42 and 

0.40, respectively. These values are close to 

the optimal range for absorbance measure-

ments. Samples that are significantly lower in 

concentration will be a challenge to measure 

producing low absorbances that can increase 

variability among replicate values.

The data for the MV spectrophotometer 

and the MV plate reader for three days of 

measurements (shown in Figure 3) were ana-

lyzed to determine if there were evidence for 

biases in the measurements. If a statistical 

analysis provides evidence for bias, then a 

pathlength calibration might be justified to 

improve the quality of the measurements. 

The average of the measurements and a 95% 

confidence interval for the three days of data 

were calculated (Table III). The accuracy (differ-

ence from the measured value to the reference 

certified values) for the tryptophan and uracil 

samples for the MV spectrophotometer range 

from 1.1% to 1.2%, and for the MV plate 

reader the range was 1.2% to 2.9% (Table III). 

The 95% confidence intervals for the tryp-

tophan and uracil measurements on the MV 

spectrophotometer and the MV plate read-

ers contains the values of 100% for both 

samples, indicating that these data do not 

provide statistically significant evidence that 

would indicate the benefit of a new calibra-

tion based on these data. The 95% confi-

dence interval of the measurements from the 

NISTmAb (RM 8671) sample using the MV 

spectrophotometer and MV plate reader also 

contains the value of 100%, indicating that 

these data do not provide statistically signifi-

cant evidence that would support the need 

for a new calibration.

CONCLUSION
In this example, the most appropriate 

application of SRM 2082 for MV instru-

ments would be as a standard to benchmark 

the pathlength measurements to ensure 

that the instrument was working correctly 

within the 95% confidence intervals, based 

on the absorbance measurements for the 

particular instrument. Because the MV 

instruments have a higher variability (CVs) 

in the measurements compared to the dual 

beam instruments, measuring the 95% 

confidence interval using the SRM 2082 

components is useful to ensure that the 

instruments are operating within their 

pathlength specifications. 

Figure 3: Absorbance and decadic attenuance (DA) measurements normalized to the percentage 

of reference values for a MV spectrophotometer (A) and a MV plate reader (B). The reference values 

for the NISTmAb were the values simple-corrected for absorbance at 340 nm and 320 nm (Table I) 

for the MV spectrophotometer and the MV plate reader measurements, respectively. Measurements 

were done on three separate days. The measurements were normalized to a 1-cm pathlength 

and then the values were calculated as the percentage of the reference values (Table I). For the 

NISTmAb measurements, the MV spectrophotometer and the reference values were corrected by 

subtracting the 340 nm values and the MV plate reader measurement, and reference values were 

corrected by subtracting the 320 nm values.  The error bars are 1 coefi cient of variation from n=3 

measurements for the MV spectrophtometer and n=16 measurements for the MV plate reader. 
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A stat ist ical ly signif icant change in 

the absorbance values of SRM 2082 com-

ponents outside the 95% conf idence 

interval would indicate a problem, and 

the instrument manufacturer should be 

contacted. 

The development of spectrophotometers 

that can make sophisticated spectral mea-

surements on microliter volume samples 

has been a major technological accom-

plishment. The straightforward sample 

preparation and speed of making multiple 

measurements, while conserving precious 

samples, make these instruments highly 

desirable for analysis of many biopharma-

ceutical samples. 

This study shows the utility of NIST 

standards in a quality-control program 

for protein biopharmaceut ica ls .  SRM 

2082 can be used to calibrate short-path-

lengths cuvettes and ensure the correct 

working of MV instrument using materi-

als that have a spectrum similar to the 

major targets in bioprocessing research, 

proteins and nucleic acids (15–20). The 

components of SRM 2082 materials have 

s ign i f icant advantages over ex ist ing 

dichromate-based absorbance standards, 

including safety, stabi l ity, and absor-

bance peak shapes that match proteins 

and nucleic acids (7). NIST RM 8671 is a 

well-characterized mAb for many mea-

surements with the chemical and physi-

cal properties similar to antibody-based 

biopharmaceuticals. These standards can 

be used to assist in the quality control of 

concentration measurements of biophar-

maceuticals.
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T
his second installment in a 

three-part series on validation 

and technical transfer in the bio-

pharmaceutical industry pres-

ents a generalized example that shows 

how a validation plan might be developed 

to support a process. While the example 

is not related to biopharmaceutical manu-

facture, it demonstrates various points to 

consider related to the inputs, the process-

ing system, and the outputs that can be 

applied to biopharmaceutical processes 

and systems. The intent is to think outside 

the box and avoid terminology traps that 

hinder many validation efforts. 

Part 1 of this series, which appeared in 

the April 2018 issue of this publication, 

contained a brief history of validation and 

defined the terms process and validation 

to provide context (1).

AN EXAMPLE
Let’s say one is about to open a coffee 

shop and wants to ensure its success. 

The process to be validated is coffee-

brewing. The goal is to consistently pro-

duce good tasting coffee. For the sake of 

simplicity, no specialty coffee (e.g., latte, 

cappuccino) is considered and no cream, 

sugar, or f lavoring is added to the 

brewed coffee. The process is described 

as the following:

• Inputs include water and coffee.

• The processing system is the coffee 

brewer and the coffee grinder.

• The outputs are brewed coffee and 

process waste: coffee grounds and 

used filters.

The process seems simple enough, 

but to begin with the end in mind, it is 

important to define good-tasting coffee. 

Understanding Validation and 
Technical Transfer, Part 2

Russell E. Madsen

A validation 
plan developed 

to support 
a process 

unrelated to bio-
pharmaceutical 
manufacture is 
applied to bio-

pharmaceutical 
processes 

and systems. 

Russell E. Madsen is president 

of The Williamsburg Group, LLC, 

providing pharmaceutical consulting 

services including CGMP compliance, 

quality systems, aseptic processing 

and sterilization, sterilizing 

filtration, design review, due 

diligence, and regulatory liaison. 
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Rapid Sterility Tests for  

Short Shelf-Life Products 

A Risk-Based Approach

Sponsored by Presented by

EVENT OVERVIEW

Current growth-based sterility tests typically require a 14-day 

incubation. However, for drug products with a short shelf-life or 

those that are prepared for immediate use—such as compounded 

sterile preparations, positron emission tomographic (PET) products, 

and cell and gene therapies—due to the turn around time of the 

compendial tests, the results may not be completed before the 

drug must be administered.

