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From the Editor

Drug type, 

potential sales, 

and ownership 

factor in the race to 

get drugs to market.

Strategizing a Shortcut to Market

D
uring the past 20 years, the overall median total time required by FDA to 

approve a new molecular entity (NME) new drug application (NDA) or 

biologic license application (BLA) dropped from 12 months in 1996 to 

7.8 months in 2016 (1). In that same time, FDA’s Center for Drug Evaluation and 

Research (CDER) accelerated the median total approval time to approve a stan-

dard NDA or BLA from 17.8 months to 10.1 months. The median total approval 

time for priority review applications was relatively steady during those 20 years; 

however, the 2016 time of eight months was less than half of the 20.5 months 

required in 1993 (2).

While FDA has reduced approval times, a recent report by QuintilesIMS (3) 

revealed other factors that may contribute to the time required to bring a drug 

to market. The study authors examined time trends for two segments of a drug 

product’s lifetime. The first segment—where those professionals involved in drug 

development have an impact—is the time from the patenting of a new drug mol-

ecule to the time it first reaches patients. The second segment is the time the mol-

ecule has exclusivity on the market thanks to patent or other protections.

The study was based on 667 innovative small- and large-molecule drugs 

launched in the United States between 1996 and 2015. More than 300 groups 

filed original patents that became the basis for the 667 drugs. Large Pharma 

accounted for 60% of new drugs; companies classified as mid pharma and small 

pharma each represented 20%. Oncology, orphan, biologic-based, and specialist-

driven therapies all increased market shares during the time studied.

The filing of a patent is a business decision and can occur years in advance of, 

or close to, a launch date. The mean time from initial patent filing to launch for 

all molecules for the US market in the 20-year period was 12.8 years, the study 

reports, with an upper quartile of 16.3 years and lower quartile of 8.2 years. 

The shortest time from patent to launch was 128 months in 1998; the longest 

was 211 months in 2008 when FDA approved fewer drugs (19) than any other year 

during the study. While some in industry attributed the drop to a more conserva-

tive approach by FDA following the withdrawal of Vioxx from the market in 2004, 

FDA cited a drop in new drug applications. Since 2008, the time from patent to 

launch has steadily declined to an average of 158 months for the five most recent 

years, a drop of four years or 25%. This increase in speed brings time to approval 

back to levels experienced in 1996–2000.

An analysis of drug type showed that oncology drugs, on average, launched 34 

months faster that other drug types. Drugs that achieved at least $1 billion in US 

sales by 2015 reached the market 27 months faster than drugs with lower sales. The 

dynamic licensing, partnering, and acquisition nature of the bio/pharma industry, 

however, may be a greater factor in delaying the introduction of a new drug, the 

study suggests. Nearly three-quarters of the patented molecules were launched as 

drugs by a company that was different from the one that originally filed the patent. 

Those drugs launched by the same company that filed the original patent, however, 

took an average of 36 months less time to be launched than those that changed 

ownership, the authors reported. The transfer of a molecule from one company to 

another for development funding, technical expertise, or corporate strategy may 

ultimately get a drug to market. The path, however, may be longer than desired.

References

1.  J. Jenkins, CDER New Drug Review: 2016 Update, Presentation, FDA/CMS Summit, 

Dec. 14, 2016.

2.  FDA, NDA and BLA Approval Times, www.fda.gov accessed Feb. 13, 2017.

3.  M. Aitken and M. Kleinrock, Lifetime Trends in Biopharmaceutical Innovation, 

QuintilesIMS Institute Report (Parsippany, NJ, January 2017). ◆
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Regulatory Beat
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T
he Trump Administration has proposed 

to create more jobs in the United States 

by pressuring manufacturers to reduce 

overseas production and to shift operations 

back home. This poses serious problems for 

pharmaceutical manufacturers around the 

world, as the US imports approximately 50% 

of finished drugs from Europe, Asia, and other 

regions. Moreover, up to 90% of APIs for US 

production of finished dosage forms come from 

overseas, largely from China and India, accord-

ing to FDA. A tax on such imports, as has been 

proposed, would be devastating to both US and 

European-based companies, raising costs that 

would undermine efforts to lower prices for pre-

scription drugs.

At the same time, Trump’s ban on travel and 

immigration from several Muslim countries 

ignited a firestorm among high tech firms, edu-

cators, and the biomedical research community. 

Even though the courts rejected the policy, US 

companies advised workers to minimize over-

seas travel, while meeting organizers looked to 

shift programs from the US to avoid entry prob-

lems. Although leading pharma manufacturers 

sidestepped the issue, more than 150 

biotech executives, academics, and 

venture capital leaders voiced strong 

objections to the restrictions in a 

letter published in Nature Biotech (1). 

The signers state that the travel ban 

“has compromised years of invest-

ment” in the vital US biotech indus-

try as it raises the sense that “America 

is no longer welcoming of any immi-

grants.” 

The corporate annual meeting sea-

son brought these issues to the fore. 

Novo Nordisk CEO Lars Fruergaard 

Jorgensen lowered his earnings fore-

cast for 2017, noting a “volatile” mar-

ket situation in the US and concerns about a 

20% border tax on imports (2).  

OVERSEAS INSPECTION CHALLENGES
The rise in imports of both APIs and finished 

drugs has focused attention on FDA efforts 

to ensure the quality and safety of foreign-

made medical products. FDA conducted more 

foreign inspections of drug establishments in 

2015 than of domestic facilities, and that trend 

appears to be continuing, as FDA uncoverers 

foreign operations with unsanitary manufactur-

ing conditions and inadequate documentation 

of operations to ensure adherence to GMPs.

“Globalization has complicated FDA’s over-

sight of drugs marketed in the US,” according to 

the Government Accountability Office (GAO) in 

its latest report on continuing shortcomings in 

the agency’s overseas offices and foreign inspec-

tion programs (3). FDA still has not inspected 

nearly 1000 of 3000 foreign establishments in 

its data base, GAO said, nor does it have suf-

ficient information on the roles and value of 

its foreign offices in China, Europe, India, and 

Latin America. The analysts note persistent 

high staff vacancy rates in its foreign offices, 

and continued reliance on US-based investi-

gators under FDA’s Office of Regional Affairs 

(ORA) to visit facilities listed in market applica-

tions for new drugs.

International Trade Issues  
Threaten Global Pharma Operations
Manufacturers face uncertainty over  
imports, regulatory policies, and field inspections.

Jill Wechsler is 

BioPharm International’s 

Washington editor, Chevy Chase, 

MD, jillwechsler7@gmail.com

.

Just how the new 

administration deals with 

global pharmaceutical 

production issues is unclear.
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Regulatory Beat

One response is for FDA to rely 

more on inspection reports from 

competent regulatory authori-

ties in Europe, Japan, Canada, 

Australia, and other nations with 

well-established drug inspection 

and compliance programs. FDA 

officials and colleagues from the 

EU and other inspectorates have 

been examining and evaluating 

each other’s inspection procedures 

and capabilities for several years 

and hope to finalize agreements 

that would reduce the need to send 

investigators to facilities already 

inspected by local authorities.

INSPECTION OVERHAUL
Just how the new administration 

deals with global pharmaceutical 

production issues is unclear. At 

the White House meeting with 

pharma executives several weeks 

ago, President Trump promised 

to speed up processes for approv-

ing drug production plants as one 

way to accelerate approvals of new 

drugs (4).

One opportunity is to imple-

ment a proposal for a major reor-

ganization of ORA’s 5000-person 

f ield inspection force, which 

involves adopting a commodity-

based, vertically integrated inspec-

tion program with specialized 

inspection cadres for drugs, bio-

logics, medical devices, food, and 

other regulated products. While 

the agency’s current plan is to 

“stand up” this much-anticipated 

Program Alignment (PA) initiative 

by May 15, a new FDA commis-

sioner and other top staffers most 

likely will want to reassess such a 

major organizational change.

This reorganization initiative 

was announced in 2014, and FDA 

centers issued PA Action Plans in 

2015 to implement the extensive 

changes involved. The plan is for 

ORA to maintain 20 district offices 

across the US, with some concen-

trating on certain product areas, 

such as food or drugs, and addi-

tional specialists covering other 

areas. It also will incorporate a 

more automated and streamlined 

program for examining and vet-

ting imports of regulated products, 

which have mushroomed in recent 

years. The initiative emphasizes 

the need for specialized, highly 

trained investigators able to iden-

tify and respond effectively to 

“questionable conditions.”

ORA has named senior-level 

program directors at FDA head-

quarters in Maryland to oversee 

operations for six main product 

areas: food, biologics, drugs, medi-

cal devices, bioresearch monitor-

ing (BIMO), and tobacco, plus 

operat ions involv ing imports 

and ORA laboratories. Ginette 

Michaud is program director for 

biologics, which includes blood 

products, tissues, vaccines, and 

other products overseen by the 

Center for Biologics Evaluation 

and Research (CBER). Alonza 

Cruse is pharmaceutical qual-

ity program director and leads 

PA collaboration efforts for drugs 

regulated by the Center for Drug 

Evaluation and Research (CDER) 

and the Center for Veterinary 

Medicine. Additional program 

directors head similar efforts to 

coordinate inspections for medi-

cal devices, tobacco products, and 

animal and human food, along 

with bioresearch monitoring for 

all medical products. Each dis-

trict office will have a director, 

plus program managers to head 

inspection cadres at that loca-

tion. ORA plans to roll out more 

details and organizational infor-

mation over the coming weeks, 

explained Michaud at the WCBP 

Symposium sponsored by CASSS 

in Washington, DC in January.

A key goal of the PA reorganiza-

tion is to enhance communica-

tions and collaboration between 

field inspectors and center prod-

uct specialists. CDER’s Office of 

Process and Facilities (OPF) in the 

Office of Product Quality (OPQ) 

works closely with ORA phar-

maceutical inspectors to provide 

an integrated quality assessment 

from a preapproval inspection. 

OPF has three groups of special-

ists to assess information in new 

drug applications on facilities, 

processes, and microbiology. Data 

in an application can facilitate 

an inspection, while inspection 

information can support applica-

tion review, commented David 

Doleski, OPF deputy director, at 

the WCBP symposium. OPF also 

is developing a New Inspection 

Protocol to standardize and define 

elements that enable scor ing 

and comparison of drug facility 

inspections. This initiative will 

expand to cover more inspections 

and manufacturers.

OPQ’s Office of Surveillance 

similarly collaborates with ORA 

on GMP inspections at plants. 

Staffers review inspection reports 

and other data, including a facil-

ity’s inspection history and type 

of products produced, to help 

determine the need and t im-

ing and extent of a surveillance 

inspection.
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T
he bio/pharmaceutical industry is still 

buzzing about President Trump’s meet-

ing with pharmaceutical executives on 

Jan. 31, 2017 (1). While promising the industry 

lower taxes and less regulation, the President 

emphasized that those benefits will come only 

if the industry lowers drug prices and moves 

more manufacturing back to the United States.

The President’s insistence that manufacturing 

move back to the US set off a wave of promises 

from the bio/pharmaceutical industry about the 

number of jobs that might be created, including 

a projection by the head of the industry trade 

association PhRMA that the industry would 

create 350,000 jobs during the next 10 years if 

the tax and regulatory changes were enacted. 

At the same time, it triggered some excitement 

about the opportunities that might await the 

contract manufacturing industry in the US if 

bio/pharma companies chose to outsource the 

manufacturing of products moved back from 

offshore sites. 

Certain segments of the contract manu-

facturing organization (CMO) 

industry have in fact been very 

US-focused. PharmSource research 

has shown that of the 99 new 

drug applications (NDAs) and bio-

logic license applications (BLAs) 

approved by FDA in 2016, the drug 

product for 40 (40%) was manu-

factured exclusively in a facility 

owned by the sponsor or the spon-

sor’s partner while 59 had the drug 

product manufactured by a CMO 

as either the primary or secondary 

source. Of the products manufac-

tured at a CMO, 52% of the manu-

facturing sites were in the US, but 

only 20% of the captive sites were 

in the US (see Figure 1). 

The picture for APIs was not quite as favor-

able for the CMOs. Of the 40 small-molecule 

NDA approvals that use an identifiable CMO to 

manufacture the API, only 9 (24%) are made at 

US manufacturing sites; European API manufac-

turers account for 70%, a reflection of the tra-

ditional dominance of European fine chemical 

manufacturers. Still, the nine made in the US is 

still three times the number made in sponsor-

owned API manufacturing sites located in the 

US. Most in-house small molecule API manufac-

turing was also concentrated at European man-

ufacturing sites. The three outsourced biologic 

APIs (out of 15 total approved biologics) in 2016 

were all made in US facilities.

