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From the Editor

Let the Learning Commence

G
raduation ceremonies fill the calendar during this time of year as students 

mark their promotion from one level of schooling to another, or from 

academic life to the business world. While ‘commencement’ ceremonies 

celebrate the achievements of graduates, another meaning of the word denotes a 

beginning or start. Graduation speakers have reminded graduates that one must 

never stop learning, a subtler way of saying “you don’t know everything” and “you 

will forget what you have learned if you do not put the knowledge into practice.”

These messages also have meaning for experienced bio/pharmaceutical devel-

opment and manufacturing employees and companies. Evonne Brennan, interna-

tional technical marketing manager, IMCD Ireland, urged the audience to “mind 

the gap” in their knowledge base during a presentation, “Bridging the Knowledge 

Gap in Formulation and Processing,” at ExcipientFest 2018 in San Juan, Puerto 

Rico in May 2018. Brennan cited examples of failures in drug formulation and 

development due to a lack of knowledge or expertise by members of the develop-

ment team. She also noted how a lack of communication between formulators 

and equipment manufacturers can lead to development delays.

Knowledge gaps form in several ways. When experienced chemists, formula-

tors, and other development, manufacturing, or quality personnel leave a com-

pany or the industry, they take their knowledge with them. And, when companies 

are resistant to change—due to financial constraints or regulatory concerns—a 

gap in technology or scientific expertise can grow.

In some cases, information to resolve a potential drug development problem 

may exist within an organization; however, it resides in data silos, inaccessible to 

the experts who can interpret the data into knowledge. In other cases, industry 

players are hesitant to share knowledge due to competitive concerns.

Emerging technologies, such as continuous manufacturing and 3D printing, 

demand new ways to address formulation and manufacturing. Gaps in know-how 

can slow adoption of these technologies.

Sources available; sharing needed
Industry publications, conferences, reference books, compendial organiza-

tions, and academia are valuable information sources for ongoing career 

knowledge development. Despite improvements in communication, it is more 

difficult to get industry experts to share technical expertise on core pharma 

development topics. Bio/pharma companies and contract service organizations 

are sharing less in the trade press, citing confidentiality concerns. 

At several recent industry events, I listened to several experts from different 

segments of the bio/pharma spectrum—APIs, medicinal chemists, formulators, 

regulators, process developers, equipment manufacturers, and more—engage 

in verbal finger pointing, arguing that the other industry players were the 

roadblocks to progress in drug development. Others argued that the industry 

needs to work together on these issues.

Christopher Welch, a principal with Welch Innovation, shared two 

examples of cross-pharma collaborations during a presentation at CPhI 

North America in Philadelphia in April 2018. The Enabling Technologies 

Consortium, a collaboration of pharmaceutical and biotechnology companies, 

works on a pre-competitive basis to identify, develop, and improve scien-

tific tools and techniques to support drug development and manufacturing. 

Projects include an automated solubility platform, a probe for drying pro-

cesses, and particle measurement. Welch also is involved in a new venture, the 

Indiana Consortium for the Analytical Sciences, scheduled to launch in 2019.

These collaborations are bridging the knowledge gaps and promoting the 

route to ongoing learning essential to industry advancement. X

By minding gaps in 

industry knowledge, 

bio/pharma 

companies 

can avoid 

development 

pitfalls.

Rita Peters is 
the editorial director 

of BioPharm International.

http://www.biopharminternational.com
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Regulatory Beat
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C
ontinued public alarm over opioid-related 

overdoses and deaths is generating addi-

tional strategies to reduce opioid prescrib-

ing and production and to crack down on firms 

for inappropriate marketing of these therapies. 

Related FDA initiatives support the development 

of less addictive pain therapies and new treat-

ments for addiction, at more affordable prices.

At the same time, states and municipalities 

have brought hundreds of lawsuits against opi-

oid manufacturers and distributors for aggressive 

promotion that spurred excessive prescribing of 

painkillers, and the Department of Justice recently 

said it would join efforts to recover costs for federal 

government opioid treatment programs. These 

actions have increased pressure on pharmaceutical 

companies to monitor and limit opioid produc-

tion and distribution, and on physicians and other 

health professionals to modify prescribing. 

A main initiative is to reduce individual access 

to large quantities of pain pills through a range 

of actions by FDA and other federal agencies. The 

Drug Enforcement Agency (DEA), which regu-

lates production and prescribing of controlled 

substances, is moving to curtail the manufacture 

of opioids where there’s evidence of illegal diver-

sion. Attorney General Jeff Sessions announced 

in April 2018 that the proposed policy would 

add drug abuse or diversion to the list of factors 

that DEA uses to set quotas for opi-

oid production (1). DEA also would be 

able to obtain more information from 

states, FDA, Medicare and Medicaid, 

and the Centers for Disease Control 

and Prevention (CDC)—in addition to 

data from manufacturers—in setting 

annual production limits for drugs 

such as oxycodone and fentanyl. 

The Department of Justice further 

stated that it is joining settlement 

talks with drug manufacturers, states, 

and other entities involving litiga-

tion over opioid production (2). Such action 

was spurred by reports of distributors deliver-

ing more than 20 million painkiller tablets to 

pharmacies in a small town in West Virginia, a 

visible sign of intended illegal diversion. 

However, it’s not clear how the new DEA 

rule would affect the market. Traditionally, the 

DEA production quota system was designed 

to ensure that drug manufacturers produce 

enough of needed medicines to avoid shortages 

in needed pain therapies, and quotas have been 

determined largely by manufacturer projections 

for drug sales in coming months. Whether or 

not the DEA can use the same process to reduce 

supply remains to be seen, as it may be difficult 

to identify a particular manufacturer related to 

a broader oversupply situation. 

Recent DEA moves to limit opioid manufactur-

ing, moreover, may have contributed to ongo-

ing reports from hospitals and clinics of serious 

shortages in injectible pain medicines needed for 

surgery and for treating cancer patients and oth-

ers experiencing severe pain. The limited supplies 

are linked to manufacturing problems at a leading 

Pfizer facility producing pre-filled syringes and 

vials of morphine and other potent medicines. 

Hospitals continue to seek alternative suppliers for 

injectables and to use more pills and less potent 

analgesics where possible. Health professionals, 

however, fear that the need to administer unfa-

miliar injectables with different strengths and 

delivery systems may lead to dosing errors. 

LEGISLATORS TACKLE PRODUCTION
Congress aims to enact legislation by summer 

to curtail access to opioids and to expand fund-

ing for substance-abuse treatment programs. A 

notable provision in bills moving through the 

Senate and House aims to reduce opioid use 

by authorizing FDA to require drug manufac-

turers to provide oral formulations in blister 

packs with limited three- or seven-day supplies. 

FDA and Congress seek to limit the 
production and distribution of pain medicines.

Manufacturers Under Pressure
to Curb Opioid Use and Abuse

Jill Wechsler is BioPharm 

International’s Washington editor, 

jillwechsler7@gmail.com.

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

FDA also could require safe dis-

posal packaging systems that block 

re-use of leftover drugs. FDA and 

stakeholders examined these strate-

gies at an FDA public workshop in 

December 2017 on the role of pack-

aging, storage, and disposal options 

in addressing opioid abuse. 

These provisions are part of 

the much broader Opioid Crisis 

Response Act of 2018 approved by 

the Senate Health, Education, Labor 

and Pensions (HELP) committee 

in April (3). The House Energy and 

Commerce Committee similarly has 

developed a comprehensive opioid 

package of bills that support addic-

tion treatment, research on non-

opioid pain therapies, and curbs on 

excessive prescribing. The legisla-

tors clarify FDA authority to remove 

pain therapies from the market 

if found less effective in limiting 

abuse than when initially approved, 

and for the agency to obtain infor-

mation that can assist in detecting 

and seizing counterfeit and illicit 

drugs coming into the country. 

Congress further supports the 

development of new non-addictive 

pain therapies by directing FDA to 

issue guidance on designing clinical 

trials and on developing alternative 

treatments. FDA would clarify how 

it weighs the risks and benefits of 

drugs with potential to be misused 

or abused, while also offering expe-

dited and breakthrough pathways 

to manufacturers of novel pain and 

addiction treatments. The National 

Institutes of Health similarly gains 

authority to provide funding more 

quickly for promising research pro-

posals related to treatments for pain 

and addiction. 

These measures build on FDA ini-

tiatives to encourage innovation in 

developing treatments to limit the 

euphoric effects of opioids, in addi-

tion to methadone, buprenorphine, 

and naltrexone. FDA issued a draft 

guidance in April 2018 on develop-

ing new sustained-release buprenor-

phine products less vulnerable to 

misuse or abuse (4). The agency also 

proposes abbreviated development 

and testing programs for new ther-

apies similar to already approved 

treatments that differ in delivery 

systems or formulations. In addi-

tion, FDA is revising the content of 

training information provided by 

manufacturers to prescribers under 

an expanded Opioid Analgesic Risk 

Evaluation and Mitigation Strategy 

(REMS), which now includes both 

immediate-release and extended-

release opioid analgesics. 

Democrats would like legisla-

tion to impose tougher penalties on 

manufacturers and drug wholesalers 

and distributors for marketing and 

distribution practices calculated to 

expand opioid use. At Congressional 

hearings, Democrats loudly criti-

cized drug companies for promoting 

excessive prescribing and for chan-

neling funds to patient pain advo-

cacy organizations to support wider 

use of certain therapies. Sen. Bernie 

Sanders proposed a bill that levies 

stiff fines and prison sentences on 

drug company executives involved 

in illegal opioid marketing and 

distribution, along with reduced 

exclusivity and tax credits for firms 

convicted of such activities. Leading 

opioid manufacturers earlier this 

year announced plans to limit or 

cancel promotional activities, but 

still may face penalties designed to 

help defray public outlays for costly 

addiction and rehab programs. 

There may be some relief ahead, 

as seen in reports of a sharp drop in 

the volume of pain medicines pre-

scribed and dispensed to patients in 

2017, according to data from IQVIA 

(5). The trend indicates that phy-

sicians are responding to adviso-

ries from CDC and FDA and other 

health authorities to reduce opioid 

prescribing overall and to limit the 

number of doses in those prescrip-

tions considered necessary. FDA 

looks to continue the trend with fur-

ther advice on clinical study design 

related to addiction treatments and 

the development of non-opioid pain 

therapies. The agency also aims to 

examine whether new formula-

tions do support abuse deterrence, 

Gottlieb said in testimony before 

Congress on FDA’s budget plan (6). 

The commissioner urged payers and 

health plans to expand coverage for 

therapies to prevent overdoses and 

to treat addiction, as well as non-

opioid pain medicines. To ensure 

that patients suffering from pain 

have access to appropriate treatment, 

FDA is holding a public meeting on 

July 9, 2018 to hear from patients 

and medical professionals on strate-

gies to support prescribing guide-

lines and pathways for developing 

new pain threapies (7). 
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B
iopharmaceutical manufacturing con-

tinues to see growth as contract manu-

facturing organizations (CMOs) expand 

their services. The following is the latest news 

about CMO facilities, partnerships, and services.

NEW AND EXPANDED FACILITIES
Grand River Aseptic Manufacturing, Inc. 

(GRAM), a parenteral contract development 

and manufacturing organization (CDMO), 

announced on April 24, 2018 the purchase of 

a Bausch+Ströbel high-speed filling line with 

SKAN isolator, marking the second major equip-

ment purchase of the year. In March 2018, the 

company announced the purchase of a new 

syringe filler and a land purchase agreement to 

acquire a 1.5-acre lot in Grand Rapids, MI.

The filling line can fill 200 vials per minute, 

which will more than triple the company’s 

manufacturing capacity, according to a press 

statement. The integrated fill line includes a 

vial washer, depyrogenation tunnel, and filling 

machine and the capacity to fill vials ranging 

from 2 mL–50 mL with 100% weight checks (1). 

On April 30, 2018, WuXi Biologics, part of 

WuXi AppTech, announced plans to invest 

$389 million (€325 million) in a new biomanu-

facturing facility in Mullagharlin, Dundalk, 

Ireland. According to the company, the new 

facility will use multiple single-use bioreac-

tors for commercial biomanufacturing and is 

designed to be able to run continuous biopro-

cessing (2). A total of 48,000-L fed-batch and 

6000-L perfusion bioreactor capacity will be 

installed.

The site, on a 26-hectare (64-acre) campus, 

is the company’s first site outside of China. 

The investment is expected to create more 

than 400 jobs over a five-year span, as well as 

approximately 700 construction 

jobs. The project is supported by 

the Irish Government through IDA Ireland, an 

economic development body for Ireland.

Lonza announced on April 10, 2018 that it 

has opened its dedicated cell- and gene-ther-

apy manufacturing facility in Pearland, TX 

(3), a 300,000-sq.-ft. facility built in anticipa-

tion of rising demand from developers of cell 

and gene therapies. The facility offers integrated, 

“everything-under-one-roof” access to cell- and 

gene-therapy manufacturing technologies, the 

company reports.

“Lonza Houston will serve as a center of excel-

lence for cell-and-gene-therapy process devel-

opment from concept through pre-clinical, 

clinical, and commercialization, all the way to the 

patient,” said Andreas Weiler, business unit head 

for emerging technologies at Lonza Pharma & 

Biotech, in a company press release. “This facility 

has the potential to produce treatment for thou-

sands of patients suffering from rare genetic disor-

ders or life-threatening diseases under one roof.”

The Lonza Houston Center of Excellence is 

operational and is recruiting more than 200 full-

time staff, including scientists, engineers, business 

personnel, and biotechnology professionals by 

the end of 2018. 

“Lonza is committed to the evolution and cul-

tivation of a diverse medical and life-science com-

munity in the Greater Houston area for many 

years to come,” said Marc Funk, Lonza Pharma 

& Biotech COO, in the press release. “The site is 

well positioned to meet the demands of the grow-

ing cell-and-gene-therapy field. Combining this 

leading-edge facility with our unmatched experi-

ence and expertise in cell and gene therapy will 

allow us to provide a key advantage to biopharma-

ceutical companies and academic researchers and 

ultimately to the patients they serve.”

AGC Biologics, a CDMO specializing in the 

clinical and commercial manufacture of ther-

apeutic proteins, announced in March 2018 The Editors of BioPharm International

New and expanded facilities point to the 
continuing growth of the biopharmaceutical industry.

CMOs Expand Manufacturing Capacities
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plans for a new building complex 

that will house the company’s 

headquarters in Bothell, WA. The 

new 150,000-sq.-ft. complex will 

hold the company’s process devel-

opment labs and corporate admin-

istrative offices and will provide 

expansion space for additional 

manufacturing capacity (4).

According to the company, the 

new facilities allow it to continue 

its expansion in the United States 

and will include a new R&D center 

dedicated to novel manufacturing 

technologies for faster develop-

ment of therapeutic proteins.

“These new state-of-the-art 

facilities will enable us to mean-

ingfully advance and further 

integrate the development, manu-

facturing, and commercial func-

tions within our dynamic global 

headquarters, as well as provide 

additional footprint for further 

manufacturing expansion,” said 

Gustavo Mahler, president and 

CEO of AGC Biologics, in a com-

pany press release.

The company also announced 

the addition of a 2000-L single-

use bioreactor to its Berkeley, CA, 

facility to support its biologics 

capacity (5). 