Patient safety is best served through the completion of a test that 

detects microbial contamination prior to use. Suitable sterility tests 

should be risk-based so the stakeholder can select the preferred 

technology for its intended use, and balance competing user 

requirement specifications (URS) including time to result, specificity, 

limit of detection, sample size, and product attributes. 

The webcast will review URS for:
■ Rapid sterility tests for short shelf-life products

■ A risk-based approach to select appropriate technologies  

that meet URS

Who Should Attend

■ Manufacturers of products with a short shelf-life including cell  

and gene therapy products, compounding sterile preparations, 

and PET products

■ Regulatory compliance professionals

■ QA and QC professionals

For questions contact Ethan Castillo at 

ethan.castillo@ubm.com

ON-DEMAND �EBCAST �Aired May 9, 2018

Register for this free webcast at  

www.biopharminternational.com/bp_p/rapid 

Key Learning Objectives

■ Why are current growth-based sterility 

tests unsuitable for drug products with  

a short shelf-life? 

■ What are user requirement specifications 

for a rapid sterility test for short-lived 

products?

■ Why is a risk-based approach needed?

■ What available technologies meet user 

requirement specifications?
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A controlled, double-blind study 

should be conducted to deter-

mine which coffee the majority of 

tasters prefer to obtain a defini-

tion of “good-tasting coffee.” To 

have a meaningful result, the 

brewed coffee used in the study 

must be produced in some stan-

dardized way not only to achieve 

reproducible tasting results but 

to enable the ultimately chosen 

brewing process to be validated 

and to produce coffee equivalent 

to that used in the tasting study. 

The obvious analogy is a clinical 

trial followed by subsequent com-

mercial-scale production of a bio-

pharmaceutical product.

The process inputs are water 

and coffee; but what type of cof-

fee is selected and how is it roasted 

and ground? Should the coffee be 

a blend, or should it be a single 

type? If a blend is desired, what 

types should be used and in what 

proportion? Should the coffee 

be sourced from various grow-

ing regions or should it be sin-

gle-sourced? What level of roast 

should be used: light, medium, 

dark? How will the roasting be 

controlled? How will the beans 

be ground, and to what degree? 

Should there be a maximum time 

allowed between grinding and 

brewing? Will tap water be used, or 

should some form of processed or 

filtered water be considered? These 

decisions impact the process and 

must be carefully considered. Some 

process variables are more critical 

than others.

Even in this simple example, 

t he re  a r e  ma ny  fac tor s  to 

consider, and biopharmaceutical 

processing is much more complex. 

An Ishikawa (fishbone) diagram 

is a helpful tool for visualizing 

processes and process inputs. 

Figure 1 is an example applied to 

coffee brewing.

Once the decisions have been 

made with respect to the coffee 

and water, supported by evidence 

from the tasting trials, the brew-

ing process can be considered. 

Data from how the coffee used in 

the tasting studies was prepared 

serve as the basis for developing 

and validating the brewing pro-

cess. Wherever possible, quantita-

tive values should be established 

and documented so they can be 

used for process execution and fur-

ther evaluation. Equipment make, 

type, model, and serial number 

should be documented.

The brewing process must be 

carefully assessed before valida-

tion can begin. What brewing 

process will be used—percolation, 

drip, vacuum, or French press? 

Assuming the coffee type and 

grind have been determined, what 

brewing ratio, coffee-to-water, will 

be used? How long will the brew-

ing cycle be? How will it be timed? 

What water temperature will be 

used, and when and how will that 

temperature be measured and con-

trolled? What, if any, type of filter 

is employed? How will the brew-

ing equipment be cleaned and 

when? Will detergents be used? If 

so, what duration and type of rins-

ing will be used to remove deter-

gent residues?

The coffee brewed for the tast-

ing studies will have been pre-

pared in some controlled manner 

using identif iable coffee type, 

roast, and grind, and processed in 

equipment that will serve as the 

basis for selecting equipment for 

the commercial brewing process. 

Once the choice of equipment has 

been finalized, the equipment 

must be qualified with respect to 

its operational parameters. What 

brew settings are available? Which 

ones have a critical impact on the 

taste of the brewed coffee? How 

reproducible are the settings, and 

how accurate? With respect to the 

coffee grinder, how is the fine-

ness of the grind determined and 

set? How reproducible are the set-

tings? What is the uniformity of 

the grind? Does it contain a high 

proportion of “fines” or large par-

ticles? What are the capacities of 

the brewer and grinder and do 

they match the expected coffee 

shop volume?F
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Figure 1. Fishbone diagram of a simplifi ed coffee-brewing process.
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Finally, the process output must 

be examined and evaluated. Does 

the brewed coffee taste good? 

How will that be determined? Is 

it the same as the coffee chosen 

as a result of the taste testing? Are 

there any analytical methods that 

might provide confirmation? At 

what temperature should the cof-

fee be held, and for how long? How 

should it be served, in a paper cup, 

foam cup, or china? Does the cup 

require insulation? Will take-out 

be available? If reusable, how will 

the cups be washed? Are coffee 

stains or detergent residue issues?

Once these variables have been 

defined, examined, and evaluated, 

the validation study can begin. A 

single validation protocol can cover 

the entire process or, more usefully, 

the process can be broken down 

into several manageable steps with 

individual protocols for each.

VALIDATION PROTOCOLS
Validation protocols should describe 

the intended process, define the 

acceptance criteria, and set forth 

the procedures and tests that will be 

used to demonstrate that the pro-

cess does what it is intended to do 

and results in an output that meets 

the predetermined acceptance crite-

ria. Ideally, the protocol should be 

written by those most familiar with 

the process to be validated, with 

input from other organizational 

units as necessary and appropriate. 

Development, process engineering, 

production, and regulatory affairs 

departments should almost always 

be involved. Other departments 

that might have input are purchas-

ing, warehousing, and compliance. 

