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From the Editor

Pharma delivers a 

positive message 

with renewed 

efforts to 

eradicate malaria.

Rita Peters is the 

editorial director of 

BioPharm International. 

Working for the Greater Good

T
he reputation of the pharmaceutical industry has taken a number of hits in 

recent years, with most negativity a result of its own creation. Recent news sto-

ries have not done much to encourage optimism. 

For example, recalls of angiotensin II receptor blocker (ARB) drug products—trig-

gered by the identification of a suspected carcinogen in the widely used blood pres-

sure medication—continued. To help clarify the status of drugs in the class, FDA 

developed a list that reports the results of the agency’s testing for the presence of 

nitrosamine and indicates those drugs that are still to be tested (1). 

Perhaps the two most egregious issues in the eyes of patients, policymakers, and 

the public, however, are high drug prices and the opioid epidemic. 

The discourse about the high cost of drugs in recent years can be characterized as 

a low simmer, with occasional outbursts from elected officials, a lot of finger point-

ing, and little progress. The topic should erupt to a fever pitch in the coming months 

as the 2020 presidential election gains steam.

Finger pointing has also been the response from segments of healthcare and 

pharma in response to the opioid crisis. Recent media attention upped the scrutiny 

of business practices of companies manufacturing and distributing the drugs. For 

example, a recent article detailed how drug distributors had previously been cited 

and fined for lax monitoring of suspicious orders or circumventing guidelines (2). 

Although civil lawsuits have been filed in multiple states, the first criminal 

charges related to improper opioid distribution were filed in late April 2019 against 

a New York drug distributor. The US Attorney’s office charged two executives at the 

Rochester Drug Cooperative with unlawfully distributing oxycodone and fentanyl 

and conspiring to defraud the Drug Enforcement Administration (3). 

There is some promising news in the fight to eradicate or reduce the effects 

of malaria, one of the world’s oldest and deadliest diseases. The World Health 

Organization reported 219 million cases and 435,000 deaths worldwide in 2017, with 

no significant progress in reducing the number of cases in 2015–2017 (4). 

World Malaria Day (April 25, 2019) was marked with the launch of a pilot pro-

gram in Malawi of the first malaria vaccine for children up to two years old. The 

RTS,S vaccine, in development for 30 years, was demonstrated in clinical trials 

to prevent 4 in 10 malaria cases, including 3 in 10 cases of life-threatening severe 

malaria, WHO reports. The program will be extended to Ghana and Kenya (5). 

GlaxoSmithKline will donate up to 10 million vaccine doses for the pilot (6).

Krintafel (tafenoquine) was approved by FDA in July 2018 as the first new treat-

ment for Plasmodium vivax (P. vivax) malaria in more than 60 years. Developed by 

GlaxoSmithKline in collaboration with Medicines for Malaria Venture, the drug was 

approved for the radical cure of P. vivax malaria in patients aged 16 years and older 

who are receiving appropriate antimalarial therapy for acute P. vivax infection (7).
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Regulatory Beat
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D
uring the nearly two years that Scott 

Gottlieb headed FDA, the agency 

achieved record approvals of new drugs 

and generics, and advanced important inno-

vations in clinical research methods and in 

quality drug manufacturing to enhance com-

petition and innovation in the bio/pharma-

ceutical industry. At the same time, the 

commissioner navigated the political pitfalls of 

Washington to gain increased funding for the 

agency and support for more aggressive policies 

to promote public health. FDA issued multiple 

new rules and guidance documents and uti-

lized important new authorities to expand staff 

expertise and agency capabilities. 

Two critical public health issues drew con-

siderable attention from Gottlieb. He champi-

oned steps to curb inappropriate prescribing 

of opioids while also encouraging the devel-

opment of safer and more effective painkill-

ers. Most recently, he promoted a comparative 

standard for approving new opioid painkillers 

to permit only treatments with clear additional 

benefits to come to market. And data showing 

sharp increases in teen use of nicotine products 

prompted a high-profile campaign 

to curb “vaping” and flavored ciga-

rettes for the young, while maintain-

ing access for adults looking to stop 

smoking.

Gottl ieb expects FDA to con-

tinue these initiatives under Acting 

Commissioner Ned Sharpless and a 

strong leadership team at the agency. 

But it will be a challenge for any new-

comer, even an experienced scientist 

and administrator such as Sharpless, 

to maintain support and implement 

the broad spectrum of critical agency 

programs outlined in FDA’s 2020 bud-

get request to Congress. In addition 

to promoting medical product safety and inno-

vation, top priorities include advancing medi-

cal countermeasures, ensuring a safe national 

blood supply, implementing drug compounding 

rules, and preventing and detecting contamina-

tion of the nation’s food supply. 

As the Trump Administration and congres-

sional leaders press for action to reduce drug 

prices, the FDA commissioner will have the 

task of explaining how expanded drug import-

ing could open the door to unsafe products, 

particularly with the rise of lethal forms of fen-

tanyl coming from overseas. Gottlieb was par-

ticularly adept at articulating how FDA can help 

bring down drug prices through more efficient 

approval of generic therapies and biosimilars 

that enhance competition. He railed at a fare-

well discussion sponsored by the Alliance for a 

Stronger FDA that innovators blocking access to 

supplies needed to test new generics for equiva-

lence was “particularly pernicious.” 

Gottlieb expects continued efforts at FDA to 

implement innovative methods for conducting 

clinical trials and documenting new drug effi-

cacy and safety. One promising development, 

he predicted, is that increased agency access 

to electronic health records will bring about a 

“profound change” in using real-world data for 

FDA Faces Challenges After Gottlieb
New agency leadership is pressed to promote 
innovation while addressing safety and quality issues.

Jill Wechsler 

is BioPharm International’s 

Washington editor, 

jillwechsler7@gmail.com.

The FDA commissioner will 

have the task of explaining 

how expanded drug 

importing could open the 

door to unsafe products.
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determining new drug effective-

ness and safety.  

SUPPORT FOR 
MODERN MANUFACTURING
Another challenge for FDA lead-

ers i s  to cont inue ef for ts to 

modernize good manufacturing 

practices (GMPs), particularly for 

APIs coming from overseas. The 

continuing wave of recalls and 

shortages of blood pressure medi-

cines due to contamination with 

cancer-causing impurities illus-

trates ongoing difficulties in this 

area. Gottlieb provided strong 

support for industry investment 

in continuous manufactur ing 

systems and modern drug pro-

duction methods to better ensure 

product quality and to reduce 

recalls and shortages in the pro-

cess, issues that have challenged 

the Center for Drug Evaluation 

and Research (CDER) for the past 

decade.  

Dur ing his tenure at FDA, 

Gottlieb sought to increase direct 

contact between the commis-

sioner and center directors so 

that agency leadership could bet-

ter understand staff challenges 

and priorities. That reform was 

formally implemented as part of 

an agency reorganization plan 

finalized just before Gottlieb’s 

departure in early April 2019. 

In addition, FDA centers imple-

mented a range of internal orga-

nizational changes during the 

past two years, particularly for 

the approval and oversight of 

medical devices and for cell and 

gene therapies regulated by the 

Center for Biologics Evaluation 

and Research (CBER). CDER con-

tinues to revise its Office of New 

Drugs, which recently formed 

a new Off ice of Therapeut ic 

Biologics and Biosimilars and 

shifted the division of hematol-

ogy out of Oncology Products. 

Still to come are broader changes 

in oversight of over-the-counter 

medicines and updates in FDA 

regulation of diagnostics. 

Gott l ieb was successful in 

expanding FDA resources and 

authority by building strong rela-

tionships with legislators, constitu-

encies, and industry. He generated 

enthusiasm for many proposals 

through a barrage of off icial 

announcements and social media 

commentary (1). Many observers 

expected him to come to FDA as a 

deregulator, canceling regulations 

and requirements, he acknowl-

edged in his parting comments. 

Instead he expanded FDA author-

ity, particularly in the critical areas 

of opioid prescribing and tobacco 

regulation. He left FDA in good 

hands but facing further upheav-

als in federal healthcare policy and 

partisan infighting likely to stymie 

regulatory innovation and squeeze 

agency funding. 

REFERENCE
 1. FDA, “Remarks by Dr. Scott Gottlieb 

to Final All Hands Meeting,” FDA.gov, 
April 4, 2019, www.fda.gov/NewsEv-
ents/Speeches/ucm635286.htm ◆

Under a new “knowledge management” approach for 

the Center for Drug Evaluation and Research (CDER), 

manufacturers will submit applications that present 

data on drug safety and efficacy in a structured format. 

The data then can be transmitted to teams of FDA 

experts from multiple disciplines for timely and efficient 

assessment. The aim is to shift away from long, narrative 

documents filed in PDF format that are repetitive and 

obscure important issues and toward assessment teams 

that will examine data to answer key questions relevant to 

the product under review.

This effort to modernize the review of clinical data for 

new drug applications and biologics license applications 

parallels changes in the format and review of manufac-

turing and quality data submitted to CDER’s Office of 

Pharmaceutical Quality. Similar approaches also are being 

implemented for assessing pharmacologic studies for 

generic drugs to avoid multiple review cycles.

CDER Director Janet Woodcock is finalizing this more 

streamlined approach process for evaluating new drugs 

in order to be able to handle the surge in submissions 

that reflects important advances in biopharmaceutical 

science, as well as the digital revolution that has expand-

ed exponentially the data and information supporting 

biomedical research. Understanding of clinical pharma-

cology, she commented at the recent Biostatistics Industry 

& Regulator Forum sponsored by the Drug Information 

Association and FDA, and the vast amount of data from 

gene sequencing, requires “a new approach” for providing 

an assessment—not a review—of drug applications.

FDA hopes that this process, moreover, will make new 

treatments more affordable. The aim is to find out early 

if patients will be better off or not from access to a new 

therapy, Woodcock observed, acknowledging that greater 

scrutiny of drug value currently is a major topic of debate.

—Jill Wechsler

FDA Moves to Modernize Drug Review Process
FOR PERSONAL, NON-COMMERCIAL USE

http://www.biopharminternational.com
http://www.fda.gov/NewsEvents/Speeches/ucm635286.htm


Automation

Redefined.

The Foundations for Single-Use Manufacturing.
Redefined from A – Z. 

Visionary platform technologies lead to high flexibility and 

prevent human errors.

Benefit from our state-of-the-art automation technologies 

and configurable standardized solutions to experience the 

next step in robust production for your biologics.

www.sartorius.com/single-use-redefined

FOR PERSONAL, NON-COMMERCIAL USE

http://www.sartorius.com/single-use-redefined
https://www.sartorius.com/en


12     BioPharm International    www.biopharminternational.com    May 2019

Perspectives on Outsourcing

D
o

n
 F

a
rr

a
ll
/G

e
tt

y
 I

m
a

g
e

s

W
hen evaluat ing the source of 

inspection problems, most phar-

maceutical industry reports sug-

gest that facilities in India, China, and other 

emerging regions are receiving a greater per-

centage of Form 483s and warning letters 

from FDA compared with US-based facilities. 

The problems noted in these inspections are 

often more dramatic, and get more press cov-

erage than most inspection-related problems 

noted in the United States, Europe, and other 

developed regions. But regardless of geog-

raphy, any problems noted may constitute 

violations of the US Food Drug and Cosmetic 

(FD&C) Act. FDA has less authority outside 

the United States, but it can halt imports 

into the US. The worst-case situations (e.g., 

Form 483s, warning letters, facility inspec-

tion-related recalls, and product withdrawals) 

happen in all geographies and with all types 

of companies.  

FDA inspections can create uncertainty for 

pharmaceutical companies. Warning letters are 

published on FDA’s website, and Form 483s are 

available through freedom of information (FOI) 

requests, both of which may have an adverse 

impact on a company’s stock prices. Negative 

regulatory actions may halt mergers, acquisi-

tions, licensing, and other business deals, and 

could result in company financial failure. 

FORM 483S AND WARNING LETTERS
FDA inspectors are primarily concerned that 

in-house quality systems are fully documented 

and followed. Categories of quality systems that 

are inspected include:

 •  Production

 •  Quality

 •  Materials

•  Facilities and equipment

•  Laboratory controls

•  Packaging and labeling.

For bioprocessing facilities, typical violations 

are a lack of/or altered documentation, or viola-

tions of set procedures, or products not meeting 

quality specifications. Deficiencies noted in any 

area can trigger a Form 483; however, often, a 

problem can be discussed onsite with inspectors 

and resolved, avoiding the issuance of a Form 

483. Each problem noted by inspections should 

be responded to specifically, including plans for 

remediation, generally within 15 days of Form 

483 issuance.   

Inspectional observations are cited by facil-

ity inspectors in the context violating a spe-

cific FDA regulation and generally are listed in 

presumed order of seriousness. FDA welcomes 

rapid, informal resolution of problems to avoid 

issuing a Form 483. After receiving a Form 483, 

the facility/company can use a formal two-step 

dispute resolution process within 30 days (1). If 

facility responses are found to be adequate, gen-

erally no further action is taken by the agency. 

If deficiencies noted are not rapidly or suffi-

ciently fixed, a formal warning letter may be 

issued.  

Warning letters are issued after significant 

compliance problems noted in one or more prior 

inspections or Form 483s have not been properly 

addressed and resolved. Warning letters can lead 

to closure of manufacturing operations; criminal 

charges; consent decrees potentially involving 

third parties assuming responsibilities for manu-

facturing; product recalls and seizures of products; 

withdrawal of approvals; or an “Import Alert” let-

ter halting import of products into the US. 

By issuing a warning letter, FDA is serving 

notice that major compliance violations must 

be corrected, and actions taken to prevent reoc-

currence of the same problems. Warning letters 

identify specific problems and the related regu-

lations violated. Generally, the problems noted 

in warning letters are considered more severe 

than noted in Form 483s. 

Bioprocessing Facilities and 
FDA Inspection Problems
FDA inspections can create uncertainty. Supervision of 
the contract manufacturer is crucial in ensuring compliance. 

Ronald A. Rader is senior director, 

Technical Research, BioPlan Associates, 

www.bioplanassociates.com.
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Jeff faced a dilemma: how to complete a large biomanufacturing scale up with the 

very small amount of material his client gave him. And the stakes were high. His 

client had spent a lot of time and money developing this potentially revolutionary 

Alzheimer’s treatment. Any wasted material would put the execution of the 

clinical trial at risk, and possibly risk the future of the entire program. Jeff knew 
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Once the facility addresses prob-

lems cited in a warning letter, FDA 

will conduct another facility inspec-

tion. If unresolved problems noted 

are serious and affect product qual-

ity and/or safety, FDA may with-

draw or recall related products, and 

even withdraw approvals. 

COMMON PROBLEMS REPORTED
The top 10 manufacturing facility-

related problems reported in Form 

483s in FY2018 were, in decreasing 

order of frequency:

• No written stability program, 

improper methods, lack of test-

ing methods, products not test-

ing within schedule, etc.

• Cal ibrat ion and test ing of 

equipment not following pre-

set written operational plans. 

For example, equipment that is 

working correctly (enough), as 

shown by quality-related testing, 

may not be tested according to 

schedule.

• Procedures to maintain sterility 

lacking or not being followed.  

• Control systems for computers 

and automated systems are inad-

equate to assure persons lack-

ing full permission can modify 

manufacturing-related records; or 

proper systems are not in place, 

such as audit trails tracking by 

lab equipment erased or not 

recorded.

• Final release testing did not 

include full laboratory confir-

mation of meeting full formal 

specifications, or related testing 

data and testing are missing or 

inadequate.

• Set procedures for facility and 

equipment cleaning and main-

tenance not followed, or proce-

dures are inadequate.

• Lack of standard operating pro-

cedures (SOPs) for manufac-

turing and process control to 

assure product quality, including 

instructions for what to do when 

products and procedures do not 

meet specs or SOPs.

• Failure to investigate and correct 

deficiencies/problems noted dur-

ing manufacturing.

• Laboratory testing controls not 

scientifically sound, not appro-

priate, not well designed, etc.

• Quality assurance responsibilities 

and procedures not fully docu-

mented or followed, such as for 

handling of complaints, process 

deviations, change control, supplier 

qualification, and batch release.

In general, most problems noted 

involve:

• Procedures not being docu-

mented or are not fully followed

• Investigations and internal res-

olution of problems not suffi-

ciently followed-up

• Documentation or written pro-

cedures missing or not existing

• Lack of sufficiently sound lab 

controls and methods.

O t he r  com mon proble m s 

involve computer and data systems:

• Computer/data systems not 

‘locked down,’ with persons who 

should not be allowed to view 

and modify records

• Critical data files manually rather 

than automatically saved such 

that they cannot be modified

• Too many or the wrong people hav-

ing administrator rights to modify 

files and computer behavior

• Not having computer audit trails 

active all the time, with users 

potentially able to modify, delete, 

move, etc. key data without 

record of the change

• Equipment audit trails, such as 

from chromatography systems, not 

being examined and evaluated.

These computer/data-related 

problems can be expected to 

increase as ever more data are gener-

ated and many facilities/companies 

move data storage and management 

to third-party cloud facilities.   