PARTNERSHIPS
Catalent Pharma Solutions and 

Valer ius Biopharma, a Swiss 

biopharmaceut ica l  company, 

announced on May 14, 2018 that 

Catalent Biologics will provide 

cell line development and support 

cGMP manufacturing activities 

from Phase I through to commer-

cial stages at its biologics manu-

facturing facility in Madison, WI 

for Valerius’ biosimilar products.

The project will use Catalent’s 

GPEx technology, which creates 

production cell lines in a vari-

ety of mammalian host cells. 

The company reported in a press 

release that, to date, more than 

460 different monoclonal anti-

bodies and monoclonal antibody 

fusions, and more than 50 differ-

ent recombinant proteins, have 

been produced using the GPEx 

system, achieving fed-batch pro-

duction titers of over 7 g/L.

Va l e r i u s  B i o p h a r m a  w a s 

founded to develop biosimilar 

products as alternatives to high-

priced biologics, for indications 

where there is a substantial medi-

cal need. The company’s current 

product pipeline includes four 

biosimilar products in different 

development stages (6). 

Cesca Therapeutics, a company 

specializing in automated cell pro-

cessing and autologous cell-based 

therapies, has signed a license 

agreement through its subsidiary, 

ThermoGenesis, with IncoCell 

Tianjin, a wholly-owned subsidiary 

of China-based Boyalife Group, for 

chimeric antigen receptor (CAR)-

T-related and other cellular pro-

cessing contract development and 

manufacturing services (7).

ThermoGenesis has granted 

IncoCell an exclusive license to 

purchase and use its X-Series cel-

lular processing research devices, 

consumables, and kits for CDMO 

operat ions  in  ce r ta in  A s ia -

Pacific countries. In exchange, 

ThermoGenesis is entit led to 

a percentage of IncoCell’s gross 

contract development revenues, 

including any potential upfront 

payments, future milestones, or 

royalty payments.

“China is among the leading 

markets for CAR-T developers, 

and, together with the [US], rep-

resents the two countries with the 

highest number of ongoing CAR-T 

clinical trials,” said Dr. Chris 

Xu, CEO of Cesca, in a company 

press release. “This agreement 

with IncoCell signifies our first 

CDMO collaboration and is con-

sistent with our goal of expand-

ing beyond off-the-shelf cellular 

processing solutions into higher-

value contract manufacturing and 

development services. Moving 

forward, we plan to pursue addi-

tional CDMO collaborations in 

selected markets while executing 

global distribution and other stra-

tegic partnering agreements for 

our highly differentiated X-Series 

line of products.”   
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A
septic filling is a crucial process 

in biopharmaceutical manufac-

turing because it has a poten-

tial safety impact on the end 

user and because aseptic filling is a highly 

technique-driven process. The stability of 

aseptically filled drugs will be affected by 

a variety of factors. Because aseptic filling 

requires close coordination and involves 

complex interaction between personnel, 

sterilized product, the fill/finish equipment 

system, the cleanroom—including support 

facilities and sterilized filling components, 

fill/finish processes are heavily dependent 

on technique, equipment, controls, and 

having detailed procedures (1). 

Handling sterile liquids in the pharma-

ceutical industry has traditionally relied 

on consistent techniques over the past 

100 years, and changes in technology 

and regulations have been relatively slow, 

which has resulted in only incremental 

improvements in safety, efficiency, and 

product quality. The rise of costly biolog-

ics over the past 20 years, however, has 

put greater pressure on downstream fill/

finish operations to ensure that quality, 

safety, and cost efficiency are not com-

promised at the critical, late-stage fill/

finish process, according to BioPlan 

Associates’ 14th Annual Report and Survey 

of Biopharmaceutical Manufacturing Capacity 

and Production (2). 

The advancement of automation, 

including robotics, is one area of prog-

ress for fill/finish processes. Automation at 

this late-stage manufacturing step further 

reduces the risks of contamination, and 

most systems today, not including small 

manual operations, are typically highly 

Automation Trend in Fill/Finish 
Reduces Contamination Risk

Feliza Mirasol

Aseptic fill/
finish is crucial 

in biopharm 
manufacturing 

and is 
optimized 

through 
automated 

technology.
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automated. This has led to as few 

human interactions as possible at the 

fill/finish step, including the loading 

of raw materials, system changeovers, 

and cleaning (3). 

ADOPTING AUTOMATION
Typically, automated systems incorpo-

rate blow/fill/seal operations, dosing, 

environmental monitoring filling 

machines that use tool-less change-

overs, in-process weight checks, self-

adjusting fill volume controls, and 

single-use equipment/technology (4).

Fill/finish operations for biologics 

is largely automated as “the number 

of manual fill operations is diminish-

ing,” says Iain MacGilp, PhD, head of 

manufacturing at the Glasgow facil-

ity of AMRI, a contract research and 

manufacturing organization. “While 

manual filling can be conducted 

‘remotely’ in restricted access barrier 

systems (RABS) via manual filling, 

this is a small-volume operation with 

limited batch sizes (beyond clinical 

Phase I, the need for small batches 

becomes very limited).” 

MacGilp notes that the auto-

mated filling process is well suited 

to biologics, as well as vaccines, gene 

therapies, oncolytic live virus-based 

therapies, monoclonal antibodies, 

and recombinant proteins. “There 

remains some perceived sensitivity to 

vaporized hydrogen peroxide (VHP) 

sanitization of contact surfaces and 

secondary surfaces as automated sys-

tems are generally contained within 

isolators/RABS employing VHP sani-

tization processes. AMRI Glasgow 

undertakes periodic VHP sanitization 

but retains aseptic assembly of contact 

surfaces, including bowls and chutes, 

among others, for stoppers/overseals. 

This was a conscious decision to pro-

vide broad offering for biologics and 

small molecules.” 

ABL, a contract research, develop-

ment, and biomanufacturing organi-

zation, is one example of a company 

that continues to adopt automation 

in fill/finish operations. In May 2017, 

the company completed an expan-

sion of its aseptic fill/finish opera-

tions at its GMP biomanufacturing 

facility in Rockville, MD, where it 

installed a new, fully automated vial-

filling system (5).

The company installed the new 

filling line to meet demand for inno-

vative biologics, including vaccines, 

gene therapies, oncolytic live virus-

based therapies, monoclonal anti-

bodies, and recombinant proteins. 

The new line can accommodate lot 

sizes from 100 to 5000+ vials, with 

minimal product loss. ABL reported 

that the new system uses a dispos-

able product-contact path to limit 

cross contamination and is con-

tained in a RABS to increase sterility 

assurance level (SAL) and reduce the 

risk of random contamination by 

operator intervention (5).

Cost saving is another benefit of 

having automated processes. “In 

simplest form, the larger batch sizes 

available within the same processing 

duration provide costs of goods sav-

ings,” says MacGilp.

He notes that aseptic fill/fin-

ish facilities have high overheads, 

which include facility build/mainte-

nance, power costs for water plants, 

oven/autoclaves/tunnels, and air 

handling systems. “Any higher 

throughput will, in turn, lower unit 

price. Automation within isolators 

allows the background to be held at 

Grade C, opposed to Grade B, which 

can reduce overhead contribution.”

In addition, there is a reduction 

in labor overheads with automated 

systems, however operators are still 

required to control and monitor 

processes, MacGilp points out. At a 

larger scale, automated inspection 

systems allow high throughput and 

lower the operator overheads.

“Clearly there is an associated 

investment in any technology, and 

servicing/maintenance requirements 

are higher. Any aseptic filling pro-

cess should be conducted in shortest 

duration to minimize risk. Whether 

manual or automated, it is the 

throughput and reliability/reproduc-

ibility that supports cost benefits,” 

MacGilp says.

FILL/FINISH TRENDS
According to BioPlan Associates, vari-

ous trends have been identified in 

in-house (vs. outsourced) fill/finish 

operations for recombinant thera-

peutics, including industry capac-

ity and capacity utilization. These 

current trends include the increased 

use of isolator/RAB technologies, 

more high-speed operations, more 

diversity in formulation and deliv-

ery systems, and other innovative 

approaches—such as one-step/com-

bined blow/fill/seal operations (2). 

The firm also reports that in-house 

manufacturers typically have addi-

tional available fill/finish vialing, 

pre-filled device, and lyophilization 

capacity.

The introduction of isolator/RABS 

was shown to be the most impor-

tant trend in 2017, followed by the 

trend of “facilities becoming more 

multi-product-use oriented”, the 

firm reports. Other important trends 

in fill/finish identified by BioPlan 

Associates include the adoption of 

single-use/disposable equipment, 

improved process lines/equipment, 

increased outsourcing to contract 

manufacturing organizations, further 

innovation for fill/finish equipment, 

a scale-down of isolator units and 

automation, potent compound han-

dling, and more accurate filling for 

highly-potent biopharmaceuticals.
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B
ioprocessors house a complex 

ecosystem of host cells, nutri-

ents, secreted metabolites, and 

biotherapeutic product—often 

a monoclonal antibody (mAb). In the 

production of biotherapeutic proteins, 

this mixture is carefully optimized 

and closely monitored. The amount 

of biotherapeutic protein produced is 

of critical importance. The process of 

quantifying that product is referred to 

as titer determination. During devel-

opment, the composition of the cell-

culture media is carefully optimized 

for maximum yield with as few impuri-

ties as possible. Process understanding 

and control are vital for the regulatory 

approval of new biotherapeutics, and 

the fermentation process in the biore-

actor is one key aspect. 

In addit ion to measur ing how 

mAb production relates to the iden-

tity and quantity of nutrients pro-

vided, excreted metabolites may also 

be monitored as measurements of the 

host cell’s health and productivity. 

Following clone selection in the devel-

opment stage, scale up of production 

is another phase where titer determi-

nation and spent media analysis may 

play a significant role. Finally, dur-

ing production, titer determination is 

Anne Blackwell, PhD, 

is Bio Columns Product Support 

Scientist, Agilent Technologies.

Bioreactor Monitoring: 
More to Measure than 
Glucose In, mAb Out

Anne Blackwell

This article 
discusses affinity 
capture for titer 
determination 
and surveys 

a broad 
collection of 

commonly and 
less commonly 

used assays 
to analyze cell 
culture media.
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used to decide when to harvest. 

The composition of the culture 

media may be analyzed to ensure 

that the cells have plenty of nec-

essary nutrients, to monitor reac-

tor kinetics, and to keep an eye 

out for excreted metabolites that 

could warn of trouble.

TITER DETERMINATION
Affinity capture coupled with 

ultraviolet (UV) detection is by 

far the most common approach 

to titer determination. In the 

case of monoclonal antibodies, 

that usually means Protein A 

capture, though there are other 

options, such as Protein G for 

IgG3 antibodies, or Protein L for 

those with kappa light chains. 

Biotherapeutics that are not mAbs 

will require another affinity cap-

ture approach, such as adding a 

polyhistidine tag for capture with 

immobilized nickel or adding a 

strep tag to the protein target for 

capture with immobilized strep-

tavidin.

Affinity capture is a simple 

two-step process. The sample 

is loaded onto the column and 

bound while the sample matrix 

flows through, then an elution 

buffer is used to elute the target 

protein. In the case of Protein 

A, the sample is loaded using a 

neutral pH mobile phase (often 

with a phosphate buffer), followed 

by elution with a low pH mobile 

phase such as a citric or acetic 

acid solution. The low pH disrupts 

binding of the IgG to Protein A, 

eluting it from the column. For 

other affinity capture approaches, 

the elution buffer typically con-

tains a free ligand that competes 

with the target protein for bind-

ing to the stationary phase. In the 

case of a His-tagged protein, an 

imidazole solution is commonly 

used to disrupt the interaction 

between the target protein and 

the immobilized nickel.

Recombinant Protein A that 

has been genetically modified for 

increased stability is often pre-

ferred for the longer column life-

time that is enabled by the more 

robust Protein A. However, an 

unmodified, native Protein A may 

sometimes be favored because of 

its tighter binding with certain 

IgGs, which may allow for higher 

sensitivity measurements of these 

species.

In a titer experiment, accu-

racy is critical, but other key fac-

tors include speed, specificity, a 

wide dynamic range, and robust-

ness. Many laboratories need titer 

determinations on a large number 

of samples, but even when this is 

not the case, information may be 

needed rapidly in order to make a 

decision as soon as possible. Many 

commercially available Protein A 

products enable separation of IgG 

from matrix in as little as two to 

three minutes. The affinity cap-

ture is ideally specific, yielding 

a highly pure protein product. 

A wide dynamic range ideally 

allows for both good sensitivity as 

well as quantitation of relatively 

concentrated samples without 

dilution (see Figure 1). 

W h i le  u s i ng  recombi na nt 

Protein A certainly contributes 

to a robust separation, the col-

umn format also plays a role. 

At the analytical scale, Protein 

A columns are available both as 

conventional columns packed 

with particles or as monoliths. 

Monoliths have a channel struc-

ture rather than a pore structure 

and are less likely to clog due to 

cell debris from host cell proteins. 

The benefit of a particle platform 

is that they can be packed into 

columns of virtually any size or 

material, making them a flexible 

option for scale up.

Upstream Processing

Figure 1. IgG purifi ed from Chinese hamster ovary (CHO) cell extract using an 

Agilent Biomonolith Protein A column on a 1260 BioInert LC.
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In a production setting, an 

abnormal protein titer may be 

the first indication of trouble in 

the bioreactor, and spent media 

analysis may offer insight into the 

source of the problem.

SPENT MEDIA ANALYSIS
Spent media analysis looks at 

the rest of the fermentation mix-

ture—mainly the small molecule 

nutrients that are provided to 

the cells and the small molecule 

metabolites that are excreted. 

The primary nutrients in cell-

culture media are the standard 

amino acids, water-soluble vita-

mins (e.g., B1 through B6), and 

glucose. Nutrients, such as glu-

cose and glutamine, and excreted 

metabolites, such as lactate and 

ammonia, are indicators of cell 

culture kinetics—how fast nutri-

ents are metabolized into waste 

products. Amino acids may be 

rate-limiting nutrients for growth 

and production, hence the need 

to optimize the amount of each 

amino acid supplied, and monitor 

the rate at which they are con-

sumed. Vitamins, metal ion cofac-

tors, or other nutrients may also 

be analyzed when doing in-depth 

media development. Beyond the 

energy-related metabolites, other 

excreted metabolites may be indi-

cators of cell health. For example, 

polyamines, such as spermidine 

or putrescine, are exported by 

cells. These compounds are break-

down products of amino acids 

and, among other funct ions, 

serve as growth factors for cell 

division.

A variety of assays may be used 

to monitor individual nutrients or 

classes of nutrients or metabolites 

separately. As the main energy 

source, glucose is a critical nutri-

ent to monitor, many convenient 

kits are available for glucose mon-

itoring. Many of these are biosen-

sor-based, using glucose oxidase 

or glucose peroxidase to react 

the glucose followed by either 

electrochemical or colorimetric 

detection. Lactate is often simi-

larly measured by oxidation with 

lactate dehydrogenase followed 

by electrochemical or colorimet-

ric analysis. Other metabolites 

of interest may be monitored by 

an assortment of mainly liquid 

chromatography (LC)/UV-based 

techn iques ,  of ten requ i r ing 

derivatization, where interferents 

must be removed to successfully 

detect the target.

Liquid chromatography with 

UV detection has been the ubiq-

uitous approach to analyzing 

amino acids for decades. Amino 

acids themselves do not have an 

optically active chromophore, 

so derivatization is required for 

UV or f luorescence detection. 

