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From the Editor

Faced with 

divisive political 

and social issues, 

Congress must 

find a way to 

reach consensus.

The Human Cost of Congressional Stalemates

T
he summer of 2017 was a busy one for US citizens and companies. It 

seemed that every week a new crisis or revelation would push equally 

pressing issues from the front page. The past few months saw an ongoing 

investigation into alleged Russian meddling in the 2016 election, staff turn-

over at the White House, violence driven by racial divisions, a nuclear threat 

from North Korea, and the devastation of Hurricane Harvey—to name just a 

few crucial issues. 

Lawmakers in Washington faced different types of storms as they prepared 

to return to the Capital from a summer recess; and much of the unsettled 

atmosphere was of their own creation. After contentious rhetoric—and with 

limited voter or industry input—Congress failed to agree on a new healthcare 

plan in July. After years of debate, the lack of agreement or action by lawmak-

ers left unanswered questions about healthcare, including a battle against a 

killer that takes tens of thousands of lives per year. 

A National Academies of Sciences, Engineering, and Medicine (NASEM) 

report, sponsored by FDA, stated that approximately 90 Americans die every 

day from overdoses that involve an opioid. As of 2015, at least two million 

people in the United States were addicted to prescription opioids, and almost 

600,000 had an opioid use disorder involving heroin, the report said (1).  

Suggested solutions, lack of support
The NASEM report recommended a fundamental shift in the approach to 

prescribing practice for opioids and improved access to naloxone to combat 

the effects. The report also suggested that FDA consider public health impacts 

when making opioid-related regulatory decisions, moving beyond the tra-

ditional product-specific approach drug approval decisions, which evaluate 

data submitted by the drug’s manufacturer and weigh the benefits against the 

known risks to individual patients.  

The recommendations offer some good suggestions; however, without guidance 

or funding from Washington, elected officals, law enforcement, and healthcare 

professionals in individual states—for now—are on their own to come up with 

solutions to the epidemic.

Congress agrees  —on user fees
Before leaving for its August recess, Congress overwhelmingly passed the FDA 

Reauthorization Act (FDARA) approving user fees and FDA program changes 

needed to maintain the FDA medical product review and approval process. The 

fees will generate $8–9 billion over five years to support regulatory oversight of 

prescription drugs and biologics, generic drugs, medical devices, and biosimilars.

President Trump signed the legislation without fanfare in mid-August. His 

administration had called for a major increase in industry-paid fees to fully sup-

port FDA regulatory programs.

The reauthorization legislation was the result of two years of negotiations 

between Congress, FDA, and industry groups. The overwhelming support of 

the Act demonstrates that Congress can reach consensus. Perhaps they can keep 

that in mind as they head back to work in September to tackle a full agenda that 

includes funding for hurricane relief, passage of a spending bill, raising the debt 

ceiling, tax reform, immigration reform, and the unresolved healthcare issue.

Reference
 1. National Academies of Sciences, Engineering, and Medicine, Pain Management 

and the Opioid Epidemic: Balancing Societal and Individual Benefits and Risks of 

Prescription Opioid Use (Washington, DC, July 13, 2017). ◆

Rita Peters is the 

editorial director of 

BioPharm International. 
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Regulatory Beat
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A
mid mounting excitement over remark-

able efficacy rates for new genetically 

modified cellular therapies, regulators 

and manufacturers alike face continuing chal-

lenges for ensuring consistent potency, purity, 

and identify of these complex therapies. More 

than 100 experimental chimeric antigen recep-

tor T-cell (CAR-T) therapies are in develop-

ment, generating optimism that regenerative 

medicine will transform treatment and lead to 

cures for many deadly diseases. Such advances, 

though, require further clarification of regula-

tory policies.

FDA is considering at least three CAR-T appli-

cations, and more are on the way. An FDA 

advisory committee voted unanimously to 

recommend approval of Novartis’ new CAR-

T, despite concerns about the firm’s ability to 

process patient T-cells consistently and safely 

(1). Similar issues have been discussed related 

to applications for Kite Pharma’s therapy for 

aggressive non-Hodgkin lymphoma and Spark 

Therapeutics’ new gene therapy to treat a rare 

condition causing blindness, which are moving 

through the FDA approval process. 

REGULATORY INITIATIVES
FDA will address these regulatory 

developments further in a compre-

hensive framework for oversight 

of regenerative medicine slated for 

publication in September 2017. This 

will be part of a comprehensive 

Innovation Initiative, Commissioner 

Scott Gottlieb announced in July in 

presenting FDA’s plan for implement-

ing the 21st Century Cures Act (2). 

New guidance documents will be part 

of the framework, which covers thera-

peutic tissue engineering products, 

human cell and tissue products, and 

certain combination products intended to treat 

serious or life-threatening diseases or condi-

tions. Genetically modified cellular therapies, 

such as those manipulating CAR-T cells, fall 

under the regenerative medicine advanced ther-

apy (RMAT) umbrella. 

FDA’s Center for Biologics Evaluation and 

Research (CBER) is implementing this program, 

including a RMAT designation process to identify 

experimental advanced therapies that warrant spe-

cial attention and advice from FDA. Gottlieb noted 

in July 2017 that manufacturers have filed nearly 

24 requests for RMAT designation, and that CBER’s 

Office of Tissues and Advanced Therapies (OTAT) 

had granted four. Similar to FDA support for break-

through therapies, the RMAT designation offers 

early interactions with FDA staff and the potential 

for priority review and accelerated approval based 

on strong preliminary clinical evidence.  

QUALITY CONTROL CHALLENGES
The larger issue for regulators is to ensure con-

sistency in critical quality attributes (CQAs) 

for identity and purity of these products, a 

task that has prompted FDA and a number of 

research organizations to collaborate on set-

ting standards and methods for defining and 

characterizing these complex therapies and for 

conducting assays able to measure performance. 

A Forum on Regenerative Medicine estab-

lished in 2016 by the National Academies for 

Science, Engineering, and Medicine (NASEM) 

is addressing these issues as part of its broader 

examination of the state of science and strate-

gies for facilitating development of therapies 

able to generate, repair, or replace patients’ tis-

sues. A June 2017 workshop on “Navigating 

the Manufacturing Process and Assuring the 

Quality of Regenerative Medicine Therapies” 

discussed evaluating the quality and purity of 

unique cell populations. The experts exam-

Manufacturing Standards Key to 
Advancing Cellular and Gene Therapies
FDA works with industry on strategies for 
assuring high-quality regenerative medicines.

Jill Wechsler 

is BioPharm International’s 

Washington editor, Chevy Chase, 

MD, 301.656.4634, 

jillwechsler7@gmail.com.

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

ined possible mechanisms and 

technologies for improving meth-

ods and capabilities for measuring 

CQAs and for setting standards to 

help advance development of these 

promising therapies (3). 

T he federa l  gover nment ’s 

National Institute of Standards and 

Technology (NIST) is working with 

academics and industry to develop 

measurements critical to charac-

terization of advanced cellular and 

gene therapies (4). A provision in the 

Cures legislation directs FDA and 

NIST to collaborate with stakeholders 

in developing standards for regen-

erative medicine, and in 2016 NIST 

formed a public-private partnership 

with a group related to the Alliance 

for Regenerative Medicine (ARM) to 

advance industry-wide standards. 

FDA’s Oncologic Drug Advisory 

Committee meeting on July 11, 2017 

to evaluate Novartis’ CAR-T therapy, 

tisagenlecleucel-T, addressed vari-

ability in the potency and other 

quality measures related to gene 

therapy production. From the out-

set, FDA reviewers said that efficacy 

was not an issue due to overwhelm-

ing patient response to treatment, 

and that safety would involve long-

term post-market assessment. But 

the experts sought assurance of 

security, accuracy, and reliability 

for Novartis’ complex system for 

removing blood T-cells from the 

patient, cryopreserving them for 

transport to a company processing 

facility, and shipping transduced 

T-cells back to the clinic for re-

injection into the patient. 

FDA’s staff memorandum on 

the product emphasized the 

importance of establishing a well-

controlled manufacturing process 

that can consistently produce high-

quality CAR-T cells that are safe, 

pure, and potent (5). FDA notes 

that the product has unique quality 

attributes that can directly impact 

final product safety and potency, and 

that several manufacturing failures 

occurred at Novartis facilities in the 

United States and Germany. Novartis 

scientists explained how each 

batch of patient tissue is handled 

in dedicated equipment, materials, 

and personnel in an enrichment 

process to obtain a highly pure T-cell 

population and to ensure that the 

right cells go to the right patient (6). 

These issues were explored further 

at the July 2017 CMC strategy forum 

organized by CASSS on manufactur-

ing quality and regulatory consider-

ations for cell and gene therapies (7). 

The meeting attracted a record num-

ber of participants, reflecting height-

ened industry interest in discoveries 

that promise to revolutionize the 

treatment of serious health condi-

tions. Participants explored strategies 

for analytical method development, 

assay validation, product character-

ization, specification setting, and for 

establishing relevant manufacturing 

controls for these highly perishable 

and biologically complex products. 

Experts discussed the importance 

of advanced analytics in evaluating 

product consistency and purity and 

in avoiding process variations. They 

debated the relevance of quality 

standards set by the International 

Council for Harmonization (ICH) 

and how well quality-by-design 

concepts can help understand and 

manage change. There were many 

questions about dealing with vari-

ability in raw materials, evaluation 

of stability, and addressing unique 

supply chain issues. 

Bryan Silvey, senior director for 

quality compliance at Kite Pharma, 

emphasized that personalized cell 

therapy production, utilizing a “one 

lot–one patient” manufacturing 

platform with a 15-day rapid manu-

facturing cycle and “a new world of 

cold chain” transport, must provide 

a high level of assurance that the 

patient receives back the correct cells 

as quickly as possible. Anne Plant, 

division chief for biosystems and 

biomaterials at NIST, observed that 

comparability assessment is key to 

determining that changes in a pro-

duction process do not undermine 

quality and safety, but that such 

measurements are difficult to define. 

Mohammad Heidaran, CMC 

reviewer in CBER’s OTAT, described 

challenges for cellular therapies 

related to cell variability, lack of 

reference standards, small lot sizes, 

limited material for testing, and 

an often poor understanding of 

the product. Comparability proto-

cols are important for managing 

change and can benefit from FDA 

input. He advised manufacturers 

to “know your product,” including 

CQAs and critical process param-

eters, and to conduct a full risk 

assessment that links all these fac-

tors to product quality. 

REFERENCES
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http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/OncologicDrugsAdvisoryCommittee/UCM566168.pdf
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T
he biopharmaceut ical industry is 

dynamic and complex, and in addi-

tion to the overall consistent 14–15% 

industry growth, data from BioPlan Associates’ 

2017  14th Annual Repor t and Sur vey of 

Biopharmaceutical Manufacturing (1) shows that 

key trends are affecting this growth. These 

include the following: 

• Demand for production efficiency

• Growth of international biomanufacturing 

centers, including China

• Biosimilars expansions

• Cell- and gene-therapy approvals.

These general trends are also 

impacting more specific aspects 

of the industry. For example, cur-

rent and future capacity and pro-

duction are already being hit by 

the inability to hire and train 

staff—in fact, more than 50% of 

bioprocessing facilities are experi-

encing capacity problems this year 

due to difficulties hiring certain 

operations staff. Hiring problems 

will continue to increase as the 

industry expands. These human 

resources issues may ultimately 

also create quality problems, and 

are already increasing demand 

for technologies that reduce staff-

ing, such as automation and sin-

gle-use device applications. Even 

outsourcing to contract manufac-

turing organizations (CMOs) may 

well be challenged if CMOs con-

tinue to experience growth and 

hiring problems. 

The biopharmaceutical industry 

is continuously demanding new 

and improved bioprocessing tech-

nologies to reduce costs, increase 

efficiencies, and improve weak 

development pipelines, especially in develop-

ing economies. Some of the ongoing biophar-

maceutical trends support a future vision that 

includes:

• More biological products, but often each tar-

gets smaller markets

• More biosimilars and biogenerics

• More multi-product and flexible manufactur-

ing facilities

• More adoption of single-use systems 

• More efficient bioprocessing—titers and 

yields

• More use of continuous processing, including 

for downstream processing

• More automation, monitoring, and process 

control.

The following is a summary of a few of the 

top 15 trends affecting biopharmaceutical man-

ufacturing from the BioPlan 2017 study. This 

year’s survey included responses from 227 bio-

processing professionals, 131 industry equip-

ment and services suppliers; and data from 

more than 150 bioprocessing professionals in 

China and India. 

TREND NUMBER ONE: 
GREATER DEMAND FOR MANUFACTURING 
EFFICIENCY AND PRODUCTIVITY
Many of the trends in the bioprocessing indus-

try are being driven by perceived needs for 

improved efficiencies, quality, and cost reduc-

tions in manufacturing processes. Companies 

invest in technology and innovation so they 

can more with less. To remain competitive, bet-

ter ways are needed to: 

• Make bioprocessing more efficient and less 

expensive

• Decrease new products’ time-to-market 

(increase speed)

• Streamline new technology testing and adop-

tion, make adopting new technologies less 

painful. 

Top Trends in Biopharmaceutical 
Manufacturing, 2017 
Innovation speeds discovery, drives down costs, and improves productivity.

Ronald A. Rader is senior director 
of technical research at 
BioPlan Associates, Inc.

Eric S. Langer is president and 

managing partner at 

BioPlan Associates, Inc., 

a biotechnology and life sciences 

marketing research and publishing 

firm, elanger@bioplan

associates.com, 

www.bioplanassociates.com.

http://www.bioplanassociates.com
http://www.biopharminternational.com
mailto:mailto:elanger@bioplanassociates.com
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If laboratory roadblocks have you seeing double, 
our insourcing solutions at your site will surpass 
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approval.

Eurofins Lancaster Laboratories’ award-winning PSS 
Insourcing Solutions® offers the most advanced, 
sophisticated biopharmaceutical managed laboratory 
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The largest port ion of sur-

vey respondents, 16.4%, noted 

that “Manufacturing Productivity/

Efficiency” was the “single most 

important biomanufacturing trend 

or operational area on which the 

industry must focus its efforts, 2014–

2017.” Essentially, all of the top 

three—and most other cited trends 

or operational areas—are related to 

cost savings though increased effi-

ciency and productivity (see Figure 1). 

Related survey findings include: 

• Average reported titer for com-

mercial-scale biologics (for new 

monoclonal antibodies [mAbs]) 

this year was 2.80 g/L, with yearly 

data back to 2008 showing over-

all consistent year-to-year incre-

mental increases to the present. 

Average reported upstream titers 

have been growing rather steadily 

over the past three decades from a 

baseline of at best a few tenths of 

a gram/L back in the 1980s.

• Average reported titer for clinical-

scale biologics was 3.29 g/L, with 

these data also showing an overall 

consistent incremental growth. 

TREND TWO: DOWNSTREAM 
PROCESSING REMAINS THE 
MAJOR BIOPROCESSING 
BOTTLENECK
Downstream purification includ-

ing chromatography continues 

to be the area cited as requiring 

the most technological improve-

ments. Yet, other recent BioPlan 

studies confirm that downstream 

yield improvements remain much 

more resistant to change. This year, 

74.3% of respondents reported their 

facility was experiencing at least 

some capacity bottleneck due to 

downstream processes. Overall, 

respondents are experiencing a 

higher level of bottlenecks than 

seen in 2011–2015. Approximately 

10% reported that their facility is 

currently experiencing “serious” 

downstream bottleneck problems. 

CMOs perceive downstream bottle-

necks as more serious, with 60% of 

CMO respondents reporting either 

“Serious” or “Some” capacity con-

straints due to downstream process-

ing. “Serious” capacity constraints 

were also reported much more fre-

quently by European vs. US respon-

dents, 11.5% vs. 5.7% (see Figure 2). 

Chromatography remains the 

top-cited downstream (or any) 

bioprocessing problem area. This 

included 48.3% of respondents cit-

ing “Chromatography columns” as 

causing them “Moderate constraints” 

or worse; with 80.8% reporting 

“Minor constraints” or worse. 