MOVING PHARMA  
MANUFACTURING IS COMPLICATED
Leaving aside the fact that bio/pharmaceuti-

cal manufacturing has never really left the 

US, the realities of the current bio/pharma-

ceutical manufacturing environment make 

the prospects for wholesale movement of drug 

manufacturing a long-term proposition, for the 

following reasons: 

t� Capacity for manufacturing innovative 

drugs is tight across the industry, especially 

for APIs, both small molecule and biologic, 

regardless of the location of that capacity.  

Capacity at CMOs is especially tight for 

anything but immediate release solid-dose 

products.

Certain segments of the 

CMO industry have in fact 

been very US focused.

Will Pharma Manufacturing Move Back to the US?
Moving global manufacturing operations  
may be more complicated than it appears.

Jim Miller is president of PharmSource, 

A GlobalData Company, and  

publisher of Bio/Pharmaceutical 

Outsourcing Report, 

tel. 703.383.4903,  

Twitter@JimPharmSource,  

info@pharmsource.com, 

www.pharmsource.com.

http://www.biopharminternational.com
mailto:info@pharmsource.com
http://www.pharmsource.com
mailto:Twitter@JimPharmSource
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Perspectives on Outsourcing

t� While global bio/pharma com-

panies have spent more than 

$50 billion in just the past five 

years on new plant and equip-

ment, much of that new capac-

ity has been built in tax-favored 

locations such as Ireland and 

Singapore, and in emerging mar-

kets. Only about a quarter of the 

projects have been in the US. 

There just aren’t many US manu-

facturing facilities that products 

could be transferred into from 

offshore. The facilities that are 

for sale are old and ill-suited for 

modern products like biologics.

t� It takes nearly four years to 

design, build, and qualify a 

greenfield manufacturing facil-

ity. Large-scale biologics facilities 

can cost $1–2 billion. It will take 

time to make and implement the 

decisions to build the necessary 

new capacity.

t� Lead times for ordering/receiving 

key equipment such as filling lines 

for injectables are approximately 

18 months these days. It takes at 

least another year to install and 

qualify it. So even expanding a 

current facility is likely to be a 

three-year proposition.

t� CMOs don’t have a lot of spare 

capacity and don’t have the cash 

to invest in massive capacity 

increases themselves. Patheon’s 

recent acquisition of Roche’s 

small-molecule API facility in 

Florence, SC, was attractive 

because it was inexpensive and 

because the facility had lots of 

unused capacity. Much of the 

ongoing capacity expansion in 

the CMO industry is customer-

funded.

t� It can take up to two years to 

transfer a single product to a new 

manufacturing site (process trans-

fer and scale-up, validation, sta-

bility protocols, regulatory filings, 

etc.). To move multiple products 

at one time will take armies of 

technical, quality, and regulatory 

staff. Even if enough people with 

the right skills were available, the 

time and cost of hiring all those 

people would be prohibitive.

Even if these challenges could be 

addressed in a timely and cost-effec-

tive way, increasing the US share of 

bio/pharma manufacturing is not 

likely to yield the benefits that the 

administration might be hoping for, 

especially if it is demanding lower 

drug prices at the same time. For 

one thing, any new capacity that 

is built will likely involve the latest, 

most efficient technologies, includ-

ing continuous manufacturing, 

process analytical technology, and 

single-use contact parts, so fewer 

jobs would be created. Further, the 

new facilities would be designed to 

maximize the use of labor-saving 

automation and intelligent systems.

A GLOBAL MARKET
Finally, it should be remembered 

that many global bio/pharma com-

panies are headquartered outside 

the US, notably in Europe and 

Japan, and will be under their own 

domestic pressure to keep manu-

facturing in-house. America-first 

manufacturing policies are likely 

to invite retaliation from other 

countries, which will blunt the 

job-creating impact.

Realistically, moving bio/pharma 

manufacturing back to the US in 

a meaningful way will be a 7–10-

year process and is unlikely to 

deliver a big increase in manufac-

turing jobs. The bio/pharma may 

find it more expedient to just find 

ways to put some window dressing 

on the issue while waiting out the 

President’s term in office.

REFERENCE
 1. R. Hernandez, “President Trump Meets 

With Pharma Manufacturers,” 

PharmTech.com, Jan. 31, 2017, www.

pharmtech.com/president-trump-

meets-pharma-manufacturers-0 ◆

Figure 1:  Dose manufacturing sites for 2016 new drug applications/biologic 

license application approvals.
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Increasing the US 

share of bio/pharma 

manufacturing is 

not likely to yield 

the benefits that 

the administration 

might be hoping for.
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T
ech transfer and scale up of 

biologics can be as compli-

cated as biologic therapies 

themselves. During tech trans-

fer, methods, skills, technologies, and 

importantly, knowledge is transferred 

from the drug developer to another 

site or group, often a contract manu-

facturing organization (CMO). It’s a 

process that experts say requires time, 

organization, attention to detail, and 

communication (1). And developing 

a well-defined process is crucial: “A 

structured transfer process is critical to 

knowing when specific activities should 

occur and what the expected outcome 

is from any given stage,” according to 

Beall and Rushing (1).  

According to Mike Ultee, principal of 

Ulteemit BioConsulting, companies often 

fail to provide complete information 

about their biopharmaceutical or protein. 

He suggests that companies should allow 

enough time for tech transfer and that 

they should transfer the process first. Ultee 

also stresses communication and scientist-

to-scientist interaction. “Scientists from 

similar departments at both the transfer-

ring company and the receiving company 

need to get acquainted, understand the 

transfer process, and then work side by 

side at the bench or in the plant,” Ultee 

told BioPharm International in an Editors’ 

Series Q&A (2).

To learn more about the challenges of 

the scale up and tech transfer of biologics, 

BioPharm International spoke with experts 

at Lonza; James Blackwell, president of 

The Windshire Group, LLC; and John 

Moscariello, vice-president, process devel-

Being Thorough When 
Transferring Technology

Susan Haigney

Communication 
and taking 
the time to 

develop the 
process are key 

to successful 
transfer and 
scale up of 

biologics.

Scale Up and Tech Transfer
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opment, and Jeremy Young, director, 

process transfer, at CMC Biologics 

Seattle.

BioPharm: What are the challenges 

when scaling up from lab scale to 

commercial scale in biologics?

M o s c a r i e l l o a n d Yo u n g (CM C 

Biologics): Depth filtration and 

centrifugation are not always scal-

able for manufacturing operations. 

However, having both technologies 

is desirable based on the number 

of lots and time available to transi-

tion to another modality. Significant 

increases in cell mass have led to 

limitations with both technologies. 

Next-generation harvest technolo-

gies, including flocculation with 

cell settling and microfiltration, are 

being implemented, and the data are 

limited regarding the utility of their 

small-scale models.

Blackwell (Windshire): As a chemi-

cal engineer, I think first about 

mass transfer and heat transfer limi-

tations. Fortunately, some of these 

can be anticipated and planned for 

in advance. This requires an under-

standing of what the rate limiting 

or controlling phenomena are and 

at each scale. What is limiting or 

rate controlling at the small scale 

often is not at the large scale. That 

is because the time constant for one 

phenomenon can change differ-

ently from another with scale. While 

mixing, heat transfer and oxygen 

transfer all become more challeng-

ing upon scale up, one of these may 

become controlling with scale. For 

example, when single-use bioreac-

tors were a nascent technology to 

the industry, there were reports that 

some bags melted on the larger bio-

reactors. Someone didn’t anticipate 

the heating and cooling demands 

at scale, probably because it wasn’t 

a problem with the small bioreac-

tors. The ratio of volume to surface 

area decreases with increasing scale. 

Thus, more heat or cooling needs to 

occur, relatively speaking, per unit 

surface area with increasing scale. 

This is particularly true for microbial 

fermentations. In the case of micro-

bial fermentation, heating and mass 

transfer demands can often be con-

trolled by the fed-batch feed rate. 

Thus, you want to use a feed profile 

at the bench or pilot scale that will 

translate to the production scale.

Lonza: When scaling up mam-

malian processes from lab scale to 

commercial, the decline phase of 

the production culture can be faster 

at larger scale, leading to a prema-

ture reduction in product accumu-

lation. Another challenge is a high 

amount of dissolved CO
2
 in culture, 

if not managed carefully, can lead to 

high osmolality and cessation of cell 

growth or productivity. Additionally, 

non-physiological dissolved CO
2
 

levels in the culture can impact the 

cell’s ability to correctly perform 

post-translational modification of 

expressed products.

A typical example of a challenge 

for scaling up microbial processes 

would be mis-incorporations or 

modifications of amino acid in the 

product by upscaling a fermentation. 

Other examples are unexpected low 

titer compared to process develop-

ment runs or unexpected filter clog-

ging in depth-filtration steps due to 

different quality of filtration start-

ing material. An example includes 

a filtration step that is not scalable 

due to facility restrictions (filter hold-

ers/pumps, etc.). An example of scal-

ing up from lab to facility includes 

defining the ideal stirring condi-

tions, as the stirrer setup in the lab 

is typically completely different than 

the mobile tanks that are used in 

the plant. The stirring in the facil-

ity setup must not have a negative 

impact the on product quality. 

[In regards to chromatography 

steps], sometimes the linear flow 

needs to be lowered due to the volu-

metric flow restrictions in the large-

scale facility. This would have to be 

tested during process optimization 

prior to scaling up.

BioPharm: What challenges and/

or considerations must be addressed 

when outsourcing tech transfer and 

scale up? 

M o s c a r i e l l o a n d Yo u n g (CM C 

Biologics): In process development, 

it is important to consider and com-

municate outlier data.  Interpreting 

a good run as a reproducible run can 

be a costly mistake, so it is important 

to include as much data from previ-

ous development runs and/or at-scale 

batches when outsourcing projects.  

Many companies have experience 

in development and production, but 

not every molecule is the same, and 

the devil is in the details. 

Another consideration would be 

to understand the facility and the 

resources that are allotted to each 

project. Does the company have the 

capacity, the equipment, and the 

capital for the project?  If not, is it 

committed to having a plan in place 

to meet a client’s timeline while 

meeting quality and cost expecta-

tions?  Substantial investments are 

usually devoted to technology trans-

fer projects, and the project should 

feel like a partnership between the 

parties—both companies should feel 

equally vested in and accountable for 

[a project’s] success. 

Lonza: A mammalian process 

designed with insufficient apprecia-

Scale Up and Tech Transfer
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tion of operability within a cGMP 

facility and lack of process under-

standing from the process transfer-

ring partner can increase the risk of 

uncertainty during process transfer 

and scale up. However, these issues 

are not insurmountable if a good 

collaborative relationship is fostered 

and a common understanding of the 

underlying issues are developed.      

[In regards to microbial processes], 

a typical example of a scale-up issue 

would be a process that has to be 

transferred that was already pro-

duced in a smaller scale. However, 

we sometimes face the situation that 

we are confronted with unit opera-

tions that are not scalable further 

(e.g., size-exclusion chromatogra-

phy). Another typical example [is 

a] centrifugation step with a beaker 

centrifuge [that] has to be transferred 

to a disc stack centrifugation setup.

Blackwell (Windshire): First, are the 

parties ready? In other words, are 

they available or have capacity dur-

ing the timeframe you need? Are 

they willing to participate? Meaning, 

will they feel ownership and take 

responsibility? And very importantly 

for biopharmaceuticals, are they 

capable and competent? The latter 

can best be assessed by reviewing 

the credentials of those involved and 

their prior experience and success 

with tech transfers. If consultants 

are used, you may want to consider 

using one organization as opposed 

to lots of independent consultants. 

Having lots of independent con-

sultants can turn into a cat herd-

ing exercise and [can] be a barrier to 

knowledge and information sharing 

and transfer. 

BioPharm: Are there specif ic 

challenges for the tech transfer of 

antibody-drug conjugates (ADCs)? 

Monoclonal antibodies? Cell thera-

pies?

M o s c a r i e l l o a n d Yo u n g (CM C 

Biologics): The major challenges in 

technology transfer for any modal-

ity exist when there are known gaps 

in scale-down models or if the scal-

ability from the small-scale to large-

scale is unknown; for example, in 

the scale-up of cell-culture produc-

tion bioreactors. It is not uncommon 

to see slight differences not only in 

how both processes perform, but 

also in product quality when scaling 

up from small-scale to pilot scale, to 

clinical-scale, and then to commer-

cial-scale.  

A good example for ADCs involves 

a mix-and-match approach to the 

differences that exist between scales. 