The historic approach to this has 

been to use a cation exchange 

separation, then post-column 

derivatization with reagents such 

as ninhydrin, fluorescamine, or 

OPA (ortho-phthalaldehyde) prior 

to UV detection. Alternatively, 

samples may be der ivat ized, 

either offline or online, prior to 

a reverse-phase chromatographic 

separation. Unlike underivatized 

amino acids, the der ivat ized 

amino acid product is sufficiently 

hydrophobic to be retained on 

a reverse-phase column. Offline 

derivatization may be done manu-

ally or by automation, and exam-

ple offline derivatization reagents 

include OPA and f luorenylme-

thoxy chloroformate (FMOC), 

6-aminoquinolyl-N-hydroxysuc-

cinmidyl carbamate (AQC), phe-

nylisothiocyanate (PITC), dansyl 

chloride, or benzylisothiocyanate. 

When using off line derivatiza-

tion, the lifetime of the deriva-

tized product must be considered 

to ensure that analysis is com-

pleted before the sample degrades.

Online precolumn derivatiza-

tion eliminates the errors asso-

c iated  w it h ma nua l  sa mple 

preparation, f rees the analyst 

to per form other tasks,  and 

enables the samples to be ana-

lyzed immediately fol lowing 

der ivat izat ion, removing any 

concern of sample degradation. 

Upstream Processing

Figure 2. Top chromatogram (blue), RPMI 1640 cell culture media, bottom 

chromatogram (red) 250 pmol amino acid standard. Analyzed by reverse-phase 

liquid chromatography/UV (LC/UV) using an Agilent AdvanceBio Amino Acid 

Analysis column, with ortho-phthalaldehyde/fl uorenylmethoxy chloroformate 

(OPA/FMOC) derivatization, on a 1290 Infi nity LC.
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It is the surest way to achieve 

highly consistent, reproducible 

results. Derivatization of primary 

amino acids with OPA followed 

by derivatization of secondary 

amino acids with FMOC may be 

readily performed in a suitably 

equipped autosampler of the LC 

instrument used to separate and 

detect the amino acids. Using two 

separate derivatization reagents 

to distinguish primary from sec-

ondary amino acids improves 

selectivity and simplifies anal-

ysis. In a reverse-phase separa-

tion, all OPA-derivatized primary 

amino acids will elute before the 

first FMOC-derivatized secondary 

amino acid (see Figure 2).

LC/UV analysis of amino acids 

has the advantage of being well 

established, widely used, and 

extremely robust. Relat ive to 

other analytical approaches, LC/

UV requires relatively little exper-

tise or capital investment. For 

many laboratories, the low pico-

mole sensitivity of UV detection 

is sufficient, and switching to flu-

orescence detection provides up 

to an order of magnitude more 

sensitivity. Other than the time 

spent on sample derivatization, 

the drawbacks of LC/UV detec-

t ion are pr imari ly due to its 

lack of specificity. All analytes 

of interest must be chromato-

graphically resolved, which lim-

its throughput. Analysis is also 

limited to compounds that react 

with the chosen derivatization 

reagent. In the case of OPA/FMOC 

derivatization, this means only 

primary and secondary amines 

may be detected by this approach. 

Any other important nutrients or 

metabolites must be analyzed by 

other means.

LC/mass spectrometry (MS) 

analysis overcomes many of the 

limitations associated with LC/

UV methods for amino acid analy-

sis. The specificity of MS detec-

tion means that only isomers 

must be chromatographical ly 

resolved. Also, no chromophore 

is required for MS detection, mak-

ing derivatization unnecessary. 

Ultimately, one will be able to 

appreciably decrease analysis time. 

In addition to removing the 

restriction to only compounds 

that react with the derivatization 

reagent, a much wider array of 

metabolites will readily ionize than 

contain a chromophore for UV 

detection. This flexibility enables 

one to analyze a variety of nutrients 

and excreted metabolites in a single 

analysis. For example, amino acids, 

glucose, lactate, and other anionic 

metabolites may be measured in the 

same assay, saving even more time. 

An extra benefit is the increase in 

sensitivity that may be achieved by 

moving to MS detection. The most 

sensitive triple quadrupole instru-

ments can readily measure into the 

femtomole range.

While LC/MS is a powerful 

approach to spent media analy-

sis, it is not without its chal-

lenges. For most laboratories, 

MS represents a signif icantly 

higher investment in both instru-

mentation and expertise than 

UV-based methods. Increased 

demand for the specificity and 

sensitivity of MS detection, how-

ever, has led vendors to develop 

more affordable, fit-for-purpose 

instrumentation. For spent media 

analysis without stringent sensi-

tivity demands, a cost-effective 

single quadrupole instrument 

may be all that is needed.

The change to MS detection 

also requires a change to the pre-

viously used chromatographic 

approaches. As previously men-

Upstream Processing

Figure 3. Amino acids from cell culture media.  Analyzed by hydrophilic 

interaction chromatography (HILIC) liquid chromatography/mass spectrometry 

(LC/MS) using an Agilent AdvanceBio MS Spent Media column, 1290 Infi nity II LC, 

and 6230 TOF mass spectrometer.
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tioned, underivatized amino acids 

are too polar to be retained on 

a reverse-phase column using a 

standard reverse-phase method. 

One solution is to use ion-pair-

ing mobile phase additives to 

retain these polar metabolites. 

Ion-pairing reverse phase meth-

ods can be robust. However, they 

require dedicated instrumentation 

as ion pairing reagents are exceed-

ingly difficult to remove from an 

LC system. On the other hand, 

hydrophilic interaction chroma-

tography (HILIC) can be imple-

mented on the same instrument 

as other methods without issue. 

By using volatile salts such as 

ammonium acetate or ammonium 

formate, HILIC may be readily 

coupled with MS detection (see 

Figure 3).

Historically, HILIC methods 

have struggled to achieve the 

required robustness and repro-

ducibility, but recent additions 

to the column market have made 

signi f icant improvements in 

this respect. HILIC chemistries 

that offer reproducible separa-

tions under a variety of sample 

salt concentrations are valuable 

for cell culture analysis. Given 

the vastly different structures 

and polarities of metabolites, a 

column that retains a range of 

polarities, such as a zwitterionic 

HILIC chemistry, is important, 

especially for expanding an assay 

beyond amino acid analysis. 

Finally, as shown in Figure 4, an 

inert, metal-free flowpath, includ-

ing both the column and the LC 

instrumentation, can be critical 

to detecting challenging metabo-

lites such as polyamines or nucle-

otides.

Like the move toward multiplex-

ing various spent media assays 

into a smaller number of analy-

ses, biotherapeutic production as 

a whole is moving toward higher 

efficiency. Continuous produc-

tion is increasingly preferred over 

batch production as one aspect 

of process analytical technol-

ogy (PAT). PAT is the framework 

to design, analyze, and control 

manufacturing processes by real-

time monitoring of critical pro-

cess parameters that affect critical 

quality attributes of the biothera-

peutic product (1). The ability to 

rapidly determine titer and ana-

lyze spent media, ideally online 

sampling, is a key tool toward 

ensuring efficient production of 

uniform biotherapeutics.

Author’s note: This article is for 

research use only and not for use 

in diagnostic procedures.
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Figure 4. Polyamine standards illustrating the difference in peak shape when 

using stainless steel column hardware (top row, red chromatograms) versus 

PEEK-lined stainless steel hardware (bottom row, blue chromatograms).  Both 

columns have the same packing material.  The metal-free fl ow path improves 

detection of “sticky” compounds.
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C
ell harvesting is a crucial step 

that can have significant impact 

on product quality and can 

determine the design of the 

remaining downstream processes. Cell 

harvesting involves the separation of 

the cell-culture from the medium and 

running it through several techniques: 

centrifugation, microfiltration, depth fil-

tration, and filtration through absolute 

pore size membranes (1).

A key challenge in cell harvesting is 

how to deal with higher cell densities. The 

past decade has seen the biopharmaceuti-

cal industry move toward significantly 

higher titers, and, as a result, higher cell 

densities. Biomanufacturers have been 

shifting from large stainless-steel bioreac-

tors in the thousands-of-liters range to 

smaller, disposable bioreactors (2).

The need to address this bottlenecking 

issue drives innovations in cell harvest-

ing techniques, including innovations in 

centrifugation and filtration techniques/

equipment. Among the innovations are 

continuous processes/techniques that can 

mitigate the stress of high cell densities.

CENTRIFUGATION CHALLENGES
The centrifugation step uses the density 

difference between cells and the sur-

rounding fluid, accelerating the separation 

and settling of cells. Industrial applica-

tions typically use disk-stack centrifuges 

to separate cells and associated debris 

from the medium, which offers a continu-

ous operation and makes for consistent 

throughput (1). 

Disk-stack continuous centrifuges can 

remove cells and large cell debris, but 

Challenges in Cell Harvesting 
Prompt Enhancements

Feliza Mirasol

Higher cell 
titers and 

cell densities 
have posed a 

challenge to 
cell harvesting, 
a crucial step 

in biologics 
manufacturing.

Downstream Processing

v
e
c
to

rf
u
s
io

n
a
rt

/S
h
u
tt

e
rs

to
c
k
.c

o
m

http://www.biopharminternational.com


 June 2018 www.biopharminternational.com BioPharm International  21

cells can be disrupted during this 

process, particularly if the feedstock 

is a low-cell viability culture fluid. 

Submicron-size particles are diffi-

cult to remove by centrifuge, which 

increases the burden on the follow-

ing depth filtration step (3).

The centrifugation process’ clarifi-

cation efficiency is impacted by har-

vest parameters including centrifuge 

feed rate, G-force, bowl geometry, 

operating pressures, discharge fre-

quency, and ancillary equipment used 

in the transfer of cell-culture fluid to 

the centrifuge. Cell-culture process 

characteristics, such as peak cell den-

sity, total cell density, and culture via-

bility during the culture process and 

at harvest, also impact separation per-

formance during centrifugation (3).

Because harvesting cells is a deli-

cate process that holds the risk of lys-

ing the cells if the separation is not 

done gently, Alfa Laval, a supplier of 

products and solutions for heat trans-

fer, separation, and fluid handling, 

addressed the problem by develop-

ing a modern cell-culture harvesting 

system, Culturefuge 100. The system 

uses a hollow spindle technology 

that provides a method of continu-

ous cell harvesting under hermetic 

conditions (1). 

The system consists of a disk-stack, 

high-speed separator, piping for ser-

vice and process liquids, an integrated 

electrical system with starter, pro-

grammable logic controller (PLC) con-

trol, and pneumatic unit. The system 

also includes an optional steam-serial-

izable pump for solid-phase transport.

For continuous processing, feed 

material enters the Culturefuge 

100 via a hollow spindle feed inlet 

and gradually moves upwards. This 

minimizes the shear forces on the 

liquids and prevents cell lysis. The 

feed zone is completely filled with 

rotating liquid, creating an air-tight 

environment. Because the system 

is completely hermetic through to 

the outlet, the risk of contact with 

air or the external environment is 

eliminated (1).

Other improvements in mam-

malian cell harvesting that have 

been developed with the use of fully 

hermetic centrifuges include man-

agement of the air-liquid interface 

at both the inlet and outlet zones 

by applying sufficient back pressure, 

which allows the system to achieve 

an air-free centrate while at the same 

time avoiding overflow-inducing 

high pressures. This hermetic design 

uses mechanical seals to fully iso-

late product fluid from the outside 

air, allowing the centrifuge system to 

be completely filled with liquid and 

eliminating any air-liquid interface 

inside the centrifuge (3).

Coupled with head pressure 

applied to the bioreactor, a com-

pletely sealed system such as this 

allows the flow to be controlled at 

the outlet of the machine, which 

removes the need for pumps and 

flow-control valves from the inlet 

piping. These design improvements 

have reduced the amount of cell lysis 

in a hermetically designed centrifuge 

by more than 50% (3).

FILTRATION CHALLENGES
Filtration processes during cell har-

vesting also face similar challenges. 

As with centrifugation, filtrations 

processes, as well as filter manufac-

turers, have been challenged by the 

increasing titers and cell densities 

ubiquitous now in upstream cell-

culture processing. The higher titers 

and cell densities made the initial 

clarification of monoclonal antibody 

(mAb) product more difficult, driving 

the need for filtration technologies 

that can handle the large amounts of 

cell mass. 

To address the issues arising from 

higher titers and higher cell densi-

ties, biomanufacturers are now also 

introducing additives to the biore-

actor to facilitate the clarification 

steps. This results in an added bur-

den to filtration processes, however, 

which must have the capacity to 

handle the additive material as well 

as the mAb product (2). 

Other challenges that innovations 

need to address in filtration pro-

cesses include higher expectations 

for viral clearance, the increasing 

use of single-use technologies and 

the implementation of these single-

use technologies on a larger scale, 

and the need for filtration technol-

ogy that works with a variety of feed-

stocks (besides mammalian cells) at 

the primary clarification step. Some 

responses to these challenges include 

the development of higher-capacity, 

higher-performance filters that are 

based on new materials, membrane 

structures, and filter designs (2).

In cell harvesting, depth filters can 

be used in conjunction with centrifu-

gation or another primary separa-

tor, such as tangential flow filtration, 

as well as being applied directly to 

whole cell broth. Depth filtration is 

most frequently used after the cen-

trifugation process because cen-

trifugation is limited in its ability to 

remove low-particle size material. 

Depth filtration applied in this case 

involves the use of filters with a pore 

size ranging from 0.1 μm to 4 μm 

and comprised of two distinct layers. 

The upper layer captures coarse par-

ticles, and the bottom layer captures 

smaller particles, thus reducing pre-

mature plugging and increasing the 

filtration capacity (3). 

Through the use of a number 

of complementary mechanisms, 

depth filtration allows contaminant 

removal, sieving, and electrokinetic 

adsorption, in addition to hydro-

phobic interactions. This makes the 

technique a potent tool for mAb 

purification (3).
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V
arious recombinant therapeu-

tics are available for treatment 

of arthritis, inflammation, 

immune disorders, central neu-

ral system, diabetes and endocrinology, 

genetic disorders, hematology, infectious 

diseases including HIV, and oncology. A 

significant development in this field is 

the emergence of genome editing tools 

that allow gene manipulation at the 

expression system and genome level. 

Gene expression is the most intrinsic 

level at which the genotype gives rise 

to the phenotype (observable trait). The 

genetic information is stored in DNA, 

which is converted in mRNA by RNA 

polymerase (Figure 1). This conversion 

process is called a transcription, an essen-

tial step in gene expression. Transcription 

initiation in bacteria requires specific 

proteins known as sigma factors. These 

factors depend on the genome and are 

required for proper promoter recogni-

tion by RNA polymerase. These factors 

are divided into two main phylogenetic 

families: sigma 70 and sigma 54. The con-

version of mRNA to complementary DNA 

(cDNA) is called as reverse transcription. 

Reverse transcriptase uses an RNA tem-

plate and a short primer complementary 

to the 3’ end of the RNA to direct the 

synthesis of the first strand of cDNA.
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DNA microarray, quantitative 

real-time polymerase chain reac-

tion (q-RT-PCR), and ultra-high 

throughput sequencing are power-

ful tools that enable researchers to 

study transcriptional expression at 

the global scale. Microarray-based 

transcriptome analysis has been 

applied to elucidate the regula-

tion of the host cell during protein 

production. Most researchers have 

studied different transcriptional 

expression patterns of the recom-

binant strain under stress condi-

tions such as temperature, oxygen, 

cell cycle control, and metabolic 

activity to understand the molec-

ular mechanism of heterologous 

gene expression (Figure 2). The 

three most common microarray 

platforms are cDNA arrays (hun-

dreds of bases to several kilobases) 

in which cDNA clones are cultured 

in bacteria and stored in 96- or 

384-well plates; short oligonucle-

otide arrays (15–20 mers) in which 

perfectly matching oligomers—

and for some types of arrays also 

oligomers with one mismatch—

are synthesized in situ directly on 

the array; and long oligonucleotide 

arrays (40–80 mers) in which long 

specific oligomers of equal length 

are bioinformatically designed. 

