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Evaluating Technology and Innovation 

in Biopharmaceutical Manufacturing

A technology management process identifies and evaluates  
new technologies in biopharmaceutical manufacturing 

to aid business decisions.

Ranjit thakuR, timo Simmen, Stefan meRkle, Ramanathan VenkataRaman, Camal handoR, and RogeR Van den heuVel

B
iological science is reaching new heights 

with every passing year. The scientific 

community keeps unlocking more fac-

ets of human life, and pharma/medicinal 

researchers keep finding new pathways to 

cure diseases or improve human health. However, 

these innovations are sooner or later confronted 

with the realities of commercial manufacturing. 

Manufacturing equipment, material technologies, 

and processes in the supply chain need to constantly 

evolve in order to keep up with the demands of 

patients and healthcare providers. Besides this ethi-

cal aspect, accelerating new product introduction by 

anticipating the required technology portfolio has a 

significant financial upside.

Janssen Supply Chain (JSC), the pharmaceutical 

manufacturing organization of Janssen, has defined 

a technology management process to improve sup-

ply chain capabilities. This technology management 

Ranjit thakuR is senior principal engineer, timo Simmen is director, 
and Stefan meRkle is senior director, all in the Technical Operations–
Parenteral Network at Janssen Supply Chain, the pharmaceutical manufacturing 
organization of Janssen, Hochstrasse 201, Schaffhausen, Switzerland. 
Ramanathan VenkataRaman is manager, Camal handoR is partner, 
and RogeR Van den heuVel is partner, head of Life Sciences, all at the 
Global Strategy Group, KPMG Advisory N.V., Laan van Langerhuize 1, 1186 
DS Amstelveen, Netherlands.
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process is divided into four phases: 

observe, align, decide, and act.

The observe section is about 

gathering information and data—

internally and externally. External 

data can come from peers, other 

industries, universities, suppliers, 

contract manufacturing organiza-

tions, media, or industry forums. 

These data are aligned with inter-

nal technology objectives and the 

company’s product pipeline. This 

“market intelligence” provides the 

input for strategy decisions on test-

ing, piloting, and introduction of 

emerging technologies.

Companies have a fair idea of 

internally available technologies, 

replacement time, and product 

requirements. Key challenges faced 

by firms, however, are to identify 

technologies that are new but pos-

sess the potential to provide a com-

petitive advantage and to match 

them up with the new product pipe-

line. It is key, therefore, to have a 

strong process in place to identify 

and evaluate these new technologies.

This article highlights some of 

the outcomes of a market study 

conducted by JSC to assess the tech-

nology landscape in biopharma 

manufacturing. The outcome of the 

study guides development of the 

technology strategy which, along 

with the product strategy, influ-

ences the supply network.

ObservatiOn prOcess

The exercise was conducted by 

JSC, with the support of KPMG 

and their proprietary tools, to 

provide an outside-in perspective 

of technology trends in biophar-

maceutical manufacturing, while 

capturing the state of readiness of 

underlying technologies and stage 

of adoption across the industry.

The assignment included the 

end-to-end biopharma manufac-

turing spectrum from API to fin-

ished and packaged product. Two 

angles of change were consid-

ered—firstly, disruptive changes 

impacting the industry through 

emerging technologies that may 

become available and secondly, 

step changes provided by incre-

mental improvements in existing 

processes and technologies.

A structured approach was fol-

lowed to gather market trends 

as well as identifying key tech-

nologies that leading biopharma 

companies are adopting, develop-

ing, or evaluating. The approach 

shown in Figure 1 consisted of five 

steps: identify technology trends, 

identify supporting technologies, 

shortlist technologies, evaluate 

shortlisted technologies, and syn-

thesize the outcomes into an “out-

side-in” strategy document.

A panel of 12 external industry 

experts based out of the Americas, 

Europe, and Asia provided input 

during this process, covering all 

major manufactur ing phases. 

Literature research examined data 

from multiple patent authorities 

and close to 350,000 research 

sites, publications, news sources, 

and blogs. Input was further aug-

mented by a primary survey of 

approximately 50 participants, 

internal and external to JSC, with 

experience in various facets of the 

biopharmaceutical manufacturing.

More than 100 technologies were 

identified and mapped to trends 

from which 30 technologies were 

shortlisted based on their relevance 

to JSC. Each of the shortlisted tech-

nologies was further scored based 

on specific criteria mapped to busi-

ness value and then ranked.A
ll 

f
g

u
re

s
 a

re
 c

o
u

rt
e

s
y
 o

f 
th

e
 a

u
th

o
rs

.

Figure 1: A structured approach to identifying and evaluating new technologies.
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trends Observed  

in biOpharma manufacturing

Recognizing and understanding 

trends are key steps that help to 

identify important emerging tech-

nologies. By following the approach 

defined in the previous section, rel-

evant drivers of change and their 

potential impact on the manu-

facturing process were evaluated. 

These drivers and their impact are 

presented in Figure 2. This poten-

tial impact was then monitored 

to observe whether technologi-

cal changes are addressing these 

developments. Additionally, the 

panel of experts provided insights 

into developments being followed 

at other companies and affecting 

other industries. All areas driving 

large change at a unit operation or 

process level were mapped as trends.

Approximately 30 technological 

trends impacting various manufac-

turing steps were captured from a 

combination of expert interviews, 

surveys, and KPMG proprietary 

analytics. These trends were clus-

tered systematically into seven key 

themes (see Figure 3) which are 

considered as providing the biggest 

impact for JSC.

The seven themes are:

•	 Pro cess innovat ion:  r e l ate s 

to area-specif ic innovations 

improving the current process

•	 Single use/modularity: addresses 

single-use equipment, including 

modular systems and skids

•	 C o n t i n u o u s :  i n t e g r a t i n g 

process  s teps ,  cont inuous 

manufacturing, and reducing 

process time

•	 Automat ion/robot ic s:  u s i ng 

robots or automation to improve 

quality, reliability, and safety

•	 Data analytics: relates to (big) 

data management, analytical 

tools, and process analytical 

technology

•	 Disruptive: connected with 

t e c h nolog ie s  t h at  m i g ht 

p r o v i d e  b r e a k t h r o u g h 

solutions to disrupt the current 

manufacturing process

•	 Customer-facing: support ing 

technology to meet customer 

needs.

Clustering the identified trends 

into themes facilitates an end-to-

end view of technologies. This 

method also helps the organiza-

tion across sites and process areas 

to be aligned and take decisions 

from a theme perspective, ensur-

ing consistency throughout the 

manufacturing process to realize 

business objectives set at a strategic 

level (e.g., speed, reliability).

Shortlisted technologies were 

evaluated on eight criteria linked 

to specific business objectives, as 

shown in Figure 4. Scoring each 

of the technologies on these cri-

Figure 2: Illustrative industry drivers of change and their impact on manufacturing.

Figure 3: Technology themes impacting specifc manufacturing unit operations. 

Each horizontal bar explains the applicability of a theme to a specifc process 

area. A light-shaded box indicates that technologies have been observed for a 

theme offering some marginal improvements, but no specifc trend has been 

identifed. A grey box indicates that no technologies have been observed for a 

theme within a specifc process area.
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teria helps identify technologies 

that strengthen different business 

objectives.

technOlOgies by area

The following section describes, 

per process step, highlights of 

technologies.

API upstream

API upstream covers pre-culture of 

cells and multiplication of cells in 

production bioreactors. It appears 

that the industry is increasingly 

embarking on continuous processes. 

Most of the technologies observed 

during the analysis are either 

improvements in the perfusion pro-

cess or disruptive technologies that 

can impact future manufacturing if 

applied successfully.

Disposable products for bio-

reactors, mixers, tubing, etc. are 

becoming increasingly common 

in the biopharma industry. Use 

of process analytical technology 

(PAT) and real-time monitoring is 

increasing significantly. However, 

these technologies are still ages 

away from application compared 

to small-molecule manufacture, 

where PAT is used more extensively.

As an alternative to mammalian 

cells in making biopharmaceuti-

cals, various other process methods 

are being researched with varying 

degrees of success. Cell-free pro-

tein synthesis could become one 

of the disruptive technologies; this 

entails the production of protein 

without use of living cells.

The study indicated that the 

majority of work in the f ield 

of upstream manufacturing is 

focused on process intensification 

to consistently achieve high titers.

API downstream

API downstream processing fol-

lows growing of cells and focuses 

on separating and purifying the 

desired protein from the rest of the 

growth system. During this pro-

cess, cells are harvested and then 

undergo filtration, separation (e.g., 

through chromatography), purifi-

cation, and viral inactivation.

High-capacity ion-exchange res-

ins are known to have very high 

binding capacity for purification of 

bio-therapeutic molecules, thereby 

minimizing the need for very large 

columns and massive buffer con-

sumption, while simultaneously 

increasing throughput.

Continuous in-line dilution 

entails much smaller buffer stor-

age capabilities (up to 10–20 times 

reduction in size) and more pre-

cise on-demand dilution, bringing 

two liquid streams together in a 

controlled environment to meet 

a specified diluted solution con-

centration. The technique is a key 

advancement in end-to-end down-

stream processing techniques.

Single-use systems are now 

gaining popularity as a means to 

Figure 4: Technologies evaluated on selected criteria (illustrative).
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reduce cost as well as increase flex-

ibility. Improvements in down-

stream systems include the use of 

disposable prepacked columns that 

save time and overcome handling 

issues associated with small-scale 

column packing.

Other methods like continu-

ous chromatography and floccu-

lation are also being considered 

and are currently in the process 

of commercialization.

Formulation and filling

The formulation and filling phase 

entails product formulation; sterile 

filtration; filling the product into 

vials, syringes, or premixed bags; 

sealing within final containers; 

and optical inspection. Flexibility 

offered by modular units in the 

formulation phase can influence 

investment strategy in manufac-

turing going forward.

There is a growing trend toward 

the use of disposables across bio-

logics manufacturing, which is 

also seen in filling systems, where 

alternatives to stainless steel are 

coming up. Single-use systems 

providing higher throughput and 

reliability are available for bio-

logics manufacturing, which has 

been aided by the availability of 

improved disposable elements. 

Aseptic fillers and single-use dos-

ing systems are some of the new 

technologies available.

Vision-guided, flexible robotic 

filling systems are another crucial 

innovation related to filling. The 

robots can effectively “see” the 

drug product containers being 

filled using their sensors. The end-

of-arm tooling can fill as well as 

attach stoppers to the containers 

without requiring them to be pre-

cisely positioned. These systems 

can be used for a wide range of 

container types, irrespective of 

their shapes and sizes.

PAT for lyophil izat ion is a 

technology that enables faster 

dec i s ion mak ing ,  d r iven by 

integrating data collection and 

analysis from multiple points. 

Supplier firms along with univer-

sity research teams have recently 

init iated collaborat ive ef forts 

aiming to help pharmaceutical 

companies gain greater efficiency 

and control in their lyophiliza-

tion processes through the use of 

PAT tools.

Packaging, devices, and layout 

In the packaging area, customer 

demands and governmental regu-

lations are driving development 

and adoption of new technologies. 

White label packaging solutions 

are being considered by companies 

due to the increase in cross-border 

manufacturing and supply chain 

complexity.

R e g u l a t o r s  a r e  d r i v i n g 

increased serialization as one of 

the measures for anticounterfeit-

ing. Experts could not pinpoint 

a specific technology that can be 

universally used for serialization. 

Each technology comes with its 

own pros and cons and is selected 

depending on a company’s strat-

egy. Examples of other anticoun-

terfeiting measures indicated by 

experts include holograms, self-

destructing labels, void labels, 

watermarks, and security graphics.

Glass is the most commonly used 

primary packaging material for bio-

logics, and there have been tech-

nology developments to increase 

shelf life and reduce delamination 

risk. No real transition from glass 

to plastic is being observed due 

to material characteristics, which 

impact stability. When these mate-

rial issues are solved, blow-fill-seal 

and other plastic packaging tech-

nologies can play a more prominent 

role in packaging.

In facilities and their design, 

modularity and flexibility are key 

drivers. There is a trend toward pre-

fabricated manufacturing plants 

with f lexible modules, which 

brings together a number of tech-

nologies. Lonza announced in 2015 

that it is building a multi-purpose 

space with eight independent mod-

ular cleanrooms with 2000-L scale 

single-use bioreactors in Houston. 

A prefabricated plant was set up 

by GE Healthcare for JHL Biotech 

in China and became operational 

in 2016. A prefabricated pro-

cess can trim significant project 

The need to respond to more customized 

patient requirements and narrower drug indi-

cations requires manufacturing facilities to be 

more flexible and agile. 