AVOIDING INSPECTION PROBLEMS
Regulatory inspections frequently 

occur without warning; manufac-

turing facilities should be ready 

for formal an FDA inspection at all 

times. Conducting internal audits 

of quality systems for compliance 

with US 21 Code of Federal Regulations 

Part 820 (Quality System Regulation) 

and hiring consultants for mock FDA 

facility inspections can better pre-

pare facilities for the real thing.

Relevant facility staff should be 

familiar with Form 483s and warn-

ing letters. Most large companies 

have implemented rigorous internal 

auditing of facilities and procedures, 

and maintain internal groups to 

monitor internal issues and trends 

in FDA inspections. Reviewing Form 

483s and warning letters can pro-

vide insight on typical infractions.

Inspections are relatively infor-

mal in the sense that facility 

managers can and should discuss 

disagreements, offer explanations, 

and challenge inspectors as needed 

while they are in the facility. The 

facility may prudently later seek 

meet with inspectors to make sure 

all issues are resolved, giving the 

facility more certainty that it is 

properly addressing problems.

Most employees, including pro-

cess operators, manufacturing-, 

quality-, and safety-associated staff 

should ideally be briefed on how to 

respond to FDA inspectors, who may 

ask questions during inspections.

MANAGING CONTRACT 
MANUFACTURERS
Drug companies have control over 

activities in their facilities and can 

respond to regulatory inspections. 

When contract manufacturing facili-

ties are used, however, the drug 

company passes control of manufac-

turing control to another company, 

while maintaining responsibility for 

the quality and efficacy of the drug 

product. Therefore, supervision of 

the contract manufacturer is crucial.

Quality oversight of CMOs

CMOs currently commercially man-

ufacture 30–33% of commercially 

manufactured biopharmaceutical 
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products. The CMO is contracted to 

fully comply with GMP bioprocessing 

standards, SOPs, and everything else 

specified in biologic license applica-

tions (BLAs)/new drug applications 

(NDAs), with this including CMO-

internal critical review and oversight. 

But it is ultimately the product devel-

oper, the ‘manufacturer’ in the eyes 

of FDA, that needs to take respon-

sibility for control and oversight of 

its CMO’s manufacturing activities. 

It has been reported that the typi-

cal bioprocessing described in a BLA 

involves approximately 1200 distinct 

steps.  Add in variability in materi-

als, equipment performance, environ-

mental control, sterility, staff doing 

tasks different ways, and other nor-

mal variables, and a lot can go wrong 

at the off-site CMO. Many aspects 

of bioprocessing execution and the 

supply chain are controlled by the 

CMO, not the sponsor. Obviously, 

this increases risks for problems in 

bioprocessing, and the client needs 

to devote a good amount of relevant 

staff time, effort, and expertise in 

oversight of its CMO. Generally, the 

more time, effort, and higher-level 

staff assigned to these tasks, the less 

risk of major regulatory inspection 

problems and failures.  

Many more established manu-

facturer companies have over time 

learned that investing in onsite 

CMO quality oversight is both nec-

essary and cost-effective, including 

preventing or lessening the extent of 

problems that may arise.  Some ‘man-

ufacturers have ‘man-in-plant,’ with 

one or more staff on the factory floor 

and in the labs, providing oversight of 

the CMO’s bioprocessing and testing 

of its product(s). It is also  prudent for 

relevant client staff or hired consul-

tants to regularly review the CMO’s 

documentation related to its products, 

conduct audits, and debrief CMO 

staff, including on the factory floor, 

to ideally spot problems before they 

develop.  But most manufacturers rely 

mostly on periodic visits and increas-

ingly on teleconferences and E-mail 

to keep up with project progress and 

problems.  No matter what, the CMO 

client should seek to maximize the 

ease and amount of communications 

back-and-forthP with the CMO and 

should seek a low barrier for the CMO 

to report problems and ask questions. 

REFERENCE
 1. FDA, Guidance for Industry Formal Dispute 

Resolution: Scientific and Technical Issues 

Related to Pharmaceutical CGMP (HHS, 

January 2006). ◆
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Cell Therapy Could Eliminate 

Need for Kidney Transplants
Researchers at Wake Forest Institute for Regenerative 

Medicine (WFIRM) have developed a way to regenerate 

damaged tissues using therapeutic cells to treat chronic 

kidney disease (1). In this new approach, WFIRM scientists 

demonstrated that human amniotic fluid-derived stem cells 

could potentially help recover organ function in a pre-clinical 

model of kidney disease. 

In this study, published online in the journal Tissue 

Engineering Part A, researchers found that amniotic fluid stem 

cells injected into a diseased kidney in a pre-clinical model 

led to improvement of kidney function based on measured 

waste levels after 10 weeks. Biopsy findings showed reduced 

damage to the cluster of capillaries where waste products are 

filtered from the blood (2).

“Our results indicate that this type of stem cell could be 

used as an off-the-shelf universal cell source and may provide 

an alternative therapeutic strategy for patients suffering 

from this chronic and debilitating disease,” said senior author 

James J. Yoo, MD, PhD, a professor of regenerative medicine 

at WFIRM, in an institute press release.

When used as a universal cell source, amniotic fluid-derived 

stem cells have the ability to become different cell types, as 

well as the ability to be anti-inflammatory. This makes them 

a potential source for regeneration. Amniotic fluid-derived 

stem cells are not as likely to provoke an immune system 

response, unlike pluripotent and adult stem cells. 

Furthermore, their use does not lead to risks of tumors or 

ethical concerns, as with embryonic stem cells, according to 

the institute. WFIRM also reports that its team of scientists 

were first to identify and characterize stem cells derived from 

amniotic fluid in 2007 and have developed techniques for 

isolation and expansion of the cells. 

Currently, transplantation is the only definitive 

treatment method that restores kidney function in 

patients with kidney disease and has its own challenges, 

including rejection, lifelong immunosuppression, and 

insufficient donor organs. Despite the promise of these 

findings, more research is needed.

“It remains to be seen whether injecting more cells or 

more efficient engraftment of the infused cells enhances 

improvement of organ function,” said Sunil George, PhD, 

WFIRM research fellow and co-author, in the release.

References 
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Improvement in CAR T-Cell 

Therapy Removes Severe 

Side Effects
University of Southern California (USC) scientists have made an 

advancement in chimeric antigen receptor (CAR) T-cell therapy 

that seems to eliminate its severe side effects, making the 

treatment safer and potentially available in outpatient settings (1).

The study, published on April 22, 2019 online in Nature 

Medicine, showed that this improved version of CAR T-cell 

therapy produced no serious side effects in 25 patients who 

had lymphoma that recurred after previous treatments (2). 

Although the study was designed to look at safety—not 

effectiveness—six out of 11 participants receiving a commonly 

used dose went into complete remission.

“This is a major improvement,” said Si-Yi Chen of the 

USC Norris Comprehensive Cancer Center, professor in the 

department of molecular microbiology and immunology at the 

Keck School of Medicine of USC, and senior author of the study, 

in a university press release. “We’ve made a new CAR molecule 

that’s just as efficient at killing cancer cells, but it works more 

slowly and with less toxicity.”

In CAR T-cell therapy, immune cells called T cells are 

harvested from a patient’s blood and then modified in the 

lab to produce CARs on their surface. The altered T cells are 

reinfused into the patient where the cells’ new receptors enable 

them to recognize, latch onto, and eliminate cancer cells.

Approved by FDA in August 2017 (3), CAR T-cell therapy is used 

to treat leukemia and lymphoma and often causes severe side 

effects, some of which are life threatening, that must be managed 

by experienced specialists. These side effects occur when CAR 

T cells rapidly proliferate and release a flood of substances 

called cytokines. Severe cytokine release syndrome can lead to 

life-threatening multi-organ damage and brain swelling. In this 

revised version, researchers edited the sequence and shape of the 

CAR molecules. As a result, the CAR T cells eliminate cancer cells 

but produce fewer cytokines and proliferate more slowly, giving 

the patient’s body more time to clear cytokines in the blood.

“The improved CAR T cells proliferated and differentiated 

into memory cells in the patients, thus producing a potent and 

long-lasting anti-tumor effect without causing toxicities,” Chen 

said in the release. “Toxicities are currently the biggest barrier 

to the use of CAR T-cell therapy. My hope is that this safer 

version of CAR T-cell therapy could someday be administered 

to patients in outpatient settings.”

The next step, according to Chen, is to perform a 

multicenter Phase II study to test safety and effectiveness in a 

larger group of patients.
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Formulating Biologic Drugs 
for Sterile Fill/Finish

S
election of a sterilization strategy for a drug product 

that requires aseptic manufacturing is generally deter-

mined by the stability of the drug substance. For stable 

products, terminal sterilization, including heat sterilization or 

exposure to radiation or chemicals such as ethylene oxide or 

vaporous hydrogen peroxide, is the preferred strategy. These 

methods are advantageous because the processes can be moni-

tored and validated and they tend to be less prone to error. 

Most biologic drug substances, however, are unstable when 

exposed to heat, radiation, or chemicals and generally require 

aseptic manufacturing using sterile filtration. Successful sterile 

filtration requires a drug product formulation with an appro-

priate viscosity and compatibility with the contact surfaces 

and shear stresses involved in pumping the fluid. Single-use 

technology is widely used in sterile fill/finish operations today, 

reducing the turnover time and cross-contamination risk.

FORMULATION FACTORS
The main factors that must be considered from the outset 

when developing formulations for biologic drug substances 

that require sterile filtration include, according to Yunsong 

(Frank) Li, director of process development at Catalent 

Biologics, the product’s chemical and physical stability under 

various stress conditions (e.g., thermal, mechanical, photosta-

bility) during product manufacturing, storage, shipping, and 

administration; compatibility with the materials used during 

sterile fill/finish processing; and compatibility with the final 

container closure system and administration device.

Factors related specifically to sterile filtration that can 

impact the final formulation include the contact surfaces, 

shear forces involved, and the potential to induce aggregation 

or particle formation, notes Margaret Faul, vice-president of 

drug product for Amgen. The method used to sterilize the 

fill/finish equipment or primary packaging must also be con-

sidered because any residual chemicals may interact with the 

biologic. For instance, antibodies containing methionine resi-

dues in the related binding regions of an antibody can become 

ineffective (lose efficacy) if (accidentally) oxidized (e.g., by 

Sterile filtration is often required for biologics but presents 
degradation and compatibility challenges.
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vaporous hydrogen peroxide during 

manufacture), according to Hanns-

Christian Mahler, head of drug product 

services at Lonza Pharma & Biotech.

In addition, Faul observes that the 

concentrations of excipients or the bio-

logic drug substance may be reduced by 

the filter. “The material of construction 

may affect material loss, while the filter 

system design may affect the flow prop-

erties, and the size may affect the overall 

process throughput,” she explains.

To address these issues, certain excip-

ients may be added to minimize process 

loss to the filter, negative interactions 

between the biologic and the filter, or 

residual sterilization chemicals that 

might lead to particle formation, aggre-

gation, or decreased rates of filtration, 

according to Faul. 

To ensure that sterile filtration will 

be effective and that contaminants are 

excluded, it is therefore necessary to 

test the process for each batch, adds 

Andrew Bulpin, head of process solutions 

at MilliporeSigma. “The adsorption of 

components of the final formulations and 

the biologic drug substance to the sterile 

filter must be analyzed to ensure that 

the formulation and final concentrations 

remain within the desired values,” he says. 

In addition, Bulpin notes that because 

biologic drug substances may be sensitive 

to shear stress, the mixing and pump-

ing during formulation must be gentle 

to prevent aggregation and/or confor-

mational changes of the biologic. Fill/

finish processes must also be performed 

under controlled temperature conditions 

to avoid thermal degradation. Many bio-

logics are in fact lyophilized during final 

fill due to their thermal instability.

“In general,” concludes Mahler, product 

development should carefully consider 

the intended method of manufactur-

ing. Less obvious and less regulated, but 

equally important, is evaluation of 

whether each critical process unit opera-

tion (process step) of the manufacturing 

process within and beyond normal oper-

ating parameters would impact critical 

quality attributes. 

As an example, Mahler points to the 

type of filling pump chosen, which is not 

only relevant from a good manufactur-

ing practice and fill precision perspective 

but can also significantly and adversely 

impact product quality by causing aggre-

gation and/or precipitation when operat-

ing within or beyond its parameters. He 

also observes that the choice of dispos-

able tubing, filters, and primary packaging 

components, as well as the capping and 

100% visual inspection processes, also play 

a significant role in impacting product 

quality and yield.
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THE IMPACT OF 
SINGLE-USE TECHNOLOGIES
There are significant advantages with 

single-use technology in both drug 

substance and drug product manufac-

turing. “Its use eliminates the clean-

ing step, which saves time with batch 

turn-over, saves costs in facility con-

struction, and improves the process 

flexibility,” states Li. Using sterile, dis-

posable materials also mitigates the risk 

of microbial ingress during processing, 

according to Christy Eatmon, SME 

for sterile drug products at Thermo 

Fisher Scientific. “Using disposable 

technologies makes it possible to com-

plete sterile connections in a non-ster-

ile compounding area. The product can 

be almost completely processed using 

closed systems for product flow from a 

manufacturing area to the aseptic filling 

core,” she comments. 

Li stresses, though, that with dispos-

able systems, it is also necessary to under-

stand and ensure compatibility between 

the single-use materials employed and 

the final drug product as part of the for-

mulation development efforts. “It is nec-

essary to ensure that there are no adverse 

impacts, such as aggregation, denatur-

ation, or adsorption to the product by 

the materials used in the process. The 

extractable and leachable profile also 

needs to be fully understood to ensure 

that it is compatible with the product 

formulation,” he explains. 

Other issues to consider with the 

application of single-use  technologies 

during sterile fill/finish operations 

include particle shedding, permeation of 

water or oxygen out of or into the prod-

uct (possibly leading to degradation), or 

loss of critical excipients such as polysor-

bate or preservatives, according to Mahler. 

“The latter components have been shown 

to possibly be adsorbed or be able to per-

meate across disposables, with the poten-

tial to lead to significant quality issues in 

the final product,” he remarks.

Therefore, while there are time savings 

during production, Faul observes that the 

advent of single-use technology for sterile 

fill/finish has impacted the formulation 

development process by increasing the 

need to assess and prevent degradations 

due to interactions with the contact sur-

faces of the disposable systems. 

CONCENTRATION AND 
VISCOSITY CHALLENGES
Generally, many biologic drugs require 

high doses for injection via the subcu-

taneous route of administration, with 

the volume of injection typically less 

than two milliliters. “This delivery 

method requires the formulation to 

be at a very high concentration, and 

it becomes highly viscous, posing dif-

ficulties in both manufacturing and 

administration,” notes Li. Due to the 

need of high protein concentrations 

in many biologic formulations, high 

viscosities still pose difficulties during 

sterile fill/finish, adds Bulpin. 

Different approaches are under devel-

opment to address this issue. Viscosity 

reduction in high-concentration solutions 

can be achieved through the modification 

of the formulation, Bulpin notes. One 

potential solution, according to Faul, is 

the use of excipients to reduce viscosity. 

The excipients can bind to certain regions 

of a protein to reduce viscosity and enable 

delivery of high-concentration formula-

tions. “The method of interaction can 

be determined using various analytical 

methods to support understanding of 

the binding interactions in formulation 

development,” she comments. However, 

according to Li, currently there is no gen-

eral strategy for using these excipients, 

and their application must be explored on 

a case-by-case basis.

Conducting fill/finish processes at 

higher temperatures is also being inves-

tigated, according to Faul. This approach 

is, of course, only relevant for more ther-

mally stable biologic drug products.

An alternative strategy, according to 

Bulpin, involves enablement of lower 

protein concentrations using advanced 

biologic administration technologies 

that allow for higher volumes during 

administration. 

DEVELOPABILITY/
MANUFACTURABILITY ISSUES
One of the biggest challenges faced 

when formulating biologic drug sub-

stances is trying to improve the sta-

bility of the molecules to achieve 

the target shelf-life of the product. 

“Formulation studies can only stabilize 

the target molecule to a limited extent. 

While there are many new excipients 

and approaches being attempted today, 

the molecule’s structure itself still 

plays a critical role in determining the 

molecular stability,” says Li. 

The best way to address this issue is 

to conduct developability/manufactur-

ability studies as early as the molecu-

lar screening step in the drug discovery 

stage, he notes. “By taking this approach, 

the most stable molecule will be selected 

from many molecules having the same 

bioactivities, and this selected molecule 

will have the best success rate in the sub-

sequent development and manufacturing 

stages,” Li adds.

COMPATIBILITY DIFFICULTIES 
Compatibi l i ty of  biologic drug 

substances with various surfaces is 

another challenge, according to 

Malgorzata Tracka, senior staff sci-

entist at Thermo Fisher Scientific. 

“Compatibility studies should be 

conducted to ensure suitability of 

the formulation against product con-

tact surfaces, including the primary 

packaging (IV bags, auto injectors, 

 pre-filled syringes, etc.) and manu-

facturing design (tubing, connectors, 

filters, etc.),” she observes. 

