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Product & Service Innovations Advertorial

Bio-Rad Laboratories
Company Description
Since Bio-Rad Laboratories was founded over six decades 

ago, we have continued to provide the healthcare industry 

with innovative and useful products that help life science 

researchers accelerate the discovery process and medical 

diagnostic labs obtain faster, better results. Throughout 

our existence, we have built long-lasting customer rela-

tionships that help advance our research and development 

efforts in the introduction of new products and solutions. 

Bio-Rad Laboratories Life Sciences Group’s protein 

purification business provides scientific researchers 

with the chromatography tools they need to isolate 

and purify proteins from the laboratory scale through 

clinical trials and into bioprocess manufacturing. Our 

comprehensive chromatography portfolio spans across 

drug discovery and development to fulfill the needs of 

your protein purification workflow.

Market Served 
The Bio-Rad Laboratories Life Sciences Group focuses 

on meeting the needs of global academic, government, 

biopharma, and contract research, development, and 

manufacturing organizations.

Product Innovations
The NGC™ Fraction Collector paired with the NGC™ 

Chromatography System has the capability to produce 

purified biomolecules for discovery and small-scale 

batch production on one hardware and software plat-

form.  The new NGC Fraction Collector: 

• Increases purification efficiency by enabling faster 

downstream analysis with easy access to fractions 

during a run and supports scaling up from milligrams 

to grams on the same system

• Ensures maximum flexibility within a method or 

when queuing multiple methods by collecting into 

your desired combination of vessels such as 96-well 

plates, tubes, and bottles 

• Enables you to optimize fractionation by customizing 

collection triggers for each phase: slope, %B, pH, and 

detector signals.

For more information on the NGC Chromatography 

System, go to bio-rad.com/info/NGCSystems

Services
To order products place your order on the phone with 

our customer care team (1.800.424.6723) or on our web-

site (www.bio-rad.com). 

The Bio-Rad Laboratories Life Sciences Group’s 

technical support offerings include technical telephone 

(1.800.424.6723) and on-line support (www.bio-rad.

com).  

We also have Field Service Engineers and a Global 

Support team that help to install and service systems 

and platforms.

Bio-Rad Laboratories

1000 Alfred Nobel Drive, Hercules, CA 94547

Tel. 510.741.1000

Toll free: 1.800.424.6723

www.bio-rad.com/process

Email: process@bio-rad.com

http://www.bio-rad.com
http://www.bio-rad.com/process
mailto:process@bio-rad.com
http://www.bio-rad.com
http://www.bio-rad.com
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From the Editor

Be Quick, But Don’t Hurry

L
egendary basketball coach John Wooden advised his players to “be quick, but 

don’t hurry” to improve their performance on the court. This is sound advice 

for the bio/pharma industry, also.

In this issue, BioPharm International marks 30 years of publishing independent, 

technical, scientific, and business information about the biopharmaceutical 

industry with a look at trends, technologies, and therapies from the past, present, 

and future. Through the years, the editors monitored advances in biologic-based 

drug development as the industry progressed from the promise of protein-based 

therapies to vaccines, fusion proteins, cell and gene therapies, personalized medi-

cines, and other emerging therapies.

The editors also explored the business side of biopharmaceutical development, 

from the ups and downs of investment cycles, to intellectual property challenges 

of patent protection, and new legal areas that arise as science pushes technologies 

into unexplored areas. The publication also watched the regulatory challenges of 

developing a process, gaining approval for novel therapies, and maintaining good 

manufacturing practices throughout the drug’s lifecycle. 

The editors carefully balanced optimism—or, in some cases, hype—about 

promising therapies and the reality of the challenges that drug developers face. 

Every day, we receive press releases extolling the potential of a drug in develop-

ment. These pitches are part of a process to gain attention for the company or 

therapy, secure investments, or build partnerships. Sometimes, however, these 

messages build false hope for patients waiting for needed therapies.

For a patient afflicted with a debilitating or terminal disease, a lengthy drug 

development and approval process can be frustrating—or a death sentence. They 

seek hope from any possible treatment. The ability of drug companies to serve 

these patients is tempered by their scientific knowledge, legal and regulatory 

restrictions, and limited financial support for ongoing research and development. 

It is a tricky balance that the industry needs to communicate honestly to patients. 

Science, education, and ethics
At its 2018 annual meeting in Boston on June 5–7, 2018, the Biotechnology 

Innovation Organization (BIO) also celebrated an anniversary, marking 25 years 

of promoting the evolution of the biotech and biopharmaceutical industries. At 

the event, speakers recalled milestones in the industry’s development, including 

ethical questions raised by the public and politicians from scientific efforts such 

as animal cloning or stem cell research and biotech-fiction fears driven by the 

movie Jurassic Park.  

The past 30 years has seen the biopharma industry witness the emergence of 

protein-based therapeutics. The next chapter in the biopharma story—cell and 

gene therapies—brings a new theme, that of providing a cure for disease and con-

ditions. The “cure” word was used multiple times in discussions at the BIO event, 

presenting a new set of challenges for the industry in the years ahead.

In addition to being quick, biopharma companies and the regulatory industry 

also need to be smart, be honest, and keep patients at the forefront of all of their 

activities, not just their press releases. 

Thank you for the first 30 years
On behalf of the editors, publisher, and sales team of BioPharm International, I 

would like to thank the biopharma experts who contributed their objective 

insight and knowledge to the publication over the years, the editorial advisory 

board members for their guidance, and the advertisers and sponsors who pro-

vided the financial support through BioPharm International’s first 30 years. We 

look forward to writing the next chapter. X

After 30 years 

of biologic-drug 

advances, 

the industry and 

patients still have 

a lot to learn.

Rita Peters is editorial director of 
BioPharm International.

http://www.biopharminternational.com
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Biopharma Seeks Balance

A
biopharma company answers to multiple masters: the 

patient who depends on effective drug products for 

health or survival; regulatory authorities that moni-

tor quality; and investors that demand financial performance. 

Maintaining a balance of multiple, sometimes conflicting pri-

orities is no easy task for companies at any development stage. 

During the past 30 years that BioPharm International covered 

the biopharma market, the industry continually evolved thanks 

to advances in biology, genomics, and other sciences. The strate-

gic shift by small companies to focus on rare or orphan diseases 

that afflict smaller populations altered research and manufactur-

ing processes and also changed business models. Big Pharma 

spinoffs, startups, virtual companies, industry-academia partner-

ships, and a growing contract services market contribute to the 

changing landscape of the pharmaceutical industry.

Globalization, the rise of China as a player in the pharma-

ceutical market, ongoing payor pressure, regulatory reform and 

initiatives, the biosimilar threat to innovator companies, and a 

fluctuating investment environment can upset the balancing 

act biopharma companies must perform.

While the business, economic, political, and regulatory per-

ils may be difficult to predict, science and technology can give 

biopharma more control and predictability over drug devel-

opment and manufacturing. There is much work to be done, 

however, experts say.

MORE SCIENCE AND TECHNOLOGY

Drug companies must give more attention to understand-

ing the science behind their potential therapy. To increase 

the potential for approval, companies need to provide bet-

ter “packages” that describe how the drug works, said Scott 

Gottlieb, FDA commissioner, at the 2018 BIO convention in 

Boston on June 7, 2018. Applications that lack understanding 

of how the drug works can slow the review process. 

Looking inward, FDA recently outlined plans to modern-

ize drug review efforts at the agency to give scientists and 

physicians more time to focus on drug development and col-

laborations needed to ensure drugs are assessed properly. The 

initiatives include developing career paths for talented scien-

tists; development of multidisciplinary teams from different 

offices of FDA’s Center for Drug Evaluation and Research 

(CDER) to work together on drug applications; central-

ized project management functions and processes within the 

Office of New Drugs; improved knowledge management; a 

Biopharma companies can balance competing demands from 
patients, investors, and regulators by keeping a focus on science.

RITA PETERS

Balancing Business and Science

http://www.biopharminternational.com
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unified post-market safety surveillance 

framework to monitor the benefits and 

risks of drugs before and after approval; 

and patient-focused drug development, 

wrote Janet Woodcock, director of 

CDER (1).

For established and emerging thera-

pies, drug companies must improve pro-

cess development and manufacturing 

functions to ensure drug quality, reduce 

the risk of manufacturing failure, and 

deliver drugs to market faster. “We 

should not be having so much trouble 

with manufacturing,” Woodcock said 

during an FDA Town Hall session at 

the 2018 BIO convention on June 5. 

FDA actively encourages bio/

pharma companies  to embrace 

advanced manufacturing processes 

and incorporate newer technolo-

gies for established systems; however, 

the industry’s conservative approach 

to change—due primarily to budget 

restrictions and fears of regulatory 

delays—can result in aging equip-

ment and facilities, quality failures, and 

drug shortages. Companies optimize a 

process to get approval and a drug on 

the market, said Woodcock, then stick 

with the same process for 30 years. 

CDER’s Office of Pharmaceutical 

Quality has established an Emerging 

Technology Program to “promote the 

adoption of innovative approaches to 

pharmaceutical product design and man-

ufacturing.” Biopharma and technology 

supplier representatives can meet with 

members of FDA’s Emerging Technology 

Team to discuss, identify, and resolve 

potential concerns about the use of a 

novel technology for drug manufacturing 

prior to filing a regulatory submission.

FDA reports that it has considered 

emerging technologies for biologi-

cal molecules including controlled ice 

nucleation for lyophilization  processes, 

predictive modeling for process moni-

toring and closed loop bioreactor control, 

next-generation sequencing, continu-

ous manufacturing for downstream pro-

cesses, and a manufacturing platform for 

continuous bioprocesses (2). 

NEW CHALLENGES 

TO MANUFACTURING

Manufacturing processes have tra-

ditionally been established through 

lengthy development steps from labora-

tory scale, to pilot scale, to commercial 

scale; however, the emergence of per-

sonalized medicines reveals shortcom-

ings of the traditional approach. The 

industry also is challenged by gaps in 

manufacturing scales from first-in-

patient for commercial operations. 

In the traditional model, process devel-

opment progressed slowly as large, slow 

clinical trials progressed. FDA’s expedited 

approval process moves drugs to market 

faster, requiring developers to shorten the 

path from lab scale to production scale.

Moving from one technology pro-

cess during scale up to another for 

manufacturing creates problems, noted 

Peter Marks, director of the Center for 

Biologics Evaluation and Research at 

FDA, to the audience at an FDA Town 

Hall session at BIO 2018. For emerging 

personalized therapies, the industry needs 

to bridge the gap from pilot to large-scale, 

patient-size manufacturing, he said. 

Cost can be a big limiting factor. 

Investors are discouraged by the cost 

threat, so innovation is not sustainable, 

said Woodcock. If companies make pre-

competitive advances on manufactur-

ing processes, Marks noted, they can 

concentrate more resources on making a 

better drug.

There has been some progress to 

advance manufacturing processes 

through pre-competitive efforts. For 

example, industry groups champi-

oned efforts to address technical issues 

related to materials specifications and 

extractables and leachables, helping to 

accelerate the adoption of single-use 

systems, which can reduce turnaround 

times and cross-contamination threats. 

NEW PARADIGM: 

GENE AND CELL THERAPIES

FDA’s approval of the first cell and gene 

therapies in 2017 created new dynam-

ics in the biopharma industry as well as 

BioPharm International marks 30 years of publishing with an in-depth look 

at the following key topics for the biopharmaceutical industry:

• Bioprocessing Trends: Changes in bioprocessing and manufacturing 

capacity sometimes defy predictions. 

• Quality: New quality regulations are needed to keep pace with 

bioscience developments.

• Intellectual Property: Companies must navigate complex trade secret 

and intellectual property questions.

• Upstream Processing: Cell culture processes evolve for optimum 

production yields. 

• Downstream Processing: Disruptive technologies remove bottlenecks, 

streamline development, and reduce costs.

• Manufacturing: Next-generation technologies can increase process 

understanding.

• Analytics: Analytical tools are finding a role in monitoring and 

controlling bioprocesses.

• Biosimilars and Biobetters: Biosimilars run into regulatory, manufacturing, 

and testing snags.

In this issue

http://www.biopharminternational.com
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new science, technology, business, and 

ethical questions. Now that personalized 

therapies have arrived, the biopharma 

industry must adopt new development 

processes, delivery methods, processing 

steps, and pricing schemes, and expand 

patient and physician education. 

Gene therapies offer the potential to 

cure disease but there are risks, Gottlieb 

warned the audience at BIO 2018. For 

gene therapies, he said, 80% of the regu-

latory focus will be on product develop-

ment issues and 20% on clinical issues. 

With development and manufactur-

ing playing such a crucial role, pro-

duction challenges and high costs are 

recognized as roadblocks to the adop-

tion of new therapies. Although costly, 

gene therapies can be manufactured 

on a small scale for limited patient 

populations with rare diseases. The 

high cost of making adenoviral vectors 

(AVV), however, will limit the use of 

such therapies to treat large popula-

tions of patients with common diseases. 

Developing sufficient quantities of a 

gene therapy for thousands of patients 

in a clinical trial would be cost-prohib-

itive, said Marks. Manufacturing pro-

cesses need to be more productive for 

biopharma to consider these therapies 

for treating conditions such as heart 

disease or arthritis. 

D ur ing  a  pane l  d i s cu s s ion , 

Delivering on the Promise of Gene 

Therapy, at BIO 2018, biopharma 

experts discussed strategies to improve 

the production of AVVs. Suggested 

methods included the use of a single 

platform to scale up production from 

R&D to pilot to commercial scale, and 

embedding a pilot laboratory with a 

contract manufacturer to get to GMP-

quality production quickly. The panel-

ists noted that analytics will be a key 

element in development and manufac-

turing phases and new potency assays 

are needed.

Regulatory authorities also need to 

get up to speed. The methods FDA 

uses to regulate gene and cell therapies 

will evolve, Marks said, and Gottlieb 

noted that FDA will produce guidance 

documents for gene therapy in 2018.

A FINE BALANCE

For patients needing unapproved 

treatments, any wait can seem too 

long; some are willing to take any 

risk. The Right to Try Act, enacted in 

May 2018, gives terminally ill patients 

access to therapies that have passed 

Phase I safety trials, but have not been 

approved by FDA. The legislation has 

been criticized as being duplicative of 

similar laws in individual states, poten-

tially causing unknown harm, con-

flicting with scientific goals of clinical 

trials, and undermining the regulatory 

authority of FDA.

At the same time, FDA is facing 

criticism that it is approving drugs too 

quickly. A June 26, 2018 article (3) in 

ProPublica argued that while FDA is 

approving more drugs and at a faster 

pace, the expedited approach involves 

more risk for patients because approv-

als are based on limited information 

about safety or effectiveness from 

shorter clinical trials, not survival rates 

or cures. 

With a business driven by scientific 

concepts that the general public may 

not understand, those working in the 

biopharma industry must strive to dis-

pel myths about the underlying biology, 

ensure patient and payer understand-

ing, share knowledge to develop cost-

effective processes, and earn the trust of 

investors, regulators, and the public. 
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Small companies make up more than 

90% of the biopharma industry, and 

funding is a top priority. The ups and 

downs of investment cycles play a 

major role in industry health and 

growth, and broad economic market 

forces, shifts in legislative and regula-

tory policy, and investor appetite for risk 

impact the amount and type of funding 

available for biopharma companies. In 

addition, the potential for a therapy’s 

success is an overriding factor for an 

individual company to secure funding.

According to a Biotechnology 

Innovation Organization report (1) over-

all investment trends for R&D-stage 

companies were up in 2017 compared 

with 2016, despite a drop in the num-

ber of acquisitions. Gilead Sciences’ 

$11.9-billion acquisition of Kite Pharma 

pushed the total value of acquisitions 

of R&D-stage biotech companies up 

slightly from 2016 to 2017; however, 

the number of acquisitions dropped 

dramatically to 21, the lowest in more 

than a decade. 

Licensing deals valued at more than 

$10 million rebounded 22% in 2017, 

compared with 2016.

Venture funding of R&D-stage bio-

tech companies had a record year, 

with $7.8 billion invested in US-based 

emerging therapeutic companies. 

The initial public offering (IPO) market 

rebounded 69% compared with 2016, 

and the follow-on public offerings mar-

ket for R&D-stage companies increased 

163% in 2017 compared with 2016.

Reference
 1.  D. Thomas and C. Wessel, Emerging 

Therapeutic Company Investment Deals 

and Trends, Report, Biotechnology 

Innovation Organization, May 17, 2018. 

Investment Roller Coaster Heads Up
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Fifteen Years of Progress: 
Biopharmaceutical Industry 

Survey Results

S
ince 2003, BioPlan Associates, Inc. has published 

an extensive annual survey of bioprocessing profes-

sionals. Since the first survey, which was started in 

collaboration with the American Society for Microbiology, 

critical bioprocessing issues have grown. The annual report 

has expanded to include 60 questions with nearly 500 pages 

of analysis and data (1,2). Manufacturing capacity issues 

have always been at the core of the annual survey, but as the 

industry has matured, the factors impacting capacity have 

become more complex.