Key challenges … are to identify technolo-

gies that are new but possess the potential to 

provide a competitive advantage and to match 

them up with the new product pipeline.
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costs related to setting up a plant. 

However, making such a facility 

operational requires a skilled work-

force and a high degree of planning 

and coordination.

Key taKeaways

Future manufacturing needs will 

most likely be impacted by scale 

rebalancing and flexibility

The need to respond to more cus-

tomized patient requirements and 

narrower drug indications require 

manufacturing facilities to be 

more flexible and agile. Future 

sites are also expected to handle 

a larger variety of drugs than cur-

rently managed, which creates 

demand for faster (automated) 

changeover along with efficient 

and flexible use of facilities. On 

the other hand, reducing the over-

all cost of production is a key cri-

teria driven by a combination of 

developments in modular manu-

facturing, for more effective use 

of assets, and continuous manu-

facturing, enabled by advances in 

data analytics. This approach can 

reduce the manufacturing foot-

print while increasing the overall 

site throughput.

Specific pockets of technology 

require in-house development and 

customization

Certain product-specific technol-

ogies, such as growth mediums, 

require a high degree of custom 

development and need invest-

ment for commercial-scale pro-

duction to maximize the process 

effectiveness. These technologies 

represent only a small percent-

age of overall innovation, but 

they can provide a high degree 

of exclusivity and competitive 

advantage, which could bring 

down specific cost elements by as 

much as 90%.

Real-time decision making enabled 

by advanced data processing capa-

bilities

Decision-making cycles typically 

have been waiting for information 

derived from sampling, analytical 

testing, and data processing. Using 

advanced data analysis capabilities, 

less time is required to analyze data 

generated from in-process sensors 

that provide better resolution and 

reliability. Artificial intelligence is 

also enabling drastic reduction of 

the time required to optimize a sys-

tem once operations have begun.

Capability development to keep 

pace with the changing landscape

New technologies need to be fine-

tuned and fitted to the produc-

tion process, requiring companies 

to invest in developing specific 

capabilities by either re-skilling tal-

ent or acquiring the capabilities 

in the marketplace. The process of 

capability development takes time 

and is a key factor in the success-

ful application of new technologies 

being considered by the manage-

ment team (e.g., data management 

and analysis).

Manufacturing has tradition-

ally played a rather reactive role 

in innovation in pharma. Now 

it finds itself best positioned to 

understand complex technologies 

and potential disruptions at a com-

mercial scale and, therefore, can 

pay a pivotal role within innova-

tion and strategy development. 

This creates the need to revisit the 

innovation approach, updating 

existing processes including inno-

vation governance and identifying 

specific capabilities.

Suppliers are key partners driving 

technological innovation

Analysis of the available technolo-

gies, new emerging technologies 

in the offering, patent holders, and 

the trend of technology adoption 

by market players indicate that sup-

pliers are one of the key influencers 

driving change in technology use.

Large biopharma provides large 

(scale) challenges, access, integration, 

and funding. On the other hand, 

a substantial part of technological 

innovation and change comes from 

suppliers of all sizes, which makes 

suppliers a key partner in the inno-

vation journey requiring a strategic 

supplier selection lens.

Industry consortium collabora-

tions—with the goal of defining 

common technology strategies and 

jointly working towards them—has 

proven successful in other indus-

tries but is still in the infancy state 

in the biopharma environment.

Sustainable review of technologies 

helps reconsider parked/rejected 

technologies that may have evolved

The pace of exchange of informa-

tion has drastically reduced the 

cycle time for change, accelerating 

innovation. Technologies that may 

have failed to pass the company’s 

strategic decision-making process 

three to five years ago may have 

drastically evolved. Hence, there is 

a need for comprehensive and sus-

tainable innovation management 

processes within a company, com-

plemented by a frequent refresh to 

the available and emerging tech-

nologies, their readiness, and the 

evolution of various participants 

linked to a technology.
 bp

The pace of information exchange has 

drastically reduced the cycle time for change, 

accelerating innovation. 
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Plant-Made Pharmaceuticals— 

Accelerating Drug Development Globally

Plant transient expression offers a flexible approach in drug development 
and enables rapid production and scale up of therapeutics.

Barry Holtz

I
n recent years, plant-made pharmaceutical (PMP) 

production has garnered significant interest 

from manufacturers, scientists, and the public, 

primarily due to its ability to make proteins 

quickly and inexpensively. Classical production 

in other cell-based systems (mammalian, insect, 

and bacterial cells) requires cell-line development 

and lengthy process development to support scale-

up. Plant technology can yield a Ògene to proteinÓ 

answer in a few months, and with large-scale com-

mercial facilities now available in the United States, 

clinical or commercial production of significant 

quantities of therapeutic materials can happen 

within a year. Generic plant ÒbioreactorsÓ can be 

grown rapidly and then transfected with a transient 

vector-based system to produce proteins in days. 

Plant transient expression is a well-vetted, afford-

able, and flexible method for drug development and 

can be scaled up more rapidly than other recom-

binant expression systems. Thus, rapid, large-scale 

manufacturing of medical countermeasures can be 

uniquely met by the plant-made pharmaceutical 

platform technology.

Barry Holtz is president, iBio CMO.
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Current healthCare ConCerns

Once a drug candidate is selected, 

the ability to rapidly scale-up pro-

duction is crucial in the business 

and clinical timeline. New plat-

forms and research have drasti-

cally improved this transition; 

however, the period between each 

phase of the study until product 

launch creates a financial burden 

for many. Time to market may be 

the difference in success or failure 

of a product.

The manufacturing of Chinese 

ha mste r  ova r y  (CHO) -made 

pharmaceuticals can be expen-

sive, time-consuming, and labo-

rious to scale-up from benchtop 

to manufacturing scale. Cell lines 

have a relatively long develop-

ment period and are often at risk 

of contamination by adventitious 

agents. The scale-up of stirred-

tank reactor production requires 

additional engineering and cell 

growth optimization work at each 

step. CHO-made products produce 

recombinant proteins with hetero-

geneous glycosylation profiles. In 

most cases, stabilization of these 

glycoform profiles need to be opti-

mized by extensive, time-consum-

ing cell growth studies. 

Plant-made pharmaceuticals

What problems does plant expression technology solve?

•	 Flexibility and speed: The flexibility and speed of 
plant technology enables high throughput 
screening and optimization of biotherapeutics 
before they reach clinical trials.

•	New treatment paradigms: Plants are able to 
make novel and complex proteins that may be 
difficult to make in conventional cell-based 
systems, thus providing the opportunity to open 
new treatment paradigms for patients with unmet 
medical needs.

•	Lower facility and production costs: There are 
significantly lower facility and production costs 
associated with plant-based technology. 

What makes a plant a good bioreactor?

Normal  R&D tech t ransfer  to  commerc ial 
manufacturing is a complex, lengthy process, whereas 
development work on a new drug candidate can happen 
rapidly. Generic plant bioreactors can be grown rapidly 
and then transfected with a transient vector based system 
to produce proteins in days. Then, scale-up is a matter of 
growing more plants, with no complex tech transfer to 
traditional biotechnology systems.

Is plant-made pharmaceutical (PMP) a proven 
technology?

Yes. For example, in July 2016, FDA granted orphan 
drug designation to iBio’s investigational biotherapeutic 
product, iBio-CFB03, for the treatment of systemic 
sclerosis. Systemic sclerosis is a fibrotic disorder that 
affects connective tissue of skin and internal organs as 
well as the walls of blood vessels.

Why use a PMP manufacture for pandemic response?

With PMPs, the manufacture of vaccine candidates for 
pandemic response can take days or weeks instead of the 
months that it can take to make a flu vaccine in the 
traditional method relying on eggs. Pandemic response is 
all about identifying a viable treatment as soon as a virus 
is identified. Plant cells allow you to go from gene to 
protein quickly and screen multiple options. So, for Ebola, 
Zika, and similar outbreaks, a viable response 
mechanism can be identified quickly (in plants), with 
scale-up to commercial production a matter of growing 
more plants, rather doing a tech transfer to stainless steel 
bioreactors. The ability for PMPs to rapidly produce 
subunit vaccines, virus-like-particle vaccines, and 
antiviral antibodies provides a robust technology platform 
to base an assault on infectious disease (1).

How fast can a protein be made from a gene 
sequence using plant made technologies?

Once identified, the protein can be synthesized in three 
weeks, although four to six weeks is more the norm. 

What’s the benefit of hydroponic growth of plants, 
versus soil?

Plants grown in soil can be at risk from insects and 
soil contaminants. Plants in soil can grow in 
greenhouses, but these facilities are at risk from natural 
weather disasters. Hydroponic growth is indoors, in 
hardened facilities, protected from weather, and under 
perfect lighting conditions.

Reference

 1. V. Finberg, New England Journal of Medicine, 370, 1335-1342 

(2014).
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As intercontinental travel has 

quickened the spread of diseases 

such as pandemic inf luenza, 

Zika, dengue, and yellow fever, 

scientists are searching for ways 

to deliver therapeutic response 

more quick ly. The abi l ity for 

plant-made pharmaceuticals to 

rapid ly produce subunit vac-

cines, virus-like-particle (VLP) 

vaccines, and antiviral antibod-

ies provides a robust technology 

platform to base an assault on 

infectious disease.  

a historiCal perspeCtive   

While the pharmaceutical indus-

try is slow to change, geopolitical 

health issues such as Zika, Ebola, 

and dengue fever can stimulate 

innovation and regulatory reform 

to provide a more rapid response 

to crises. The plant-made pharma-

ceutical platform, although not 

a new approach, offers an alter-

native to make complex proteins 

that may not be easily expressed 

in mammalian systems. The PMP 

community has made significant 

developments over the years that 

demonstrate the potency of plant-

made therapeutics: 

•	 Elelyso has been given market 

registration (Protalix, Carmiel, 

Israel) (1, 2)

•	 Non-Hodgk in’s  ly mphoma 

vaccines (Large Scale Biology, 

Icon Genetics/Bayer, Halle, 

Germany) (3–5)

•	 Interferon-a2b (6)

•	 CaroRx (7) and RhinoRx (Planet 

Biotechnology, Hayward, CA)

•	 Lactoferrin (8) (Ventria, Fort 

Collins, CO)

•	 Anti-HIV antibody (9) (Pharma-

Planta Consortium, EU-South 

Africa)

•	 Edible vaccines (10–12) (Arizona 

State University, Tempe, AZ; 

Thomas Jefferson University, 

Philadelphia, PA)

•	 I n f luen za  se rot y pe  H1N1 

and H5N1 vaccines (13–15) 

(Fraunhofer CMB, Newark, DE, 

and Medicago, Quebec, QC, 

Canada)

•	 ZMapp cocktail (16) (Mapp 

Biotherapeutics, San Diego, CA).

The development of these PMPs 

was accompanied by the design 

and construction of manufactur-

ing facilities of different capacities, 

to accommodate the production of 

clinical material. The first cGMP 

manufacturing facility producing 

PMPs was designed and built in 

1999 in Owensboro, KY by Large 

Scale Biology Corporation using 

the “Geneware” platform and 

became Kentucky BioProcessing in 

2004 (17, 18). Following the open-

ing of the Kentucky BioProcessing 

facility, new plant viral-based vec-

tors were designed to address dif-

ferent expression strategies and 

better controlled processes making 

use of Agrobacterium tumefaciens 

and a vacuum infiltration proce-

dure (19–23). 

As a result of extensive evalu-

at ion, the Defense Advanced 

Research Projects Agency (DARPA) 

sponsored the development and 

validation of a pilot-scale cGMP 

manufacturing facility using vac-

uum agroinfiltration of Nicotiana 

benthamiana capable of processing 

DARPA Blue Angel Project: hemagglutinin antigen

In 2009, DARPA selected PMPs as a platform of choice 
for low-cost, global-scale, rapid manufacturing of 
vaccines and biotherapeutics required for national 
biosecurity. As one of the chosen PMP facilities, iBio 
CMO successfully produced eight batches (two per 
week) of hemagglutinin antigen during the DARPA Blue 
Angel program during a four-week period. 