Formulations can be optimized 

with surfactants using a design-of-

experiment approach, and contact 

surfaces can be selected carefully to 

minimize their negative impact. “Very 

often formulations advanced to the 

sterile fill/finish stage require opti-

mization of surfactants to protect the 

biomolecules from effects that can 

lead to aggregation and subvisible 

particle or visible particle formation,” 

notes Tracka. 
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Controlling the fluid viscosity, prod-

uct sensitivity to shear stress, and ther-

mal stability are particularly important 

for biologics subjected to sterile fill/fin-

ish processing, says Bulpin. “Optimal 

formulation might reduce product vis-

cosity with the addition of salts and 

other stabilizers or through pH adjust-

ments, while temperature control during 

sterile fill/finish will prevent thermal 

degradation and adequate filter sizing, 

and process design will reduce pump-

ing requirements and, therefore, shear 

stress,” he comments.

FORMULATION STRATEGIES
The key component of successful for-

mulation strategy for biologics that 

will be subjected to sterile fill/fin-

ish processing is early identification 

of potential degradation factors. It is 

important to determine if the active 

will be damaged by the mechani-

cal forces involved during process-

ing or fill/finish activities, according 

to Eatmon. “The formulation devel-

opment process involves identifying 

degradation pathways for the biologic, 

assessing which may be impacted by 

sterile fill/finish processing, identify-

ing excipients that minimize potential 

degradation of the biologic and main-

tain potency, and empirical testing/ver-

ification of assumptions at appropriate 

milestones,” adds Faul. The potential 

for excipients to foam during pro-

cessing or adhere to filter membrane 

during aseptic filtration must also be 

evaluated, Eatmon notes. 

That is where process, flush, shear-

stress, and compatibility studies come in, 

to ensure the correct mechanical param-

eters, determine the quantity of material 

required to saturate the product contact 

surfaces, identify the appropriate fill 

speed and pressure, and assure the suit-

ability of the materials in contact with the 

drug substance.

The final filtration process is often 

developed on a small scale in parallel to 

formulation development to determine 

a chemically compatible filter membrane, 

according to Bulpin. Extractables in the 

final formulation, protein adsorption, and 

the adequate filter size are then factored in. 

Other questions must also be 

addressed, Bulpin adds, such as whether 

the bulk drug substance will be frozen 

before final fill and whether the drug 

product will be lyophilized, because these 

processing steps require excipients such 

as sugars to stabilize protein conforma-

tion. In addition, based on the hydro-

phobicity of the biologic, an optimal 

solvent must be identified (mostly aque-

ous), the optimal pH conditions under 

final concentration must be determined, 

and the need for the addition of anti-

oxidants evaluated. “In essence,” Bulpin 

remarks, “the entire formulation needs to 

be tweaked to ensure maximum stability 

of the product.”

EXPLORING NEW 
TECHNOLOGIES
IN STERILE FILL/FINISH
A new form of sterile fill/finish being 

explored through the development 

of several new technologies involves 

the production of sterile biologics in a 

powdered state, which are then used to 

produce sterile suspensions for injec-

tion. “All of these technologies are 

relatively new and in various stages of 

clinical studies,” Li observes. 

The sterile filling of powders is 

also relatively new to the industry and 

poses additional challenges. Li adds, 

however, that these technologies are 

attractive because they can achieve 

an extremely high “concentration” of 

biologics even beyond the protein’s 

solubility. ◆

Two leading contract development and manufacturing organizations (CDMOs) 

have entered the gene therapy arena by announcing major acquisitions.

Thermo Fisher Scientific Inc. announced plans to purchase Brammer Bio, 

a viral vector CDMO, with 600 employees and locations in Massachusetts 

and Florida. The acquisition, announced on March 24, 2019, is for $1.7 bil-

lion in cash.

Brammer Bio will become part of Thermo Fisher’s pharma services busi-

ness, which includes Patheon and Fisher Clinical Services. Brammer Bio has 

executed more than 100 projects to supply first-in-human gene therapy clini-

cal trials and establish commercial-ready processes (1).

On April 15, 2019, Catalent announced an agreement to acquire Paragon 

Bioservices, Inc., a viral vector development and manufacturing partner for 

gene therapies. The acquisition, valued at $1.2 billion, will add expertise in 

adeno-associated virus (AAV) vectors and capabilities in GMP plasmids and 

lentivirus vectors to Catalent’s portfolio.

Paragon develops and manufactures products based on AAV and other 

gene therapies, next-generation vaccines, oncology immunotherapies (onco-

lytic viruses and CAR-T cell therapies), therapeutic proteins, and other com-

plex biologics, Catalent reports (2).

Both transactions are expected to close in the second quarter of 2019.

References
1.  Thermo Fisher Scientific, “Thermo Fisher Scientific to Acquire Brammer Bio, a 

Leader in Viral Vector Manufacturing,” Press Release, March 24, 2019.
2.  Catalent Biologics, “Catalent to Acquire Gene Therapy Leader Paragon 

Bioservices, Inc. for $1.2 Billion,” Press Release, April 15, 2019.

—The editors of BioPharm International

CDMO Giants Target Gene Therapy Markets

FOR PERSONAL, NON-COMMERCIAL USE

http://www.biopharminternational.com


22     BioPharm International    May 2019 www.biopharminternational.com

Biosimilars

A
F

R
IC

A
 S

T
U

D
IO

 -
 S

T
O

C
K

.A
D

O
B

E
.C

O
M

Challenges with Successful 
Commercialization of Biosimilars

C
ommercialization rights for novel therapeutic prod-

ucts are protected for a finite period by patents and 

other measures. After expiration of patents and other 

exclusivity rights, other manufacturers are allowed to make 

copies of these products, referred to as generics in the case 

of small-molecule pharmaceuticals and biosimilars in the 

case of biopharmaceuticals (1). Biosimilars are biological 

products that are highly similar to and have no clinically 

meaningful differences from an existing approved reference 

product (1). They offer improved affordability and are thus 

expected to have major impact on accessibility of biothera-

peutics, including in developing and emerging economies. 

The global market value of biosimilars is expected to reach 

$36 billion by 2020 (2). 

Biosimilars are defined by the European Medicines 

Agency (EMA) as biological medicines that are highly 

similar to another already approved biological medicine (the 

‘reference medicine’) (3). They are approved according to the 

same standards of pharmaceutical quality, safety, and efficacy 

that apply to all biological medicines. There are some key 

differences between the production of biosimilars and that of 

the traditional small-molecule generics. Capital investments, 

as well as operating costs associated with manufacturing 

of biosimilars, are significantly higher than that for small-

molecule generics, along with the associated risk of failure. 

The heterogeneities are a result of the size and complexity of 

the molecules themselves, as well as activities in the host cell 

This article presents some key differences between the US and 
European regulation of biosimilars, including naming conventions 

and pharmacovigilance of biosimilars, and the impact of biosimilars 
on commercialization and affordability of biotherapeutics. 
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that is used to express the product, the 

bioreactor conditions under which the 

cells are grown, and the purification 

process utilized for generating the final 

product. 

The correlations between the clini-

cal safety and efficacy of a biologic 

product and its product quality attri-

butes are generally quite well known, 

however with residual uncertainty. 

The regulatory process is designed to 

address this residual uncertainty (4). 

In both the United States and Europe, 

limited clinical data have been required 

so as to enable evaluation of safety and 

efficacy of the biosimilar drug in com-

parison to the original drug. EMA, for 

ethical reasons, is exploring ways to 

reduce the clinical testing to a mini-

mum to avoid extensive and thereby 

expensive clinical trials.

The success of biosimilars has been 

somewhat muted, in particular in the 

United States, though certainly pick-

ing up with time. The reasons for this 

are several including the complexity 

of biopharmaceutical processes and 

products as well as the inherent het-

erogeneity of these products, which 

makes it difficult if not impossible to 

maintain identical purity even by the 

innovator itself. For this reason, both 

in the US and in Europe, new regula-

tory pathways have been developed 

for the assessment of copies of biologi-

cal medicines after expiration of mar-

ket exclusivity (1). Europe has been a 

leader in creating the regulatory frame-

work for approval of biosimilars, and 

as a result, more than 50 biosimilars of 

15 innovator biotherapeutics have been 

approved by the EU as of April 2019 

(3). This is a sharp contrast with the 

US, where only 17 biosimilar products 

related to nine innovator biotherapeu-

tics have been approved and only 10 

were available on the market at the 

time of writing (5). 

In this 42nd article in the Elements 

of Biopharmaceutical Production, the 

authors present a perspective on chal-

lenges with  successful  commercialization 

of biosimilars. Aspects that have been 

explored include common principles in 

biosimilar development and assessment, 

key differences between the US and EU 

regulations, and the role of pharmaco-

vigilance in biosimilars. 

DEVELOPMENT AND 
CHARACTERIZATION 
OF BIOSIMILARS
The design of a biosimilar is mostly an 

art of reversed engineering (6). A bio-

similar company may purchase 10–20 

different batches of the product they 

seek to copy and perform an analytical 

characterization exercise. The number 

of batches used needs to be justified 

to the regulator. Table I illustrates a 

selection of attributes that are often 

examined as well as the numerous ana-

lytical techniques used in the assess-

ment (4).  

The bios imilar  manufacturer 

attempts to define the critical qual-

ity attributes (CQA) that are respon-

sible for mode(s) of action on one side 

but also for side effects (like immu-

nogenicity) on the other. In addition, 

the variability in the CQA between 

batches of the reference product is 

defined, as the biosimilar is required 

to stay within these boundaries. 

According to FDA, “although the 

scope of ICH [International Council 

for Harmonization] Q5E is limited to 

an assessment of the comparability of 

a biological product before and after a 

manufacturing process change made by 

the same manufacturer, certain general 

scientific principles described in ICH 

Q5E are applicable to an assessment of 

biosimilarity between a proposed prod-

uct and its reference product. However, 

demonstrating that a proposed product 

is biosimilar to an FDA-licensed refer-

ence product manufactured by a differ-

ent manufacturer typically will be more 

complex and will likely require more 

extensive and comprehensive data than 

assessing the comparability of a prod-

uct before and after a manufacturing 

process change made by the product’s 

sponsor. A manufacturer that modi-

fies its own manufacturing process has 

extensive knowledge and information 

about the product and the existing 

 process, including established controls 

and acceptance parameters. By con-

trast, the manufacturer of a proposed 

product will likely have a different 

manufacturing process (e.g., differ-

ent cell line, raw materials, equipment, 

processes, process controls, acceptance 

criteria) from that of the reference 

product and no direct knowledge of 

the manufacturing process for the ref-

erence product” (1). 

Subsequently, the amino-acid 

sequence is cloned in a suitable pro-

ducer cell and then the tedious work 

of selecting such a clone of cells that 

produce as close as possible the refer-

ence product and also in commercially 

viable quantities (7). Once the cell line 

has been chosen, the cell culture pro-

cess followed by the purification pro-

cess and the formulation are developed. 

The expressed or secreted biosimilar 

candidate is exhaustively scrutinized for 

resemblance to the reference product 

using a variety of sophisticated chemi-

cal, physical, and pharmacological tech-

niques as illustrated in Table I. Once 

close resemblance has been established, 

a minimum of three clinical batches 

are produced under GMP-conditions 

suitable for starting the clinical phar-

macological testing program. This 

program starts with a Phase I pharma-

cokinetic (PK), and whenever possible 

pharmacodynamic (PD) trial in human 

volunteers or patients to assess simi-

larity with respect to exposure to the 

different preparations. The reason for 

this is that for several reference prod-

ucts there are geographically different 

manufacturing sites, and small differ-

ences between EU and US reference 

products have been observed (such as 

for etanercept and infliximab). 

Once the results from preclini-

cal studies have shown that the bio-

similar candidate has completed all 

requirements for the similarity exercise, 
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it is common practice to perform a 

Phase III trial in patients. However, 

this is not a strict requirement for 

the EU. One of the first approved 

 biosimilars—a biosimilar of a granu-

locyte  colony-stimulating factor from 

Sandoz (Zarzio, approved in EU in 

2008)—was not tested in patients, but 

only  underwent extensive PK/PD tri-

als in human volunteers (8). 

Quality attributes Criticality
Impact on biological activity or clinical 

function
Analytical methods

Primary structure

Amino acid sequence +++ Might influence potency Peptide mapping with LC/MS or LC/MS/MS

N-terminal pyroglutamate ++ Might influence in vivo pharmacokinetics Edman degradation

C-terminal lysine removal + Might not influence in vitro biological activity

Disulfide bonds +++ Might influence potency

Higher-order structures ++
Might influence the receptor or antigen binding, 
Might influence potency

CD, fluorescence, DSC, FT-IR

Charged variants

Deamidated form + Might influence in vitro biological activity LC/MS, IEX, CE, IEF, RP-HPLC

Oxidized form ++ Might lead to highly immunogenic aggregates HPAEC-PAD,

Sialylated form +++ Might influence in vivo clearance LC/DMB labeling

Mass variants

Aggregates +++ Might induce immunogenicity
MS, SEC with UV or MALLS, HIC, CGE, AUC, 
SDS-PAGE

Truncated form + Might maintain some biological activity

Monomer + Might maintain some biological activity

Pegylation +++ Might influence in vivo clearance

Oligosaccharides

Fucose or galactose +++ Might influence Fc effector functions HPAEC-PAD

Non-human glycans +++ Might induce immunogenicity LC or CE with labeling (e.g., 2AA or 2AB),

High-Man glycans ++
Might induce immunogenicity
Might influence in vivo clearance
Might influence ADCC

LC/MS,
LC/MS/MS

Non-glycosylated form ++ Might influence Fc effector functions

Biological activities

ADCC +++ Might influence mode of action Cell-based assay, ELISA, SPR

ADCP ++ Might influence mode of action

CDC +++ Might influence mode of action

Apoptosis ++ Might influence mode of action

Antigen/antibody binding +++ Might influence mode of action

FcgR binding ++ Might influence ADCC

C1q binding ++ Might influence CDC

FcRn binding ++ Might influence in vivo clearance

Content +++ Might influence in vivo pharmacokinetics UV spectrometry

Abbreviations: LC, liquid chromatography; MS, mass spectrometry; CD, circular dichroism; DSC, differential scanning calorimetry; FT-IR, 
Fourier transform infrared spectroscopy; IEX, ion-exchange chromatography; CE, capillary electrophoresis; IEF, isoelectric focusing; RP-HPLC, 
reversed-phase high-performance liquid chromatography; HPAEC-PAD, high-performance anion-exchange chromatography with pulsed 
amperometric detection; DMB, 1,2-diamino-4,5-methylenedioxy-benzene; SEC, size-exclusion chromatography; MALLS, multi-angle laser 
light scattering; HIC, hydrophobic interaction chromatography; CGE, capillary gel electrophoresis; AUC, analytical ultracentrifugation; AA, 
anthranilic acid; 2AB, 2-aminobenzamide; ELISA, enzyme-linked immunosorbent assay; SPR, surface plasmon resonance.

Table I. Illustration of the various quality attributes of a biotherapeutic and the analytical tools used for assessment. Printed 
with copyright permission from reference 4, O. Kwon, et al., Biologicals 48 pp .101-108 (2017). 

Contin. on page 28
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Special Containment 
Requirements for Handling 
Antibody Drug ConjugatesA Q&A

Scott Patterson  

Vice President of  

Commercial Sales  
ILC Dover

O
ne of the most innovative oncology treatments with an impressive new drug pipeline are 

antibody–drug conjugates (ADCs). ADCs leverage the capacity of large molecules to 

deliver highly potent, active pharmaceutical ingredient (API) “payloads” straight to their 

target. Although the new-drug pipeline for ADCs is rife with possibility, creating such therapies 

requires careful handling and containment to ensure the safety of those involved. Here, Scott 

Patterson, vice president of commercial sales at ILC Dover, explains just how careful companies 

need to be when working with ADCs—and why this extra effort is worth it.

BioPharm International: What is an ADC 

compound, and what makes it an effec-

tive oncology treatment?

Patterson: An antibody–drug conjugate, or 

ADC, is a unique treatment that combines 

the targeting capability of a large molecule—

typically a biologic monoclonal antibody—with 

the potency of a small molecule, which is a 

conventional API. This is also referred to as 

the payload.

The targeting mechanism allows the API to 

be delivered right to the treatment area. In the 

case of the ADC, the API is highly potent; in 

fact, it is considered among the most potent 

drugs manufactured.

BioPharm International: You mentioned 

that the ADC uses a highly potent phar-

maceutical ingredient as the payload. Is 

this potent ingredient made similarly 

to traditional pharmaceutical drug 

substances, and what special handling 

procedures are required?

Patterson: The payload, or potent ingredient, 

is manufactured in the same way that most 

typical pharmaceuticals are made today: 

using a chemical synthesis process. This 

process includes a reactor along with an 

isolation process and drying step that makes 

a pharmaceutical powder.

At the beginning of the synthesis process, 

the handling of the drug substance is really 

quite typical of all other potent pharmaceuti-

cals—but there are multiple steps in the reac-

tion process to create a more potent, more 

toxic, compound. As the drug substance gets 

more potent with each step, it then requires 

special handling.

As the process proceeds, operators must 

manually handle materials, and they run the 

risk of exposure to these highly potent drugs. 