This article highlights some of the significant changes 

in biopharmaceutical manufacturing (bioprocessing) that 

have occurred from 2003 to 2018. Most all of the changes 

in bioprocessing that have occurred over the past 15 years 

have generally been for the better. Examples of these 

changes can be found in Table I, which compares 2003 and 

2018 survey data. 

In retrospect, many of these trends were not always pre-

dictable, and some have gone counter to expectations at the 

time. Predictions of periodic capacity crunches, for example, 

have not materialized as the industry has matured. The 

industry has also become fairly effective at addressing pro-

duction costs by developing efficient, more flexible processes. 

Trends in adoption of diverse mammalian expression sys-

tems have also not materialized, as Chinese hamster ovary 

(CHO) cell lines have become the dominant expressions sys-

tems. In fact, nearly 80% of respondents now report their orga-

nization has mammalian manufacturing capacity, up from 54% 

This article highlights 15 years of 
changes in biopharmaceutical manufacturing.

RONALD A. RADER AND ERIC S. LANGER

Bioprocessing Trends

RONALD A. RADER is senior director of technical research 

at BioPlan Associates, Inc. ERIC S. LANGER is president and 

managing partner at BioPlan Associates, Inc., a biotechnology and 

life sciences marketing research and publishing firm, elanger@

bioplanassociates.com, www.bioplanassociates.com.
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in 2003. The percent reporting use of 

microbial has not increased much in 15 

years. As discussed in the  current annual 

report, companies prefer to concentrate 

on one or a few platforms to be applied 

to as many products as possible. Most 

have or are moving to adopt mammalian 

systems as their primary manufacturing 

platform. This move toward single-plat-

form manufacturing is continuing, even 

when alternatives have been shown to be 

more cost effective. 

Also unpredicted 15 years ago was 

the rate of adoption of single-use 

devices. While 15 years may seem a 

long adoption cycle, in the biopro-

cessing industry, where regulators are 

involved in most decisions, change 

comes slowly. At present, pre-commer-

cial bioprocessing is now dominated 

(approximately 85%) by single-use 

 systems. And much of the current 

growth in capacity involves single-use 

adoption at commercial scales. 

Outsourcing or the 

use of CMOs or 

CROs has signifi-

cantly increased.

Geographically, 15 years ago, the 

industry did not predict the rise in 

bioprocessing in developing regions 

such as China and Latin America. In 

a BioPlan survey of 100 participants 

at the BIO conference 10 years ago, 

China was noted nearly universally as 

an unacceptable potential partner in 

biopharmaceuticals due to the lack of 

intellectual property protection and 

the virtual absence of quality manage-

ment systems. Today, many Chinese 

companies are expanding through 

biosimilars, contract manufactur-

Parameter 2003 Findings 2018 Findings Significant change?

Capacity utilization rate, all 
biopharma 

79%
≤60% (63% for mammalian; 

53% for microbial)
Yes, for better

% seeing “severe” or “significant “ 
constraints on facility capacity now

33% 20% Yes, for better

% expecting “severe” or “significant 
“ constraints on facility capacity in 
5 years

44% 19% Yes, for better

% with mammalian and microbial 
manufacturing, respectively

54%, 41% 79%, 48%
Yes; more mammalian use 

now

Facility utilization rate, average 
mammalian manuf.

79% 63% Yes, for better

No capacity constraints at my facility 10% (2004 data) 28%
Yes, for better; 280% 

increase

Top 2 factors creating capacity 
constraints at facility

Staffing: “Lack of trained and 
experienced production staff” 

and “Lack of availability of 
trained experienced scientific 

staff”

“Facility constraints;” 
“Inability to hire experienced 

technical and production 
staff”

Yes; Facility constrains 
replaced staffing as primary 

cause of constraints

Top 2 key areas to address to avoid 
future capacity constraints

Optimizing cell culture 
systems; Improving 

downstream purification 
technologies

“Develop 
better Continuous 

Bioprocessing-
DOWNSTREAM 

Technologies”; “Develop 
better downstream 

purification technologies”

Yes; Downstream processing 
now the dominant problem 

area

Average planning facility capacity 
expansion in 5 years

79%
<30% [32% mammalian; 24% 

microbial]
Yes; Capacity being added 

orderly vs. rushed 

Average titer, commercial scales, 
mammalian

1.1 g/L 3.2 g/L
Yes, for better; 291% 

increase

% Outsourcing any manufacturing 
tasks

35% 70% 200% increase

% Outsourcing any manufacturing 
tasks, 5 years

44% 72% [for mammalian] 164% increase

Recombinant proteins/mAbs, FDA-
approved

~100 ~400
Yes, for better; ~400% 

increase

Table I. Comparisons of 2003 vs. 2018 annual survey data.

Contin. on page 14
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ing organization (CMO) partnering, 

and other means to reach Western 

markets. For example, China’s WuXi 

Biologics, a contract development and 

manufacturing organization (CDMO) 

with global reach, is investing $60 

million to build a manufacturing 

operation in Worcester, MA, in addi-

tion to its plans to build a $392-mil-

lion biologics facility in Dundalk, 

Ireland (3,4).

The move toward 

single-platform 

manufacturing is 

continuing, even 

when alternatives 

have been shown 

to be more cost 

effective.

BioPlan has also reported data 

and trends for bioprocessing titers 

and yields over the past 30 or more 

years (5). Average commercial-scale 

titers have increased from estimated 

1.1 g/L in 2003 to current 3.2 g/L, a 

nearly 300% increase. Also, during 

this period, the number of FDA-

approved recombinant therapeutics 

has increased by approximately 400% 

(6,7). In 2017, FDA set a record for 

the number (31 approvals) and per-

cent (93%) of approved biopharma-

ceuticals being recombinant-based 

compared with 18 approvals in 2003 

and 69% for recombinant products 

(with 2003 a relative outlier in the 

early 2000s, with higher number of 

approvals). 

Industry outsourcing views and 

practices have changed significantly in 

the past 15 years (8). Outsourcing or 

the use of CMOs or contract research 

organizations (CROs) has significantly 

increased. The percent of respondents 

citing any current outsourcing of 

manufacturing task has doubled, from 

35% in 2003 to 70% in 2018. Similarly, 

the percent reporting outsourcing 

mammalian manufacturing tasks has 

increased 164%, from 44% in 2003 to 

72% in 2018.

CAPACITY ISSUES: 

CHANGES IN 15 YEARS 

Back in the early 2000s, a signifi-

cant shortage in capacity, a “capacity 

crunch,” was a major concern. With 

commercial manufacturing capacity 

then being tight, and in high demand, 

facilities were generally operating at 

much higher levels of capacity uti-

lization rates than currently—79% 

overall in 2003 compared with 2018 

rates of less than or equal to 60% 

overall and 63% for mammalian 

manufacturing. As discussed in the 

current report, having a lower—but 

still greater than 50%—capacity uti-

lization rate is much healthier for the 

biopharmaceutical industry versus 

operating at high rates (e.g., the 79% 

reported in 2003). Process lines and 

facilities tend to become bottlenecked, 

and bioprocessing limited, when utili-

zation rates approach and exceed 80%. 

The percent of respondents currently 

reporting severe or significant capac-

ity constraints at their facility has 

fallen dramatically in 15 years, from 

44% in 2005 to 20% in 2018. In 2018, 

lower percentages of severe con-

straints were projected as expected in 

five years, with this now falling from 

44% in 2003 to 19.6% in 2018. This 

“future projection” is also an indication 

of the level of comfort many in the 

industry now have for managing their 

facilities, projecting operational needs, 

and dealing with intermittent capac-

ity problems.

Bioprocessing lines/facilities need 

some downtime, including for swi-

tchovers, maintenance, new equipment 

installation and validation, staff train-

ing, and cleaning and sterilization of 

stainless steel facilities. Current sur-

vey data continue to show that down-

stream operations still are struggling 

to keep up with improvements in 

upstream output, so downtime with 

upstream versus downstream equip-

ment is normal. 

Predictions of 

periodic capac-

ity crunches have 

not materialized 

as the industry has 

matured.

FIXING CAPACITY 

PROBLEMS THEN VS. NOW

The “capacity crunch” perceived in 

the early to mid 2000s was largely 

resolved by industry responding with 

construction of many new facilities, 

including many for commercial manu-

facturing, combined with incremental 

technology improvements. These have 

included the rather steady increase in 

titers (5). In 2003, 79% of respondents 

reported planning for facility expan-

sion in five years. In contrast, less than 

30% overall (32% mammalian, 24% 

microbial) now report planning facil-

ity expansions in five years. The per-

centage of respondents reporting no 

current capacity constraints at all has 

increased significantly from 10% in 

2003 to 28% in 2018. 

The factors cited as the primary 

causes of facility capacity constraints 

have changed somewhat over the past 

15 years. Lack of experienced produc-

tion and scientific staff were the top 

Bioprocessing Trends
Contin. from page 11
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issues in 2003. In 2018, “facility constraints” has become 

the primary bottleneck factor, suggesting another round of 

industry capacity expansions may be coming, while inability 

to hire staff moved to second place. 

Survey respondents now report that downstream, com-

pared with upstream, operations are where most bot-

tlenecks in their bioprocesses are continuing to occur. 

The advances in upstream titers are reflected in survey 

responses regarding the top areas industry needs to address 

to avoid future capacity constraints, with developing bet-

ter continuous and better overall downstream purification 

technologies now the top two most-cited responses. In 

contrast, upstream concerns, “optimizing cell-culture sys-

tems,” was number one in 2003.

Exciting technologies have come and gone over the 

past 15 years. For example, back in 2003, transgenic ani-

mals for in-vivo manufacture of recombinant proteins was 

considered a “hot” topic, with fully 73% of respondents 

then citing this as likely to become a viable manufactur-

ing alternative in the future. Transgenic animals are now 

a relatively ignored area of bioprocessing. Today, cellular 

and gene therapies, many of these involving both tech-

nologies (genetically-modified cells), are shaping-up as 

the next big biopharmaceutical manufacturing trend and 

also problem area in terms of capacity issues. BioPlan 

has reported an ongoing ‘capacity crunch’ in cellular/gene 

therapy areas (9). This includes a significant shortfall in 

capacity (e.g., five times the current capacity could be 

used if available).
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Authors’ Note : Sur vey Methodolog y : The 2018 

Fifteenth Annual Report and Survey of Biopharmaceutical 

Manufacturing Capacity and Production yields a composite 

view and trend analysis from 222 responsible individuals at 

biopharmaceutical manufacturers and  contract manufacturing 

organizations (CMOs) in 22 countries. The methodology also 

included over 130 direct suppliers of  materials, services, and 

equipment to this industry. 

This year’s study covers such issues as: new product needs, 

facility budget changes, current  capacity, future capacity con-

straints, expansions, use of disposables, trends and budgets in 

disposables, trends in downstream purification, quality manage-

ment and control, hiring issues, and employment. 

The quantitative trend analysis provides details and compari-

sons of  production by biotherapeutic developers and CMOs. It 

also evaluates trends over time and assesses differences in the 

major markets in the United States and Europe.
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A Look into the Future of 
Biopharmaceutical Quality

T
he biopharmaceutical industry has experienced significant 

growth in recent years. These complex therapies have 

evolved, and with this evolution comes new challenges 

in ensuring the quality of these products and the safety of the 

patients that use them. Quality regulations, and industry, may 

have to continually adapt to address these challenges.

To gain perspective on what the future holds for biopharma-

ceuticals and how the industry and regulators will address quality 

going forward, BioPharm International spoke with Anthony 

Newcombe, principal consultant, Strategic Compliance, with 

PAREXEL and Susan Schniepp, executive vice-president of 

Post-Approval Pharma and distinguished fellow at Regulatory 

Compliance Associates (RCA).

SCIENTIFIC ADVANCEMENTS VS. REGULATIONS

BioPharm: With the fast development of the biopharmaceuti-

cal industry over the past 30 years, how have quality regulations 

adapted to address the complex nature of biologics?

Newcombe (PAREXEL): Over the past 50 years, the industry 

has grown, especially due to advances in areas such as recombi-

nant DNA and hybridoma technology, and more recently gene 

and cell therapies. As these advancements have occurred, new 

quality regulations have been developed to address the complex 

nature of biologics with specific quality requirements associated 

with viral safety, expression constructs, product characterization, 

and comparability. 

BioPharm: Are there regulatory guidelines in development for 

ensuring the quality of biologics in the future?

Newcombe (PAREXEL): There is no indication that the cur-

rent, published quality guidelines would not ensure the quality 

of biologics in the future, but it’s likely that regulatory guid-

ance documents will continue to be revised and updated over 

time to adopt industry best practices and new technologies, for 

example the draft International Council for Harmonization 

(ICH) Q12 and the revised EudraLex Annex 1.

BioPharm: Do you foresee science outpacing quality regu-

lations?

Schniepp (RCA): I think science has already outpaced quality 

regulations. An example is the applicability of pharmacopeial 

methods for product testing. Many monographs utilize tradi-

tional high-performance liquid chromatography (HPLC) for 

testing. Companies have migrated to ultra-high-pressure liquid 

Quality experts share insights on what the future may hold regarding 
regulatory quality requirements for biopharmaceuticals.

SUSAN HAIGNEY

Quality
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chromatography (UHPLC) and other 

sophisticated methodology, thereby ren-

dering compendial monographs obso-

lete. By the time updates are made to 

the pharmacopeias to capture the cur-

rent technological advancements, more 

sophisticated equipment and method-

ologies are being introduced. 

The industry seems to be moving 

toward a continuous monitoring where 

results regarding the quality of the 

product can be achieved in real-time. 

The current processes used to update 

procedures, systems, and filings may 

not be able to keep pace with the rapid 

introduction of technological advances. 

I don’t think this is new. Science has 

always outpaced quality regulations. 

When dissolution testing was intro-

duced, it took a while for that technol-

ogy to be widely accepted. I think this 

phenomenon is more of an issue today 

than in the past because science inno-

vations are occurring at a much more 

rapid pace and affecting all aspects of 

the drug product lifecycle than 20 years 

ago. This rapid advancement of tech-

nology makes it harder for the quality 

regulation to catch up. 

Newcombe (PAREXEL): Quality regu-

lations ensure that biopharmaceuticals 

are safe and effective, and in my opinion, 

are generally not driven by the pace of 

scientific advances. However, new qual-

ity regulations are likely to be required 

to keep up with the development of new 

advanced therapies, including gene and 

cell therapy and tissue engineering. Some 

of these are autologous products using 

a patient’s own blood components and 

personalized medicines can present addi-

tional manufacturing, compliance, and 

regulatory challenges. 

QUALITY CONTROL 

UNIT ADVANCEMENTS

BioPharm: How do you see the role of 

the quality control (QC) unit changing in 

the coming years?

Newcombe (PAREXEL): I would not 

anticipate any significant changes to 

the role of the QC unit in the coming 

years. QC laboratories currently under-

taking release testing for approved 

biologics using validated methods are 

unlikely to change their existing role 

significantly. There may also be a gen-

eral reluctance to implement new ana-

lytical technologies used for testing 

of approved products due to poten-

tial regulatory impact with a contin-

ued reliance on established analytical 

methods.

“The quality 

professional of the 

future may need to 

have a solid basis in 

science to be able to 

meet the demands of 

manufacturing.” 

—Susan Schniepp, RCA

Schniepp (RCA): I think the quality 

unit will evolve to be a more hands-on 

review of the product attributes. The 

quality unit will need to be equal partners 

with manufacturing to be able to release 

product quickly and solve deviations and 

investigations in a timelier manner than 

we are experiencing today. Complete 

investigations will still need to be per-

formed. They will just need to be done 

quicker depending on the nature of the 

product. 

Traditionally, the quality unit has 

reviewed the results of the manufac-

turing process after the work has been 

completed and the batch has been pack-

aged. To keep pace with the new types of 

products being developed by biopharma, 

the quality unit may need to be releas-

ing product, performing investigations, 

and initiating changes in real time. This 

requires agile and flexible processes 

and systems that can keep pace with 

advancements. 

The quality professional of the 

future may need to have a solid basis in 

science to be able to meet the demands 

of manufacturing. They will need to 

be able to quickly ascertain how a 

proposed change or deviation could 

affect the functionality and quality of a 

product, which will require an intimate 

understanding of the manufacturing 

and science associated with the prod-

uct. To keep pace with the future, qual-

ity must be imbedded in the process 

and not just as the final approver for 

product release. 

“New quality 

regulations are 

likely to be required 

to keep up with 

the development 

of new advanced 

therapies.”