TREND THREE: BIOSIMILARS ARE 
BRINGING MORE COMPETING 
BIOPHARMACEUTICAL PRODUCTS 
(COMPETITION) AND PLAYERS
Biosimilar product development 

continues worldwide, and appears 

to be accelerating now that the 

US biosimilars’ market is coming 

online. The Biosimilars/Biobetters 

Pipeline Database (2) reports 

nearly 850 biosimilars (includ-

ing biogenerics) in development 

or marketed worldwide, includ-

ing approximately 125 in clinical 

trials; and more than 515 biobet-

ters in development or marketed 

worldwide, including more than 

200 in clinical trials. With such 

a healthy development pipeline, 

within approximately five years, 

biosimilars will outnumber refer-

ence and other innovative prod-

ucts, including in the US market. 

This increase will change the 

underlying nature of the biophar-

maceutical industry, as biosimilar 

products eventually affect over-

all sales. CMOs are also report-

ing increased business, about 15% 

increase in revenue, attributed to 

biosimilars development projects.

Biosimilars are resulting in a 

number of new players entering 

the biopharmaceutical industry. 

Established drug companies, includ-

ing Big Pharma, startup and vir-

tual companies, foreign companies, 

generic-drug companies, and others 

are working to develop portfolios 

of biosimilars. The United States 

remains a primary location for 

biosimilar R&D and the largest mar-

ket for biosimilars. Europe, India, 

Figure 1: Single most important biomanufacturing trend area, 2014–2017.

Manufacturing Productivity/Efficiency

16.4%

18.9%

17.2%

20.1%

Year 2017

Year 2016

Year 2015

Year 2014

Figure 2: Impact of downstream processing on overall capacity.

10.3%

45.4%

18.6%

9.3%

16.5%

Serious bottleneck
today

Some bottleneck
problems

Minor problems

No bottleneck-but
expect in 12 mo.

I don’t expect a
bottleneck
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and China are the other major cen-

ters for biosimilars development 

and marketing. A good portion of 

the new bioprocessing facilities and 

process lines have recently come 

online or under construction and 

will be solely or largely devoted to 

biosimilars manufacture. 

TREND FOUR: SINGLE-USE SYSTEMS 
IN DEMAND, USE STILL GROWING
Approximately 90% of respon-

dents currently use single-use 

bioprocessing equipment, with 

“Tubing or disposable operations” 

cited the most. More than 80% 

reported use of single-use bioreac-

tors. In contrast, the highest rate 

of reported downstream single-use 

systems use was “Disposable chro-

matography devices,” reported 

by 55.6% and membrane adsorb-

ers at 49.6%. The rates of usage 

of diverse disposables in bio-

pharmaceutical manufacturing 

have remained relatively steady 

in recent years, with the market 

nearing saturation, for smaller, 

clinical-scale operations. BioPlan 

estimates that approximately 85% 

of pre-commercial biopharmaceu-

tical manufacture is done using 

single-use systems, particularly 

upstream. Sales of single-use sys-

tems will further increase as more 

manufacturers advance to com-

mercially manufacture their prod-

ucts using single-use systems. 

And the industry itself expects 

to see continued adoption. A sig-

nificant majority (66%) expect 

their own facility to involve at 

least 50% of its substantial unit 

operations to be done using single-

use system devices (see Figure 3). 

TREND FIVE: INTERNATIONAL 
GROWTH IN BIOMANUFACTURING; 
CHINA AND INDIA ARE MATURING
India, China, and other regions are 

rapidly increasing their domestic 

manufacturing capabilities; how-

ever, most of the current products 

are developed for home markets, 

including biogenerics (i.e., non-

GMP biopharmaceuticals for lesser-

regulated markets). While these are 

fast-growing  geographic areas for 

biopharmaceutical R&D and man-

ufacturing, little (as yet) involves 

innovative products. Growth in 

capacity and  new and expanded 

facilities coming online are most 

rapid in China, India, Korea, and 

Singapore, but some of these coun-

tries’ capacities are growing from 

low  baselines. 

BioPlan’s analysis of China’s 

bioprocessing facilities, Top 60 

Biopharmaceut ical Facilit ies in 

China, (3) found that China holds 

approximately 2.4% of the total 

worldwide estimated 17 million 

L capacity for recombinant pro-

tein/mAb bioprocessing capacity. 

And nearly all growth in China is 

domestically financed, with for-

eign investment in Chinese bio-

pharmaceutical manufacturing 

remaining relatively low.  

Most biogener ic developers 

aspire to bring their products as 

biosimilars into major highly-reg-

ulated markets. But it will take 

years for developing country-

based facilities (aside from a few 

outliers) to develop major mar-

ket-fr iendly GMP manufactur-

ing capabilities. Besides physical 

plant and needed staff expertise, 

improvements are needed in busi-

ness culture, including aspects 

that have fostered persistent 

fraudulent data manipulation. 

This year, the BioPlan survey 

includes data from interviews with 

Figure 3: Single-use/disposable device adoption factors.

33.3%

Strongly Agree Agree

32.4%

Within 5 years at least 50%

of my own facility’s cGMP

clinical/commercial unit

operations will be

substantially done using

Single-use (disposable)

devices

SURVEY METHODOLOGY

The 2017 Fourteenth Annual Report and Survey of Biopharmaceutical 

Manufacturing Capacity and Production yields a composite view and trend 

analysis from 227 responsible individuals at biopharmaceutical manufacturers and 

contract manufacturing organizations (CMOs) in 25 countries. The methodology 

also included over 131 direct suppliers of materials, services, and equipment to 

this industry. This year’s study covers such issues as: new product needs, facility 

budget changes, current capacity, future capacity constraints, expansions, use of 

disposables, trends and budgets in disposables, trends in downstream purification, 

quality management and control, hiring issues, and employment. The quantitative 

trend analysis provides details and comparisons of production by biotherapeutic 

developers and CMOs. It also evaluates trends over time and assesses differences 

in the major markets in the United States and Europe.
Contin. on page 49
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aintaining the safety and 

efficacy of drug products 

throughout thei r  l i fe -

times is crucial. Selection 

of appropriate packaging container 

materials is a fundamental aspect of 

the product development process. The 

physical and chemical properties of 

the glass, plastic (typically cyclic ole-

fin co-polymer [COC] or cyclic olefin 

polymer [COP]), and/or elastomeric 

materials (surface chemistry, wettabil-

ity, and roughness, for instance) used in 

a container/delivery system determine 

whether it will interact with the for-

mulated drug, suffer from permeability, 

and exhibit sufficient durability under 

processing, storage, and use conditions. 

Interactions with trace metal ions, sili-

cone oil, and tungsten; acids, bases, and 

salts in buffer systems; gases; and leach-

ables such as rubber additives and fillers 

can impact the stability of containers 

and container-closure systems as well as 

biologic drug substances.

The type of packaging chosen for a 

biologic drug product will depend on 

the properties of the drug product, the 

intended route of administration, and 

patient use considerations. Glass and 

plastic vials, pre-filled syringes, and car-

tridges not only have different closure 

systems, but also different compatibility 

issues that must be considered. For glass 

vials with rubber stoppers, potential 

delamination and breakage issues, along 

with leachables from the rubber, must 

be considered. With prefilled syringes, 

the presence of residual tungsten and 

silicone can be a concern. Overall, the 

Glass or Plastic? 
Container Material Choices

Cynthia A. Challener

Choosing 
a suitable 

material for fill/
finish containers 

begins during 
the product 

development 
stage.

Cynthia A. Challener is a contributing 

editor to BioPharm International.

Fill/Finish Containers
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goal when selecting a container 

material is to minimize the poten-

tial for damage of the biologic drug 

substance via absorption, oxida-

tion, chemical reaction due to pH 

changes, and interactions with 

leachables and extractables.

MAANY CCHALLLENGEES
One of the most common chal-

lenges for container selection is 

compatibility, according to Mark 

Petyak, director of technical opera-

tions with Alcami. “Extensive and 

proactive planning is required in 

determining compatibil ity of 

the solution with the  container 

and stopper,” he observes. As 

an example, Petyak points to 

 stoppers, which can leach materi-

als, inactivating biologics or  causing 

unwanted reactions even with small 

molecules. As a result, it is impor-

tant to understand the  materials 

used by stopper  manufacturers. 

“Discussions w ith vendors 

should be an ongoing process and 

in parallel to formulation develop-

ment,” Petyak states. “An analyti-

cal profile and fingerprint of every 

stopper should be created and spe-

cific to the solution enclosed in 

the container. Compatibility test-

ing with the formulation requires 

extreme care and consideration 

to provide analytical insights that 

may be crucial for proper stopper 

selection,” he continues.

Another issue is related to the 

manufacturing processes imple-

mented by container suppliers, 

according to Christian Lavarreda, 

product manager with Robert 

Bosch Packaging Technology. 

“Material quality issues stemming 

from insufficient in-process con-

trols at container manufacturers 

continue to arise and show up 

during stability testing, partly 

prompting the recent revisions of 

[United States Pharmacopeia] (USP) 

and [International Council for 

Harmonization] (ICH) guidelines,” 

he notes. 

Specifically, the ICH M7 guide-

line (1) states that “application of 

this guideline to leachables associ-

ated with drug product packaging 

is not intended, but the safety risk 

assessment principles outlined in 

this guideline for limiting poten-

tial carcinogenic risk can be used 

if warranted.” “Indeed,” remarks 

Laverreda, “with the rapid growth 

of DNA-based medicines (particu-

larly vaccines) and the potential of 

leachables to react with and mod-

ify genetic material, the applicabil-

ity of risk assessment methodology 

has become highly relevant for 

many of these dosage forms.”

VENDORR COLLABORATIOON 
IS ESSENTIALL
Working with material vendors 

is the first step in understanding 

any compatibility issues associ-

ated with a given product solution 

or suspension with a particular 

component, according to Petyak. 

“Vendors understand their particu-

lar componentry best and are able 

to guide the user as to the best fit,” 

he explains. Alcami works with 

glass manufacturers and stays up 

to date with any changes to glass 

manufacturing processes. 

“A lt hough t hey  may look 

very similar, glass vials can be 

extremely varied. There are several 

types (Type 1 borosilicate, a treated 

Type 1 vial, and a Type 1+ vial), all 

of which have advantages and dis-

advantages depending upon solu-

tion properties and intended uses,” 

he says. In addition, glass has to be 

checked for physical and chemi-

cal attacks from the formulation. 

“It is well known that tartrates 

and citrates are notorious drivers 

of delamination in tubular glass 

vials,” Petyak notes. Changing 

vial types is one approach to solv-

ing the delamination issue. In 

this case, a tubing vial could be 

changed to a molded vial. 

With regards to stoppers, Petyak 

observes that manufactures have 

an array of different formulations 

and coatings, so initial discussions 

with the vendor are crucial for 

finding the best fit for the solution 

and the intended uses. 

Rigorous new vendor qualifica-

tion and the implementation of 

an effective vendor audit program 

are also essential (particularly 

when multi-sourcing), according 

to Lavarreda, as is the implemen-

tation of available in-process con-

tainer integrity testing (primarily 

leak testing) as part of the fill/fin-

ish operation.

CHHOOSIING GLASS OR PLLASTIC
The choice of plastic or glass 

depends upon the intended appli-

cation, according to Petyak. Each 

has its own sets of advantages and 

disadvantages. “The main consid-

erations are the degree of protec-

tion required and the compatibility 

with both the dosage form and 

the filling and sterilization meth-

ods employed, although customer 

convenience considerations (e.g., 

weight and feel) are also impor-

tant,” says Lavarreda.

Glass advantages include that it 

is transparent, has good protec-

tion power, can be easily labeled, is 

economical, and comes in a vari-

ety of standard sizes, according to 

Lavarreda. Disadvantages are that 

it is fragile and can release alkalis 

to aqueous preparations. 

Fill/Finish Containers
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Plastic advantages for Lavarreda 

include that it is light-weight 

yet strong (also good protection 

power), can be handled easily, is 

a poor conductor of heat, is resis-

tant to inorganic chemicals, and 

also comes in a variety of standard 

sizes. It can also be formed into 

shapes not possible with glass.

For Petyak, plastic also has the 

advantage of not having an issue 

with delamination or the classic 

breakage problem that is possi-

ble with glass containers. He also 

finds plastic a better choice for 

some solutions because it may not 

exhibit a significant pH change 

over time whereas glass containers 

will, as exemplified by bicarbon-

ate injections. 

On the other hand, Petyak 

points out that visual inspec-

tion of some types of plastics is 

more challenging than glass due 

their opacity. Additional disad-

vantages of using plastic vials are 

that plastic is comparably perme-

able, can be chemically and ther-

mally deformed, and has a much 

worse absorption profile compared 

to glass.

“Overall,” Petyak concludes, 

“understanding how a particular 

solution will interact with the con-

tainer closures chosen is critical to 

a successful injectable project.”

VENDORRS TAKKE ACTION
Suppliers of container materials 

for fill/finish applications have 

recognized the issues that drug 

manufacturers have faced in 

recent years with glass delamina-

tion and the presence of particu-

lates, interactions with residual 

tungsten in prefilled syringes, and 

silicone oil in various glass deliv-

ery systems. Stopper manufactur-

ers have also begun to address 

concerns about leachables and 

extractables.

For example, there are specific 

coatings that glass and stopper 

manufacturers utilize to ensure 

minimal interaction with the 

solutions of interest, according 

to Petyak. He does note that for 

multi-dose products where mul-

tiple punctures are expected, the 

physical properties of stoppers 

are also of concern and must be 

evaluated. “Overall, we have seen 

container-component manufac-

turers take approaches to ensure 

proactive developments that are 

designed to keep up with the 

advancements in drug-product for-

mulations,” Petyak says.

Lavarreda agrees: “Slow but 

steady implementation of process 

analytical technology and quality 

by design is taking place at many 

major container manufacturers, as 

is an increase in the offering of 

pre-sterilized, ready-to-use con-

tainer options, which can reduce 

the container integrity risk during 

fill/finish operations.”

R e a d y - t o - u s e  c o n t a i n e r s 

offer several benefits to drug 

 manufacturers, including the elim-

ination of the need for washing 

and depyrogenation. The reduced 

handling leads to less breakage, 

lower rejection rates, increased 

flexibility and improved safety as 

well. Overall costs can be reduced 

and processing times reduced

Other new container designs 

are proving advantageous for 

pa rentera l  d r ug manufac t ur-

ers. Double-chamber cartridges 

from Schott allow the combina-

tion of different liquids or liquids 

with lyophilized products in one 

device for greater storage stability 

and reduced risk of error during 

administration. Gerreheimer’s 

MultiShell polymeric vials made 

of COP/polyamide/COP of fer 

improved barrier properties com-

bined with high transparency. 

Wheaton’s DualFusion vial has 

a COP outer shell bonded to a 

fusion material comprising an 

inner organosilicate layer and 

an outer silica layer, which is 

bonded to the COP shell. These 

two layers protect against acids 

and bases and act as a barrier, 

respectively. The result is a con-

tainer that offers the advantages 

of both glass and plastic, accord-

ing to the company.

REEFEREENCE
 1. ICH, M7(R1) Assessment and 

Control of DNA Reactive (Mutagenic) 

Impurities in Pharmaceuticals to Limit 

Potential Carcinogenic Risk, Step 

4 version, March 31, 2017. ◆

Fill/Finish Containers

Merck and Pfizer provided pharmaceutical formulation 
and manufacturing process insights, combined 
with Corning’s glass science and precision forming 
capabilities, to develop the Corning Valor Glass 
packaging solution for injectable drugs in vials and 
cartridges. Merck Chairman and CEO Kenneth C. Frazier 
said the company plans to convert several injectable 
products to the Valor glass packaging, pending 

regulatory approval. Pfizer’s initial trial results with 
Valor Glass show promise, and the company is working 
with Corning to assess the potential of this glass 
solution on products at several manufacturing sites, 
said Ian C. Read, Pfizer’s chairman and CEO, in a press 
release. The companies announced the collaboration 
at a White House press conference on July 20, 2017.