Further, RNA-Sequencing (RNA-

Seq) is a quantitative method that 

is typically used to quantify RNA 

levels in the cell. This method 

has high sensitivity and, thus, is 

potentially more accurate than 

microarray-based methods, at least 

for genes expressed at a low level. 

The steps involved in the various 

methods related to transcriptomics 

study are summarized in Table I.

This 39th article in the Elements 

of Biopharmaceutical Production 

series focuses on the role that tran-

scriptomics can play in influencing 

production of recombinant thera-

peutics in microbial and mamma-

lian hosts. 

TRANSCRIPTOME STUDY 
OF RECOMBINANT PROTEIN 
PRODUCTION IN 
PROKARYOTIC SYSTEM
Escherichia coli 

So far, Escherichia coli (E. coli) is the 

most favored host for recombinant 

protein production via micro-

bial route. It has been thoroughly 

dNTPs (channel)

RNA-DNA hybrid

RNA Polymerase (α2ββ’ω)

Transcription

5’

5’

5’

3’
3’

3’

RNA

DNA

Recombinant

Protein

Microbial Host

(e.g., Escherichia coli)
Fermentation

process for
production

(Batch or fed-batch)

Sample
collection at

different
growth phase

mRNA extraction

cDNA library
preparation

Microarray

Information
obtained from

experiment

Manipulation of
microbial host to

improve
production

Figure 1. Process of transcription. Transcription is a process in which ribonucleic 

acid (RNA) is synthesized from DNA. It requires RNA polymerase, which is a 

complex holoenzyme (mol wt. 465 kDa) with fi ve polypeptide subunits (2α, 1β, and 

1β’) and one sigma (σ) factor. The sigma factor of RNA polymerase can recognize for 

initiation of transcription. RNA polymerase utilizes ribonucleotide triphosphates (ATP, 

GTP, CTP, and UTP) for the formation of RNA. Deoxyribonucleoside 5′-triphosphates 

(dNTPs) to form the growing DNA chain during RNA-DNA hybrid formation. RNA is 

synthesized from 5′ end to 3′ end (5’g3′) antiparallel to the DNA template.

Figure 2. Illustrating use of information obtained from microarray data analysis to 

improve microbial host for recombinant protein production.
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characterized, many of its metab-

olism processes are understood, 

and there are several genetic tools 

readily available for gene manip-

ulation. Though E. coli can be 

used for large-scale production of 

recombinant proteins, the system 

suffers from some major disad-

vantages that limit its application. 

Many recombinant proteins are 

produced in soluble, insoluble, and 

denatured forms (1). It has been 

reported that protein degradation 

is high in E. coli (1–2). Further, 

expression of complex proteins 

such as monoclonal antibodies 

(mAbs) in E. coli is not feasible as 

mAbs require post-transcriptional 

modification for activity. Also, 

production of therapeutic pro-

teins in E. coli requires complex 

and expensive purification steps 

because retrieval of product from 

E. coli typically involves cell lysis 

resulting in relatively higher levels 

of host cell impurities (host cell 

protein, proteases, host cell DNA, 

and endotoxins) (3–6).

The recombinant protein pro-

duction in E. coli can be enhanced 

significantly by engineering the 

cell physiology. These modifica-

tions reduce physiological stress 

during high-level recombinant 

protein production in E. coli. Due 

to change in intracellular and 

extracellular environment, physio-

logical stress can be exerted on the 

E. coli. The presence of plasmid can 

develop the metabolic burden on 

the cell through its excessive rep-

lication as well as new interaction 

between the host and the plasmid. 

A few transcriptome studies have 

been performed on the recombi-

nant protein production in E coli. 

One transcriptome study was per-

formed to identify the reason for 

amino acid shortage during recom-

binant protein production. It was 

observed that many of the amino 

acid biosynthesis pathways were 

uniformly upregulated or downreg-

ulated (7). The researchers reported 

that recombinant protein produc-

tion results in a stringent response 

generated by the high amino acid 

synthesis demand during protein 

synthesis. The transcriptome pro-

files of recombinant E. coli were 

analyzed and compared for three 

culture conditions: normal growth, 

no external stress; L-serine hydrox-

amate addition (to mediate a 

stringent response); and isopropyl-

`-D-thiogalactoside induction to 

produce the recombinant protein 

chloramphenicol acetyltransferase. 

It was observed that in the histi-

dine biosynthesis pathway, all but 

two genes were upregulated but in 

arginine biosynthesis, the entire 

pathway was upregulated and the 

degradation pathway was entirely 

downregulated during stringent 

response. Genes in the methionine 

pathway were either not regulated 

or downregulated and it influenced 

recombinant protein production. 

The classical stringent response 

beyond the simple cellular response 

to an amino acid shortage included 

phospholipid synthesis and prote-

ase upregulation.

In another study, Baig et al. (8) 

determined the dynamic transcrip-

tional response of E. coli to inclu-

sion body (IB) formation during 

recombinant protein production. 

They characterized the dynamic 

gene expression variability in E. 

coli due to insoluble and soluble 

protein production. The increased 

expression levels of certain amino 

acid synthesis genes could poten-

tially be attributed to the amino 

acid compositions of a particular 

protein. They studied stringent 

response under nutritional limita-

tions and reported that stringent 

response is initiated by a high 

uncharged-tRNA to aminoacylated 

tRNA ratio, caused by intracellu-

lar amino acid limitations. They 

observed that only 10 stringent 

response genes had higher levels 

compared to the uninduced cul-

tures (clpB, deoA, dnaK, gdhA, groEL, 

hisG, htpG, and thrCS). The classi-

cal heat shock genes had increased 

expression due to IB formation, 

including DnaK-DnaJ-GrpE chap-

erone system and proteases.

Expression levels were compared 

between soluble and insoluble 

samples to identify reproducible 

changes in host-cell transcription 

in response to protein solubility 

status by Smith, (9). They identi-

fied a pattern of gene expres-

sion that correlates strongly with 

protein solubility, by comparing 

transcriptional profiles for mul-

tiple examples from the soluble 

Table I. Steps involved in various methods related to transcriptomics study. RT-PCR 

is real-time polymerase chain reaction.

RT-PCR Microarray
Ultra-high throughput 

sequencing

1. Total RNA isolation 1. Total RNA isolation 1. Total RNA isolation

2. Genomic DNA removal 2. mRNA extraction 2. mRNA extraction

3.  Quality and quantity check 
by electrophoresis and 
spectrophotometer

3. cDNA Library preparation
3.  Quality and quantity check 

by bioanalyzer (RNA integrity 
number should be ≥ 8)

4.  cDNA preparation using 
reverse transcriptase

4. Labeling 4. cDNA library preparation

5. Use of gene-specific primer 5. Hybridization 5. Sequencing

6. Data analysis 6. Scanning 6. Data analysis

7. Image processing 7. Target/data validation

8. Data analysis

9. Data validation using RT-PCR
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or insoluble class. The heat-shock 

sigma factor (r32), which includes 

genes involved in protein folding 

and degradation, was found to be 

highly expressed in response to 

induction of insoluble protein. 

This same group of genes was also 

upregulated by insoluble protein 

accumulation under a different 

growth regime, indicating that 

r32-mediated gene expression is a 

general response to protein insol-

ubility. This knowledge provides 

a starting point for the rational 

design of growth parameters and 

host strains with improved protein 

solubility (Figure 2).

 Bacillus species

Among microbial host, Bacillus gets 

more attention because of its gen-

erally recognized as safe (GRAS) 

status, high plasmid stability, high-

secretion capacity, broad substrate 

spectrum, or the absence of extra-

cellular proteases. In addition, it 

provides better folding conditions 

in comparison to the reducing 

environment in the cytoplasm, 

thereby preventing the formation 

of inclusion bodies. This organ-

ism contains six thioldisulfide oxi-

doreductases (DsbA–E and DsbG). 

Disulfide bond formation is one 

of the most important events for 

the activity and stability of many 

exported heterologous proteins; 

hence, this study has the poten-

tial to give researchers insight into 

product stability (10).

A transcriptional study has been 

performed to study the effect of 

expression of heterologous pro-

tein production in Bacillus subtilis 

(B. subtilis). It has been observed 

that expression of the heat shock 

genes of class I (dnaK, groEL, and 

grpE), class III (clpP and clpC), 

pyrimidine, and purine synthesis 

enzymes increase under overpro-

ducing conditions (11). A compari-

son of the transcriptional pattern 

of the PorA overproducing strain 

with that of the control showed 

increased mRNA levels from genes 

belonging to class I (dnaK, groEL, 

and grpE) and class III (clpP, clpC, 

and clpE) of heat shock-induced 

genes. This information will be 

useful to redesign the expression 

system (use of specific chaperone 

system under specific stress condi-

tion) and thereby improve produc-

tion of recombinant protein.

Lactococcus lactis

Lactic acid bacteria (LAB) are GRAS 

microorganisms because they 

do not produce lipo-polysaccha-

rides (as in E. coli). LAB also do 

not produce any proteases like B. 

subtilis. Therefore, these bacteria 

are suitable for the production of 

pharmaceutically important thera-

peutic proteins and are also used 

as vaccines. High levels of recom-

binant protein production can be 

achieved in Lactocuccus lactis (L. 

lactis) by using Lactococcal consti-

tutive or inducible promoters. The 

surface serine protease htrA (for sta-

bility at high temperatures), which 

is involved in stress resistance and 

degradation of misfolded proteins, 

has been expressed under the con-

trol of nisin promoter in L. lactis.

Transcriptional analysis of htrA, 

a protease involved in degradation 

of many foreign proteins, demon-

strated that the suppression of acid 

tolerance response (ATR) leads to 

a decrease in amount of HtrA in 

L. lactis (12). The mRNA level of 

htrA increased several-fold during 

the transition to stationary phase 

of L. lactis MG1363 cultured in 

G5-M17 medium in comparison 

to the G5-3xM17 medium (more 

buffered medium) (13). It was 

observed that the mRNA level of 

streptokinase during ATR sup-

pression (obtained from real-time 

PCR experiments) is actually 

lower than the mRNA level dur-

ing fully developed ATR. Therefore, 

the increase in the accumulation 

of the recombinant protein may 

be due to enhanced translation 

rates or a reduction in proteolysis 

by other undetermined proteases. 

Eight strong promoters were iden-

tified by transcriptional analysis 

(RT-qPCR) where nisZ and ermC 

(Erythromycin-resistant proteins) 

were used as reporter genes (14).

They have been identified as four 

strong promoters (P8, P5, P3, and 

P2) based on their transcriptional 

activity. The synthesis of recombi-

nant proteins in a microbial host 

was reported to be strongly influ-

enced by the promoter selected for 

the expression. The screening of 

promoters was used to identify suit-

able candidate for protein produc-

tion in L. lactis.

TRANSCRIPTOME STUDY 
OF RECOMBINANT PROTEIN 
PRODUCTION IN 
EUKARYOTIC SYSTEMS
Pichia pastoris

Pichia pastoris (P. pastoris) is also a 

commonly used expression system 

for heterologous protein production 

as it allows controlled expression 

of foreign genes as well as achieves 

higher cell density. Thus far, more 

than 200 different heterologous 

proteins have been expressed in P. 

pastoris. It also offers post-transcrip-

tional modifications such as proteo-

lytic processing, folding, disulfide 

bond formation, and glycosylation. 

These post-transcriptional modi-

fications are required for proper 

folding of certain proteins (such as 

several vaccines). 

Baumann et al. (15) have stud-

ied distribution of up- and down-

regulated genes in hypoxic and 

with normoxic condit ions in 

Pichia. They observed that number 

of up- and down-regulated genes 

were equally distributed under 

these conditions. They also exam-

ined the effect of substrate (glu-

cose) on transcriptional level of 

peroxisome-related genes, revealing 

that the expression of house-keep-

ing genes linearly increases with 

increasing specific growth in P. pas-
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toris. They also reported that tran-

scriptional induction of glyoxlate 

shunts enzymes (isocitrate lyase 

and malate synthase) at low growth 

rate and that genes related to trans-

location, glycosylation, protein 

folding, and the proteasome are 

mainly upregulated at higher spe-

cific growth rate. They also studied 

the effect of specific growth rate on 

intracellular proteolytic degrada-

tion and investigated regulation of 

these genes. The downregulation of 

9 out of 11 ATG (autophagy-related) 

genes with increasing specific 

growth rate showed a decrease of 

protein turnover at faster growth, 

which may be advantageous for 

recombinant protein production. 

Transcriptional (microarray-based 

transcriptome analyses) study was 

performed in condition of aerobic, 

glucose-limited growth for P. pas-

toris at different growth rate (16), 

and it was reported that expression 

of several genes related to amino 

acid biosynthesis (29 out of 119) 

was affected by growth rate with 

approximately half of the genes 

up- and the other half down-regu-

lated with decreasing growth rate. 

Based on this information, limiting 

amino acid can be supplied exter-

nally to improve the production of 

recombinant protein. This will help 

in optimization of medium compo-

sition to enhance specific recombi-

nant protein production.

Sachharomyces cerevisiae 

Sachharomyces cerevisiae (S. cerevi-

siae) is also an attractive organism 

for therapeutic protein production 

because it is non-pathogenic and 

has GRAS status. It is capable of 

post-translational processing (i.e., 

folding, glycosylation, phosphoryla-

tion, or removal of part of their ini-

tial sequence) of eukaryotic proteins 

and has a secretory expression sys-

tem that simplifies the downstream 

protein purification process. 

A transcriptome study was per-

formed during respirofermentative 

growth (growth on glucose, etha-

nol, and early stationary phase) of 

native and recombinant S. cerevisiae 

strains for production of human 

super-oxide dismutase (rhSOD) (17). 

The aim of this study was to iden-

tify the level of transcription factor 

activities (TFAs) in a recombinant 

strain of S. cerevisiae. The research-

ers identified 45 transcriptional 

factors that showed a significant 

change in their activities at least in 

one of the three phases of diauxic 

growth (glucose, ethanol, and early 

stationary phase). 

Chinese hamster ovary cell lines 

Chinese hamster ovary (CHO) cell 

lines are the preferred hosts of pro-

duction of complex proteins pri-

marily because they offer efficient 

and accurate post-transcriptional 

modifications. These cells can be 

adapted to grow in serum-free (SF) 

suspensions, thereby facilitating 

protein production at large scale. 

Jamnikar et al. (18) performed 

transcriptome profiling by DNA 

microarray and RT-PCR of the 

stable and unstable clones in 

CHO-Dhfr expression system. 

They identified certain marker 

genes that can predict stable 

expression of recombinant genes 

in particular clones early in the 

development stage. The CHO tran-

scriptome reveals the presence of 

all genes that code for enzymes 

involved in the major steps in the 

N-glycosylation pathway in CHO 

cells (19). The transcriptional study 

revealed that the transcripts of 

heavy chain and light chain IgG 

genes were higher in comparison 

to other genes transcript in recom-

binant CHO cell line (20). 