There are many recent advances that 

have addressed these issues, such as 

single-use bioreactors (SUBs), which 

are available at a variety of scales 

and have shown excellent scalability. 

However, the largest format that is 

frequently used is 2000L, which is 

sometimes not sufficient for com-

mercial production.  

CMC Biologics has an approach 

where we run six 2000L SUBs in 

parallel, then harvest and combine 

the product streams downstream 

to produce a single drug substance 

lot, with an equivalent amount of 

product to a commercial-scale 

12000L stainless-steel bioreactor. 

Additionally, this approach signif-

icantly minimizes the technology 

transfer risks as the process is scaled 

out using multiple 2000L SUBs 

rather than scaled up to a new bio-

reactor.

Blackwell (Windshire): I’d like to 

address cell therapies since that is 

an area we have been doing more 

work in recently and [is] a growing 

area. Many cell therapies are person-

alized medicines and these represent 

unique challenges from a manufac-

turing and supply chain standpoint. 

One of the things that can aid 

greatly in tech transfer for these 

types of processes is thinking far in 

advance about your manufacturing 

process, facility, and supply chain 

requirements. Think simplicity, suit-

ability for purpose, and scalability. 

Many of these types of processes 

will not scale by volume or by unit 

operation, but rather in parallel. 

This means modular thinking and 

standardization can ease tech trans-

fers. An important aspect of many 

of these processes is the human ele-

ment, which is often a larger consid-

eration than it is even for traditional 

biologicals, such as antibody man-

ufacturing. This makes clear and 

good procedures, and training and 

communications, vital to any tech 

transfer. In judging the success of 

transfers, having historical data com-

piled from the process using a con-

tinued process verification solution 

that pulls quality control and batch 

record data will enable easy compari-

sons of the receiving site with the 

sending site, and operator-to-opera-

tor performance. These data should 

be tied to patient outcomes.

Lonza: The unique characteristics 

of an antibody-drug conjugate—a 

small-molecule cytotoxic moiety 

attached by chemical linker to an 

antibody—demand unique manu-

facturing and analytical infra-

structure. This infrastructure must 

provide a working environment that 

isolates the manufacturing and lab 

personnel from cytotoxic chemicals 

while providing the aseptic environ-

ment required for manufacturing a 

biological drug substance. 

The small-molecule cytotoxins 

used to manufacture ADCs are bio-

logically active at the nano-gram 

level; therefore, residual unconju-

gated cytotoxin must be removed 

Scale Up and Tech Transfer
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from the drug substance and product 

contact equipment following manu-

facturing. Free cytotoxin removal at 

the end of the drug substance conju-

gation process is further complicated 

by reaction stoichiometry, which 

often requires cytotoxin in excess 

of that consumed in the conjuga-

tion reaction. Removal of residual 

cytotoxin is critical for preservation 

of drug substance safety and is a 

unique process step relative to the 

typical biological manufacturing 

process.

Detection of residual cytotoxin 

at the PPB level on the surface of 

manufacturing equipment requires 

expertise in the development and 

execution of ELISA or tandem mass 

spectrometry (MS/MS)-based analyt-

ical methods. Depending on the pro-

cess requirements and the ability to 

chemically inactivate the cytotoxin, 

dedicated or single-use manufactur-

ing equipment can eliminate the 

possibility of cross-contamination. 

BioPharm: What quality procedures 

specific to biologics must be put in 

place for technology transfer?

Lonza: Technology transfer pro-

cesses are critically important for 

biologics manufacturing, as the dem-

onstration of comparability of bio-

logics made at different phases of the 

drug-development cycle, at different 

scales and at different sites, must be 

assured. Due to the complex nature 

of biologics and uncertainty of how 

the biochemical and in-vitro assays 

truly simulate the mode of action in 

vivo, exerting control on the manu-

facturing process is an integral and 

important facet to maintain consis-

tency and comparability of biologics 

made initially for product develop-

ment and subsequently to meet 

ongoing clinical supply.

The technology transfer proce-

dures implemented are typically 

guided by International Council for 

Harmonization (ICH) Q10 or equiva-

lent guidance from other regulatory 

authorities. This guidance is prac-

tically translated into establishing 

global and local standard operating 

procedures instructing the imple-

mentation of a risk-managed assess-

ment of transferred information 

from donor to recipient site related to 

the manufacturing process, analyti-

cal methods, and other assays to ver-

ify consistency and comparability of 

products made at the recipient site.  

Blackwell (Windshire): Lifecycle 

document and knowledge manage-

ment is crucial due to the complexity 

of biologics. Procedures that govern 

technical documentation require-

ments gated to each stage of develop-

ment ensure that critical information 

is captured and available for tech 

transfer. For example, required clini-

cal manufacturing campaign reports 

will summarize the process used, 

operating parameter performance, 

issues and investigations, and other 

key information. This becomes 

invaluable to others later, and helps 

support claims for process charac-

terization and robustness; selection 

of control and critical parameters; 

and setting of specifications.  A sum-

mary of lessons learned should also 

be included. Templates, formats, and 

requirements for technical reports, 

including signatories, ensure the 

appropriate data, information, and 

knowledge are captured and properly 

reviewed. Another important step is a 

procedure for tech transfer describing 

responsibilities, activities, and deliv-

erables. This helps in planning and 

resource allocation and acts as a valu-

able road map when in the heat of 

the tech transfer.

M o s c a r i e l l o a n d Yo u n g (CM C 

Biologics): Quality procedures are 

going to be specific to a facility and 

the capability of that facility, which 

will be documented. For example, 

classifying the facility as a commer-

cial-phase facility or as an early-

phase one depends on the level of 

quality documents that exist to con-

trol the materials in the manufactur-

ing process.  

A company should have a quality 

policy document in place that estab-

lishes the minimum requirements 

prior to manufacturing any biolog-

ics. An example of a policy would 

be to segregate the manufacture of 

microbial products from manufac-

ture of mammalian products to pre-

vent cross-contamination. Another 

example would be to define mate-

rials that must be free of animal-

derived products ahead of time, to 

prevent sources of viral contamina-

tion. Other procedures should also 

be established to define the local 

health and safety requirements as 

well as the company’s internal com-

mitments. An example of that would 

be to identify hazardous chemicals 

such as methotrexate, or the disposal 

of organic compounds.   

 1. R. Beall and W. Rushing, “Effective 

Technology Transfer Strategies for 

Biologic-Drug Development,” Editors’ 

Series, On Demand Webcast, 

Executive Summary, BioPharm 

International.com, January 2017.

 2. M. Ultee, “Working Together: Tech 

Transfer for CDMOs and Biologics 

Drug Developers,” Editors’ Series, 

BioPharmInternational.com, Jan. 4, 

2017, www.biopharminternational.com/

working-together-tech-transfer-cdmos-

and-biologics-drug-developers?  ◆
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S
ingle-use bioreactors available 

from various vendors today are 

robust and provide the high-

per for ma nce necessa r y  for 

commercial manufacturing of biophar-

maceuticals. Significant advances in 

film technologies, bioreactor designs, 

stirring mechanisms, and sensor sys-

tems have contributed to the increasing 

adoption of disposable reactors from 

the lab to production scale. Suppliers 

of single-use bioreactors continue to 

work closely with customers to address 

changing needs, such as those for next-

generation cell- and gene-therapies and 

continuous bioprocessing.

“The question of whether to deal 

with single-use or stainless-steel biore-

actors is no longer a technology ques-

tion, but a commercial one. In other 

words, does adoption of single-use or 

stainless-steel bioreactor technology 

provide greater advantages?” observes 

Thorsten Adams, director of product 

management with Sartorius Stedim 

Biotech. He notes that often for multi-

product facilities with up to 2000 L per 

bioreactor train, single-use systems are 

more attractive, while stainless steel or 

hybrid approaches are typically better 

suited for large-volume processes for the 

manufacture of a single product.

Rapid expansion of the single-use 

bioreactor market supports Adams’ 

statement.  Market research f i rm 

Markets and Markets projects the US 

bioreactor market will increase at a 

compound annual growth rate of 21.6% 

from $408.4 million in 2016 to $1.09 

billion in 2021 (1).

Single-Use Bioreactors  
Have Reached the Big Time

Cynthia A. Challener

The decision to 
use disposable 

bioreactors is 
now driven by 

commercial 
rather than 

technological 
considerations.

Cynthia A. Challener, PhD, 

is a contributing editor to 

BioPharm International. 
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MEASURABLE PROGRESS
“Driven by this high demand, the 

supply chain for disposable or sin-

gle-use technologies has become 

more robust, covering more tech-

nologies than before and meeting 

the growing expectations from our 

customers,” asserts Morgan Norris, 

general manager of upstream and 

cell culture with GE Healthcare 

Life Sciences.

Whereas the first disposable 

bioreactors were ‘plastic’ copies of 

their stainless-steel counterparts, 

new generations are redesigned 

while keeping the end-user, their 

processes, and their final drug 

products in perspective, accord-

ing to Annelies Onraedt, direc-

tor of marketing for cell culture 

technologies at Pall Life Sciences. 

“When considering the workflow 

and objectives of running biore-

actors,  recent developments have 

focused on reducing complex-

ity, improving mixing to achieve 

higher volumetric mass transfer 

coefficients (kLa) for oxygen, and 

avoiding current challenges, such 

as integrity issues,” she explains.

Improvements in cell-culture 

processes have led to higher titers 

and thus higher cell densities, 

which have facilitated the adop-

tion of single-use bioreactors 

through reductions in needed reac-

tor volumes. On the other hand, 

initial single-use bioreactors lacked 

the power input and mixing capa-

bility observed with stainless steel 

equivalents, according to Onraedt. 

Leakage and integrity issues also 

led to reduced confidence in dis-

posable bioreactor technologies for 

larger-volume applications.

Newer generations of single-use 

bioreactors have addressed these 

issues. Pall, for instance, over-

came seal housing challenges with 

the introduction of a large, bot-

tom-driven, elephant ear impel-

lor that also provides the greater 

power input that high cell den-

sity cultures require, according to 

Onraedt. She also notes that integ-

rity and leakage are now addressed 

during bioreactor manufacturing 

and by improving usability/han-

dling of single-use systems. “For 

example, Pall’s SU bioreactors 

come with special packaging and 

an easy-to-implement biocontainer 

installation method that eliminate 

the main causes of integrity fail-

ures,” she says.

Suppliers have also addressed 

questions about the films used to 

produce single-use bioreactors, 

according to Norris. Many suppli-

ers, including GE, Sartorius, Pall, 

and Thermo Fisher Scientific, have 

developed new film platforms. GE’s 

technology resulted from a strate-

gic alliance with Sealed Air. Film 

validation using harmonized meth-

ods will, in the future, establish 

a framework for comparison and 

validation of product contact films 

for a process, reducing time and 

effort for the user, notes Onraedt.

Automation and process con-

trol, both of which are essential 

to enabling consistent and reli-

able biomanufactur ing, have 

improved greatly for single-use 

bioreactors as well. “Historically, 

single-use technologies required 

manual operation and had stand-

alone automation, which created a 

challenge to control and monitor 

the entire process train. We have 

taken automation to the next level, 

delivering fully automated process 

trains,” Norris states.

COMMERCIAL CHOICE
As such, Norris sees single-use bio-

reactor processes designed with the 

entire workflow in mind, deliver-

ing a high quality, optimal biologic 

titer into the downstream unit 

operation. Adds Adams: “single-use 

bioreactor technology has matured 

to the point where suppliers now 

offer large-scale, robust, well-char-

acterized products that are reliable, 

scalable, and often preferred over 

stainless steel.”

These improvements mean that 

the biopharmaceutical industry has 

a lot more confidence in single-use 

technologies today, and the use of 

them is more widespread, according 

to Norris. “Previous concerns over 

business continuity and the regula-

tory requirements relative to imple-

mentation have been addressed, and 

there are now proven solutions avail-

able for customers,” he comments.

In addition, Norris notes that 

while early adopters limited use of 

disposable bioreactors to process 

development or seed train pro-

cesses feeding large stainless-steel 

bioreactors due to the 2000 L peak 

volume for single-use systems, the 

increased titers of newer cell culture 

processes, the growth of biologics 

targeting smaller patient popula-

tions and the expanding demand 

for biosimilars in emerging markets 

has meant that total output needs 

now fit within the capable produc-

tion range of single-use bioreactors.

In fact, an attractive attribute of 

single-use bioreactors is their full 

scalability, according to Adams. 

Today there are systems available 

for high throughput R&D through 

to  com me rc ia l  pro duc t ion . 