This production was performed with a process ‘in 
development’ that was researched and transferred 
to production in less than six months. iBio CMO 
accomplished this abbreviated process development 
effort within the time constraints of the government 
agreement. In summary, a new commercial-scale facility 
was constructed, commissioned, and ran to produce and 
release the therapeutic target in less than 20 months. 
The released product was sterile, clear, colorless, and 

free of visible particles with >97% purity. iBio CMO has 
generated considerable historical data on the costs 
associated with producing plant-made therapeutics. 
Using real operating data from commercial-scale 
runs for the DARPA Blue Angel project, iBio CMO (then 
Caliber) demonstrated that production of pandemic 
flu subunit vaccine bulk drug cost between $0.10 and 
$0.12 per 50 microgram dose. A technoeconomic  
study (1) has been done by iBio in collaboration with 
Dr. Karen McDonald, College of Engineering, University 
California Davis, which has carefully modeled the cost of 
production of monoclonal antibodies in plants.  

Reference

 1. Nandi et al, Technoeconomic analysis of a transient plant-based 

platform for monoclonal antibody production, mAbs, accepted 

for publication.
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100-kg plant biomass per batch at 

the Fraunhofer CMB in Newark, 

DE in 2007. The goal of this ini-

tial project was to demonstrate 

the feasibility of the plant tran-

sient expression system to rapidly 

manufacture vaccines in response 

to epidemics and outbreaks. The 

project was fueled by the invest-

ment by iBio Inc. to develop a 

new generation of vectors for the 

agroinfiltration process. Based 

on the success of this proof-of-

concept project, in 2009, DARPA 

selected PMPs as a platform of 

choice for rapid development and 

low-cost, global-scale rapid man-

ufacturing of vaccines and bio-

therapeutics needed for national 

biosecurity. DARPA separately 

sponsored three additional PMP 

manufacturing facilities: Kentucky 

BioProcessing (Owensboro, KY), 

Medicago (Durham, NC), and 

Caliber Biotherapeutics (now iBio 

CMO, Bryan, TX). The iBio facil-

ity in Texas represents the largest 

single investment in the platform 

by DARPA. 

CommerCialization 

Considerations

The clinical development of ther-

apeutic monoclonal antibodies 

(mAbs) needs to address manufac-

turing constraints and capabili-

ties as early as possible to allow 

for facile and rapid production 

scale-up. As more plant-made 

therapeutics are expected to enter 

clinical trials, in-depth product 

characterization during process 

development in a scaled-down 

manufacturing setting allows for 

the integration of quality control 

and industrialization aspects as 

early as preclinical studies. This 

means the product can transfer to 

full-scale commercialization facili-

ties and manufacturing compa-

nies may not need to build their 

own expensive facilities.

Large-scale commercialization 

facilities that follow cGMP stan-

dards have the necessary capabili-

ties to scale-up and commercialize 

products that can realistically be 

evaluated as early as the preclinical 

study stage.

iBio CMO’s pilot plant and full-

scale production facilities, located 

in Bryan, TX, use plants as generic 

reactors for upstream produc-

tion and a “transient” expression  

system that will produce proteins 

in 7–10 days, post-transfection. 

Scale-up is not an issue because 

all the plant reactors are homoge-

neous. Expression of new proteins 

is rapid because traditional cell-

line development is not necessary. 

The iBio CMO facility is capable of 

making multiple products simulta-

neously or sequentially to respond 

to changing demand. Additionally, 

iBio CMO provides integrated 

research and development (R&D) 

ser v ices  and manufac t ur ing  

platforms that include process  

deve lopment  a nd adva nced  

analytical services. 

Similar to iBio CMO, Medicago 

is a PMP facility, which includes 

a fully automated greenhouse 

and a state-of-the-art extraction 

and purification unit.  Medicago 

specializes in VLP based vac-

cines. Medicago was acquired by 

Rituximab and anti-dengue/anti-influenza in less than three months

In another example, a biosimilar of rituximab was 
produced in less than three months from the initial 
sequence. Dual viral-based vector systems have been 
the method of choice for the expression of antibody 
light and heavy chains in which the light-chain gene 
is usually introduced into a potato X virus (PVX)-
based vector and the heavy-chain gene cloned into 
a tobacco mosaic virus (TMV)-based vector (1). iBio 
CMO used PVX- and TMV-based proprietary vectors 
for the expression of monoclonal antibodies (mAbs) 
at a 10–12 kg plant biomass scale. Under pilot-scale 
conditions, this expression of plant-made biosimilar 
rituximab candidates reached between 100 and  
650 mg/kg of plant biomass. 

Multiple extract clarification schemes were examined, 
and primary clarification through centrifugation followed 

by secondary clarification by depth filtration was chosen 
and found to be robust and reproducible. Once clarified 
plant extract was generated, downstream processing 
steps followed a traditional chromatography path. 

The product was then subjected to tangential flow 
filtration (TFF) for concentration and buffer exchange. 
In an ISO5-rated class II biosafety cabinet housed 
within an ISO7-rated GCON POD, the bulk drug 
substance was sterile filtered under aseptic conditions 
and transferred to sterile glass vials. Delivery of high 
quality, high-purity material was achieved under an 
aggressive timeline of less than three months. 

Reference

 1. A. Giritch et al., Proc. Natl Acad. Sci. USA, 103, 14701–14706 

(2006).
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Mitsubishi Tanabe in 2013, further 

demonstrating the business viabil-

ity of the platform.

The flexibility and scalability 

of these facilities are crucial when 

producing therapeutics and vac-

cines to respond to emerging natu-

ral or man-made threats. With the 

introduction of these large-scale 

facilities and manufacturing plat-

forms, the opportunity to develop 

medical countermeasures to rapidly 

and effectively respond to threats 

and outbreaks can be realized.

the proCess of pmp produCtion

The process begins with plant 

mass product ion, where the 

hydroponic plant production sys-

tem grows Nicotiana benthamiana, 

a small solanaceous plant that is 

particularly suited for hydroponic 

production and transfection. The 

seeds are placed in germination 

trays and transported to the ger-

mination rooms where the trays 

are placed under constant LED 

lights (see Figure 1). The trays are 

f it ted with a water ing chan-

nel, which delivers a recirculating 

hydroponic solution to provide a 

balance of essential plant growth 

nutrients. Temperature and humid-

ity are precisely controlled in this 

large facility that can grow 2.2 mil-

lion plants as “in-process” inven-

tory. Germination typically occurs 

within three to five days and plants 

remain in the germination grow 

room for approximately 21 days. 

The ful ly germinated seed-

lings are then transplanted and 

placed in specially designed alu-

minum grow trays. The grow trays 

are transported to the grow-out 

room where plants reach optimum 

mass in 10–12 days for a total grow 

period of five weeks. 

Trays are automatically con-

veyed to the agroinfiltration area 

and placed in a 38-foot vacuum 

chamber. At one time, eight 4x4 ft. 

trays are inverted and lowered into 

a solution containing the agrovec-

tor and placed under a vacuum 

for a short period of time. This  

process removes gas from intersti-

tial cellular space that is replaced 

by the vector solution. The pro-

cess effectively infects all of the 

cells of the leaf. The transfected 

plants are then conveyed to a post- 

infiltration room for a period of 

6–10 days.

The agrovector inserts DNA into 

the nucleus of the plant and is 

transcribed as a transient expres-

sion system that dominates the 

protein synthesis machinery of the 

cell for this short period to pro-

duce the homologous protein. Post-

infiltration conditions including 

temperature, age, and morphology 

Viral antibodies in two months

United Therapeutics approached iBio CMO with a project: 
to manufacture preclinical material of three antiviral 
antibodies in less than two months, from gene to 
released product, and compare them to a CHO-made 
counterpart, in a mouse survival study. Using iBio CMO’s 
transient plant expression production platform, iBio 
CMO produced three anti-viral antibodies between 90% 
and 95% purity within two months. All antibodies were 
glycosylated and revealed a consistent glycoform pattern.

Following production, the plant-made products 
were tested against a CHO-made counterpart in a 
controlled, mouse survival study. A comparison was 
made for the antibodies’ efficiency at protecting the 
mice infected with the dengue virus in a side-by-
side trial. The plant-made anti-dengue virus antibody 
significantly increased the survival time of infected 
mice compared to those treated with the CHO-based 
product.

Figure 1: Multi-level growing environment under proprietary light-emitting diode 

(LED) lighting.
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of plants, predetermine light dark 

cycle, and time of harvest is opti-

mized to ensure consistent expres-

sion and recovery of high-quality 

product. When the appropriate 

post-infiltration incubation time 

has been reached, plant trays are 

conveyed to the harvest area where 

plants are cut and then mechani-

cally homogenized. Homogenate is 

then clarified by a disc stack cen-

trifugation and/or multiple depth 

filtration regimes. Filtrate is then 

pumped to the downstream pro-

cessing area for purification.  

A l l  downstream processing 

occurs in autonomous clean-

rooms (G-CON PODs). The PODs 

are selected to afford the possi-

bility of rapid downstream pro-

cess changeover in the case of a 

specific biothreat emergency that 

may require multiple downstream 

capabilities (i.e., vaccines, anti-

bodies) (24). During the down-

stream processing, the product 

moves sequentially through multi-

ple PODS dedicated for tangential 

flow filtration, chromatography, 

sterile fill/finish, buffer prepara-

tion/storage, and equipment ster-

ilization. A separate BSL-2+ POD 

provides cell-based assay support 

for in-process quality analyses. A 

review (25) was recently published 

Holtz et al. on commercial-scale 

biotherapeutics manufacturing 

facility for PMPs.

PMP production has the poten-

tial to address specific problems 

around difficult-to-produce thera-

peutics as well as drug products 

requiring accelerated timelines due 

to commercial, disease severity, or 

geopolitical issues (see sidebars for 

examples of success stories).

ConClusion

Plant transient expression is a rec-

ognized flexible and affordable 

method for drug development that 

can be scaled up more rapidly than 

any other recombinant expression 

systems. The launch of new cGMP 

manufacturing infrastructures 

for PMP with the support of the 

DARPA Blue Angel program has 

increased the manufacturing land-

scape to develop and advance fur-

ther plant-based treatment to the 

clinic. With the design and opera-

tion of the iBio CMO manufactur-

ing facility, commercialization of 

>300 kg/year of plant-made prod-

ucts can now be envisaged and 

represents a transient expression 

system capable of ramping drug 

production to large-scale manufac-

turing in a short period of time. 

The plant transient expression 

technology enables rapid testing 

and production of vaccines, mAbs, 

and therapeutic proteins to fit any 

market size or need, including the 

rapid response needed for recent 

outbreaks. For manufacturers, it is 

a cost-effective method for screen-

ing multiple protein candidates 

with large-scale manufacturing 

facilities ready and available for 

scale-up. 
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Fibrotic disease

iBio and its subsidiary, iBio CMO, are developing therapies for fibrotic 
diseases including scleroderma and idiopathic pulmonary fibrosis. iBio 
CMO is manufacturing the clinical materials under cGMP compliance. 
FDA granted orphan drug designation to iBio CMO’s investigational 
iBio CMO therapeutic product, iIbiocmo-CFB03, for the treatment of 
systemic sclerosis. iIbiocmo-CFB03 is a recombinant, plant-made 
protein designed by iBio CMO based on discoveries and inventions 
made by iBio CMO’s research partner, Dr. Carol Feghali-Bostwick at 
Medical University of South Carolina (MUSC) and under license from the 
University of Pittsburgh.
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Testing the Broth

Experts discuss recent advances  
in cell viability testing methods in bioreactors.

Randi HeRnandez

C
ell viability in a bioreactor can be 

measured in real time in a bulk vessel. 

Measurements can be done on-line via 

a bypass loop, inline (inside the ves-

sel), and offline, wherein the measure-

ment device is disconnected physically from the vessel, 

experts from Sartorius including Stuart Tindal, PhD, 

product manager, PAT and automation; Jochen Scholz, 

PhD, senior scientist, R&D instrumentation and con-

trol; Mario Becker, director, PAT and automation; and 

Marek Hoehse, PhD, senior scientist, R&D spectroscopy 

and MVDA, recently told BioPharm International. These 

individuals, along with John Carvell, PhD, sales and 

marketing director of Aber Instruments Ltd., and John 

Gleeson, director at process sensor sales at Hamilton 

Company, spoke with the publication to explain how 

to best measure cell viability in a bioreactor and ensure 

that process parameters stay stable.

Measuring cell viability and density

BioPharm: What are the most popular inline methods 

of analyzing cell quality in bioreactors?

Sartorius: Cell quality is a very loosely worded term; 

there is no one inline probe that can directly measure 

viability or cell health. However, combining information 

from multiple techniques does enable the measurement 
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of viable biomass (alive) and total 

biomass (alive and dead), which 

can give a viability ratio. For exam-

ple, capacitance and transmission-

based turbidity measurement could 

be used. In the future, capacitance 

scanning/impedance spectroscopy 

is an upcoming method to get infor-

mation about cell parameters and 

some groups investigate the possibil-

ity of obtaining ‘cell health’ infor-

mation from this method.