The quality assurance department 

must be involved at all phases of 

protocol development and must 

approve the final protocol before 

validation begins.

P r o t o c o l s  f i t  t wo  b r o a d 

categories. Qualification protocols 

are used for process equipment, 

such as tanks, mi l ls,  piping 

systems, autoclaves, ion exchange 

units, chromatography columns, 

and stopper washers. Validation 

protocols are used for processes 

t hat  e mploy  t he  qu a l i f i e d 

equipment and for processes 

related to the equipment, such as 

cleaning and sterilization.

It  i s  conven ient  to  brea k 

down equipment qualif ication 

into several steps such as design, 

installation, and operational as 

described below for the coffee 

brewing example.

Tasting studies may have shown 

that customers preferred coffee pro-

duced by pouring hot water through 

ground coffee supported on a fil-

ter. The proportions of coffee and 

water as well as the coffee type and 

grind, filter type, the brewing time, 

and the temperature were known 

from the development studies used 

to support the tasting. Adequate 

design qualification used in equip-

ment selection will ensure the com-

mercial brewer and grinder will 

meet the process requirements estab-

lished during development. Factors 

to be considered include materials 

of construction, ease of use, space 

requirements, utilities, and pro-

cess interactions (e.g., compatibil-

ity, adsorption, and leachables), and 

cleaning and maintenance.

Once selected, the equipment 

is installed, ensuring that elec-

tr ical and water suppl ies are 

available and adequate and that 

necessary operational and storage 

space for supplies is convenient 

and available. The shop must be 

set up and arranged to optimize 

workflow. Space and facilities for 

equipment cleaning must also be 

available. Processing settings and 

conditions must be checked and 

calibration of water temperature, 

f low rate controls, and timers 

must be accomplished and doc-

umented. Cleaning procedures 

must be performed and evaluated 

for effectiveness and any prob-

lems corrected.

The installed and qualif ied 

equipment may then be used in 

start-up and training exercises to 

ensure everything, including cof-

fee shop staff, is ready for a suc-

cessful opening day.

Validation of the coffee brew-

ing process may take place during 

the operational phase of equip-

ment qualification, although the 

validation studies extend back-

ward and forward in time. Earlier 

activities include vendor quali-

f ication of the coffee supplier 

and roaster, qualif ication and 

validation of the water supply 

system, validation of the equip-

ment cleaning processes, and any 

calibration programs and main-

tenance procedures. Later activi-

ties include periodic evaluations 

to ensure the brewing process is 

functioning as intended, evalu-

at ion of c leaning and main-

tenance procedures to ensure 

adequate frequency and effective-

ness, and a review to determine 

whether any operational issues or 

employee training programs need 

to be adjusted.

This good-tasting coffee exam-

ple is intended to stimulate think-

ing about the important points 

to consider when developing and 

marketing a product that consis-

tently meets customer expecta-

tions. Although the product in 

question, good-tasting coffee, is 

not a biopharmaceutical, the same 

validation principles apply. The 

validated process must be robust, 

consistent, and do what it is 

intended to do.

Part 3 of this series will discuss 

validation of a non-traditional 

biopharmaceutical process, life-

cycle, and change management 

and offers a summarization of the 

benefits of well-conceived and exe-

cuted process validation studies.

REFERENCE
 1.  R. Madsen, BioPharm International 

31 (4) 26–30 (April 2018). ◆
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Process-Related Impurities in 

Biologics: Best Practices, 

New Technologies, and OutsourcingA Q&A

New methods help identify individual  

host cell proteins in final drug product.

I
mpurities can negatively affect the stability, safety, and efficacy of protein therapeutics. Host 

cell proteins are a major part of process-related impurities during biologics production, and 

therefore must be carefully monitored and controlled. With Host Cell Protein ELISA being a 

critical component of ensuring process consistency and product purity, regulatory agencies 

have measures in place to ensure the Host Cell Protein ELISA used by a sponsor is fit for 

this purpose. BioPharm International recently spoke with Ken Hoffman, president of Cygnus 

Technologies, about best practices and new technologies for host cell protein detection and 

identification as well as the value of outsourcing process-related impurity analytics.

BioPharm International: As a well-recognized technology and thought leader for 
bioprocess impurity analysis, what is Cygnus’s value proposition to the industry?
Hoffman: By outsourcing to experts in impurity analysis, small biotechs and large biopharma 

companies can tap into proprietary and enabling technologies. This ensures the successful 

development of value-added analytics. Cygnus also offers off-the-shelf generic impurity test 

kits that can be used very early in drug development to better optimize their purification 

process. This ensures better product safety and improved clinical trial outcome.

BioPharm International: What are the challenges of convincing companies to out-
source impurity analytics?
Hoffman: There are two common objections to a company’s willingness to outsource. First is 

they deem their process so unique that analytical methods can only be developed in-house. 

The second objection is that they cannot rely on outsourcing of analytical methods considered 

critical to QC release testing of their approved drug. Companies now recognize that they lack 

the in-house expertise to develop good host cell protein and other impurity assays. They have 

discovered that by outsourcing to a company focused in the development of GMP analytical 

kits, those companies are in a better position to guarantee a long-term and uninterrupted 

supply of test kits.

Ken Hoffman 

President 

Cygnus Technologies

http://www.biopharminternational.com/
https://cygnustechnologies.com/


PROCESS-RELATED IMPURITIES IN BIOLOGICS: BEST PRACTICES, NEW TECHNOLOGIES, AND OUTSOURCING

BioPharm International: What proprietary-enabling 
technologies are responsible for Cygnus’s success?
Hoffman: The linchpin method for host cell protein analysis is 

an immunoassay commonly referred to as ELISA. Many sci-

entists can read papers and develop a credible immunoassay 

for a single molecule or a single-protein species. However, 

host cell protein detection is more complex. It requires 

simultaneous detection, in the same test well, of hundreds 

to thousands of different individual host cell proteins. A good 

immunoassay is only possible if you know how to generate a 

good antibody, and you can only generate a good antibody if 

you choose the correct antigen. Many of our assays are used 

as reference methods for the industry and they have achieved 

that reference status through our proprietary methods. These 

methods are antigen selection and characterization, immu-

nogen preparation, immunization protocols, antigen affinity 

purification of the antibody, and our ability to develop those 

antibodies into robust immunoassay kits.