— Anthony Newcombe, 

PAREXEL

BioPharm: What quality control chal-

lenges do you see developing for biophar-

maceutical manufacturing?

Schniepp (RCA): Quality control to 

me is the testing that is associated with 

determining if the product meets criti-

cal parameters throughout the manu-

facturing process and at release. The 

question is: Do we have the correct 

equipment, tests, and sensitivity to 

accurately assess the quality of products 

being developed today, and how will 

we deal with these intricacies as we 

advance more and more toward person-

alized medicines? This concept should 

extend beyond the product testing 

and be assessed for the environmental 

support testing as well. Determining 

the proper tests and environmental con-

http://www.biopharminternational.com
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trols as the industry moves forward will 

require new and novel thinking. 

Newcombe (PAREXEL): Recent data 

integrity requirements and guidelines 

have had an impact on data manage-

ment within QC laboratories. This may 

present challenges for some organi-

zations associated with the collection, 

processing, reviewing, and reporting 

of data and ensuring the accuracy and 

consistency of analytical results. The 

access and management of data stored 

on electronic systems within the QC 

laboratory is also likely to present 

continued challenges. ◆

API sourcing and generic-drug competition are popular 

topics for industry and regulators, both in regard to ensuring 

patient safety and patient access to medications. Drug 

developers and manufacturers are increasingly sourcing 

materials from international suppliers; securing the safety of 

the supply chain for these materials is of utmost importance 

to regulators. 

Making sure patients have access to af fordable 

medications is also a concern for regulators. FDA has made 

an effort to promote the development of generic, more 

affordable versions of branded drugs (1). 

The complex nature of biologics, however, adds additional 

concerns in both the quality of ingredients and the 

development of biosimilars. BioPharm International asked an 

FDA spokesperson how the agency plans on handling these 

issues in the future. 

BioPharm: How are regulators addressing the additional 

quality control concerns that come with the complex nature 

of biologics, particularly the sourcing of biologic APIs and 

other materials manufactured internationally?

FDA: Current good manufacturing practice (CGMP) 

regulations are flexible and allow appropriate consideration of 

complex products. In addition to the flexibility in regulations, 

FDA has issued guidance to provide transparency and clarity 

with respect to complex issues concerning biologics.

FDA has accumulated decades of experience with 

complex biologics. With that said, there is always the 

potential to learn about new aspects of biologics quality. 

The agency anticipates scientific advancement will occur, 

and FDA will address any concern in the best way possible. 

This may include developing additional regulatory guidance 

as the need arises. 

The agency anticipates that methods of greater 

resolution and sensitivity will be developed. This may raise 

questions regarding how to assess the clinical relevance 

of the information gained using high resolution and high 

sensitivity methods.

In terms of quality control, the duties of the quality 

control unit do not change based on the product. And, in 

the near future, we do not see challenges related to quality 

controls, so much as challenges related to the entry of new 

manufacturers into the biologics space, as well as their need 

to understand and address manufacturing issues.

With respect to the regulators’ perspective on 

internationally sourced API and manufacturing, all 

components are subject to the same level of oversight in 

qualifying suppliers and interrogating incoming materials. 

Regulators continue to emphasize quality agreements 

regardless of the location of the supplier.

Biosimilars Development

BioPharm: Will the increased development of biosimilars 

come with more complex regulatory concerns?

FDA: FDA will continue to build on its experience 

implementing the Biologics Price Competition and 

Innovation (BPCI) Act to identify areas where the 

agency can provide additional regulatory clarity to 

facilitate the increased availability of biosimilar and 

interchangeable products. To date, FDA has issued several 

guidance documents that provide recommendations 

to stakeholders about scientific and regulatory issues 

related to the development and approval of biosimilar and 

interchangeable products, such as the draft guidance 

Considerations in Demonstrating Interchangeability With 

a Reference Product Guidance for Industry and final 

guidances: Scientific Considerations in Demonstrating 

Biosimilarity to a Reference Product, Quality Considerations 

in Demonstrating Biosimilarity of a Therapeutic Protein 

Product to a Reference Product, and Clinical Pharmacology 

Data to Support a Demonstration of Biosimilarity to a 

Reference Product. In addition, FDA engages with sponsors 

during the early stages of product development, through 

FDA’s Biosimilar Product Development Program, to provide 

specific advice on the development of biosimilar and 

interchangeable products. 

Reference
 1.  FDA, Statement from FDA Commissioner Scott Gottlieb, MD, 

on New Policies to Reduce the Ability of Brand Drug Makers 

to Use REMS Programs as a Way to Block Timely Generic 

Drug Entry, helping promote competition and access, May 31, 

2018, www.fda.gov/NewsEvents/Newsroom/

PressAnnouncements/ucm609365.htm

Regulating Biologics
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WuXi Biologics
Company Description
WuXi Biologics, a Hong Kong-listed company (2269. HK), 

is a leading global biologics development platform 

company. The company offers multinational  pharmaceutical 

and biotechnological companies end-to-end solutions 

empowering anyone and any company to discover, develop, 

and manufacture biologics from concept to commercial 

manufacturing. Our services are designed to help our 

worldwide clients shorten the discovery and development 

time and lower the cost of biologics. Our current  capacity 

allows us to conduct 60 DNA to IND-enabling CMC 

programs and 3 BLA-enabling programs per year and by 

2021 our bioreactor capacity will grow to 220,000 L (all 

 single-use/disposable) across four countries  utilizing our 

industry leading “scale-out” manufacturing approach.

Facilities
Currently, we operate three main sites: Shanghai 

 facilities provide discovery, process  development, and 

preclinical studies as well as pilot and  clinical-scale 

drug substance (DS) GMP  production; Wuxi city 

facilities provide additional CMC  development 

services and clinical and commercial GMP production 

of both DS and drug product (DP) and is the home 

to the world’s largest mammalian cell culture GMP 

facility using disposable bioreactors; Suzhou facil-

ity supports biosafety testing such as viral clearance 

validation and cell line characterization studies. All the 

facilities are located within 1–2 hours’ drive from each 

other and provide a simplified and streamlined supply 

chain for our clients worldwide.

By 2021 we will add another 180,000 L of  single-use/

disposable bioreactor capacity and expand our 

 footprint beyond China.  Four new sites will be located 

in Worcester, MA, Dundalk, Ireland,  Shijiazhuang, 

China, and Singapore.  

Services/Innovations
WuXi Biologics offers open technology platforms

and a unique single-source discovery, development, 

manufacturing, and testing service for protein-based 

therapeutics.

Our comprehensive offerings include:

• Antibody, bispecific Ab and antibody drug 

conjugate (ADC) discovery

• Research material generation

• Cell line development

• GMP cell bank manufacture/characterization

• Assay development, qualification, and validation

• Conjugation development

• Cell culture process development

• Purification process development

• Formulation development

• Protein characterization

• Drug substance GMP manufacture

• Drug product formulation and fill

• Biosafety testing (e.g., viral clearance validation)

• GMP lot release testing

• Stability studies

• Worldwide regulatory submission support.

In addition, by implementing next-generation  facility 

designs for multi-product facilities, a “ scale-out” 

 single-use bioreactor production scheme and  continuous 

bioprocessing technologies, WuXi  Biologics has  become 

a leading global biologics  supplier for our partners 

and clients because of our “truly ONE” concept to 

 commercialization drug  development platform and 

 excellence in project  execution 

WuXi Biologics

108 Meiliang Road. W,

MaShan Binhu District,

Wuxi 214092, China

info@wuxibiologics.com 

www.wuxibiologics.com

mailto:info@wuxibiologics.com
http://www.wuxibiologics.com
http://www.wuxibiologics.com
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Protecting Biopharm’s 
Intellectual Capital 

I
n 30 years, the biopharmaceutical industry has moved light 

years away from its beginnings in the 1980s, when products 

such as the first alpha interferons represented the state of the 

art. Today’s biopharmaceutical products include monoclonal 

antibodies (mAbs), immunotherapies such as chimeric antigen 

receptor T-cell (CAR-T) therapies, and a range of products 

whose mechanisms of action might have been seen as science 

fiction when this magazine was first introduced. 

One of the enablers of change was the US Supreme Court’s 

decision in Diamond v. Chakrabarty in 1980 (1). Focusing on 

genetically modified organisms used in the petrochemical indus-

try, the Supreme Court’s ruling allowed genetically altered cells 

and their products to be patented. The decision ushered in a 

flood of new biotechnology patents and products, permitting 

development of the first biopharma blockbuster drugs. 

Since then, biotechnology has moved far beyond its roots 

in genetically-modified organisms, with new therapies based 

on genomics and personalized medicine. Scientific advances 

challenge manufacturers to develop strategies to protect 

innovation that took them years and millions of dollars to 

develop, and the judicial and legislative system to ensure 

that the best treatments are available to patients. 

Adding to the pressure are the demands of value-based 

medicine and the need to reduce drug costs, which are 

driving biosimilars development.  At the same time, the 

trend to increased outsourcing and collaborative R&D can 

complicate licensing, intensifying questions of intellectual 

property (IP) ownership and the need to protect trade 

secrets. This article touches on some recent developments 

and trends and considers their potential impact. 

Currently, therapeutic antibodies account for much of 

the biosimilar IP litigation, says Andrew Williams, a PhD 

in molecular biophysics and biochemistry and partner 

with the Chicago-based law firm, McDonnell Boehnen 

Hulbert & Berghoff (MBHB). In 2017, he explains, the 

Federal Circuit created some uncertainty over what would 

Safeguarding the know-how behind biopharmaceutical 
innovation is crucial to the industry’s future, but, in the US, 

some argue it is becoming increasingly difficult to do.

AGNES SHANLEY

Intellectual Property
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be needed in order for therapeutic 

antibodies to satisfy the 112 require-

ments for description specified by 

the US Patent and Trademark Office 

(USPTO) established under 35 USC 

112(a) or 112 (2).  

The trend to 

increased 

outsourcing and 

collaborative R&D 

can complicate 

licensing, intensifying 

questions of 

intellectual property 

ownership.

Some people in the industry thought 

that the well-characterized antigen test 

would be sufficient, he says, but others 

realized that they would probably need 

more evidence. In the 2017 Amgen v 

Sanofi case, Williams says, the Federal 

Circuit made clear that antibodies, like 

any other invention, will need to satisfy 

description tests, and that simply defin-

ing the antigen that it binds to might not 

be adequate.

“The case opened up more questions 

than it answered,” he says. “Any innova-

tor company will need to focus on what 

is required to define its invention and to 

show that has possession of it,” he adds.”

“If you create a new biologic, you 

want to protect it and other biolog-

ics like it, so you want to try to claim 

broadly. But you still need to estab-

lish that what you’ve invented demon-

strates that you’ve actually invented 

the entire genus that you’re trying to 

claim,” says Williams. Striking the best 

balance between these two require-

ments will continue to be important 

over the next few years, he says.

SUDDEN PATENT DEATH

One of the most significant chal-

lenges to biopharma patent protection 

was the introduction of Inter-Partes 

Review (IPR) in 2012. With IPRs, the 

US Patent Office set up an independ-

ent Patent Trial and Appeal Board 

(PTAB), which can rule on a patent’s 

validity in a faster-track process that 

takes about a year. 

Although biopharma and pharma 

cases topped the IP litigation charts in 

2017, litigation has been down overall 

due to increased use of the PTAB and 

IPR proceedings, says Williams. “It’s 

not cheap, but a lot of alleged infring-

ers, or even companies seeking to do 

‘freedom to operate’ clearance work, 

will use IPRs to avoid the high cost of 

litigation,” he says.

The practice has invalidated so many 

patents since it began in 2012 that for-

mer Federal Circuit Appeals Court 

judge Randall Rader once called it the 

IP “death squad.” The challenge to bio-

pharma is so extreme that Allergan was 

motivated to exploit the legal concept 

of sovereign immunity by assigning 

some of its biopharma IP to the Native 

American St. Regis Mohawk Tribe, 

paying it $15 million per year in royal-

ties to benefit from the tribe’s purported 

immunity from IPR proceedings (3).

For many biopharmaceutical compa-

nies, a convergence of Supreme Court 

and lower court rulings and changes in 

the law as implemented by the USPTO 

have created the perception that “things 

have gone off the rails,” says MBHB 

partner Kevin Noonan, who has a PhD 

in molecular biology and is co-chair of 

the Firm’s biotechnology and pharma 

practice. “If you sue a company for pat-

ent infringement, the first thing the 

defendant does is file a motion with 

the court to dismiss the challenge, cit-

ing patent ineligibility of your claims,” 

he explains. Under current interpreta-

tions of the law, however, Federal courts 

are not required to construe the claims 

(i.e., figure out their legal meaning and 

significance) before a judge can make 

the ineligibility decision, says Noonan. 

“This approach becomes like a ‘get- 

out-of-jail-free card’ for the accused 

infringer, because it doesn’t cost them 

much to overcome legal liability for 

infringement (e.g., at a very early stage 

of litigation),” he explains.  

Recent Federal Circuit court rulings 

on the relevance of fact-based compo-

nents that can be part of the ineligibil-

ity allegations may help, he notes. They 

would offer patentees a chance to do 

some discovery, flesh out arguments, 

and have the court perform its claim 

construction analysis, he says.

“Perhaps, the pendulum may slowly 

start to come back a little bit, so that 

we have a better likelihood of get-

ting patent protection on diagnostic 

method claims and product of nature 

claims,” Noonan says. Challenges are 

still significant in some areas, however, 

particularly for innovative therapies 

and personalized medicine.

PROTECTING TRADE SECRETS

Preventing theft of trade secrets, 

another way that companies protect 

intellectual capital, has become eas-

ier in the US since enactment of the 

Federal Trade Secrets Act in May 

2016. The new law allows trade secret 

theft cases to be heard in federal court. 

In the past, such cases generally could 

only be addressed in state court. 

So far, hundreds of trade secrets 

cases have been filed, 280 the first year 

and between 500 and 800 the second 

year, says Josh Rich, MBHB part-

ner and chair of the company’s trade 

secrets practice group. The cases usu-

ally take two years to run their course, 

so results are not in yet, he says, add-

ing, “We haven’t seen a big case in the 

biopharma space yet, but, given the 

value of the information that would be 

involved, I’m sure one will be coming.” 

As Rich explains, “The law makes 

it easier for companies, whether large 

http://www.biopharminternational.com
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Wyatt Technology
Wyatt Technology, a 35-year old family-owned and 

 operated enterprise, is the world’s largest company 

 dedicated to SEC-MALS instruments for  absolute 

 macromolecular characterization. Our products 

provide the essential techniques for characterizing 

 macromolecules and nanoparticles in solution, in order 

to determine molar mass, size, charge, and  interactions. 

Wyatt’s extensive applications laboratories and its 

 full-time staff (including more than 25 PhD scientists) 

means our customers receive deep technical  expertise 

and support. To ensure the personal touch, “Light 

 Scattering University” (LSU) is included with most 

instrument purchases. We bring you to Santa Barbara, 

CA to demystify light scattering, work you hard but feed 

you well, and, of course, explain how to get the most from 

your Wyatt Technology equipment. Because, we don’t 

just build instruments, we build relationships.

Chief Chromatographic 
Techniques Supported
• SEC & GPC

• UHPLC & APC

• Field-flow fractionation   

Markets Served
Wyatt’s products are the most widely used  multi-angle 

light scattering (MALS) instruments in the world. They 

are employed in thousands of laboratories  including, 

but not limited to, companies involved in biotechnology, 

pharmaceutical development, and  chemical and petro-

chemical research, in addition to  government national 

laboratories and academic facilities.

Major Products/Services
WTC’s family of instruments include:

• DAWN: An 18-angle SEC-MALS instrument 

that can be used at ambient, elevated, and below 

ambient temperatures for polymers, particles, and 

biopolymers.

• miniDAWN: A SEC-MALS instrument ideal for 

proteins and peptides and molar mass materials 

below 1 million Da.

• μDAWN: The world’s first MALS instrument for 

UHPLC. Compatible with all UHPLCs for molar 

mass and size determinations.

• Eclipse FFF system: For separation of 

 macromolecules and nanoparticles in solution.

• Optilab TrEX: The most advanced RI detector 

in the world with 256 times the detection power 

and 50 times the dynamic range of any other RI 

 detector. The TrEX can be operated below or above 

ambient temperature and determine dn/dc at the 

same wavelength of light as the light scattering 

instrument.

• Optilab UT-rEX: The world’s first refractive index 

(RI) detector for UHPLC. Operates at the same 

wavelength of light as the μDAWN.

• WyattQELS: A quasi-elastic (dynamic) light-scattering 

module that can be integrated with the DAWN or  

miniDAWN  to determine particle sizes as small as 1 nm.