Gleeson: We take cell quality to 

mean the cell viability. In this case, 

the most popular way to determine 

cell quality inline is to use capac-

itance-based measurements. For 

these measurements, an electric field 

is applied to polarize cells within 

the medium. Because only cells with 

an intact membrane will be polar-

ized, the measured permittivity will 

only reflect cells that are viable.

Carvell: I am not aware of any 

specific instrument that measures 

cell quality in bioreactors.  In yeast 

fermentations, there has been a 

requirement for a reliable offline 

measurement to measure the yeast 

vitality, but academics and end-users 

cannot agree on a method.

BioPharm: What are the most pop-

ular inline methods of measuring 

cell concentration/density/biomass?

Carvell: The most popular inline 

methods for measuring cell concen-

tration/density/biomass are radio-

frequency impedance and optical 

probes. Inline cell density probes 

based on optical transmission (e.g., 

Optek, Exner), or reflectance (e.g., 

Mettler Toledo), are most commonly 

used in microbial cultures. The mea-

surements are only linear with cell 

concentrations at a high viability 

and deviate as the viability drops 

toward the end of fermentation. The 

measurements are also very sensi-

tive to gas aeration and the media; 

with a significant and varying sus-

pended solids content, it becomes 

difficult to distinguish the true bio-

mass from the debris. To overcome 

such limitations, radiofrequency 

impedance (RFI) spectroscopy (e.g., 

Aber Instruments) is now used in 

both cell culture and fermentation. 

RFI spectroscopy measures the live 

cell biovolume and the gas bubbles 

and debris do not contribute to the 

signal. RFI has a further advantage 

in that the probe can be now sup-

plied in a single-use form as well as 

a robust probe for multiple steam 

sterilizations.

Sartorius: The answer here can be 

split into market sectors: bacterial, 

microbial (yeast), and mammalian 

cell culture. Bacterial cases normally 

have very high viabilities and tend 

to use optical or near-infrared (NIR) 

transmission or reflectance-based 

probes such as turbidity or optical 

density. Microbial cell culture would 

be more split, [and we would] see 

a mix of capacitance and turbidity 

methods. Lastly, cell-culture applica-

tions are commonly monitored with 

capacitance-based technology and 

supplemented with offline optical 

cell counting.

Gleeson: Total cell concentra-

tion/density/biomass are most 

popularly measured using optical 

density sensors. Optical density sen-

sors measure the aforementioned 

parameters based on the amount 

of light absorbed by the medium. 

As previously discussed, viable cell 

density is best measured through 

capacitance-based technology.

new technology

BioPharm: What new technology has 

recently been released to aid in the 

inline measurements of cells within 

a bioreactor?

Gleeson: There are two main new 

technologies for inline cell measure-

ment. The first is capacitance-based 

measurements, and the second is 

the technology for an online mea-

surement using a microscope and 

flow cytometry to provide a 3D 

image. Capacitance-based measure-

ments provide simple, real-time 

quantitative analysis without the 

need for grab-sampling. This elimi-

nates risk of contamination and the 

trouble and time inherent in offline 

analysis. The microscope and flow 

cytometry combination quickly pro-

vides visual information about the 

cells while lessening burden and 

contamination.

Sartorius: As the biopharmaceuti-

cal industry shifts more toward sin-

gle-use bioreactors, the recent release 

of an integrated single-use capaci-

tance measurement now allows 

the same measurement capabilities 

within gamma-irradiated bags. The 

use of this type of bag removes the 

requirements for autoclaved reuse-

able probes, which can be a source 

of contamination risk.

Spectroscopic techniques such as 

NIR and Raman spectroscopy are 

now being used to measure directly 

in the bioreactor cell parameters 

such as viable cell density, viability, 

viable cell diameter, and total viable 

cell volume.

Carvell: NIR spectroscopy has 

been widely used in cell culture 

and fermentations. A version from 

Sartorius can be used to measure 

the cell count, viability, and glucose 

concentration. ASL Analytical has 

also developed a NIR method for the 

same parameters in cell culture, but 

in this case, they use a closed-loop 

recirculation with media and cells 

returned back to the bioreactor. 

Ovizio has also developed a plat-

form based on an external recir-

culation loop with a microscope 

capturing the holograms of animal 

cells. This allows a label-free estima-

tion of cell density, cell morphology, 

and viability. Ovizio, however, has 

a limited concentration range and 

cannot deal with the high cell densi-

ties seen in some perfusion cultures.

A true online probe using Raman 

spectroscopy is now available from 
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Kaiser Optical. Cell concentrations 

and viability can be derived from 

the measurements after multiple cal-

ibration sets and chemometrics are 

applied. The derived cell concentra-

tions and viability predicted by the 

online Raman probe is not based on 

a Raman effect but is more likely to 

be based on auto-fluorescence from 

products made by the cells.

barriers to MeasureMent

BioPharm: What are some barriers to 

properly measuring osmolality and 

pH of a broth inline? What are typi-

cally the main causes of undesirable 

pH drift in bioreactors?

Carvell: There are not too many 

barriers to measuring pH; it’s been 

a standard measurement inside bio-

reactors for a long time. In terms of 

pH drift, the main cause is typically 

a rush to calibrate. Most instru-

ments will track the pH for 10 sec-

onds, sometimes 20 seconds, during 

calibration, then pronounce the pH 

as ‘stable’ and calculate an offset 

and span. It’s best to place the elec-

trode in the first buffer and let it 

acclimate for a few minutes, then 

start the calibration process, let it 

set in the second buffer a few min-

utes and let it acclimate, then finish 

the calibration. It will improve the 

readings by several hundredths or 

even a tenth of a pH unit.

Gleeson: There are no significant 

barriers for inline pH measurement. 

Drift may be caused by changes in 

temperature or issues with the probe 

such as glass degradation, refer-

ence poisoning, poor maintenance, 

clogged junctions, and older or mar-

ginal probes.

Sartorius: Osmolality can be calcu-

lated by stoichiometric understand-

ing of your process broth. Thus, by 

keeping track of your base media 

and tallying all additional liquid vol-

ume concentrations, an osmolality 

value can be produced. Performing 

those calculations manually is prone 

to error, thus, the use of supervisory 

control and a data acquisition sys-

tem are considered best practice.

pH drift is generally due to the 

pH probe measurement being 

off-set over time, and a running 

recalibration would adjust for that 

off-set. However, it is challeng-

ing to remove a pH probe from a 

running process and recalibrate it 

without creating a sterility concern.

recent advances

BioPharm: What are some recent 

advances in single-use sensors for 

disposable bioreactors? Are there 

many or few options of types of dis-

posable probes?

Sartorius: These days, the conse-

quences of gamma irradiation on 

sensor patches are better understood 

by the industry and the principle 

requirements to translate a multi-

use sensor probe technology into 

a single use format are clearer. 

Recently, we have seen new options 

(viable biomass) and more improve-

ments to single-use sensors for use 

in upstream operations. Single-use 

technologies now come integrated 

(both in the bag and the parameter 

signal in the local controller), quali-

fied, and ready to use.

Gleeson: Recent advances in 

single-use include new glass and 

reference formulations that can 

withstand gamma sterilization. 

Currently, there are few options for 

pH sensors because of the instability 

of some of the optical probes and 

more standard glass probes that are 

being used.

Carvell: The most notable addi-

tion to single-use sensors for dis-

posable bioreactors is the biomass 

probe. Sartorius Stedim Biotech 

now produce single-use biomass 

sensor discs under license from 

Aber Instrument. The radiofre-

quency impedance electronics for 

the single-use biomass sensor have 

been branded BioPAT ViaMass.

BioPharm: Are there any sensors 

currently on the market that mea-

sure more than one parameter at a 

time? What are some of the advan-

tages of a multi-sensor system?

Gleeson: Oxidation reduction 

potential/pH/temperature com-

bination sensors are currently on 

the market. Hamilton Company, 

Mettler-Toledo, and Van London 

are some of the manufacturers of 

these types of sensors.

Carvell: The main advantage of 

multi-sensor systems is that only 

one port is required, and on an 

already-crowded bioreactor, this 

can save space. The main chal-

lenges remain the calibration of 

such sensors and then assessing 

if the calibration is robust when 

there is a significant change in 

the process conditions, change 

of media, cell line, etc. The sen-

sors are also expensive and Raman 

runs have to be conducted in a 

darkened fermenter. There is also 

evidence that fluorescence from 

products from the cells interfere 

with the Raman measurement.

Sartorius: Impedance-based tech-

nology will give both the conductiv-

ity (mS/cm) and the capacitance (pF/

cm). Spectroscopy can be used to 

create a quantitative model of more 

than one parameter, covering a 

broad range of chemical (e.g., nutri-

ents, product titer, etc.) and physical 

parameters (e.g., cell count, viability).

Insert port space, data external 

inputs, and space on a bioreactor 

are always limited; having a probe 

that can acquire more than just 

one parameter measure gives better 

utilization. However, one critical 

point is to have all the parameter 

data in one place so you can do 

multivariate data analysis and trig-

ger system actions, such as alarms, 

guided sampling, and process con-

trol. Inline monitoring is generally 

not the user goal; the goal is typi-

cally inline control. bP
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Cell Line Quality Technologies

BioPharm International spoke with Selexis CEO and Chairman Igor 
Fisch, PhD about the latest cell-line development advances.

SuSan Haigney

C
hinese hamster ovary (CHO) cells are 

a common and stable option for mam-

malian expression systems, but what are 

the other cell line options in upstream 

processing and how do they compare in 

quality and stability to CHO cells? And what are the 

best techniques for ensuring quality and stability in 

cell-line development? 

BioPharm International spoke with Selexis CEO 

and Chairman Igor Fisch, PhD about the latest 

cell-line development advances and the analytical 

techniques companies can use to ensure quality and 

stability.

Cell Development

BioPharm: Which type of cell offers the most stable qual-

ity option? 

Fisch: For mammalian expression systems, Chinese 

hamster ovary (CHO) cells are the most stable option. 

These cells have been the workhorse for the biotech 

industry for decades, resulting in a wealth of expertise 

and highly developed technologies for CHO expression 

in the marketplace. Furthermore, several groups are 

using next-generation sequencing (NGS) to sequence 

the genomes and transcriptomes of their CHO produc-

tion cell lines. These data, combined with bioinformatics, 

offer in-depth, comprehensive analyses of the cell lines 
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and potential manufacturing issues 

that may arise (e.g., point mutations, 

silenced genes, adventitious [viral] 

infections). Today, NGS, combined 

with bioinformatics, provides a 

unique way of barcoding any pro-

duction clone and tracing the clone 

during the manufacture of the drug 

product.

Selexis was the first biotech com-

pany to sequence and annotate the 

genome and transcriptome of the 

CHO-K1 cell line, a variant cell line 

generated from a single clone of 

CHO cells. The company completed 

this work in collaboration with the 

University of Lausanne and the Swiss 

Institute of Bioinformatics, with 

whom proprietary bioinformatics 

tools have been developed. These 

data have been used to genetically 

improve the production characteris-

tics of Selexis’s proprietary CHO-M 

(CHO-K1) cell line across the tran-

scription, translation, and secretion 

continuum. Additionally, these data 

are being used to support partner 

cell line development projects by 

ensuring the integrity of the recom-

binant gene(s), validating the left 

and right integration sites, and pro-

viding a comprehensive genetic base-

line that allows for a novel method 

of coding and tracing master cell 

banks (MCBs) with a reference point 

for cumulative mutations and other 

potential genetic changes.

BioPharm: Of the available cell 

line options (CHO, stem cell, insect, 

plant, other), which is the most 

widely used?

Fisch: For the production of 

monoclonal antibodies and larger 

biologic therapeutics, CHO cells are 

the preferred cell line. There is a 

tremendous amount of experience 

with these cell lines in development, 

manufacturing, and regulatory envi-

ronments. Additionally, for many—

if not most—biologics, appropriate 

mammalian glycosylation is criti-

cal for activity. To date, none of the 

modified plant, insect, or other sys-

tems that are capable of mammalian-

type glycosylation have developed 

a significant track record that can 

match CHO cells. As a result, most 

biotech/pharma companies have 

opted to stay with CHO expression 

systems.

“These elements have 

revolutionized the cell-

line development field 

by vastly improving the 

levels of recombinant 

gene transcription ....”

— Igor Fisch, PhD, 

Selexis

teChniques in Cell Development

BioPharm: Which are the most 

advanced and/or dependable tech-

nologies to use in the development 

of cell lines and why?