—The editors of BioPharm International

Corning launches Valor Glass In collaboration with Merck and Pfizer
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B
iologics manufacturing facilities 

are highly complex, often sup-

porting multiple products with 

10–15 batch-mode unit opera-

tions. As biotech companies’ pipelines 

mature into a stream of commercial 

products, there is generally a financial 

benefit to utilizing an existing facil-

ity to meet production demands rather 

than building a new facility, and over 

time, many facilities are pushed up to or 

beyond the capabilities envisioned dur-

ing initial construction.

In nearly all cases, pushing a biolog-

ics manufacturing facility to its capac-

ity limit and/or expanding capacity 

generates a number of complex ques-

tions that must be answered before suc-

cessfully delivering a capacity increase. 

Often, plants don’t have a clear and 

obvious bottleneck, and the capacity 

may be limited by a series of steps across 

many pieces of equipment, such as turn-

around of a buffer storage tank at one 

point in a process, a brief delay for an 

ultrafiltration-diafiltration (UFDF) setup 

step, and then a delay in which a series 

of clean-in-place (CIP) activities are 

limiting. Additionally, these complex 

“critical path” sequences are typically 

product dependent.

Plant simulation is a powerful model-

ing discipline that compiles a facility’s 

equipment and resource model with a 

process execution recipe to aid process 

engineers in understanding a plant’s 

capacity and in investigating how poten-

tial investments or operational changes 

might affect the capacity. A number of 

commercially available tools are cur-

Using Simulation to Address 
Capacity Limitations

John Robinson, Spencer 

Miller, Laurence T. Baxter, 

Stephen Hunt, Bob Todd, 

and Joseph F. Pekny

Modeling tools 
help process 

engineers 
optimize a bio-
pharmaceutical 

facility’s 
capacity.
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rently available, and here, the authors present the 

application of one tool (VirtECS, Advanced Process 

Combinatorics) to address capacity challenges of a bio-

logics contract manufacturer, KBI Biopharma. Case 

studies address an opportunistic (i.e., low budget) debot-

tlenecking effort, support of scope development for a 

capacity-focused capital project, and routine scheduling 

to support response to unplanned delays and events.

SIMULATION TECHNOLOGY
The case studies discussed here were implemented 

using VirtECS version 8.1.8-Biologics, which addresses 

scheduling, planning, and analysis problems using the 

Resource Task Network (RTN), a computing language for 

process scheduling (1). Within the RTN, the cell-culture 

facility, mainline manufacturing, buffer, media, clean-

ing, utility areas, and other equipment are described 

as a set of tasks that consume input materials at a 

time relative to the start time of the activity and pro-

duce output materials, such as inoculum, fermentation 

product, media, and purification buffers. Tasks occupy 

one or more pieces of equipment and can also utilize 

specified amounts of labor or other shared resources for 

defined time intervals as part of a schedule. Materials 

are tracked and occupy storage tanks, totes, or process 

vessels as appropriate. The software accounts for all real-

world constraints of the cell-culture facility including 

limited storage and labor capacities.

The RTN is the inclusive collection of all the mod-

eled materials (including buffers and media), activi-

ties (including CIP, buffer prep, and media prep), and 

renewable resources (e.g., shared utilities). It describes 

the essential physics of the plant. The RTN is gen-

eral and able to describe scheduling problems across 

a variety of industries, but it is used here under a 

data schema tailored to biologics manufacturing that 

enables manipulation of low-level RTN components via 

specification of high-level concepts (e.g., executing a 

cell-culture step or preparing a buffer). 

Once the process data are entered, a schedule can be 

calculated in the form of a Gantt chart, with correspond-

ing material and resource inventory plots and reports. 

The timing of each task in the scheduling solution is 

determined by an underlying mixed integer linear pro-

gramming (MILP) solver using a specialized mathemati-

cal formulation that is automatically generated from the 

RTN (2). This mathematical formulation divides time 

up into small slices and enforces material balance con-

straints, storage limitations, and other basic physics (e.g., 

only one activity can be performed on any equipment 

at one time). This approach prevents over-assignment of 

equipment, storage capacity, or other shared resources 

while maintaining all material balances to ensure the 

feasibility of the resulting optimized schedule. 

This advanced, mathematically grounded approach 

has many advantages over older technologies includ-

ing solution speed, ease of use, and high fidelity to 

process detail. A typical schedule calculation time for 

a six-month production scenario in a large-scale cell-

culture facility is about three minutes using a stan-

dard personal computer. Using plant simulation tools, 

process engineers and plant schedulers can analyze 

many schedule instances involving demand uncer-

tainty, process duration distributions, or changes in 

process parameters against a base case to understand 

the effect of forecast uncertainty or proposed engi-

neering changes (3, 4) as discussed in the following 

case studies. 

CASE STUDY ONE: 
CELL-CULTURE FACILITY DEBOTTLENECKING
In the first case study, plant simulation was applied 

to debottlenecking a KBI cell-culture facility. The key 

challenge was that the company had an opportunity 

to book additional projects, but required a deeper 

understanding of the facility capability to commit to 

Process Modeling
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additional production. Plant simu-

lation was employed to determine 

how the facility could increase uti-

lization of its existing production 

bioreactors.

The initial activity in a debot-

tlenecking exercise should always 

be to document the current opera-

tional assumptions, to build a base 

case model, and to verify that the 

base case accurately reflects the 

real facility. In the base-case model, 

four diverse products were chosen 

to represent a typical product mix 

in a scenario of eight production 

lots; changing products between 

each lot as is typical for this facility. 

The selected product recipes cap-

tured typical variations seen across 

products. The flask stages, seed 

train, and production reactor dura-

tions varied. One product did not 

utilize the wave reactor and had a 

long occupancy of the inoculum 

growth area. The processes had less 

variation in terms of downstream 

sequence (typical three-column 

downstream process ending with 

a combination of UFDF, viral fil-

tration, and bulk container filling), 

but the column loadings and vol-

umes in downstream varied and 

provided a realistic level of process 

duration variation.

For the KBI mammalian cell-cul-

ture model, processing rooms were 

chosen to populate an “equipment” 

model rather than the more com-

mon practice of modeling specific 

tanks and process skids. For this 

facility, allocation of the process 

areas more effectively describes 

constraints within and between 

lots because one room may host 

multiple process steps, but only 

one step at a time. Other key fea-

tures modeled include changeover 

between lots, allocation of labor, a 

labor availability calendar, setup 

tasks, and valid connectivity paths 

for upstream. Media and buffer 

were not a major part of the model 

because the facility relied on out-

sourced solution prep and dispos-

able containers at this time, and 

was rarely or not limited by solu-

tion prep or storage.

Analysis of the base-case Gantt 

char t shown in Figure 1 indi-

cated that at a target run rate 

of 12 days per lot, upstream is 

unconstrained, but downstream 

is unable to keep up. The red 

box indicates the delay between 

upstream completion of the final 

lot and continuation of down-

stream for that lot. By the end of 

the eighth upstream production 

reactor step, two harvest pools 

are awaiting purification. Each 

cluster of tasks on Rm2128 rep-

resents initial purification, and 

each long cyan block on either 

RM2137 or RM2169 represents a 

production reactor step. Another 

key observation from the base-

case scenario was that although 

purification is clearly not keeping 

up, the purification area is fre-

quently idle due to the purifica-

tion staffing hours, which were 

modeled using a resource avail-

ability calendar.

Generation of the base-case 

model immediate ly c la r i f ied 

the fac i l it y ’s  chal lenges and 

explained why there were dif-

fering viewpoints on the facil-

ity capacity. Using the base-case 

plant simulation output and a 

var iety of a lternat ive scenar-

ios, a plan was developed to 

increase staffing and implement 

operational efficiency improve-

ments identif ied by the plant 

simulation exercise to support a 

capacity increase. Once the puri-

fication staffing was increased, 

the model identif ied the next 

key bott lenecks as the inocu-

lum laboratory and allocation of 

purification rooms for column 

packing between lots. A variety 

of alternatives were evaluated 

using plant simulation scenarios 

such as relocation of the wave 

reactor, elimination of backup 

flask cultures, and reconfigura-

tion of purification equipment 

locations.

After combining the plant simu-

lation scenario capacity forecasts 

with an assessment of cost, process 

risk, and business risk, the best 

scenario was implemented over 

a one year ramp-up period, and 

Process Modeling

Figure 1: Durham facility base-case capacity for debottlenecking simulation.
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the facility increased capacity by 

about 60% with minimal invest-

ment of capital.

CASE STUDY TWO: CAPITAL PROJECT 
SCOPE AND ALTERNATIVES ANALYSIS  
The second case study demon-

strates how plant simulat ion 

supported the decision-making 

process for capital project scop-

ing in the KBI fermentation facil-

ity, where a capacity limit meant 

the facility might have to forego 

additional revenue opportunities. 

Traditionally, biotech manufactur-

ing facility capital projects have 

poor track records of achieving 

targeted capacity levels. Reasons 

for performance shortfalls vary, 

but a common theme is that rules 

of thumb, back-of-the-envelope 

calculations, and survey and con-

sensus-based approaches are insuf-

ficient and frequently overlook 

key opportunities and constraints 

for complex biotech facilit ies. 

Capacity-related capital projects 

for biotech manufacturing are 

typically in the millions to tens 

of millions of dollars range, and 

failure to deliver on expected per-

formance is costly.

In this case, the facility’s pri-

mary limitation was clearly the 

single chromatography skid uti-

lized for multiple steps within 

each product ion lot. Figure 2 

shows the repeated use of equip-

ment CH-509-001 within one 

production lot (outlined in the 

red box at the bottom of the fig-

ure). However, the best invest-

ment choice and full scope to 

alleviate the limitation were not 

well understood. Plant simulation 

Figure 2: Capital project alternatives: base-case scenario.

Figure 3: Exmple of using plant simulation to examine buffer storage constraints.
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was used to investigate two key 

questions:

• I s  a d d i t io n a l  e q u ip m e nt 

beyond the chromatography 

skid needed to improve capac-

ity such as buffer prep, buffer 

storage, or additional water-for-

injection supply? 

• Would use of an additional 

manufacturing area (already 

underway for other purposes) 

enable the facility to deliver 

higher capacity? 

The base-case and two alterna-

tive scenarios were developed to 

forecast capacity under each sce-

nario. The fermentation facil-

ity model contains a significantly 

larger number of equipment enti-

ties than the cell-culture model, 

because solutions are prepared on 

site, constraints tend to be related 

to specific equipment rather than 

rooms, and the facility has many 

fixed storage tanks that are tempo-

rarily rate limiting at various peri-

ods of production. Analysis of the 

base-case Gantt chart confirmed 

that the capacity limit of the facil-

ity was driven by allocation of the 

single chromatography skid (CH-

509, outlined in the red box at the 

bottom of Figure 2) multiple times 

per lot. However, after relaxing that 

constraint by adding another skid 

to the model, it was apparent that 

the buffer preparation and stor-

age would also require additional 

equipment to increase capacity. 

In this case, explicit modeling of 

buffer storage (allocating the stor-

age tank from the point a buffer is 

transferred in until it is fully con-

sumed by the process) was a critical 

set of constraints necessary to accu-

rately model the facility.

Both investment options (chro-

matography skid plus buffer stor-

age and utilizing an additional 

suite for final purification steps) 

increased the capacity by 14%. 

Ultimately, the additional skid and 

buffer storage option was selected 

because the new downstream suite 

had other high value uses planned 

and therefore incurred a high 

opportunity cost. The key con-

tribution of plant simulation in 

this project was identification of 

the minimal set of additional buf-

fer storage necessary to realize a 

capacity increase from investment 

in a second chromatography skid.

CASE STUDY THREE: 
FERMENTATION
FACILITY SCHEDULING
The third case study shows how 

plant simulation can be used for 

finite scheduling and can deliver 

automated constraint resolution to 

support coordination of manufac-

turing floor activities. By linking 

labor resource needs to each task, 

the facility was able to generate a 

more consistent and supportable 

initial schedule. 

Using the plant simulation tool 

for scheduling enabled accurate 

accounting for buffer storage tank 

allocation for cases in which mul-

tiple solutions are assigned to dif-

ferent tanks. For example, during 

the initial trial (while still running 

under the scheduling toolset used 

prior to VirtECS), a one-day dis-

crepancy between the tools’ fore-

casted lot completion times was 

identified and traced to a missed 

buffer storage constraint in the 

older scheduling tool. Because 

there was no concept of mate-

rial storage in the prior schedul-

ing toolset, there was an ongoing 

risk of scheduling storage of more 

than one buffer at a time in a tank. 

As shown in Figure 3, the correct 

handling of buffer storage allocates 

the storage tank (T707 in this case) 

from the time Buffer A is trans-

ferred to it until the time Buffer A 

is fully consumed or disposed of; 

allowing for accurate representa-

tion of a changeover of the tank 

and storage of Buffer B later in the 

process. The linkage between the 

storage task duration and the tim-

ing of creation and consumption 

of buffer is important to ensure 

the model accurately reflects the 

real-world constraint on alloca-

tion and cleaning of buffer storage 

tanks. 

As in the previous case studies, 

scheduling requires a wide vari-

ety of model constraints; how-

ever, it’s also necessary to be able 

to accommodate an on-the-f ly 

change in timing or duration of 

a task and recalculate or re-opti-

mize the future from that point 

on to account for the fact that real-

world execution will eventually 

deviate from the initial schedul-

ing plan. Plant simulation creates 

the ability to quickly generate a 

schedule or explore a poten-

tial schedule change. For exam-

ple, after an unexpected delay on 

the floor, a schedule revision was 

needed, but the next step’s start 

time was dependent on completion 

of a quality control sample analy-

sis. The expected scenario was gen-

erated in about 30 minutes, and an 

alternative schedule was prepared 

in advance in case the sample 

results were completed early.

CONCLUSION
Plant simulat ion is a power-

ful modeling approach that can 

deliver answers to complex biotech 

capacity questions. Many biotech 

companies are already employing 

plant simulation tools; however, 

significant opportunity remains 

within the biotech industry to 

expand use in support of capital 

project scoping, facility debottle-

necking, and facility scheduling. 

REFERENCES
 1. M. Zentner, A. Elkamel, J. Pekny, and G. 

V. Reklaitis, Computers and Chemical 

Engineering, 22 (1-2) 125-145 (1998).

 2. J. F. Pekny, Computers and Chemical 

Engineering 26 (2) 239-267 (2002).

 3. D. Miller, D. Schertz, C. Stevens, and J. 

Pekny, BioPharm Int. 23 (2) 26-38 

(2010).

 4. D. Miller, D. Schertz, C. Stevens, and J. 

Pekny, BioPharm Int. 23 (3) 40-52 

(2010). ◆

http://www.biopharminternational.com


2017 AAPS ANNUAL MEETING AND EXPOSITION 

SOLUTIONS FOUND HERE

Expand Your Connections
� Network with scientists across the pharma field

� Foster new collaborations

� Discover job opportunities or find qualified 

job candidates

Keep Current on Regulations
� Attend sessions focused on the current

regulatory environment

� Engage directly with speakers from FDA, 

EMEA, and other agencies

Discover the Latest Technical
Advances
� Learn from case studies on emerging 

topics: drug candidate selection,

collaborative innovation, and much more

� Get a glimpse of future trends including

therapeutic monitoring, outsourcing, and

technology use

www.aaps.org/annualmeeting

SIGN UP NOW! 
ADVANCE REGISTRATION ENDS OCTOBER 13!
See full details: www.aaps.org/annualmeeting/BI

Overcome challenges anywhere along your pipeline … 
answers you need, expertise you can trust.

http://www.aaps.org/annualmeeting
http://www.aaps.org/annualmeeting/BI
http://www.aaps.org/annualmeeting/BI


24  BioPharm International www.biopharminternational.com September 2017

L
e
ig

h
 P

ra
th

e
r/

S
h
u

tt
e
rs

to
c
k
.c

o
m

T
he biopharmaceutical indus-

try has witnessed tremendous 

breakthroughs dur ing the 

past few years. However, this 

advancement is accompanied by an 

increasing population with health prob-

lems and diseases. In addition, the grow-

ing list of super microorganisms that 

show broad-spectrum resistance to dif-

ferent classes of antimicrobials is becom-

ing more common. 