• ViscoStar viscometer: A state-of-the-art intrinsic 

viscosity instrument that can be operated above or 

below ambient temperature with its precise Peltier 

thermostatic controls.

• WTC Protein Columns: A family of new  silica-based 

columns specifically designed for SEC-MALS 

 protein applications. These columns retain all the 

important features of a first-class SEC column for 

protein separations.

Facility
WTC maintains more than 60,000 square feet of R&D, 

manufacturing, and application laboratories in Santa 

Barbara, California, USA.

Wyatt Technology

6330 Hollister Ave., 

Santa Barbara, California 93117, USA

805.681.9009

info@wyatt.com

www.wyatt.com

Year Founded

1982

mailto:info@wyatt.com
http://www.wyatt.com
http://www.wyatt.com
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We’re not suggesting that you waste time. But you could  

if you wanted to, while still accomplishing an impressive  

amount of work. The DynaPro® Plate Reader III automatically 

makes up to 1,536 unattended dynamic light scattering (DLS) 

measurements, enabling you to generate more results with 

greater precision n less time than an individual, cuvette- 

based instrument. You can do what you used to do faster.  

Or explore vastly more screening experiments in the same  

amount of time. Either way, you get expanded capability to  

find answers to your questions faster.

What you do with the time is up to you.

Learn how your lab can gain more insight in less time at  

wyatt.com/PlateReader

This lab manager is:

��Enjoying a long lunch

��Catching up with coworkers

��Making 1,536 DLS measurements

��All of the above

The DynaPro Plate Reader III  
makes up to 1,536 unattended  
DLS measurements with sample 
volumes as little as 4 μL.

https://www.wyatt.com/products/instruments/dynapro-plate-reader-iii-summary-landing-page.html
https://www.wyatt.com/
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or small, to protect their information, 

whether from foreign governments 

and their agents or from employees 

trying to sell knowhow that they may 

have worked on that belongs to their 

employer.” Trade secret theft has also 

become a major issue in foreign trade, 

and both China and Russia have been 

identified as potential threats (particu-

larly China, which has ambitious plans 

for its biopharmaceuticals industry).

COLLABORATIVE RESEARCH

Another hallmark of the new biop-

harma industry is use of collaborative 

research and development programs, in 

which competing companies, academic, 

and industrial partners focus on particu-

lar areas of research. Launched as a way 

to help catalyze new drug development 

and stimulate a sluggish pipeline, these 

programs have become a standard in 

biopharma. 

Clear contracts and agreements are 

essential, however, because collabora-

tive programs can pose questions about 

the ownership of intellectual property, 

such as: 

• W h a t  c a n  c o m p a n i e s  a n d 

universities do with the joint venture 

research they’ve worked on?  

• Who owns the knowhow?

• Who has the ability to capitalize 

and make improvements on it?

“The more universities seek to mon-

etize relationships, the more difficult 

these issues can be to resolve,” says Rich. 

“For example, partners don’t always 

know what information people brought 

to the project in their heads versus what 

they may have learned from their col-

laborators, or what came as a result of 

synergies, efforts and communications 

that may have involved both parties.” 

 “Control of IP is always an issue 

with collaborative ventures, and must 

be allocated in a clear way in the license 

agreement itself, to avoid future dis-

putes between collaborators,” says Karen 

Tepichin, partner at Foley Hoag, a law 

firm based in Boston. “Generally, more 

contention may arise in disputes involv-

ing universities and research institutions 

than in collaborations with more ‘for 

profit’ biotech and pharma companies 

because they haven’t planned for all 

contingencies,” says Rich.

Tepichin notes that licenses for these 

types of ventures are being structured 

differently from the way they were in 

the past. “Ten years ago, licensing was 

all about assets. Now it’s about the pipe-

line, and requires a more integrated 

approach where you plant the seeds for 

the patent thicket during the licensing 

stage,” she says.

The industry has seen what can go 

wrong when trying to sort out who 

owns what in the ongoing story of 

CRISPR Cas9 gene-editing technology, 

and a patent battle that has involved 

the University of California (Berkeley), 

the Broad Institute, the Massachusetts 

Institute of Technology (MIT) and 

Harvard Universities, companies such 

as Editas and Intellia Therapeutics, 

and a growing number of organizations 

around the world (4). 

At this writing, the Broad Institute 

and co-owners have won the right to 

patent applications of CRISPR Cas9 

technology limited for use in eukaryotic 

cells, which include many of the most 

economically significant applications. 

The University of California, mean-

while, may be entitled to claim appli-

cations of the technology without these 

limitations.

Noonan sees patent pools as the best 

way to prevent problems when there 

are a huge number of patents involved.  

“Biopharm needs to have companies 

get together like tech companies did 

for 5G, MPEG, and other standards,” 

he says.

With CRISPR Cas 9, California 

alone has filed 30 new applications 

within the past month, says Noonan, 

although no patent on CRISPR has 

yet to be granted to California. Under 

the current patent situation, “Let’s say 

my company licenses CRIPSR from 

MIT/Broad. Then California could 

demand a license too. Broad’s patents 

do not limit the scope of the patents 

California is pursuing, so the prospect is 

for California to  get claims for practic-

ing CRISPR without any limitations as 

to what kind of cell is used”.

This situation is related to well-es-

tablished patent law principles regard-

ing claiming a genus broadly and having 

a species claim for something very par-

ticular, says Noonan. “If I invent a tel-

evision set and you then invent a color 

TV, both my television set and your 

color TV can be patented. But if I’ve 

been able to get a claim to televisions 

sets broadly, then you will not be able to 

sell your TV without getting a license 

from me or you will infringe my broad 

television patent,” Noonan explains. 

If someone licenses CRISPR 

technology from the University 

of California and wants to use it on 

human cells, Broad has those patents so 

they must get licenses from them. But 

anyone licensing the Broad patents for 

use in eukaryotic cells must also get a 

license from California’s broader pat-

ents that are not limited to cell type.  

“This is why some form of cooperation 

must happen,” says Noonan. “You can’t 

require that people get multiple licenses 

for each technology, or it will be cost 

prohibitive,” he says. 

OUTSOURCING IMPACT

One positive development for biop-

harma companies is that highly spe-

cialized contract services have become 

more available recently, says Tepichin, 

who specializes in licensing and collab-

oration, as well as complex manufactur-

ing, agreements. “Even four or five years 

ago, it was pretty close to impossible to 

find a manufacturer to make antibodies, 

much less CAR-T, gene and cell thera-

pies,” she says. Since then, manufactur-

ers have invested in buildout of facilities, 

often with their contract partners, who 

had agreed to help bear the costs of the 

buildout.  Now, many more outsourcing 

options are available and the top contract 

issue has been reserving capacity, she says. 
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Many biopharmaceutical compa-

nies have a complex manufacturing 

and supply chain and a lot of issues 

center around logistics, Tepichin says, 

as well as such questions as: how much 

lead time is required, will sourcing for 

the supplier mesh with that for other 

components? How much notice will be 

required for scaleup?

However, outsourcing manufacturing 

to any partner requires strict attention to 

trade secret protection. “Most definitely, 

the outsourcing trend has increased risk 

to trade secret theft,” says Rich. Different 

companies are addressing potential risks 

differently, he says. The key is ensuring 

that no single person can replicate the 

entire manufacturing process or have 

access to the documents that would per-

mit that. “Some companies break down 

the process and assign specific steps to 

different companies so that no one com-

pany has a complete view of the process,” 

says Rich. 

PERSONALIZED MEDICINE 

So far there has not been any formal pat-

ent litigation in areas such as cell and 

gene therapies, or CAR T, but many of 

the changes that have taken place over 

the past decade have made it more diffi-

cult to protect biopharma innovations (5), 

says Noonan, who is also coauthor of the 

Patent Docs blog. 

“The challenge for the past six or 

seven years has been a disconnect 

between what the rest of the world is 

doing and what we’re doing in the US. 

It’s ironic because the rest of the world 

does what they do regarding biotech pat-

ents because, in the past, we insisted that 

they do things that way,” he says.  

“The Chakrabarty decision domi-

nated for the past 30-some years in bio-

technology patenting,” Noonan says. 

Then came the Supreme Court’s 2013 

Myriad decision (6), in which it ruled 

that DNA isolated from nature could 

not be patented, but that the DNA made 

from mRNA (called cDNA) that had 

been genetically manipulated, could be, 

he explains. In addition, the Supreme 

Court’s 2012 Mayo decision ruled that 

diagnostic method claims should not be 

allowed because they were reciting a law 

of nature, unless there was something 

more involved. “The end result has been 

a significant reduction in the ability to 

protect many biotechnology inventions,” 

says Noonan. “For diagnostic methods, 

the Court never actually specified what 

that ‘something extra’ was, resulting in an 

environment in which it has become very 

difficult to get claims through,” he says.  

Noonan points to the cancer treat-

ment, Taxol, a natural product, as an 

example of the unnecessary difficul-

ties that have arisen as the result of 

the Court’s recent jurisprudence. This 

important therapy would be unpatent-

able today, Noonan says, according to 

the rubrics of the Myriad decision, “I 

have one problem with that outcome,” 

says Noonan, “Because trees don’t get 

cancer.” Just the fact that you got a mol-

ecule from a plant shouldn’t mean it’s 

not patent eligible, he says. 

Shifting the focus to patents for meth-

ods of making and methods of treat-

ing and using can also be problematic 

because that makes the doctors prescrib-

ing these treatments patent infringers. 

“Generic-drug companies can take cover 

from the fact that, if the drug they are 

selling isn’t patented, the only infringer 

is the doctor and you can’t sue a doctor,” 

says Noonan.

One thread that has remained intact 

from Chakrabarty through Myriad is 

the clear distinction between naturally 

occurring materials and those involv-

ing human manipulation. “One of 

the good things about Myriad is that, 

as with Chakrabarty, if you have a cell 

that has been genetically engineered to 

make erythropoietin [(EPO) Amgen] 

or tissue plasminogen activator (TPA 

[Genentech]) or insulin (Lilly), or even 

a mammalian cell that makes something 

that it would not ordinarily make, those 

cells can be protected,” says Noonan.  

Even if the genes themselves cannot 

be protected and the product cannot be 

protected (e.g., as with recombinant insu-

lin), strategies can be used such as what 

Amgen tried with EPO, says Noonan, by 

producing the molecule in cells that put 

sugars on the EPO differently than sug-

ars are naturally placed in humans. “That 

made it different, so they could claim that 

their EPO had that structural difference,” 

he says.

EFFICACY OR EXPEDIENCY?

“However,” he notes, “the problem 

with structural differences between 

molecules is that you don’t know 

whether or not they will affect activ-

ity or immunogenicity. In theory, you 

want biopharmaceutical drug products 

to be as close as possible to how they 

occur in nature,” he says. This approach 

can minimize potential adverse reac-

tions, but today’s legal environment 

has become less conducive to develop-

ing such treatments. “Currently, the 

way the law is being interpreted,” says 

Noonan, “The closer the molecule is 

the to the way it is in nature, the more 

difficult it is to patent. That creates a 

problem,” he says.

For heterogeneous cell therapies, 

protecting IP is more straightforward 

than it is for autologous treatments, 

while combination products, based 

on things that don’t usually occur in 

nature, may prove easier to patent. 

“For now, a reasonably good rubric is: 

The more different you are from what 

occurs in nature, the safer you are from 

either not getting patents in the first 

place or from getting a patent chal-

lenged later on. But the environment 

is still very much in flux,” says Noonan.

BIOSIMILARS: 

SHALL WE DANCE?

With biosimilars, the question of inter-

changeability will become crucial, says 

Williams. “No biosimilar has been 

approved yet on this basis, but it prom-

ises to become the gold standard if 

FDA adopts it,” he says. 

Contin. on page 46
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Company Description
The Parenteral Drug Association (PDA) is the leading global 

provider of science, technology, regulatory information, and 

education for the bio/pharmaceutical community. For more 

than 70 years, since its founding as a non-profit in 1946, PDA 

has been committed to developing scientifically sound, practi-

cal technical information and resources to advance science and 

regulation through the contributions of our 10,500 members 

worldwide.

Recognized for our expertise and authority in the field 

of parenteral science and technology, PDA is leading the 

way in promoting the exchange of information on rapidly 

evolving technology and regulations to ensure high-quality 

pharmaceutical production.

PDA focuses on a variety of elements to support its 

mission to advance bio/pharmaceutical science and regulation 

so members can better serve patients. These elements include:

• Providing global forums for the scientific community, 

regulators, and industry professionals on emerging trends

• Facilitating development, testing, and qualification of new 

technologies

• Delivering unique, hands-on education and training 

through PDA’s manufacturing training facility

• Fostering career-long learning and professional 

development

• Encouraging scientific information sharing among industry 

peers

• Continuing to be a leading and influential contributor of 

information and expertise for the global regulatory and 

harmonization process.

PDA draws its strength from its membership, which 

includes a corps of more than 2500 active volunteers. 

Our conferences, meetings, and courses bring together 

pharmaceutical manufacturers, suppliers, end users, 

academics, and regulatory officials for an unprecedented level 

of exchange on timely issues of mutual interest and concern.

Through the development of Technical Reports 

on pressing industry topics and responses to regulatory 

initiatives, PDA and its members influence the future 

course of pharmaceutical products technology and the 

regulations that govern their manufacture. Our internationally 

recognized publications, PDA Journal of Pharmaceutical 

Science and Technology and PDA Letter, keep pharmaceutical 

manufacturing professionals up to date on the latest science 

and industry and regulatory news. Together, these activities 

promote the advancement of pharmaceutical science in the 

interest of the ultimate end user—the patient.

Parenteral Drug Association (PDA)

4350 East West, Suite 600, 

Bethesda, MD 20814, United States

Tel. 301.656.5900

www.pda.org

info@pda.org
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$400!

At the 2018 PDA Cell and Gene Therapy Conference, explore best practices and learn how the industry is applying 
novel approaches to product development, manufacturing, and regulatory compliance in this rapidly growing area.

Industry and regulatory experts will discuss exciting topics related to cell and gene therapy development, including:

• Navigating the Progress and Promise of Gene Editing
• Applying Analytics to the Development and Manufacturing of Cell and Gene Therapy Products
• Automation of Cell Therapy Product Manufacturing
• Regulatory Considerations for Development and Commercialization of Cell and Gene Therapies

Gain insight into current industry best practices from the experts bringing these products to market!

To learn more and register, please visit pda.org/2018CGT
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Optimizing Late-Stage and 
Commercial Cell-Culture Processes

C
ell-culture processes for Phase III biologic drug devel-

opment and commercial manufacturing present chal-

lenges, such as how to optimize cell-culture conditions 

to maximize productivity while maintaining consistent product 

quality. Over the years, cell-culture processes have evolved to 

achieve optimum production yield and quality for both clinical 

development and commercial manufacturing.

CELL-CULTURE EVOLUTION

Current cell-culture processing has been optimized and has 

resulted in significantly higher cell densities compared to 

biologics manufacturing in the past. In the early 1990s, cell 

titers for monoclonal antibodies (mAbs) were in the range of 

50–100 mg/L, notes Dr. Andy Racher, associate director future 

technologies, Lonza Pharma & Biotech. Today, however, cell 

titers have been reported at levels in excess of 10 g/L, he says.

This resulted from the introduction of parental cell lines 

better suited to modern fed-batch processes and the develop-

ment of better bioreactor processes, including control strate-

gies for pH, carbon dioxide, composition of media, and feeds. 

“The switch from serum-containing to protein-free processes 

was challenging, but these have generally been overcome. In 

Lonza’s experience, increases in viable cell concentration and 

maintaining high culture viability for longer duration have 

primarily contributed to productivity increases, rather than 

improvements to vector architecture,” Racher comments.

Cell-culture process innovations include platform pro-

cesses with high productivity and chemically def ined 

culture media, which have helped to reduce process vari-

ability and complexity, improve eff iciency, and main-

tain consistent product quality, remarks Michael Laird, 

PhD, senior director and principal scientist, Process 

Development, Genentech.

Other innovations, such as culture miniaturization with rep-

resentative systems, permits testing of many culture conditions 

in a short period of time. In addition, development of intensified 

processes and integrated continuous processing (with single-use 

technology and sensors/control) have also contributed to increas-

ing titers, maintaining consistent product quality, reduced cost of 

goods, and a decrease in facility footprints, Laird says. 

Late-stage and commercial biomanufacturing pose 
a challenge to cell-culture processing.

FELIZA MIRASOL

Upstream Processing
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CELL-CULTURE HURDLES

The ability to maintain a reliable sup-

ply chain is one of  the challenges in 

cell-culture processing. The security 

of obtaining supply for raw materials 

with the desired profile of contami-

nants and impurities is one example.

“With raw materials becoming ever 

more purified, trace levels of impurities—

which are often enzyme cofactors—play 

an ever more important role in getting 

consistent product,” Racher says. 