Fisch: In the development of mam-

malian cell lines, the most depend-

able technologies are those that are 

based on regulatory genetic elements, 

such as ubiquitous chromatin open-

ing elements (UCOEs) and scaffold 

or matrix attachment regions (S/

MARs). These elements act by relax-

ing the chromatin around the site 

of the integrated recombinant gene, 

protecting it from silencing and 

allowing for much higher levels of 

transcription. These elements have 

revolutionized the cell-line develop-

ment field by vastly improving the 

levels of recombinant gene transcrip-

tion, and they have eliminated the 

need for gene amplification, thereby 

drastically reducing development 

timelines. 

BioPharm: What analytical tech-

niques are available to support qual-

ity in cell-line development?  

Fisch: The analytical techniques 

that support quality cell line devel-

opment break down into two broad 

areas: analytical techniques to assess 

the integrity of the protein product 

and quality and sequencing tech-

niques to ensure clonality and purity 

of the cell line. For viruses, there 

is currently no way to demonstrate 

their complete absence from bio-

logics; thus, regulatory bodies have 

adapted an approach of evaluating 

viral safety on a case-by-case basis. 

With the reduction in sequencing 

costs and improved bioinformatics, 

whole-genome sequencing (WGS) 

has become a new tool for identify-

ing potential viral contamination 

(adventitious agents) that is endemic 

to a master cell bank or was con-

tracted during the manufacturing 

process.

improving stability anD quality 

BioPharm: What approaches are best 

for improving expression, stability, 

and product quality in each type of 

cell line? 

Fisch: The best, most reproduc-

ible approach for improving expres-

sion, stability, and product quality 

is genetically engineering CHO cell 

lines to directly address translation, 

secretion, and cell trafficking issues. 

CHO cells can be engineered 

through several methods, such as 

CRISPR and CRISPRi, improved 

transfection technologies, and trans-

poson technologies. 

Cell lines for biosimilars

BioPharm: What are the challenges 

of developing cell lines for biosim-

ilars and how can they be over-

come? 

Fisch: The biggest challenge with 

developing biosimilars (e.g., mono-

clonal antibodies) is establishing a 

cell line and a manufacturing pro-
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cess that can deliver a glycosylation 

profile that is similar to that of the 

innovator product. Glycoform simi-

larity is predominantly controlled by 

manufacturing optimization steps. 

However, it is important that the cell 

line that expresses the biosimilar is 

extremely stable, expresses at robust 

levels, and has adequate secretion 

machinery to recapitulate the glyco-

sylation profile of the originator. 

regulatory ConsiDerations

BioPharm: Are there specific regu-

lations that need to be followed to 

ensure quality in cell line develop-

ment?

Fisch: The European Medicines 

Agency (EMA) and FDA regulations 

specify that for recombinant pro-

tein products that are synthesized 

in mammalian cells, authentication 

of the master cell bank (MCB) and 

working cell bank (WCB) must meet 

the following criteria: 

•	 T he produc t ion ce l l  l ine 

identity needs to be verified by 

determining the copy number 

and sequence integrity of the 

recombinant gene(s), identifying 

the integration site(s), and 

verifying the monoclonality of 

the cell lines. 

•	 The purity of the production 

cell l ine also needs to be 

verified. Recently, FDA expressed 

concerns over demonstrating the 

monoclonality of production 

cell lines, and while they were 

vague on the specifics, FDA 

stated that if clonality has 

not been assured, additional 

controls on manufacturing and 

other aspects of the quality 

control of the product will be 

required. Historically, many 

of the techniques that have 

been used for assessing these 

authentication parameters (RNA 

sequencing, FISH, FACS, PCR, and 

qPCR) have been deemed to be 

indirect, producing a bias. With 

the improvements in NGS and 

bioinformatics to support these 

analyses, WGS has become a 

viable and direct tool (non-biased) 

for demonstrating clonality 

and examining the integrity of 

integrated transgenes, potential 

genomic/genetic changes, and 

contamination that have occurred 

during the generation of the 

clonal cell line. bp
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Seeking Accelerated  

Biosimilar Characterization

The authors describe the qualification of an assay with applications for 
investigating functional comparability of an originator and biosimilar drug.

Nicolas Fourrier, abhishek saharia, aNd FioNa Greer

T
he development of a biosimilar product 

requires extensive character izat ion at 

many stages. Initially, one needs to deter-

mine the exact structure and the variation 

of the originator molecule (i.e., estab-

lishing the quality target product profile [QTPP]). 

Regulatory authorities throughout the world then 

require head-to-head comparison at multiple lev-

els to demonstrate that the proposed biosimilar is 

“similar, or highly similar” to the reference product. 

In a step-wise regulatory pathway, structural and 

functional characterization has been promoted 

to center stage, as it is essential to demonstrating 

biosimilarity prior to further clinical development. 

Indeed, decisions based on factors observed during 

initial analytical screening could result in a short-

ened clinical development process.

An integrated approach to character izat ion 

requires assessment of primary and higher-order 

structure including post-translational modifica-

tions and variations, biological activities, product 

Nicolas Fourrier is director biomarker and biopharmaceutical testing, 
SGS. abhishek saharia is director of cell-based assays and biologics, 
DiscoverX. FioNa Greer is global director, biopharma services development–
Life Sciences, SGS.
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and process impurities, and sta-

bility and degradation pathways. 

At the functional level, pharma-

cologic activity should be evalu-

ated by appropriate in-vitro and/

or in-vivo assays. In-vitro assays 

may include biological assays, 

bind ing assays,  and enzyme 

kinetics. Such assays can be used, 

in a comparative sense, to pro-

vide additional evidence that the 

activity and potency are simi-

lar, supporting data from struc-

tural characterization. Moreover, 

they may also be used to fur-

ther explore the consequences 

of observed minor structural dif-

ferences and explore structure-

activity relationships.

T hese  in -v i t ro  a nd in -v ivo 

potency assays, however, can be 

expensive and time consuming, 

with readouts that are often far 

downstream of the initial drug/

target interact ion. Cel l-based 

assays, with a readout proxi-

mal to the initial target, are an 

attractive alternative. A series 

of cell-based assays (DiscoverX) 

that rely on the native biology 

of target receptors to quanti-

tatively measure drug potency 

have been developed and tested 

as an alternative to the existing 

methods. The assays rely on the 

PathHunter enzyme f ragment 

complementation (EFC) technol-

ogy that consists of the ß-galac-

tosidase (ß-gal) enzyme split into 

two inactive components, the 

enzyme donor peptide ProLink 

(PK), and an enzyme acceptor 

(EA). When brought together 

in close proximity, PK comple-

ments EA to form active ß-gal. 

The active enzyme catalyzes the 

substrate to generate chemilu-

minescent light, which amplifies 

the signal to make for a highly 

sensitive assay (Figure 1).

The use of EFC technology for 

potency analysis was illustrated by 

DiscoverX researchers Lamerdin et 

al. (1) using an assay developed for 

the angiogenesis inhibitor bevaci-

zumab. Bevacizumab inhibits the 

At the functional level, 

pharmacologic activity 

should be evaluated 

by appropriate in-vitro 

and/or in-vivo assays.
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Figure 1. PathHunter bevacizumab bioassay. KDR is kinase insert domain 

receptor. PK is enzyme donor peptide ProLink. VEGF is vascular endothelial 

growth factor. EA is enzyme acceptor.

Figure 2. Verifcation of KDR activation by VEGF165. KDR is kinase insert domain 

receptor. VEGF is vascular endothelial growth factor.
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growth of blood vessels in tumors 

by binding to vascular endothelial 

growth factor A (VEGF-A). This 

binding blocks VEGF-A activation 

of the kinase insert domain recep-

tor (KDR), which is the primary 

VEGF receptor (KDR is also known 

as VEGFR2). When activated, KDR 

promotes proliferation of vascu-

lar endothelial cells. Bevacizumab 

potency has traditionally been 

measured by proliferation of pri-

mary human umbilical vein endo-

thelial cell (HUVEC) growth.

Unlike HUVEC assays, which 

can typically take three to four 

days, the Pathfinder assay can be 

performed in less than 24 hours 

because it targets an early event 

in the KDR activation cascade: 

the VEGF-A induced homodi-

merization of the KDR receptor 

(Figure 1). The assay consists of 

HEK293 cells that have been bio-

engineered to contain the recep-

tors tagged with the EA and PK 

molecules and are responsive to 

activation through VEGF-A.

Demonstrating 

bioequivalence

Lamerdin and associates demon-

strated bioequivalence between 

the PathHunter bevacizumab 

bioassay and HU VEC assays. 

Using the kit, they found that 

VEGF-A induced dimerization of 

KDR had an half maximal effec-

tive concentration (EC50) consis-

tent with that seen in HUVEC 

assays (1–6 ng/mL). They also 

found that a dose-dependent 

inhibit ion of dimerization by 

bevacizumab produced a half 

maximal inhibitory concentra-

tion (IC50) of approximately 39 

ng/mL, which is comparable the 

ED50 of 50 ng/mL produced by a 

traditional HUVEC proliferation 

assay.

The group did a number of 

studies to qualify the assay for 

potency studies.  They tested 

samples  of  va r y ing potenc y 

from 50–150% relative to a refer-

ence sample of 100% over three 

days. They found the assay to 

be accurate (95.9%) and precise 

(4.1%), with a relative standard 

deviation (RSD) of less than 6%. 

Plotting measured values against 

expected potencies, they arrived 

at an R2 value of 0.985.

Figure 3. Verifcation of KDR activation by VEGF165. KDR is kinase insert domain 

receptor. VEGF is vascular endothelial growth factor.
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Wells 

Analyzed
Lines EC50 

(ng/mL)
R2 T/B Parallelism

IC50 Mean 

(ng/mL)
SD CV %

All wells

A and B 35.5 0.99 2.9

0.23 31.2 5.08 16
C and D 25.5 0.98 2.8

E and F 28.2 0.97 2.8

G and H 35.5 0.97 2.6

Without outer 
wells

B and C 34.9 0.98 3.0

0.59 32.2 4.66 14D and E 26.8 0.98 2.8

F and G 35.0 0.97 2.6

All wells 
with toggled 

replicates

A and E 31.2 0.97 2.9

0.26 32.7 2.88 9
B and F 32.5 0.97 2.8

C and G 36.9 0.97 2.7

D and H 30.4 0.96 2.6

Table I. Impact of well position on bevacizumab dose response assay. EC is half maximal effective concentration. R is receptor. 

T/B is top/bottom ratio. IC is half maximal inhibitory concentration. SD is standard deviation. CV is coefficient of variation.
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Finally, they tested three dif-

ferent lots and found <15 % coef-

ficient of variation (CV) in EC50 

between lots and 9.9–11% CV 

within lots (1).

A testing laboratory (SGS) fur-

ther qualif ied the PathHunter 

bevacizumab bioassay for use 

in bevacizumab and biosimilar 

potency testing. Initially, it was 

verified that VEGF165 activated 

KDR at 12 different concentra-

tions from 0.0483–200 ng/mL, 

including a negat ive control, 

with eight replicates each. The 

replicates were analyzed as four 

sets of duplicates: lines (rows) 

A-B, C-D, E -F, and G-H. The 

results demonstrated the expected 

four-parameter dose response 

curve and the replicates had low 

CV% (Figure 2). The R2 was greater 

than 0.9, and the top/bottom 

(T/B) ratio was greater than 3. 

The VEGF165 mean EC80 was 3.93 

ng/mL.

Similarly, the neutralization of 

KDR induction was tested with 

concentrations of bevacizumab 

ranging f rom 1.54 – 6000 ng/

mL with a set concentration of 

VEGF165 at 3.93 ng/mL. Again, 

each concentration was examined 

in four sets of duplicates: lines 

A-B, C-D, E-F, and G-H. Once 

again, the results had a four-

parameter curve, and the repli-

cates had a low CV% (Figure 3). 

The R2 was greater than 0.9 and 

Table II. Comparison of duplicate preparations of 100% bevacizumab in three separate assays on the same day. EC is half 

maximal effective concentration. R is receptor. T/B is top/bottom ratio. IC is half maximal inhibitory concentration. SD is 

standard deviation. CV is coefficient of variation.