So as the final drug substance is being 

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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made, operator exposure must be greatly reduced. The level 

of containment that’s needed to protect the operator is in 

the nanogram range. A nanogram is somewhat difficult to 

understand, but think about taking a packet of sugar that 

you’d put into a cup of coffee or tea and spreading that equally 

into the volume of two Empire State Buildings. The airborne 

concentration that would exist inside the buildings would still 

be greater than the typical containment target needed for 

handling an ADC. This is not a visible level, so controls are 

critical to make sure that operators do not have any exposure 

to these highly potent materials.

BioPharm International: ILC Dover uses flexible, single-

use containment systems as the engineering control 

for handling ADCs. What are the advantages of these 

flexible, single-use controls over traditional controls?

Patterson: In the manufacturing of ADCs, the most important 

advantage of flexible containment is that it is disposable. 

When handling these potent drugs, the cleaning aspect must 

be considered. Cleaning is a critical process to ensure a 

drug being made in a process today will not end up in a 

drug being made tomorrow. The diligence of cleaning and 

the validating of equipment surface cleanliness is a very long 

and costly process.

As with everything dealing with ADCs, the cleaning is 

more difficult because of the very potent nature of the drug 

substance. In many cases, companies will skip the cleaning 

process initially and have to deactivate the drug substance 

and then do the cleaning. All of this cleaning is critical to the 

process to ensure the safety of the operators and that there’s 

no cross-contamination. So when using a flexible containment 

system and disposing of that system, much of the cleaning 

is eliminated, reducing the risk of the cross-contamination 

that would occur with conventional hard-wall systems, and 

reducing the cost of manufacturing. 

Knowing the benefits of using a disposable or single-use 

system as described, the flexible containment technology 

must achieve the high containment demanded for handling 

these compounds. Data exists to show the performance of 

the systems at the levels.

BioPharm International: What is the process to combine 

a large-molecule monoclonal antibody with a potent 

payload?

Patterson: The process uses a conjugation reactor to connect 

the active drug substance, or the small molecule, to the large 

molecule—the monoclonal antibody—using a linker material. 

The conjugation reactor is a unique process and, in some 

cases, a mixing system or a conventional bioreactor is used 

to create this linking of the large and small molecules.

Many unique things, including the use of solvents, are 

involved, so the containment of the conjugation reactor and 

the materials of construction have to be considered to resist 

the solvents used in the process. Once the conjugation reactor 

does the work of creating the ADC, it’s now in liquid form, 

and although the risk of exposure to operators and the risk 

of encountering containment issues are reduced, some risk 

remains even in the liquid form because of how potent this 

ADC pharmaceutical is. This is to say the risk is reduced 

when the product is in liquid form but a significant hazard 

still remains.

BioPharm International: After the conjugation reactor, 

what are the next process steps, and what handling 

precautions are required?

Patterson: After conjugation is completed, we have a sub-

stance with some impurities—but again, all in liquid form 

at this point, so all the handling will be done while the ADC 

is in liquid form. Some of these processes include filtration 

such as new tangential-flow filtration technology, which has 

become very popular in handling ADCs. There could be some 

chromatography steps, too.

But all these processes have some amount of risk where 

the liquid ADC compound is flowing through. There could be 

leaks in the system; liquid connections that may not be secure. 

There tends to be a high risk of leakage and aerosolization 

of the liquid, which could then expose anybody in the area 

managing the process.

So, we go back to containment. Even in liquid form, con-

tainment allows protection for the operator so they are not 

exposed to any of these risks—particularly to aerosolization (or 

to chromatography) remove this comment that could poten-

tially spray and expose the operator to this potent substance.

ILC Dover’s flexible containment products are used 

because of their versatility and because they can be disposed 

of without cleaning, thus reducing cost while still maintaining 

operator protection.

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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The condit ions  for  the  p iv-

otal biosimilar trial deserve special 

 consideration. The objective for this 

study is not to prove safety and  efficacy 

but rather demonstrate absence of 

clinically meaningful differences 

as compared to the reference prod-

uct. This has important consequences 

for the choice of patients and indi-

cations and the choice of endpoints. 

The choice has to be based on sci-

entific advice from regulatory agen-

cies to maximize the chance of finding 

any clinically relevant difference. For 

TNF-alfa inhibitors, for instance, pso-

riasis is a sensitive indication with a 

relatively clear endpoint (with mean 

PASI change as readout). Alternatively, 

rheumatoid arthritis is a good disease 

model, with the ACR-20 the most 

sensitive indication. And here a second 

principle of biosimilar development is 

eminent, that of indication extrapo-

lation. The scientific justification of 

extrapolation is based on the similar 

mechanism of action, target/receptor 

interactions, and molecular signaling; 

product structure interactions with the 

target or receptor; PK, expected toxici-

ties; and information based on mecha-

nism of action. All of these factors are 

examined in the biosimilar application. 

Any differences in these factors can be 

addressed in the context of the totality 

of the evidence supporting a demon-

stration of biosimilarity. The principle 

of extrapolation can result in substan-

tial cost-savings in the development of 

biosimilars.

Once the clinical studies have been 

completed, the marketing license 

application is submitted to the regu-

latory agency. In Europe, it takes an 

average of 12–13 months to obtain 

a positive recommendation from the 

Committee for Medicinal Products 

for Human Use (CHMP), the body 

that advises the EU commission on 

market approval. The approval pro-

cess is quite transparent, and after 

approval, EMA publishes a European 

Public Assessment Report (EPAR) 

that includes all the details of the sci-

entific assessment. If there are residual 

uncertainties, these are incorporated in 

the post-marketing surveillance pro-

gram imposed by the regulator. Once 

regulatory approval has been received 

and market exclusivity of the refer-

ence product has expired, the products 

become available for use by patients. 

In most EU countries, there is no 

hurdle for biosimilars to obtain full 

reimbursement (or with a small co-

payment), and so patients have quick 

access to the licensed more cost-effec-

tive alternative. 

In most EU countries, 

there is no hurdle for 

biosimilars to obtain 

full reimbursement 

..., and so patients 

have quick access 

to the licensed 

more cost-effective 

alternative.

T h e  U S  B i o l o g i c s  P r i c e 

Competition and Innovation Act 

(BPCI Act) of 2009 provided an 

abbrev ia ted  pathway  for  FDA 

approval of a biosimilar product. 

FDA recommends use of a step-

wise approach for the development 

of biosimilar products: analytical 

studies, animal studies, clinical PK/

PD studies, clinical immunogenic-

ity assessment, and additional clini-

cal studies. At each step, the sponsor 

should evaluate the level of residual 

uncertainty about the biosimilarity 

of the proposed biosimilar product 

to the reference product and iden-

tify the next step to address remain-

ing uncertainty. If there is a residual 

uncer tainty about biosimilar i t y 

after conducting structural analy-

ses, functional assays, animal testing, 

human PK and PD studies, and a 

clinical immunogenicity assessment, 

then additional clinical data may be 

needed to adequately address that 

uncertainty. A clinical study should 

be designed to investigate whether 

there are clinically meaningful dif-

ferences between the biosimilar 

product and the reference product.

FDA requi res  US-Reference 

Listed Drug (RLD) for compara-

bility studies—analytical, clinical 

PK/PD—to demonstrate biosimi-

larity. For a PK/PD clinical study, 

the most sensitive dose to detect 

and evaluate differences in the 

PK and PD profiles is suggested. 

FDA has also established an addi-

tional approval classification called 

an “interchangeable biosimilar”. To 

achieve this designation, the bio-

similar manufacturer must dem-

onstrate that an interchangeable 

product is expected to produce the 

same clinical result as the refer-

ence product in any given patient. 

Also, for products administered to a 

patient more than once, the risk in 

terms of safety and reduced efficacy 

of switching back and forth between 

an interchangeable product and a 

reference product must have been 

evaluated. The FDA guidance for 

the interchangeable biosimilar des-

ignation was published in 2017. The 

consequence of the interchangeable 

biosimilar designation is that phar-

macists in the US would be permit-

ted to automatically substitute the 

interchangeable biosimilar for the 

reference product without the prior 

approval of the prescriber (similar 

to small molecule generic products). 

Thus far, none of the biosimilars 

currently approved in the US have 

this designation.

 Contin. from page 25
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CHALLENGES IN DEVELOPMENT AND 
COMMERCIALIZATION OF BIOSIMILARS
The two major concerns with respect to approval and use of 

biosimilars are the efficacy and safety of the biosimilars in 

comparison to the original drug. The foundation for estab-

lishing this is to demonstrate product comparability (9). 

Quality of biotherapeutic products is known to be sig-

nificantly impacted by the manufacturing process used to 

produce them as signified by the oft mentioned adage “The 

Process Defines the Product” (10). A biosimilar manu-

facturer has to demonstrate their capability to control the 

process so as to manufacture product of consistent quality 

(11) and follow it up by a thorough comparison between the 

biosimilar and the innovator’s product based on extensive 

analytical examination, stability studies, non-clinical stud-

ies (such as receptor-binding studies and cell-based assays), 

and clinical studies (for pharmacokinetic, pharmacodynamic, 

and immunogenic behavior) as mentioned previously. In 

most likelihood, the biosimilar product may differ from the 

innovator’s product in a subsection of the quality attributes, 

although it is not allowed to impact on clinical efficacy and 

safety (12,13, 14). 

A key aspect that needs to be understood as well is the 

relationship between the product and the clinic. Biotech 

products tend to be complex and subject to potential modifi-

cations as listed in Table I. For this reason, all these qualities 

are scrutinized with advanced analytical techniques.

ROLE OF PHARMACOVIGILANCE IN 
COMMERCIALIZATION OF BIOSIMILARS
The complexity of biologic molecules and the associated 

manufacturing processes mean that these products have the 

potential for immunologic reactions, which could result in a 

decrease in efficacy (neutralizing antibodies) or adverse reac-

tions (antidrug antibodies). Regulatory pathways employed 

by EMA and FDA place greater emphasis on findings from 

analytical assessments and reduce the need for comparative 

clinical trial data. While this is efficient in bringing bio-

similar products to market, it also means that there is limited 

clinical exposure to the product at the time of market entry. 

Therefore, it is important that an effective and well-designed 

post-marketing pharmacovigilance program is in place to 

detect potential product-related problems that would likely 

not be observed during the biosimilar development. The 

example of pure red cell aplasia that occurred with the use of 

a particular epoetin alfa product in Europe (Eprex, Johnson 

& Johnson) in the late 1990s and early 2000s demonstrated 

that small manufacturing changes have the potential to 

cause clinically significant immunogenic responses (15).  

While the potential for immunogenic reactions is possible 

given that there will inherently be small structural differ-

ences between the reference product and the biosimilar due 

to the complexity of the molecules and manufacturing pro-

cesses, in practice there have not been any significant issues 

related to immunogenicity reported throughout the experi-

ence with biosimilars in Europe (over a decade) or the US. 

Approaches to post-marketing pharmacovigilance are 

often categorized as passive surveillance or active surveil-

lance methods. Passive surveillance is primarily the reliance 

on spontaneous reports from healthcare workers such as 

physicians or pharmacists. Passive reporting systems for 

adverse drug reactions exist in Europe (EudraVigilance, 

EMA) (16) and in the US (MedWatch, FDA) (17). Active 

surveillance generally involves examination of databases or 

patient registries to identify potential adverse events. In both 

cases, one of the keys to the success of a pharmacovigilance 

program is to be able to differentiate between similar prod-

ucts produced by different manufacturers (e.g., biosimilars). 

This has focused attention on the naming conventions that 

are used to distinguish these products in clinical practice.

NAMING CONVENTIONS
While in Europe, the convention is to use brand names to 

identify and differentiate products, the situation in the US is 
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quite different. There has been much 

debate over the preferred method of 

naming biosimilars in order to both 

facilitate effective pharmacovigilance 

and also to encourage the adoption 

of biosimilars to control costs and 

improve patient access. Some organi-

zations in the US advocated for the 

reference product and the biosimilar 

to share the same US Adopted Name 

(USAN). The argument was that this 

would facilitate the adoption of bio-

similars and would provide some con-

fidence that the products were in fact 

expected to produce the same clinical 

effects. However, in the US there is a 

high reliance on the use of the USAN 

and not on brand names in electronic 

systems. Many argued that sharing 

a common USAN would not facili-

tate accurate and effective pharma-

covigilance. In order for spontaneous 

reporting systems and active surveil-

lance systems to be effective, there 

must be a reliable means of correctly 

identifying the specific product that 

the patient received. 

To assure pharmacovigilance and 

also in an attempt to avoid any per-

ception of superiority or inferiority 

of the reference product and biosimi-

lars, FDA has proposed a naming 

 convention that entails assigning a 

unique suffix to every biological prod-

uct. Biologics of the same therapeu-

tic type would share a common “core 

name”, but biosimilars would have a 

unique four-character suffix that is 

“devoid of meaning” or reference to 

the manufacturer (18). The use of a 

suffix was preferred because it would 

still allow products with the same 

core name to be grouped together in 

electronic databases and systems for 

ordering, dispensing, and administer-

ing medicines. 

There has been concern raised about 

this approach by FDA. One concern 

is that the use of distinct names will 

create the impression that the prod-

ucts may not produce the same clinical 

effects in patients (19). The second 

concern is around the use of a suffix 

that is “devoid of meaning”. The use of 

a “non-memorable” suffix is expected 

to make it difficult for patients and 

healthcare workers to be clear about 

which specific products that patients 

are receiving, thereby benefiting the 

originators. Confusion or ambigu-

ity in the communication of the spe-

cific product could lead to inadvertent 

switching and could actually harm 

overall pharmacovigilance efforts. One 

approach to reduce the likelihood of 

wrong product selection errors in the 

US would be to include brand names 

as well as the USAN for biologics into 

electronic systems and when commu-

nicating with patients, as is the case in 

Europe where the brand name is used 

as the unique identifier. 

BENEFITING THE PATIENT: 
ACCESS TO BIOSIMILARS
European healthcare systems are 

based on solidarity, which means that 

there is a collaborative effort to pro-

vide patients access to medicines at 

the lowest possible cost. Each year 

the European Commission organizes 

an open forum for all stakeholders to 

report on the progress of this objec-

tive (20). An indirect but significant 

benefit of biosimilars is that post 

their introduction, typically the cor-

responding innovator company also 

offers  considerable rebates to patients 

of sometimes 50% or more (21). For 

some smaller proteins such as short 

acting filgrastim, the cost has gone 

down by as much as 80%. It is crit-

ical to note that uptake of biosimi-

lars in itself is a naïve parameter, as it 

overlooks where innovator products 

have been able to stay in the market at 

prices similar to those of biosimilars. 

As a result of the leadership exhibited 

by the EU, savings for healthcare sys-

tems and patients are now billions of 

Euros each year.

Some countries, such as Denmark, 

Norway, Poland, and Hungary, have 

chosen for a centralized top-down 

decision system to tender for biolog-

ics and implement the outcome as the 

only alternative (22). Across Europe in 

the more open healthcare systems such 

as UK, Germany, and The Netherlands, 

the following are four key factors that 

in close coherence appear to be criti-

cal for acceptance by prescribers and 

patients of biosimilars as an alternative 

for the sometimes outrageous expen-

sive reference products (23):

• Multi-stakeholder approach: Get 

everyone involved, prescribing 

doctors, pharmacists, supporting 

staff and hospital management, and 

third-party payers.

• One voice principle: The whole 

medical team should be educated to 

talk the same language to avoid the 

so-called nocebo-effect (a negative 

not pharmacology-related negative 

therapeutic outcome like side-

effects or perceived loss of efficacy) 

(24).

• Shared decision making: Involve 

the patient in the discussion when 

medication is being shifted toward 

a biosimilar, avoid ignorance and 

confusion (which may again induce 

a nocebo-effect).

• Ga in  sha r ing :  Int roduc t ion 

o f  b io s i m i l a r s  t a k e s  t i me , 

t r a ns i t ion i ng  pat ient s  f rom 

innovator product to a biosimilar 

requires careful instruction, etc., 

and there should be some benefit 

for the local healthcare community.

The EU—in collaboration with 

EMA—has produced information 

materials to inform healthcare pro-

fessionals and patients in many lan-

guages (25). In several countries, there 

are local initiatives to support hospi-

tals to educate all stakeholders on the 

great value biosimilars can have for 

the access and sustainability of medi-

cal care. 

SUMMARY
While the EU and the US regulatory 

systems have so much in common, 

they are different in their approach 

FOR PERSONAL, NON-COMMERCIAL USE

http://www.biopharminternational.com


www.biopharminternational.com May 2019 BioPharm International 31

Biosimilars

toward making biosimilars available to patients. The EU 

Commission launched initiatives to this end in the early 

2000s, and as a result an abundance of available biosimilars 

and impressive cost-savings for patients has been achieved. 

Patent litigation, political turmoil, and a profit-driven 

healthcare system have denied US patients access to the 

same benefits. Even FDA is appalled by the lack of progress 

(21). In Europe, there may be 70 biosimilars by 2020, and 

then a second wave of patent expirations will widen the 

available armamentarium. 

With the biosimilars marketed in Europe and the US, 

the record of safety and efficacy has been excellent thus far. 