Another transcriptome study was 

performed in CHO cell line for a 

methotrexate-induced dihydrofo-

late reductase (DHFR) gene (21), and 

it was reported that the transcripts 

of product genes (the heavy chain 

and light chain of immunoglobu-

lin G) were reached at high levels 

upon the selection of cells bear-

ing the vector and increased little 

after amplification. This is contrary 

to the conventional notion that 

amplification serves to increase the 

copy number of the transgene and 

its transcript level. Transcriptome 

study also helps to estimate the 

quantity of degree of glycosylation 

and its pattern. It was reported that 

addition of sodium butyrate altered 

the sialic acid content of protein 

(22). Transcriptional study can 

reveal chemical medication of DNA 

Table II. Application of transcriptomics data.

At genetic level:

Strain engineering (Over-expression of rate-limiting gene or deletion of unwanted gene)

Use of strong promoter to improve the expression of downregulated gene

Identification of clone (higher producer or low producer)

Identification of rate limiting step (bottleneck) in pathway

Provides better picture of physiology

Evaluation of similarity between two organisms

Identification of degree of post-translational modifications (glycosylation, fucosylation)

Identification of level of protease in different culture condition

Determination of promoter strength 

Development of model based on transcriptional study

At bio-process level:

Development of feeding strategy

Optimization of culture condition (temperature, aeration, pH)
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and histone. Methylation on CG 

sites at CMV promoter resulted in 

decrease in productivity of certain 

molecules (23).

SUMMARY
In this article, the authors have 

briefly presented some of the tran-

scriptomics-based studies that have 

been reported across the microbial 

and mammalian host for recombi-

nant protein production. It is evi-

dent that the key objective behind 

understanding transcriptomics is 

to get better insights in term of 

its physiology and gene expression 

level of various metabolic pathway 

about host during recombinant 

protein production. The informa-

tion obtained from transcriptomics 

can be used to design better strains 

for recombinant protein produc-

tion as well as to identify optimal 

conditions for upstream process-

ing. Various applications of tran-

scriptomics have been summarized 

in Table II. It is evident that there is 

a lot of untapped potential in this 

tool, and its appropriate exploi-

tation can result in significant 

improvements in product titer as 

well as product quality. 
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Quality

V
a l idat ion is  documented 

process understanding and 

control, which begins when 

it is determined that a mol-

ecule or compound may have clini-

cal significance and ends when the 

product is no longer viable in the mar-

ketplace. When correctly done, linking 

process to product to patient, valida-

tion ensures safe and effective drug 

and biologic products and benefits the 

patients whose health and wellbeing 

depend on them.

This third article in a three-part series 

(1,2) dealing with validation and techni-

cal transfer in the biopharmaceutical 

industry discusses validation of a non-

traditional biopharmaceutical process, 

lifecycle and change management, and 

the benefits of well-conceived and exe-

cuted process validation studies.

NON-TRADITIONAL 
PROCESS VALIDATION
The following example of production of 

cells used in autologous cellular immu-

notherapies for personalized medicine 

demonstrates how some conventional 

validation approaches may not be appli-

cable due to the inherent process vari-

ability and because of the low numbers 

of units produced.

In this example, the patient’s blood 

is passed through a device where cells 

are separated and segregated, and the 

remainder is returned to the patient. 

The cells of interest are isolated from 

the apheresis unit by a gradient/centrifu-
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gation process. Then the cells are 

modified. Sometimes the cells are 

incubated with an antigen. Other 

processes infect cells with viral vec-

tors. In any case, there is an incuba-

tion period where the cells grow in 

a medium that changes depend-

ing on the process. The incubation 

period is also variable depending 

on the process. Then the cells are 

collected, washed, and resuspended 

in a fluid such as lactated Ringer’s. 

Depending on the process, interme-

diates may be frozen or refrigerated 

prior to onward processing. There 

are variable time limits on produc-

tion and expiration periods as short 

as 18 hours for infusion of the pack-

aged cells at the end of the process.

A good way to approach this 

process is in stages. Each patient 

is different, as will be the collected 

and isolated cells, but the cell col-

lection process can—and should—

be standardized. For example, the 

apheresis unit and operating proce-

dures should be specified based on 

studies that demonstrate the suit-

ability of the equipment and oper-

ating procedures for the intended 

use. Any cleaning and sterilization 

procedures can likewise be speci-

fied and validated.

The cell isolation process can be 

validated for the particular type 

of cells that are collected, includ-

ing studies to ensure the cells are 

not damaged during the process 

and impurities are removed to 

acceptable levels. System operating 

parameters and capacity should be 

determined, and operations should 

fall within the validated ranges.

Cell modif ication processes 

should be developed based on stud-

ies designed to show the effective-

ness of those processes. Equipment, 

operating procedures, and process-

ing conditions should be selected 

on the basis of those studies. Tests 

should be developed to measure 

the effectiveness of the process.

Standardized collection and 

washing equipment, processes, 

and procedures should likewise 

be selected based on the results 

of studies designed to evaluate 

their effectiveness. Data to show 

these processing steps perform 

as intended should be available. 

Processing times should be eval-

uated, and minimum and maxi-

mum times established. Issues such 

as cell degradation and pyrogen 

formation should be evaluated, as 

should any process fluid and equip-

ment sterilization procedures. If 

controlled environments are nec-

essary, validation studies should 

demonstrate their suitability.

Processing, holding, and expira-

tion periods should be evaluated 

and established to ensure product 

safety (i.e., freedom from objec-

tionable levels of endotoxin and 

microbial contamination) and effi-

cacy (i.e., viability and integrity of 

the processed cells).

Because each “batch” is more 

or less unique, it is not possible to 

validate in a conventional manner. 

But it is possible to ensure the pro-

cessing steps work reliably and do 

not compromise the harvested cells, 

and that the cell treatment process, 

whatever it is, has been evaluated 

and shown to be effective. The 

principles of validation remain the 

same, but there may be some nec-

essary interpretation to meet the 

requirements of the product.

A consultation document pub-

lished by the European Commission 

(3) and an FDA guidance document 

on human somatic cell therapy 

and gene therapy (4) provide useful 

information for developing valida-

tion studies for advanced therapy 

medicinal products.

LIFECYCLE MANAGEMENT
Validation requirements change 

throughout the life of a product. 

Validation begins at the point it is 

determined a molecule of entity 

may have clinical significance. It 

ends when the product is no longer 

in the marketplace.

At the beginning, the proposed 

molecule, drug substance, biologic, 

or API—however it is identified—

should be fully characterized, its 

synthesis routes defined, and any 

impurities identified and quan-

titated (5). Any purification pro-

cedures and processes, such as 

recrystallization, chromatography, 

and viral clearance or inactiva-

tion, should likewise be character-

ized and def ined. Cell l ines, 

fermentation processes, and bio-

reactions must be fully defined 

and described. This information 

serves as the foundation for pro-

ducing material for clinical studies, 

initial regulatory filings such as 

investigational new drug applica-

tions (INDs) and biologics license 

applications (BLAs), and ultimately 

commercial production scale-up.

Initially, development informa-

tion can be kept in research or lab-

oratory notebooks, but as clinical 

use becomes likely, formal develop-

ment reports and initial validation 

work should be prepared, reviewed, 

and approved. Everything is inter-

related, and detailed information 

is required to inform process devel-

opment, scale-up, and commercial 

production. A product specification 

will be developed on the basis of 

initial development information.

The produc t  spec i f icat ion 

includes tests, analytical procedures, 

and acceptance criteria defining the 

product and establishes the set of 

Processing, holding, 

and expiration periods 

should be evaluated 

and established to 

ensure product safety 

and effi  cacy.
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criteria for demonstrating the prod-

uct is acceptable for its intended use. 

It is one part of the overall prod-

uct control strategy and forms the 

basis for the critical quality stan-

dards (CQAs) that will be approved 

by regulatory authorities. The 

product specification is established 

through evaluation of the process 

design, process capability determi-

nations, and characterization of 

the product. Acceptance criteria are 

established based on data obtained 

from preclinical and clinical stud-

ies as well as from demonstration 

lots used to show manufacturing 

consistency and from stability 

studies. International Council for 

Harmonization (ICH) Q8(R2) is 

an excellent source of information 

about linking material attributes 

and process parameters with drug 

product CQAs (6). 

It stands to reason, however, that 

at the time of regulatory approval 

not all sources of process or product 

variability may be fully understood. 

For example, the impact of raw 

material variability or commercial-

scale processing conditions on qual-

ity attributes may not have been 

fully determined. These factors 

are usually related to production 

scale and can only be fully eluci-

dated once commercial scale has 

been achieved. In any event, the 

goal of development and scale-up 

studies should be to minimize any 

surprises later on. Problems result 

when technology transfer does not 

embrace quality and compliance 

issues from the beginning, tasks 

and requirements are not fully 

defined and understood, and proj-

ect management is inadequate (7).

Historically, acceptance crite-

ria have been set based on process 

capability and stability information, 

but it important that clinically-rele-

vant specifications (i.e., acceptance 

criteria) link the process with the 

product and the patient. To estab-

lish scientifically and clinically 

relevant specifications, a compre-

hensive understanding of the pro-

cess is required through clinical 

and commercial development. In 

terms of quality by design (QbD), 

specifications account for only one 

element of the overall product con-

trol strategy, which should employ 

a science and risk-based approach 

to define quality attributes based on 

overall assessment of the process. 

ICH Q6B contains comprehensive 

guidance on setting specifications 

for biological products (8).

The control strategy assessment 

requires evaluation of the critical-

ity, probability, and detectability 

of an event or condition affect-

ing the process, the product, and 

the patient. Criticality assess-

ments include efficacy, safety, and 

immunogenicity considerations, 

and these are used to define CQAs. 

Process capability is determined 

through univariate assessment, 

an understanding of design space, 

and process history. Testing strate-

gies should be based on analytical 

method capability, stability, in-pro-

cess control, and validation results. 

ICH Q9 provides a comprehensive 

discussion of quality risk manage-

ment and risk management tools 

that apply to pharmaceutical and 

biopharmaceutical quality (9).

Maintaining the validated state 

of control through the product life-

cycle extends from product devel-

opment, through process and 

analytical development, to process 

and analysis implementation and 

commercial manufacturing. The for-

malized control strategy is primarily 

employed during the implementa-

tion and commercial manufacturing 

phases. During product develop-

ment, the target product profile and 

CQAs are identified, assessed, and 

established. Process and analytical 

development includes validation 

master planning, process character-

ization, and process parameter criti-

cality assessment and classification. 

During the implementation and 

commercial manufacturing phases, 

engineering designs are finalized, 

equipment is qualified, processes 

validation studies are finalized, and 

ultimately continuous process moni-

toring and verification programs are 

implemented.

Process monitoring and capabil-

ity studies are used to predict the 

ability of a process to produce a 

product meeting pre-established 

quality attributes. An adequately 

designed and controlled process is 

able to reliably produce high-qual-

ity products as intended, reduces 

process and product variability, 

and provides a basis for continuous 

process improvement.

CHANGE MANAGEMENT
Validation studies and data serve 

as the basis for modifications to 

the implemented manufacturing 

process and associated equipment, 

materials, procedures, and the 

operating environment. Without 

detailed knowledge of the current 

process and how it functions, it is 

impossible to assess the potential 

impact of any change. Therefore, 

it is important that the validation 

records and reports are comprehen-

The control strategy 

assessment requires 

evaluation of the 

criticality, probability, 

and detectability of 

an event or condition 

aff ecting the process, 

the product, and the 

patient.
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sive, detailed, and available to serve 

as the basis for any change. These 

data must include process and pip-

ing drawings, full equipment iden-

tification, specifications and parts 

lists, process operating parameters, 

and written procedures.

Once the process has been vali-

dated, routine process control 

records, measurements of criti-

cal process parameters, and CQAs 

will serve as a basis for deciding 

whether changes are necessary. 

Multivariate analysis and evalua-

tions of interactions among various 

process parameters, for example 

drying time, temperature, and par-

ticle size, can also show whether 

the process is operating within its 

design space. ICH Q8(R2) discusses 

pharmaceutical development and 

can provide helpful information 

with respect to change manage-

ment and design space (6).

A formal change control system 

must be in place, and any pro-

posed change must be evaluated, 

reviewed, and approved prior to 

implementation. Change records 

must be current, up to date, supple-

ment the original records,  and be 

available to support future changes.

CONCLUSION
Validation links the process to the 

product. Even the best validation 

efforts still leave room for variabil-

ity that may be impossible to elim-

inate because it is inherent in the 

process itself (i.e., normal varia-

tion). Process validation aims to 

identify and eliminate the special, 

or abnormal, variation that may 

be due to improper process design, 

lack of important information con-

cerning process inputs, and limited 

knowledge of processing equip-

ment, its operation, and mainte-

nance requirements. W. Edwards 

Deming pointed out the foolish-

ness of trying to control normal 

process variation; it is special varia-

tion that should attract our con-

cern (10).

A process is inputs working 

through a processing system result-

ing in outputs. The outputs of one 

process can be inputs to other pro-

cesses, or they can be a finished 

product intended for the patient. 

Inputs and outputs are influenced 

by people, material, equipment, 

procedures, and the environment. 

Validation does a reasonably good 

job with material, equipment, pro-

cedures, and the environment, but 

people—who are the keys to the 

entire process—are often left out of 

the validation equation. How often 

following some deviation or FDA 

483 observation is the first impulse 

to blame an operator for the occur-

rence and the proposed corrective 

action to retrain the individual? 

Sometimes this is justified, but 

often it is not. Sometimes the error 

belongs inherently to the process 

and its variability (i.e., normal varia-

tion). Retraining operators to “cor-

rect” this type of process is a fool’s 

errand. However, sometimes person-

nel are the cause of process devia-

tions due to inadequate training or 

performance. In those instances, 

correctly retraining people in how 

to do the job, but more importantly 

teaching them why it is impor-

tant to do it in a certain way, can 

improve the process in question. 

Do not fail to consider people when 

designing a process validation study.

Look at the overall process and 

its parts. Determine CQAs and per-

form appropriate risk analyses, not 

only with respect to the process, 

but for the patient who might use 

the product. Ishikawa diagrams and 

failure modes and effects analyses 

are helpful in visualizing the pro-

cess and determining the process 

attributes that must be controlled.

No matter what type of product, 

the stage of development or manu-

facture, or the form the validation 

studies take, if there is documen-

tation supporting answers to all of 

the questions about a process that 

begins with who, what, when, 

where, why and how, that process 

may be considered to be validated. If 

not, there is more work to be done.
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R
egulatory agencies have sig-

nificant interest in the imple-

mentation of more advanced 

methods for the detection 

of adventitious agents. This interest, 

according to Horst Ruppach, director of 

viral clearance and virology at Charles 

River Laboratories, comes from recent 

experiences in which adventitious 

viruses were found in a marketed rota-

virus vaccine in 2010 and in an insect 

production cell line (SF9) in 2014. In 

both cases, the standard testing meth-

ods failed to detect these contaminants. 

Concerns about more advanced meth-

ods still remain to be addressed.

LITTLE CHANGE TO DATE
Overall, the methods used in adventi-

tious agent testing have not changed 

dramatically in recent years and are per-

formed as recommended and described 

in guidances and regulations. Antibody 

detection assays and nucleic acid ampli-

fication techniques are used to screen 

source materials for specific viral con-

taminants in the plasma product indus-

try, according to Ruppach. A panel of 

cell-based in-vitro assays, in-vivo assays 

combined with antibody detection, and 

quantitative polymerase chain reaction 

(qPCR) assays for specific viruses is used 

in the vaccine and recombinant protein 

industry. 