Run/

Day Lines
EC50 

(ng/mL)
R2 T/B

Intra-Run Inter-Run

IC50 

Mean 

(ng/mL)

SD CV %

IC50 

Mean 

(ng/mL)

SD CV %

A/1
100 A and E 53.5 0.88 2.1

0.2 58.9 7.51 13

45.6 11.5 25

100 C and G 64.2 0.95 2.2

B/1
100 A and E 44.7 0.94 2.3

0.8 39.9 6.82 17
100 C and G 35.0 0.95 2.2

C/1
100 A and E 37.0 0.91 2.7

0.4 38.2 1.74 5
100 C and G 39.4 0.97 2.8
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Table III. Comparison of duplicate preparations of 100% bevacizumab in three separate assays on the same day. EC is 

half maximal effective concentration. R is receptor. T/B is top/bottom ratio. IC is half maximal inhibitory concentration. SD is 

standard deviation. CV is coefficient of variation.

Run/

Day Lines
EC50 

(ng/mL)
R2 T/B

Intra-Run Inter-Run

IC50 

Mean 

(ng/mL)

SD CV %

IC50 

Mean 

(ng/mL)

SD CV %

A/1
100 A and E 53.5 0.88 2.1

0.2 58.9 7.51 13

43.2 10.5 24

100 C and G 44.7 0.95 2.2

B/1
100 A and E 35.0 0.94 2.3

0.8 39.9 6.82 17
100 C and G 37.0 0.95 2.2

C/1
100 A and E 39.4 0.91 2.7

0.4 38.2 1.74 5
100 C and G 36.2 0.97 2.8

D/2
100 A and E 35.8 0.97 2.5

0.8 36.0 0.28 1
100 C and G 35.8 0.97 2.5
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the T/B ratio was greater than 2. 

The mean bevacizumab IC50 was 

31.2 ng/mL.

In analyzing the data f rom 

a  s i ng le  b evac i z u mab dose 

response assay, the results were 

compared from all wells on the 

plate to the data without the 

outer row of wells on the plate. 

The data were a lso analyzed 

using different sets of duplicates: 

A-E, B-F, C-G, and D-H. Table I 

summarizes the results, which 

are all comparable at the level 

of mean IC50, but different at 

the level of imprecision (CV%). 

The assay results showed that 

the best performances in terms 

of precision were reached when 

duplicate of wells were farthest 

one f rom the other: A-E , B -F, 

C-G, and D-H.

To qualify the assay, two dupli-

cate preparations of bevacizumab 

at 100% and 50% were tested on 

three different plates and two 

different days. Table II presents 

the data for 100% bevacizumab 

tested on three different plates 

on the same day, and Table III 

compares those same three plates 

with a plate (D) run on a dif-

ferent day. In all cases, the data 

show good comparability with 

an inter-run mean IC50 of 45.6 

ng/mL, and an inter-day mean 

IC50 of 43.2 ng/mL.

Table IV presents the results 

of the 50% bevacizumab assay. 

Again, there is good compara-

bil ity between the plates and 

between the two days. The inter-

day IC50 precision had a mean of 

75.4 ng/mL with an SD of 18.8 

and CV% of 25.

The accuracy of the assay was 

evaluated by comparing the IC50 

obtained with bevacizumab solu-

tion at 50% strength to the IC50 

obtained with bevacizumab solu-

tion at 100% strength. Relative 

accuracy was calculated using 

the following formulas:

Relative potency (%) = 

IC
50

 of 100% strength solution

of bevacizumab     x 100

IC
50

 of 50% strength solution

of bevacizumab

Relative potency (%) = 
Calculated relative potency     x 100

Theoretical relative potency

The inter-run relative potency 

had a mean of 57% with an SD 

of 7 and CV% of 12. The inter-

r un re lat ive accuracy had a 

mean of 115% with an SD of 14 

and a CV% of 12. The IC50 had 

acceptable intermediate preci-

sion and good relative accuracy 

and precision at the level of rela-

tive potency. These data support 

the conclusion that this assay is 

appropriate for the evaluation 

of bevacizumab potency and its 

biosimilars. Because the devel-

opment of a biosimilar product 

requires extensive characteriza-

tion at the functional level, the 

PathHunter bevacizumab bioas-

say kit can provide researchers 

with an alternative to other, more 

expensive and time-consuming 

assays such as the HUVEC assay. 

The assay has been shown to be 

equivalent to HUVEC assays for 

determination of activity and 

potency by Lamerdin et al. and 

has now been qualified for use in 

the laboratories at SGS. 

reference

 1. J. Lamerdin, et al. BioProcess 

International 14 (1), 36-44 (2106). 

bP

Table IV. Comparison of duplicate preparations of 50% bevacizumab in four separate assays on different days. EC is half 

maximal effective concentration. R is receptor. T/B is top/bottom ratio. IC is half maximal inhibitory concentration. SD is 

standard deviation. CV is coefficient of variation.

Run/

Day Lines
EC50 

(ng/mL)
R2 T/B

Intra-Run

IC50 

Mean 

(ng/mL)

SD
CV 

%

RP 

(%)

Mean 

RP
CV 

%

RA 

(%)

Mean 

RA

CV 

%

A/1
50 A and E 112 0.96 2.2

0.2 103 12.9 13
53

58 13
105

115 13
50 B and F 93.6 0.92 2.2 63 126

B/1
50 A and E 61.6 0.97 2.4

0.8 71.4 14.0 20
65

57 20
129

114 20
50 B and F 81.3 0.91 2.4 49 98

C/1
50 A and E 73.1 0.97 2.9

0.4 66.8 8.95 13
52

58 13
105

115 13
50 B and F 60.4 0.96 2.8 63 126

D/2
50 A and E 70.8 0.96 2.4

0.8 60.7 14.2 23
51

61 23
102

122 23
50 B and F 50.6 0.93 2.5 71 142
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Data Integrity Challenges  

in Manufacturing

Designing systems using the principles of good documentation practice, 
including validated audit trails, is a key piece of a 

manufacturing data integrity program.

Jennifer Markarian

D
ata integrity, which refers to the com-

pleteness, consistency, and accuracy of 

data, is a key part of CGMP compliance 

for drugs, said FDA in its April 2016 draft 

guidance (1). The agency said at a 2014 

conference that it anticipated more enforcement 

of data integrity issues, including warning letters, 

product seizures, import alerts, and broader injunc-

tions (2), and indeed, several warning letters since 

then have focused on data integrity.

Regulatory and industry organizations have tried 

to clearly spell out what data integrity means. Several 

other regulatory bodies have also published guide-

lines and guidance regarding data integrity. The 

United Kingdom Medicines and Healthcare products 

Regulatory Agency (MHRA) published a guidance for 

industry defining data integrity in March 2015 (3). 

The United States Pharmacopeial Convention (USP) 

proposed a new General Chapter <1029> on good doc-

umentation practices (4). And in June 2016, the World 

Health Organization (WHO) published a guidance on 

good data and record management practices (5).

Data integrity should be thought of as a whole 

system, says Rebecca Brewer, strategic practice lead 

for Quality Executive Partners. “All components of 

the system—organization, culture, and oversight; 
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training and performance man-

agement; data management; physi-

cal controls; and documentation 

practices—must be working effec-

tively to provide the highest level 

of assurance of data integrity.”

“ M a n age me nt  mu s t  a l i g n 

expectations with the capability 

of a process, site, or even a per-

son,” adds Monica Cahilly, presi-

dent of Green Mountain Quality 

Assurance. “If the infrastructure 

or the resources aren’t there—for 

example, to achieve a certain 

throughput—errors may result 

and there may be a greater risk 

for falsification of data to try to 

meet targets. Establishing and 

staying within the boundaries of a 

design space that yield a safe and 

effective product is fundamental 

to meaningful data integrity and 

data governance programs.”

“In la rge -molec u le  produc-

tion, with all the complexities 

of this technology compared to 

small molecule, companies must 

be mindful of what targets can 

be realistically achieved given 

the variability of the technology. 

Saying we can hit a target that 

we can not is a mistake,” says 

Cahil ly. Regulatory guidance 

documents a re beg inning to 

acknowledge this with more real-

istic targets specific to large-mol-

ecule testing. For example, a 2013 

FDA draft guidance on bioana-

lytical methods (6), which revises 

a 2001 guidance, gives broader 

acceptance criteria (e.g., for accu-

racy and precision) for ligand-

binding assays, notes Cahilly. 

A s  c o m p a n i e s  w o r k  t o 

improve data integrity, comput-

erized systems and electronic 

records are playing a key role. 

The International Society for 

Pharmaceutical Engineering (ISPE) 

GAMP Community of Practice 

started a data integrity special 

interest group (SIG) in January 

2014 due to the high interest in 

this area, says Michael Rutherford, 

the GAMP global chair and spon-

sor of the SIG. The group has pub-

lished concept papers and offered 

education sessions to help mem-

bers get a handle on data integrity, 

including challenges with elec-

tronic records.

PaPer and electronic records

Recent attention to electronic 

records is primarily because these 

systems have not yet been as 

closely examined as traditional 

paper systems, says Cahilly. But 

whether records are paper or elec-

tronic doesn’t really matter, say 

experts; the core principles of 

ALCOA+ (data must be attributable, 

legible, contemporaneous, original, 

accurate, complete, consistent, and 

enduring) apply to both.

“Manual systems most com-

monly suffer from failure to be a 

contemporaneous record, and 

may not be original, accurate, and 

complete,” notes Brewer. “Since 

the inception of GMPs, the indus-

try has been emphasizing the 

importance of good documenta-

tion practices, yet today we still 

see occasional ‘pencil whipping’ 

of records, where an employee 

finishes a series of tasks and then 

signs for all of them (rather than 

completing the entries as the 

tasks were accomplished) or occa-

sions where one employee signs 

for another employee’s activities.” 

Automated, electronic systems can 

be better if they restrict access and 

ensure that entries are attributable.

Making sure records are origi-

nal is key in both paper and 

electronic versions. “There is a 

trash can on the computer just 

like a trash can in the lab,” notes 

L or r ie  S chuess le r,  co - leade r 

of the GAMP SIG. “Controls 

must be in place for computers 

to prevent deleting or renam-

ing files or changing a record’s 

date. Inspectors are trained to 

detect the specif ic ways that 

data changes can be covered up 

in computer systems just as they 

look for fraud in paper records.”

“Somet imes people change 

records intentionally, but some-

times they may just be trying to 

make it less sloppy, for example,” 

notes Rutherford. “Any time you 

have a human in the process, we 

make mistakes. Someone might 

not str ictly follow procedures, 

and there might not be str ict 

enough controls that force good 

data integrity.”

One challenging area is having 

controls to prevent ‘orphan data’, 

which are results that are acquired 

but not reported or reviewed. “A 

good example of orphan data is 

when there are ‘test’ injections 

performed under the auspices of 

an investigation or in preparation 

for running a sample on a chro-

matography system, where these 

samples are never included in 

the formal investigation or run 

report,” explains Brewer. “These 

unreported sample results can, 

intentionally or unintentionally, 

prevent failing data from com-

ing to light or serve as a way in 

which an operator can change the 

operating conditions to ensure a 

good result. Management over-

sight should include a combina-

tion of policy, procedure, training, 

monitoring, and metrics. ‘Trust 

but verify’ should be the watch-

words for the program, with fre-

quent inspection to look to ensure 

that no orphan data are detected 

and to ensure that all operations 

comply with the intended policies 

and procedures.”

Self-recorded data (i.e., data that 

are not captured directly from a 

networked automation system) is 

another concern. “In these cases, 

it is important to think carefully 

ES853635_BPsupp1016_032.pgs  10.18.2016  00:04    ADV  blackyellowmagentacyan



www.biopharminternational.com October 2016    BioPharm International eBook     33

Bioprocessing Trends Data Integrity

about when the ‘four eyes’ princi-

ple should be employed and when 

a ‘second check’ is required,” sug-

gests Brewer.

A special concern for electronic 

data is security—changes should 

be made only by authorized per-

sonnel and these changes should 

be recorded. “Making a change 

on paper is more obvious, because 

you can easily initial, date, and 

note a reason for the change,” 

notes Rutherford, but with elec-

tronic records, systems need to be 

set up to control changes. “Shared 

accounts or roles are common in 

manufacturing control systems, 

but this is a challenge for data 

integrity because, for example, six 

different engineers could change 

a parameter. Regulatory agencies 

would prefer to not have shared 

accounts. But for situations where 

they are necessary, such as for run-

ning a test over a 24-hour period, 

there must be other ways of show-

ing the integrity of the data.”

“Ideally there would be a techno-

logical solution to the problem of 

having shared accounts by keeping 

track of who to attribute data to,” 

adds Schuessler. “If an electronic 

solution isn’t available, sometimes 

the way to deal with this situation 

is a paper log.”