Up-to-date lists of product recalls 

due to contamination by objection-

able microorganisms are provided by 

FDA (1). The Center for Food Safety 

and Applied Nutrition (CFSAN)—under 

FDA—provided a comprehensive col-

lection of pathogenic microbes in Bad 

Bug Book including: Trychophyton species, 

Serratia marcescens, Neisseria meningiti-

dis, Microsporum species, and Bacteroides 

fragilis, among others that should not 

be overlooked in microbiological qual-

ity control (2). Moreover, determina-

tion and identification of the nature 

and relative densities of microbial popu-

lations through trending analysis are 

essential for the appropriate selection 

of pre-filters rating and risk assessment 

studies that should be assessed for both 

upstream and downstream processes.

GOOD PRACTICES IN THE 
BIOPHARMACEUTICAL INDUSTRY
Because bio/pharmaceutical products 

are generally intended for ill popula-

tions, bioburden control throughout 

the whole manufacturing plant should 

be maintained effectively to minimize 

the risk of medicinal products contami-

Bioburden Control in the
Biopharmaceutical Industry
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nation. According to the Public 

Health Service (PHS) Act and as 

illustrated in Figure 1, the biolog-

ical product must be safe, pure, 

and potent. 

The basic standards for estab-

l i sh ing a fac i l it y for  manu-

f ac t u r i ng ,  p ro c e s s i n g ,  a nd 

p a c k a g i n g  b io ph a r m a c e ut i -

cal products should, therefore, 

ensure that these three criteria 

are met consistently (3). Thus, 

the safety of the biological prep-

aration is a major consideration, 

and the assurance that the fin-

ished product will be protected 

from microbial contamination is 

an integral part of product safety 

goals. Regulatory bodies stress the 

necessity of adhering to cGMP 

requirements for facilities man-

ufacturing biologic products to 

ensure quality in both the process 

and product (4).

There are several factors that 

impact the level of microbial con-

tamination in biopharmaceuti-

cal products either directly or 

indirectly, as shown in Figure 2. 

Human activity and normal tasks 

performed within a manufactur-

ing facility may influence the other 

contributing factors significantly. 

Bioburden contamination is 

affected by the degree of com-

pliance to GXP rules. According 

to FDA’s definition, an “adulter-

ated” pharmaceutical product is 

one which is manufactured under 

non-cGMP conditions. Even if the 

product itself meets specifications, 

it is still considered “adulterated” 

if it was not manufactured under 

cGMP standards in a cGMP envi-

ronment (5). This is also evident 

from warning letters that have 

been issued by FDA (6).

MICROBIOLOGICAL TESTING HAS 
ITS  LIMITATIONS
Reliance on only quality control 

tests to judge the safe release of 

the final product to the market 

may be misleading because of 

the nature of the test sensitivity, 

which is normally low when low 

numbers of microbial load are 

present and which usually follows 

the Poisson or Binomial distribu-

tion pattern (7–9). 

The relation between the test 

volume (mL) and the bioburden 

level required (colony forming 

unit [CFU]/100 mL) to maintain 

test sensitivity at the same level 

as that of bioburden density—10 

CFU/100 mL for a 100-mL sample 

volume, i.e., probability of detec-

tion at 41.2%—can be described 

by Equation 1:

Y41.2%= 4.8 + 7.16 (X-1.22)/[0.05 + 

(X-1.22)]                                            

[Eq. 1]

where X is the test volume (mL) 

and Y41.2% is CFU/100 mL that 

gives test sensitivity equivalent to 

that of 10 CFU/100 mL.

This equation was derived from 

Figure 3 according to Field (9). 

Thus, the influence of the reduc-

tion of the test volume on test 

sensitivity is considerably low. A 

10-time reduction in the sample 

volume requires an increase in the 

number of CFU by approximately 

six to achieve the same sensitivity.

It should be noted, however, that 

as bioburden density gets lower, 

the sensitivity of the test decreases 

dramatically (9). An empirical 

equation that explains this con-

cept is seen in Equation 2:

Ppass = 1.03/[(1 + e(0.32μ-3.7))1.23]   

[Eq. 2]

where Ppass is the probability to 

pass the test undetected and μ is 

the number of CFU/100 mL.

Accordingly, the sensitivity of 

the test is about 1.0% when the 

actual bioburden is one CFU/100 

mL and 50% with 11 CFU/100 

mL, but approximates 96% at 20 

CFU/100 mL. Thus, as the biobur-

den reduction increases (which is 

normally considered better from 

the manufacturing-control pro-

spective), the possibility to detect 

the microbial count decreases.

INPROCESS MONITORING AND 
QUALITY CONTROLS
The in-process control (IPC) moni-

toring of bioburden during the 

processing of non-sterile bulk 

product is crucial, especially dur-

ing the upstream and downstream 

control l ing steps of a mult i-

step complex operation, such as 

Bioburden Reduction

Figure 1. Public Health Service (PHS) Act for basic requirements of biological 

products that are built into the drug through the company. (Source: Reference 3)
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 pre-filtering to prevent excessive 

microbial load from reaching 

and fouling the sterilizing filters 

(10). The application of statisti-

cal process control (SPC) will be 

important in such instances to 

spot areas of risk, defect, and/

or improvement that require 

action(s) to be put in place. 

Trending charts will allow visu-

alization of the overall efficiency 

of the inspected process. A pro-

cess with upper and/or lower con-

trol limit(s) (UCL/LCL) that are 

not confined to just within upper 

and/or lower specification (USL/

LSL) limit(s) but are also stable 

over the short- and long-term, is 

stable and predictable in behav-

ior (11). This approach proves 

that the operation is consistent 

and under stat ist ical control. 

Accordingly, it should provide evi-

dence of compliance to cGMP. 

Broadly speaking, there are two 

types of control charts used in the 

pharmaceutical field: variable and 

attribute. Each chart has its spe-

cific use depending on the type of 

data and the process and/or char-

acteristic under study and that is 

being monitored (12). 

Attribute charts (such as the C 

chart, which represents the num-

ber of defects per item, or the U 

chart, for the number of defects 

per sample) are suitable for the 

trending of microbiological data. 

However, with the aid of some 

mathematical tools, microbiologi-

cal results could be transformed 

so that the variable control charts 

might be applied (13). This gives 

an advantage to the variable con-

trol charts in microbiological qual-

ity control. Attempts have been 

made to apply these techniques 

to the microbiological monitoring 

of water, air, and surfaces in the 

pharmaceutical industry (14–16).

ESTABLISHING MICROBIOLOGICAL 
CONTROL MEASURES
The biopharmaceutical produc-

tion line is subject to contamina-

tion from two main sources: firstly, 

operational endogenous organisms 

that are product/process specific; 

and secondly, microorganisms that 

are endemic to the facility. Several 

measures should be taken to 

ensure that bioburden is reduced 

within safe and controllable levels. 

Validated sanitization and disin-

fection programs suitable for the 

type of activities and work load 

should be performed frequently 

and routinely. Appropriate clean-

in-place (CIP) and sterilization-

in-place (SIP) operations should 

be performed strictly for all lines 

w ith in spec i f ied condit ions. 

Sterilization filters with associated 

pre-filters should be adequately 

monitored and maintained at 

optimum conditions. Supply air 

ducts with associated high effi-

ciency particulate air (HEPA) fil-

ters and heating, ventilation, and 

air conditioning (HVAC) systems 

should be regularly monitored and 

effectively maintained to supply 

the dedicated areas with expected 

clean air quality.

Operators and staf f in the 

plant are an important factor 

because they may easily affect 

other influential parameters of 

microbial contamination in the 

Bioburden Reduction

Figure 2. Major factors that infl uence the microbiological contamination risk of 

biopharmaceuticals. The human factor might infl uence and dominate the other 

factors. (Source: Reference 17)
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 manufac t ur ing plant,  e ither 

directly or indirectly. Human 

beings have been identified as the 

source for approximately 75–80% 

of microbial contamination in 

clean rooms (17). 

Great efforts are needed to 

deliver suitable knowledge, skills, 

awareness, and training to the 

working staff through rigorous 

policies, protocols, guidelines, ref-

erences, and standard operating 

procedures (SOPs). Such efforts 

would positively impact the work-

ing environment and morale, with 

emphasis on a GXP-favorable atti-

tude throughout the firm.

CONCLUSION
The biologics sector is continually 

expanding because these drugs 

demonstrate better therapeutic 

value in treating an increasing 

number of chronic diseases (18). 

Biologics manufacturing, however, 

costs more than small-molecule 

drug manufacturing in terms 

of research, investments, instal-

lations, maintenances, facilities, 

and technologies. 

Microbial contamination and 

spoilage are among the most chal-

lenging problems that affect bio-

logics manufacturers and patients. 

Thus, a continuous microbiologi-

cal monitoring plan, coupled with 

SPC, should be used to assess the 

current state of bioburden reduc-

tion and control and to determine 

the improvements that are nec-

essary. Effective defensive plans 

should be established for rapid 

actions upon detecting any signs 

predisposing the incursion of 

microbiological contamination, 

but it should always be taken into 

consideration that microbiologi-

cal quality control testing cannot 

be used as a standalone measure 

independent of GXP.
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P
urification and concentration 

of bioprocess f luids are cru-

cial steps in biopharmaceutical 

manufacturing. Normal-f low 

filtration (NFF), or dead-end filtration, 

involves passage of the fluid through a 

filter made of materials ranging from 

paper and glass fibers to membranes. 

These filters typically are used only for 

removal of undesired contaminants. 

Tangential-flow filtration (TFF), which 

involves gently sweeping the bioprocess 

fluid tangentially along the surface of a 

semi-permeable membrane, allows for 

collection and use of both the retentate 

and the permeate and can thus be used 

in more biomanufacturing operations. 

As a result, TFF is used today for both 

upstream and downstream processing of 

most biologic drugs.

The need to reduce costs and speed 

product development, combined with 

the shift in focus from blockbusters to 

orphan drugs; the rapid advancement of 

personalized medicines based on next-

generation therapeutics; and growing 

interest in continuous processing have 

together driven membrane/equipment 

providers to introduce enhanced TFF 

devices that facilitate flexible, low-cost 

biomanufacturing.

MANY APPLICATIONS
There are many different unit opera-

tions for which TFF has been proven 

useful, including cell harvesting and 

clarification in upstream perfusion 

processes and concentration, diafiltra-

tion (buffer exchange), and purifica-

tion (product fractionation) via removal 
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of various types of contaminants 

based on molecular size, which are 

common downstream processes. 

Most biologic drug substances, 

including monoclonal antibodies, 

recombinant proteins, vaccines, 

antibody conjugates, and next-gen-

eration products such as cell and 

gene therapies and nanoparticles, 

can be processed using TFF. 

All unit operations are rel-

evant because, by using TFF, the 

efficiency of the overall manu-

facturing processes and purity/

concentration of biologic drug 

substances are improved, accord-

ing to David Serway, vice-president 

of business development with 

Spectrum Laboratories.

“These applications are critical 

for meeting the stringent require-

ments for efficacy and safety of 

b iopha r mace ut ic a l s ,”  s t ate s 

Andrew Bulpin, head of pro-

cess solutions at MilliporeSigma, 

Ultimately, according to Kevin 

Marino, global product manager 

for continuous filtration with Pall 

Life Sciences, TFF technology helps 

ensure that final drug product is at 

the appropriate concentration and 

formulation for patient delivery. 

NUMEROUS ADVANTAGES OVER NFF
The purification of biomolecules 

generally involves several tangen-

tial and/or normal flow filtration 

steps combined with chromato-

graphic separations. Both filtra-

tion technologies purify bioprocess 

solutions by removing contami-

nates with a fixed porous medium, 

yet each format has unique advan-

tages, according to Amit Sharma, 

an application scientist with GE 

Healthcare Life Sciences. 

There are, he adds, three main 

differences between TFF and NFF: 

TFF filters are exclusively mem-

branes, while NFF filters can be 

constructed of a variety of mate-

rials; TFF supports recirculation 

of the retentate solution, while 

the feed in NFF typically passes 

through the filter only once; and 

in TFF, the retentate remains a 

solut ion, a l lowing for d irect 

recovery, whereas in NFF, solids 

are typically collected on the fil-

ter and must be resuspended for 

further processing.

In the majority of TFF applica-

tions, the product stays upstream 

of the membrane and passes over 

it multiple times until the desired 

concentration or buffer compo-

sition is achieved. An optimal 

pressure, referred to as the trans-

membrane pressure, is determined 

and maintained, allowing a large 

volume to be processed using an 

optimal membrane surface area, 

according to Serway. “This process 

allows achievement of a high con-

centration of the product without 

plugging the membrane or diafil-

tration without loss of any prod-

uct,” Bulpin notes. Serway further 

points out that the design enables 

linear scale up; processes at the lab 

that are scaled to production vol-

umes can be operated under simi-

lar conditions without the need to 

reinvestigate the operating condi-

tions as long as the process mate-

rial has not changed.

“Given these differences, NFF 

is used when clarification and/or 

bio-burden reduction is desired 

in relatively low-solid streams, for 

protecting or enhancing down-

stream operations, or when final 

polishing is required to achieve 

sterility. TFF is best suited for 

higher-solids, more viscous feed 

solutions, and/or where concen-

tration or purification of cells or 

target species is desired,” Sharma 

observes. Bulpin adds that the 

process and economic benefits of 

TFF make it a necessary step in 

the manufacture of virtually all 

biopharmaceuticals.

SINGULAR DEVELOPMENTS
Evolution in the biopharmaceuti-

cal market today is evidenced by 

the increasing numbers of biosimi-

lars under development and the 

shift toward novel, next-generation 

therapies as alternatives to conven-

tional monoclonal antibodies. “As 

a result, today there is greater need 

for higher and more effective facil-

ity utilization due to relentless cost 

pressures and, simultaneously, a 

growing requirement for drugs to 

be released more quickly to the 

market with short turn-around 

times,” Sharma observes. Several 

advances in TFF technology have 

helped answer the industry need 

for speed to market, novel thera-

pies, and faster and more economi-

cal processing, according to Bulpin.

Single-use TFF assemblies and 

systems are one notable devel-

opment. With disposable f low 

paths, single-use systems help 

minimize the r isk for c ross -

contamination and reduce the 

time spent on cleaning and sani-

tization, according to Sharma. 

“ Tu r na rou nd  t i me  b e t we e n 

batches or products is improved 

and uptime is maximized, facili-

tating multiproduct and flexible 

manufacturing,” he notes. 

Single-use TFF systems also 

facilitate the adoption of con-

tinuous manufacturing, such as 

perfusion processes, for which 

TFF is employed in continuous 

cell harvesting and clarification. 

“Although perfusion technology 

has been around for decades, the 

need to find more effective ways 

to reach extremely high cell densi-

ties and enable more efficient and 

flexible manufacturing has led to a 

surge in interest in continuous pro-

cessing. Single-use TFF systems are 

ideally suited for continuous cell 

culture,” Serway explains.

Single-pass TFF (SPTFF) has 

also emerged as a critical enabler 

of intensified (faster, smaller, less 

expensive) processing, accord-

ing to Bulpin. “Conventional TFF 

requires the fluid to be recircu-

lated, typically for several hours, 

and the concentrated product is 
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recovered from the feed tank and 

system at the end of the process, 

often resulting in less-than-desir-

able product yield due to inade-

quate recovery from the system/

tank or product loss due to foam-

ing, denaturization, or aggregate 

formation,” Marino says. “SPTFF 

allows for concentration with 

Downstream Processing: Filtration

Acoustic wave separation (AWS) technology for cell 

harvesting and clarification, unlike tangential-flow filtration 

(TFF), does not achieve separation of cells using a physical 

barrier, but with high-frequency resonant ultrasonic waves. 