It can be surmised that so far, the regulatory process has 

appeared to be robust enough to prevent clinical issues, even 

across use of biosimilars by millions of patients. This bodes 

well for the future of biosimilars. 
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What’s New in Upstream Technologies
Recent upstream processing innovations include enhanced sensor 

technology, single-use bioreactors, and automated cell culture systems.

AMBER LOWRY

I
n recent months, a range of instruments and equipment 

have been introduced to advance upstream bioprocesses. 

The following is an assortment of such products.

BENCH-SCALE AUTOMATED 
CELL CULTURE SYSTEM
The scale-X carbo, from Univercells, is a bench-scale auto-

mated cell culture system for the expression and concentra-

tion of viral drug substance suited for R&D activities and 

clinical material production (1). The system features a mod-

ular, scalable, fixed-bed bioreactor for enhanced upstream 

processing of viral products, including viral vaccines, viral 

vectors, and oncolytic viruses. The low-footprint integrated 

system delivers high cell densities and viral titers as well as 

homogeneous cell distribution throughout the fixed-bed.

According to the company, the bioreactor offers an increase 

of the surface/volume ratio compared to conventional tech-

nologies, with 10 m2 growth surface in 1.8-L working volume 

and 30 m2 growth surface in 4.2-L working volume.

SINGLE-USE SENSOR AND ADAPTER
Emerson’s Rosemount 550pH sensor and Rosemount 

550DW dissolved oxygen (DO) sensor adapter provide 

improved sensor stability for single-use bioreactors and are 

suited to deliver the same standard of stability and perfor-

mance as the company’s stainless-steel sensors (2).

The 550pH sensor is an electrochemical, fully disposable 

device with sensor stability of less than 0.005 pH change 

per day, which was verified by company testing. The device 

provides up to 10 times enhanced stability and requires 

no maintenance or calibration after initial one-point stan-

dardization, according to the company. The device can be 

stored wet for immediate verification and standardization, 

eliminating the initial stabilization process. The sensor is 

packaged with its own calibration fluid, which gives it a 

two-year shelf life. Wet, one-point standardization before 

startup allows for the sensor’s characteristics and functional-

ity to be verified before any solutions or buffers are added 

to the bioreactor bag. The standardization also enables the 

verified sensor to begin measuring immediately after being 

introduced into the bag.

The DO sensor adapter is compatible with standard 

stainless-steel DO sensors and enables placement into 

the bioreactor single-use bag. Only the gamma-irradiated 

adapter touches the process solution, which allows for the 

sensor to be reused for multiple batches. The sensor can S
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be air-calibrated prior to startup to 

verify functionality with no fill prod-

uct needed in the bioreactor. 

Both the sensor and the sensor 

adapter operate with the company’s 

Rosemount liquid analytical 56 trans-

mitter. Additionally, the new sensor 

technologies and the transmitter are 

fully compatible with the Emerson 

DeltaV control system.

BUFFER DELIVERY 
COMPONENT 
MilliporeSigma’s BioContinuum 

Buffer Delivery Platform, a new 

component  in  the  company ’s 

BioContinuum Platform for next-gen-

eration bioprocessing, offers a way to 

streamline buffer management (3). The 

platform offers “contiGuous” manu-

facturing, which is phrasing the com-

pany uses to describe the orchestration 

and management of all the processing 

steps (materials, production, testing, 

and analytics) with a streamlined and 

optimized approach.

The platform is an integrated solu-

tion for more efficient buffer deliv-

ery that is tailored to provide a high 

level of accuracy and precision in 

buffer preparation and management. 

According to MilliporeSigma’s internal 

market research, the launch of the plat-

form is timely because industry adop-

tion of liquid buffers is expected to 

expand from 7–56%.

The company has obtained certain 

exclusive rights to sell the buffer dilu-

tion system developed by LEWA-

Nikkiso America (now a part of YMC), 

a manufacturer of pumps and sys-

tems for fluid metering, for customers 

involved in the development or pro-

duction of diagnostics and biopharma-

ceuticals. This buffer dilution system 

offers the highest accuracy available for 

dilution of highly concentrated buf-

fer, as stated by MilliporeSigma. The 

company also reports that it supplies 

process buffers at a fraction of the 

resources and facility space, resulting 

in a more streamlined buffer suite and 

a more efficient manufacturing process. 

The buffer platform is configurable 

and includes four components: a selec-

tion of distinct buffer concentrates; 

Mobius Select single-use assemblies; 

an automated, accurate, and precise 

buffer dilution system; and tailored 

system services.

INTEGRATED ONLINE 
BIOMASS MEASUREMENT
Sartorius Stedim Biotech (SSB) 

added an integrated online biomass 

measurement to its ambr 15 fermen-

tation and ambr 250 high throughput 

systems for microbial applications (4). 

The fermentation and high through-

put systems operate up to 24 single-

use stirred bioreactor cultures in 

parallel, and with the integration of 

online biomass measurement, SSB has 

addressed the bottleneck associated 

with offline sampling. 

The new online biomass capabil-

ity features non-invasive reflectance 

measurement and enables scientists to 

rapidly obtain detailed process under-

standing and control over their micro-

bial cultures. The reflectance-based 

technology means that sampling is 

not required. Instead, the product uses 

lasers to transmit light through the 

base of each bioreactor and micropro-

cessors to translate this into a reflec-

tance measurement. 

The biomass capacity offers a broad 

measurement range and bubble cor-

rection factors for gas bubble density 

and enables reliable online measure-

ments in high aeration and agitation 

environments. Online reflectance can 

be displayed through a user calibration 

process as online optical density, wet 

cell weight, or dry cell weight. SSB 

reports that the online biomass mea-

surement has been successfully tested 

with different organisms, includ-

ing Escherichia coli, Pichia pastoris, 

Saccharomyces cerevisiae, Streptomyces 

spp., and Corynebacterium spp.

“By integrating innovative biomass 

monitoring technology into our ambr 

systems for microbial applications, we 

enable real-time growth data to be 

used for more advanced process con-

trol,” said Alison Rees-Manley, product 

manager at Sartorius Stedim Biotech, 

in a March 27, 2019 press statement. 

“We’re confident that these ambr sys-

tems will help scientists by reducing 

the burden of offline sampling … pro-

viding better process understanding 

and greater control of microbial cul-

tures. This will result in more accurate 

and predictive data for cost-efficient 

protein production.”

DUAL IMPELLER 
SINGLE-USE BIOREACTOR
Laboratory testing instruments man-

ufacturer Distek developed a dual 

impeller single-use bioreactor (SUB) 

system as part of the company’s BIOne 

portfolio (5). The new SUB increases 

mixing efficiency within the bioreactor, 

resulting in an increased mass transfer 

coefficient (kLa) while maintaining 

the same rate of agitation.

“Opt imiz ed  mammal ian  pro-

cesses are yielding higher cell densi-

ties and more product than ever,” said 

Cristy Botens, product manager of 

Bioprocessing, Distek, in a March 21, 

2019 company press release. “We’ve 

developed a dual impeller SUB con-

figuration to improve mixing efficiency 

and provide higher kLa values to sup-

port our customers as they develop 

tomorrow’s medicines and cures.”
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Single-Use for Downstream 
Chromatography: Benefi t or Hindrance?

B
iopharmaceutical manufacturers have embraced the 

use of single-use technology upstream, but are now 

increasing its use in downstream processing (DSP) 

as well. “There are very few DSP unit operations that 

are not using single-use systems or components,” notes 

Donald Young, senior global product manager, Thermo 

Fisher Scientific, BioProduction Division. “Clarification 

via depth filtration or tangential flow membrane filtra-

tion (TFF) is just one example.”

As this trend continues, the concept of an end-to-end 

single-use manufacturing facility has moved from the 

world of theory squarely into reality.  However, down-

stream single-use systems are still evolving, as vendors 

work to improve performance in critical areas.  This arti-

cle summarizes some of the benefits and the challenges 

of employing single-use technology downstream.

Reduction in bioprocessing time is one advantage 

that single-use systems offer. As Young points out, re-

usable systems can typically require more than 12 hours 

from set-up to tear-down, while single-use TFF systems 

require half that time.

Another area where single-use is gaining ground 

downstream is in buffer preparation, storage, and dis-

pense. “Single-use mixers, coupled with single-use bio-

process containers (BPC), can increase a DSP suite’s 

annual throughput, because they offer turnaround 

times of around a day or less without the need for 

clean- or steam-in-place operations. Reusable systems 

can require three or more days to clean and sterilize,” 

Young explains.

Prefilled BPCs have only made the single-use option 

more popular, he says, noting that BPCs prefilled with 

water for injection or purification buffers can be delivered 

to customers, eliminating the need for them to perform 

these functions inhouse. These systems can be supplied 

in volumes ranging from pre-clinical and clinical scale to 

volumes large enough to satisfy current good manufactur-

ing practice (cGMP)-scale production, he says. 

“These large-volume-liquid BPCs are used as the 

primary source of sterile process liquids or as a second 

source/back-up supply to reduce demand on the custom-

er’s in-house capabilities and capacities,” Young states.

Single-use technology is gaining ground in downstream 
bioprocessing, but challenges stall further adoption.
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HINDRANCE OR HELP?
Many disposable chromatography 

columns meet cGMP and industry 

standards, and also offer reproduc-

ibility, scalability, speed, ease-of-use, 

and operational safety. 

“Single-use systems 

are an attractive 

option for emerging 

markets, not only 

in chromatography 

but all along 

the production 

workflow.”
—Donald Young,

Thermo Fisher Scientific,

BioProduction Division

However, chromatography has 

been the last purification stage to 

move into disposable equipment.  

Although its use is growing down-

stream, it is still limited. In addi-

tion, the industr y ’s  adoption of 

pre-packed, limited-use chromatog-

raphy has been slow, even though 

the technology’s benefits have been 

demonstrated in the early stages of 

clinical manufacturing (1).

Among the common problems 

that single-use technology can help 

address is column packing. Column 

packing requires a stable bed with 

good flow properties, and, today, 

automatic packing solutions make 

packing the columns much more 

reliable than in the past. Bioburden 

can still result, however, and its 

source  c an  var y—usua l l y  i t  i s 

introduced before or during pack-

ing. Thus, good sanitation meth-

ods and familiarity with the most 

likely microbial contaminant species 

present in the immediate environ-

ment are needed to address biobur-

den. Using pre-sanitized single-use 

columns and flow kits is one way to 

minimize the risk of bioburden (2).

CYCLE-TIME REDUCTION
Single-use technology implementa-

tion in chromatography can greatly 

reduce cycle times, lower operat-

ing costs and energy consumption, 

and generate less waste, according to 

Young, who points out that DSP can 

be a process bottleneck because of a 

lack of single-use chromatography 

options or because of the expense, 

time, and labor of using existing 

chromatography components as sin-

gle-use components.

With a facility set up for sin-

gle-use system operations, facility 

design can be simplified and can 

be executed in about half the time 

needed to build a traditional facil-

ity with reusable systems, Young 

emphasizes . “Star t-up/l icensure 

times can be cut compared to tra-

ditional facilities using stainless 

steel-only equipment and systems,” 

he states. In addition, construc-

tion costs are lower mostly due to 

reduced need for clean steam sys-

tems that can account for much of 

a production facility ’s water needs, 

he adds.

“Single-use systems are an attrac-

tive option for emerging markets, 

not only in chromatography but 

all along the production workflow,” 

says Young, who sees this as the 

technology’s most important contri-

bution today.

FURTHER NEEDS 
Despite  wider  adoption of  s in-

gle-use technologies, downstream 

bioprocessing, particularly chroma-

tography, continues to a pose chal-

lenges. Available technology may 

not always be adequate to meet-

ing a specific facility ’s needs.  For 

example, not all downstream bio-

processing steps are available with 

single-use technology, and those 

that are available may be limited by 

performance, scalability, and cost (1).

For example, one unmet user 

need is the lack of affinity and ion-

exchange chromatography beads 

that  are  suffic ient ly  cost-ef fec-

tive to be classified as single-use. 

These process steps continue to be 

the biggest process bottleneck in 

the DSP workflow, and represent 

a huge opportunity for suppliers, 

Young remarks.  

Another area where single-use 

technolog y might  be improved 

downstream is in combining it with 

process chromatography columns, 

according to Dr. Nandu Deorkar, 

vice-president of research and devel-

opment at Avantor, a manufacturer 

and distributor of products, services, 

and solutions to the life-sciences and 

advanced technologies industries.

“[Adopting] single-use systems 

gives manufacturers the potential to 

move from a batch-based approach 

to something approaching a con-

nected continuous process. It will 

be possible to minimize the num-

ber of large storage tanks required, 

and incorporate single-use systems 

to streamline sample col lect ion 

and loading, and other operations. 

There are single-use systems that 

make it much more of a continu-

ous process, and remove the time 

required to clean, dry, qualify, and 

validate sampling and storage sys-

tems between chromatographic 

steps,” Deorkar states.

RESIN FOULING
Another unmet need for biopharma-

ceutical manufacturers is technology 

that reduces the cost of resins (3), to 

allow for greater use of single-use 

systems to address the resin foul-

ing that occurs from repeated use 

of resin during chromatography. 

Manufacturers are unlikely to dis-

FOR PERSONAL, NON-COMMERCIAL USE

http://www.biopharminternational.com


www.biopharminternational.com May 2019 BioPharm International 37

Downstream Processing

pose of costly resins after one pass, 

unless costs are significantly reduced 

to make this practical.

“[Adopting] single-

use systems gives 

manufacturers the 

potential to move 

from a batch-

based approach 

to something 

approaching 

a connected 

continuous process.”

—Nandu Deorkar, Avantor

In traditional industrial mAb pro-

cesses, large volumes of both chro-

matography resin and buffer are 

required, which translates into high 

operating expenses. Because chro-

matography resins make up a large 

portion of the costs in downstream 

bioprocessing, switching a polishing 

step from resin chromatography to 

a single-use membrane column can 

significantly reduce expenses and 

is one alternative when looking to 

improve DSP. 

In a study (4) that used model-

ing software to evaluate commer-

cial monoclonal antibody (mAb) 

production, it was shown that the 

unit operation cost was 19% to 33% 

less for a membrane process used 

on 1000-L and 5000-L scales bio-

reactor volumes and various mAb 

titres. In addition, buffer volume 

was decreased by up to 55%. Further, 

an analysis has shown that operat-

ing costs per gram of mAb are 22% 

lower in a single-use facility than in a 

traditional stainless-steel facility (3). 

SINGLE-USE IN 
OVERALL BIOPROCESSING
Suppliers of single-use downstream 

chromatography systems continue 

to improve the options available to 

manufacturers, and to examine ways 

to reduce the number of processing 

steps required for biomanufacturing, 

by linking steps to improve process 

efficiencies. For example, the ability 

to use concentrated buffer compo-

nents and mix them in-line under 

controlled conditions (i.e., in-line 

conditioning) has simplified chro-

matographic operations (2). 

“Single-use systems have the poten-

tial to improve productivity across 

the entire mAb production process, 

especially in terms of sampling,” 

adds Claudia Berrón, vice-president 

of global commercial development, 

biopharma, Avantor. “Drug produc-

ers have to sample for quality and 

process control purposes many, many 

times continuously. Typically, to 

effectively sample, you sample more 

than what is needed, and, in some 

cases, it isn’t possible to sample 

exactly what is needed. Every time 

you take a sample out, you’re taking 

valuable material out of the process.”

For its part, Avantor has been cre-

ating single-use systems that incor-

porate design features that make 

it easy to customize sampling sys-

tems to extract only the amount 

of material required to perform a 

test or document process results. 

“These designs are also much easier 

for plant personnel to use, helping 

reduce the time and labor costs asso-

ciated with sampling,” Berrón states.

REFERENCES
1. C. Challener, BioPharm 

International 27 (6) 34–36 (2014). 
2. C. Hroncich, BioPharm 

International 29 (9) 28–33 (2016). 
3. R. Jacquemart et al., Computational 

and Structural Biotechnology 

Journal 14, 309–318 (2016). 
4. A. Xenopoulos, Journal of 

Biotechnology 213, 42–53 (2015). ◆

For more on single-use manufacturing, read these articles on BioPharmInternational.com:

• CMOs Leading the Way on Single-Use Systems Adoption

 www.biopharminternational.com/cmos-leading-way-single-use-systems-adoption

• Sustainability in Disposal of Single-Use Systems

 www.biopharminternational.com/sustainability-disposal-single-use-systems

• Single-Use Bioprocessing Equipment Trends and Adoption by CMOs

  www.biopharminternational.com/single-use-bioprocessing-equipment-trends-and-

adoption-cmos

•  Validating Virus Clearance in a Single-Use System Part 1: Film Adsorption and 

Virus Inactivation Studies

  www.biopharminternational.com/validating-virus-clearance-single-use-system-part-

1-film-adsorption-and-virus-inactivation-studies

•  Single-Use Mixing Technology for Virus Clearance (Part 2: Compatibility, 

Leachables, and Scale-Up Studies)

  www.biopharminternational.com/single-use-mixing-technology-virus-clearance-part-

2-compatibility-leachables-and-scale-studies

• Single-Use Bioreactors Pose E&L Challenges

  www.biopharminternational.com/single-use-bioreactors-pose-el-challenges

More on single-use manufacturing
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Optimizing Diaphragm Valves to 
Improve Bioprocess Reliability 

T
he pharmaceutical industry is under significant pressure 

to optimize production and control manufacturing and 

maintenance costs. When assessing the costs to build, 

operate, and maintain a production system, it is crucial to 

understand how each component in the process contributes 

to total cost and system reliability. While hygienic dia-

phragm valves are a major contributor to costs, best practices 

and new technologies can be implemented to reduce these 

costs and improve performance.