“Whether you use a computer 

or paper, you can have data integ-

rity issues,” concludes Rutherford. 

“The key is to manage and control 

the risk so it doesn’t affect patient 

safety. Doing this includes hav-

ing a quality culture, proper proce-

dures, and making sure people are 

reviewing data properly and catch-

ing problems before they impact 

product quality and ultimately 

patient safety.”

audit trails

A data integrity program should 

include a review of an audit trail, 

in which critical data points are 

reviewed. FDA’s data integrity 

guidance promotes a risk-based 

approach to reviewing the content 

of the original electronic record, 

with a focus on changes to critical 

data, explains Cahilly. It is impor-

tant to understand that the entire 

original electronic record is con-

sidered the original, even if only a 

subset of it is printed. “Regulators 

and quality units are now start-

ing to understand where to find 

meaningful data and metadata 

and make more informed decisions 

about whether products are safe 

and effective,” says Cahilly. “The 

challenge is to facilitate an effi-

cient review by thinking through 

what is critical when you’re vali-

dating the system.”

In addition, people need to be 

trained to review audit trails to 

find problems in electronic data, 

says Cahilly. “On paper, review-

ers are already trained to look for 

cross-outs and focus on the ones 

that may represent significant 

changes that could affect pro-

cess, or method, or product, for 

example. In computer audit trails 

and metadata, reviewers would 

also look at audit trails and other 

meaningful metadata to deter-

mine whether a change to data was 

appropriate and properly investi-

gated, if required. A review that is 

Ensuring an enduring and available record

Rebecca Brewer, strategic practice lead for Quality 
Executive Partners, explains some of the concerns with 
electronic records.

PharmTech: Part of ALCOA+ is ensuring an available 
and enduring record. What risks are associated with this 
aspect of electronic records?

Brewer: The systems from today may not be fully 
compatible with the systems of tomorrow, and it is 
a constant struggle to ensure that not only the data, 
but also the metadata, are available in a readable, 
retrievable format for the duration of retention period 

of that data. Although batch release data may have a 
limited shelf-life in terms of archival, data in support of 
development, technology transfer, stability, validation, 
and continued process verification may be required for 
the full lifetime of the product itself.

Mitigation of these risks depends on effective 
planning for obsolescence. At the time of computer 
system/automation design, it is not too early to begin 
thinking about how records will be maintained in 
an accessible format after the system has reached 
obsolescence.

Audit trail review 

should be done by 

the business function 

rather than by the  

IT group.
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risk-based requires process under-

standing and thus would focus 

on changes to data potentially 

impactful to process rather than 

those of indirect or no impact. For 

example, was a datapoint changed, 

or was the change to correct a mis-

spelling? Audit trails in process 

control systems in manufactur-

ing may track alterations to recipe 

parameters, some of which may be 

significant. A focus on prevention 

makes less work in detection. For 

example, by securing the recipe 

to prevent alteration of significant 

parameters, there will be less meta-

data to review.”

Electronic records can be an 

advantage in the review process, 

because the data are more acces-

sible than with paper. However, 

“Reviewing all data all the time 

is impossible,” notes Rutherford. 

“Review by exception allows you 

to focus on what is most critical. 

Computerized systems do this well 

by flagging unusual conditions to 

be reviewed.”  A manufacturing 

execution system (MES) can flag 

when numbers are modified, for 

example, or when set-up param-

eters are out of specification. “If 

there are too many flags, they may 

be ignored,” warns Rutherford. “It 

gets back to understanding the 

process and knowing which ones 

are important to flag.”

Current coding systems often 

have audit trail or “history” fea-

tures, but they may need to be 

turned on. In some cases, software 

systems don’t have what is needed, 

such as the ability to capture data 

at the time of the analysis or activ-

ity, so some redesign of software is 

occurring as the industry’s under-

standing of good documentation 

practice grows, notes Cahilly.

Because process understanding 

is crucial, audit trail review should 

be done by the business func-

tion—by the operators, engineers, 

or laboratory analysts—rather 

than by the information technol-

ogy (IT) group. “The quality group 

can oversee the review and IT can 

implement a system, but the busi-

ness needs to own the data and its 

integrity,” says Rutherford.

The business group, not IT, 

should also be doing validation 

of f lags and the audit system. 

“Validation is proving that the sys-

tem meets your needs and is fit for 

purpose—that it provides techno-

logical control of data integrity,” 

says Rutherford. “Some consider 

validation merely a documentation 

exercise, but really it comes down 

to whether you care if it works. You 

should know what a flag is sup-

posed to do and test to show that 

it functions that way.” Periodic 

reviews and a change-control pro-

cess are also important.

A practice that can be used in 

addition to audit trail review is 

a forensic audit, which involves 

selecting high-risk targets based 

upon triggering criteria. “These 

targets are then reviewed and 

traced from initial data source to 

final data output—an end-to-end 

evaluation—to detect any wrong-

doing,” explains Brewer. “Forensic 

audits can be used either proac-

tively, as part of the monitoring 

associated with the site manage-

ment controls, or in response to a 

specific known failure or suspected 

wrong-doing.”
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Validating electronic records

Oliver Wolf, senior product manager at MasterControl, 
discusses validating computer systems.

PharmTech: What are best practices for validating an 
electronic record system?

Wolf: In FDA-regulated industries, the entity using a 
computer system is responsible for validation—ensuring 
the proper functioning of all aspects of the system. 
Using a risk-based approach to assess high-risk areas 
of a given system, and then focusing validation testing 
on those areas, has become acceptable. It has also 

become acceptable to rely on vendor documentation 
for testing of the lower-risk areas, especially when the 
reliability of the documentation has been confirmed 
through a vendor audit.

What the high-risk areas of a given system are 
depends on many factors, including the types of products 
a company or facility manufactures and what impact the 
data processed in the system could have on the integrity 
of these products. System functionality to focus on would 
certainly include data access and security, electronic 
signatures, approval processes, and audit trails.
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Investigation Effectiveness Drives  

Human Performance Excellence

Are investigations supporting or hindering performance excellence?

Clifford Berry

E
very biopharm company conducts investiga-

tions for undesirable outcomes related to safety, 

quality, and reliability of product and pro-

cesses. The question is to what degree do these 

investigations support or hinder performance 

excellence? A sub-team that was formed as part of the 

BioPhorum Operations Group (BPOG) human per-

formance workstream sought to answer this question. 

The findings suggest that biopharm is behind other 

industries with respect to investigation best practices. 

This article provides a pathway for the industry to 

improve its investigations, and in so doing, improve 

overall organizational learning and performance.

ImprovIng InvestIgatIons Is  

necessary to Improve performance

There is an ongoing effort by many biopharm compa-

nies working together through the BPOG to develop 

a robust human performance operating philosophy 

started as a result of wanting to figure out the “human 

error problem.” As the industry benchmarked with 

other industry sectors and learned from leading think-

ers in human performance such as Perrow, Rasmussen, 

Reason, Dekker, Woods, Hollnagel, and Conklin, it has 

become clear that true human performance excellence 

Clifford Berry is senior manager, Manufacturing Support, at Biogen.
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is much broader. Human perfor-

mance as an operating philosophy 

will enable the achievement of 

broader business goals to improve 

organizat iona l  e f fec t iveness, 

ensure patient safety, and reduce 

rework. Some mistake human per-

formance for Six Sigma/Lean, or 

operational excellence (OPEX). It is 

neither of those. While there may 

be a small overlap in purpose and 

methods with past performance 

improvement efforts within bio-

pharm, human performance is 

quite different. 

Human performance is a term 

that encompasses elements such as 

human factors, just culture, high 

reliability organizations, resilience 

engineering, and systems think-

ing. The objective is to reduce the 

frequency of undesirable outcomes 

and decrease the severity of events. 

While some undesirable outcomes 

are labeled as human error, the 

human action can only be labeled 

as an error after the fact, and it is 

more insightful to think of unde-

sired outcomes as a result of vari-

ability of normal work within 

brittle systems. This perspective is 

often referred to as the “new view” 

of human performance where 

the importance of local rational-

it y,  emergence, per formance 

variability, equivalence, and trade-

offs must be acknowledged (1). 

Performance, which includes safety, 

quality, and reliability, must be 

considered in the context of the 

entire system, instead of isolated 

individuals, events, and outcomes. 

The system is where the opportu-

nities for improvement exist, and 

understanding the interactions 

within the system is essential to 

human performance improvement.

One important way to learn 

where systems are vulnerable 

is through investigations. When 

investigations stop short of dis-

covering where risk lies and where 

changes would improve system 

performance, important learning is 

missed and constraints are created, 

including the resources to work 

on corrective actions and perfor-

mance by not addressing what is 

truly hindering improvement.

InvestIgatIons best  

practIces and bIopharm

In the summer of 2015, the BPOG 

human performance workstream 

chartered a subteam, composed 

of individuals from five biopharm 

companies, to survey the indus-

try to understand the current state 

and identify best practices for 

investigations and causal analysis 

methods. The BPOG human per-

formance workstream realized that 

the current model of investigations 

used in biopharm may be a driver 

to repeat events and that it missed 

opportunities to improve local fac-

tors that support successful exe-

cution of work. Regulatory data 

support this presumption; where 

investigation thoroughness was 

the number two subject of find-

ings in 2015 for FDA 483 obser-

vations in biologics, according to 

data from the FDA website (2).

The sub-team surveyed 18 bio-

pharm companies and five non-

biopharm companies in nuclear 

operations, nuclear fuel manu-

facturing, aircraft engine manu-

facturing, and gas distribution to 

better understand current practices 

and best practices. The sub-team 

provided recommendations to 

improve investigation performance, 

and ultimately improve human 

performance within biopharm.

traInIng practIces

The training provided to biopharm 

employees who lead and conduct 

investigations is a crucial factor 

to the success of those activities. 

Benchmarking survey responses, 

as illustrated in Figure 1, indicate 

that only 30% of biopharm sur-

vey respondents provide greater 

than 16 hours of initial training, 

whereas 75% of non-biopharm 

respondents reported providing 

greater than 16 hours of initial 

training. Training should include 

a case study where key tasks per-

formed as part of an investigation 

are practiced, including interview 

skills. Based on 24 hours of train-

ing observation at a non-biopharm 

company, it is unlikely that effec-

tive delivery of this training can be 

accomplished in less than 16 hours. 

The content of investigator initial 

training must also include causal 

analysis methods usage, as well as 

human performance fundamentals, 

and incident causation/accident 

models such as sequence of events 

model, man-made disaster theory, F
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Figure 1:  Initial training of investigators.

Duration of required initial training provided to 
employees who lead investigations

Greater than 16 hours

Between 8 and 16 hours

Less than 8 hours

No training is required
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the latent failure model, normal 

accidents theory, control theory, 

and high-reliability theory. These 

topics are not currently included 

in investigator initial training by 

most biopharm companies. 

LeveLs of InvestIgatIon  
based on rIsk
One-hundred percent (100%) of 

non-biopharm survey respondents 

reported having a process that 

requires different levels of inves-

tigation rigor based on risk. This 

aspect of an investigation pro-

gram is vital to proper investigator 

assignment, as well as optimum 

application of resources and deter-

mination of investigation scope. 

An example of such a risk-based 

approach is used by a commercial 

nuclear participant in this bench-

marking activity. The survey par-

ticipant described the following 

investigation rigor process levels 

for a low threshold/high volume 

condition reporting system where 

approximately 10,000 problems are 

reported each year for a single site:

•	 Approximately five problems 

of high signif icance, where 

regulations require that incident 

recurrence is precluded, are 

i nves t igated  by  f u l l - t i me 

dedicated teams and receive a 

detailed causal analysis.

•	 Approximately 300 problems of 

lesser significance, where there 

is no regulatory requirement 

t o  p r e v e n t  r e c u r r e n c e , 

a re invest igated by single 

investigators and receive a less 

detailed causal analysis.

•	 The remainder of the reported 

problems are treated as “broke-

fix” where a causal analysis is 

not performed, but corrective 

actions may be assigned. Trend 

codes are applied to the record 

which supports future trend 

analysis.

This risk-based approach differs 

with the typical approach used 

in biopharm, where lower signifi-

cance problems that do not reach 

a minimum threshold are screened 

out and not entered into deviation 

management systems, potentially 

resulting in incomplete learning 

and missed continuous improve-

ment opportunities. Additionally, 

many biopharm companies do not 

have a risk-based investigation pro-

cess that effectively and efficiently 

allocates resources to conduct the 

investigation.

tImeLIness of InvestIgatIon
Timeliness in starting an investiga-

tion is essential to accurate data 

collection. Of biopharm bench-

marking survey responses, 55% 

report the existence of a require-

ment to begin the investigation 

within 24 hours, while 100% 

of non-biopharm respondents 

report of having such a require-

ment. While it may not be feasi-

ble to have investigators working 

all shifts in a 24/7 manufactur-

ing work environment, a process 

to capture witness statements is a 

method to more quickly and accu-

rately capture information for the 

soon to begin investigation. 