Sartorius, for instance, through its 

acquisition of TAP Biosystems, now 

offers AMBR mini single-use biore-

actors (15–200 mL) operated with a 

robotic system for rapid evaluation 

of critical process parameters using 

minimal material. “Because this 

technology is scalable, users can 

quickly scale up optimal reactions 

to single-use bioreactors in the pro-

duction environment for reduced 

time to market,” Adams observes.

EXPANDING APPLICABILITY
There are, however, some cases 

where single-use bioreactors may not 

be the ideal solution, despite their 

advantages with respect to reduced 

setup times and cleaning/cleaning 

validation requirements. “Sometimes 

there are unique molecules, or mol-

ecules that require such a large out-
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put of the biologic that large-volume, 

stainless-steel bioreactors are more 

suitable,” says Norris. “Examples 

include traditional vaccines and 

blockbuster [monoclonal antibody] 

(mAb) biologics (>2 metric tons of 

mAb per year); in these cases, sin-

gle-use bioreactors might not be the 

most efficient process to use.”

Single-use bioreactors have also 

not yet been widely used for micro-

bial fermentation processes. These 

reactions have a high demand 

for oxygen and are typically run 

under pressure with very high gas 

flow rates, according to Adams. 

“Single-use bioreactors on the mar-

ket today generally meet 70% of 

the performance of their stainless-

steel counterparts and thus do not 

offer a one-to-one process transfer 

from stainless-steel to single-use 

systems; compromises and modifi-

cations are necessary,” he explains.

The issue: more power is needed 

to increase the stirring speed and 

oxygen transfer rate. Suppliers 

are working on various solutions. 

Sartorius is developing a new tech-

nology and currently is evaluating 

its performance. GE, meanwhile, 

recently introduced single-use 

technologies for microbial fer-

mentation. The system is designed 

to accommodate the demands of 

microbial cultures, including mass 

transfer, mixing, and temperature 

control, according to Norris.

GE is also developing solutions 

for vaccine and viral vector manu-

facturing in single-use bioreactors 

and is investigating the potential 

for creating turnkey, biosafety level 

two (BSL-2) single-use unit opera-

tions upstream. The company has 

also invested $7 million in its single-

use manufacturing capabilities in 

Westborough, MA, shifting the way 

it develops and manufactures sin-

gle-use technologies. “This invest-

ment highlights our commitment 

to meet our customer’s current and 

future requirement needs around 

single-use technologies and drive 

faster production development pro-

cesses internally,” Norris says.

SENSORS ARE IMPROVING
The development of robust sin-

gle-use sensor technology has 

been one challenge for suppliers 

of single-use bioreactors. In the 

past year, however, good single-

use sensor technologies have 

emerged, some of which have 

become established standards for 

single-use bioreactors, according 

to Onraedt. Most common are pH, 

dissolved oxygen, and carbon diox-

ide sensors based on fluorescence 

technology. Others are gaining 

acceptances, such as capacitance. 

Newer technologies have more 

recently been introduced for deter-

mination of viable cell mass, glu-

cose, and lactate concentrations.

For instance, Sartorius’ Viamass 

sensor for online viable cell density 

determination is available for rock-

ing motion bioreactors and will 

be available by the end of the first 

quarter of 2017 for stirred reactors. 

The data obtained with this sensor 

are useful for adjusting feed rates in 

real time and for defining the point 

for virus injection during vaccine 

cell culture, according to Adams. 

Meanwhile, glucose and lactate 

sensors are useful for determining 

glucose feeds and monitoring cell 

metabolism, respectively. “With 

the range of disposable sensors now 

available, it is possible to obtain key 

data in real time without the risk 

of contamination because physical 

samples no longer need to be taken 

from the bioreactor,” Adams states.

The capabilities of software tools 

associated with single-use sensors 

are also advancing. Recipe func-

tions and data acquisition and 

analysis capabilities, including most 

recently multivariate data analy-

sis, allow for effective monitoring 

of bioprocesses and provide greater 

confidence in the user’s ability to 

determine the optimum operating 

range, according to Adams.

Perhaps the greatest challenges 

for single-use sensors are the need 

to expose them to gamma-radia-

tion during the sterilization process 

and to extend their lifetimes, par-

ticularly for continuous processes, 

according to Onraedt. Norris agrees 

that in addition to longer life-times 

for new processes, the industry is 

actively seeking single-use sensors 

with better accuracy and precision. 

She does note, however, that the 

state of single-use sensor technol-

ogy for use with single-use bioreac-

tors in GMP biomanufacturing is 

constantly improving. “There are 

several approved biologic manufac-

turing processes using single-use 

bioreactors, proving that the cur-

rent technology meets regulatory 

requirements,” he says.

SINGLE-USE AND NEXT-
GENERATION BIOLOGICS
The philosophy behind single-

use technologies, including their 

flexibility and ability to produce 

smaller batches (reducing the scale 

for more precise therapies), fits 

well together with the thinking 

around cell/gene therapies, accord-

ing to Norris. “GE is taking its 

experience in single-use bioreactor 

technologies for monoclonal anti-

body, recombinant protein, and 

vaccine processes and applying it 

in our Xuri line of cell therapy 

equipment and reagents to sup-

port next-generation technologies 

for new drugs, including scale-up 

models; regionalizing single-use 

manufacturing platforms for bio-

logics (increasing local produc-

tion); and the development of 

scale-out systems for cell therapy 

applications,” he notes.

For cell-based therapies, Pall has 

focused on developing single-use 

adherent cell-culture bioreactors, 

which it offers under the XPansion 

and iCELLis brands. “We have 

asked three key questions: What 

is the objective of the cell culture? 

What is the current workflow with 
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traditional technologies? and What is required from 

a single-use technology to facilitate this process?” 

observes Onraedt. “It is not only about doing what 

has been done previously but in a single-use format; it 

is also important to look at overall productivities and 

cost-of-goods reduction,” she adds.

The iCELLis technology, for instance, can replace 

roller bottles for major vaccine and gene therapy 

processes, but also dramatically reduce the footprint 

required to produce the virus titers, and it requires 

less pDNA to transfect the cells, according to Onraedt. 

“Single-use bioreactors such as the iCELLis allow rapid 

process qualification, implementation, and commer-

cialization, providing the speed-to-market that next-

generation biologic manufacturers need,” she states.

For the most part, cell- and gene-therapy processes 

have, to date, been conducted in existing single-use 

bioreactors. Rocking-motion systems are most widely 

used in these applications, particularly for autologous 

cell therapies, according to Adams. “One bioreactor is 

needed per patient with these patient-specific therapies, 

which imposes logistics issues that create the need for 

foolproof tracking systems to prevent material mix-ups. 

We do expect future developments will address the 

need for more integrated systems with higher levels of 

automation. The implementation of Sartorius’ integrated 

non-invasive biomass sensor in our rocking motion bio-

reactor gives real-time data on cell health and enables 

early fault detection, and is a major step towards a fully 

automated cell-therapy production system,” Adams says.

CONTINUOUS IMPACT
The operating conditions for continuous processes 

must be more robust, and more rigor is required. 

“Today, a continuous process can last significantly 

longer than current fed-batch processes, which means 

that there are higher expectations and a need for a 

high-level of sensing analytics, providing a secure 

production process for a longer period of time,” Norris 

explains. “Understanding how multiple unit opera-

tions can be optimized in a continuous setting will 

also have a major impact on how we develop next gen-

eration single-use bioreactors,” he adds.

Continuous processes frequently have higher cell 

densities, which require better mixing and higher 

power input, according to Onraedt. “Only the newer 

generation of single-use bioreactors, such as Pall’s 

bottom-driven impeller system, have suitable designs 

to enable achievement of the necessary oxygen trans-

fer rates and kLas,” she says.

GE has invested heavily in its process development 

capabilities to help optimize cell-line performance, 

cell-culture media and supplement consumption, and 

biologic quality in a continuous process. The company 

plans to go deep into the technical and process details 

for media consumption and harvest operations to deter-

mine how single-use bioreactors can be optimized based 

on how these operations vary, according to Norris.

In addition to developing robust single-use bioreac-

tors, Sartorius developed its new kSep technology to 

ensure optimized power efficiency during continuous 

operation. The company has also focused on devel-

oping single-use bioreactors that can interface with 

devices, such as cell retention devices, from different 

manufacturers and that contain sterile connections 

for integration with both single-use and stainless-steel 

sensors. Its control system can also be integrated with 

different user systems. Sartorius has also introduced 

a new single-use centrifugation system that allows 

product recovery from the material removed during 

the cell bleed step. Currently, this product is typically 

discarded with the used cells.

REFERENCE
 1. Markets and Markets, “Single-use Bioreactors 

Market worth 1,085.7 Million USD by 2021,” 

Press Release (October 2016). ◆
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rocess analytical technology 

(PAT), quality by design, and 

individual company- or process-

centric quality initiatives are 

driving the development of bioprocess 

sensors and probes. Single-use systems 

generally suffer from a “sensor gap” 

related to the need to balance measure-

ment accuracy against the well-known 

benefits of single-use processing, includ-

ing the avoidance of cleaning, cleaning 

validation, and calibration.

For most of the history of the bio-

manufacture of therapeutic proteins, 

in-process measurement and con-

trol focused on upstream operations. 

Historically, cell culture and fermenta-

tion persist longest among unit opera-

tions. Expression is “where the action 

is”—where throughput and volumetric 

productivity exert the greatest influ-

ence on cost of goods.

The desirability of platform purifica-

tion, best exemplified in monoclonal 

antibody (mAb) downstream processing, 

simultaneously creates and reduces the 

need for extensive downstream moni-

toring. Platforming, whether it occurs 

upstream or downstream, relies on con-

trols to maintain operations within spec-

ification. Yet the imperative to improve 

process understanding—even for exqui-

sitely controlled operations—increases 

the need for sensing and monitoring. 

Fulfilling this need has only been possi-

ble relatively recently with the ability to 

monitor product directly, more or less in 

real time, as opposed to managing sur-

rogate parameters such as pH, dissolved 

oxygen, amino acids, and gases.

Reconciling Sensor 
Communication Gaps

Angelo DePalma

Process controls 
get some 

upgrades to 
better reflect 

real-time 
conditions.

Angelo DePalma is a contributing 

writer to BioPharm International.
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AT THE INTERFACE
Cel l  v iabi l it y  does  not  fa l l 

within downstream operations, 

but  it  ca n dete r m ine when 

upstream processing ends and 

purification begins. For Kelsey 

McNeel, market segment man-

a ge r ,  p r o c e s s  a n a l y t i c s  a t 

Hamilton (Reno, NV), the key 

issue for bioprocess monitoring 

and controls is reconciling infor-

mation obtained at bench- or 

process-development scale with 

what may be expected during 

manufactur ing. “The setup is 

different, the sensors are differ-

ent,” explains McNeel. “There’s a 

definite disconnect.”

Because of the tight depen-

dence of cell density on reac-

tor conditions, viable cell count 

is one of those measurements 

where the “disconnect” becomes 

pronounced. Dead cells, cellular 

debris, and adventitious particles 

confound conventional optical 

cell counting, which often over-

report cells that are no longer 

doing their job.

Manual counting is accurate 

but involves sampling—avoided 

whenever possible—and consider-

able time, effort, and reagents for 

plating, staining, and counting 

cells. “By the time you’re done 

you’re measuring something that 

existed up to three hours ago—

you’re looking into the past and 

potentially missing an event that 

caused stress on the cell,” McNeel 

says. Hence, process scientists 

desire real-time measurements. 

Moreover, total cel l measure-

ments are most reliable only dur-

ing the cells’ log phase, when 

they are expanding.

Hamilton’s online measurement 

system, Incyte, uses permittivity 

instead of optical proxies for via-

ble cell density. Think of permit-

tivity as the capacity of cells to 

hold an electrical charge, analo-

gously to the operation of an elec-

tronic capacitor. Living cells hold 

charges while dead cells or debris 

do not. Where anchorage-depen-

dent cells confound optical meth-

ods, permittivity easily quantifies 

them because the microcarriers 

are coulombically inert.

“You can also get informa-

tion during the cell death phase, 

which could be relevant for 

some processes,” McNeel adds. 

“With total cell counts you get 

a plateau—you know cells have 

stopped multiplying but not their 

viability status.”

SINGLE-USE SENSORS
As a general strategy for keeping 

up with sensing and control tech-

nologies, contract manufacturer 

Lonza (Slough, UK) looks to inno-

vator companies that are clients 

or potential clients. “We need 

to be in line with their think-

ing to increase their comfort in 

outsourcing with us,” says Atul 

Mohindra, PhD, head of mamma-

lian process research and technol-

ogy at Lonza.