STANDARDIZATION OF DIAPHRAGM VALVES
Due to the complex nature of the manufacturing pro-

cesses used in bioprocessing and the high degree of sterility 

required, the industry uses hygienic diaphragm valves where 

stainless-steel systems are employed. A stainless-steel-based 

bioprocessing plant typically has thousands of diaphragm 

valves across the entire production process. Processes such as 

water treatment, media and buffer preparation, harvest, and 

purification all employ diaphragm valves extensively.

Diaphragm valves are considered the cleanest and most 

drainable valve solution for these applications. Because 

the industry also requires the majority of its systems to be 

cleaned in place (CIP) and steamed in place (SIP), valves 

must deal with a wide range of temperatures, pressures, 

chemicals, and compounds and meet required material prop-

erties for components in contact with drug product.

The number of diaphragm valves utilized in these systems 

makes them one of the most critical components in the drug 

manufacturing process. It also means that valves are one of 

the largest maintenance costs in time, material, and labor. By 

design, the valve is robust, but proper maintenance intervals 

and techniques are required to retain optimal performance, 

process reliability, and system integrity.

To optimize the use of diaphragm valves in bioprocessing, 

manufacturers must understand the valve design and factors 

that affect valve performance and reliability.

UNDERSTANDING SEAL RELIABILITY 
Conventional diaphragm valves (see Figure 1) are constructed 

with a valve body, diaphragm, top works, and four bolts. The 

bolts clamp the valve body, diaphragm, and top works together. 

Valve design and materials affect performance and cost to maintain.

PAUL MCCLUNE

PAUL MCCLUNE is global product manager, ITT Engineered Valves.
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Characterizing CQAs of 
Biopharmaceutical Products: 
A Comprehensive Workflow Approach 
to Common Biopharmaceutical Tests
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your results than ever before.
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The pressure boundary formed by the 

diaphragm and valve body joint is criti-

cal to maintaining the sterility of the 

process.

There are many factors that can impact 

seal reliability. However, some of the most 

common factors seen in the industry 

today are cold flow and compression set, 

damaged bolts, and point loading. 

Cold flow and compression set
Most bioprocessing applications use 

polytetrafluoroethylene (PTFE) dia-

phragms because they are resistant to 

steam and chemically inert. PTFE also 

resists the common media, pressures, 

and temperatures used in bioprocessing. 

However, during thermal cycling the 

PTFE performance is challenged by 

the hot and cold temperature extremes. 

The PTFE material lacks the rebound 

properties of elastomer materials and 

will cold flow (thin) when subjected to 

changes in pressure or temperature.

A thick elastomer backing cushion 

is utilized with the PTFE diaphragm 

to maintain seal integrity during ther-

mal expansion and contraction. This 

backing cushion effectively becomes 

a spring in the joint, which main-

tains a sealing force. As the valve goes 

through thermal cycles, the backing 

cushion is compressed during heat-

ing and expands during cooling. The 

elastomer does not fully recover each 

time, but takes a permanent compres-

sion set, which deforms the diaphragm. 

This thinning of material will degrade 

the valve pressure capability over time, 

eventually leading to leaks and risk for 

contamination. 

It is critical for the end user to 

understand their process and deter-

mine what duration of exposure and 

amount of thermal cycles can be 

attained before cold flow or compres-

sion set causes a leak. Based on this, 

the manufacturer should determine a 

schedule for replacing diaphragms.

To maximize the thermal cycle 

performance, proper torque and re-

torque practices are essential. PTFE 

diaphragms must be torqued gradually, 

increasing torque from hand tight to 

the manufacturer’s specification in a 

multi-pass technique (see Figure 2). 

Additionally, after an initial thermal 

cycle, the conventional four bolt valve 

should be re-torqued in the same 

method, typically once the system has 

cooled to normal temperature. 

Damaged bolts
Seal integrity is paramount to ensure 

sterility, but the seal reliability is dra-

matically affected by the simplest valve 

components: the four bolts that clamp 

the valve components. 

In general, the bioprocessing indus-

try is averse to using lubrication near 

the production process. Therefore, 

bolts are typically not lubricated. 

However, using unlubricated bolts 

leads to rapid galling when the bolts 

and nuts are tightened. This galling 

occurs after only one use of the bolts. 

After five uses, the galling is so sig-

nificant that the clamping force of the 

valve assembly can by reduced by as 

much as 20% (see Figure 3).

Figure 1. Conventional diaphragm 
valve.

Figure 2. Polytetrafluoroethylene 
diaphragms must be torqued 
gradually, increasing torque from 
hand-tight to manufacturer’s 
specification in a multi-pass technique. 
The recommended torque procedure 
is three passes in a crisscross pattern.

Figure 3. Clamping force reduction after five installations.
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As a result, seal integrity is sub-

stantially reduced and will vary widely 

depending upon the severity of damage 

to the bolts. Due to the forces required 

to achieve a seal with PTFE diaphragms, 

even one bolt that is seized or not prop-

erly tightened can lead to risk of a pro-

cess leak and contamination. Therefore, 

it is critical to valve performance reli-

ability that bolts be routinely assessed 

and replaced to ensure optimal and con-

sistent valve performance. Alternatively, 

valve designs with no bolts can be used 

to eliminate galling, torqueing, and re-

torqueing issues and improve the valve’s 

reliability (see Figure 4).

Point loading
Another common seal integrity perfor-

mance issue is seat sealing, which is cre-

ated when the valve is closed to stop 

flow. As the valve closes, the top works 

forces the diaphragm against the valve 

body weir. The performance of this seal 

is significantly affected by how the valve 

diaphragm is installed during the pre-

ventative maintenance process. If the 

diaphragm is installed incorrectly, then it 

will become damaged and not seal prop-

erly on the weir.  PTFE diaphragms can 

be damaged with a condition commonly 

called point loading (see Figure 5). 

Once the diaphragm is damaged via 

point loading, it must be replaced. If it 

is not replaced, the seal integrity of the 

valve is in jeopardy, potentially leading 

to process contamination.

Having knowledge of these impor-

tant factors is critical in developing a 

comprehensive preventative mainte-

nance program to prevent these fac-

tors from causing process leaks and risk 

for contamination. Working within the 

constraints of the valve design and per-

formance will result in a reliable process.

CASE STUDY
A European biopharmaceutical man-

ufacturer experienced a number of 

valve issues on a critical process line. 

The line utilized sodium hydroxide as 

a cleaning agent for the CIP system. 

Several diaphragm valves on the line 

were leaking within three months after 

diaphragm replacement and repeated 

bolt re-torques. Leakage of the sodium 

hydroxide solution into the intersti-

tial space created alkaline deposits on 

the valves and caused a health and 

safety concern. While drip trays were 

installed to provide a short-term fix, a 

full evaluation and permanent solution 

to the leaking valves was required as 

part of the manufacturer’s good manu-

facturing practice (GMP). 

The line was shared by multiple pro-

cesses, making it difficult to schedule 

maintenance time to repair the valves. 

During a routine maintenance turn-

around, the valves were inspected and 

symptoms of seal failure were identi-

fied: over-compressed diaphragms due 

to multiple re-torques and damaged 

bodies due to caustic residue. Having 

operated in these conditions for many 

years, the valves no longer maintained 

a tight, repetitive seal to atmosphere 

and needed to be addressed.

The manufacturer decided to replace 

the valves and sought a new valve 

assembly that would meet specific 

performance criteria: improve main-

tenance reliability and repeatability, 

decrease maintenance time, and reduce 

external leaks. Additional criteria for 

the new valves included matching the 

current valve flow rates, fitting into the 

existing piping space, and functional 

equivalency.

A custom block valve was designed 

for the manufacturer (see Figure 6). 

The valves were specified to match 

the existing flow characteristics, 

which ensured that the process and 

c leaning system remained unal-

tered. The valve type (EnviZion, ITT 

Engineered Valves) uses an active 

thermal compensation system that 

provides a constant sealing force 

against the valve body and diaphragm 

over varying operating. The valve uses 

a patented quick connect stud design 

that removes variability in the instal-

lation process and assures the dia-

phragm is installed correctly. 

CONCLUSION
By troubleshooting, following best 

practices, and implementing new tech-

nology, manufacturers can overcome 

the industry’s most challenging appli-

cations and keep production on-line 

with fewer interruptions. Installing, 

operating, and maintaining valves 

more efficiently will increase produc-

tivity, improve reliability and cleanabil-

ity, and reduce operating costs. ◆

Figure 4. EnviZion (ITT Engineered 
Valves) valve design with stud and 
bonnet keyway slot instead of bolts.

Figure 5. Diaphragm damaged from 
point loading.

Figure 6. EnviZion valves designed 
for specific biopharma process 
application.
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Getting a Handle on Biopharma’s Most 
Critical Quality Attributes 

and Quality Control

A
s the biopharmaceutical industry matures, manufac-

turers continue to embrace automation and more 

modern approaches to process design, development, 

and control. The reality, however, is that working with bio-

logics is several orders of magnitude more complicated than 

it is for small molecules. 

Proteins are subject to problems during post-transla-

tional modification (PTM), and may also degrade dur-

ing storage. Problems can result when changes are made 

to manufacturing processes. Complexity—in particular, 

determining which product attributes are most crucial to 

product quality and patient safety—makes it challenging 

to apply quality-by-design (QbD) methods and process 

analytical technology (PAT) underpinnings to biophar-

maceutical development and manufacturing. As Jose 

Menezes, CEO of 4Tune Engineering, pointed out in a 

white paper (1), biologics can have a million times more 

critical quality attributes (CQAs) than small molecules, 

and many more of them are clinically relevant than is the 

case for small molecules. 

In addition, he wrote, a list of clinical CQAs for new bio-

logics doesn’t exist, and manufacturers typically have to wait 

until after a product has been commercialized to examine 

immunogenicity and adverse effects. Biopharmaceutical 

manufacturers thus face a huge hurdle in bringing more 

advanced manufacturing and process control methods to the 

manufacture of cell and gene therapies. “New approaches 

will be needed to connect manufacturing and quality opera-

tions more closely to patient outcomes and predictive clini-

cal outcomes,” says Menezes.

While the multiple attributes method gains ground and 
traditional lab methods improve, broad efforts are underway 

to determine biopharmaceuticals’ most significant critical 
quality attributes and enable real-time release.

AGNES SHANLEY
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As work continues to extend best 

practices to innovative therapies, man-

ufacturers are collaborating to bring 

greater understanding to existing bio-

pharmaceuticals and their manufac-

turing. This article summarizes some 

of this work, and touches on some 

advances that have been made in tradi-

tional laboratory testing for CQAs. 

Conventionally, methods that 

include peptide mapping, N-glycan 

analysis, capillary electrophoresis 

(CE), ion exchange chromatography, 

reversed-phase ultra-high-performance 

liquid chromatography (RP–UHPLC), 

and normal phase (NP) or hydro-

philic interaction chromatography 

(HIC), are used to analyze CQAs and 

detect impurities that are introduced 

by deamidation, isomerization, oxida-

tion, and glycosylation, during biophar-

maceutical manufacturing. Technology 

vendors have made improvements to 

these methods that reduce the time and 

complexity of sampling and analyz-

ing results (2). However, the industry 

is also exploring new approaches that 

would move testing and monitoring of 

CQAs out of the lab. 

As  pa r t  o f  the  B ioP hor um 

Opera  t ions  Group’s  (BPOG’s) 

B iomanufac tu r ing  Techno log y 

Roadmap, biopharmaceutical manu-

facturers and technology providers are 

developing methods that incorporate 

PAT to see how the industry might 

best approach in-line process monitor-

ing and real-time release (RTR). 

Members of the group have refined 

a list of priority CQAs and required 

tests, and will soon be publishing a 

white paper summarizing what they 

have learned so far. Michalle Adkins, 

director of life sciences consulting 

at Emerson Process Management, 

discussed the group’s progress at 

INTERPHEX on April 2, 2019 (3).

As she noted, biopharmaceuti-

cal manufacturers need to move from 

offline to real-time testing, to reduce 

the complexity of multiple measure-

ments and make quality control (QC) 

testing as noninvasive with as few con-

nections as possible. The ultimate goal, 

she said, “is to push [QC] testing to 

the manufacturing floor.”

PRIORITIZING CQAS

The  working group has developed a 

list of CQAs and in-process controls 

for a monoclonal antibody (mAb) 

process, assuming use of a batch or 

fed-batch process, but in a way that 

would allow the basic principles to be 

extended to semi-continuous and con-

tinuous operation, Adkins explained at 

INTERPHEX. 

Studies and rankings showed that 

aggregation and Protein A fragmenta-

tion were crucial CQAs, Adkins said. 

Upstream, the most important CQAs 

include glucose concentration and cell 

mobility; downstream, they include 

turbidity, pH, and conductivity. In 

addition, virus, microbe, and endotoxin 

monitoring and control continue to be 

crucial to assure product and patient 

safety, she said.

In attempting to determine the most 

important CQAs, the group considered 

the type of testing that is done now 

(i.e., whether at-line, offsite, or in-line); 

whether the process has an in-process 

test or control; the approach used for 

release testing; and the approach to 

continuous process verification. They 

then prioritized attributes based on 

their importance, and found the fol-

lowing to be key:

• Glucose

• Aggregates

• Host cell protein (HCP)

• Cell viability

• Viable cell density

• Charge profile

• Glycosylation profile

• Amino acids

• Titer/product concentration

• DNA

• Viral concentration.

Attendees within the audience infor-

mally commented that aggregation is 

their top challenge. As Matthew Brown, 

PhD, product technical specialist, Life 

Sciences for Malvern Instruments 

explained in a BioPharm International

article (4), protein aggregation can 

result from sample treatments, includ-

ing the addition of chemicals, incorrect 

reconstitution of lyophilized materials, 

or from the stress during manufactur-

ing, freeze/thaw cycles, and prolonged 

storage. The greatest risks stemming 

from aggregation are the potential loss 

of efficacy and immunogenicity in the 

product. 

One BioPhorum 

Operations Group 

project is evaluating 

the move from offline 

to real-time testing. 

The aim is, ultimately,  

to push quality 

control testing to the 

manufacturing floor.

In the end, the 

business case 

for in-line  testing 

and RTR will 

depend on the 

individual facility’s 

 requirements, a 

cost vs.  benefits 

analysis, and 

 operating costsFOR PERSONAL, NON-COMMERCIAL USE
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Not surprisingly, BioPhorum found 

that aggregation is among the top 

concerns, along with glucose concen-

tration and amino acids, and these 

three CQAs will receive initial focus 

in the group’s initial research reports. 

The group is also using return on 

investment analysis as well as internal 

rate of return, payback, and net pres-

ent value to assess the business case for 

inline testing and RTR. 

Among other questions that this 

effort aims to address are whether a 

new analytical method is needed or 

whether existing methods (mainly 

spectral measurement approaches) 

simply need to be improved and where 

measurements should take place. “We 

will also need to share challenge data 

with suppliers,” Adkins noted. 

In the end, the business case for 

in-line testing and RTR will depend 

on the individual facility ’s require-

ments, a cost vs benefits analysis, and 

operating costs, Adkins said. So far, 

however, research has found that full-

out  production mode offers a better 

business case for embracing RTR, 

as does the potential for using a 

validated approach for another new 

product if yield and  productivity 

improve. Adkins believes the new 

approach will improve product yields 

and eliminate the need for sampling, 

sample management, storage, and 

investigations, which rely heavily 

on manual sampling and are subject 

to human error. Additional benefits 

will be providing a way to upskill the 

workforce and to focus on regulatory 

concerns, such as model validation 

and change management. Results and 

the white paper are due to be released 

later this year.

ANALYTICAL 
METHODS IMPROVE
In the meantime, traditional laboratory 

methods have also been improving to 

reduce the time required to test for 

PTMs and process impurities. Many 

of these methods work in conjunction 

with mass spectroscopy. Among the 

most widely used methods are pep-

tide mapping, which can identify and 

quantify critical PTMs; size-exclu-

sion chromatography, which can help 

determine the degree of aggregation, 

and N-glycan analysis using fluo-

rescent labels, which can be used to 

detect the effects of glycosylation on 

pharmacokinetics and immunogenicity. 

In some cases, new approaches to sam-

ple preparation have reduced the time 

required from a full day down to about 

two hours, according to Christopher 

Colangelo, Biopharmaceutical busi-

ness leader with Agilent, who spoke 

on a BioPharm International- and 

LCGC-sponsored webcast on April 24, 

2019 (5). 