It is also challenging to sufficiently 

understand the different single-use biore-

actor (SUB) systems. This understanding 

is particularly critical for contract devel-

opment and manufacturing organizations 

(CDMOs) who have customers that have 

developed processes in a range of SUB 

systems, remarks Racher.

Laird adds that maintaining consistent 

product quality while achieving commer-

cial process requirements can be a chal-

lenge if cell line or process changes are 

needed post-Phase I. It is also a challenge 

to respond to evolving concerns on prod-

uct quality attributes as new knowledge 

is gained. 

Finally, raw material variability, includ-

ing trace metal impurities in defined 

media components, has been a challenge 

to process consistency, he notes.

CURRENT TRENDS

According to Laird, some major current 

trends in late-stage and commercial cell-

culture processing include:

• Chemically-defined media. 

• Increased focus on implementation of 

single-use technologies and process 

intensification. 

• Increased process complexity to 

achieve higher productivities.  

• Targeted integration cell-line develop-

ment to obtain high productivity and 

consistent and stable parental cell lines. 

• Efforts on continuous processing, 

which have been advertised for their 

capability to maintain process and 

product quality consistency. 

• Modeling and leveraging platform 

knowledge; extensive platform 

knowledge is enabling more efficient 

process validation as one study 

can support multiple products. A 

platform culture process also enables 

efficiency during development and 

any improvements are spread to all 

projects as the platform evolves. 

In addition, there has been greater 

use of systems such as disposable 

 miniature bioreactors to  accelerate 

pre-biologics license application stud-

ies and improve process efficiency, 

says Racher. There is also an increas-

ing emphasis on inline monitoring of 

nutrients/metabolites and at-line mon-

itoring of product quality attributes, 

adds Dr. Rajesh Beri, technical direc-

tor biomanufacturing, Lonza Pharma 

& Biotech. The goal is to automate 

 process execution and ensure more 

robust manufacturing, Beri explains.

By identifying those process param-

eters that are critical to getting product 

with desired quality attributes, process 

analytical technology (PAT) and real-

time process control play a role in opti-

mizing current cell-culture processes. 

“This should be done before late-

stage development; then ensuring those 

parameters are maintained within the 

desired target range,” says Racher.  

“Inline monitoring and real-time 

control of critical nutrients such as 

glucose and glutamine lead to more 

optimal and robust processes, and 

there is an increasing trend to adopt 

such PAT methodologies for processes 

currently at the development stage,” 

Beri elaborates.

“PAT and real-time process control 

during the development phases can 

increase process understanding; the data 

can be used as valuable modeling input; 

it can shorten the development period 

for complex molecules or unfamiliar host 

cell lines (e.g., in-licensed molecules),” 

says Laird. 

“In a commercial-manufacturing set-

ting, this can be considered for processing 

decisions that would ensure more consis-

tent product quality as well as be used for 

real-time trouble shooting. Something 

that the industry should strive for imple-

menting,” Laird includes. 

FUTURE PROCESS TRENDS

Anticipated future trends in cell-culture 

process evolution include the trend 

toward miniaturization, according to 

Laird, particularly miniaturization in 

process development with high pro-

ductivity. “Miniaturization will quickly 

transition from early-stage to late-stage 

development in the industry and shorten 

the time between entry into humans and 

product launch,” he remarks. 

He also anticipates seeing more com-

plex processes and smaller, single-use 

technology bioreactors for production. 

“Accelerated clinical development becomes 

more common and faster, leading to very 

short times between start of process devel-

opment and commercialization,” Laird says.

“And, with the increased focus on plat-

form processes that emphasize quality and 

manufacturability early on, one can also 

envision early clinical processes becoming 

the commercial process,” Laird states. 

Racher anticipates seeing greater abil-

ity to tune critical product quality attri-

butes and greater use of material from 

stable, transfectant pools, or pools of 

clonal cell lines, for drug product devel-

opment studies, toxicology, and possi-

bly first-in-human trials. Beyond that, 

Racher says, there is increased incorpo-

ration of synthetic biology paradigms 

into Chinese hamster ovary (CHO)-

based expression platforms, moving the 

industry beyond simply increased titer to 

greater control and modulation of prod-

uct critical quality attributes. 

“There is also a renewed interest in 

non-mammalian cell-based expression 

systems for manufacturing antibody 

mimetics and novel scaffolds, for exam-

ple, and we continue to develop and 

refine our microbial platforms alongside 

mammalian. Whether these systems 

have the potential to disrupt the CHO 

hegemony for production of other pro-

teins remains to be seen,” Racher says.

“These changes will eventually be at 

the level of the expression system, so 

will be introduced in late discovery or 

early development and will take their 

time to work through the development 

cycle,” Racher notes. ◆

Upstream Processing
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The Challenge of Disruptive 
Technologies in Bioprocessing

I
nnovation in bioprocessing is necessary as the capacity 

needs for monoclonal antibody (mAb)-based biologics 

increase. Disruptive technologies are typically innovative 

technologies (e.g., digital transformation and automation, 

process intensification, and cell removal technologies) that 

have been developed to remove bottlenecks, streamline devel-

opment, and reduce costs of biopharmaceutical production.

DRIVING INNOVATION

Drivers behind the development of disruptive downstream 

technologies include increase in demand for biologics. 

Demand for mAbs, for example, is expected to increase by 

one or two orders of magnitude, and it may not be economi-

cal to cover this demand increase using current bioprocessing 

technology, according to Günter Jagschies, senior director, 

strategic customer relations, at GE Healthcare Life Science. 

“The use of mAbs for Alzheimer’s disease (Biogen), influenza 

(VIR), or as neutralizing antibodies for HIV ( JustBio) are 

examples where such demand could come up,” Jagschies says. 

Other drivers relate to gaps in process performance, for 

example, “the notorious weakness of harvesting technologies 

in the face of the ever-increasing biomass from highly pro-

ductive mammalian cell culture, and even more so with yeast 

systems,” notes Jagschies. 

The high cost, or perceived cost, of an established tech-

nology is another driver. An example of the latter may be the 

use of affinity chromatography in the capture step of anti-

body processes, Jagschies says.

“When we look at the biologics market dynamics for 

treatment of diseases, certainly the increasing demand for 

biopharmaceuticals and the growing R&D expenditure in 

biopharma companies are factors driving the growth of the 

global biomanufacturing industry, including downstream 

bioprocessing,” adds Orjana Terova, product manager, down-

stream, Thermo Fisher Scientific. 

The industry pipeline is growing in complexity to include 

emerging molecules such as bispecific antibodies, antibody-

drug conjugates (ADCs), and those viral vectors for gene 

Increasing demand for biologics is driving the 
need for innovation in bioprocessing.

FELIZA MIRASOL

Downstream Processing
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Three-dimensional (3D) cell aggregates are of great interest 

for many applications, including disease modeling, drug 
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and cell therapies. Some of the chal-

lenges in downstream bioprocessing 

are therefore driven by the pipeline 

growth of these novel molecules. In 

addition, there is increased focus to 

expand the role of contract manufac-

turing organizations (CMOs) to meet 

market demands for biomanufacturing, 

Terova explains. 

“Higher productivity and higher 

throughput processes that integrate 

upstream and downstream unit opera-

tions are driving technology innovation 

downstream. Lastly, commercializa-

tion of gene and cell therapies requires 

industrialized production approaches, 

which also drives technology innova-

tion downstream,” Terova says.

Further, research has shown that 

“[b]uffer management and handling 

is now the top-cited area for down-

stream bottleneck concerns” (1), notes 

Becky Moore, PhD, product manager, 

cell culture, Thermo Fisher Scientific. 

“Market trends toward efficiency, sin-

gle-use bioprocessing, flexible facilities, 

and increased outsourcing of non-core 

activities are driving considerations 

for buffer outsourcing. Customers are 

demanding overall efficient, cost-effec-

tive solutions, faster, just-in-time service 

and delivery, supply chain logistics, full 

[good manufacturing practice] GMP 

documentation, high consistent quality, 

and easy customer relations,” she asserts.

DISRUPTIVE INNOVATIONS

“Keeping in mind the trends men-

tioned, there is a focus to improve 

productivity and have platformable 

processes for these new modalities, 

while meeting the high quality and 

regulatory standards for the therapeu-

tic,” says Terova.

The biomolecule pur ification 

scheme can be very complex, par-

ticularly in the case where affin-

ity solutions are not available, Terova 

continues. Purification can typically 

include four to five chromatography 

steps, which results in a product yield 

that decreases with each step that is 

added. Because product yield drives 

the cost of goods (COG), not having 

an affinity purification solution can 

significantly impact the COG for bio-

therapeutic manufacturing, she says.

“The Thermo Scientific POROS 

CaptureSelect technology provides 

highly selective affinity resins with 

antibody-like specificity, which can 

significantly improve the biomolecule 

purification process, making it sim-

pler (less chromatography steps) and 

more economical (reduced COGs) 

by increasing the final product yield,” 

Terova states.

Thermo Fisher Scientific has 

commerc ia l iz ed three  POROS 

CaptureSelect AAV affinity resins to 

establish industrialized platforms for 

the purification of adeno-associated 

virus (AAV). The move is meant to 

meet market demand for gene thera-

pies, which are progressing in the clinic 

toward approval and commercialization. 

The increase in more challenging 

molecules under development and the 

desire to make processes more efficient 

have led to a significant increase in inter-

est for custom resins on high-performing 

beads, another example of a disruptive 

technology innovation. In addition, there 

is a need for new resin chemistries for 

polishing end product because the bio-

processing of complex therapeutic mole-

cules such as ADCs, antibody fragments, 

and bispecifics are resulting in higher 

product-specific impurities. Thermo 

Fisher Scientific aims to address this 

challenge with a series of commercial-

ized hydrophobic interaction chroma-

tography resins with a differentiating 

range of hydrophobicity, resolution, high 

capacity, and mass transfer characteristics 

for increased throughput.  

To address the challenge of how to 

increase productivity, process intensifi-

cation by handling smaller volumes of 

material semicontinuously or continu-

ously is also being explored, accord-

ing to Terova. “Integrated upstream 

and downstream unit operations are 

being tested and scaled up. Utilizing 

the resins to their fullest (i.e., rapid 

cycling) and decreasing the cost of 

raw materials becomes critical. Next-

generation ion exchange chromatog-

raphy resins like POROS XS (strong 

cation exchange) and XQ (strong 

anion exchange) offer high capacity, 

high resolution, and salt tolerance at 

faster flow rates for increased through-

put,” she says.

“Achieving good capacity and sep-

aration under higher salt concentra-

tions for added flexibility and process 

simplicity is important. A salt-tolerant 

resin can be beneficial to a purifica-

tion process by decreasing the need for 

dilution or eliminating tangential flow 

filtration steps all together. In addition, 

there has been increased emphasis on 

the use of membrane chromatography 

to increase throughput,” Terova adds.

Jagschies says that downstream steps 

are typically limited by their capacity 

expressed as product mass bound per 

volume of the chromatography resin, 

or as the product solution volume per 

square meter of membrane area. “One 

issue that could occur is the load of a 

high titer product stream from a large-

volume bioreactor onto a column with 

given, limited size and thus limited 

capacity (similar with filters), and all of 

that in a short time (a few hours com-

pared to the two weeks while prod-

uct has been allowed to accumulate in 

same reactor). Disruptive approaches 

would remove this bottleneck, for 

example, via precipitation or extraction 

of the product. Both methods would 

remove the challenge originating from 

practically limited column size or filter 

membrane area,” he states. 

In addition, membrane absorbers have 

been suggested as a “disruptive alternative” 

to column steps for polishing a product 

to final purity (order of magnitude higher 

volume throughput). Other examples of 

innovation include expanded bed adsorp-

tion (EBA), which was introduced to 

replace classic centrifugation and filtra-

tion trains with a purification step that 

is run on crude harvest material directly 

Downstream Processing
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from the reactor. Also, ion exchange 

is being used instead of affinity chro-

matography in a few processes, mainly 

motivated by cost reasons, Jagschies says.

“We see end-users transitioning 

away from internal manufacturing of 

downstream processing buffers and 

focusing on core activities; they are 

looking to outsource these non-core 

activities to ease the buffer bottleneck. 

Development of in-line dilution and 

in-line conditioning solutions will fur-

ther reduce bottleneck concerns,” adds 

Moore.

DIGITAL AND AUTOMATION

Digital transformation and automation, 

also disruptive innovations, offer advan-

tages to downstream processing.

“Automation has the opportunity to 

close the gaps of determining how to 

scale up a process that was created with 

simple lab equipment to one that is 

run in a sophisticated and automated 

manufacturing environment,” says John 

Greenwood, senior automation engineer, 

automation, Thermo Fisher Scientific. 

“Through the use of automa-

tion, R&D experts can alleviate the 

burden of tasks, such as manual data 

entry and retrieval. Similarly, automat-

ing tasks and data in downstream pro-

cesses also creates efficiencies, improves 

data collection, and has the potential 

to improve quality and accuracy due 

to the continuous feedback of data,” 

Greenwood elaborates.  

Further, advanced automation based 

on advanced sensors and at-line mea-

surements on the production floor will 

eliminate hold-ups and the need to 

wait for decisions to be made about 

the next steps in the processs. This will 

ultimately speed up the release of the 

product, notes Jagschies. “Advanced 

automation also involves the use of 

trend analysis and correlations between 

‘simple’ measurements and ‘complex’ 

quality attributes,” he says. 

“This all helps to lower the cost of 

the analytical effort to be made in a 

GMP environment (which may be one 

of the largest cost after one has opti-

mized the process itself ) and the overall 

cost required to produce and release the 

product,” Jagschies states. 

The use of an advanced digital envi-

ronment where the analytical data 

are transformed into information and 

informed decisions, and then into pro-

cess knowledge and an ability to pre-

dict process performance, is an essential 

part of the development of the future of 

automation solutions, Jagschies adds.

CHALLENGES TO 

DISRUPTIVE TECHNOLOGIES

A significant challenge to the adoption 

of disruptive technologies is the con-

servative attitude of the pharmaceuti-

cal industry itself. “This is related to 

the significant values handled in man-

ufacturing requiring avoidance of any 

risks to that value and to the supply of 

medicines to patients,” says Jagschies.

For existing processes, he notes, a 

change of technology would require 

regulatory action that may lead to sig-

nificant consequences in the supply 

chain to the patient and to a cost of 

change that might not be considered 

beneficial once the medicine in ques-

tion has reached a certain “age”. 

“Management would require very 

significant advantages of a ‘disruptive’ 

technology, a demand that has so far 

not been met by most of the proposals 

for such technology. When a business 

already owns a production facility, cost 

reduction is usually the smallest of the 

candidate advantages,” Jagschies says.

Securing continued supply from 

that facility to all patients, however, 

is a challenge. “Even with the most 

optimistic market growth scenario, 

avoidance of the investment into a 

new facility to meet such growing 

demand and the possibility to add 

new products into the portfolio man-

ufactured in the facility without major 

upgrades are all examples of poten-

tial reasons to accept a new technol-

ogy onto the manufacturing f loor,” 

Jagschies remarks.

Even with upgrades, however, any 

technology candidate would have 

to pass a risk analysis with regard to 

robustness and assumed failure rate, he 

emphasizes. Because of doubt, funda-

mentally new technologies are often put 

on the shelf “for a later opportunity”. 

“Also, quite many seemingly disruptive 

technologies are either not quite as new 

and different, or they do not solve a 

real and serious problem, but they are 

instead pushed based on a commercial 

interest, usually from a technology or 

service provider,” Jagschies adds. 

Collaboration and partnership is 

key to having the most advanced bio-

processing technologies. “When con-

sidering outsourcing to a supplier, a 

partnership needs to be developed to 

ensure that all details are captured,” says 

Moore. “A deeper level of supplier-

customer partnerships is needed to 

develop and commercialize the technol-

ogy needed to address industry pipeline 

growth and complexity, as well as meet-

ing targets for productivity,” adds Terova.

Creating a collaborative partnership 

to qualify, design, and supply materi-

als for manufacturing can be an effec-

tive way to reduce non-core activities, 

address buffer bottleneck challenges, 

and focus on drug manufacturing, 

Moore asserts. “It is important to think 

about the biomanufacturing strategy 

early in the process to realize implica-

tions for flexibility, economics, safety, 

and logistics,” she says.