Further on the single-use trend, 

the biggest gap in downstream 

monitoring and control is the lack 

of appropriate single-use sensors 

beyond the standard devices for 

pH, conductivity, and product 

concentration. “We need to get 

past those parameters and start 

developing sensors that quantify 

product quality and impurity pro-

files in a way that is actionable,” 

Mohindra explains.

One complicating factor in the 

development of such tools is the 

necessity that they operate more 

or less in real time, as downstream 

operations occur on compressed 

timelines and in rapid succession. 

To that extent, downstream opera-

tions cause a re-thinking of which 

properties to measure (e.g., spe-

cific quality attributes or impurity 

concentrations), how to quantify 

them (particularly in single-use 

systems), and how to react mean-

ingfully.

For example, during chromato-

graphic purification in gradient 

mode, a product’s charge character-

istics may change. Are such changes 

meaningful? Do they affect qual-

ity? Can they be measured during 

purification? And if so, what can be 

done about deviations? 

Dow nst rea m sens ing gaps 

highlight the need to provide 

the same level of sophistication 

downstream as upstream, par-

ticularly for single-use processes. 

Techniques that quantify some 

over-arching characteristic come 

to mind—such as refractive index 

in the chemical-pharmaceutical 

world—but the quality attributes 

for biopharmaceutical molecules 

are so much more complex that 

a one-measure-fits-all approach 

will almost surely fail.

Whatever techniques are ulti-

mately adopted, their ultimate goal 

must be to eliminate manual sam-

pling and lengthy analyses, or at 

least, to streamline these operations 

so they become relevant within the 

timeframe of purification.

HIGHER-LEVEL CONTROLS
Single-use operations are inher-

ently more space-conserving than 

stainless-steel processes because 

they eliminate clean-in-place and 

sterilization-in-place operations 

and associated piping, instru-

ments, valves, and resource con-

figurations. “However, single-use 

processing means that there are 

more manual and complicated 

set-up steps required that include 

tubing, bags, sensors, devices, and 

connectors,” says Michalle Adkins, 

director of life sciences consulting 

at Emerson Automation Solutions 

(Pittsburgh, PA).

To manage these complexities, 

Emerson is betting on augmented 

reality—a technology under eval-

uation in the oil and gas indus-

try—which the company believes 

could help the design and vali-

dation of biomanufacturing pro-

Downstream Processing

http://www.biopharminternational.com


cesses. Augmented reality is the superimposition 

of an idealized or theoretical computer-generated 

image onto a user’s view of the real world. 

Unlike virtual reality, which is completely arti-

ficial, augmented reality expands perception by 

adding new information to it.

For now, biomanufacturers must settle for 

less sophisticated distributed control systems 

such as Emerson’s DeltaV coupled with an oper-

ations management system like Syncade, also 

from Emerson, to integrate processes and pro-

cedures within the increasingly complex sin-

gle-use processing environment.

“ P u l l i n g  to ge t he r  m ate r i a l s ,  s e t - up, 

sequences, and process control data along with 

asset data is essential to provide the neces-

sary analytics to support reliable operations,” 

Adkins adds.

Cont inuous processing has been ava i l-

able in some form, but not completely imple-

mented, for the manufacture of therapeutic 

proteins. Widespread familiarity with single-

use equipment has greatly improved prospects 

for continuous unit operations and elevated 

“continuous” to official buzzword status. With 

continuous processing comes new issues related 

to process dynamics, the management of lots, 

batches, and materials. With those changes, 

process modeling to ensure product quality and 

smooth operation becomes crucial. Quality by 

design and its enablers—process analytics and 

advanced control strategies—move to the front 

of the line of priorities.

“As the industry moves to continuous manu-

facturing, it is certain that more data and data 

analytics tools will be needed to ensure prod-

uct quality and prevent deviations,” Adkins 

observes. “It is also interesting to see how some 

companies are moving in the direction of both 

continuous and single use for some of their 

processes, adding new layers of complexity and 

opportunity.” 

In an environment of increasingly complex 

processes and associated monitoring and con-

trols that generate unprecedented quantities 

of information, data integrity becomes crucial. 

PAT data, models, traditional process sensor 

data, material traceability, and tracking of sin-

gle-use consumables all funnel into this data 

stream. Ensuring operational success requires 

integrated control system and manufacturing 

execution platforms that work across process 

units, the entire process, and even through 

various stages of product development. ◆

Downstream Processing
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F
our biosimi la r s  have been 

approved for the market by FDA 

as of February 2017, and more 

are in the pipeline. Now that 

biosimilars are here to stay, manufac-

turers are developing processes for cost 

efficiency and reliability using newer 

technology to compete with innovator 

products based on processes 10–15 years 

old. Those technologies include more 

productive cell lines, single use, and 

powerful analytical methods.

THE PROBLEM OF COPYING BIOLOGICS
Biologic drugs have revolutionized the 

pharmaceutical industry by attacking dis-

ease using the mechanisms of the cell and 

immune system. These therapies are fragile 

and require a complex manufacturing pro-

cess to produce. For the earliest biologics, 

patents have expired or are near expiration, 

opening the door for follow-on generic 

product competitions. FDA approved the 

first Humira (adalimumab) biosimilar, 

Amjevita (Amgen), in September 2016, and 

it was the fourth biosimilar approved in 

the United States. The European Medicines 

Agency (EMA) started approving biolog-

ics well before the US, and approved 22 

biosimilars by the end of 2016.

Unlike a small-molecule drug, how-

ever, a biologic drug can’t be precisely 

copied. Biopharmaceuticals are produced 

in cell cultures, and the final product is 

much more than a DNA sequence. These 

products are subject to post-translational 

modifications such as glycosylation, phos-

phorylation, methylation, hydroxylation, 

and sulfation that affect their activity and 

immunogenicity. Conditions of growth, 

the type of expression system, the formula-

tion of the final product, and packaging 

decisions also affect the essential character 

of the product.

Cost Considerations Drive Lean 
Technology in Biomanufacturing

Catherine Shaffer

Manufacturing 
for originator 
molecules is 
restricted by 
regulations, 

but drug 
makers can 

exploit newer 
technologies for 
the manufacture 

of biosimilars.

Catherine Shaffer is a contributing 

writer to BioPharm International.
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Adam Elhofy, chief science offi-

cer for Essential Pharmaceuticals, 

has worked with innovator biophar-

maceutical companies as well as 

biosimilar companies. “Biosimilars 

are constrained in that they have to 

hit certain quality parameters set by 

the innovator,” Elhofy says. Essential 

Pharmaceuticals provides an animal-

component free media that boosts 

titer and enhances protein quality. It 

can be difficult to change or improve 

processes with the strict regulations 

around biologics and biosimilars. 

“We’re working with several biosimi-

lar companies and also working with 

innovators,” Elhofy says. “In some 

cases, the protocols are locked down, 

and it’s difficult for them to bring in 

a new product.”

MANUFACTURING PROCESS
Although the specific growth condi-

tions and formulation of a biophar-

maceutical are an intrinsic part of 

its nature as a drug, the information 

about processes and formulation are 

mostly proprietary. Biosimilar manu-

facturers begin the development of a 

process with a large information gap. 

So while the technology of manufac-

turing a biosimilar is largely the same 

as manufacturing an original biologic 

drug, the lack of knowledge about the 

composition of the originator biologic 

presents a unique challenge.

Establishment of biosimilarity to 

the original product is a high stan-

dard to meet. Biosimilar manufac-

turers must show that their product 

performs comparably in analytical 

and preclinical assays, and must also 

carry out clinical studies to establish 

biosimilarity (1, 2).

Monoclonal antibodies (mAbs) are 

the most common and most well-

known class of biopharmaceuticals. 

As of February 2017, FDA lists 68 

approved mAbs, and approvals have 

been increasing each year since the 

late 1990s (3). mAbs are comprised 

of several domains that contribute 

to their function. The Fab region of 

an antibody interacts with the target, 

while the Fc is engaged in cell-medi-

ated cytotoxicity. Under EMA regula-

tions, in-vitro studies must show that 

the antibody binds to the target anti-

gen, that it is binding to representa-

tive isoforms of the three Fc gamma 

receptors, and that its Fab and Fc 

domains function as intended.

Functional assays therefore play 

a critical role in biosimilar manu-

facturing. In-vivo testing may also 

be required, depending on regula-

tory concerns. Comparative analy-

sis through clinical evaluation is 

also required for production of the 

biosimilar product.

Immunogenicity is another impor-

tant aspect of biosimilarity. Because 

it is not possible to predict immu-

nogenicity in humans using animal 

models, initial estimates of immuno-

genicity are based on risk assessment 

and confirmed through postmarket-

ing vigilance.

ANALYTIC TECHNOLOGY IS CRUCIAL
Because the emphasis in biosimilar 

manufacturing is on comparabil-

ity and biosimilarity, analytic tech-

nology takes on an even greater 

importance in process development. 

Antibody molecules, for example, 

may have 5 or 10 different functions, 

requiring 5 or 10 different functional 

assays. Those may include antibody-

dependent cellular toxicity (ADCC), 

complement-dependent cytotoxic-

ity (CDC) assays, reporter assays, 

and potency assays. Technologies 

used typically include ELISA, elec-

trochemiluminescence, and surface 

plasmon resonance (Biacore, GE 

Healthcare) analysis.

Biacore, in particular, has become 

a workhorse of biopharmaceuti-

cal production, and plays an even 

larger role in the manufacture of 

biosimilars. According to Jason 

Schuman, a senior product specialist 

at GE Healthcare, Biacore is used to 

screen hybridoma lysates for selec-

tion of lead candidates, to measure 

binding properties, and to evaluate 

safety, quality, and immunogenic-

ity. Schuman says Biacore is used 

more frequently to test biosimilars 

than it is to analyze originator mol-

ecules. For biosimilars, Schuman 

says, “There is much more depen-

dence upon bioanalytical assays, as 

opposed to some other cell-based 

assays, because that proof has already 

been accomplished by the origina-

tor. Therefore, a biophysical potency 

measurement plays a much big-

ger role in the biosimilar market as 

opposed to [the market for] the origi-

nal molecule.”

Daniel Galebraith, who is chief 

scientific officer for Sartorius Stedim 

BioOutsource Ltd., says analytics is 

emerging as a core technology in 

process development. One example 

of how analytics come into play in 

biosimilar manufacturing is in the 

development of copies of Humira. 

“We have a lot of companies trying to 

make a biosimilar copy of that mol-

ecule. One of [Humira’s] functions 

is ADCC activity,” notes Galebraith. 

“Trying to replicate that molecule 

with its ADCC activity is difficult for 

biosimilar manufacturers,” he notes. 

“Many companies have used a num-

ber of our assays, monitoring whether 

the process they use is going to get 

them that biosimilar copy.”

COST EFFECTIVENESS
To be price competitive with the 

corresponding biopharmaceutical 

product, the cost of biosimilar manu-

facturing must be kept as low as pos-

sible. Price pressure on biosimilars 

has driven trends toward more cost-

effective manufacturing processes, 

such as single-use technologies, 

throughout the biopharmaceuti-

cal industry. One counterintuitive 

trend is downsizing or right-sizing 

the entire process to increase pro-

duction. Traditional manufacturing 

processes for biologics make use of 

large, fed-batch reactors and over-

sized chromatography columns that 

end up wasting time or material. 

Alternatively, upstream process scale-

up can make use of perfusion reac-

tors, which use a constant supply of 

cell-culture media while removing 

unwanted byproducts throughout 

Manufacturing
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a prolonged production run of typi-

cally more than 20 days (4).

Downstream processing goals 

include multiple stages of purifica-

tion and concentration. Disposable, 

single-use filtration is an alternative 

to outdated centrifugation methods 

that are difficult to scale and compli-

cated to use. Expanded-bed absorp-

tion (EBA) offers an alternative to 

oversized chromatography columns. 

EBA combines filtration, centrifuga-

tion, and chromatographic separa-

tion into a single step and can handle 

high-density cell feeds directly from 

the bioreactor.

Nanofiber adsorbants are another 

resin column alternative. They are 

able to flow at fast rates, albeit with 

low binding capacity.

Taken together, upstream and 

downstream process innovations 

can be packaged into an automated, 

continuous, small-footprint antibody 

production facility that can fit into 

a single cabinet in approximately 

20 square feet of a GMP produc-

tion facility. In a concept described 

by Jacquemart et al. (2), one cycle 

of downstream processing was com-

pleted in 24 hours.