BioPharm International: What are some hot topics and 
best practices for host cell protein analysis?
Hoffman: Regulators are always looking for improved methods 

of impurity analysis. While immunoassays like ELISA are the 

mainstay of impurity detection, ELISA only gives the number 

of total host cell proteins not individual host cell proteins that 

comprise that total.

Fortunately, two newer methods can identify host cell 

proteins in final drug substances. The first method, developed 

by Cygnus, is antibody affinity extraction (AAE). AAE is more 

sensitive and specific than the two-dimensional Western Blot. 

For the first time, AAE can give us a look at individual host cell 

proteins that co-purify with the final drug substance. Cygnus 

routinely recommends and uses AAE as the state-of-the-art 

orthogonal method to better qualify ELISA and to provide 

improved information on individual impurity content.

The second method is the result of advances in mass 

spectrometry. Several modalities of mass spectrometry detect 

low levels of individual host cell proteins, but these methods 

require extensive upfront sample processing via liquid chroma-

tography methods, often in two dimensions. Host cell protein 

detection by mass spectrometry (2D-LC-MS/MS) implies a 

complex and expensive process whereby one must fractionate 

individual host cell proteins by liquid chromatography, often 

in two dimensions, while at the same time removing most of 

the drug substance that would interfere with detecting low 

levels of individual host cell proteins. This complexity and cost 

of sample processing can be solved by AAE fractionation, 

which removes all the drug substance and simultaneously 

concentrates the host cell proteins. This is achieved in a single 

step and with a single sample, thereby reducing the cost of 

mass spectrometry while improving sensitivity.

BioPharm International: Are there changes in regulatory 
requirements for host cell protein and other impurities?
Hoffman: Guidelines have been revised by the FDA and 

EMA. In addition, the USP has drafted new and harmonized 

guidelines for impurity analysis. Unfortunately, these guidelines 

are not explicit on many points, such as the absolute allow-

able limits of host cell protein, nor do they specify preferred 

methods. Further, they reference older analytical techniques as 

acceptable, even though better technologies such as AAE and 

mass spectrometry exist. This is because it is problematic for 

regulators to hold new drug licensing submissions to a higher 

standard than previously approved drugs already proven to 

be safe and efficacious. For that reason, regulators must allow 

the use of traditional methods. The challenge for Cygnus is to 

convince the industry to embrace new and improved methods 

even though they may not be explicitly required by regulators. 

In this sense, Cygnus encourages companies to use new and 

improved methods of impurity analysis. Our message to the 

industry is to convince drug companies to characterize their 

drug products beyond current regulatory standards.

BioPharm International: What new products or services 
are in the pipeline for Cygnus?
Hoffman: Most of our previous work has been in the field 

of recombinant therapeutic proteins. Those products involve 

therapeutic monoclonal antibodies that represent about 80% 

of the biopharmaceuticals on the market. Today, there is tre-

mendous R&D investment in cell and gene therapy technolo-

gies, and Cygnus is proactively developing a menu of impurity 

assays for this market. We hope that our analytical tools will 

better ensure the safety and efficacy of these exciting new 

therapies. In addition to cell and gene therapy fields, Cygnus 

recently completed a full menu of host cell protein assays for 

all common cell lines used in vaccine production.

Cygnus Technologies LLC is focused on supplying highly specialized analytical products to the pharmaceutical and

biotechnology industry for use in process development and quality control. The company offers a range of well-validated, 

robust generic kits and immunoassay reagents. Cygnus Technologies is part of Maravai LifeSciences.
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pstream biopharmaceutical 

manufacturing has always 

depended on process mea-

surements, because precise 

levels of nutrients and oxygen must be 

monitored closely to ensure cell culture 

viability and the health of the process. 

For many years, though, extending this 

approach into true process analytical 

technology (PAT) and using it to track 

and control processes was done mainly 

in the research lab. 

Recently, there has been a signifi-

cant mindset change in the indus-

try. Biopharmaceutical companies are 

starting to use PAT in more advanced 

development and even some manu-

facturing work, while methods are 

also moving downstream. Francisca F. 

Gouveia, a biopharmaceutical process 

specialist who is now working for a bio-

pharmaceutical company, evaluated 

the industry’s progress in a PhD the-

sis written while she worked for 4Tune 

Engineering, a consulting company 

and software vendor based in Portugal, 

which she defended at the University of 

Copenhagen (1) in March 2018. 

As she sees it, biopharmaceutical com-

panies are now developing the mindset 

that will be needed to take PAT and 

advanced process control to the manu-

facturing area and to different areas of 

manufacturing. As she says, “PAT is not 

just sticking a probe into a bioreactor. 

A great deal of work is needed to make 

advanced process monitoring and con-

trol approaches feasible.” At this point, 

due to higher complexity of unit opera-

tions and production infrastructures, 

Leveraging Data for Better 
Biopharmaceutical Process Control

Agnes Shanley

The need to 
improve and 

understand 
processes is 
moving PAT 
and more 
advanced 

control 
strategies 
beyond 

the lab into 
manufacturing 

and 
downstream 
applications.

Process Monitoring and Control
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Exhibition: September 24-25

#2018PDAFDA

2018 PDA/FDA 
Joint Regulatory Conference

pda.org/2018PDAFDA

Putting Patients First: Ensuring Innovation, Quality,

Compliance, and Supply in an Evolving Environment

CONNECTING 

PEOPLE 
SCIENCE AND

REGULATION
®

Continuing a nearly 30-year tradition, the 2018 PDA/FDA Joint Regulatory Conference offers unique 

opportunities to interact directly with regulators and to gain insight into key regulatory issues and solutions.  

This year’s conference marks 10 years since the heparin supply chain crisis, and the Conference 

will take stock of lessons learned and remaining challenges, focusing on practical approaches 

implemented by companies to better manage risks in their increasingly complex supply chains, and 

case studies relating to CMOs and ingredient suppliers.  