The cells are held back using an acoustic force field as the 

bioprocess fluid flows through an open channel. The use of 

acoustic waves allows differentiation of particles of equal 

size, and thus the technology can be used for the separation 

of particles from the nano (20 nm) to macro (5–400 

μm) scales. The process is gentle; cells are subjected to 

extremely low shear forces unlike in TFF and centrifugation, 

and thus cell viability is not impacted, according to Chris 

Leidel, vice-president of business development with 

FloDesign Solutions (FDS). 

Equally important, there is no potential for clogging or 

fouling in the open chamber, and thus no need to halt 

operation and change the membrane filter. “One-hundred 

percent product transmission can be maintained for long 

periods, and because all product is removed throughout the 

run, it is not concentrated in the reactor overtime, potentially 

leading to product quality and consistency improvements. 

Furthermore, fines are not returned to the bioreactor, leading 

to cleaner culture conditions, and the tunability of the 

acoustic waves means that the clarification conditions can 

be adjusted to meet the specific needs for each cell culture 

process,” Leidel says. Overall, he adds, these attributes 

make AWS a more selective and robust alternative process 

to TFF and normal-flow filtration (NFF), and may translate 

into potentially cleaner reactions, more productive cells, and 

better process economics.

Pall Life Sciences has exclusively licensed the FDS AWS 

technology for continuous clarification of perfusion processes 

in biomanufacturing (branded as the Cadence Acoustic 

Separator), and the two companies are working closely to 

further develop the technology. For perfusion, Leidel expects 

a process-development-scale system to be introduced early 

in 2018 with a commercial-scale version (50–500 L) to reach 

the market shortly thereafter.

Applikon Biotechnology also offers an ultrasound-based 

solution to the biopharmaceutical industry, the BioSep 

acoustic perfusion system based on Sonosep Technology. 

Five models cover capacities ranging from 1–1000 L/day, 

according to the company’s website (1).

Adoption hurdles

The biggest challenge in getting the acoustic wave 

separation technology accepted in the biopharmaceutical 

industry will be the fact that TFF is already proven and 

companies are comfortable with it, according to Leidel. 

He also notes that because some fines come through the 

system, a small secondary filtration step is needed. AWS 

devices must also scale with the size of the bioreactor, 

which FDA and Pall are currently addressing. There is, in 

addition, a theoretical cell density limit, but to date the 

companies have been successful with cultures up to 100 

million cells, according to Leidel.

“Otherwise, the AWS consumables are single-use, 

gamma-irradiated, closed systems like current TFF devices 

with similar pumps and setup requirements. We also have 

extensive data from a number of long-term runs performed 

in conjunction with different customers demonstrating similar 

and in some cases improved results in terms of impact on 

cell growth, cell viabilities, product expression, and other 

attributes indicative of cell-culture performance, are achieved 

with both technologies,” Leidel states.

The rate of adoption of acoustic separation technology for 

continuous harvesting will, according to Leidel, depend largely 

on the rate of adoption of continuous processing. “There is 

definitely growing recognition of the benefits of continuous 

manufacturing. We are seeing an increasing interest from 

industry leaders to work with equipment vendors like Pall 

to develop effective solutions that will enable integrated 

continuous bioprocessing. As a result, I don’t think the 

timeframe for adoption of acoustic separation and other 

technologies that facilitate continuous manufacturing will be 

too long,” Leidel concludes.

It should also be noted that AWS technology is applicable 

for perfusion production of cell, gene, and viral vector 

therapies. “AWS provides a gentle means for harvesting 

cells. The challenge is to scale down the technology for these 

personalized medicines,” Leidel observes. FDS is focused 

on developing solutions for this segment of the biopharma 

market, which was not part of the license to Pall.
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one pump pass and a single pass 

through the system using 5–10X 

lower feed flow rates compared 

to conventional TFF, resulting in 

smaller line sizes, significantly 

reduced hold up volumes, and sub-

sequently increased product yield,” 

he adds. 

In addition, the retentate is 

collected at the desired concen-

tration throughout the process, 

eliminating the need to accumu-

late a batch, making it ideal for 

continuous bioprocessing. For 

instance, SPTFF enables ultrafil-

tration/diafiltration (UF/DF) in 

a continuous processing mode, 

according to Marino. Pall has an 

exclusive license to this patented 

SPTFF technology. 

Other noteworthy advances 

in TFF technology, according to 

Bulpin, include TFF devices that 

are speci f ica l ly designed for 

high-viscosity processing, allow-

ing the production of drug for-

mulations suitable for injection. 

Improvements in TFF manufac-

turing processes have also made 

it possible to produce membranes 

with better-defined pore sizes, 

leading to improved process yields 

and filtration selectivity.

AREAS FOR IMPROVEMENT
Given the constant evolution of 

the biopharmaceutical manufac-

turing industry and thus biomanu-

facturing, processing technologies 

must also constantly evolve. For 

TFF, the strong demand for sin-

gle-use technologies and the 

emergence of novel therapeutic 

molecules requiring enclosed pro-

cessing (e.g., antibody-drug conju-

gates) highlighted the limitations 

of the conventional open, f lat-

sheet cassette design, according to 

Bulpin. “We expect increased use 

of fully enclosed TFF devices that 

still offer the scalability and per-

formance of cassettes,” he states. 

For Bulpin, one exciting solu-

t ion i n  deve lopment  i s  a n 

enc losed ,  h igh-pe r for ma nce 

TFF device format that does not 

require external holders for use, 

thus dramatically simplifying 

installation and removal. The new 

enclosed devices also come pre-

sterilized, thus eliminating the 

need for flushing of storage solu-

tions and sanitization, thereby 

significantly reducing cleaning 

time and buffer usage.

Serway would like to empha-

size the advances in TFF devices 

using hollow fibers with the design 

needed to more effectively han-

dle bioprocess fluids containing 

nanoparticles and cells, such as 

Spectrum’s 3D TFF (TFDF) device 

for cell-perfusion applications. “In 

addition to being pre-sterilized, 

hollow fibers perform under lower 

pressures and are easier to set up/

use compared to cassette technol-

ogy. They also outperform other 

TFF technologies due to their flow 

dynamics,” he explains. 

Both Sharma and Marino are 

interested in developments that 

further facilitate continuous pro-

cessing. “With bioreactor output 

increasing 5–10X in terms of vol-

umetric productivity and titers, 

the same cell culture capacity is 

now being reached in a fraction 

of the floor space and is acting 

as a constraint for further pro-

cessing. Current TFF technology 

can be improved upon to be used 

in perfusion mode so that high 

product quality/quantity can be 

achieved by maintaining homo-

geneity, providing for complete 

glycosylation, avoiding aggregate 

formation and deterioration, and 

enabling the use of low expres-

sion systems during develop-

ment,” he explains. 

Sharma further asserts that “con-

tinuous manufacturing is the new 

vision in biomanufacturing, so 

molding TFF to adapt to the con-

tinuous scenario is the new chal-

lenge.” To address this need, GE 

introduced AKTA readyflux, a sin-

gle-use, automated TFF system that 

reduces operator dependency and 

adds consistency to the process.

Diafiltration is one important 

gap in the technology portfolio 

for a truly continuous bioprocess, 

according to Marino. Pall is cur-

rently developing a product to 

address this need. “The Cadence 

I n l i ne  D ia f i l t r at ion  dev ice 

addresses this gap for the biophar-

maceutical industry by completing 

the product/technology offering 

for the realization of continuous 

final formulation and brings man-

ufacturers another step closer to 

the realization of an end-to-end 

integrated continuous bioprocess-

ing platform,” he says.

FUTURE NEEDS
In fact, one of the biggest applica-

tions for TFF in the future will be 

in continuous processes. “I expect 

the use of SPTFF to become more 

widespread as the shift to con-

tinuous processing takes place,” 

Marino states. “Single-use TFF 

will be the future for clarification 

and concentration as an alterna-

tive to centrifugation in continu-

ous bioprocessing, reducing capex 

expenses and improving process 

economies, as well as conserving 

water and reducing cleaning and 

validation costs,“ agrees Sharma.

Bulpin adds that “fully enclosed, 

single-use TFF assemblies have the 

potential to dramatically change 

the way the technology is used 

in clinical and small manufactur-

ing scale.” He also expects contin-

ued strong interest in using TFF for 

high viscosity formulations. There 

will also be a need for smaller-

scale TFF devices than what is cur-

rently available in a truly scalable 

format for the processing of drugs 

for smaller population diseases 

and cell therapies, where the vol-

ume of product available for pro-

cess development is too small for 

the existing TFF devices, according 

to Marino. ◆
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I
n microbiological control, mod-

els of contamination have histori-

cally been based upon the innate, 

proinflammatory responses and 

it has not been intuitive that arti-

facts generating immunostimulative 

responses could proceed via differ-

ent sources. Beta-glucans for instance 

produce no overt proinflammatory 

provocation but have come to be 

known as immune modulators. The 

innate immune system has been found 

to inform adaptive responses and 

the transfer of information involves 

sophisticated cross-talk (1) with both 

co-stimulatory and co-inhibitory sig-

nals from Toll-like receptors (TLR) 

informing antigen receptors and con-

tinues to be elaborated. 

The mammalian host response 

to a wide range of microbial arti-

facts underlies the need to preclude 

or remove them from biologic drug 

manufacturing processes. Typically, 

host expression system remnants 

are called impurities, and those for-

eign to the expression system are 

called contaminants. The mamma-

lian responses to microbial artifacts 

is two-pronged: an overt, initial, and 

rapid proinflammatory response is 

activated directly by microbial-associ-

ated molecular patterns (MAMPs) via 

pattern recognition receptors (PRRs) 

including TLRs, resulting in cytokine 

production and complement activa-

tion, followed by fever and coagu-

lopathy, and may proceed to shock or 

sepsis. A second, adaptive response, if 

it proceeds, does so after a delay and 

in response to immunostimulatory 

prompts from the innate immune sys-

tem. Here, microbial artifact MAMPs 

contribute to the activation of the 

adaptive immune system via produc-

tion of different sets of cytokines 

(than those producing the inf lam-

matory response), ultimately result-

ing in a highly specific, long-lasting 

antibody production by B lympho-

cytes. Higher organisms (beginning 

in Gnathesomes or jawed vertebrates) 

have parallel acting immune system 

architecture (see Figure 1).

CONTROL OF BIOLOGICS IMPURITIES, 
CONTAMINANTS, AND MIMETICS
Testing for bioburden, sterility, par-

ticulates (as microbial mimetics), and 

endotoxin for small-molecule drugs 

(SMDs) and large-volume parenterals 

(LVPs) has been well established for 

decades, with no need for additional 

control. The advent of modern bio-

logics, however, has brought with it 

adverse drug reactions (ADRs) arising 

from drug mechanism of action alone 

or from impurity/contaminant inter-
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is evolving. Much of the ongoing change is associated with the realization that

the stimulation of the adaptive immune system is a separate but also overlapping 
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action with immune cell PRRs and surface 

signaling molecules (CSSMs) to induce the 

generation of anti-drug antibodies (ADAs) 

or neutralizing drug antibodies (NDAs). The 

rapid rise of immunological knowledge and 

the realization by some (including some at 

FDA labs: Verthelyi and Wang [2] and Haile 

et al. [3]) that microbial impurities/contami-

nants/mimetics should be gauged differently 

when dealing with biologic drugs is bringing 

change to microbiological analytical testing. 

The move from a singular focus on 

microbiology to a broader view of microbi-

ology with an associated immune context 

is a change from the detection of overt to 

covert contaminants. Immunogenicity con-

cerns dominate biologics drug development 

and have largely been handled upstream by 

drug developers using sophisticated tools 

including “humanization” of the molecules 

(4) and drug immunogenicity testing in mice 

(even “humanized” mice [5]). The layering 

onto existing tests of an immune context has A
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Figure 1. The two major interfaces for microbial recognition in 

the innate and adaptive immune systems respectively.  TLR4 is likely 

unique in the complexity and variety of the types of a single  

microbial-associated molecular patterns (MAMP) recognized (LPS). 

TLR is Toll-like receptor.
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been viewed by some an additional burden to 

microbiological analytics. This can be seen in 

efforts to develop host cell protein tests (6, 7), 

the use of polymerase chain reaction (PCR) 

for nucleic acid detection (8), the detection of 

subvisible particles as well as the addition of 

“contaminants” not previously viewed as such. 

The difficulties associated with increasing 

expectations are apparent: “it is quite a chal-

lenge to detect and measure host cell proteins 

(HCPs) in a matrix dominated by the recom-

binant protein” (9). Similarly, the addition 

of low endotoxin recovery (LER) and endo-

toxin-protein binding concerns constitute 

an additional class of “hidden endotoxin” to 

analytic detection efforts. Examples of biolog-

ics assays that have testing associated with an 

immune-context include: HCPs (10), nucleic 

acids, β-glucans (11, 12), and endotoxin (13). 

Perhaps the first indication that biologics con-

trol would be different occurred in the rec-

ognition that microbial mimetics can bring 

unwanted attention (ADAs, NDAs) to biologic 

proteins and includes: sub-visible particles 

(SVPs), protein aggregates, and emulsions.

Examples of adverse events that have pre-

cipitated the addition of immune context are 

plentiful from microbial-derived and micro-

bial mimetic perspectives, including: 

• Flagellin as a HCP impurity co-purified 

with drug substance (14). 

• Viral RNA/DNA as well as mycoplasmas 

have been found in some biologics manu-

facturing processes (15). 

• β-glucans, once viewed as harmless fun-

gal-derived sugars, are now viewed as 

immune reactive (16).

• Subvisible particles in Omontys, a syn-

thetic erythropoietin peptide mimetic 

drug, were identified as a potential cause 

of anaphylaxis and deaths (17).

• Protein aggregation exacerbated by sili-

cone oil (emulsions) has been seen from 

stoppers and vials (18).

If some assay analytes (including masked 

endotoxin) have not been implicated by pre-

cipitating events, it is likely due to the com-

plexity of making such an association between 

a given adverse reaction and its causative agent. 

The visibility of adverse events is hampered 

by the mode of action of various biologics that 

are prone to induce fever/pyrexia and infu-

sion reactions as a common administration 

side effect. Problems arising from fever-causa-

tion due to impurities and contaminants are 

believed by many to have already been solved 

and, therefore, all reactions are thought to be 

associated with the drug itself or attributed 

to unknown causes. Baldo relates the “state of 

the art” of biologics adverse reactions in Safety 

of Biologic Therapy (19):

“Infusion of many biologics, particularly mono-

clonal antibodies (mAbs), provokes a character-

istic infusion syndrome, usually within one or a 

few hours during/after the first administration. 

Whereas most reactions are mild to moderate with 

symptoms often described as ‘f lu’-like with fever, 

chills, rigors (shaking from high fever), headache, 

nausea, asthenia, rash, and pruritus, a small num-

ber of patients, mostly at the first or second infusion, 

show potentially fatal symptoms ... The mecha-

nisms of mAb-induced infusion reactions are not yet 

fully understood” (19). 

Thus, the drug mode of action does not 

explain all instances of fever or drug  infusion 

reactions. What is interesting is the similarity 

of this common biologics “infusion reaction” 

to endotoxin infusion, historically performed 

in humans to establish the threshold 

pyrogenic response: “endotoxin doses of 2–4 

ng/kg body weight cause flu-like symptoms 

(fever, chills, myalgia, headache, nausea)” 

(20). Some experts have voiced doubt as to 

the inherent nature of deleterious immune 

reactivity of mAbs (as human molecules) and 

other biologic drugs: 

• “In the absence of adjuvants, proteins are 

usually not immunogenic, in fact, often, 

they are tolerogenic. That is the basis of 

allergy immunotherapy…” (21).

• “The unexpected development of immune 

responses to fully human antibodies and 

proteins … has become one of the greatest 

puzzles of the protein therapeutics revolu-

tion” (22).

• “Despite the general trend towards ‘human-

ization,’ these drugs remain immunogenic 

in clinical settings, baffling drug developers. 