Protocols have been, in some cases, 

partly modified or complemented when 

necessary, such as prolonging incubation 

times for some in-vitro assays to detect 

slow-growing viruses like Vesivirus, 

according to Ruppach. In the plasma-
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product industry, he notes that 

screening for emerging viruses such 

as Zika and Hepatitis E has also 

partly been added to meet country-

specific recommendations. A shift 

from culturing and in-vitro assays to 

qPCR-based assays for mycoplasma 

testing of recombinant products has 

also occurred to some extent.

In general, however, release test-

ing is still performed using slow, but 

long-accepted culture-based tests, 

according to Michael Brewer, head 

of pharma analytics with Thermo 

Fisher Scientific. The exception, he 

adds, is the much broader use of 

qPCR for in-process testing during 

cell-culture processes (e.g., myco-

plasma, mouse minute virus [MMV], 

and Vesivirus for Chinese hamster 

ovary [CHO] culture) and even for 

conditional release to downstream 

processing while waiting for results 

of the culture-based tests.

DESPITE REAL DRIVERS 
There are real issues with existing 

cell-based methods that are driv-

ing interest in the development 

of alternative techniques. “Cell 

based in-vitro assays can detect a 

broad range of viruses, and even 

unknown viruses, but the methods 

are not standardized and can be 

run in different ways, which signif-

icantly impacts the assay specificity 

and sensitivity,” Ruppach says. In 

addition, some potential contami-

nating viruses don’t grow in the 

detector cells, while others do grow 

but cannot be detected. “On top 

of these issues is the fact that posi-

tive results cannot be assigned to 

a virus type or even virus family; 

subsequent identification assays are 

necessary,” he observes. 

In-vivo assays encounter the 

same challenges and limitations, 

and there is a high failure rate due 

to the route for test sample admin-

istration. Studies have also shown 

a low detection rate for these tests 

compared to in-vitro assays, accord-

ing to Ruppach. Ethical reasons 

are an additional concern, with 

growing emphasis placed on 

minimizing animal testing. One 

of the biggest issues with both 

in-vivo and in-vitro testing, how-

ever, is the time it takes to obtain 

results, which can be as long as 

five to six or even more weeks. 

“An additional complicating factor 

is the fact these assays cannot be 

validated following International 

Council for Harmonization (ICH) 

Q2 due to the undefined specific-

ity and sensitivity,” he states. 

While these limitations are over-

come with qPCR, Brewer points 

out that, at the moment, available 

assays exist only for a small set of 

viruses that represent the biggest 

threat to CHO cell culture. “Rapid 

testing for viruses and myco-

plasma remains a critical need for 

the industry to achieve the goal of 

rapid, real-time or near-real-time 

lot release. For continuous process-

ing, time to result is even more 

important,” he asserts.

SOME INSTRUMENT ADVANCES
There have been some advances in 

instrumentation for adventitious 

agent testing that have the poten-

tial to impact testing in the near 

future. Ultra-high multiplex PCR 

is enabling rapid workflows when 

combined with high-recovery 

nucleic acid extraction, automated 

sample prep, and high-through-

put DNA sequencing technologies, 

according to Brewer. 

FOCUS ON NUCLEIC-ACID TESTING
There is much discussion in the 

industry and among regulators 

about the potential advantages of 

new nucleic acid-based technolo-

gies and other high-throughput 

sequencing (HTS) methods, also 

known as massive parallel sequenc-

ing or next-generation sequencing 

(NGS). “These technologies have 

the power to detect any virus with 

a level of sensitivity comparable 

to virus-specific qPCR and, unlike 

in-vitro and in-vivo assays, deliver 

sequence data that can identify the 

contaminant,” says Ruppach.

There are other benefits as well. 

“Replacing traditional adventitious 

agent tests with NGS-based tests 

would provide the highest level of 

confidence in negative and posi-

tive results,” states Brewer. “In addi-

tion, time to result for such tests is 

aimed to be less than two days, and 

the ability to automate much of the 

workflow could reduce hands-on 

time to less than three-and-a-half 

hours. Furthermore, while tradi-

tional culture testing is limited to 

sampling points in cell banks and 

harvest media only, rapid molecular 

testing enables sampling, testing, 

and decision-making throughout 

cell-culture processes,” he continues.

There are major concerns about 

this technology, however, that 

must be addressed. The presence of 

virus-specific nucleic acid does not 

necessarily indicate a replication-

competent contamination, and thus 

most current nucleic acid assays 

cannot differentiate viable from 

non-viable contaminations, which 

is the case for both in-vitro and in-

vivo assays, according to Ruppach. 

“Some HTS-based methods have 

been recently developed that can 

differentiate replication-competent 

and non-replication-competent 

viruses, which will help eliminate 

this important drawback,” he notes. 

For instance, Brewer notes that 

qPCR and NGS techniques that 

offer quantitative values or tar-
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get enumeration capability can be 

applied to assess viability by mea-

suring changes in target nucleic 

acid levels at multiple time points 

in the case of a positive initial test.

Managing the large amounts 

of data produced when using HTS 

technologies presents another chal-

lenge. “Data processing becomes an 

important factor in results evalua-

tion. The algorithm used can lead to 

both false-negative or false-positive 

results and significantly impact the 

outcome of the analysis,” Ruppach 

explains. No regulations or standards 

have yet been established regarding 

the data-processing process. 

Brewer notes that qPCR has 

been improved by the inclusion of 

controls that help reduce the risk 

of false positives due to inadver-

tent cross contamination of test 

samples with positive controls.  

He does agree that a full solution 

will require designed-for-purpose 

software to enable data analysis 

and results reporting, including 

enabling compliance with 21 Code 

of Federal Regulations Part 11.

INITIATIVES IN DEVELOPMENT
The concept of nucleic-acid testing 

has been well received by industry 

and regulators, and solutions are in 

development. “The goal is to sup-

plement or replace the traditional 

adventitious agent tests with rapid 

NGS-based detection and identifica-

tion of a predefined panel of viruses 

and broad range of bacteria, includ-

ing mycoplasma,” says Brewer.

Initiatives are underway to grow 

regulatory understanding of the 

capabilities of these new technolo-

gies that are supported by various 

regulatory agencies. For instance, 

Ruppach points to the Advanced 

Virus Detection Technologies 

Interest Group, which was estab-

lished by the industry and FDA 

to address specific challenges and 

provide solutions to make these 

technologies ready for use under 

GMP conditions.

The Consortium on Adventitious 

A g e n t  C o n t a m i n a t i o n  i n 

Biomanufacturing (CAACB), estab-

l ished by the Massachuset ts 

Institute of Technology Center for 

Biomedical Innovation, has also 

had a positive impact. “The CAACB 

allows for open communication on 

contamination events that have 

impacted the industry and provides 

a forum for experts to discuss how 

viral testing can be improved and 

the overall risk of viral contamina-

tion reduced,” according to Brewer. 

The consortium has also helped 

to develop a more comprehensive 

understanding of the adventitious 

agents that are encountered. 

“More advanced NGS-based 

techniques are in development 

and offer the potential to supple-

ment or replace the 28- or 14-day 

culture-based test following vali-

dation and regulatory review and 

acceptance,” asserts Brewer. “Given 

that a stated goal of the pharma-

ceutical industry is to move to real-

time or near-real-time lot release 

in the future, replacement of the 

28- or 14-day culture-based adven-

titious agent test with a rapid test 

will be required,” he adds.  

It is worth noting that following 

validation, regulatory filing, and 

review, regulators have accepted 

qPCR-based mycoplasma test-

ing for lot-release testing applica-

tions across multiple therapeutic 

modalities (e.g., manufacturing 

cell culture, cellular therapy, tissue 

therapy), according to Brewer.◆
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C
linical trials are the proving 

ground for any new pharma-

ceutical. On average, these tri-

als take approximately seven 

and a half years to complete (1). For 

manufacturers, who can spend any-

where from $161 million to $2 billion to 

bring a new drug to market, the returns 

from investing in this important work 

have been diminishing. Patient recruit-

ment and retention, which cost $2.3 

billion per year (1), have become a major 

challenge. Typically, one out of every 

four patients drops out of the average 

clinical trial. In addition, problems 

with recruitment and retention can 

often result in longer and more expen-

sive trials, less statistically valid results, 

and poor morale among clinical staff, 

healthcare providers, and patients (2). 

As the population continues to age 

and pharmaceutical manufacturers shift 

their focus to chronic and degenerative 

disease research (1), resolving patient 

recruitment and retention problems 

has become a key priority. Seven years 

ago, armed with online technology, 

advances in cloud computing, and wire-

less communication tools, pharmaceuti-

cal companies that include Pfizer and 

Sanofi turned the traditional clinical 

trial model on its head, bringing the 

trial direct to the patient (3). 

In this d i rect-to -pat ient (DTP) 

approach, trials follow the same blinded 

protocols, but patients receive medica-

tion in their homes, so they do not have 

to travel to medical facilities or wait 

for services. For pediatric patients and 

the elderly, the convenience of DTP tri-

Meeting the Challenge
of Patient-Centered Clinical Trials
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manufacturers 
are adapting 
to explosive 

growth in the 
use of direct-to-
patient clinical 
trials. Michael 

Sweeney, director 
of patient-centric 

logistics at World 
Courier Group, 

discusses the new 
model’s impact.
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Improving the Throughput of mAb 
and Fc-Fusion Protein CQA Analysis   
with Streamlined Analytical Workflows

Sponsored by Presented by

Event Overview

High-resolution mass spectrometry (HRMS) is the gold standard in 

protein characterization, allowing the determination of the protein 

composition and heterogeneity at molecular level. However, data 

processing remains the biggest bottleneck, limiting the deployment 

of mass spectrometry in high-throughput screening laboratories. 

In the first part of this webcast, speakers from Merck KGaA, Darmstadt, 

Germany,  will focus on automated liquid chromatography (LC)–

MS data processing combined with custom calculations to assist 

in the confirmation and quantitation of amino acid substitution 

on a monoclonal antibody (mAb) drug candidate. In the second 

part, they will present a hydrophilic interaction chromatography 

(HILIC)-MS  based analytical method with a unique and automated 

data processing workflow for rapid mAb glycan profiling.

Who Should Attend

■ Analytical groups from biotech, pharma/biopharma, CxO companies

■ Analytical chemists/scientists supporting biologics development

■ Biologics upstream and downstream process development, 

manufacturing, and QA/QC

■ Analytical lab managers and directors

■ Regulatory authorities

■ Research labs/organizations focusing on large molecule drug discovery 

and development

In This Webcast,  

Participants Will Learn

■ Details about a high-throughput analytical 

workflow based on mAb subunit LC–MS 

analysis designed for amino acid substitution 

confirmation and quantitation

■ How to conduct high-throughput released 

N-glycan analysis with a novel sample 

preparation technology and automated 

workflow

■ How custom libraries and calculations 

within UNIFI enable users to automate data 

processing

For questions contact Ethan Castillo at ethan.castillo@ubm.com

Presenters

Pauline Ulrich

Assistant Scientist, 
Biotech Process Sciences 
Analytics
Merck Serono SA
Vevey, Switzerland

Diego Bertacinni, PhD  

Associate Scientist, 
Biotech Process Sciences
Merck Serono SA
Vevey, Switzerland

Moderator

Rita Peters

Editorial Director
BioPharm International

Register for this free webcast at www.biopharminternational.com/bp_p/throughput
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als can determine whether they 

choose to remain in the clinical 

study or not. 

The DTP approach has also been 

shown to reduce overall costs. 

Research suggests that it can help 

reduce costs by up to 16% in Phase 

I trials, by up to 22% in Phase II, 

17% in Phase III, and by up to 13% 

in Phase IV (1). 

According to a 2017 survey by 

Arena International, DTP clini-

cal trials are growing rapidly, 

and should increase from 24% of 

all clinical trials in 2017 to 33% 

by the middle of 2019 (4). Table I 

shows one logistics services provid-

er’s top DTP destinations globally, 

while Figure 1 shows its volume of 

DTP shipments from March 2017 

to 2018. 

COORDINATING DRUG 
AND LAB SAMPLE DELIVERIES 
For cold-chain logistics specialists, 

the DTP model poses many addi-

tional challenges, especially since 

precision medicine also requires 

regular patient laboratory tests.  

Scheduling lab sample drop-offs 

and pickups adds to the challenges 

of delivering patient doses.  

Other new changes stem from 

going “off the grid,” with drivers 

leaving the main highways and 

navigating local streets and resi-

dential locations, and learning 

how to interface most effectively 

with healthcare providers and 

patients, without compromising 

patient privacy. 

The most basic challenge, ensur-

ing that treatments remain safe 

and viable, has also become more 

pronounced, since today’s clinical 

trials increasingly involve novel 

therapies such as immunogenic, 

cell, and gene therapies. 

Today, a typical pharmaceuti-

cal manufacturer may take a vari-

ety of approaches to clinical trials.  

Some companies are working on 

developing end-to-end DTP clini-

cal trials. In May 2018, exemplify-

ing this trend, Science 37 and UCB 

Parma launched a partnership to 

use Science 37’s MetaSite approach 

and cloud-based Network Oriented 

Research Assistant (NORA) net-

work to develop site-less clinical 

trials (5). 

In other cases, within the same 

trial, different approaches may be 

used with different portions or 

phases, with some being run tra-

ditionally, and others using the 

DTP model. However, as the DTP 

approach becomes more important 

to the industry, logistics companies 

are stepping up their services to 

support this growing business. 

In March 2018, Marken, now 

part of UPS, launched a service 

that will allow nurses to drop off 

clinical trial samples from patients 

at any UPS store location. The 

company already offers DTP ser-

vices in 51 countries. 

Wo r l d  C o u r i e r ,  p a r t  o f 

AmerisourceBergen, began to 

expand its involvement in DTP 

clinical trials back in 2012, and 

established a partnership with the 

Medical Research Network (MRN) 

in 2015. The alliance aims to cre-

ate a more highly integrated model 

for community-based clinical trials 

that increases patient recruitment 

and retention. 

The company is  cur rent ly 

revamping its global transporta-

tion management system world-

wide, a process that has involved a 

lot of localized DTP work, explains 

Michael Sweeney, senior direc-

tor of patient-centric logistics at 

World Courier. Sweeney was for-

merly director of global service 

development, with a broader con-

centration on high touch per-

sonalized supply chain services, 

including cell and gene therapy. 

His role shifted to a steady focus 

on DTP a few months ago, reflect-

ing the increased importance of 

the model in the industry and 

World Courier’s business plans. 

Sweeney shared some insights into 

the overall market, and World 

Courier’s activities, with BioPharm 

International. 

EXPLOSIVE GROWTH SINCE 2014 
BioPharm: How long and how 

extensively have you been working 

with DTP clinical trials? 

Sweeney: We’ve been support-

ing these types of trials for a num-

ber of years, but demand for DTP 

has dramatically increased since 

2014. In fact, it more than doubled 

between 2015 and 2016 alone.  

Table I. Countries where direct-to-patient efforts are most advanced.