Through plenary sessions, including the ever-popular Compliance and Center updates; breakout 

sessions in three concurrent tracks covering lifecycle management and innovation, quality and 

compliance, and supply chain; and breakfast sessions on “hot industry topics,” this premier 

Conference will provide you with the tools you need to ensure innovation, quality, compliance, and 

adequate supply in an ever-evolving manufacturing and regulatory environment! 

Learn more and register at pda.org/2018PDAFDA

Register

by July 16

and save up

to $400!

https://www.pda.org/
https://www.pda.org/global-event-calendar/event-detail/2018-pda-fda-joint-regulatory-conference
https://www.fda.gov/
https://www.pda.org/global-event-calendar/event-detail/2018-pda-fda-joint-regulatory-conference
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biopharma remains a step behind 

small-molecule manufacturing 

(where the methods have routinely 

been used in GMP facilities). 

One major challenge is develop-

ing a lifecycle approach to using 

PAT and advanced control that 

would allow these approaches to 

be used, from R&D through bio-

pharmaceutical tech transfer, 

and manufacturing, she says. Ms. 

Gouveia and Jose C. Menezes, CEO 

and founder of 4Tune Engineering, 

shared trends they are seeing in 

biopharmaceutical process moni-

toring and control with BioPharm 

International. 

GREATER USE OF PAT 
BioPharm: At the International 

Forum for Process Analytics and 

Control (IFPAC) conference in 

2018, a record number of presen-

tations addressed biopharma PAT 

and process control. Are more bio-

manufacturers adopting PAT and 

advanced control in biopharma?

Menezes: The initial use of PAT 

in bioprocessing was focused on 

monitoring specific culture attri-

butes in upstream processing, with 

mid- or near-infrared (MIR or NIR) 

spectroscopies, or some transition 

analysis and performance stud-

ies with ultraviolet (UV) and NIR 

spectroscopies used in downstream 

processing. Those applications fol-

lowed the experience and successes 

in pharma solid-dosage forms 

manufacturing. However, the low 

concentrations and/or aqueous 

matrices involved created several 

challenges, particularly for NIR 

spectroscopy, due to a lack of sensi-

tivity and specificity. 

Monitoring calibration mod-

els could be built and used across 

lifecycle and process scales only 

if very detailed care was taken in 

designed experiments during cali-

bration development (2) to avoid 

‘indirect calibrations’ that can 

result when vibrational spectrosco-

pies are used in bioprocessing.

A second moment for PAT in 

biopharma involved moving from 

parameter monitoring to pro-

cess state estimation and explor-

ing control opportunities. Instead 

of putting effort into unspecific 

and insensitive methods pushed 

to their analytical limits, the 

multi-parametric character of all 

PAT methods was explored with 

multivariate analysis to provide 

a complete estimation of the bio-

process state over time (e.g., a pro-

cess trajectory during an upstream 

cultivation), creating the opportu-

nity in pharma to define guided 

sampling and end-point determi-

nation strategies. This involved 

most notably NIR and MIR spec-

troscopies and, more recently, 

Raman spectroscopy as well. There 

are accounts of in-situ and at-line 

under GMP conditions use of dif-

ferent spectroscopies (2,3).

Currently, we are observing a 

trend toward connecting process 

condition-monitoring to accu-

rate product quality-control dur-

ing processing, by very specific 

techniques such as in-situ mass 

spectrometry (MS). The capabil-

ity to use MS as a PAT, and aggre-

gate multiple attributes that MS 

can very specifically measure, is 

a real breakthrough. IFPAC 2018 

already showed this year several 

talks on MS-based multiple attri-

bute methods (MAM), a new acro-

nym being used by FDA’s Emerging 

Technology Team (ETT) to name 

the PAT use of these methods.

The a ims of  opt imizat ion 

and control were present at ear-

lier phases for PAT in biopharma, 

but today it is possible to moni-

tor product quality attributes end-

to-end (E2E) in upstream and 

downstream processing. Use of 

approaches such as MAM could 

open a completely new field for 

PAT used earlier in development 

for building. This approach would 

result in very fast process/product 

understanding, but more impor-

tantly, would support the process 

performance qualification (PPQ, 

Stage 2) and the entire commercial 

lifecycle (Stage 3).

ORGANIZATIONAL OBSTACLES
BioPharm: What obstacles remain 

to greater use of advanced moni-

toring and control in biopharma?

Gouveia: Some of the obstacles 

are not technical at all, but organi-

zational. Companies need to align 

different groups (e.g., the process 

engineers, analytical experts, regu-

latory departments) in efforts to 

leverage PAT and advanced process 

control. Some companies still have 

a disconnect between production  

experts and those who work on 

statistics and data analysis. This 

approach does not facilitate data-

driven thinking. 

As I found while researching 

my thesis, people working in PAT 

at biopharmaceutical companies 

often have difficulty trying to take 

Raman or NIR spectroscopy out of 

the lab into development and man-

ufacturing. Extending the lifecycle 

concept to PAT method develop-

ment will be essential to ensure 

its fit for purpose during routine 

production.

The right questions need to be 

asked: what is our problem state-

ment, what do we want the PAT 

method to do, in what range, in 

the presence of what other sub-

stances (e.g., metabolites in cell 

culture), what technique will work 

best for a specific application, and 

what performance requirements 

[established in the International 

Council on Harmonization’s (ICH) 

Q12, the European Medicines 

Agency (EMA) Near- Inf ra red 

Spectroscopy NIRS guideline, and 

guidance from the US and EU 

pharmacopoeias], will be required 

for control purposes?

Efforts taken early in develop-

ment will pay off, and the PAT 

method will be robust even if there 

are changes in raw materials or in 

Process Monitoring and Control
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a specific process step. In general, 

more thought [to use of process 

monitoring and control] is needed 

earlier on. There’s a need to take 

knowledge of the process and use 

it to build a method, then to align 

the lifecycle of the method with 

that of the process through team-

work and collaboration.It’s much 

more than understanding che-

mometrics and spectroscopy. You 

need to understand the organiza-

tion, its quality culture and the 

regulatory framework.