In contrast, older biopharmaceuti-

cal production facilities are burdened 

with legacy equipment and out-

dated processes with highly limited 

flexibility. Those facilities struggle 

to compete with biosimilar produc-

tion facilities equipped with small, 

efficient, highly flexible processes 

running on single-use technologies. 

Innovator products are locked into 

their older process by regulations. 

Knowing this, many innovators have 

been developing their own com-

peting biosimilars in order to take 

advantage of newer technologies.

Cost competition is transform-

ing technology in biopharmaceu-

tical processing, with biosimilar 

manufacturers leading the way. 

Smaller equipment, continuous 

processes, and single-use technolo-

gies are replacing large-scale reac-

tors in a movement reminiscent 

of the lean manufacturing trend. 

The ultimate beneficiary will be 

patients, who are likely to see 

reductions in the currently astro-

nomical price of life-saving bio-

logic therapies.
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D
ata shape every decision in 

the pharmaceutical value 

chain, from production line 

optimization to quality con-

trol (QC) and quality assurance (QA), 

batch release, and supply chain logistics. 

Pharmaceutical manufacturers collect, 

analyze, and interpret raw data, trans-

forming them into the information that 

they need to make better decisions. 

As competition drives pharmaceutical 

companies to integrate diverse functions 

(e.g., research and development with 

manufacturing), and to connect with 

outside partners (e.g., university labora-

tories or contract research and manufac-

turing organizations [CROs and CMOs]), 

complete and reliable data are essential, 

both for business efficiency and regula-

tory compliance.  

To ensure safety and efficacy, any 

data associated with a pharmaceutical 

product must be “attributable, legiti-

mate, contemporaneous, original, and 

accurate,” as FDA has noted (1), using 

the mnenomic, “ALCOA.” Meeting these 

requirements for chromatography and 

laboratory has challenged some manu-

facturers, and even driven a few out of 

business, in the past. 

In 2004, for example, FDA inspectors 

accused the pharmaceutical manufac-

turer Able Labs of fraud (2,3). Inspectors 

found differences between paper and 

electronic chromatography data, and 

learned that some of the company’s 

staffers had been copying chromato-

grams from records for passing batches 

and pasting them onto records for fail-

ing ones, reintegrating chromatograms, 

Harnessing Advances in Informatics 
to Ensure Data Integrity

Darren Barrington-Light

Although best 
practices are 

key, advances 
in integrated 

informatics 
platforms and 

automation can 
make it easier 
to ensure data 

integrity and 
improve overall 

laboratory 
efficiency.

Darren Barrington-Light is 

marketing specialist for informatics 

and chromatography software 

at Thermo Fisher Scientific.
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and adjusting measured weights 

and calculations to ensure passing 

quality test results for problematic 

batches (4). 

The company had been using 

both paper and electronic data 

systems, and the software’s audit 

trails ultimately showed who had 

doctored the data. They were 

charged with criminal fraud and 

the company went out of business 

soon thereafter. 

But data integrity still challenges 

pharmaceutical manufacturers 

around the world. Between 2011 

and 2014, FDA issued more than 

30 warning letters and form 483s 

for data integrity problems (1). 

From June 1, 2015 through June 

1, 2016, the agency’s inspectors 

issued 25 warning letters and 483s, 

according to Douglas Farquhar, 

pr incipal with the law f irm, 

Hyman Phelps & McNamara (5).

Regulatory bodies are demand-

ing the highest standards of 

consistent data robustness. The 

Medicines and Healthcare Products 

Regulatory Agency (MHRA) in the 

United Kingdom, and the World 

Health Organization (WHO) both 

issued new guidance documents 

on data integrity in 2015 (6,7). In 

the United States, FDA updated its 

draft guidance on data integrity 

in April 2016 (8,9). These latest 

efforts aim to safeguard data qual-

ity throughout the pharmaceutical 

development process—from test-

ing, manufacturing and packaging 

medicines, through to distribution 

and end-user monitoring.

There are prerequisites to ensur-

ing data integrity in lab operations, 

including those that involve chro-

matography. First, any and all data 

must be saved and stored prop-

erly and in their original form. 

Technicians should not enter data 

into a computerized system, then 

copy the data on paper, unless 

systems are in place to verify and 

store all of that data properly. Any 

data that have been entered manu-

ally must be checked and verified 

by another person. In addition, 

access to software and passwords 

should be available to one person 

at a time, and not issued to groups 

of technicians. Another important 

point is to ensure that the right 

level of data access is given to peo-

ple on staff, so that nobody can 

change results that have already 

been recorded. 

Robert McDowall, a consultant 

in the UK, has analyzed recent 

FDA warning letters and European 

regulatory agency citations to 

highlight the errors that phar-

maceutical labs most often make 

that involve lab and chromatogra-

phy data (4). They tend to involve 

problems with laboratory control, 

automation and equipment, and 

laboratory records (see Figure 1).

However, advances in data man-

agement, and specifically the move 

to integrated informatics systems, 

have made it easier for companies 

to ensure the integrity of their 

data. For example, not only chro-

matography equipment, but labo-

ratory equipment such as scales 

can be connected directly into a 

laboratory information manage-

ment system (LIMS) to ensure that 

the correct data are recorded and 

cannot be tampered with (10).  

MOVING BEYOND ALCOA
In addition, there is a need to 

move beyond ALCOA, to ensure 

that data are also consistent, com-

plete, enduring, and available. 

LIMS and chromatography data 

systems (CDS) can help by hav-

ing relational databases to record 

complete data, automatically and 

consistently, and store them for the 

long-term, while allowing the user 

to retrieve that data easily. This 

article looks at how improvements 

in LIMS and CDS can help ensure 

data integrity and improve overall 

laboratory efficiency. 

For anyone working for a phar-

maceutical manufacturing com-

pany, making the right decision 

requires timely access to data that 

can be trusted. With the evolu-

tion of smarter laboratory soft-

ware, the ability to control and 

reduce sources of potential data-

integrity issues is now in the hands 

of laboratory managers. Even in a 

QC lab that uses the most robust 

chromatographic methods, it can 

be challenging for technicians to 

adhere to standard operating pro-

cedures (SOPs) every time they run 

a specific procedure to ensure that 

routine analyses generate reliable 

data every time. 

ROOT-CAUSE ANALYSIS 
When out-of-specification (OOS) 

results are identified, discovering 

the root cause of the problem is 

often a time-consuming, manual 

process that can only take place 

after errors have been spotted. 

Then, once an error has been iden-

tified, troubleshooting a specific 

chromatographic method can lead 

to workflow delays, pushing back 

project deadlines and squeezing 

deoartment budgets.

The latest CDS use intelligent 

control features such as system 

suitability testing and run control 

to allow the results of analytical 

runs to be recorded more effi-

ciently. By taking automated, in-

run pass or fail actions based on 

real-time chromatographic results, 

these tools can reduce the number 

of OOS tests required to determine 

root cause and help minimize post-

run analysis time.  

The most up -to -date LIMS 

can help laboratories not only to 

identify when runs fail, but to 

predict when they will fail. Left 

unchecked, errors that mask small 

performance problems can grow 

into much larger quality issues that 

require costly remediation. Real-

time monitoring using statistical 

algorithms is extending the power 

of chromatography run-control 

software. Some integrated systems 

Data Integrity
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have been designed with statistical 

quality control capability built in. 

Such technology allows real-time 

process monitoring and trending, 

and can track nonconformance 

before it reaches pre-def ined 

thresholds, allowing the overall 

process to be optimized automati-

cally while the root-cause investi-

gation is still going on. 

UNPLANNED MAINTENANCE
Unscheduled maintenance in a 

QC laboratory can result in costly 

delays to the release of an entire 

product batch. These delays are 

often caused by a gradual decline 

in instrument performance, which, 

unless detected and trended, can 

easily be ignored. Integrated infor-

matics systems that control SOPs 

and capture data from all lab 

instrumentation and equipment 

can become a crucial component 

in increasing laboratory productiv-

ity by managing instrument main-

tenance schedules. Once trended 

and analyzed, data such as area 

counts, baseline conductivity, 

and retention time provide valu-

able information on the general 

health of an instrument. Both CDS 

and LIMS allow users to monitor 

instrument performance so that 

equipment downtime can be care-

fully planned as part of a regular 

maintenance schedule. 

Of course, the quality of data 

depends on how they are col-

lected. It’s difficult to overstate 

the importance of developing 

and documenting SOPs for labo-

ratory workflows. Many laborato-

ries devote considerable time and 

resources into developing SOPs. 

Inconsistencies in QC or QA test-

ing protocols, however, can result 

in costly delays due to compro-

mised regulatory audits. The result 

puts consumer safety and commer-

cial reputation at risk.

BEST PRACTICES FOR SOPS
Every company and laboratory has 

its own approach to creating, dis-

tributing, and monitoring SOPs. 

Many labs still rely on paper-based 

systems, which suffer from a num-

ber of practical limitations. It is 

time-consuming for analysts to 

input data manually, when config-

uring instrumentation. 

Paper systems are also more 

prone to human error—especially 

if analysts are not familiar with the 

intricacies of a particular system or 

test. And when changes must be 

made across a portfolio of work-

flows to bring them in line with 

the latest guidelines, it can require 

significant time and resources to 

ensure that each individual SOP 

has been completely updated. 

Electronic SOPs (ESOPs) help 

eliminate some of these problems. 

With ESOPs defined in a LIMS, for 

instance, analysts have access to 

all of the relevant protocol infor-

mation, ensuring that they adhere 

to protocols and providing confi-

dence in the robustness of work-

flows and validity of test results.  

Some platforms feature built-in 

lab execution systems (LES) that 

allow the LIMS platform to inter-

face with the laboratory’s CDS 

to download method parameters 

required for a particular SOP and 

initiate the analytical sequence. 

This approach ensures that each 

analysis is performed correctly, and 

that the data obtained meet the 

necessary SOP requirements.

With QC and QA laboratories 

responsible for hundreds of tests 

every week, and each test involv-

ing multiple component parts, pre-

paring reports and defending data 

can involve time-consuming steps 

to retrieve details of analytical con-

ditions, reagent compositions, and 

instrument calibration tests. Many 

Data Integrity

Figure 1. Collated and classified Chromatography Data System (CDS) citations from 

FDA warning lletters involving a CDS. SOP is standard operating system. 
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Data Integrity

of these details are often so deeply 

embedded in laboratory workflows 

that it can be extremely difficult 

to isolate them.  The time and pro-

ductivity lost hunting for these data 

can be reduced by using integrated 

information management solutions. 

Laboratory CDS software automati-

cally records all chromatographic 

run data and conditions as well as 

a detailed audit trail of user actions. 

The latest LIMS can integrate seam-

lessly with CDS platforms to retrieve 

all of this information, along with 

instrument calibration history and 

colleagues’ laboratory notebooks. 

This feature lets users access infor-

mation on who did what, when, 

and why in one location.

AUDIT TRAILS ARE CRUCIAL
FDA recommends that all audit trails 

capturing changes to critical data 

be reviewed for every record and 

before each record’s final approval 

(8). Audit trails subject to regular 

review should include any changes 

to sample run sequences, sample 

identification, and critical process 

parameters. To make these checks a 

matter of course, the most efficient 

laboratories are using a combination 

of LIMS and CDS software to review 

an instrument’s daily audit trails, 

search and filter for events, and add 

audits to reports for review. 

Integrated informatics platforms 

such the latest LIMS offer built-in 

scientific data management sys-

tem (SDMS) functionality for this 

purpose. These systems offer eas-

ily configured paperless review and 

approval procedures. They also 

include advanced search and data 

mining tools, allowing users to 

review chromatography and mass 

spectrometry data, to see when pro-

cesses are drifting towards noncon-

formance. This provides labs with a 

complete overview of performance 

based on analyst, instrument, or test.

Given the sensitive nature of 

commercial or consumer sample 

data, it is essential to ensure that 

any changes to records are made 

only by authorized personnel. 

Recent advances in LIMS and CDS 

design have given laboratory man-

agers the ability to control what 

users can do with data and how 

they can access it, helping labora-

tories meet FDA recommendations.

VERSION CONTROL
Integrated CDS, for instance, track 

and generate audit trails in real-

time by capturing all changes 

made to data within the software. 

Modifications can only be per-

mitted by the system administra-

tor, and even then, the software 

retains details for all versions, 

allowing users to quickly and con-

veniently view all changes, dele-

tions, and additions. 

Securing and archiving an ever-

increasing amount of data is a 

major challenge today. It is also 

a requirement in case of a regu-

latory question or audit. Modern 

CDS software will place acquired 

chromatographic data immediately 

into a secure database that sup-

ports long-term storage. 