Australia France Italy Sweden

Belgium Germany Netherlands Turkey

Bulgaria Hong Kong New Zealand Ukraine

Canada Hungary Poland United Kingdom

Denmark Israel Spain United States

Source: Michael Sweeney, World Courier Group

Supply Chain

“In the past, we were 

used to a broader 

timeframe. Now, 

nurses are often prep-

ping patients while a 

delivery is on the way.” 

— Michael Sweeney,

World Courier
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Since 2012, we have handled 

DTP shipping for 424 custom-

ers in 52 countries involving 386 

different trial protocols. We also 

ship DTP for expanded access and 

compassionate use products. This 

means that we handle hundreds of 

DTP shipments weekly. 

There is no ‘typical’ client for 

DTP work. Customers include tra-

ditional Big Pharma companies, 

as well as contract research orga-

nizations (CROs), clinical trial 

home care nursing firms, contract 

development and manufacturing 

organizations (CDMOs), clinical 

packaging service companies, cen-

tral laboratories, and small innova-

tor biotech companies. 

BioPharm: How does the relation-

ship work with home care nursing 

providers such as MRN? 

Sweeney: Collaborations, like 

ours with MRN, are designed to 

simplify patient participation in 

clinical trials. A qualified nurse vis-

its the patient in his or her home 

and performs all medically neces-

sary procedures required by the 

clinical trial, which may include 

infusion and collecting blood or 

urine samples. World Courier deliv-

ers or picks up related materials to 

and from the patient’s home and 

the clinical trial site. We have cre-

ated detailed standard operating 

procedures to ensure compliance 

with the regulations, patient confi-

dentiality, and protocol support. 

BioPharm: What are some new 

technologies that can enable the 

DTP approach to operate most 

effectively? 

Sweeney: One innovation that 

we offer through a collaboration 

with our sister company, Cubixx 

Solutions, is CubixxCT, a small 

access-controlled refrigerator that 

stores drug products at an optimal 

2–8 °C temperature in the patient’s 

home. It tracks usage, provides 

reports to researchers, and enables 

real-time temperature monitor-

ing and PIN-controlled access. 

Plus, it eliminates the need for 

frequent deliveries where relevant 

and ensures the product is avail-

able when medical staff arrive to 

administer it. 

In addition, World Courier’s 

Bio-STAR system provides real-

time access to protocols and spe-

cial handling instructions, helping 

to anticipate and prevent costly 

shipping issues problems that can 

come up during any clinical trial. 

BioPharm: Does your new job 

title reflect any change within the 

company and the industry? 

Sweeney: As healthcare moves 

towards a patient-centric approach 

and clinical trials expand in grow-

ing markets, the DTP model is 

becoming increasingly popular. In 

March, World Courier launched 

international personalized supply 

chain teams that support three 

specialty areas, all of which expe-

rienced double-digit growth, that 

include DTP. The technical experts 

work directly with our customers, 

offering a combination of project 

management and customer service 

to deliver a service tailored to spe-

cific requirements and, ultimately, 

connect patients with the vital 

treatments they need. 

PLANNING FOR COMPLEXITY 
BioPharm: What are the most 

important aspects of planning a 

DTP clinical trial logistics program? 

Sweeney: The most important 

part is getting the initial plan 

right, and making sure that it is 

broad enough. The planning pro-

cess, and the plan, should involve 

everyone who will be involved 

in the project. It should spell out 

clearly the scope of work, the 

resources that will be needed, 

when the project is expected to be 

completed, and, generally, ensure 

that everything within the plan 

Figure 1. A direct-to-patient logistics market snapshot, March 2017–2018.
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Insights on Purity and Intactness 
of AAV Gene Therapy Vectors

A Sponsored 

Q&A

Vanessa Carvalho 

Senior Scientist 

Vironova, AB

Transmission electron microscopy analysis provides insights into the 

morphology and intactness of AAV particles, and the presence of 

impurities. MiniTEM developed by Vironova is a compact, low-voltage 

electron microscope with image analysis capabilities specifically 

designed for characterization of nanoparticles. This technology 

makes transmission electron microscopy accessible to non-experts, 

with features such as automated imaging as well as quantification 

and classification of structures.

A
deno-associated viral (AAV) vectors are vulnerable to failure in packaging due to 

structural changes of the capsid during manufacturing, leading to delivery of empty 

viral capsids. This poses a risk of lowered therapeutic potency and a safety issue for 

the patient, as a damaged capsid can provoke an unwanted immune response. Morphological 

characterization of AAV gene therapy vectors through transmission electron microscopy 

can help to ensure the quality of the sample by identifying product-related impurities. Here, 

BioPharm International interviews Vanessa Carvalho, senior scientist at Vironova, AB, about 

this important issue.

BioPharm International: The process of developing a product is quite complex and 
there are a lot of parameters and steps to keep track of. Why is AAV particle char-
acterization so important to process development and ultimately the final product 
quality of gene therapy drugs?
Carvalho: As we all know, the viral particle morphology, integrity, and even packaging are 

related to several matters concerning product safety and efficacy. After many discussions with 

our partners and clients, we understood that the market has a need to evaluate the quality of 

their samples and may benefit from transmission electron microscopy as a technique.

Some helpful ways to use negatively stained transmission electron microscopy 

(nsTEM) include:

• detecting particle aggregation due to unsuitable upstream or downstream conditions,

• studying the tradeoff during purification to get as pure product 

as possible without losing too much material, and,

• ensuring particles keep the right morphology and are intact over time.

• Vironova has developed solutions that enable transmission electron microscopy 

technology to be accessible to non-experts, which not only involves automatic 

imaging, but also quantifies and classifies structures in the sample.

S P E C I A L  S P O N S O R E D  S E C T I O N
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INSIGHTS ON PURITY AND INTACTNESS OF AAV GENE THERAPY VECTORS

BioPharm International:
What are the current 
challenges in AAV charac-
terization during process 
development?
Carvalho: For years now, we 

have been working together 

with clients within the vac-

cine and gene therapy fields. 

Regardless of what kind of 

particles they are working 

with, it always comes down 

to finding a way to characterize the entire sample, a way to 

understand the overall sample morphology, what kind of 

structures can be found in the sample, and what is the relative 

level of each structure.

The tricky part here is to find a robust method to classify 

the structures that you find in your sample in such a way 

that you can compare the results from one batch to another. 

And when you can correlate a specific structure or structural 

footprint as there is often multiple structures within the sample 

to the desired biological effect, then you have created a very 

powerful analytical tool.

This is what we offer with our transmission electron 

microscopy services, especially in the MiniTEM system, which 

includes powerful image analysis software tools that allows 

you to characterize each sample in a fast and automatic mode.

BioPharm International: What is the impact of impuri-
ties present in an AAV sample?
Carvalho: In the end, it all comes to the biological effect that 

different particles might have when the product is given to 

a patient. Numerous parameters can influence the product 

quality and can be monitored using electron microscopy and 

image analysis.

We have some examples here at Vironova in which, together 

with clients, we’ve monitored different stages of product 

development. We were able to classify the particles and set 

acceptance criteria for different structures, giving the product 

structural footprints for an acceptable product as well as a 

non-acceptable product.

BioPharm International:
What  would you say 
is the best method for 
analyzing the purity of 
AAV sample?
Carvalho: Each method has 

dif ferent advantages and 

limitations. However, by using 

the method of negatively 

stained at electron micros-

copy, which is the method 

supported by MiniTEM, you 

complement and fill the gaps that other methods as ELISA or 

RT-PCR leave. When analyzing an AAV sample using nsTEM, 

we can clearly distinguish between the intact form and the 

internally stained non-intact form, as well as measuring the 

ratio of doublets and triplets in a sample. We are also able to 

measure other debris.

BioPharm International: In which sense is MiniTEM 
improving or helping the development process?
Carvalho: It will definitely give you an answer if different 

samples from the development process contain different levels 

of debris or different particles. Many examples can be given. 

A specific one is the detection of proteasomes. In our client’s 

case, it has been important for them to test if the purification 

steps are working, for instance. Also, a comparison between 

batches can be made, helping to improve and develop the 

process. Another example is during formulation development 

to answer the question of what happens to the particles if one 

changes the formulation parameters, as for example, pH or 

salt concentration.

So, to summarize, by having a MiniTEM at your site, you 

can do detailed characterization of your gene therapy vectors 

in early development, which can support decisions for how to 

optimize both the formulation and the manufacturing process. 

But, of course, if you are not yet convinced about the benefits 

of using electron microscopy, you can always start by trying 

our services on a few samples and see what powerful data 

can be obtained for your own sample.

Vironova is a Swedish biotechnology company providing comprehensive hardware, software, and services for the analy-

sis of nanoparticles. We specialize in electron microscopy, with a 10-year track record of services to the pharmaceutical

industry. Our products and services are revolutionizing access to transmission electron microscopy (TEM) - based image 

analysis in biopharmaceutical development. TEM has previously been too costly and complex for routine use in vaccine and

drug development. We have made this powerful technology user-friendly and accessible through automation. Our solution 

enables automated analyses for simplifying the work process, producing faster and better-informed decisions to secure

robust bioprocessing and final product quality.

By having a MiniTEM at your site, you 

can do detailed characterization of your 

gene therapy vectors in early develop-

ment, which can support decisions for 

how to optimize both the formulation 

and the manufacturing process. 

S P E C I A L  S P O N S O R E D  S E C T I O N
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ties back into (and works in) the 

real world. 

Planning is extremely important 

in dealing with complexities. In 

some cases, patients are just receiv-

ing medications. In other cases, 

their drawn specimens will need to 

be delivered to labs. This requires 

careful coordination and timing. 

Quality control and assurance 

are also paramount, particularly 

temperature monitoring. Basics 

need to be established very early 

on (e.g., in case of an emergency, 

who must be informed, and is 

there a contingency plan in place 

if drug safety is compromised?) 

There is also the challenge of ran-

domizing the supply, interfacing 

with nurses, and handling the logis-

tics of specimen testing at the central 

lab. All of these factors must be taken 

into account in the original plan. 

BioPharm: How has the time-

frame required for clinical trial 

logistics changed under this new 

DTP model? 

Sweeney: We’re inter fac ing 

directly with patients at home in 

some cases, and also often with 

nursing companies. And we’re 

working on just-in-time deliv-

ery. In the past, we were used to 

a broader timeframe. Now, nurses 

are often prepping patients while 

deliveries are on the way. Drug 

quality verification is extremely 

important, and verifying tempera-

ture results to ensure that the drug 

is safe before the patient receives it.  

BioPharm: How has your com-

pany changed its approach to 

transportation management? 

Sweeney: We’ve been developing 

a new platform, corporate-wide, 

for some time to replace our previ-

ous transportation management 

programs worldwide. This platform 

encompasses everything from local 

DTP projects to highly complex 

international projects. 

We began its initial deployment 

in Canada. Sample shipments were 

handled within certain market seg-

ments, and, eventually, we plan 

to use this approach throughout 

the world as we assess timelines 

and functions. So, right now, we 

are at Release 1, and are planning 

to add countries and broaden the 

deployment scope in the weeks 

and months ahead. 

GLOBAL TRIALS 
USE DTP APPROACH 
BioPharm: Do you see global clini-

cal trials moving to a DTP model? 

Sweeney: They are already being 

run that way in some cases, for 

example, in projects where we have 

expanded access to compassionate 

use drugs. We are seeing a greater 

degree of centralization of distri-

bution and dispensing, at least, 

if legally permissible and licenses 

allow for central dispensing of 

drugs across borders. This is not 

always the case, however, and the 

law can even vary within the same 

country (e.g., from state to state). 

BioPharm: What basic technology 

innovations are driving improve-

ments to DTP, and what new tech-

nology platforms is your company 

currently using? 

Sweeney: The biggest shift is that 

we are using global positioning 

systems (GPS) and Bluetooth Low 

Energy (BLE) technologies. These 

approaches have proven to be 

very helpful in managing the sup-

ply chain, to monitor shipments 

at each point in the supply chain, 

from when products are placed in 

the storage facility or pharmacy, to 

when they are picked up by a driver, 

and, finally, when they are delivered 

to the nurse at the patient’s home. 

We have already piloted use 

of Bluetooth technology at vari-

ous checkpoints in transit within 

DTP. We are using it to ensure that 

there are no temperature control 

issues during product shipment, 

and then we push the data from 

Bluetooth out to the cloud, and 

results are available before and 

after delivery. 

Occasionally we can run into 

issues when, say, a large pharma 

Figure 2. Drivers handling direct-to-patient deliveries must be trained to protect 

patient data security.
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company has already validated a 

temperature monitoring product 

and process that does not con-

sider newer technologies. It can 

be a challenge to get the buy-in 

or any necessary validation com-

pleted in order to take advantage 

of these innovative solutions, but 

we continue to make headway 

with many pharmaceutical com-

panies. 

BioPharm: Are there any issues 

using advanced monitoring tech-

nologies with air transportation?  

Don’t monitoring devices have to 

be shut off during transit? 

Sweeney: We have an in-house 

team that vets and tests various 

technologies, whether Bluetooth 

and GPS or GSM (Global System 

for Mobile communication). They 

examine different and often very 

specific use cases from customers, 

while also considering our inter-

nal challenges. We must be able to 

confirm that delivery expectations 

are achievable as more and more 

information is available instan-

taneously. There are other issues 

to address as well. For instance, 

do the solutions meet require-

ments set by the US Code of Federal 

Regulations (CFR) (i.e., are they 21 

CFR Part 11 compliant?)

It is crucial to use monitoring 

technologies that allow for full 

audit capability. Basically, within 

DTP, we need results that indi-

cate whether the drug is useable 

or not. If it is all packaged and a 

traditional temperature monitor is 

inside the package, we won’t know 

there is a problem until just before 

or upon delivery. We are work-

ing to change that, and airlines 

are working closely with some of 

these device manufacturers to con-

sider allowing data recording, for 

example, using wireless networks 

on board flights.

The lack of in-flight visibility 

does not have a major impact on 

what we do, although it would 

help us identify issues earlier 

and allow for planning correc-

tive actions sooner. Once a plane 

lands, we are then able to enact 

the most impactful contingen-

cies. Location coordinates allow 

us to ensure the shipment reached 

the intended destination, which 

brings peace of mind to everyone 

involved. For flights that involve 

cell- and gene- therapy shipments, 

which are now routine, GPS moni-

toring technology has already 

become a standard.

BioPharm: What were the chal-

lenges at the very earliest stages 

of DTP work, and how have they 

changed since then?

Sweeney: Our work in DTP began 

organically quite a while ago. Our 

efforts to track the activity go back 

to 2012. However, prior to that, we 

found that investigator site nurses 

were going way beyond the call 

of duty. For example, after a long 

day at the hospital, they would 

sometimes take patient specimens 

home with them. We began mak-

ing pickups from their residences. 

Site nurses also went to patient 

homes in cases that required, and 

we began to support them in these 

activities years ago.

With DTP today, partnerships 

are extremely important. MRN is 

one example for us, and another 

is our connection with Cubixx 

Solutions. Originally, Cubixx’s 

radio-frequency identif ication 

(RFID)-enabled technology was 

used in larger hospital and clinic 

fridges. Now, smaller medical grade 

refrigerators are being used at 

patients’ homes in DTP projects.

BioPharm: Are all the big pharma 

companies using the DTP approach 

for clinical trials?

Sweeney: Some big pharma 

companies haven’t converted 

fully to DTP, others are support-

ing the concept at different lev-

els. There is a lot of interest, but 

a significant amount of diligence 

and risk assessment is required. 

The approach requires resourcing, 

researching of industry trends and 

partnerships.