“Various operational challenges and 

process analytical technologies for in-

line/at-line/on-line controls still need 

to be worked out to achieve success 

in continuous bioprocessing. This is a 

highly regulated environment; there-

fore, timelines for the development 

and adoption of new technologies are 

lengthy,” Terova states.
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Industry 4.0 in
 Biopharmaceutical Manufacturing

B
iopharmaceutical manufacturing companies have an 

opportunity to participate in the latest industrial revo-

lution, which is being called Industry 4.0. In this digi-

talized paradigm, machines collect process and product data 

and communicate with other machines via the Industrial 

Internet of Things (IIoT). Using artificial intelligence (AI) or 

machine learning, machines can even use these data to improve 

processes without human intervention, although how to use AI 

in a regulated, GMP-compliant space is yet to be resolved. In 

fact, in many cases, the bio/pharma industry is still transition-

ing from manual systems to automation (i.e., “Industry 3.0”) 

(1). Next-generation technologies are already providing more 

data that, along with advanced analytics and modeling tech-

nologies, can help increase process understanding and be used 

for advanced process control and efficiency improvements. 

PROCESS MODELING AND DIGITAL TWINS

One of the hallmarks of Industry 4.0 is “big data” collected 

by equipment sensors and process analytical technologies 

(PAT). These manufacturing data can be used to analyze 

what is happening in a process and why, to predict what 

will happen in response to given changes, and—using 

simulation algorithms—to optimize processes, explained 

Lennart Eriksson and Chris McCready of Sartorius 

Stedim Data Analytics (2). Eriksson calls this higher level 

of simulation and optimization “prescriptive data analytics.” 

Others call it process modeling, and some give the name 

“digital twin” to a process model that is a virtual copy of the 

actual process. Modeling has become more sophisticated, 

enabling process designers to run virtual experiments and 

gain a greater understanding of their process before actu-

ally running it. 

Digital twins are also being used to predict maintenance 

and downtime more accurately; plan for process improve-

ments, such as the replacement of components; and prepare 

alternative plans in case of malfunctions or disturbances, all 

without interrupting manufacturing, explains Billy Sisk, Life 

Sciences industry leader at Rockwell Automation. 

Modern technologies offer opportunities to 
increase manufacturing efficiency.

JENNIFER MARKARIAN

Manufacturing
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Sanofi, for example, is bringing digi-

tal transformation to its biopharma-

ceutical manufacturing facilities. Each 

of the company’s digital plants will 

have a digital twin connected directly 

to the sensors and data in the phys-

ical plant. “The data flows to these 

digital twins, giving managers a real-

time view into the plant’s operation. 

Simulation on the model provides the 

level of manufacturing modularity and 

future flexibility required to support 

personalized medicine,” Sanofi said in 

an October 2017 press release (3). At 

its Geel, Belgium biologics manufac-

turing facility, sensors generate more 

than one billion data points in every 

manufacturing cycle. “By analyzing 

this data, potential deviations can be 

spotted and swiftly corrected. Yield is 

improved with adaptive process control 

strategies, and downtime is reduced 

by optimizing maintenance activities 

and shifting to predictive mainte-

nance, based on equipment monitor-

ing, which will increase overall output,” 

reported the company.

ADVANCED 

PROCESS CONTROL

New technologies that allow bet-

ter process control are improving 

efficiency and reducing waste in bio-

pharma manufacturing by automat-

ing tasks or assisting operators to 

improve manual task handling. GE 

Healthcare’s XDUO, for example, is a 

new “smart” mixer for buffer solutions 

that continuously measures pH and 

performs automatic titration using acid 

and base pumps. This solution creates 

tighter control and saves a significant 

amount of time compared to manual 

titration, notes the company. 

The use of PAT to measure criti-

cal quality attributes in real-time is 

well-established in upstream biopro-

cessing, but more research is needed 

to apply it to downstream develop-

ment and manufacturing (4). Work 

is underway: multi-attribute methods 

(MAM) that use mass spectrometry as 

PAT, for example, are being developed 

in cooperation with FDA’s Emerging 

Technology Team (4,5).

Moveable, 

 skid-mounted 

 equipment 

has  different 

 requirements for 

automation than 

fixed equipment. 

AUTOMATION

AND DATA SECURITY

As biopharmaceutical manufacturers 

transition to Industry 4.0, they should 

consider the requirements for changes 

to processing equipment, such as the 

automation of bioprocessing skids, and 

increased data security. 

Automating bioprocessing skids

The moveable, skid-mounted biophar-

maceutical manufacturing equipment 

in use today has different requirements 

for automation than fixed equipment. 

Fixed equipment typically uses a dis-

tributed control system (DCS). Stand-

alone skids, however, typically use 

programmable logic controllers (PLCs), 

which work well for isolated equipment 

but are more complex to integrate into 

supervisory systems, such as a DCS 

or a manufacturing execution system 

(MES), explains Bob Lenich, Global 

Life Sciences director at Emerson. To 

solve this problem, Emerson’s new 

DeltaV PK Controller is a DCS con-

troller for skids that are self-contained, 

like a PLC, but can be more easily 

plugged into a plant-floor automa-

tion system, such as Emerson’s Delta 

V DCS (for coordinated operations in 

real-time with alarming, automated 

closed loop control, an integrated user 

interface, and historical data collection 

that a DCS provides) or into a MES 

(for stand-alone pieces of equipment 

that only need limited direction on 

what to produce).  

Equipment recognition 

and verification 

systems can be 

integrated into the 

control platform to 

track and confirm 

equipment placement 

in single-use facilities 

with skid-based 

equipment.

“In the near future, we anticipate 

that there will be more of two types 

of skids: mobile and movable skids, 

with the difference being that mobile 

skids are moved much more fre-

GE Healthcare’s FlexFactory uses a 

“plug-and-play” design with integrated 

automation. The unit operations of the 

FlexFactory can be installed in existing 

buildings, new construction, or in GE’s 

prefabricated modular KUBio facilities. 

Use of these flexible and modular sys-

tems has been growing for the past 

six years, and as of April 2018, there 

were 51 FlexFactory systems world-

wide, reports the company. 

Modular biopharmaceutical equipment uses integrated automation
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quently,” says Lenich. “What’s miss-

ing today is a tracking mechanism 

to identify the physical locations of 

mobile and movable skids. Many 

of our customers are interested in 

using [radio-frequency identification] 

RFID tags as a potential solution for 

mobile skids because they need con-

stant tracking. In contrast, moveable 

skids are repositioned less frequently, 

and most end users would be fine 

with something simpler like a bar-

code or QR code that doesn’t require 

constant tracking.”

The use of skids and super-skids 

with single-use (i.e., disposable) com-

ponents presents additional automa-

tion challenges, notes Torsten Winkler, 

lead of the Life Sciences Center of 

Excellence in EMEA for Honeywell 

Process Solutions. “It is important to 

identify single-use equipment and, 

more importantly, that all are con-

nected properly. Automation systems 

can continuously monitor when skids 

are connected, but there are additional 

challenges with identifying the dispos-

able parts,” says Winkler. 

Single-use facilities and  skid-based 

equipment require a significant 

amount of manual set-up to connect 

all the equipment pieces. Producing 

a batch in a single-use bioreactor, for 

example, might require up to 900 indi-

vidual connections, and any mistakes 

can cause the batch to fail, notes Sisk. 

Graphical aids can help operators visu-

alize the instructions, and equipment 

recognition and verification systems 

can be integrated into the control 

 platform to track and confirm equip-

ment placement. For example, the con-

trol system could be set up to require 

the operator to scan a barcode on a 

 disposable part, which would become 

part of the batch record.

With the  increasing 

 connectivity 

of  systems 

 communicating over 

the IIoT, data security 

has become even 

more important.  

Data security 

With the increasing connectivity of 

systems communicating over the IIoT, 

data security has become even more 

important. Systems must use modern 

protocols that have adequate  security. 

Another best practice is to segre-

gate non-GMP business data from 

GMP process data using an “indus-

trial demilitarized zone” in  information 

technology systems, note experts. 

Mobile connection, such as hav-

ing access to process data on mobile 

phones or tablets, is an issue manufac-

turers must consider. The technology 

is available, but it must be managed to 

maintain data security. 

“Organizations have adopted ‘safety 

cultures’ for years, but now they need 

security cultures,” says Lenich. Just as 

a safety culture uses various programs 

to make the importance of safety vis-

ible to everyone in the organization, 

a security culture would similarly 

highlight that security is everyone’s 

responsibility and make security best 

practices a regular part of day-to-day 

priorities, he explains.
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Currently, continuous manufacturing is used commercially 

in upstream processes, but not in downstream operations, 

although these are being developed. Hurdles to end-to-end 

continuous biomanufacturing include unresolved questions 

of whether costs are higher or lower than in traditional pro-

cesses and some regulatory uncertainties due to the lack of 

approved drugs made with end-to-end biomanufacturing.

A crucial limitation is the need for improved process ana-

lytical technology (1). Industry 4.0 technologies—such as 

increased data collection that can be used for process analy-

sis and advanced process control and automation to connect 

unit operations—are available and will be needed to develop 

continuous bioprocessing. 

Solutions developed in continuous manufacturing of oral 

solid-dosage drugs, such as tracing the effect of deviations 

through the system to identify and segregate potentially out-

of-specification material, could be used to help answer simi-

lar questions in continuous biomanufacturing. If and when 

end-to-end continuous biomanufacturing takes off remains 

to be seen, but experts agree that, at the least, more unit 

operations will be operated continuously to remove bottle-

necks and to allow process intensification (1). 

Reference
 1.  C. Challener, BioPharm Intl. 31 (5) 12-17 (2018).

Continuous biomanufacturing in development
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Advances in Analytics 
for Bioprocessing

W
hen FDA’s process analytical technology (PAT) 

initiative was first unveiled, the aim was to 

have the industry move away from a mindset 

of “testing quality” at the end of production to instead 

develop methods that monitor, assess, predict, and control 

quality from the start of the manufacturing process. PAT 

tools have facilitated ongoing monitoring and adjustment 

of bioprocesses to ensure that biologic drug products are 

produced with high quality, meeting the required speci-

fications all the time. BioPharm International spoke to 

Jim Mills, senior vice-president of Technical Operations 

at Abzena; Karl Rix, vice-president, Business Unit 

Bioprocess, Eppendorf; Tommy Smith, lead scientist, Cell 

Culture, GE Healthcare Life Sciences; Richard Moseley, 

chief technologist, Microsaic Systems; and Christian 

Grimm, R&D director, Process Analytical Technologies, 

Sartorius Stedim Biotech, about the advances in PAT 

tools for bioprocessing. 

ADVANCES IN PAT TOOLS

BioPharm: In your opinion, what are the three most signifi-

cant advances in analytical tools for monitoring processes in 

biopharmaceutical manufacturing? 

Mills (Abzena): The three significant advances are on-line 

biomass measurement, at-line substrate and catabolite mea-

surement, and the recent promise of at-line product measure-

ment.

Rix (Eppendorf): In my opinion, the important advances 

are in peripherals, such as sensors, pumps, valves, and motors, 

being designed with additional feedback and intelligence, 

allowing more precise monitoring of the entire process. This 

goes hand in hand with advances in bioprocess software that 

allow customized use of the gathered data, for example, in tai-

lored feedback control loops. 

Significant advances are also caused by the application 

of multivariate data analysis tools to interpret bioprocess 

data, develop a thorough process understanding, and use this 

Process analytical technology tools have enabled 
manufacturers to monitor and control their production processes.

ADELINE SIEW, PHD

Analytical Testing
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knowledge for process design and ide-

ally in-process corrective actions during 

manufacturing. 

Finally, I consider scale-down models 

as important analytical tools; although 

they are not directly used during manu-

facturing, they are still of high relevance 

for it. I think efforts in the creation 

of scalable bioprocess systems have 

advanced and will further advance the 

possibilities for bioprocess analysis, both 

in development and for troubleshooting.  

“PAT tools are 

beginning to 

gain a foot-hold 

in bioprocess 

development to save 

time and cost during 

the early transition 

from research into 

development.”

—Mills, Abzena 

Smith (GE Healthcare): The 

three most significant advances in ana-

lytical tools for monitoring upstream 

processes in biopharmaceutical manu-

facturing are near-infrared (NIR) spec-

troscopy, Raman, and radio-frequency 

(RF) impedance. In upstream processing, 

NIR and Raman are useful for real-time 

monitoring of cell culture parameters 

including pH, dissolved oxygen, and 

various metabolites. After calibration 

for a given process and media, these 

two tools provide constant information 

about the culture without the need for 

manual sampling. The same is true of 

RF impedance in relation to cell popula-

tion density within a culture. 

These tools are important for keep-

ing the entire cell culture process under 

close surveillance. An additional advan-

tage to using these three in-process ana-

lytical instruments is a reduced risk for 

contamination due to manual interven-

tion and off-line analyses.

Moseley (Microsaic Systems):

The analytical tools commonly used to 

monitor upstream and downstream bio-

processing have been traditional, sim-

ple instruments. For upstream process 

monitoring, these include pH monitors, 

glucose measurements, and gas pressure 

gauges. For downstream purification, 

the tools are slightly more sophisticated, 

such as enzyme-linked immunosorbent 

assay (ELISA) and high-performance 

liquid chromatography with ultravio-

let detection (HPLC–UV). However, 

these tools are not suitable for the cur-

rent challenges faced by the biophar-

maceutical industry, particularly those 

driven by the stricter regulations sur-

rounding biologics, or biopharmaceuti-

cals. Efficient quality-by-design (QbD) 

strategies are now needed, giving bio-

processing operators and managers 

access to more detailed product and 

process information at the point-of-

need, in other words, where the reaction 

and process is taking place. 

The first significant advancement in 

analytical tools is the development of 

better multivariate data analysis (MVA). 

The biopharmaceutical industry, pre-

viously familiar in making simpler 

small-molecule drugs, has found that 

MVA is suitable for the challenge of 

safely controlling a bioprocess. MVA 

is used to link the critical quality attri-

butes (CQAs) of the target product (as 

an example, glycosolyation is a CQA 

for monoclonal antibody safety and 

potency) to a set of critical process 

parameters (CPPs). CPPs can include 

temperature, pressures, and flow rates. 

Adopted industry-wide as the 

preferred choice of analysis, mass 

spectrometry (MS) can provide the 

information needed to monitor and 

control the processing of biolog-

ics using MVA, as it measures CQAs 

and CCPs directly. Until recently, MS 

instruments were large, power hungry, 

and capital-intensive equipment to pur-

chase and maintain. These instruments 

still form much of the centralized-lab-

oratory infrastructure, where samples 

from the bioprocessing workf low are 

analyzed. However, turning a sample 

analysis around can often take days or 

even weeks. A significant advancement 

is the emergence of compact, minia-

turized MS instruments containing 

powerful analytical software tools, 

more suited to point-of-need applica-

tions. Such compact instruments may 

be deployed at almost any step in the 

bioprocess (at the ‘point-of-need’) and 

can be used to analyze the contents of 

the cell media, or buffer solution. As 

a result, analysis times become instan-

taneous, speeding up time for manu-

facture and also the time to market for 

new biologic drug candidates.

Grimm (Sartorius): From my per-

spective, the most significant devel-

opments of analytical tools for use in 

biopharmaceutical processes are the 

full integration of ready-to-use sin-

gle-use inline sensors such as in-line 

capacitance for biomass monitoring in 

bioreactor bags, the use of optical spec-

troscopic equipment and methods for 

inline integration into bioprocess solu-

tions (e.g., NIR, Raman, UV–VIS or 

fluorescence), and the use of data ana-

lytics such as multivariate statistical and 

other chemometric methods to transfer 

data into knowledge.

PAT IN BIOPHARMACEUTICAL 

MANUFACTURING

BioPharm: How widespread, would 

you say, is the use of PAT tools in bio-

pharmaceutical manufacturing? 

Grimm (Sartorius): Obviously, the 

implementation of PAT tools is not 

as widespread in biopharmaceutical 

production as in chemical or pharma-

ceutical manufacturing. In biopharma-

ceutical processes, we have to distinguish 

between the status within upstream and 

downstream processes. Interestingly, the 

implementation of relatively new tools 
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such as  spectroscopy is more mature in 

upstream than in downstream, even if 

the matrix under test is far more com-

plex in a cell culture for example than in 

a later polishing step. Compared to clas-

sical pharmaceutical processes, however, 

we are far behind in the implementation 

of PAT tools. This may change signifi-

cantly in the coming period especially 

with the increased use of continuous and 

intensified manufacturing approaches 

within the industry.

Moseley (Microsaic Systems): 

Simple, low cost, and robust  sensors 

have been used for PAT in the chemi-

cal industry for many years, for exam-

ple, Fourier-transform infrared (FTIR) 

spectroscopy is used to monitor and 

control small-molecule API synthesis. 

However, the data produced from these 

types of simple sensors has very lim-

ited value for MVA in a bioprocessing 

context. Instruments suited to analyz-

ing complex biologics such as MS have 

been proposed and explored in the past 

by biopharmaceutical companies, but 

the lack of deployability of the large MS 

instruments, and the limited software 

analysis that were available at the time 

did not lend themselves well to being 

PAT tools. The advent of miniaturized 

mass spectrometers has presented an 

important step forward for the adoption 

of point-of-need MS by biopharmaceu-

tical manufacturers. 