In principle, humanized and fully human 

monoclonal antibodies are ‘self’ immuno-

globulins and should be tolerated” (23).

Given the historical relationship of proteins 

and endotoxins, the presence of hidden, low 

dose, or detoxified endotoxins should not be 

completely ruled out (to be discussed). However, 

fever is a minor response compared to immuno-

genicity, which provokes the adaptive response 

against the therapeutic protein and sometimes 
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results in the cessation of life-saving therapy. 

Technically, expected fever is not an adverse 

drug reaction (ADR) because Code of Federal 

Regulations (CFR) 314.80 states that drug man-

ufacturer reports required within 15 days of 

receipt are only required: “to report to FDA indi-

vidual case safety reports for events classified 

as ‘unexpected’ or ‘unlabeled’ (not described 

in the product package insert) and ‘serious.’ 

Furthermore, FDA MedWatch.org reports are 

voluntary (24) and as such cannot provide sta-

tistical evidence of occurrence frequency. 

IMMUNE CONTEXT DEFINED
Simply stated, the immune context for bio-

logics microbiological contaminants is 

an inclusion of the detection and exclu-

sion of “immunostimulatory artifacts” that 

can alert the adaptive immune system of the 

presence of large proteins in a negative way. 

Immunostimulatory artifacts could be consid-

ered “hidden” in several ways, including the 

lack of knowledge of what artifacts may be 

immune stimulating. Analytically speaking, 

one cannot find what one does not seek and 

one is likely to find only a fraction of what one 

does seek. A wide variety of mammalian recep-

tors (10 TLRs in man) cover dozens of micro-

bial artifacts including the lipopolysaccharide 

(LPS) receptor (TLR4). Viewing endotoxin as 

a model MAMP, it has both proinflammatory 

and immunostimulatory properties. These pro-

ceed by different pathways after receptor dimer 

complex (TLR4/MD2) activation. One is called 

the MyD88-dependent pathway and the other 

is the MyD88 independent pathway (25,26). 

The detoxification of endotoxin for vaccine 

research demonstrates the dual nature of LPS. 

Historically, detoxification has been achieved 

by many different LPS treatment methods and 

effectively severs the toxic (proinflammatory) 

response to LPS from its immunostimulatory 

properties (25). For a list of detoxification meth-

ods, see reference 27.

The innate response has been found to 

be critical in terms of informing the adap-

tive response (28). Janeway (29), whom first 

proposed the very idea of a PRR in 1989, pre-

dicted that highly conserved innate PRRs 

(including TLRs) contain the information nec-

essary to identify and respond to MAMPs like 

LPS. In contrast, the adaptive immune system, 

given the hyper variability-generating systems 

used to make a million different antibody 

structures by shuffling small sets of germ-line 

encoded genes is literally guessing at con-

taminant structures. Though there are some 

complex methods of weeding out self-reactive 

versions, the largely random guesswork is so 

prolific that it is all but certain to bind (via 

paratope) any given protein target (epitope). 

Thus, the adaptive structures, membrane-

bound antibody receptors on B-lymphocytes 

for example, need the context provided by 

TLRs (the most potent activator thereof being 

LPS), otherwise deleterious autoimmune bind-

ing events would be much more frequent: 

“Because the gene shuffling mechanisms used to gen-

erate diversity among T cell receptors (TCRs) and B 

cell receptors (BCRs) can end up recognizing self, the 

cells of the adaptive immune system require instruc-

tion by the cells of the innate system as to whether 

an immune response should be mounted to a partic-

ular antigen (or not). This is a critical role …” (30). 

And

“… the semantic information is conveyed by the 

non-clonal recognition system (PRRs), because 

randomly created receptors cannot carry seman-

tic content as they would not know in advance 

what antigen they will recognize and what type of 

response they will have to induce” (31).
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Figure 2. Mammalian-microbial interfaces of adaptive and innate 

immune responses via antigen receptor and TLRs, respectively.   

Based upon reference 1 (Figures 1 and 2).  Given that mammalian 

paratopes are a product of random rearrangement, conserved PRRs 

(including TLRs) inform the adaptive response.  The phenomenon is 

also the concept of vaccine adjuvant behavior as referenced by FDA 

Immunogenicity Guideline (2014).  BCR= B-cell receptor, TLR = Toll-like 

receptor, MAMPs are microbial associated molecular patterns such as 

LPS, PRR = pattern recognition receptor.
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Figure 2 shows a basic difference in microbial 

interfacing between the largely randomly gen-

erated antibody receptors and the genetically 

evolved and conserved PRRs such as TLRs. 

FDA developed an immune context for 

microbiological testing but the idea remains 

obscure to many in the industry. The 

FDA guidance document, Immunogenicity 

Assessment for Therapeutic Protein Products, 

section 5, page 18, describes “Impurities 

with Adjuvant Activity” and the activation of 

the adaptive immune system by the innate 

immune system (32).

DIFFICULTIES OF EXPANDING CONTROL
The historical views of adjuvanticity (pur-

poseful contamination of a protein for vac-

cination purposes) line up with biologics 

contaminant control efforts in that the types 

of impurities/contaminants encountered rep-

resent historical adjuvant classes: (a) par-

ticulates and aggregates (aluminum salts), 

(b) emulsions (mineral oil, squalene), and (c) 

microbial derived MAMPs (mycobacteria cell 

walls, LPS, etc.). The LPS, monophosphoryl 

lipid A (MPLA) is FDA approved as a vaccine 

adjuvant (33). The prototypical Escherichia 

coli (E. coli) LPS (hexa-acyl, biphosphoryl) 

has both proinflammatory and immunos-

timulatory capability but through detoxifica-

tion (acid-base hydrolysis), MPLA is produced, 

which is minus one acyl and one phosphate 

group. This detoxified LPS is 1000 times less 

proinflammatory but remains 10–20 times 

more immunostimulatory than a protein 

without an adjuvant (34). There are also nat-

ural forms of LPS that are not proinflamma-

tory, which could, eventually, have profound 

implications for control (35). MPLA was “The 

first TLR agonist to be used intentionally and 

expressly for its immunostimulatory proper-

ties” (36). 

Figure 3 shows a simplified view of the com-

plex interactions of LPS with TLR4. It is com-

plicated because small structural changes can 

bring vast signaling changes. In proposing 

new classes of immune-reactive substances, 

“hidden endotoxin” would certainly qual-

ify, indeed provides a prototypical class. It is 

immunostimulatory either at low doses, after 

detoxification (27, 33, 37) or as masked by 

protein or surfactant. Some natural forms 

that are either non-or low pyrogenic have 

also been shown to have immune-stimulating 

properties (35). This makes the detection of 

masked or hidden endotoxin an important 

practical  analytical avenue to advance biolog-

ics drug control capabilities. 

LER arises from specific drug formulations 

that disassociate LPS aggregates into mono-

mers and multimers via chelation (citrate, 

phosphate, etc.) followed by polysorbate 

masking (the small surfactant molecules 

are typically in abundance). The phenom-

enon thus blocks the ability of Limulus-

based assays to detect endotoxin; however, 

in activating cellular surface markers and 

adaptive immunity, it cannot be assumed 

that masked endotoxin is inert rather than 

immunostimulative (even if proinf lam-

matory activity is missing or muted), and 

indeed this theoretical immune reactivity 

has recently been demonstrated (38). LER 

and protein masking can be overcome by 

demasking, however, demasking remains 

developmentally challenging. 

Of the 50 approved mAb drugs listed 

by Baldo (approved mAbs as of June 2016 

excluding biosimilars), 41 have an LER type 

of formulation. Therefore, it’s an important 

issue given the widespread use of such for-

mulations. Polysorbate is used to prevent 

another important immune-context-related 

issue: protein aggregation. Given that LER is 

not the new paradigm but rather an example 

of the paradigm (immunostimulative arti-

facts), more types of relevant masking and/

or detoxification will likely be discovered. 

Indeed, one new type includes the use of 

detergent upstream (Triton X-100) in protein 

extraction that can bring LER downstream 

without polysorbate (39). 

The tenacity of endotoxin-protein binding 

has been known for many years. Protein-

endotoxin binding in vaccine proteins, either 

knowingly (as adjuvant) or unwittingly (as 

contaminant) has been extensive. See ref-

erence (39), Table 1 (“Reported endotoxin 

levels for various vaccines”), for a list of 

endotoxin measurements in historical vac-

cines. The Petsch study (40) demonstrated 

the complex relationship of protein and 

endotoxin. Petsch showed a large amount of 

endotoxin-protein binding even at low pro-

tein concentration and neutral pH (1 mg/mL 

/ pH = 7). Indeed, most biologic drug product 

concentrations are greater than 1 mg/mL 

and many are much greater (more protein 
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brings more binding capacity). Cationic pro-

teins (positively charged) bind endotoxin 

which has a strong negative charge. The pI 

is the pH where protein charge is neutral, 

thus a high pI will be highly positive in 

pH neutral solutions. A table of the Petsch 

study findings are shown in Table I. Note 

the tenacity of IgG-endotoxin binding, even 

after destructive testing with a protease. This 

is important as IgG is the scaffold for mono-

clonal drug proteins.

CONCLUSION
The control of biologics microbiological 

impurities, contaminants, and mimetics 

is evolving. Much of the ongoing change 

is associated with the realization that the 

 stimulation of the adaptive immune sys-

tem is a separate but also overlapping con-

cern to that associated with the historical 

preclusion of microbial artifacts modeled 

singularly around the innate immune 

response. Limulus has no adaptive immune 

system, for example, and a rabbit pyrogen 

test is a three-hour test that does not detect 

antibody formation. This distinction is 

important to biologics manufacturing due 

to the propensity of ADA and NDA forma-

tion against protein therapeutics. Limulus-

based tests remain the most sensitive and 

practical tests for endotoxin by far, but 

sample treatments to reveal masked endo-

toxin can be more widely explored in pro-

cess development and routine control.

Endotoxin is viewed as a model contam-

inant as it is the most potent, ubiquitous, 

and stable microbial artifact. Control has 

focused on its proinflammatory proper-

ties, including fever. It is less appreciated 

in pharmaceutical control (as opposed to 

vaccinology) that it is also highly immune 

st imulatory and it can do so even at 

low doses or after the proinflammatory 

response has been muted by various treat-

ments (detoxification). Endotoxin that is 

protein or surfactant bound in a produc-

tion process may not be pyrogenic or LAL 

reactive, yet this is not a guarantee that it 

is not immune stimulating. Indeed, biolog-

ics microbiological control is based upon 

theory and now the overarching theory 

is being revised. This paradigm change 

will continue to be debated; however, it 

is being enacted at the same time and 
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Figure 3. Prototypical E. coli hexa-acyl LPS optimizes dimer receptor 

complex to produce proinfl ammatory responses in mammals, whereas 

other structures result in less potent or adaptive immune stimulatory 

responses.  Tetra-acyl drug candidate Eritoran has the glucosamine 

backbone rotated 180 degrees as it sits in MD-2, blocking receptor 

activity. (Information sourced from references 37, 41, 42).
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proceeds in a step-wise fashion to cover 

various forms of adaptive immune system 

activating molecules as various correla-

tions are established. 
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Table I.  Study of endotoxin-protein binding. Data from reference 40. 

Biologic 
protein

Protein
Isoelectric 

point

LAL test 
%recovery 

pre-treatment

LAL %recovery 
after treatment

Lysozyme 11.2 4.8% 97%

RNAse A 9.4 20% 98%

h-lgG 8.5-9.0 1.6% 89%

h-IgG is scaffold for monoclonal antibodies

BSA 4.7 94.5% NA

M-IgG1 5.5 98.7% NA
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ecombinant protein products 

have made a revolutionary 

impact on human healthcare 

by enabling mass production 

of safe and effective therapeutic drugs 

such as hormones, growth factors, blood 

coagulation products, thrombolytic 

agents, vaccines, and monoclonal anti-

bodies (mAbs). Of these, mAbs comprise 

large, multi-domain proteins that require 

complex machinery for proper protein 

folding, assembly, and post-translation 

modifications. These modifications can 

profoundly affect protein quality rele-

vant to clinical efficacy, safety, and half-

life of biologics (1). Mammalian cells 

meet these criteria quite efficiently by 

virtue of their post-translation modifi-

cation system, and this has made them 

a dominant production system for the 

biopharmaceutical industry. Major mam-

malian expression systems for the pro-

duction of biotherapeutics include NS0 

cells, baby hamster kidney (BHK) cells, 

hybridoma cells, PER.C6 cells, human 

embryonic kidney (HEK) cells, and 

Chinese hamster ovary (CHO) cells (2).

 The cell-culture process and media are 

known to have a significant effect on the 

expression and stability of therapeutic 

products as well as their critical quality 

attributes (CQAs) including glycosylation, 

sialyation, charge variants, and aggrega-

tion among others (1). Optimal growth 

of cells requires monitoring and control 

of process variables such as pH, dis-

solved oxygen, dissolved carbon diox-

ide, and temperature. Arguably the 

most important and  crucial step in cell 

culture, however, is the selection of 
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appropriate growth medium for 

in vitro cultivation. The cell-cul-

ture medium provides an artificial 

environment conducive to sur-

vival and proliferation of cultured 

cells and maintains the desired 

pH and osmolality. It is typically 

composed of a complex mixture 

of amino acids, vitamins, inor-

ganic salts, glucose, and serum as 

a source of growth factors and hor-

mones. The choice of cell culture 

media has been known to signifi-

cantly affect the physiochemical 

characteristics of mAbs. The selec-

tion of the media depends on 

the type of cells to be cultured 

and also the purpose of the cul-

ture and resources. Different cell 

types have highly specific growth 

requirements; therefore, the most 

suitable media for each cell type 

has to be determined experimen-

tally. The complexity of composi-

tion of cell-culture media offers 

many challenges towards opti-

mization of the individual media 

components (2–3).

The formulation of optimal 

culture media for propagation 

of cultured mammalian cells 

has received a lot of interest for 

many years as a result of its critical 

impact on the animal cell tech-

nology based bioprocess develop-

ment (3). Factors that play a role 

in media design originate from 

three major sources, namely the 

attributes of the product under 

consideration, the cell line that 

is being used for protein produc-

tion, and the manufacturing pro-

cess (i.e., fed batch, perfusion, 

or continuous). Different cell 

lines have different nutritional 

requirements because of the dif-

ferences in metabolism, and this 

factor needs to be appropriately 

accounted for during media opti-

mization. While natural media 

consists solely of naturally occur-

ring biological fluids and has been 

proven to be quite useful and con-

venient for a wide range of animal 

cell cultures, a key disadvantage is 

the possibility of poor reproduc-

ibility originating from the lack 

of knowledge of the exact com-

position (4). Synthetic or chemi-

cally defined media are prepared 

by adding defined concentration 

of nutrients (both organic and 

inorganic) such as vitamins, salts, 

trace elements, carbohydrates, and 

cofactors. Establishing the role of 

numerous media components and 

supplements upon product quan-

tity and quality is of paramount 

importance in media optimization 

with a focus upon reduced produc-

tion of undesired metabolites. A 

deeper insight in understanding of 

metabolism and cell mechanisms 

is required to define strategies 

for providing effective means to 

reduce by-products and increase 

productivity d quality of biologics. 

CHO cells are the predominant 

production hosts for recombi-

nant protein production due to 

their adaptability to various cul-

ture conditions and plasticity 

with reference to genetic altera-

tions (2–5). Intense efforts in bio-

process development have been 

made to improve the production 

of CHO-based biopharmaceuticals 

by cell line engineering, improved 

methods for cell growth, and 

upregulating the post-translational 

modifications and enhanced pro-

tein stability through targeted 

approaches at genomic and cellu-

lar level (6–8). Cell-culture media 

has been known to significantly 

impact cell culture performance, 

downstream processing, as well 

as product quality (1, 3). While 

substantial progress has been 

achieved in this field, it may best 

be described as conservative and 

pragmatic. To date, the function of 

many components of the growth 

medium essential for cellular pro-

liferation and biological produc-

tion and quality of biotherapeutics 

has not been precisely defined at 

the molecular level. 