Information collected on a 

written witness statement form 

may include expected outcome, 

sequence of activities and actual 

outcome, workplace local factors 

that may have influenced outcome, 

surprising or unexpected events/

conditions, names of other employ-

ees involved, a sketch or photo of 

the incident scene, and position 

information such as the following:

•	 Where were you standing?

•	 What were you looking at?

•	 What were you touching/

handling/operating?

•	 Where were others standing?

•	 Where was equipment located 

in relation to people?

InvestIgatIons are  
a core competency  
(dedIcated InvestIgators)
S i x t y  pe rcent  of  b iopha r m 

responses report that investiga-

tions are led by employees whose 

primary job responsibility is to 

perform investigations. As part 

of benchmarking interviews with 

non-biopharm survey participants, 

one company revealed that inves-

tigation quality had degraded fol-

lowing an organization change 

where a pool of dedicated inves-

tigators was replaced by a process 

where non-dedicated investigators 

were then relied upon to conduct 

investigations. It is logical to con-

clude that investigator proficiency 

is challenged as the result of allow-

ing a large population of employ-

ees to perform causal analysis on 

an infrequent basis. Assigning a 

dedicated pool of employees to 

lead investigations would be an 

appropriate measure to improve 

effectiveness.

probLem statement–
InvestIgatIon focus
The focus of the investigation must 

be clearly specified near the begin-

ning of the process to improve 

efficiency and effectiveness. The 

problem description documented 

as part of the deviation document 

is certainly an input to defining 

investigation scope and, for simple 

events, may be all that is neces-

sary. In other cases, the deviation 

problem description may contain 

excess information that may unin-

tentionally lead an investigation 

team to set an improper scope and 

depth. A best practice used by non-

biopharm organizations was the 

creation of a ‘problem statement’ 

to ensure that the investigation is 

properly focused, and the scope 

is not too narrow or too broad. A 

problem statement is a concise 

paragraph citing the problem to 
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be analyzed and may also act to set 

boundaries on the scope of inves-

tigation. The problem statement, 

which should be approved by the 

area owner or a member of leader-

ship, is referred to periodically by 

the investigation team to stay “on 

track”, and may be revised as more 

information is learned during the 

course of the investigation. 

One method used to construct a 

problem statement is to succinctly 

define “object”, “defect”, and “con-

sequence” in one sentence. Key 

points to remember when con-

structing a problem statement 

include:

•	 Don’t offer solutions.

•	 Focus on the problem not the 

symptoms.

•	 Never assign blame or assign a 

cause.

•	 St ick to the fac t s  of  the 

condition.

•	 Keep it focused and avoid broad 

generalizations.

•	 Don’t be so focused that you 

miss causal factors during your 

investigation.

IntervIew process

Biopharm benchmarking survey 

responses indicate that 68% either 

mostly or almost always use investi-

gators to conduct interviews, while 

36% report that mostly or almost 

always the supervisors of the indi-

viduals involved in the incident 

conduct the interviews. For non-bio-

pharm survey respondents, 100% 

report that interviews are conducted 

by investigators. From the stand-

point of proficiency, individuals who 

more frequently perform investiga-

tions and conduct interviews would 

have more effective interview results. 

Additionally, an interview conducted 

by an individual outside the orga-

nizational reporting-chain of the 

individual involved in the incident 

would establish an environment that 

is more likely to be perceived as non-

threatening, and thus the interview 

will be more productive.

Supervisors certainly have a 

role and a need to conduct a post-

incident dialogue with employees 

in order to understand immediate 

consequences to operations and to 

initiate immediate actions/correc-

tions. For a more effective investiga-

tion, however, trained and proficient 

investigators should always conduct 

interviews, or re-interview following 

the supervisor post-incident dialogue.

An appropriate choice 

of causal analysis 

methods used as part 

of an investigation is 

crucial to determining 

causal factors.

Thirty-one percent of biopharm 

respondents report mostly or 

almost always that interviews are 

conducted in an office. An equal 

percentage, 31%, report mostly or 

almost always that interviews are 

conducted at the place where the 

incident occurred for the employee. 

The Cognit ive Interview is a 

method to improve eyewitness rec-

ollection (3), and a technique used 

as part of that process is the use 

of retrieval cues to enhance mem-

ory recall. Visiting the incident 

scene as part of the interview is an 

example of such a cue. Biopharm 

should incorporate aspects of the 

Cognitive Interview into data col-

lection methods.

empLoyee engagement  

In causaL anaLysIs

Eleven percent of biopharm 

respondents report mostly or 

almost always that employees 

involved with the incident par-

ticipate in the causal analysis. 

Additionally, 57% report mostly 

or almost always that employee 

involvement is limited to the 

investigation interview. To con-

duct an effective investigation, 

the investigator must understand 

the local rationality of the indi-

viduals involved with the incident. 

A person’s rationality is local by 

default—to their mindset, knowl-

edge, demands, goals, and context. 

It is also “bounded” by capabil-

ity and context, limited in terms 

of the number of goals, and the 

amount of information they can 

handle, etc. (1). 

An effective method of improv-

ing the invest igator ’s under-

standing of local rationality is to 

include the individuals involved 

with the incident in all or some of 

the causal analysis activities (e.g., 

during construction of the inci-

dent timeline or when teasing out 

causal factors present on the time-

line). This field expert involvement 

ensures investigator understand-

ing of “knowledge at the time”, as 

opposed to “knowledge now”. This 

understanding includes the vari-

ous activities and focuses of atten-

tion, at a particular moment and 

in the general time-frame, which 

helps to provide proper consider-

ation of how things made sense 

to those involved, and the related 

system implications.

causaL anaLysIs methods 

An appropriate choice of causal 

analysis methods used as part of 

an investigation is crucial to deter-

mining causal factors. Biopharm 

benchmarking survey responses 

indicate an unusually heavy reli-

ance on Fishbone and Five Why. 

Fishbone is used by 95% of bio-

pharm respondents, and Five Why 

is used by 100% of respondents. 

On the frequency of use by bio-
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pharm respondents, Fishbone 

is used mostly or almost always 

45% of time, while Five Why is 

used mostly or almost always 65% 

of the time. Both Fishbone and 

Five Why originated from qual-

it y manufac tur ing processes 

in the late 1960s and have con-

tinued to be used with success 

for Kaizen, Lean, and Six Sigma. 

While both Fishbone and Five 

Why might be appropriate tools 

for simple problems where prob-

lem recurrence is accepted as part 

of a Plan-Do-Check-Act (PDCA) or 

Define-Measure-Analyze-Improve-

Control (DMAIC) process, neither 

are appropriate for complex prob-

lems where recurrence must be 

precluded. Fishbone and Five Why 

are brainstorming tools with mini-

mal structure that have a high like-

lihood of missing causal factors if 

used during an investigation.

Structured causal analysis meth-

ods (i.e., event and causal factor 

chart, barrier analysis, change anal-

ysis, Management and Oversight 

Risk Tree [MORT], cause mapping, 

and logic/fault trees) recognize that 

incidents have multiple underly-

ing causes. These methods improve 

investigation quality by helping 

users focus beyond the surface symp-

toms to the multiple underlying 

root causes and contributing causes 

(see Figure 2). Typically, for complex 

investigations where precluding 

incident recurrence is a necessary 

outcome, multiple structured causal 

analysis methods are used. 

Investigators, for example, may 

begin with a timeline and then use 

a fault tree. Another approach is to 

begin with a timeline, then create 

an event and causal factor chart, 

and conclude with the use of a pre-

defined tree (e.g., MORT). Skilled 

investigators may even combine 

methods, for example, building an 

event and causal factor chart that 

includes aspects of logic/fault tree 

and AcciMap (4). To better ensure 

appropriate causal analysis meth-

ods are used during investigations, 

biopharm companies should pro-

vide written guidance for inves-

tigators’ choice of methods based 

on relative advantages and disad-

vantages, similar to that provided 

by the Department of Energy and 

the North American Reliability 

Corporation (5, 6). 

human error Is not the cause

Investigators must realize that 

while in classical root cause analy-

sis the end goal is to deconstruct 

an incident to find root causes, in 

a human performance root cause 

analysis the incident must also be 

viewed in its whole to understand 

both context and relationships 

between causal factors. One is 

not looking for that single ill-per-

forming component in a machine, 

rather one must look at the sys-

tem holistically to learn about the 

relationships and variabilities that 

resulted in the undesirable out-

come (7). 

The biopharm benchmarking 

survey responses indicate that 71% 

either sometimes or mostly con-

clude their investigations with root 

causes that equate to operator error 

or human error. This is a continu-

ing weakness in biopharm human 

performance maturity. Related data 

from biopharm survey respondents 

indicates mostly or almost always 

that 22% of the time a root cause 

determined is the person who trig-

gered the incident. Of non-biopharm 

survey respondents, 75% reported 

mostly or almost always identifying 

root causes that were organizational/

system-related, compared to only 5% 

for biopharm respondents.

Applying a management system 

test to causal factors is necessary 

to ensure that the causal factors 

believed to be fundamental to 

problem causation are indeed man-

agement system failures, and thus 

truly root causes. A proper defi-

nition of root cause is necessary 

to perform a management system 

test, where a desired outcome is to 

reduce the likelihood of investiga-

tions improperly concluding with 

a cause of human error, which 

according to Sidney Dekker is an 

attribution; a judgment on the 

quality of any work outcome that 

provides zero learning (8).  

Figure 2: Differences in causal analysis methods structure.
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The biopharm benchmarking 

survey responses indicate that 75% 

had a documented definition for the 

term root cause. Additionally, only 

5% of biopharm survey respondents 

had a root-cause definition that 

included such terms as “system-

related” or “management systems”, 

as well as specifying that there is 

typically more than one root cause. 

Of note, all non-biopharm bench-

mark ing survey respondents 

reported having program documen-

tation that defined root cause, and 

25% had a root cause definition that 

included such terms as “system-

related” or “management systems”, 

as well as specifying that there is 

typically more than one root cause. 

Some biopharm companies have 

gone so far as to revise their correc-

tive action program cause code tax-

onomies to remove cause codes that 

equate to operator error or human 

error, in an effort to prevent an 

improper investigation conclusion, 

as well as strengthening Just Culture. 

An effective investigation program 

design would include an appropriate 

definition of root cause. That def-

inition is essential for both inves-

tigators and leadership in order to 

measure the general acceptability of 

root causes in investigation reports. 

One commonly used definition of 

root cause used outside of the bio-

pharm industry is, “a fundamental, 

underlying, system-related reason 

why an incident occurred that iden-

tifies a correctable failure(s), typi-

cally within a management system, 

within the control of the organiza-

tion to correct and if eliminated or 

modified would have kept the event 

from occurring. There is typically 

more than one root cause for most 

incidents” (9).

Of equal importance to an effec-

tive investigation program design 

is the definition for causal factor, 

which is “a major contributor to the 

incident (a negative occurrence or 

undesirable condition), that if elimi-

nated would have either prevented 

the occurrence, or reduced its sever-

ity or frequency” (9). 

concLusIon

Biopharm uses a dated and lim-

ited manufacturing model for 

investigations and root-cause 

analysis. Investigator proficiency 

is challenged as the result of lim-

ited training and allowing a large 

population of employees to per-

form causal analysis on an infre-

quent basis. While both Fishbone 

and Five Why might be appropriate 

tools for simple problems where 

problem recurrence is accepted as 

part of a PDCA or DMAIC process, 

neither are appropriate for complex 

problems where recurrence must be 

precluded. More structured causal 

analysis methods are not used 

often enough to reveal root causes 

within management systems.

While the current model has been 

viewed as mostly effective in the past, 

as well as satisfying the criteria estab-

lished by regulators and customers, 

there are significant opportunities 

for improvement. The current state 

of investigations and root-cause 

analysis is self-limiting to continu-

ous improvement as well as not an 

effective use of limited organiza-

tional resources. Properly address-

ing these opportunities will not only 

improve the velocity and effective-

ness of adopting a strong human 

performance operating philosophy, 

but will ultimately result in enhanc-

ing continuous improvement and 

organizational effectiveness. BPOG 

member companies are now acting 

on the report recommendations to 

improve their processes and systems.
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