Rix (Eppendorf): I think the 

majority of the biopharmaceutical 

companies are interested in imple-

menting PAT tools in manufacturing 

even if they are not using them now. 

I expect it will take a couple of years 

more until PAT is widespread in bio-

processing. Furthermore, PAT tools 

will get increasingly important at earlier 

development stages, I believe, because 

gaining sufficient process and  product 

knowledge during the research and 

development phase helps implementing 

PAT at later stages. Regulatory agencies 

encourage PAT implementation, and 

we might see even more incentives from 

their side in the future.  

“PAT is a system 

for designing,  

analyzing, and 

controlling 

 manufacturing 

through timely 

 measurements 

of  critical quality 

and  performance 

 attributes, with the 

goal of ensuring final 

product quality.”

—Rix, Eppendorf  

Mills (Abzena): I agree that the 

concept of PAT is not new in phar-

maceutical manufacturing. However, 

the ability to consistently and robustly 

measure, monitor, and control such 

complex processes as biologics man-

ufacturing are still largely outside of 

the state-of-the art. It has much to 

do with the difficulty in directly mea-

suring macromolecular characteris-

tics in-process. Many developmental 

PAT tools have been proposed using 

indirect measurement methods rely-

ing on complex statistical correlations 

between traditional physical on-line 

measurements and the parameter 

being inferred. Because of the diffi-

culty in direct measurement, trust of 

such inferred measurements has been 

hard to gain. In a highly regulated 

industry such as the biopharmaceutical 

sector, which also has high costs and 

long cycle times for product develop-

ment, these challenges have acted as 

a significant barrier to PAT adoption 

for most companies, especially small 

and medium enterprises (SMEs) and 

contract manufacturing organizations 

(CMOs).

I think PAT tools are beginning to 

gain a foot-hold in bioprocess devel-

opment to save time and cost during 

the early transition from research into 

development. One aspect that has 

helped with this is more vendors, such 

as Sartorius, providing already inte-

grated solution for PAT in their prod-

uct offerings (e.g., single-use biomass 

measurement), which makes adoption 

simpler for companies. However, even 

though PAT is starting to be used dur-

ing process development, generally for 

GMP manufacturing, traditional qual-

ity control testing is still relied upon.

BioPharm: What positive changes 

have PAT tools contributed to in bio-

pharmaceutical manufacturing over the 

past 10 years?

Smith (GE Healthcare):  In 

upstream processes, periodic sampling 

(daily or twice daily) is the traditional 

norm. However, with the advent of 

PAT, constant pH, dissolved oxygen, 

and metabolite monitoring are now 

possible. Such monitoring allows for 

proactive management of the system 

instead of a reactive response. Now the 

operator can have an insight into what 

the status of the system is at any time 

as well as an opportunity to add feeds, 

bases, and acids when needed instead 

of at or after the traditional sampling 

time during the day. The gain in this 

instance is a more consistent quality 

of product due to the ability to keep 

parameters that affect quality attri-

butes steady or within desired ranges 

over the course of a production run.

The increased use of PAT has 

led to a reduction of contamination 

incidences in manufacturing due to 

the ability to monitor processes with 

minimal manual intervention or sam-

pling. In upstream work, this includes 

non-invasive pH and dissolved oxygen 

monitoring through optical devices 

that do not need to be inserted into 

the bioreactor post steam-in-place or 
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irradiation. Another example is the 

monitoring of cell density via an RF 

impedance probe that is inserted into 

the system before steam, autoclave, or 

irradiation. Overall, this monitoring 

inevitably results in a cost savings to 

the company during the life of the pro-

duction cycle. Tighter controls over the 

process are also a result of PAT tools. 

“The implementation 

of relatively new 

tools such as 

spectroscopy is 

more mature in 

upstream than in 

downstream...”

—Grimm, Sartorius

Grimm (Sartorius): Working 

with complex biological systems pro-

ducing the target molecule or drug 

substance makes the implementa-

tion of PAT tools in biopharmaceu-

tical production processes far more 

diff icult than in chemical synthesis. 

However, the recent implementa-

tion of several PAT tools in terms of 

design of experiment (DoE), inline 

sensors, spectroscopy probes, and the 

use of multivariate statistical methods 

have increased fundamental process-

knowledge and given insight into the 

mechanisms of CPPs on the CQAs. 

This enabled more reliable process 

automation and was a major step for-

ward in the direction of QbD imple-

mentation in bioprocesses.

Rix (Eppendorf): PAT is a sys-

tem for designing, analyzing, and 

controlling manufacturing through 

timely measurements of critical quality 

and performance attributes, with the 

goal of ensuring final product qual-

ity. I think this exactly describes the 

most important positive changes PAT 

tools contribute to. They allow achiev-

ing better process understanding and 

therefore predictability. Associated 

with process control, they can help 

to minimize process variations. As a 

result, a more consistent product qual-

ity can be achieved. I assume PAT 

tools also help to save costs, as they 

can help to reduce the number of 

failed batches.

Moseley (Microsaic Systems):

There is broad recognition that PAT 

tools are essential for helping to sim-

plify manufacturing, and this work 

has already led to the adoption of rel-

atively simple instruments being inte-

grated into process steps where PAT 

is relatively straightforward. However, 

the complexity of bioprocessing 

means important decision points 

in the process are not all routinely 

covered by PAT. Important improve-

ments to MS hardware and software 

means the remaining difficult bio-

processing steps can be monitored 

and controlled using miniaturized 

MS-based PAT systems. 

CHALLENGES OF 

IMPLEMENTING PAT

BioPharm: What challenges still 

exist in PAT implementation for bio-

processing?

Rix (Eppendorf): One important 

challenge I see is transferability. PAT 

already plays a key role during research 

and development, where it helps in 

increasing process knowledge and 

developing a process control strategy, 

but it usually happens at small scales. 

To be applied in manufacturing, PAT 

tools and control strategies need to be 

validated and transferred across scales 

and facilities. 

Secondly, PAT implementation 

requires specialized expertise of how 

to integrate sensors, how to validate 

models, and how to program feedback 

control loops. It will often require the 

combined efforts of vendors and users 

to tackle this challenge.

“Near infrared and 

Raman are useful for 

real-time monitoring 

of cell culture 

parameters 

including pH, 

dissolved oxygen, 

and various 

metabolites.”

—Smith, 

GE Healthcare

Moseley (Microsaic Systems):

The understanding of PAT and its 

relevance to complex bioprocessing 

has improved enormously. There are, 

however, many challenges that need 

to be tackled before there can be full 

implementation of PAT tools into 

the whole of bioprocessing. For the 

implementation of a miniaturized 

MS PAT tool, the key challenges are: 

• To integrate the mass spectrom-

eter in environments normal ly 

hostile to the instrument with-

out damaging the instrument or 

compromising the safety of the 

product 

• Acquire rel iable data over an 

acceptable time 

• Prov ide accu rate  and usef u l 

information to the end-user. 

Mills (Abzena): I think the main 

challenge is still the implementation 

of robust, reliable direct measure-

ment tools that can be validated and 

applied in the GMP manufacturing 

environment.

Grimm (Sartorius): The remain-

ing hurdles for PAT implementa-

tion for bioprocessing could be split 
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into three categories. There are, of 

course, residual technical and appli-

cation challenges due to the fact 

that we have to monitor and control 

complex biological systems, whose 

responses to changes of macroscopic 

environmental factors cannot be pre-

dicted completely. In addition, the 

number and complexity of impor-

tant parameters are quite high, hence, 

requiring analytical methods that 

are selective and sensitive enough 

to measure these parameters in an 

online way. Furthermore, the current 

trend in the industry to use single-

use equipment—not only in process 

development but going further to 

manufacturing scale—requires an 

implementation of PAT tools in sin-

gle-use systems as well, which is a 

technical challenge per se. 

Secondly, the implementation of 

PAT in bioprocess requires mindset 

changes of the acting people. There 

is still, in some cases, the percep-

tion of the operators, that they are 

faced with a black box batch process, 

which they better not touch if they 

were able to run it in a semi-opti-

mal way. If our industry is moving 

forward to continuous or intensified 

processes, there is a clear demand for 

implementing PAT tools so that the 

processes can be run in a stable and 

robust regime. 

The third important aspect for the 

hesitation of PAT implementation in 

bioprocessing is the lack of a strong 

economical driving force. We still 

have legacy production processes run-

ning in the industry that are far away 

from optimal in terms of efficiency 

and quality. The recent increase of 

more biosimilars coming to market, 

higher consolidation in the industry, 

and changes in local markets will give 

the demand of more cost competi-

tive manufacturing. These drivers will 

lead to a higher degree of implemen-

tation of PAT in the near future.

Smith (GE Healthcare): The vast 

number of potential analytical instru-

ments that could be integrated into 

a biopharmaceutical process pres-

ents a logistical challenge. A single 

unit that implements NIR or Raman 

for metabolite monitoring is typi-

cally not an issue. However, when 

instrumentation such as HPLC/MS, 

metabolite/cell density analyzers, and 

sample purification modules are all 

individually attached to a sterile sam-

pling mechanism, the footprint of the 

equipment and distance of travel of 

the sample becomes a burden.

“There is broad 

recognition that 

PAT tools are 

essential for 

helping to simplify 

manufacturing...”

—Moseley, 

Microsaic Systems

FUTURE OUTLOOK

BioPharm: What advances in ana-

lytical tools for biopharmaceutical 

manufacturing would you like to see 

within the next five years?

Moseley (Microsaic Systems):

We believe that any advances should 

be aimed at bringing cheaper and 

safer biologics to all the people who 

require them. For analytics, this 

means the tools must: 

• A d d  i m p o r t a n t  v a l u e  t o 

bioprocessing by ma x imizing 

product y ields, ensure product 

sa fet y, and minimize process 

downtime 

• Be reliable and robust to suit the 

point-of-need applications needed 

for PAT. 

In the next five years, we would 

like to see miniaturized mass spec-

trometers routinely integrated into 

upstream and downstream biopro-

cessing environments, where they can 

both monitor and control the produc-

tion of biologics, through their unique 

ability to detect and analyse proteins, 

and small molecules.

Gr imm (Sa r to r i u s ) :  Nex t 

PAT advances should be on further 

implementation of inline sensors 

for monitoring and controlling the 

CPPs, including more multi attribute 

methods. For example, HPLC or MS 

could be used to get online access to 

CQAs and mechanistic or hybrid pro-

cess models could improve advanced 

process control. In addition, the 

industry has concentrated mainly on 

implementation of PAT tools in the 

upstream area, but we would likely see 

more development in the downstream 

part to set the basis for the vision of 

real-time release.

Smith (GE Healthcare): It would 

be optimal to see more all-in-one 

modular offerings allowing the tar-

geted industry to implement a single 

instrument for all, or most, desired 

analysis parameters.

Rix (Eppendorf): In my opin-

ion, biopharmaceutical manufactur-

ing would benefit from additional 

sensors for online monitoring of 

metabolites and CQAs of the prod-

uct. These parameters of course can 

be analyzed offline and online—

integration of some sensor types is 

feasible; however, I hope to see, for 

example, metabolite sensors in the 

future, which can be as easily used 

as today’s pH and dissolved oxygen 

sensors. Often single-use technol-

ogy is applied in manufacturing; it 

would be also desirable for new sen-

sor technology to simplify handling 

and avoid sterility issues.

Mills (Abzena): I’d like to see 

actual rea l-time measurement of 

product concentration and product 

quality. ◆
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Biosimilars Raise Manufacturing and 
Regulatory Challenges

A 
central strategy for enhancing access to more afford-

able medicines for the Trump administration, 

Congress, and FDA involves smoothing the pathway 

for the development and approval of high-quality bio-

similars and interchangeable biotech therapies. Yet, only 

three biosimilars are on the market—of 11 approved prod-

ucts—eight years after enactment of legislation authorizing 

follow-ons. Recent entries include Pfizer’s Retracrit, the first 

approved alternative to Amgen’s widely used anemia treat-

ment Epogen (epoetin alfa), and Fulphilia (Pegfilgrastim) 

from Mylan and Biocon, a competitor to Amgen’s Neulasta. 

But if current trends continue, it may be months or years 

before Americans gain access to these less costly therapies.

 In the United States, biosimilars must overcome lengthy 

patent challenges and difficult reimbursement policies that 

block product marketing. Testing and production of biosimi-

lars costs from $100 million to $250 million per program, 

much more than the $10 million involved in developing a 

conventional generic drug. Consequently, biosimilars come 

to market at prices only 15–20% below the innovator, which 

often is not enough difference to drive prescribing and 

industry investment in the field. 

Manufacturing problems also continue to cause delays, 

as experienced by both Pfizer and Mylan last year (1,2). 

Celltrion also received FDA complete response letters for 

biosimilar applications for rituximab (Rituxan) and for 

trastuzumab (Herceptin) due to violations at its South Korea 

facility involving aseptic practices, which it says are now cor-

rected (3). Other firms have run into delays in FDA approval 

related to technical and quality production issues. 

STREAMLINING DEVELOPMENT

At FDA, Commissioner Scott Gottlieb, MD, is encouraging 

biosimilar development with initiatives to provide greater 

scientific and regulatory clarity for sponsors, a more efficient 

review process, and tools for using modern analytical tech-

niques to make biosimilar development more predictable and 

FDA seeks more efficient testing to spur development 
of less costly biotech therapies.

JILL WECHSLER

Regulations

JILL WECHSLER is BioPharm International’s Washington editor, 

jillwechsler7@gmail.com.
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less costly. With more than 60 biosimi-

lar development programs to 31 differ-

ent reference products in the pipeline, 

the Center for Drug Evaluation and 

Research (CDER) is working to better 

integrate policy and review functions 

to smooth the pathway to approval 

(4). FDA has finalized seven guidance 

documents since 2015 that spell out 

a range of procedures and policies for 

demonstrating biosimilarity to refer-

ence product, reports CDER Associate 

Director for Therapeutic Biologics 

Leah Christl. Now the agency is mov-

ing to prepare and revise advisories 

on several contentious issues, includ-

ing biosimilar labeling, managing post-

approval manufacturing changes, and 

demonstrating interchangeability with 

a reference product. Although FDA 

cannot change the legal standard for 

interchangeable biosimilars, Christl 

explained at the April 2018 Medicines 

for Europe Biosimilar Medicines 

Conference in London, the agency is 

examining possible revisions in data 

elements necessary to support an inter-

changeability designation (5). 

FDA recently announced it would 

start over with guidance on statisti-

cal approaches for evaluating analytical 

similarity to better accommodate new 

scientific tools to streamline the stud-

ies required for comparisons between 

biosimilars and reference products (6). 

The aim is to clarify where natural vari-

ance in production lots for biologics 

occurs over time and how to incorpo-

rate this process into procedures for 

copying such variable products. FDA 

is examining innovative methods that 

may help manufacturers measure and 

control for routine lot differences, with 

an eye to addressing where it may not 

be necessary for a biosimilar to show 

comparability to a full range of variance 

in reference products. 

Another concern for FDA is evidence 

that innovators may delay biosimilar 

testing by blocking access to supplies of 

reference products needed for compa-

rability testing and clinical trials. FDA 

has published lists of brand drugs subject 

to such complaints from generic-drug 

makers and has its eye on restrictive con-

tracting and distribution strategies that 

similarly may affect biosimilar sponsors 

and create barriers to the submission of 

biosimilar applications. 

To encourage greater uptake of 

biosimilars, FDA also is doing more 

to educate clinicians and patients on 

product safety and efficacy and to 

address misconceptions that foster 

reluctance to prescribe and use these 

therapies. Biosimilar advocates are urg-

ing the agency to further explain its 

standards and policies to build public 

confidence that biosimilars are equally 

safe and effective as brand biologics. 

FDA recently expanded its educa-

tional materials on the development 

and approval of biosimilars and inter-

changeable products for healthcare pro-

fessionals and patients (7). Biosimilar 

makers also anticipate that an efficient 

path for demonstrating product inter-

changeability with brands will help 

build prescriber and patient confidence 

in switching to the new products. 

Added efficiencies may arise from 

establishing a global market for bio-

similars, and FDA is collaborating 

with regulatory authorities in Europe, 

Japan, and Canada to harmonize R&D 

requirements and share experiences in 

overseeing biosimilars. Such partner-

ships can support global economies 

of scale in biosimilar development 

programs across national boundaries, 

Christl noted at the London confer-

ence. Regulatory authorities from the 

United Kingdom and other European 

countries reported millions in sav-

ings from the growing uptake of bio-

similars to rituximab, infliximab, and 

etanercept, as prescribers gain more 

confidence in switching patients to the 

lower-cost therapies. 