In this 37th art icle in the 

“Elements of Biopharmaceutical 

Production” series, the authors 

review the topic of how media 

components modulate the quality 

of recombinant protein products 

and explore a relationship between 

media design and CQAs. 

MEDIA DESIGN FOR GAINING 
HIGHER PRODUCTIVITY AND 
MODULATING RECOMBINANT 
PROTEIN PRODUCT QUALITY 
For mu lat ion of  ce l l - c u lt u re 

media is an important act iv-

ity under process development. 

Manufacturers spend extensive 

effort and time on this activity in 

absence of any generic procedure 

(6, 7). Traditional optimization 

methods, such as the titration of 

single components or “one-factor-

at-a-time” approach are useful, but 

can be labor-intensive and time-

consuming. Screening experimen-

tal designs with these components 

at low and high ranges of concen-

tration is helpful for determining 

which components have impor-

tant effects on productivity and 

quality (9). Design-of-experiments 

(DoE) methods can be useful in 

efficient experimental examina-

tion of these factors. During this 

activity, changes in the osmolal-

ity of the medium and generation 

of metabolic waste products are 

carefully monitored (8–10). In 

the following, the authors high-

light some of the key findings that 

relate the impact of media compo-

nents upon CQAs of recombinant 

therapeutic products. Figure 1 and 

Table I present relevant informa-

tion on this topic. 

Amino acids

One of the basic nutrients, amino 

acids, are known to promote cell 

growth and productivity. They are 

a source of nitrogen and build-

ing blocks for proteins as well as 

mediators of numerous metabolic 

pathways. Amino acid supplemen-
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tation is recognized as one of the 

vital components in cell-culture 

medium design and optimiza-

tion (5). During CHO batch shake 

flask culture, lower fucosylation 

occurs with decreasing glutamine 

concentration (0–8 mM) and it 

is assumed that the reduction in 

the glycolytic flux due to gluta-

mine limitations affects glycosyl-

ation. Asparagine concentration 

has been reported to affect galac-

tosylation level. 

Cysteine, along with tempera-

ture shift, is believed to reduce 

protein aggregates and increase 

their stability in culture harvests. 

The oxidized form of cysteine has 

been shown to reduce the forma-

tion of high-molecular weight 

(HMW) forms and also result in 

greater sialyation and higher har-

vest titer (10). Glutamine (Gln) 

concentrations below 1 mM are 

reported to be detrimental to gly-

cosylation or, if desired, to allow 

the production of non-glyco-

sylated molecules. CHO cells in 

fed-batch mode at low glutamine 

(<0.1 mM) concentrations have 

been shown to result in reduced 

sialylation and increased presence 

of minor glycan species consist-

ing of hybrid and high-mannose 

types (11). Histidine supplementa-

tion or basic residues seem to favor 

glycation in structurally known 

proteins. The oxidized form of 

cysteine also reduces HMW and 

fragmentation. During cell cul-

ture, starvation of asparagine has 

been shown to result in misincor-

poration of serine during transla-

tion (11). Serine has been reported 

as a growth-limiting nutrient 

used in batch culture of CHO 

cells. During hybridoma cultiva-

tion, amino acids such as gluta-

mine, asparagine, and glycine are 

known to prevent cellular apop-

tosis. Balanced supplementation 

of amino acids has been shown 

to increase viable cell density and 

final concentration of recombi-

nant antibody (10–12).

Carrier proteins 

Carrier proteins act as a carrier 

or transporter to a variety of sub-

stances including lipids, trace ele-

ments, amino acids, and vitamins. 

As lipids cannot dissolve in an 

aqueous solution by themselves, 

they are more effectively supplied 

to cells after forming complexes 

with albumin. In addition, albu-

min has toxin-neutralizing, anti-

oxidant, and shear stress-reducing 

effects (2). Transferrin is used as 

a carr ier of iron. Lactoferr in 

serves as a substitute for transfer-

rin. Albumin in combination with 

transferrin improves cell growth in 

majority of mammalian cells. It is 

also reported to be used as a sup-

plement for enhanced cell growth 

and expression of mAbs (13).

Growth factors 

Growth factors are added in 

extremely low concentrations 

and are known to induce prolif-

eration, differentiation, secretion, 

or import. Many cells require 

supplementation of the medium 

with growth factors under serum-

free condit ions. Acidic f ibro -

blast growth factor (FGF) readily 

degrades if heparin sulfate is not 

present on the surface of the tar-

get cells; therefore, heparin or 

synthetic dextran as a substitute 

is added to the medium in some 

situations (2). Other growth fac-

tors used as supplement are epi-

dermal growth factor, insulin 

growth factor, and TGF-β. Insulin 

growth factor shows posit ive 

effect on cell growth as well as 

antibody titer (5).

Hormones 

Hormones enhance cell growth 

by activating signal transduction 

pathways associated with cell dif-

ferentiation in a variety of cells 

including CHO. Hydrocortisone 

improves the cloning efficiency of 

the glial cells and fibroblasts (2). 

Along with hydrocortisone and 

prolactin, various  combinations 

of estrogen, androgens, and pro-

gesterone are necessary for the 

maintenance of the mammary cell 

culture. Hydrocortisone is related 

to cell proliferation in various 

animal cell cultures. Maintaining 

high viable CHO cell density with 

tr i-iodothyronine resulted in 

higher antibody concentrations (5).

Analytics

Figure 1. Percentage wise distribution of role of various components/

supplements in quality modulation of recombinant protein products.
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Table I. Role of media components/supplements in cell growth and quality modulation of recombinant protein products.
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Lipids 

Lipids as a membrane component 

play a role in transport and signal 

transduction. Lipid supplementa-

tion is known to affect cell growth 

and protein expression in different 

cell lines. 

I t  h a s  b e e n  s how n  t h at 

nanopart icle cholesterol mix-

tures enhance mAb expression. 

Various lipids are used as supple-

ments including cholesterol, ste-

roids, fatty acids (e.g., palmitate, 

stearate, oleate, linoleate), etha-

nolamine, choline, and inositol 

(2, 10).

Polyamines 

Polyamines are low-molecular-

weight, basic, physiologically 

active amines that exist ubiqui-

tously in cells and promote pro-

tein or nucleic-acid synthesis. 

Polyamines such as putrescine, 

spermidine, and spermine play key 

role in orchestrating cell growth 

and apoptosis (2).

Protein hydrolysates 

The addition of animal-compo-

nent free protein hydrolysates, 

as a substitute for serum, is used 

to increase cell density, culture 

viability, and productivity in an 

efficient manner. Protein hydroly-

sates are composed of amino acids, 

small peptides, carbohydrates, 

 vitamins, and minerals, which pro-

vide  nutrient supplements to the 

medium (2,7). Non-animal derived 

hydrolysates from soy, wheat, and 

yeast are commonly used in cell 

culture media. 

Protective agents and detergents

These chemicals are typically 

used to reduce the shear stress 

generated in st i r red cultures 

and by pipette manipulation. 

Analytics

Critical quality attribute (CQA): CQA is defined as a 

physical, chemical, biological, or microbiological property 

or characteristic that should be within an appropriate 

limit, range, or distribution to ensure the desired protein 

product quality.

Glycosylation: Glycosylation is a most prominent and 

common post-translational modification for recombinant 

IgG antibodies. Sugar moieties are added to form 

different N- and O-linked glycoforms.

Galactosylation: This is a form of glycosylation 

involving galactose.

Glycation: Non-enzymatic glycosylation, called 

glycation, occurs naturally in the human body and can 

also take place during cell culture. Glycation is the result 

of a condensation reaction between free protein amine 

groups and a reducing sugar, resulting in unstable Schiff 

bases.

Aggregation: This is a biological phenomenon in which 

misfolded proteins aggregate (i.e., accumulate and clump 

together) either intra or extracellularly. These protein 

aggregates are often correlated with adverse alterations 

in immunogenicity profile of expressed protein products.

Charge variants: Chemical degradation via several 

different mechanisms, including oxidation, deamidation, 

isomerization, and fragmentation, which result in 

the formation of the various charge variants and 

heterogeneity, thus modifying the isoelectric pH (pI) 

values.

Fucosylation: This modification involves oligosaccharides 

on glycoproteins or glycolipids. Fucosylation comprises the 

attachment of a fucose residue to N-glycans, O-glycans, and 

glycolipids. 

Sialylation: This is the process by which sialic 

acid groups are introduced onto molecules such as 

oligosaccharides and carbohydrates as the terminal 

monosaccharide.

Amino acid mis-incorporation: During translation, 

a non-specific amino acid is incorporated into the 

synthesizing peptide chain in absence or scarcity of 

specific amino acid.

Deamidation: It is a chemical reaction in which an 

amide functional group in the side chain of the amino 

acids asparagine or glutamine is removed or converted 

to another functional group. Typically, asparagine is 

converted to aspartic acid or isoaspartic acid. 

Oxidation: Cysteine, methionine, tryptophan, histidine, 

and tyrosine residues are prone to oxidation, especially 

when among other species, the strong oxidant, such as 

hydroxyl (OH) radicals, are formed in oxidative stress.

Low molecular weight species: Fragmentation, the 

formation of LMW species, is a common degradation 

pathway and can be attributed to the disruption of a 

covalent peptide bond by coexistent spontaneous and 

enzymatic reactions.

C- and N-terminal modifications: C-terminal lysine 

(Lys) and N-terminal glutamine (Gln) charge variants are 

common in monoclonal antibodies. It is suggested that 

carboxypeptidases cleave the C-terminal Lys residues 

in a post-translational modification in cultured cells to 

create these variants.

Terms and Definitions
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Pluronic F-68 and Tween 80 are 

also commonly used as solubiliz-

ers of lipophilic substances such 

as lipids and fat-soluble vitamins. 

Pluronic F-68 and Putrescine 

showed positive effect on cell 

growth and antibody production 

(2). Carboxymethyl cellulose and 

polyvinyl pyrrolidone are used as 

protective agents. Dimethyl sulf-

oxide (DMSO) and glycerol also 

exhibit protein stabilization capa-

bilities. DMSO concentrations 

from 1% to 8% (v/v) have been 

known to reduce sialylation but 

also negatively impacted cell pro-

liferation (5, 7).

Reductants 

Reductants a re necessa ry to 

mainta in int racel lu la r redox 

environment for correct fold-

ing and funct ioning of var i-

ous proteins. Import of cystine 

or cysteine into cells is neces-

sary to maintain such environ-

ment by addition of reducing 

agents to the culture medium. 

Reductants used in cell-culture 

medium are 2-mercaptoethanol, 

α-thioglycerol, and reduced gluta-

thione (2). Glutathione has been 

proved to reduce protein aggrega-

tion. Glutathione, a tri-peptide, 

protects cell from oxidative stress 

and plays an important role in 

cell viability and growth (5, 10). 

Salts 

Inorganic salts in the media retain 

the osmotic balance and help in 

regulating membrane potential. 

During CHO batch culture, aggre-

gation in the presence of NaCl (40 

mM) decreases from 86% to 62% 

and completely vanishes when the 

concentration is increased to 85 

mM compared to the control cul-

tures. Copper sulphate has been 

also proven to reduce aggregation. 

Sodium citrate acts as critical com-

ponent for continuous cell growth 

and upregulated recombinant pro-

tein production (7–10).

Sugars

Sugars are a major source of energy 

for the cells and also help in main-

taining osmotic balance. The addi-

tion of sucrose has been known 

to result in higher levels of high 

mannose glycans. Glucose (< 0.70 

mM) concentrat ions resulted 

in decreased sia lylat ion and 

increased presence of minor gly-

can species (10). Supplementation 

of culture medium with galactose 

increased glycosylation. 

The limitation of glucose in the 

culture medium allowed reduc-

tion in lactate production whereas 

critical limitation of the former 

resulted in glycosylation heteroge-

neity due to reduced availability 

of uridine diphosphate-acetylglu-

cosamine (UDP-GlcNAc). Glucose 

concentrations below 1 mM have 

been reported to be detrimental 

to glycosylation (11–13). The pres-

ence of hexoses in the culture 

medium including the frequently 

used glucose and galactose may 

lead to glycation. Supplementation 

of sucrose and tagatose led to tar-

geted manipulation of protein 

glycosylation profiles from cul-

tured mammalian cell lines. These 

sugars played an effective role in 

redistributing the N-glycan glyco-

form profile towards high man-

nose species, thus reducing overall 

fucosylated species. 

Mannitol, maltose, and glu-

cose have been shown to protect 

residues from oxidation by acting 

as chelating agents that remove 

catalyzing metals and thereby 

reduce the oxidative stress. It was 

observed that addition of 150–200 

mM trehalose to the medium 

of a CHO cell culture prevented 

polymerization and aggregation 

of the recombinant protein (2, 

13). Supplementation of serum-

free media with maltose resulted 

in sustained cell growth and 

improved recombinant protein 

production in batch shake flask 

cultures (14). 

Transition metals 

These elements readily undergo 

electron transfer and function in 

the active centers of enzymes and 

physiologically active substances 

inside the cell. Transition met-

als such as manganese are known 

to increase sialyation in the pres-

ence of uridine and galactose (10). 

Copper (16–22 μM) increases gly-

cation whereas it is reciprocally 

regulated by zinc (10–16 μM) and 

magnesium (0.62–0.93 mM) and 

also reduces formation of HMW 

species. The presence of transition 

metal ions such as iron (Fe2+, Fe3+) 

and copper (Cu2+) favor oxidation 

of amino-acid residues in proteins. 

With the increase in Fe con-

tent, deamidation increases, and 

reduced format ion of aggre -

gates is observed. Increased cop-

per concentration and decreased 

zinc level result in enhanced 

format ion of lysine var iants 

(12). Supplementation of culture 

medium with iron and zinc sig-

nificantly enhanced mAb and 

rIFN-β production, respectively 

(14, 15). Manganese, as a cofac-

tor of many enzymes, modulates 

the glycosylation profile of many 

proteins by regulating enzymes of 

glycosylation pathway. However, 

it increases the level of high man-

noses in glucose-limiting or glu-

cose-absent conditions. It has also 

been known to play an impor-

tant role in determining levels of 

the various oligosaccharide spe-

cies including high mannose, 

galactosylated, fucosylated, and 

sialylated proteins. The addition 

of copper has been reported to 

decrease formation of HMW spe-

cies in mAbs expressed in CHO 

cells. Cultures performed at higher 

Mn2+ concentrations (40 μM) 

exhibited increased galactosylation 

and higher sialylation of recom-

binant human erythropoietin. 

Culture medium supplemented 

with Cu2+, Zn2+, Mg2+ resulted in 

formation of glycated proteins 
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(10). Supplementation of media 

with iron plays a major role in 

the generation of glycated  protein 

products. A study recognized the 

excellent inhibitory effect of Mn2+ 

and the stimulating effect of Zn2+ 

upon formation of advanced glyca-

tion end (AGE) products (10). 

Supplementation of CHO cell 

cultures with Mn2+ are reported 

to increase site-occupancy and 

galactosylation of various recom-

binant glycoproteins. The presence 

of transition metal ions such Fe2+, 

Fe3+ and Cu2+ favors oxidation of 

amino-acid residues in proteins. 

Formation of basic variants of 

mAbs has been linked to copper 

concentration in CHO fed-batch 

cultures (4). Copper concentra-

tion in the cell culture medium 

has been reported to be the most 

significant parameter affecting 

formation of the C-terminal Lys 

variants. Iron concentration has 

been shown to significantly affect 

formation of acidic variants of 

mAbs. Iron plays a major role in 

inhibiting the formation of aggre-

gates whereas the abundance of 

HMW species was significantly 

lower at low iron concentra-

tions (0–4 ppm) in the presence 

of a chelator (5–7). Higher Cu2+ 

ion concentration resulted in 

the higher level of proline ami-

dation. Increase in copper and a 

decrease in zinc concentrations in 

cell-culture medium increased lev-

els of C-terminal Lys in a recom-

binant mAb. Levels of Zn/Cu/Se 

ions in culture medium have been 

reported to have an effect on mAb 

fragmentation (10–13).