The latest LIMS systems also 

capture data from non-chromato-

graphic instruments, recording 

reagent weights and pH meter read-

ings, for example, alongside chro-

matographic method details, audit 

trails, report formats, and electronic 

notes and files, making it easier for 

relevant data to be recalled for audit 

purposes. The latest solutions uti-

lize vendor-neutral formats so that 

handling data is easier when col-

laborating with other labs or inte-

grating QC testing workflows with 

a manufacturing plant to make 

decisions on batch release. In short, 

integrated CDS and LIMS solutions 

are not only helping laboratories 

and manufacturing facilities com-

ply with the latest current good 

manufacturing practices (cGMPs), 

but allowing them to analyze 

trends in real-time to predict prob-

lems before they escalate. 
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S
erialization and traceability have 

been discussed for so long in the 

pharma industry that it’s easy to 

forget the fact that the concepts 

have been with us for 15 years now. In 

the early 2000s, efforts to secure the sup-

ply chain in Florida first brought the 

term “e-Pedigree” into pharma’s everyday 

vocabulary. 

So far, more than 40 countries around 

the world have set standards and deadlines 

for item-level pharmaceutical serialization 

and traceability, and two to three coun-

tries join this list each year. By November 

2017, the US Drug Supply Chain Safety Act 

(DSCSA) requires that all pharmaceutical 

manufacturers serialize products down to 

the item level, including a product identi-

fier on labels and cases, as well as infor-

mation on product transactions as the 

product makes its way through the supply 

chain. Most larger pharmaceutical com-

panies are well-prepared for the deadline, 

and successful pilot programs (see Sidebar, 

p. 38) have shown that manufacturers and 

distributors can synchronize operations 

and exchange the data required to make 

traceability possible.

Not all companies are ready, however.  

In December 2016, a survey of more than 

331 industry professionals sponsored by 

TraceLink and designed to be a snapshot of 

industry’s efforts (see Sidebar, p. 39) found 

that 19% of pharma companies, 11% of 

distributors, and 9% of dispensers still 

haven’t begun to address requirements, 

while only 24% of pharmaceutical manu-

facturers say that their contract manufac-

turing organizations (CMOs) will be ready 

for the deadline (1).  

This lagging response is likely due to a 

combination of factors. Most of the com-
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the Home Stretch

Agnes Shanley

As the 
November 2017 
deadline nears,a 
surprising number 

of companies 
still don’t have 
a serialization 
plan in place. 

New programs 
aim to get them 

compliant in time.

Track and Trace

http://www.biopharminternational.com


May 16-18, 2017 
Pennsylvania Convention Center

Philadelphia, PA, USA

Get Educated. Stay Innovative.

New in 2017: The Connect 
Conference Program

To strategically address the industry-driving changes within the fine & 
specialty chemical and pharmaceutical industries, CPhI North America has 
partnered with the American Chemical Society (ACS), the largest scientific 
association in the world, and the U.S. Pharmacopeial Convention to bring 
you a market-leading conference program. 

The CPhI Connect Conference Program will have four tracks  

featuring sessions such as:

• Innovative Breakthrough Technologies for Drug Targets and 
Emerging Pathways

• Formulation Trends for Topical Dosage Forms

• Navigating GDUFA — Reduce Cost and Accelerate Delivery

• Packaging Innovation

• Pharmaceutical Impurities 

• Legal and Policy Strategies for Drug Companies in Today’s 
Global Market 

• Accelerating Your Product’s Development:  
Practical Considerations from Pre-Clinical through  
Commercial

• Determining the Value of Re-Shoring Drug Ingredient 
Manufacturing

• …and more! 

Go to schedule.cphinorthamerica.com to see the full lineup. 

®

Powered By

Sponsored By:

Sponsored By:

Sponsored By:

In Partnership With

Schedule is subject to change. Discount 

applicable to non-exhibiting badges only. 

The Science & Business of Biopharmaceuticals

INTERNATIONAL

Platinum Media Partner

Save an extra 

25%when you register 

by May 8!

Go to cphinorthamerica.com/
register and use PROMO Code 
BIOPHARM to receive an additional 
25% off your conference pass when 
you register before May 8, 2017.

http://cphinorthamerica.com/
http://schedule.cphinorthamerica.com/
http://www.cphinorthamerica.com/
http://www.biopharminternational.com/
http://www.ubm.com/


38  BioPharm International www.biopharminternational.com March 2017

panies that aren’t prepared are small 

to mid-sized companies, says Bruce 

Bleiman, Systech International’s 

global senior vice-president of sales, 

and many of them were not exposed 

to serialization concepts in the earli-

est stages of the industry’s efforts.  

NOT JUST ABOUT PACKAGING
Even if these companies did have 

some understanding of the concepts 

involved, many viewed serialization 

as a limited, packaging project rather 

than the far-ranging multifunctional 

effort it is, notes Paul DuPont, vice-

president of marketing with Ropack 

Pharma Solutions, a contract devel-

opment and manufacturing organi-

zation (CDMO) based in Montreal, 

Canada. In addition, compliance 

deadlines for past serialization pro-

grams (notably California’s) were 

extended and some may have ques-

tioned why they should invest in 

something that, in the end, might 

not be required, says Shabbir Dahod, 

CEO of TraceLink, which offers Life 

Sciences Cloud, a cloud-based solu-

tion for pharmaceutical serialization. 

Even companies that have invested 

heavily in serialization have been 

surprised by the level of commitment 

required. First, there are capital costs, 

which tend to run approximately 

$200,000 to $300,000 per packaging 

line. But beyond that is the complex-

ity of data integration, notes Dahod, 

especially with CMOs and custom-

ers, and the networking and data 

exchange aspects of serialization.

Complexity already defines the 

pharmaceutical supply chain and 

relationships within it, he says. 

This was clear in the TraceLink sur-

vey results. Pharmaceutical man-

ufacturers say that they do most 

of their business with the “Big 

Three” pharmaceutical distributors 

(McKesson, AmerisourceBergen, 

and Cardinal Health), says Dahod, 

but, in reality, they have more cus-

tomers and different relationships, 

and use different delivery models 

(e.g., drop ships or special orders) 

with each one. Pharmaceutical 

company profess iona l s  who 

responded to the survey said that 

more than 40% of their business 

transactions are with customers 

other than the Big Three; 25% had 

more than 10,000 customers, while 

31% had between 500 and 10,000. 

In addition, 29% sell directly to 

hospitals and pharmacies. 

DEALING WITH COMPLEXITY
Not only must companies deal 

with individual product transac-

tion histories, says Dahod, but, 

as they bring CMOs and inter-

nal packaging lines on board, the 

number of business and opera-

tional processes they must inte-

grate with, both internally and 

externally, increases dramatically. 

Companies that have made the 

effort, however, are seeing results. 

“Where, in the past, maybe less than 

5% of their customers were inte-

grated digitally, they are now con-

nected with all of them. For some 

companies, that means tens of thou-

sands of connections, promising 

more efficient information exchange, 

better systems integration and fewer 

errors,” says Dahod. 

Making those connections puts 

companies in a position where 

they can see the potential for 

return on investment. “This effort 

requires end-to-end thinking, from 

packaging all the way through to 

our customers,” says Mike Rose, 

vice-president of supply chain vis-

ibility with Johnson & Johnson 

Supply Chain (JJSC). “The reward 

is improved visibility that will help 

Track and Trace

In 2016, the pharmaceutical manufacturer Johnson & 

Johnson Supply Chain (JJSC) and the distributor 

AmerisourceBergen launched a four-week pilot program 

to test GS1’s EPCIS standards and to see how effectively 

data could be transferred between the two partners. JJSC 

has been working on serialization for some time, and 

began shipping serialized product back in 2012, so both 

companies were fully connected, in terms of their IT, and 

they could try this approach with serialized product. The 

test simulated the real-world supply chain. 

A DataMatrix barcode was applied containing a serialized 

global trade item number (GTIN), batch and lot number, and 

expiration data for each sellable unit (whether bottle, vial, or 

blister), and the units were packed into cases and loaded onto 

pallets, while downstream vision systems and scanners read 

the barcode to capture all the information. EPCIS recorded 

events associated with the GTIN, so that AmerisourceBergen 

could confirm receipt of each item sent by JJSC, automatically. 

Results showed not only the viability of this approach, 

but its potential power. “It’s like electronic data interchange 

(EDI) on steroids,” says Mike Rose, vice-president, supply 

chain visibility at JJSC. “Over time, supply chain partners 

will be able to exchange a lot of critical data for additional 

value,” he says. The pilot ensured that all processes, from 

plant to warehouse and distribution channel to docks, were 

tracked. “It forced us to test all processes along with way. 

We got confirmation from our partner that everything fed 

back to them, from plant to distribution center, and that 

they were receiving relevant process data.” Rose expects 

to see return on investment in terms of improved inventory 

management and transparency in the future. “But for now, 

our focus remains on the patient first,” he says. 

Testing GS1’s EPCIS Standards in the Real World

http://www.biopharminternational.com
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ensure that our patients receive gen-

uine product,” he says.

But, in the meantime, how can 

unprepared companies be ready 

by November 2017? “The serial-

ized mandate is approaching fast. 

Using the conventional approach, 

not everyone will be able to be ready 

in time,” says DuPont. “One of the 

harsh market realities is that there is 

a limited number of hardware pro-

viders out there to help companies 

who are just starting to put their seri-

alization programs together.”  

DuPont notes that some CMOs, 

even those who partner with large 

pharma companies that have 

advanced serialization programs in 

place, won’t be ready for the dead-

line. For pharmaceutical companies 

and CMOs, he notes, the highest 

hurdles are buying and install-

ing the hardware, especially given 

demand for services as the deadline 

approaches. Others are internal test-

ing (investing in and installing soft-

ware and data management tools), 

and managing different require-

ments at each location.  

ACCELERATED COMPLIANCE  
To help companies become compli-

ant by the DSCSA deadline, a num-

ber of solutions providers are now 

offering accelerated compliance pro-

grams. In late January 2017, Systech 

International launched “Serialized 

by November,” a program involving 

its long-standing equipment part-

ners, which include Omega, LSI by 

ID Technology, UPAK by Ultimate 

Solutions, Etipack, and Inno4Life.  

The program compresses the process 

into 90 business days, with the initial 

phase (kickoff discussion, data collec-

tion, and software shipment) taking 

two weeks; the design phase (involv-

ing integration drawings, documen-

tation, validation, and hardware 

shipment) taking six weeks; imple-

mentation, including factory and site 

acceptance tests (FAT and SAT) and 

startup, requiring four weeks; and 

project closure taking two weeks.

FEE-FOR-SERVICE APPROACH
In late November of 2016, Ropack 

and TraceLink, together with the 

equipment specialist Optel, first 

announced the formation of the 

International Serialization Hub, 

which they plan to launch formally 

in the Spring of 2017, to help pharma 

companies comply with DSCSA seri-

alization requirements by November 

2017 (2). With this program’s operat-

ing model, DuPont explains, compa-

nies send product to Ropack, which 

will take it and serialize at the unit of 

sale (whether item, carton, or pallet), 

and then send it on to its destination. 

It’s a simple, fee-for-service approach, 

he says, and can work with any data 

management platform. For compa-

nies that already use TraceLink’s solu-

tion, however, the costs will be much 

lower and the timeframes, shorter. 

The service would be offered, but 

not limited, to Ropack’s existing cli-

ents. DuPont says the idea for the 

program came from a large pharma 

client that had serialized, but still 

could not get one of its 50-year-old 

plants ready for DSCSA serialization.

For Ropack, investment in the pro-

gram reflects the reality that serial-

ization is no longer ‘nice to have,’ 

but a mandated regulatory compli-

ance platform. “Serialization has 

become like validation was 15–20 

years ago,” says DuPont. Of course, 

DSCSA mandates are only one facet 

of the global serialization require-

ments that pharma companies now 

face. Accelerated programs may not 

be a long-term solution, but at least 

they may help resource-strapped 

companies achieve basic compliance 

in time for the deadline.  
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In December 2016, TraceLink and the market research 

firm Actionable Research released results of the first 

Global Drug Supply, Safety and Traceability Report (1). The 

study surveyed 331 professionals from pharmaceutical 

manufacturers, wholesalers, pharmacies, and hospital 

pharmacies, to better understand challenges that face 

pharmaceutical companies, distributors, and dispensers of 

all sizes in realizing full product traceability. 