With growth comes the need to 

be able to support a wider array of 

therapeutics. Growth is being seen 

in all therapeutic areas but par-

ticularly where key factors include 

age of patient, site location, degree 

of patient mobility, and the time 

required for treatment and trans-

port to and from site centers. The 

DTP approach eliminates potential 

access barriers for many patients.

BioPharm: What kind of training 

is needed to get logistics profession-

als up to speed on the new model?

Sweeney: Details that might seem 

small have become very important, 

such as training drivers to work in 

residential neighborhoods (Figure 2), 

make a big difference. For example, 

drivers cannot park for too long 

outside any one patient’s home, 

and they need to consider inter-

actions with patients and nurses 

quite carefully to ensure that 

patient confidentiality and data 

privacy are protected.
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As molecules become more complex, the 

CDMO industry must adapt.

T
he biopharmaceutical CDMO industry has recently experienced increasing levels of 

consolidation. Meanwhile, investment in innovative technology platforms and services is 

rapidly growing in support of the rich pipeline of breakthrough biologics. These transfor-

mations in the CDMO industry present exciting growth opportunities as well as challenges for 

CDMOs making capability and capacity investment decisions. BioPharm International recently 

spoke with Konstantin Matentzoglu, CEO of Celonic AG, about promising opportunities and 

trends shaping the CDMO landscape, as well as the value of a manufacturing partner rejuve-

nating its biologics services portfolio, forging strategic alliances, and driving global commercial 

expansion models.

BioPharm International: In many ways Celonic is more than a CDMO for biologics. 
What is the focus of the company?
Matentzoglu: Celonic is truly a quality-rooted global CDMO partner for our biopharmaceutical 

customers. We offer integrated services to our customers—from cell line development, based 

on our own platform technologies, through commercial manufacturing of drug products. With 

an intense focus on developing research-based technology platforms, we provide industry-

leading solutions to enable breakthrough biologics of the future.

BioPharm International: What core strengths differentiate Celonic from other CDMOs?
Matentzoglu: In the last one-and-a-half years, we have spent a considerable amount of effort 

focusing on company culture. We have differentiated the company as an entity that sees value 

in empathy. We are extremely people orientated—both in terms of our employees and our 

customers—and consider this to be the basis of our total quality management (TQM) system. 

This means we align with our clients’ business processes with a high degree of transparency.

BioPharm International: How does Celonic draw on its connection to JRS Pharma 
to benefit customers?
Matentzoglu: This connection sets us apart from our peer group of CDMO companies. First, we 

can tap into financial resources, which is exceptional for a company of our size. For our clients, 

this means we can serve them more reliably and sustainably on projects throughout their 

S P E C I A L  S P O N S O R E D  S E C T I O N
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lifecycle from development 

to  commercia l  manufac-

turing. Second, we can tap 

into the JRS network and its 

corporate support structures, 

including research and devel-

opment functions.

More importantly, we ben-

efit from the growing com-

pany portfolio of JRS. For 

example, JRS has acquired 

a formulation development 

company in Munich with 

which we are collaborating. 

We serve our customers 

together, bringing comple-

mentary core competencies 

to the table. We foresee 

similar collaborative models 

continuing to add value for customers in the future.

BioPharm International: Do you have any examples of 
partnerships through which Celonic helped an inno-
vator quickly and successfully reach a development 
milestone or commercialization?
Matentzoglu: There are two examples. First, we engaged with 

a customer to support a direct equity investment, without 

which they would never have started their project. Second, 

we developed a fast-track program that allowed a client to 

successfully license its development project to a Big Pharma 

company—from gene to GMP batch—in 10 months.

BioPharm International: How does the rapid growth of 
Celonic fit with its corporate strategy, and how might 
Celonic continue to grow and expand in the near term?
Matentzoglu: Our rapid growth is integral to our corporate 

strategy. By 2023, we would like to be a premium CDMO—

probably more than fivefold larger than we currently are—and  

be a major player in the market. A lot of consolidation and 

M&A activities are occuring 

in the CDMO industry. That 

means CDMOs must grow 

in order to be competitive in 

the future, and Celonic has 

grown organically in many 

ways. We have successfully 

onboarded  cl ients  f rom 

development to commercial 

manufacturing. In addition, 

we will continue to grow 

inorganically by acquiring 

other businesses, as we did 

last year with the acquisition 

of Glycotope Biotechnology 

in Heidelberg.

BioPharm International:
What are the challenges 

and future drivers of a CDMO?
Matentzoglu: Molecules are changing. The biopharmaceutical 

industry developed numerous simple monoclonal antibodies in 

the past that are still successful and contribute to the market, 

and will continue to do so for the next few years. But, as 

an early-development CDMO, we see that the complexity 

of molecules has increased dramatically. As a result, we are 

looking at antibody fragments, multi-specific antibodies, and 

highly modified biologic entities. Therefore, we must spend 

more time understanding the manufacturing process and 

adapting the development platform and processes accord-

ingly. As people understand disease mechanisms in more 

depth, molecules will become even more complex.

In addition, we have entered into the space of gene cell 

therapy, gene vectors, and cell batches. Thus, we recently 

started to build a team and a facility for Cell & Gene Therapy 

applications. We will begin with gene vector manufacturing, 

followed by cell batch manufacturing. In the near future, we 

will be expanding our presence in the North American market 

by establishing a site in the United States.

Celonic AG is an internationally active biotechnology service company and part of the JRS Pharma Group. As a CDMO, 

Celonic specializes in the development and contract manufacturing of biologics. Celonic AG provides comprehensive pro-

cess development and manufacturing services for New Biological Entities, Biosimilars, and Cell Therapy & Gene associated 

services worldwide. Celonic’s services include the development of cell lines, production processes, as well as the GMP and 

non-GMP manufacturing of biopharmaceutical drug substances and drug product.

“We offer integrated services to our 

customers—from cell line development, 

based on our own platform technologies, 

through commercial manufacturing of 

drug products. With an intense focus on 

developing research-based technology 

platforms, we provide industry-leading 

solutions to enable breakthrough 

biologics of the future.”
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PRODUCT SPOTLIGHT  

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

of the Eppendorf portfolio of rigid-wall, stirred-tank 

bioreactors. With a maximum working volume of 

10 L, it perfectly blends into the BioBLU c vessel portfolio 

covering working volumes from 100 mL to 40 L. Consistent 

vessel geometries and highly flexible headplates make 

the product line an ideal choice for process development 

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

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

bioreactor to a single-use bioreactor in 

seconds.  Introducing the BIOne by Distek, a 

benchtop scale single-use bioreactor system for mammalian cell growth 

and recombinant protein production. Engineered with a disposable 

headplate welded to a triple-layered liner, the BIOne significantly 

reduces turnaround time by allowing users to seamlessly transition to 

a disposable platform while utilizing their existing capital equipment. 

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

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

services for all stages of the drug development 

process and supports all functional areas of bio/pharmaceutical manufacturing. 

We offer the flexibility to manage your testing programs through your choice of 

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

award-winning Professional Scientific Services® PSS insourcing solution® and 

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

Inc., 717.656.2300, www.EurofinsLancasterLabs.com

CLEAR VIRUSES IN 
mAb PURIFICATION 
TOYOPEARL NH2-750F resin is 

a salt tolerant anion exchange 

resin ideal for the removal of 

impurities in mAbs, such as 

viruses and DNA, without having 

to dilute the sample prior to 

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

relatively low pH. Tosoh Bioscience LLC, www.tosohbioscience.com

New Technology Showcase

Bench-Top 
Chromatography System

The ÄKTA pilot 600 from GE Healthcare 
is a lightweight bench-top chromatog-
raphy system suited to streamline both 
GMP and non-GMP everyday opera-
tions. The instrument’s modular design 
allows for functionality to be added or 
removed as user requirements change. 
The flow and pressure range support 
both production of technical batches and 
scale-up studies as well as small-scale 
production of GMP-grade material. The 

interactive process picture enables changes to be made in 
real-time, and deviations are quickly identified. The accuracy 
and range of the pumps facilitates precise gradient forma-
tion that supports a column sizes range of 26 to 200 mm i.d.

The system works with the company’s AxiChrom chroma-
tography columns through the intelligent packing function and 
the packing port. Prepacked 1- and 2.5-L ReadyToProcess 
columns can also be used with the system. The compact 
design allows for easy movement and placement on a lab 
bench or a ReadyKart mobile station, with all functional parts 
placed on one side of the instrument for convenient access.

GE Healthcare
www.gehealthcare.com

Tablet for Field 
Instrument Management
Endress+Hauser’s Field Xpert SMT70 is 
a tablet PC suited for commissioning and 
maintaining field instruments in hazard-
ous and non-hazardous locations. The 
device can connect to field instrumentation devices directly 
via USB or Bluetooth wireless modem, or via a gateway, 
remote I/O, or multiplexer to a bus system. Other commu-
nication ports and supported networks include Ethernet, 
HDMI, and Wi-Fi, with 4G LTE and GPS available.

The tablet comes preinstalled with DeviceCare 
device configuration software and a device library 
that contains more than 2700 pre-installed device and 
communication drivers, allowing it to work with dif-
ferent instruments from a variety of vendors. 

The drivers can be used to communicate with virtu-
ally all Highway Addressable Remote Transducer (HART) 
and Foundation Fieldbus devices, and additional device 
drivers (DTMs) can be installed if required, according 
to the company. Generic HART DTM and Process Field 
Bus Decentralized profile DTMs also enable communica-
tion with field devices using these protocols. Other sup-
ported service interfaces include Modbus, Contexts 
and Dependency Injection, and Endress+Hauser.

The tablet comes in a general-purpose configuration as 
well hazardous area configuration for Class 1, Division 2 
Groups A, B, C, D, T4, and Class 1, Zone 2, Groups IIC, T4. 

Endress+Hauser
www.us.endress.com

http://www.gehealthcare.com
http://www.biopharminternational.com
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mailto:bione@distekinc.com
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Ask the Expert

the determination of the final 

product disposition. All parties in 

the relationship should be willing 

to discuss and disclose any method 

issues that arise. Any reluctance in 

establishing open communication 

channels with all parties in the 

relationship should be considered 

a red flag.

Once the audit is complete and 

you have decided on the methods 

to be outsourced, you need to con-

struct a quality agreement (2,3) 

with the laboratory. Defining the 

responsibilities that might come up 

over the course of the agreement 

is a critical step in establishing 

a long-term productive relation-

ship. Some responsibilities that 

should be discussed include who 

will monitor the compendia for 

method changes and maintaining 

the stability of reference standards, 

as well as the proper receipt and 

handing of the testing samples. 

Another responsibility that needs 

to be discussed and clearly defined 

is who is responsible for initiating 

and approving change controls for 

method changes. Clearly defining 

responsibilities upfront will help to 

eliminate disagreements and test-

ing delays when issues arise.

Another consideration that needs 

to be discussed is the handling and 

maintenance of the documenta-

tion that supports the suitability 

of the methods. Both the test labo-

ratory and the client should have 

documentation that supports the 

use of the methods. If the testing 

being done has been contracted by 

a CMO on behalf of a client, the 

client should also have the docu-

mentation supporting the method. 

The documentation to be shared 

should include, but not limited 

to, method development reports, 

validation and technical transfer/

protocol reports, change controls, 

final test results, OOS investigation 

reports, and documentation that 

supports the shipping, receipt, and 

proper handling of the test samples. 

The sharing of these data is crucial 

in establishing continuity between 

the parties in the event of regula-

tory inspections or inquiries.

Outsourcing analytical methods 

is a critical activity that can affect 

the operations of the contract test 

laboratory, the contract manu-

facturer, and the product owner. 

Assuring the veracity and the 

validity of the data is key in defin-

ing the success of the relationship 

and depends on open communi-

cation channels between all the 

parties involved. Establishing 

a robust quality agreement with 

the unambiguous delineation of 

responsibilities and an effective 

communication scheme will make 

the outsourcing of test methods a 

successful experience for the par-

ties involved.

REFERENCES
 1. FDA, Guidance for Industry: Investigating 

Out-of-Specification (OOS) Test Results 

for Pharmaceutical Production (CDER, 

2006).

 2. FDA, Guidance for Industry: Contract 

Manufacturing Arrangements for Drugs: 

Quality Agreements (CDER, 2016).

 3.  EC, EudraLex Volume 4, EU Guidelines 

for Good Manufacturing Practice for 

Medicinal Products for Human and 

Veterinary Use, Chapter 7, Outsourced 

Activities (EC, Jan. 31, 2013). ◆

If the testing being 

done has been 

contracted by a CMO on 

behalf of a client, the 

client should also have 

the documentation 

supporting the method.
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Q: 
I head up the quality control laboratory 

for a contract manufacturer. Business 

has been increasing and the laboratory opera-

tions are strained, so I am considering outsourc-

ing some of the analytical methods. Can you 

offer some advice on what I need to consider in 

choosing a contract test laboratory?

A: 
When outsourcing any operation, the 

primary consideration should always 

be determining the capabilities of the service 

provider, in this case a contract test laboratory. 

This assessment depends on a number of factors 

including what methods for which products are 

being considered for outsourcing. 

It is crucial to be transparent with your 

clients, so the first step is to inform them of 

your intent to outsource some of the analyti-

cal methods traditionally performed by your 

laboratory. They may have experience with 

outsourcing analytical methods and may be 

able to offer advice about what to review when 

choosing a testing facility. They might also 

have objections to the further outsourcing of 

their methods, and this concern should be con-

sidered when determining which methods are 

suitable for outsourced testing.

The next step should be to perform an audit 

of the facility you are thinking of using for 

this activity. During the audit, you want to 

focus on several areas including the support you 

will receive during the transfer and validation/

verification activities for the methods being out-

sourced. Some of the methods to be transferred 

may be proprietary and some may be compen-

dial; the detail involved in transferring them 

will vary. Either way, outsourcing testing for 

just one product means multiple methods will 

be involved during the transfer activities, so it is 

critical that the test laboratory has a process for 

onboarding new methods in a timely and effi-

cient manner. Attention should also be paid to 

how the testing facility maintains and calibrates 

its equipment and the qualifications of the ana-

lysts that are responsible for the material testing. 

Particular attention should be paid to how the 

contract laboratory handles out-of-specification 

(OOS) investigations. The general rule is that 

the laboratory that generated that data owns the 

analytical data, and therefore, they are respon-

sible for performing any OOS investigations. 

What you need to focus on for an OOS evalua-

tion is to determine if the contractor’s standard 

operating procedure is in compliance with FDA 

expectations (1) and what their communica-

tion scheme is for notifying clients when an 

OOS occurs. The laboratory that generated the 

data is really the only entity that can verify 

whether the OOS was a result of laboratory error 

or if the investigation into the result needs to 

be expanded to manufacturing. It is important 

that the contract test laboratory has an open 

and transparent rela-tionship with their client 

and that the client has an open and transparent 

relationship with their client. A robust commu-

nication scheme and an open and transparent 

relationship are crucial for quickly determining 

the direction of the investigation and ultimately 

Open communication channels between all the parties involved is 
key when outsourcing analytical methods, says Susan Schniepp, 
distinguished fellow at Regulatory Compliance Associates.

Outsourcing Analytical Methods
Susan Schniepp is 

distinguished fellow at 
Regulatory Compliance 

Associates.

Once the audit is complete 

and you have decided on the 

methods to be outsourced, 

you need to construct 

a quality agreement 

with the laboratory. 

Contin. on page 49
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