MULTIPLE ATTRIBUTE METHOD
Within the past few years, the mul-

tiple attribute method, which com-

bines peptide mapping with mass spec 

and sophisticated data analysis, has 

emerged as a way to monitor CQAs 

during development. The technique 

came about as scientists at Amgen, 

driven by senior management’s desire 

for greater efficiency, began to work on 

ways to improve quality control (QC) 

testing of biopharmaceuticals. The 

project was originally dubbed “Mass 

Spectroscopy [MS] in QC” because 

its original goal was to replace some 

of the current QC release methods 

with a mass spec-based method, said 

Richard Rogers, one of the co-develop-

ers of the method in a recent BioPharm 

International interview (6). After the 

concept was proven to work for QC, 

The following are some articles on CQAs that have appeared in BioPharm 

International. You will find them on biopharminternational.com.

• Innovative and Robust Analytical Technologies to Address 

Key Challenges of CQA Monitoring in Biopharmaceutical 

Development 

www.biopharminternational.com/innovative-and-robust-analytical-

technologies-address-key-challenges-critical-quality-attributes-m-2

• Characterizing CQAs in Biopharmaceutical Drug Development, 

www.biopharminternational.com/characterizing-critical-quality-at-

tributes-biopharmaceutical-drug-development

• CQAs: The Ins and Outs of LC-Based 

Analytical Tools and Techniques

www.biopharminternational.com/critical-quality-attributes-ins-

and-outs-lc-based-analytical-tools-and-techniques

• CQAs Challenge Biologics Development

www.biopharminternational.com/critical-quality-attributes-chal-

lenge-biologics-development-0

• Determining Criticality, Part I, Criticality as a Continuum

www.biopharminternational.com/determining-criticality-process-

parameters-and-quality-attributes-part-i-criticality-continuum

• Determining Criticality, Part II, Design of Experiments and 

Data-Driven Criticality

www.biopharminternational.com/determining-criticality-process-

parameters-and-quality-attributes-part-ii-design-experiments-

and-dat

• Determining Criticality, Part III, Process Control Strategies 

www.biopharminternational.com/determining-criticality-process-

parameters-and-quality-attributes-part-iii-process-control-strategie

Critical Reading on Critical Quality Attributes (CQAs) 
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MAM was soon put into product 

development. 

As Rogers explained, peptide map-

ping had been widely used for years. The 

technique involves digesting a test sam-

ple and using an algorithm to identify 

PTMs that have occurred, then compar-

ing modified peptides with original ones.

With MAM, the mass spectrom-

eter records full scan data. In order to 

provide the purity component found 

in methods such as CE and cationic 

exchange chromatography, MAM 

incorporated a new peak detection fea-

ture, Rogers explained, so that differ-

ential analysis could be run between a 

reference standard injection and each 

test sample. Instead of interpreting 

results of electrophoresis or an ultra-

violent chromatogram, software could 

be used to identify differences between 

test sample and reference standard, 

Rogers said. 

The result has been significant time 

savings. Instead of having to run a 

series of four tests in order to release 

a biopharmaceutical (e.g., a release gly-

can map, identity test, charge variant 

test, and clip test, and the qualifica-

tion and validation required to take 

the molecule into QC), MAM uses 

one digested sample to get site specific 

information for where the protein is 

being modified where it is degrading. 

Initially, Thermo Fisher Scientific 

incorporated MAM capabilities 

into several product lines, but since 

that time, Agilent, Protein Metrics, 

Genedata, Sciex, Bruker, and Waters, 

have also developed platforms that will 

work with MAM analysis.

A consortium has been established 

to help the industry better leverage 

MAM for product characterization as 

well as product release from QC, said 

Rogers, noting that it currently has 

more than 220 individual members 

and more than 70 company members, 

ranging from FDA and the National 

Institute of Science and Technology, 

to biopharma companies, software 

vendors, analytical vendors, reagent 

vendors, and contract development 

and manufacturing organizations. 

Following Amgen’s lead, some com-

panies have begun to use MAM for-

mally in QC and R&D. FDA staffers 

recently visited Amgen’s MAM instal-

lations, Rogers said.  
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A 
risk-based approach based on 
a pharmacological and toxico-
logical evaluation is becoming 
perceived in the industy as a sci-

ence-based approach that ensures safety of 
pharmaceuticals. Since the publication of 
International Council for Harmonization 
(ICH) Q9 Quality Risk Management, the 
application of this approach to the quality 
management of pharmaceuticals has been 
considered essential, and its application 
has also been extended to the cleaning 
validation of pharmaceutical manufactur-
ing equipment. Limits such as 1/1000, 
1/10,000, and 10 ppm were convention-

ally used in cleaning validation, but these 
limits can not be scientif ically justif ied 
and are arbitrary. In September 2010, the 
International Society for Pharmaceutical 
Engineering (ISPE) published a new base-
line guide called Risk-Based Manufacture 
of Pharmaceutical Products (Risk-MaPP). 
Risk-MaPP provides a scientific and risk-
based approach, based on ICH Q9 Quality 
Risk Management principles, to manage the 
risk of cross-contamination to achieve and 
maintain an appropriate balance between 
product quality and operator safety (1). 
The basic concept of Risk-MaPP requires 
a consistent and science-based approach 
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ABSTRACT
Currently, risk management based on a scientific approach is becoming 
required in the establishment of cleaning validation limits for pharmaceutical 
manufacturing equipment, as the acceptable daily exposure (ADE), 
which is set based on pharmacological and toxicological evaluation, is 
increasingly applied. At the early stage of development, ADE values may 
be set using the threshold of toxicological concern (TTC) approach due to 
lack of human data on toxicity. However, TTC values are estimates, so their 
application requires careful consideration. Especially in biopharmaceuticals 
(mainly proteins), whether or not the target product item is inactivated and 
degraded after cleaning is an important issue in evaluating the cleaning 
process. Therefore, a study was conducted by carrying out “CIP (clean 
in place) + SIP (steam in place)” and “CI (caustic immersion: alkaline 
treatment over a certain period of time)”, which are usually processes 
used in the cleaning of antibody drug manufacturing equipment. The 
inactivation and degradation of antibody drug was evaluated from 
the molecular structure and physiological activity point of view, using 
sodium dodecyl sulfate–polyacrylamide gel electrophoresis and surface 
plasmon resonance. This study was successful in establishing a reliable 
and effective method for evaluating cleaning processes based on risk.
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Managing Biologic Equipment Cleaning

W
hen it comes to cleaning validation in the bio-

pharmaceutical industry, different biopharmaceu-

tical manufactures face similar challenges. Some 

common challenges include the ability to have reproducibil-

ity when manually cleaning small parts and when using non-

clean-in-place (CIP) systems as well as having an effective 

design in which CIP systems are fully automated. 

Other challenges include a physical build-up of protein 

on equipment walls that have been cleaned by CIP, a process 

that happens over time and failure of CIP systems over time 

due to blocked steam traps, poor maintenance, or irregular/

erroneous replacement of a steam trap (1). 

Because cleaning validation is an important aspect in cur-

rent good manufacturing practice (cGMP) manufacturing 

for monoclonal antibodies (mAbs) as well as other biolog-

ics, it is important to consider how current practices ensure 

that cleaning and sterilizing biomanufacturing equipment is 

conducted properly, and whether differences exist between 

cleaning and sterilizing equipment used in multi-mAb 

product versus single-mAb product manufacture in the 

same facility.

To start with, no real differences exist between single-mAb and 

multi-mAb product manufacture in regard to cleaning and sanita-

tion/sterilization, industry experts say. Cleaning protocols would 

be similar in both circumstances. However, it is important to note 

that there would be no concern with active carry-over in single-

product facility as there would be in a multi-product facility.  

With AstraZeneca’s Frederick Manufacturing Center in 

Frederick, MD, for example, the acceptance criteria for sterilization 

in place (SIP) is based on the European standard EN285 and is 

non-product specific, according to an AstraZeneca company offi-

cial. “The acceptance criteria for cleaning are non-product specific 

because sampling assays and each [n]ew [p]roduct [i]ntroduction 

(NPI) are challenged on a small-scale (i.e., recovery/cleanabil-

ity), and protein denaturation (i.e., degradation of proteins using 

inhouse chemicals) needs to be demonstrated to verify that the 

facility is fit. Each program (cleaning/SIP) has on-going moni-

toring/maintenance program executed annually to verify systems 

remain in a validated state,” the AstraZeneca official states. 

“Cleaning protocols between a single-mAb and a multi-mAb 

manufacturing facility would assess the degraded product as an 

organic impurity in the drug substance of the next batch,” notes 

This article takes a look at current practices for cleaning 
and sterilizing biomanufacturing equipment used in a 

multi-product versus single-product setting.
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Paul Lopolito, senior manager, STERIS 

Technical Services. “In a multi-mAb 

product facility, the main difference is 

having to assess the cross-contamination 

risk of mAb product process contami-

nants with the quality attributes of a sub-

sequent, different mAb drug product,” 

adds Beth Kroeger, manager, STERIS 

Technical Services.

“A risk assessment should include an 

assessment of active degradation rinsabil-

ity, toxicity, host cell proteins, media, 

cleaning agent residues, cleaning process 

capability, and bioburden and bacterial 

endotoxin,” notes Kroeger.

NECESSARY PROTOCOLS 
In a biomanufacturing facility where mul-

tiple mAb therapeutics are produced, it 

is important to note what types of clean-

ing validation are necessary, and how 

often validation must be performed. The 

AstraZeneca official notes that clean-

ing validation maintenance is performed 

annually at the company’s Frederick facil-

ity using a matrix approach. “For each 

NPI, small-scale cleanability/recovery, 

protein denaturation, and large-scale 

cleaning verification (matrix approach) 

are required,” the official states. In addi-

tion, establishing if the product is more 

challenging to clean compared with previ-

ous products will determine the require-

ments for cleaning validation/verification.

Lopolito points out that a risk assess-

ment should be performed for incom-

ing mAb drug-product toxicity, 

solubility, degradation product rinsability, 

media, and buffer constituents compared 

to the existing validated cleaning proce-

dures for the entire process for the cur-

rent products. “If this new mAb is not 

considered worst case, then at least one 

production run under normal process 

conditions for cleaning validation or veri-

fication should be executed. Provided no 

significant changes are made to the pro-

cess, re-validation is generally not required. 

Continued process verification should 

be in place to trend quality attributes to 

establish cleaning process capability and 

performance control,” he explains. 

Systems must be in place that help 

maintain a sterile environment for manu-

facturing. In terms of cleaning and SIP 

validation, all equipment, systems, and 

production parts used for manufacture 

should be cleaned with a validated cycle 

prior to use, the AstraZeneca official 

says. “Cleaning cycles demonstrate that 

equipment surfaces are clean and free of 

residues and ensure any leftover product is 

cleared,” the official states.

Kroeger notes, however, that no addi-

tional systems are required in a multi-

mAb facility compared to a single-mAb 

facility “unless the facility is manufac-

turing products such as antibody-drug-

conjugates (ADCs), due to the potential 

increased toxicity from the small-mol-

ecule portion of the ADC, or products 

other than mAbs/large molecule.”

Procedural segregation should exist 

with separate area clearance between 

products and batches in a multi-mAb 

facility, Lopolito adds. “Obviously, packed 

columns and ultrafiltration membranes 

would be product dedicated, but equip-

ment need not be dedicated once the 

resin or membranes are removed. 

Equipment change-over between prod-

ucts is recommended where elastomeric 

parts are discarded but is not necessary 

if cleaning validation testing verifies resi-

due removal from the various materials 

of construction, or they are not consid-

ered to have a significant surface area to 

exceed the maximum allowed carry over 

limits,” he explains.

In addition, other procedures, com-

ponents, and systems that are important 

to have in place for cleaning validation 

include automation control, gowning, 

aseptic practices, changeover requirements, 

high-efficiency particulate air (HEPA) 

filtered air, closed systems used for manu-

facture, positive pressure, isolation valves, 

external equipment cleaning, room clas-

sifications/cleaning, and on-going qual-

ity control monitoring, the AstraZeneca 

official emphasizes. 

Meanwhile, the selection of cleaning 

agents requires certain criteria. Lopolito 

points out that cleaning agents should be 

selected based on performance, rinsability, 

analytical methods availability, low toxic-

ity, lot traceability, and compatibility with 

materials of construction.

Safety is the most important consid-

eration because of toxicity risks, adds the 

AstraZeneca official. “Do not select clean-

ing agents that have significant cytotoxic-

ity, allergenicity, or reproductive hazards,” 

the official asserts. 

In a multi-mAb manufacturing sce-

nario, residue type is also a key consid-

eration when selecting a cleaning agent 

because it is necessary to ensure that the 

cleaning agent degrades the residue of 

each product, product-by-product, the 

AstraZeneca official says. “Typically, alka-

line cleaning agents are used as they are 

bactericides and emulsifiers [microbial 

control and dissolving proteins]. Acidic 

cleaning agents may be used to remove 

salt deposits. Cleaning chemicals with 

surfactants and builders, that are compati-

ble and safe, are preferred,” the official says.

NEED FOR INNOVATION
Innovations in cleaning/sterilization 

materials are also important to the process. 

According to Kroeger, there is at least one 

cleaning agent that is registered as a bio-

cidal agent with disinfectant, biocidal, and 

biofilm remediation claims. “Detergent 

performance enhancements including 

maintenance derouging, antimicrobial 

effectiveness, and biodegradability are a 

few of those being developed to support 

manufacturers’ process optimization and 

sustainability goals,” she states.

In addition, a risk-based approach to 

acknowledge potential failure modes and 

provide justification on current controls 

(detection) is in place. It is important to 

implement this risk-based approach while 

maintaining the validated state and regu-

latory requirements, the AstraZeneca offi-

cial says. Biostatistical analysis may also 

be used to establish control limits (within 

pre-determined acceptance criteria) used 

for continuous monitoring/trending. 

REFERENCE
1. C. Hroncich, BioPharm International

30 (8) 22–26 (2017).◆
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Playing the Waiting Game 
with GMP Guideline Revisions

T
he European Union has a lengthening queue of 

revisions and other changes to good manufacturing 

practice (GMP) guidelines, which is worrying 

industry because of the impact the delays are having 

on pharmaceutical businesses, particularly investment 

decisions. The guidelines comprise key sections of the 

EU’s GMP guide, which also includes good distribution 

practice (GDP).

Among the areas covered by the revised or new 

 guidel ines  are  ster i le  products , imported medi-

cines, data integrity, drug device combinations (DDCs), 

 investigational medicinal products, and streamlining of 

information on the GMP responsibilities of marketing 

authorization holders (MAHs). In a joint letter to the 

European Medicines Agency (EMA), sent in October 

2018 on behalf of 13 trade associations and professional 

associations, Sini Eskola, regulatory, drug development, 

and manufacturing director at the European Federation of 

Pharmaceutical Industries and Associations (EFPIA), said 

the topics covered by the guidelines were ‘urgent’ (1).

DISRUPTIONS TO OPERATIONS
The delays have been exacerbated by the disruption to the 

operations of the EMA’s expert committees, particularly the 

GMP/GDP inspectors working group (GMDP IWG) as 

a result of Brexit. The planned withdrawal of the United 

Kingdom from the EU has forced EMA to move its 

headquarters from London to Amsterdam to ensure it was 

based in an EU member state.

The IWG and other specialist committees have had to 

confine their work on revisions to four guidelines on the 

manufacture of sterile medicinal products, guidances for 

medicine importers, a reflection paper on GMP and MAHs, 

and on quality requirements for DDCs. Scheduled activities 

on other guidelines were temporarily suspended in October 

2018, and are anticipated to last for at least a year according to 

EMA. Even with those guidelines on which revision work is 

Delays in revisions to guidelines by the 
European Union are impeding the pharmaceutical industry.

SEAN MILMO

FOR PERSONAL, NON-COMMERCIAL USE

http://www.biopharminternational.com


www.biopharminternational.com May 2019 BioPharm International 49

European Good Manufacturing Practices

continuing, activities have been slowed 

down without any new target dates for 

completion or meetings with industry 

representatives being announced. 

“More transparency on the actual 

status of these few projects shortlisted 

(for continued work) would be more 

than welcome as currently industry has 

no idea when the IWG would com-

municate back or when it foresees 

further actions,” Koen Laenen told 

BioPharm International. Laenen is regu-

latory affairs and quality manager at 

Medicines for Europe, which repre-

sents generics and biosimilars produc-

ers and was one of the signatories of 

the joint letter to EMA. “For 2019, no 

stakeholder meetings with industry are 

foreseen by IWG,” he continued. “This 

is a long period for no official meetings 

with different stakeholders.”

Despite the hold-up in the IWG’s 

operations, the industry is pressing for 

a continued dialogue with the group, 

preferably through face-to-face meet-

ings on some issues. The need for con-

sultations with stakeholders, especially 

industry representatives, is a major rea-

son for the length of time it can take to 

revise or draw up new versions of GMP 

guidelines. A consultation period after 

the publication of a draft, the process-

ing of comments and then the final-

ization of the guideline, can extend to 

one-to-two years.

THE POTENTIAL FOR
FURTHER DELAYS
Once a guideline is completed, there 

can be further delays while the 

industry and EMA or the European 

Commission—the EU executive to 

which the agency is accountable—sort 

out how the new or modified guideline 

should be implemented.