Vitamins 

Vitamins are crucial for cell divi-

sion and growth and act as precur-

sors of various cofactors; vitamins 

are known to play a major role as 

antioxidants. Water-soluble vita-

min E (tocopherol) and vitamin 

B6 (pyridoxine) have antioxidant 

properties and reduce amino acid 

oxidation due to their free-radical-

scavenging capabilities. Various 

B-vitamins significantly affect for-

mation of acidic variants of mAbs. 

Hypoxanthine and thymidine 

are able to stimulate initial cell 

growth (2, 7).

Others

Kifunensine, an alkaloid, has 

been known to affect glycosyl-

at ion by regulat ing enzymes 

involved in the process. It is effec-

tive in producing antibodies with 

oligomannose-type glycans from 

CHO cells (2, 10). Gallic acid and 

its derivatives efficiently inhibit 

fucosylation in the presence of 

10–15 mM Mn2+. Poloxamer 407 

(Pluronic F127) at concentrations 

>17% (w/w) hampered the rate of 

deamidation up to 40%. Polyols 

at high concentrations displayed 

a protective effect on oxidation. 

Addition of 0.01% (v/v) Polysorbate 

80 into chemically defined concen-

trated feed media reduced overall 

aggregation levels by 2.6–2.7% in 

two different CHO cell lines (10). 

Solvent conditions (pH, tempera-

ture) and the presence of metals 

or radicals play important role in 

formation of low molecular weight 

species of mAbs. 

EDTA inhibits fragmentation 

of mAbs (12). Thioredoxin (Trx) 

activity diminishes in the pres-

ence of 50–100 μM copper sul-

fate (CuSO
4
), which consequently 

minimizes free thiols and subse-

quently fragmentation. Culture 

med ium supplemented w ith 

β-mercaptoethanol and chloro-

quine, specific antibody produc-

tivity has been reported to be 

relatively high compared to basal 

medium (5). Sodium butyrate and 

sodium propionate, an alkaloid 

have been reported to enhance 

mAb production manifolds (14–16). 

FUTURE PERSPECTIVE
Progress in cel l-culture tech-

nology has led to substantial 

enhancement in production of 

recombinant protein products 

mostly due to robust vector design 

and host cell engineering meth-

ods. However, media development 

continues to remain a key activity 

that is not completely understood. 

Synergistic approach of using 

selective combination of supple-

ments at specific times of addition 

holds potential to improve recom-

binant protein productivity. 

Exploration and experimenta-

tion in the area of media devel-

opment is needed along with 

mechanistic understanding of 

how they impact the process and 

the product. A rationally designed 

media will subsidize our knowl-

edge of cellular metabolomics and 

its modulation for development of 

recombinant protein products with 

desired product titer and custom-

ized therapeutic activity.
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A
s they develop new cold-chain 

services for their pharma cus-

tomers (see Sidebar), more car-

riers and third-party logistics 

companies are using Internet of Things 

(IoT) technology to improve product 

monitoring and address data gaps that 

can result in wasted product and recalls. 

“With IoT, customers can be aware 

of potential problems as products 

approach their temperature storage 

boundaries, allowing them to ship 

replacement product and communi-

cate with customers sooner,” says Vidya 

Subramanian, cofounder and vice-presi-

dent of products for Roambee. .

In 2016, DHL broadened the IoT 

of fer ings within its Temperature 

Management Solutions, says David 

Bang, CEO of global forwarding and 

freight for DHL’s Life Conex. The com-

pany is currently running a global IoT 

meshed network, and working with 

more than 30 airlines, ocean carriers, 

and technology providers, says Bang. 

FedEx is also using IoT for pharma 

and healthcare customers v ia its 

Sensaware program, says Patrick Maier, 

marketing manager of Healthcare 

Solutions at FedEx. SenseAware, he 

explains, monitors current location, 

temperature, light exposure, relative 

humidity, shock thresholds, and baro-

metric pressure, allowing shipments to 

be tracked in real time. 

Technology providers are offering 

solutions to both logistics companies 

and manufacturers. An example is 

Roambee, whose IoT solution for cold 

chain and product traceability, the Bee, 

Real-Time Logistics

Agnes Shanley 

Internet of Things, 
advanced 

analytics, and 
blockchain 

solutions such as 
smart contracts 
promise to give 

manufacturers 
more control over 

products and 
supply chains.

Cold Chain Logistics
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is a wireless, battery-powered IoT 

sensor that reports on product or 

asset location and condition, pro-

viding real-time data on tempera-

ture, humidity, position within the 

carrier vehicle, location, and other 

conditions. The solution is offered 

on a “pay-as-you-go” basis. Once 

sensors have been used, they can 

either be redeployed or returned.

PREVENTING PRODUCT DIVERSION
GlaxoSmithKline (GSK) has used 

the sensors to prevent product 

theft and diversion, placing Bees 

in third-party logistics suppli-

ers’ vehicles moving product out 

of its factories. The company had 

banned night driving to help pre-

vent product diversion but, with-

out real-time data, found the ban 

hard to enforce. Using Bees made 

it possible to enforce the ban and 

prevented product diversion, the 

company reports (1).  

Working with sensor suppliers, 

but focusing on the data manage-

ment issues involved with IoT is 

Bristlecone Labs, set up in April 

2016 by Mahindra Industries. The 

company works with a number of 

sensor providers and has several 

pharma customers, says Sweeni 

Poroth, cofounder and vice-pres-

ident of products. Bristlecone 

and Roambee are working on 

approaches that would work with 

blockchain to offer chain-of-cus-

tody and condition monitoring, 

with electronic proof of delivery 

and a record of condition-mon-

itoring data, says Subramanian. 

“Currently, these data don’t get 

saved. They may be printed out, 

but can be altered,” he says.

Working with T-Systems, a 

vendor of private cloud hosting, 

the companies are developing a 

proof of concept that would use 

blockchain-based smart contracts, 

with Roambee offering real-time 

product tracking, Bristlecone offer-

ing Hyperledger expertise and 

encrypting data that would be 

shared by manufacturer and sup-

ply chain partners, and T-Systems 

providing the cloud data host-

ing. This approach would provide 

real-time feedback on global ship-

ments, analytics on the where-

abouts of shipments, and alerts on 

noncompliant conditions, says Jim 

Sabogal, healthcare and life-sci-

ences leader with T-Systems. Smart 

contracts would trigger penalties 

whenever a distributor allowed 

product to be shipped at subopti-

mal conditions.

In August 2017, Ambrosus 

T e c h n o l o g i e s  a n d  T r e k 

Pharmaceuticals launched a pro-

gram to evaluate blockchain and 

smart contracts for manufactur-

ing and supply chain (2). But such 

approaches will have to prove 

themselves in the field. “The big-

gest issue with a system like block-

chain is the accuracy of data 

input into the system,” says Mark 

Sawicki, chief commercial officer at 

Cryoport. “We regularly see incon-

sistencies from third parties relat-

ing to scan codes and purported 

location of packages. Without 

accountability, these inconsisten-

cies would be problematic,” he says.
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The past year has seen a growing number of logistics and 

cold-chain services tailored to biopharma customers. Along 

with its enhanced capabilities in IoT, DHL has also expanded its 

ocean cargo transport. “We are working closely with a select 

group of ocean container carriers to collaborate on ‘hyper-care’ 

containerization of biopharmaceutical and pharmaceutical 

products, using technologies that include proprietary real-time 

container tracking and telemetry services, and ‘meshing’ them 

up with our DHL capabilities,” says David Bang, CEO of global 

forwarding and freight for DHL’s Life Conex.

Within the past year, FedEx Supply Chain launched a new 

multi-tenant warehouse solution for small and medium-

sized healthcare manufacturers in the United States and 

Canada, allowing them to operate alongside each other 

in one warehouse. “Customers can focus on new growth 

opportunities and worry less about issues of regulatory 

risks, compliance, product storage, delivery, or unplanned 

costs,” says Patrick Maier, marketing manager of healthcare 

solutions at FedEx. The company has also introduced 

TranSmart to help customers comply with the Drug Supply 

Chain Security Act (DSCSA). It uses a secure, password-

protected third-party-validated online system to allow users 

to view proof-of-delivery (POD) signatures for up to seven 

years after ship date and provides a true link between each 

POD and the Product Tracing Information form, says Maier.

Cryoport, meanwhile, has designed its packaging 

and condition monitoring systems to integrate with its 

informatics platform, says chief commercial officer Mark 

Sawicki. This approach optimizes access to chain-of-

condition and chain-of-custody information, he says.

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

drug product cGMP manufacturing facilities in addition to extensive existing 

CMC development and clinical manufacturing capabilities. The new commercial 

facility accommodates 2 x 1000L disposable bioreactors for perfusion processes 

and by late 2017 will house 14 x 2000L disposable bioreactors for fed-batch 

production of monoclonal antibodies, bi-specific antibodies, Fc-fusion proteins 

and other recombinant proteins produced from mammalian cell culture. 

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

THE NEXT GENERATION 
OF AGAROSE RESINS
Purolite Life Sciences’ proprietary jetting 

technology, which produces uniform particle size 

distributions of synthetic resins on an industrial 

scale, has been developed for the production of 

agarose resins in a dedicated state-of-the-art 

jetting manufacturing facility.  These new base matrices offer enhanced 

performance characteristics including superior resolution, pressure flow, 

column packing and batch-to-batch consistency. Purolite Life Sciences, tel. 

+44 1443 229334, lifesciences@purolite.com, www.purolite.com/life-sciences

OUTSOURCING AND INSOURCING 
SOLUTIONS FOR LABORATORY TESTING
Eurofins Lancaster Laboratories provides 

testing services for all stages of the drug 

development process and supports all 

functional areas of bio/pharmaceutical manufacturing. We offer the 

flexibility to manage your testing programs through your choice of three 

unique service models, including standard Fee for Service, as well as our 

award-winning Professional Scientific Services® PSS insourcing solution® 

and Full-Time-Equivalent (FTE) service models. Eurofins Lancaster 

Laboratories, Inc., 717.656.2300, www.EurofinsLancasterLabs.com

SMART INCUBATOR PROVIDES 
DATA INTEGRITY
Manually reading plates can be synonymous 

with time, frustration, and potential for 

error. EviSightTM Compact—our smart plate-

reading incubator—can detect colonies at 

40–250 microns; providing high- resolution 

color images and enumeration in real time. Get alarms for out-of-spec results 

earlier, reduce double reading of plates, and ensure complete data integrity.

bioMérieux. To learn more about EviSightTM Compact, 

visit thepeoplebehindthescience.com. 

50 Chinese and more than 100 

Indian bioprocessing profession-

als. Among the attributes noted as 

most required in Chinese facilities 

to enable international sales/com-

petition are: 

• More innovative biopharmaceuti-

cal pipeline (58%)

• Overall ‘quality’ image (50

• Capacity: Commercial scale 

(50%).

In terms of citing the weaknesses, 

52.0% cited “Scientific/technical 

expertise” and the same percentage 

noted “Compliance track record/

expertise.” 

From Indian bioprocessing pro-

fessionals, the core competencies 

noted as being lacking in Indian 

biopharmaceutical manufacturers 

included: 

• Innovation/R&D product pipe-

line (35%)

• Production quality improve-

ments (35%)

• Education, expertise, skills (16%).

SUMMARY
Bioprocessing industry trends and 

innovation speeds discovery and 

can drive down costs and improve 

productivity. The current situation 

in biopharma is exciting, with new 

technologies, biosimilars, cell and 

gene therapies, and opportunities 

in emerging markets.

REFERENCES
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Manufacturing Capacity and Production 
(BioPlan Associates, April 2017).
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Biobetters Pipeline Database, www.
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February 2017). ◆
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Siegfried Schmitt is 
principal consultant 

at PAREXEL.

The differences between the quality control and quality 
assurance units can be found in their names, according 
to Siegfried Schmitt, principal consultant at PAREXEL.

Q: 
The US Code of Federal Regulations (CFR) 

mentions the role and responsibilities of 

the quality control unit in 21 CFR Parts 210 and 

211 (1); however, there is no mention of a ‘quality 

assurance unit.’ Can you advise on the correct dis-

tinction between these two entities?

A:
This can indeed be confusing, especially 

as other regulations and guidance docu-

ments refer to a ‘quality assurance system’ (2). 

Additionally, the European Union current good 

manufacturing practice (CGMP) regulations 

require a quality control (QC) unit and mention a 

quality assurance (QA) unit without being specific 

about the differences between these two roles (3). 

In general, only the tasks of the quality control 

unit are detailed in the regulations. The difference 

in the respective roles lies in the titles (4): control 

serves as the activity of managing, while assur-

ance grants freedom from doubt.

In a pharmaceutical enterprise, it is necessary 

to measure, test, check, or verify things such as 

incoming materials, in-process/finished product 

samples, environmental conditions, etc., which are 

often part of programs like environmental control 

or process control. These require the active involve-

ment of the quality control unit, with the support 

of analytical laboratories or metrology workshops. 

A pharmaceutical company must establish a 

pharmaceutical quality system (PQS) (5), which 

governs all regulated pharmaceutical activities, 

and is implemented, maintained, and owned 

by the quality assurance unit. A PQS provides a 

framework that enables a company to operate in 

accordance with the regulations and its market-

ing authorization, therefore enabling compliance. 

Quality assurance can be viewed as the legislative, 

with the QC unit being the executive. The below 

examples describe this difference:

• Standard operating procedures (SOPs): An oper-

ating unit within the company writes the SOP 

using templates and following guidance pro-

vided by QA. The QA department’s signature 

does not normally confirm the technical accu-

racy and correctness of the contents of the SOP; 

rather, QA’s signature on the SOP certifies that 

it has been written using the correct template 

and followed the process prescribed in the PQS. 

The analytical laboratory, which is part of QC, 

prepares the SOP for sample storage. QC’s sig-

nature on this SOP certifies the correctness and 

accuracy of its contents, whereas QA’s signature 

will only confirm adherence to the PQS.

• Audit trail reviews: These reviews are performed 

regularly in computerized systems used in a 

regulated pharmaceutical environment, such as 

an analytical laboratory. QA should review the 

audit trail with regards to compliance with the 

PQS and the regulations; QC should perform 

the review with regards to the correctness of the 

analytical work performed.

• Sampling: While QC prepares the sampling pro-

cedures and takes samples, QA does not perform 

sampling. Rather, QA reviews the sampling pro-

cedures and observes the sampling in irregular 

intervals—typically unannounced. QA must, 

however, assure that all processes are duly 

described and followed in compliance with the 

PQS and the regulations. This process of review 

and observation is also referred to as an internal 

inspection. 

In summary, despite some apparent vagueness 

in regulations, the roles and responsibilities of 

the QC and QA units can quite easily be deduced 

from their respective titles, and by carefully 

reading the regulations.

REFERENCES
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Four Optional Modules— 
Up to 16 Tests:
• Gluc, Lac, Gln, Glu, NH

4+, Na+, Ca++

• pH, PCO
2
, PO

2

• Osmolality
•  Total Cell Density, Viable Cell  

Density, Viability, Cell Diameter

265 μl Sample Volume  
for All 16 Tests

Four-Minute Analysis 
Time for All 16 Tests

Multiple Sampling Options:
• 96-well plates
• 24-posation load and go tray
• Manual/Syringe
•  Online Autosampling of  

Microbioreactor Systems

Multi-Test  
Cell Culture Analyzer with
Maintenance-Free Sensors

www.novabiomedical.com

http://www.novabiomedical.com
http://www.novabiomedical.com/


The Dawn of a NEW Biologics

Manufacturing Paradigm

info@wuxibiologics.com

www.wuxibiologics.com

Introducing our “SCALE-OUT” approach

                  ...that eliminates cell culture scale-up risks

                            …. for ultimate flexibility and scalability

                                          …using only disposable bioreactors

                                                       ….to achieve metric ton outputs

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

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

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