REBATE ROADBLOCKS

In the US, though, payment and rebate 

practices create additional barriers to 

biosimilar marketing and utilization. 

In a speech to health insurance firms 

in March 2018, Gottlieb pointed to 

rebating and contracting schemes and 

“Kabuki drug-pricing constructs” that 

expose consumers to high out-of-

pocket costs for biosimilars and dis-

courage manufacturers from investing 

in producing more affordable alter-

natives (8). The problem is that high 

rebates paid by brand manufacturers 

encourage health plans and pharmacy 

benefit managers (PBMs) to favor 

brand therapies on formularies. In 

April 2018, the commissioner scolded 

PBMs directly about how “restrictive 

contracting, rebating, and distribution 

agreements deter coverage and reim-

bursement” for biosimilars (9).  

The crux of the problem, Gottlieb 

explained, is the “rebate trap” that per-

mits PBMs and insurers to profit from 

the spread between list price and the 

actual rebated price for an innovator 

therapy. Rebates can amount to hun-

dreds of million of dollars in annual 

revenues for plans and typically are 

tied by manufacturers to volume or 

preferred formulary status. This sys-

tem means that PBMs and plans lose 

substantial rebate revenues by shifting 

patients from an established drug to a 

biosimilar. 

As biologics account for an increas-

ingly large portion of drug outlays, 

Gottlieb urged payers and insurers to 

reject such rebate arrangements and 

to encourage biosimilar use by lifting 

prior authorization requirements for 

biosimilars, designing formularies with 

biosimilars as the default option for 

newly diagnosed patients, and waiving 

co-insurance on these products. Payers 

must decide if they want to continue 

to benefit from profitable rebates, 

Gottlieb told the insurers, or “help 

generate a vibrant biosimilar market 

that can help reset biologic pricing.” 

These rebate and contracting 

issues that stymie biosimilar compe-

tition, along with a range of patent, 

regulatory, and reimbursement chal-

lenges, are discussed in a white paper 

Regulations
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from the Biosimilars Council of the 

Association for Accessible Medicines 

(10). The group is pressing for legisla-

tion to facilitate access to test samples 

for generic-drug and biosimilar manu-

facturers, as well as policies to promote 

biosimilar competition at FDA and 

other government agencies. 
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In 2017, the Supreme Court’s deci-

sion in the Sandoz v Amgen decision 

set a number of precedents. “It was 

slightly different from the decision 

that the Federal Circuit came out 

with, especially regarding marketing, 

but the Federal Circuit had already 

established in people’s minds that 

the Biologics Price Competition and 

Innovation Act (BPCIA) wasn’t going 

to be as clear cut as everyone thought 

it would be,” says Williams. “Some 

people thought they would just have 

to follow BPCIA and patent dance 

procedures. Clearly that’s not going to 

be the case.”

As a result, companies are testing 

the contours to figure out when it is 

best to take advantage of the BPCIA 

and when to use the patent dance. “If 

I’m a biosimilar applicant, does it make 

sense for me to disclose my application 

or not? This approach buys time and 

gives some protections, but requires 

potentially disclosing trade secrets to a 

potential competitor. They have a legal 

obligation not to use that information, 

but there is still a concern, especially 

with future products,” says Williams.

Companies are asking whether 

it makes more sense to give notice of 

commercial marketing the minute they 

file the application with FDA, in which 

case they invite potential lawsuits on 

every patent involved, or whether they 

wait as originally intended and poten-

tially deal with a little litigation up 

front, until they are close to market and 

deal with it all on the back end. 

One case to watch is Momenta v 

Bristol-Myers Squibb (BMS), he says (7). 

Momenta had filed IPRs against BMS’ 

product, but had not yet filed an appli-

cation for its biosimilar with the FDA, 

which is an acceptable procedure with 

the PTAB. However, BMS is challenging 

Momenta’s ability to appeal those final 

decisions from the PTAB. “Momenta has 

an uphill battle ahead of it to establish 

that it will be able to appeal any adverse 

decision,” says Williams. 

“As a biosimilars advocate, you end 

up in a tough position,” he notes. “You 

probably have an estoppel (i.e., a legal 

obstruction preventing one from deny-

ing or contesting a statement) against 

you in what you may consider to be a 

wrong decision, but you can’t challenge 

that decision and won’t be able to make 

those arguments again in District 

Court.” Momenta v BMS will be very 

important in helping to determine how 

IPRs play out in the biosimilars space, 

Williams says. 
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Early Development Obstacles of 
Biosimilars and Biobetters

T
he complexity of biosimilar and biobetter molecules 

leads to developmental issues that stall their commer-

cialization, especially in the United States. 

BioPharm International spoke with Paul A. Calvo, PhD, 

director in the Biotechnology & Chemical Practice Group at 

Sterne, Kessler, Goldstein & Fox, and Gregory K. Bell, group 

vice president and life sciences practice leader at Charles River 

Associates, about the regulatory and legal issues associated 

with bringing recent biosimilars and biobetters to market.

BIOSIMILARS VERUS BIOBETTERS

Understanding the difference between biosimilars and bio-

betters is crucial when tackling issues associated with their 

development. “First, it is important to define terms,” explains 

Bell. “A biosimilar is a generic version of a biologic, while 

the definition of a biobetter is more strategically significant. 

Some may characterize it as a lifecycle strategy from the 

innovator of a biologic (e.g., pegylation) for longer duration 

or an innovation to yield a subcutaneous version of an infus-

ible. Perhaps the more interesting definition of a biobetter, 

however, is a biosimilar that is ‘better’; in other words, not 

the result of a lifecycle strategy from the innovator.” 

“Bioproduction methods are inherently challenging and 

expensive,” notes Calvo. “In order to have biosimilars and 

biobetters compete in the marketplace, strategies to lower 

cost of development will be necessary. In the US, a hurdle 

results in individual states passing their own legislation 

regarding biosimilars. This could impact market uptake.”

WHAT TO CONSIDER FOR 

DEVELOPMENT AND COMMERCIALIZATION

When it comes to these biologics, it is important to assess the 

type and significance of development and commercialization 

challenges, observes Bell. “Two types of products are considered 

based on mode of administration: self-administered (often sub-

cutaneous) or physician-administered (often infused). The type 

of approval also needs to be considered, either similarity (with 

or without indication extrapolation, meaning with or without 

an approval based on a showing of biosimilarity in a principal 

indication or inferred for other indications of the biologic) 

Biosimilars and biobetters face developmental 
challenges to achieving commercialization.

AMBER LOWRY
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or interchangeability, typically meaning 

substitutable without physician approval 

(currently not available in the US).” 

Bell believes that development chal-

lenges tend to be most manageable for 

biosimilars without interchangeabil-

ity. “This is because the clinical trial 

requirements are presumably less strin-

gent than for interchangeability. The 

development challenges for the more 

strategically interesting definition of 

biobetters are higher because one must 

get beyond biosimilarity to show the 

‘better’ aspects for the label. The con-

sequent commercial upside, of course, 

could be higher and come with its own 

form of market exclusivity.”

Commercialization hurdles are likely 

to be higher for a product that is admin-

istered by a physician, according to Bell. 

More specifically, marketing the prod-

uct to various physicians and providing 

the support services necessary for the 

stocking of the product in those physi-

cian offices will prove particularly chal-

lenging. “These challenges are likely to 

be elevated if there is only indication 

extrapolation to the extent that physi-

cians are not necessarily on-board with 

a class-effect characterization. The indi-

cation extrapolation issue is likely to be 

exacerbated if different specialties are 

responsible for prescribing the prod-

uct for extrapolated indications, such as 

gastroenterologists and dermatologists 

for anti-tumour necrosis factor (TNF) 

products such as Enbrel, Humira, and 

Remicade.”

The commercialization challenges are 

compounded for biobetters, but the pay-

out might just make these obstacles worth 

the trouble. “The biobetter will have all of 

these challenges plus the additional mar-

keting requirement to raise awareness of 

the ‘better’ feature, [as well as] to encour-

age physician and patient trial of the ‘bet-

ter’ feature and then to habituate usage of 

the biobetter,” notes Bell. “As a result of 

those more significant commercialization 

challenges, the consequent upside from 

successfully addressing those challenges is 

likely to be notably higher for biobetters.”

“Patient-support services represent 

a last commercialization hurdle for 

biosimilars and biobetters,” Bell adds. 

“Many biologics provide or require sig-

nificant patient support services—from 

insurance benefit approval to education 

on self-administration and living with 

the condition. Biosimilars and biobet-

ters will need to be able to provide 

the patient-support services that are in 

demand, both from the perspective of 

the physician office and the patient.”

LEGAL AND 

REGULATORY ISSUES

Intellectual property (IP) will likely be 

the key issue when bringing biosimilars 

to market, especially in the US, according 

to Calvo. “Not only will developers need 

to contend with patents that cover the 

composition and its use, but patents that 

cover methods of producing the biolog-

ics are taking on increased importance 

as originators try alternative strategies to 

gain additional patent protection.”

This issue goes beyond patent thickets, 

adds Bell. “The trade secrets and learn-

ing economies associated with biologics 

production are likely to be much more 

significant than for small molecules.  For 

example, the cell lines and other pro-

duction processes associated with the 

manufacturing of biologics may be more 

complex to manage than the production 

processes associated with many small-mol-

ecule products. Further, unlike [FDA’s] 

Orange Book in the US, there is no ready-

made listing of the patents protecting 

composition-of-matter or method-of-use 

for biologics.  As a result, it may be con-

siderably more difficult for biosimilars and 

biobetters to navigate over and around the 

IP hurdles associated with biologics.” 

However, there may be a flipside 

from this same set of challenges. “The 

IP challenges that are associated with 

biologics may also lead to opportu-

nity for biosimilars,” says Bell. “For 

example, there may be IP associated 

with the manufacturing and charac-

terization of the biosimilar that will 

help to constrain entry and increase 

profitability as compared to generic 

versions of small molecules.”  

LOOKING AHEAD

The future of biosimilar/biobetter mar-

ket success could come back full circle to 

issues involving their definitions, notes 

Bell. “Generally, the market potential 

for a valued ‘better’ feature is likely to 

mean that a biobetter will have a market 

advantage over ‘just’ a biosimilar. ‘Just’ 

a biosimilar, however, should be less 

expensive to develop, able to get to mar-

ket more quickly, and, if interchangeable, 

could be significantly less costly to mar-

ket. Conversely, these very attributes are 

also likely to be correlated with ease of 

entry, meaning more potential competi-

tion from other biosimilars and there-

fore, reduced market potential. 

Calvo sees the future a bit differ-

ently. “The market potential will likely 

be greater for a biosimilar than a bio-

better. The biosimilar has the benefit of 

similarity to a known, approved product.  

A biobetter (as the name suggests) will 

need to be better than the originator.  If 

a biobetter is not significantly better, the 

marketplace may revert to the origina-

tor/biosimilar compounds because they 

are known commodities with a known 

efficacy profile.”

“There is likely to be more market 

potential associated with a valued bio-

better than an interchangeable biosimi-

lar,” Bell explains. Because of the more 

stringent requirements expected for 

interchangeability as opposed to ‘just’ 

biosimilarity, it is to be expected that the 

production process for an interchangeable 

biosimilar would be more easily controlled 

and thus less reliant on IP, including trade 

secrets and learning economies. As a 

result, more entry would be expected for 

an interchangeable biosimilar,  tending to 

reduce the long-term market  potential.” ◆

Disclaimer: The views expressed by 

Gregory K. Bell herein are the author’s and 

not those of Charles River Associates or any 

of the organizations with which the author is 

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

member of the Eppendorf portfolio of rigid-

wall, stirred-tank bioreactors. With a maximum 

working volume of 10 L, it perfectly blends into 

the BioBLU c vessel portfolio covering working 

volumes from 100 mL to 40 L. Consistent vessel 

geometries and highly flexible headplates make 

the product line an ideal choice for process 

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

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

bioreactor to a single-use bioreactor 

in seconds.  Introducing the BIOne by 

Distek, a benchtop scale single-use 

bioreactor system for mammalian cell growth and recombinant protein 

production. Engineered with a disposable headplate welded to a 

triple-layered liner, the BIOne significantly reduces turnaround time by 

allowing users to seamlessly transition to a disposable platform while 

utilizing their existing capital equipment.

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

THE WORLD’S LARGEST COMMERCIAL 
MANUFACTURING FACILITY USING 

SINGLE-USE BIOREACTORS BY WUXI BIOLOGICS
WuXi Biologics maintains 460,000 sq. ft. of commercial drug substance and 

drug product cGMP manufacturing facilities in addition to extensive existing 

CMC development and clinical manufacturing capabilities. The new commercial 

facility accommodates 2 x 1000L disposable bioreactors for perfusion processes 

and 14 x 2000L disposable bioreactors for fed-batch production of monoclonal 

antibodies, bi-specific antibodies, Fc-fusion proteins, and other recombinant 

proteins produced from mammalian cell culture.

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

OUTSOURCING AND INSOURCING 
SOLUTIONS FOR LABORATORY TESTING
Eurofins Lancaster Laboratories provides 

testing services for all stages of the drug 

development process and supports all 

functional areas of bio/pharmaceutical manufacturing. We offer the flexibility 

to manage your testing programs through your choice of three unique service 

models, including standard Fee for Service, as well as our award-winning 

Professional Scientific Services® PSS insourcing solution® and Full-Time-

Equivalent (FTE) service models. Eurofins Lancaster Laboratories, Inc., 

717.656.2300, www.EurofinsLancasterLabs.com
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Ask the Expert

Q: 
Our company is a young, modern 

enter pr i se,  and our management 

decided to apply modern, state-of-the-art 

technologies and methodologies in our man-

ufacturing facility. We have installed auto-

mated systems that allowed us to establish 

process analytical technology (PAT) to for-

mulate a quality-by-design (QbD) approach 

and enable us to perform parametric release. 

We intend to submit our applicat ion in 

the United States and in Europe in 2019 or 

2020. We were advised by consultants to 

seek advice from the regulators to confirm 

that we are on the right track. However, our 

senior management rejects this idea. Can 

you give any advice on how to convince 

them otherwise?

A: 
First, let me congratulate your manage-

ment on being a progressive company 

that embraces modern technology and sci-

ence as promulgated by regulatory agencies 

around the world. Though regulators encour-

age the industry to leverage automation and 

new technologies, they themselves are not 

necessarily that familiar with these and may 

find it difficult to understand the full impact 

each of them has on product quality and, 

thus, patient safety. So the question is: when 

are you going to tell the agency about your 

innovative approach, at the time of the sub-

mission or before?

Regulatory agencies, including FDA, the 

European Medicines Agency (EMA), and 

the national authorities, all offer scientific 

advice—all prior to an applicant submitting 

an application. There is a good reason for 

that, namely that the regulators are inter-

ested in assuring that when they receive an 

application, it not only complies with the 

regulations, but it also meets the agency’s 

expectations. Though the healthcare regula-

tions are detailed, they can never cover each 

and every aspect of the drug lifecycle. There 

is always room for ambiguity and interpreta-

tion. If these issues can be addressed well 

before an application, then so much the bet-

ter, as they will not  unnecessarily delay the 

approval of your drug. A win-win situation 

one should assume.

So why not take advantage of the offering? 

Maybe there is a thorough belief in one’s capa-

bilities and approach to compliance. Maybe you 

don’t dare ask for fear of asking a silly question? 

Remember the old adage: There’s no such thing 

as a silly question! Avoiding an uncertainty 

warrants certain disaster. Maybe you expect 

your questions will not be answered. You won’t 

know until you have tried asking. Maybe you 

fear you may not like the answer. Isn’t it a lot 

better to know about the agency viewpoint 

early on?

Clearly, there is a good case for seeking a 

meeting with the agencies to present your inno-

vative approach. Yes, a lot rides on preparing 

thoroughly for such a meeting, making sure 

you present clearly, succinctly, and convinc-

ingly. Make sure you seek feedback on those 

areas that you think may get challenged. 

Even if you still cannot convince your 

senior managers of the undoubtedly great 

benefits of seeking regulatory advice through 

such meetings, you can still pursue some 

alternative channels. These include attend-

ing conferences or workshops, where you 

can meet with peers and regulators, thereby 

exchanging views and seeking feedback. Or 

you could actively engage in (special) inter-

est groups through industry associations. You 

may not get feedback from agency staff, but 

certainly from industry peers.

It’s usually better to ask than to run into 

unexpected issues with regulatory agencies at 

the time of your submission. Every day your 

drug approval is delayed is not only a day of no 

revenue, it is one day more the patients have to 

wait for your product.◆ 

Knowing and addressing regulatory expectations 
early on can avoid unexpected delays later, says 
Siegfried Schmitt, principal consultant at PAREXEL.

Seeking Regulatory Advice
Siegfried Schmitt is 
principal consultant 

at PAREXEL.
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