LEVERAGING SOFT SENSORS
BioPharm: Has the industry grown 

more comfortable with the concept 

of soft sensors? 

Menezes: The use of soft sen-

sors in bioprocessing is seeing 

a rebound from its promising 

incept ion in the mid-1990s. 

Today, they are being used across 

operat ions, mak ing t rue the 

promises of quality by design 

(QbD).  In time, they may even 

permit the use of real-time release 

(RTR) in bioprocessing. As data 

ma nagement  becomes  more 

sophisticated, the possibility of 

retrieving and aggregating data 

from critical process parameters 

(CPPs) and critical quality attri-

butes (CQAs) in real-time will 

allow CQAs to be estimated dur-

ing processing for subsequent 

operations. That opens many 

possibilities for E2E optimization 

and feedforward control and will 

make QbD a reality in bioprocess-

ing. We have developed a soft 

sensor applications for GMP bio-

manufacturing in which media 

components quality attributes are 

related to upstream yields or bulk 

product CQAs (e.g., stability) (4,5). 

BioPharm: Can you give an exam-

ple of how soft sensors are being 

used to leverage data?

Gouveia: In the usua l com-

mercial biopharma setup, you 

have a complex package of specs 

and very complex upstream and 

downstream unit operations. It 

can often be difficult to pinpoint 

which step(s) is/are responsible for 

quality results. Soft sensors can be 

effectively used to link processing 

steps using different data sources 

(e.g., online and offline process 

measurements, in-process quality 

measurements) to shifts in product 

quality. For example, chromatogra-

phy data can provide a fingerprint 

of the product at a specific point in 

the process so that changes in peak 

shape can be used to better under-

stand the underlying buffer prepa-

ration variability or to anticipate 

packing problems that might have 

been overlooked.

BioPharm: In general, what prog-

ress are you seeing in the use of 

advanced process control and the 

use of predictive models?

Menezes: We see a significant 

change in how advanced control 

practices from other processing 

and systems engineering areas are 

today applied in biopharma. The 

realization that in bioprocessing 

there is one more control agent 

present (i.e., the biologic compo-

nent used, such as bacteria or cells) 

took some time to accept. Feedback 

control has always been carried out 

based on extracellular measure-

ments, specific sensors, and multi-

parametric ones (e.g., PAT).  

Effective advanced control must 

start early in the lifecycle by con-

sidering the process E2E: What 

are the CQAs, the CPPs available 

for establishing a control strategy?  

This is a risk-management exer-

cise that will make the knowledge 

about causality between CPPs and 

CQAs explicit. From this point on 

it will be clear where, when, which, 

and by how much each CPP should 

be set or changed to achieve a spe-

cific set of CQAs. 

Gouveia: Companies are becom-

ing more open to the idea of pre-

dictive models, as they start to 

address data gathering and man-

agement. This issue often centers 

around the manufacturing execu-

tion system (MES). Commercial 

data-aggregation software pack-

ages can help companies develop 

the necessary models. This is 

true upstream, but we’re also see-

ing more advanced control move 

downstream to help better control 

yields and purification steps, and 

even to improve the management 

of plant and equipment.

BioPharm: What is preventing 

a more unified approach to inte-

grated continuous bioprocessing?

Gouveia: Several companies are  

working on end-to-end continuous 

biopharmaceutical processes, but 

the industry’s existing plants have 

a totally different facility design. A 

strong business case will be needed 

for taking this approach before 

much more can be done.

Menezes: Integrated bioprocess-

ing presents specific challenges, 

compared to continuous small-

molecule processes, in terms of 

PAT, controllability, and RTR. Over 

the next decade, plant modular-

ization and new facility designs 

promise to move biopharm and 

small-molecule manufacturing 

closer to Industry 4.0 models.
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Considerations in Modernizing 
Single-Use Powder HandlingA Q&A

Louis Wong 

Technical 

Sales Director, Asia 

ILC Dover

As biomanufacturing matures, avoiding contamination 

earlier in the process becomes more important.

G
etting media and buffer into large-scale continuous bioprocessing has traditionally 

been burdensome, time consuming, and messy. Upgrading to modern, single-use, 

powder handling can help bring product to market without wasting time on com-

plicated weigh and dispense steps or cleaning validation. It also reduces the chance of 

releasing powder into the air and in the suite. BioPharm International recently spoke with 

Louis Wong, technical sales director of Asia, ILC Dover, to find out more about single-use 

powder handling systems.

BioPharm International: What is wrong with open powder handling in production 
since it has been done this way for years?

Louis: Over the past 10–15 years, biologics facilities were typically large, stainless steel 

sites. Open powder charging into stainless steel tanks via open manways was very common. 

Upstream, downstream, and media buffer prep areas were usually segregated into different 

classified areas, hence, the contamination risk of open charging was controlled in this manner.

Additionally, buffer and media powders were typically pre-weighed into basic 2D poly-

ethylene bags and sealed either by cable ties or heat. This poses a few inherent risks. First, 

these bags have thin films (typically, less than 2 ml thickness) that tear very easily. Second, to 

open the bags for charging the powders, either cable tie cutters or scissors are used, which 

poses a risk to operator safety, as well as plastic shedding from the bags.

With the movement of biomanufacturing toward disposables technologies and as product 

titers improves, closed aseptic processing has become an important consideration. Facilities 

are now often designed with an open concept, especially greenfield plants and facility 

revamps. Disposable technologies are the way to go.

In addition, media powders that spill onto tanks and cleanroom surfaces are typically 
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CONSIDERATIONS IN IMPLEMENTING SINGLE-USE POWDER HANDLING SYSTEMS

difficult to clean and lead to contamination and bacterial 

growth. Safety contamination control is why we advocate 

for closed transfer powder systems.

BioPharm International: What does ILC Dover provide 
to solve these problems?

Louis: All of these issues described above were the catalyst 

for the EZ Biopac powder transfer bags from ILC Dover. 

Using these bags improves pre-weigh and dispense pro-

cesses with less spillage. They have an open-top design to 

allow for adjusting the amount of powder with ease.   Closed 

charging ports reduce facility 

cross-contamination when 

pour ing  the  powders.  An 

A rmorF lex 114 permanent 

antistatic f i lm w ith 3D bag 

design reduces powder reten-

tion and increases the speed 

of powder charging. F inally, 

the bag is a totally disposable 

solution, so no cleaning is 

required.