This is what has happened on a new, 

lengthy guideline on the manufacture 

of sterile medicinal products, work 

on which started in 2014 with a draft 

being published late in 2017, and a 

consultation period being completed in 

March 2018. However, its finalization 

has been held up because of disagree-

ment of how it should be implemented, 

which is unlikely to be resolved until 

the IWG is fully operational again.

The new guideline, which comprises 

Annex 1 of the EU GMP guide, has 

tripled in size from its 16-page origi-

nal document, which was introduced 

in 1971, to a 50-page document. The 

enlargement contains the principles 

of quality risk management to “ensure 

that microbial, particulate, and pyro-

gen contamination associated with 

microbes is prevented in the final 

product” (2).

Other additions include details 

on the use of new technologies, also 

mainly to provide protection against 

particulates and microbes. Another 

expanded area is the training and skills 

required of personnel to ensure they 

have the appropriate engineering and 

microbiological knowledge.

The complexity and detail of the 

guideline is expected to lead to the 

closure of sterile capacity serving the 

European market in anticipation of its 

extra costs. “[On the basis of ] the cur-

rent draft, we expect that for several 

sterile manufacturing sites, the capacity 

for some products will be reduced by 

50% during the [guideline’s] imple-

mentation phase,” Laenen explained. 

“This implementation phase could 

be lengthy, amounting to several 

years. Hence, reduced sterile produc-

tion capacity could occur for products 

that are already on [the World Health 

Organization’s] WHO’s shortage 

list. It’s important also that once the 

new Annex 1 is adopted, inspector-

ates are treating and interpreting it in 

a uniform way to prevent differences in 

audit findings and outcomes.”

The additional work the industry 

is wanting EMA to perform on the 

guideline could postpone its full imple-

mentation even further. In their joint 

letter to the agency, the trade associa-

tions and professional organizations 

have asked for the opportunity to 

provide further feedback to the IWG 

before the document is finalized. This 

is because of the large number of com-

ments submitted during the first con-

sultation round. 

The industry wants workshops, 

seminars, and training sessions to be 

held to achieve a clearer understand-

ing between the pharmaceutical sector 

and the inspectorate on the purpose, 

scope, and expectations of the guide-

line’s risk-based approaches. There 

is a need to understand more clearly 

how the risk control measures in the 

guideline help to enhance levels of ste-

rility, according to the joint letter. To 

enable a “harmonized understanding 

and implementation” of the new guide-

line, industry suggests in the letter that 

training materials be developed for 

both pharmaceutical companies and 

regulators.

Finally, industry wants at least parts 

of the guideline to be implemented 

gradually over a period of up to five 

years because of risk assessment 

requirements and the complexity of 

the changes. One area likely to cause 

complications, for example, is the risks 

created by poor quality control of filters, 

which may necessitate pre-use, post-

sterilization integrity testing.

IMPACT OF NEW 
TECHNOLOGIES
A large proportion of guideline 

revisions have been triggered by the 

establishment of new technologies, 

which indicates that there will be an 

increasing number of new versions 

of guidelines over the next several 

years. Much of the impetus behind 

the drawing up of the new guideline 

on sterile manufacturing has come 

from the use of new technologies, 

p a r t i c u l a r l y  i n  d e a l i n g  w i t h 

microbial contamination.

EMA published in November 

2018, with a consultation period due 

to end in May 2019, a draft guideline 

on the quality of water for pharma-

ceutical use because the two existing 

guidelines on the subject, issued in 
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2001 and 2002, were out of date (3). 

The existing guidelines allowed only 

distillation for purification of water 

for injection. The new guideline per-

mits the use of new technologies such 

as reverse osmosis coupled with tech-

niques like electrodeionization, ultrafil-

tration, and nanofiltration. 

In a draft document on EMA 

Regulatory Science to 2025, published 

in December 2018, the agency outlines 

how it is aiming to keep pace with 

technological advances (4). “The pace 

of innovation has accelerated dramati-

cally in recent years,” said Guido Rasi, 

EMA executive director, in the docu-

ment. “Regulators need to be ready to 

support the development of increas-

ingly complex medicines.” 

Among the agency’s strategic goals 

will be the facilitation of the introduc-

tion of novel manufacturing technolo-

gies by taking a ‘flexible approach’ in 

the application of GMP. This policy 

has already run into difficulties with 

controls of advanced therapy medicinal 

products (ATMPs). Instead of issu-

ing new up-to-date guidelines on the 

manufacture of active biological sub-

stances, the EC adopted, in November 

2017, a standalone regulation of GMP 

for ATMPs (5).

This action raised accusations 

of a lowering of GMP standards. 

The Geneva-based Pharmaceutical 

Inspection Co-operation Scheme 

(PIC/S), which aims to develop com-

mon GMP standards among inspector-

ates worldwide, claimed that the EU 

guideline risked leading to divergencies 

in GMP internationally, particularly 

with ATMPs.  

Participants in PIC/S include EMA, 

FDA, and WHO. EMA’s guideline on 

sterile manufacturing was, for exam-

ple, drawn up in close collaboration 

with PIC/S and the WHO. PIC/S 

now comprises 52 authorities mainly 

in Europe and North America but also 

including Asia-Pacific, South America, 

and Africa so that it provides a global 

network of inspectorates. 

The primary aim behind efforts 

to achieve harmonization of GMP 

standards is to make efficient use of 

inspection resources by avoiding the 

necessity for duplicate inspections of 

pharmaceutical plants across the world, 

especially those exporting their prod-

ucts into the global pharmaceuticals 

market. A joint report last year on an 

international inspection programme 

of API plants in 2011–2016, involv-

ing EMA, FDA, WHO, and approxi-

mately 10 other authorities, mainly in 

Europe, concluded that more work was 

needed to be done to avoid duplication. 

National legislation requiring unneces-

sary inspections was, for example, still 

to be left unamended.

The dispute between the EU and 

PIC/S over the ATMP guidance 

underlines the challenges facing the 

EMA and other regulators in both 

keeping in step with new technologies 

while also ensuring that guideline revi-

sions and changes remain consistent 

with international GMP standards.
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Adhering to sterile practices in bioprocessing remains a critical factor in helping to 

control bioburden. Bioprocessing is challenging because the common environment 

is naturally conducive to the growth of microorganisms (e.g., moderate temperatures, 

pressure, acidity, osmolarity), and the presence of carbon sources are favorable for 

microbial growth (1).

Current innovations and practices that help maintain a tighter control over 

bioburden include improvements in raw material quality, development of closed- 

and automated-systems, and the drive toward single-use technology (2), as 

discussed in a 2017 white paper published by GE Healthcare.

According to the paper, raw material quality was improved by a combination 

of diligent practices including extensively training operators on how to handle 

the materials, regular monitoring of process water and of microorganisms and 

particles in sieving and filling areas, and reducing procedures done in open 

environment. Meanwhile, automated systems promote more closed-system 

operations, such as handling of chromatography columns and buffer preparations. 

Single-use technology has simplified the ways in which bioburden can be 

controlled.

References
 1.  Parker Dominick Hunter, “Controlling Bioburden within Biopharmaceutical 

Manufacturing Processes,” White Paper, 2011.

 2.  GE Healthcare, “Bioburden: Current Innovations and Practices to Address 

Microbial Contamination in Downstream Bioprocessing,” White Paper, 2017.

—Feliza Mirasol

How Innovative Approaches Promote Sterile Bioprocessing
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EVENT OVERVIEW: 

There is an ongoing effort in the biopharm industry to extend the 

deployment of high-performance liquid chromatography/mass 

spectrometry (LC/MS) technologies beyond traditional product 

characterization into product quality attribute monitoring across 

development and manufacturing processes to deliver biopharma-

ceutical products with optimal properties. The demand for analyt-

ical platforms and workflows that can span and transfer between 

laboratories to generate product information that can be shared 

across diverse pharmaceutical organizations has never been higher.

This webcast will cover the following topics:

■ Waters BioAccord LC-MS System, the first SmartMS™-Enabled 

Biopharma Solution, featuring a novel high resolution/accurate 

mass ESI-TOF instrument with a small footprint

■ Streamlined application workflows for profiling and monitoring 

product quality attributes 

■ Case studies for a panel of monoclonal antibodies (mAbs), 

highlighting the mass spectral profiles and structural information 

acquired based on four integrated workflows: intact analysis, 

3-part subunit analysis, low-artifact peptide mapping, and 2-AB 

released N-glycan analysis

For questions contact Kristen Moore at 

KMoore@mmhgroup.com

PART II: Improving Confidence and Productivity in Released Glycan 
Analysis for Biotherapeutic Development
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PART III: Developing a Robust CQA Monitoring Method  
via Multi-Attribute Monitoring Principles for Therapeutic 
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INTERNATIONAL 

EXHIBITOR 

SHOWCASE

STAY CURRENT ON 

BIOTECHNOLOGY

Visit BioPharm International 

sponsors that are exhibiting at 

the BIO International convention. 

See descriptions and booth 

information below.

Comprehensive, Automated 

Cell Culture Analyzer

Nova Biomedical is a technology com-

pany based in Waltham, Massachusetts 

that provides automated cell culture 

analyzers for pharmaceutical and bio-

tech markets. 

Products and Services 

BioProfile® FLEX2 provides comprehen-

sive analysis of 16 key cell culture pa-

rameters including chemistries, gases, 

osmolality, total and viable cell density and viability. Test menu con-

sists of Gluc, Lac, Gln, Glu, NH4+, Na+, K+, Ca++, pH, pCO
2
, pO

2
, Osmo-

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

and Viability by trypan blue dye exclusion method. With the addition 

of the BioProfile External Sampling Module (ESM), FLEX2 is capable of 

automatic sampling from Sartorius ambr® 15 cell culture systems.

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

• info@novabio.com • tel. 781.894.0800

THE NEW interFACE 

of BIOREACTORS!

From the company that has 

brought you more than 40 years 

of pharmaceutical laboratory 

instrumentation, including the 

BIOne Single-Use Bioreactor 

System, Distek is proud to present 

the BIOne Bioprocess Control 

Station. Key features include: touchscreen interface, smart media 

filling, variable speed pumps, email and text alerts, and much more.

Products and Services 

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

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

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

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

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

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

BIO International Booth #3904

Global Harmonized 

 Testing Services

Eurofins BioPharma Product 

Testing is the largest network of bio/pharmaceutical GMP product 

testing laboratories providing comprehensive laboratory services for the 

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

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

operates under the same strict quality procedures and LIMS worldwide. 

Products and Services

Eurofins BioPharma Product Testing provides testing services for all 

stages of the drug development process and supports all functional 

areas of bio/pharmaceutical manufacturing, including method 

development, microbiology, process validation and quality control. 

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

including our award-winning PSS Insourcing Solutions.

Eurofins BioPharma Product Testing • 2425 New Holland Pike, 

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

com • tel. 717.656.2300

BIO International Booth #2949

Investment in 

Integrated Biologics 

Development

Catalent Biologics provides 

advanced technologies and tailored solutions for biologic and 

biosimilar development, from DNA to commercial supply, through its 

extensive Biologics network.

Its comprehensive end-to-end offering for customers includes 

cell line development, analytical testing, clinical and commercial 

biomanufacturing, antibody-drug conjugate development, fill/finish, 

and clinical supply services.

Products and Services

In January 2019, Catalent commenced a $200-million strategic investment 

program to expand drug substance and drug product manufacturing 

capacity at its sites in Madison, Wisconsin and Bloomington, Indiana. The 

expansions were in response to increasing demand from existing and 

future customers following Catalent Biologics’ 30th commercial product 

approval.

Catalent • www.catalent.com/biologics

BIO Booth Number #3101
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Ask the Expert — Contin. from page 54

   PRODUCT SPOTLIGHT

some extent, may be biased. Furthermore, an audit or 

inspection can only ever be looking at a snapshot in 

time. For example, unlike the people working in the 

company under scrutiny,  auditors will not see all the 

behaviors, all the operations, etc. As a result, all state-

ments made are based on a limited amount of infor-

mation and observations.

AUDITS PROVIDE NEEDED INFORMATION
And we must not forget that the focus of an inspec-

tion (or audit) can change over time, be it for devel-

opments in the regulatory field (e.g., the increase 

in data integrity-related inspections in recent years) 

or changes to the circumstances in the inspected 

site (e.g., new ownership, the introduction of new 

dosage forms, etc.), to name a few possible reasons. 

Consequently, a site may have been in compliance 

over many years, but may not have kept up with the 

changes, which may suddenly find the site in a state 

of diminished compliance.

It is better to have a non-conformance picked up 

during an audit than have it recorded during an 

inspection. So, the next time your auditor tells you 

about an issue you didn’t know about, it may be sen-

sible to accept and investigate it before deciding to 

reject it. ◆
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New Kit Identifies 
Endonuclease Impurities
The EndonucleaseGTP 

ELISA Kit from Cygnus 

Technologies detects 

and quantitates residual 

endonuclease impurities 

in recombinant vaccines 

and viral vectors used 

for gene therapy. With a 

detection limit of ~0.06 ng/

mL, the kit is three times 

more sensitive than the only other commercially available 

assay for detection and quantitation of these endonuclease 

impurities, according to the company. The kit also 

contains all the necessary, ready-to-use reagents for 96 

analyses in microplate format, including a set of calibrated 

endonuclease standards. The assay can be easily 

integrated into desired workflow points—from process 

development to quality control to lot release testing.

Cygnus Technologies
www.cygnustechnologies.com

Multichannel Pipettes 
for 384-Well Plates
Eppendorf’s 16- and 

24-channel pipettes can 

handle entire columns 

and rows of a 384-well 

plate in one step. An 

entire plate can be 

managed manually 

within a minute, and 

up to 24 reactions 

may be started and 

stopped simultaneously, according to the company.

The pipettes come with epT.I.P.S. 384 and ep Dualfilter 

T.I.P.S. 384 systems for improved security and comfort. 

The SOFTattach technology uses elastic forming 

grooves that contribute to a precise tip fit and seal. The 

company states that tip attachment forces are reduced 

by up to an additional 40% per tip. The system’s fine tip 

shape and coaxiality makes maneuvering samples into 

the tiny wells of a 384-well plate secure. The pipettes 

are available as both mechanical and electronic.

Eppendorf
www.eppendorf.com
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Siegfried Schmitt, PhD, 
vice-president, technical 
at PAREXEL Consulting.

We need to understand both sides when it comes to audits, says 

Siegfried Schmitt, PhD, vice-president, technical, PAREXEL Consulting.

Q. 
During a recent audit of our company, 

the auditor found some non-confor-

mance issues that we disagreed with. Do we 

have to make the changes the auditor sug-

gested? 

A. 
Those of you who have been audited 

will likely have come across the fol-

lowing situation: the auditor has identified a 

non-conformance with the applicable regu-

lations. Purely for illustrative purposes, let 

us say that the auditor identified missing 

documents that should have been prepared as 

part of a laboratory information management 

system (LIMS) validation. Now the auditor 

informs the auditee about this finding.

The auditee shows surprise and retorts 

that this site/company/laboratory has a long 

history of successful inspections by regula-

tory authorities from three continents and 

that they never had an observation like 

this. In fact, during the last inspection by 

an agency, the LIMS validation package had 

been reviewed and found perfectly acceptable. 

Therefore, the auditee refutes the validity of 

the auditor’s observation.

So, how do we resolve this? Shouting match? 

Exchange of heated arguments? Certainly not! 

After all, we are professionals. And as such, we 

need to understand both sides. 

QUESTIONING THE 
VALIDITY OF AN AUDIT
No matter what conclusions the auditor 

comes to, the auditee should review the valid-

ity of the results. Obviously, the auditees will 

accept a positive inspection outcome with no 

or few or only minor observations as confir-

mation of the validity and acceptability of 

their quality systems, modes of operation, 

facilities and equipment, and organizational 

structures. However, any such result should 

be carefully analyzed, and the following ques-

tions (not all-inclusive) should be asked by 

the auditee:

• Was the inspector an expert in the field? 

Of note, very few people are an expert in 

everything.

• Did the inspector look at the documenta-

tion and the system in detail? Or was the 

focus of the inspection on other aspects or 

areas?

• Are we aware of any issues regarding the 

validation of that system (i.e., something 

we know about, but the inspector may 

have missed)?

If the answers to the first two questions 

are a yes and no to the third, then we can be 

quite confident that indeed the system docu-

mentation is fully supportive of our claim to 

validation.

THE AUDITOR SHOULD ALSO 
QUESTION THEIR OWN RESULTS 

Auditors should always challenge their deci-

sions and statements, as their audit findings 

can have as much impact on the audited com-

pany as a regulatory inspection. Questions an 

auditor should ask themself include, but are 

not limited to:

• Am I sufficiently proficient and expe-

rienced in the specific field to make an 

informed decision?

• Have I referenced the correct and the latest 

regulations, guidance documents, industry 

best practices, or other sources of pertinent 

information?

• Have I been able to collect a sufficient and/

or representative sample of evidence to 

support my statements?

• Did I take the auditee’s challenge seriously, 

and have I managed to refute it based on 

science, regulatory evidence, and/or other 

unbiased basis?  

We should bear in mind that inspectors 

and auditors alike are humans. As such, audi-

tors make mistakes, have preferences, and to 

The Auditor Vs.Inspector Issue
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