BioPharm International:
How does this save time?

Louis: Time is saved in a few ways. These include accurate 

filling during pre-weigh dispense of powders; fast charging; 

and complete powder recovery during batching of medium 

buffers. The self-supporting containers for pre-weigh and 

bag transport allow you to shift the bags from one location 

to the other. And, large EZ BioPacs can be pre-weighed 

(>100 L or more), which can shorten production cycle times. 

The bags are a viable alternative to drum lifters and inverted 

cone charging.

BioPharm International: Can this speed up manufac-
turing times?

Louis: From a risk mitigation point of view, accurate, safe 

dispensing reduces rework without the worry of bag tearing 

during transport or charging. Quality and safety are the 

key considerations here. Equally important, contamination 

risk might cause the loss of a batch, especially for media 

preparation for cell culture. 

BioPharm International: Is your film regulatory 
compliant?

Louis: Extensive testing has 

been carried out on our film. 

There are no slip agents that 

can cause cell growth inhibi-

tion on film. The permanent 

an t i s t a t i c  f i lm  p rope r t y 

reduces product loss. The film 

itself is abrasion and puncture 

resistant and has a high seal 

strength. And, the ArmorFlex 

114 f i lm has ful l regulatory 

compliance with FDA 21 CFR 

and EU 10/2011, and the film is DMF filed with the FDA.

BioPharm International: What are the other benefits of 
working with the ILC Dover?

Louis: ILC Dover has been a specialist in managing powder 

transfer processes and can design and engineer a total 

solution to get your powders from drums to final batching of 

buffer and media mixing tanks in a fast, efficient, safe, and 

contained manner.

ILC Dover is a world leader in the design and production of engineered products employing

high-performance flexible materials. Since 1947, ILC has provided engineered solutions to complex 

customer problems.

“Accurate, safe dispensing 

reduces rework without the 

worry of bag tearing during 

transport or charging.”
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Global Harmonized 

 Testing Services

Eurofins BioPharma Product 

Testing is the largest network of bio/pharmaceutical GMP product 

testing laboratories providing comprehensive laboratory services 

for the world’s largest bio/pharmaceutical companies. With a global 

capacity of more than 1,200,000 square feet, our network of 28 

laboratories operates under the same strict quality procedures and 

LIMS worldwide. 

Products and Services

Eurofins BioPharma Product Testing provides testing services for all 

stages of the drug development process and supports all functional 

areas of bio/pharmaceutical manufacturing, including method 

development, microbiology, process validation and quality control. 

We offer clients the flexibility to choose from three service models, 

including our award-winning PSS Insourcing Solutions.

Eurofins BioPharma Product Testing • 2425 New Holland Pike, 

Lancaster, PA 17601 • www.eurofins.com/biopharma • pharma@eurofins.

com • tel. 717.656.2300

BIO International Booth #327

The World’s One True 

Single-Source Platform

WuXi Biologics  offers 

 comprehensive 

 technology platforms 

for the  development of biologics. The company provides global 

 pharmaceutical and biotechnological companies a single-source 

 solution to discover, develop, and manufacture biologics from 

 concept to commercialization. Our services help our clients shorten 

the  discovery and development time and lower the cost of biologics.

Products and Services 

Biologics Discovery, Cell Line Engineering and Development, 

Assay, Formulation & Process Development, Raw Materials Testing, 

Cell Line Characterization, Product Analytical Characterization, 

Viral Clearance Validation, Lot Release Testing, Stability Studies, 

Formulation, Fill & Finish

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

HKEX: 2269.HK

BIO International Booth #963

Comprehensive, Automated Cell 

Culture Analyzer

Nova Biomedical is a technology company 

based in Waltham, Massachusetts that pro-

vides automated cell culture analyzers for 

pharmaceutical and biotech markets. 

Products and Services 

BioProfile® FLEX2 provides comprehensive 

analysis of 16 key cell culture parameters 

including chemistries, gases, osmolality, 

total and viable cell density and viability. Test menu consists of 

Gluc, Lac, Gln, Glu, NH4+, Na+, K+, Ca++, pH, pCO2, pO2, Osmolal-

ity by freezing point depression, and Total and Viable Cell Density 

and Viability by trypan blue dye exclusion method. With the ad-

dition of the BioProfile External Sampling Module (ESM), FLEX2 

is capable of automatic sampling from Sartorius ambr® 15 cell 

culture systems.

Nova Biomedical • 200 Prospect St., Waltham, MA 02453 

• info@novabio.com • tel. 781.894.0800

THE NEW interFACE 

of BIOREACTORS!

From the company that has 

brought you 42 years of 

pharmaceutical laboratory 

instrumentation, including the 

BIOne Single-Use Bioreactor 

System, Distek is proud to 

present the BIOne Bioprocess 

Control Station. Key features 

include: touchscreen interface, smart media filling, variable speed 

pumps, email and text alerts, and much more.

Products and Services 

The BIOne Control Station can be used with our glass stirred tank 

bioreactor as well as our BIOne single-use bioreactor system. Designed for 

animal and insect cell cultivation as well as for microbial fermentation, the 

BIOne Control Station offers 2L, 5L, and 10L working volumes.

Distek, Inc. • 121 North Center Drive, North Brunswick, NJ  

• sean.gilmore@distekinc.com • tel. 732.422.7585 

BIO International Booth #1079
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• Reviewing batch records for continued compliance 

with the regulations is facilitated across sites, coun-

tries, and continents.

• Extracting information for or verifying concur-

rence with the submitted dossiers (e.g., for new 

drug applications, marketing authorization appli-

cations, variations, post-approval changes, etc.) is 

straightforward and simplified.

• Batch record review by the qualified person (as 

regulated in the European Union) or the qual-

ity unit (e.g., for the purpose of batch release or 

audits) is streamlined.

• Extracting information from the batch records for 

preparing annual product reviews (or product quality 

reviews), or for the purpose of benchmarking is effec-

tively repeatable and possible.

Every day a product can be released to the market 

earlier because of any of the above benefits can result 

in monetary benefits. And who is to dispute that 

advantage in your company?

In summary, if the regulatory compliance ben-

efits of a standardized batch record template aren’t 

compelling enough, monetary benefits gained by 

earlier release of drug product will no doubt make it a 

straightforward decision.  ◆

Ask the Expert
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Biologics at USP

USP strives to advance 

quality throughout 

the public health 

framework with 

standards. Safeguarding 

the integrity of 

the global supply 

chain end-to-end is fundamental to protecting the public’s 

health, especially as products come from all over the world. 

Products and Services

Manufacturers must ensure the purity and quality of the 

biologics that make their way to patients. USP is a global leader 

in the development of quality standards for biologics that 

assist manufacturers by increasing predictability and reliability, 

and preserving the integrity of the global supply chain.

USP • 12601 Twinbrook Pkwy, Rockville, MD 20852 • 

custsvc@usp.org • www.usp.org • tel. 800. 227.8772

Experts in Chromatography

Tosoh Bioscience LLC is a major supplier of 

chromatography products worldwide, particularly 

to the pharmaceutical, biotechnology, and 

chemical industries. The company is a division of 

Tosoh Corporation, a global chemical company 

with headquarters and manufacturing facilities 

in Japan. Our United States office is located in King of Prussia, PA.

Products and Services

Tosoh Bioscience LLC offers a comprehensive line of products 

 including TSKgel®, TOYOPEARL®, and Ca++Pure-HA® bulk media, 

process development products, TSKgel HPLC columns, and EcoSEC® 

GPC Systems for polymer characterization. These products 

satisfy the needs of biochemists and biotechnologists involved in 

analyzing, isolating, and purifying proteins, peptides, enzymes, 

oligonucleotides, antibiotics, and small biomolecules.

Tosoh Bioscience LLC • 3604 Horizon Drive, Suite 100, King of Prussia, PA 

• www.tosohbioscience.com • info.tbl@tosoh.com • tel. 484.805.1219
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Siegfried Schmitt is 
principal consultant 

at PAREXEL.

SiSiSiegfffriiieddd SSSchhhmiitittt iiis

Volume                     liters 10% NaOH

Start time   H   H   M   M

End time   H   H   M   M

Duration   M  M   minutes

Monetary benefits will outweigh the hassle of 
batch record harmonization, says Siegfried 
Schmitt, principal consultant at PAREXEL.

Q: 
Our company recently acquired several 

new production sites in Europe, Asia, and 

the Americas. As part of the integration process, 

we decided to harmonize our batch records. We 

appreciate that local regulations and differences 

regarding the type of production equipment we 

use may require some local adaptations and devia-

tions from a standard template; however, we are 

faced with stiff opposition from many sites to 

change their batch record design. Can you advise 

on how best to convince everyone of the benefits 

of a harmonized template?

A:
The integration you describe will without 

doubt require many changes to the docu-

mentation, and therefore, it is a sensible decision 

to think about harmonizing documents, such as 

batch records. You are correct that there will be 

differences in the equipment and the processes, 

even for the same product by the same synthetic 

method, but in different facilities. But, this in 

itself is not an impediment to creating a universal 

batch record template.

It is important to consider why batch record 

templates differ so widely. First, the workforce 

will be used to different styles of documenta-

tion. How much or how little detail do they 

require to perform a task? It is not unusual to 

find a 10-page document used for a process in 

one location to extend to 50 pages for the exact 

same process elsewhere.

Next, let us look at the style of the contents: 

Is it all text? Is there use of pictures or graphics? 

Is it all in a logical sequence? Is it in one lan-

guage or in multiple languages? Does it require 

each page to be signed by five persons for each 

batch record, or is there just one signature page? 

All these styles exist, and they all are devel-

oped for specific reasons. It is thus important 

to understand these reasons in order to design a 

universally accepted template.

Having the opportunity to completely rede-

sign the batch record template provides a 

unique chance to build in as many safeguards 

from a data integrity perspective as possible. 

This includes removing any ambiguity regard-

ing what must be recorded, by who, when, and 

how. For example, the instruction ‘add 100 

liters 10% NaOH over 1 hour should have fields 

for entering the actual values that should look 

like this:

This technique makes it clear to the operators 

what fields to complete and how to enter the 

values correctly. The use of symbols and colors 

is encouraged (e.g., to highlight critical steps, 

warn of potentially dangerous substances, etc.).

This is also a superb opportunity to eliminate 

the ‘numeritis disease’ (i.e., the unnecessary 

and time-wasting use of highly complex num-

bering systems). Step 001 in the batch record 

should be followed by step 002, then step 003, 

etc. There is no need at all for having some-

thing like step 1.2.5.2.8a. 

Depending on the level of automation in 

the plants, you may be able to move from 

paper batch records to electronic batch records. 

The latter will provide a higher degree of data 

integrity as much fewer manual entries of data 

will be required. Thus, the standardization of 

the batch record can indirectly also drive stan-

dardization of the computerized systems in 

your plants.

Now let us look at some indisputable ben-

efits of having a standard batch record template 

rather than a free-for-all: 

Harmonization of Batch Records

Contin. on page 49
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THE NEW interFACE of 
BIOREACTORS!

KEY FEATURES
O

O
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Touchscreen Interface

Smart Media Filling 

Email and Text Alerts

Trend up to 8 Parameters 

Variable Speed Pumps

Available with Single-Use or  

Glass Bioreactors

2L, 5L & 10L Working Volumes  
(10L Available in Glass only)

5L & 10L WWorking Volumes
Available in GGlass only)

888.2.DISTEK 

distekinc.com • bione@distekinc.com

121 North Center Drive • North Brunswick, NJ 08902

BIO 2018

Booth #1079
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Custom
Protein Generation

From DNA to  1-100 g of Protein in 6 WEEKS!

傈ᤐ

= Limitless. Contact us to learn how our unparalleled

capacities in custom protein generation can support your R&D efforts

info@wuxibiologics.com

www.wuxibiologics.com

HKEX: 2269.HK
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