Half of the pharmaceutical companies that responded to 

the survey expect to comply with electronic data transfer 

requirements within six months of the November 2017 

deadline, and 54% describe themselves as well-prepared 

for serialization. However, 19% of companies say they 

have not begun to address requirements, and only 24% 

say that their contract manufacturing organization (CMO) 

partners will be ready. Respondents from pharmaceutical 

companies said that they underestimated the complexity 

of implementation, the total cost of IT upgrades required, 

and the overall impact that implementation can have on 

business. 
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W
ith enactment in 2010 

of the Biologic Pr ice 

Control and Competition 

Act (BPCIA) as part of 

the Affordable Care Act, the United 

States for the first time had a pathway 

for FDA approval of so-called “follow-

on biologic” or “biosimilar” drugs. 

While a boon to patients who other-

wise could not afford these drugs, as 

well as a financial benefit for the gov-

ernment and private insurers, putting 

the provisions of the law into practice 

has entailed the need for FDA to issue 

numerous guidance documents on the 

requirements for establishing biosimi-

larity, and more recently, interchang-

ability or the property of being able 

to be substituted for reference biologic 

drug products without enhanced risk 

of adverse effects. Indeed, the first 

US-approved biosimilar drug, Sandoz’s 

Xarzio, was approved only in March 

2015 and brought to market on Sept. 4 

of that year in part due to the technical 

and practical requirements of comply-

ing with the law.

Among the adaptations to US biologic 

drug practice necessitated by the BPCIA 

was how biosimilar drugs should be 

named. On Jan. 13, 2017, FDA released 

its latest guidance for industry relat-

ing to BCPCIA (1). The need for distin-

guishable names for biosimilar versions 

of reference product biologic drugs is 

supported by a study in Europe by the 

Alliance for Safe Biologic Medicines, 

which recruited 470 prescribers with 

clinical experience of biologic drugs 

in France, Germany, Italy, Spain, and 
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the United Kingdom. The responses of these physi-

cians showed that differences in therapeutic profile 

and indications for which the biosimilar is approved 

engendered risks that distinguishable names could 

reduce (2).

In the guidance, FDA sets forth a regime for a non-

proprietary name that is the combination of a core 

name (equivalent to a generic name for small-mole-

cule drugs) combined with a four-letter suffix to des-

ignate its source. The core name is intended to be the 

name adopted for the reference product biologic drug 

by the International Nonproprietary Names (INN) sys-

tem, administered by the World Health Organization 

(WHO) and in the US by collaboration between INN 

and the US Adopted Names (USAN) Council. Drugs 

having the same active ingredient have the same INN 

in every country in the world, which is believed to be 

important for patient safety, ensuring that a physician 

can administer the proper drug to a patient and that 

authorities can identify the source of adulterated drugs 

that pose a danger to the public.

The four-letter suffix is “devoid of any meaning,” 

consistent with a WHO proposal and a departure 

from FDA’s original regimen where the suffix denoted 

source (e.g., “-sndz” for Sandoz; “-amgn” for Amgen). 

The proposed suffix has been the source of much of 

the criticism of the naming scheme since the agency 

published a proposed rule in the Federal Register on 

Aug. 28, 2015 (3). The guidance provides its ratio-

nale for the proposed rule, stating that the naming 

scheme, which is required “for each originator biologi-

cal product, related biological product, and biosimilar 

product,” will “facilitate pharmacovigilance” for all 

categories of biologic drugs, by permitting a specific 

biologic drug product to be tracked from its source 

particularly in instances where other means of doing 

so are not readily available. Also, these names would 

permit accurate source identification by patients, 

healthcare providers, and payors, one of the features 

that biosimilar advocates fear might lead to discrimi-

nation. For the agency, using source suffixes also pro-

vides a means to “minimize inadvertent substitution,” 

especially when such biosimilar products, like all cur-

rent biosimilar products, have not been determined 

to be interchangeable. FDA plans to develop a naming 

convention based on the same principles for inter-

changeable biosimilar products but “is continuing to 

consider the appropriate format of the suffix for these 

products.” The benefits envisioned by FDA should 

“(1) encourage routine use of designated suffixes in 

ordering, prescribing, dispensing, recordkeeping, and 

pharmacovigilance practices and (2) avoid inaccurate 

perceptions of the safety and effectiveness of biologi-

cal products based on their licensure pathway” (1).

NAMING SCHEME FOR ALL BIOLOGIC DRUGS
One aspect of the guidance is that the naming con-

vention will be used for all biologic drug products, 

both newly licensed as well as previously licensed 

drugs. For previously licensed biologic drugs, all of 

which are innovator-produced “reference biologic 

drug products,” the revised proper (nonproprietary) 

name would comprise the original name as the core 

name and have a new distinguishing suffix config-

ured consistent with the guidance. While the pro-

cess for implementing this “renaming” of previously 

licensed biologic drugs is ongoing, FDA will assign 

distinguishing suffixes to “a limited group” of these 

drugs and will accept submissions (presumably by 

the drug sponsor) “of prior approval labeling sup-

plements that include proposed suffixes.” As speci-

fied in the guidance, the names will be required for 

all “biological products licensed under the [Public 

Health Service] (PHS) Act, such as therapeutic protein 

products, vaccines, allergenic products, and blood 

derivatives, and [will] not include certain biological 

products that also meet the definition of a device in 

section 201(h) of the FD&C Act (21 U.S.C. 321(h)), 

Intellectual Property
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such as in vitro reagents (e.g., anti-

body to hepatitis B surface anti-

gen, blood grouping reagents, 

hepatitis C virus encoded antigen) 

and blood donor screening tests 

(e.g., HIV and hepatitis C).”

Returning to the agency’s ratio-

nale for the proposed naming con-

vention, the guidance states that it 

anticipates “a growing number of 

biological products” to be entering 

the marketplace. The nonpropri-

etary name (in contrast with the 

proprietary [brand] name) “reflects 

certain scientific characteristics 

of the product, such as chemical 

structure and pharmacological 

properties” and, inter alia, “helps 

healthcare providers identify the 

product’s drug substance and dis-

tinguish biological products from 

one another.” The proposed nam-

ing scheme was developed based on 

comments solicited by the agency 

from the public (4–6). The guidance 

specifically recites that the naming 

convention is intended to “maxi-

mize the success of biosimilar prod-

ucts and interchangeable products 

and to help ensure the safety of 

patients receiving biological prod-

ucts licensed under the PHS Act.”

The guidance sets forth the 

“main considerations” used by the 

agency in arriving at the naming 

scheme. These include “enhancing 

biological product pharmacovigi-

lance”; “ensuring safe use of bio-

logical products”; and “advancing 

appropriate practices and percep-

tions regarding biological products.” 

With regard to pharmacovigilance, 

the guidance acknowledges that 

despite agency efforts to “rigorously 

assess” biologic (and other) drugs 

for safety and efficacy, issues can 

arise post-approval that create a 

need for the agency to be able to 

“track adverse events to a specific 

manufacturer” (or even specific lots 

or manufacturing sites) in a surveil-

lance system that exists throughout 

the products lifecycle. If the source 

of a biologic product can be readily 

identified, remedial action can be 

taken effectively and not implicate 

products “for which no problem 

exists.” Such surveillance systems 

can be active or passive, and can 

use identifiers including “propri-

etary name, proper name, manu-

facturer, national drug code (NDC) 

number, lot number, and billing 

codes.” Unfortunately, many sys-

tems have “limited ability” to track 

products by manufacturer, accord-

ing to the guidance, and some iden-

tifiers are not recorded routinely 

(e.g., in patient and billing records). 

The proposed naming convention is 

intended to “provide another criti-

cal tool for accurately identifying 

and facilitating pharmacovigilance 

for originator biological products, 

related biological products, and 

biosimilar products.”

With regard to safety, the guid-

ance states that inadvertent sub-

stitution is a particular risk for 

biological products due to their 

complexity and “unique safety 

concerns related to immunogenic-

ity.” Inadvertent substitution, par-

ticularly wherein patients could 

receive reference biologic drug 

product and biosimilar versions 

thereof serendipitously, raises the 

specter of unapproved interchange-

ability, which the agency wishes 

to avoid until such time as it sets 

out the scope of what constitutes 

biosimilar drugs that can be con-

sidered interchangeable with the 

reference biologic drug product. 

There is also the risk of differ-

ent versions of a biologic drug or 

biosimilar versions thereof to be 

approved for different indications, 

and the naming convention is 

believed to be helpful in ensuring 

that a drug be administered for just 

those indications for which it has 

been approved. There is also the 

risk that poorly informed health-

care providers or their patients 

might assume that a biosimilar 

drug having the same nonpro-

prietary name as the reference 

biologic drug product had been 

approved as being interchangeable. 

This risk is mitigated not only by 

using distinguishable names but by 

providing in such names a ready 

distinction in the Purple Book (7).

Finally, the guidance believes 

that by requiring routine use of 

nonproprietary names comprising 

source-identifying suffix in “order-

ing, prescribing, dispensing, record-

keeping, and pharmacovigilance 

practices” it will provide “a consis-

tent, readily available and recog-

nizable mechanism” for patients 

and healthcare providers to cor-

rectly identify the products (and 

their source) being administered. 

FDA also appreciates that by requir-

ing both newly approved biosimilar 

drugs and previously approved ref-

erence biologic drug products to use 

the naming convention, “inaccu-

rate perceptions” of the safety and 

efficacy of biosimilar drugs, com-

pared with reference biologic drug 

products, can be avoided.

BREAKING DOWN  
THE NAME STRUCTURE
In practice, FDA intends to use the 

core name of a previously approved 

originator biologic drug for both 

the reference biologic drug product 

and all biosimilar versions. Source 

will be identified by a four-letter 

Intellectual Property
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suffix otherwise “devoid of mean-

ing.” This naming scheme will 

indicate the relationship between 

the products (the core name) and 

identify source by the suffix. The 

agency also notes that having 

the distinguishing code as a suf-

fix (instead of a prefix) will facili-

tate grouping the drugs together in 

electronic databases and thus help 

healthcare providers to locate their 

alternatives. Applicants for biologic 

drug products pending approval 

should propose to FDA up to 10 suf-

fixes from which the agency could 

choose (and also submit any “sup-

porting analyses” that could influ-

ence the agency’s decision on the 

suffix to be used); current biologic 

license application (BLA) holders 

for approved drugs and biosimi-

lar applicants should do the same. 

Guidelines for suffix selection 

according to the guidance should 

have the following characteristics:

The proposed suffix should:

t� #F�VOJRVF

t� #F�EFWPJE�PG�NFBOJOH

t� #F� GPVS� MPXFSDBTF� MFUUFST� PG�

which at least three are distinct

t� #F�OPOQSPQSJFUBSZ

t� #F� BUUBDIFE� UP� UIF� DPSF�OBNF�

with a hyphen

t� #F� GSFF� PG� MFHBM� CBSSJFST� UIBU�

would restrict its usage.

The proposed suffix should not:

t� #F� GBMTF�PS�NJTMFBEJOH� TVDI� BT�

by making misrepresentations 

with respect to safety or efficacy

t� *ODMVEF� OVNFSBMT� BOE� PUIFS�

symbols aside from the hyphen 

attaching the suffix to the core 

name

t� *ODMVEF�BCCSFWJBUJPOT�DPNNPOMZ�

used in clinical practice in a 

manner that may lead the suffix 

to be misinterpreted as another 

element on the prescription or 

order

t� $POUBJO�PS�TVHHFTU�BOZ�ESVH�TVC-

stance name or core name

t� -PPL� TJNJMBS� UP� PS� CF� DBQBCMF�

of being mistaken for the name 

of a currently marketed product 

(e.g., should not increase the risk 

of confusion or medical errors 

with the product and/or other 

products in the clinical setting)

t� -PPL� TJNJMBS� UP� PS� PUIFSXJTF�

connote the name of the license 

holder

t� #F�UPP�TJNJMBS�UP�BOZ�PUIFS�'%"�

designated nonproprietary name 

suffix.

FDA GUIDANCE SCOPE
FDA’s naming regimen extends to 

both reference biologic drug prod-

ucts and their biosimilar counter-

parts. The basis for this naming 

regime, and its extension to both 

types of biologic drugs, reflects 

the agency’s rationale for provid-

ing a naming convention in the 

first place and is based on FDA’s 

dual responsibilities to protect the 

public and at the same time facili-

tate availability of biosimilar drugs 

according to Congress’s intentions 

in passing the BPCIA.

The guidance ends with the fol-

lowing statement of FDA policies 

regarding naming:

“The f inal determination on the 

acceptability of a proposed suffix is 

based on FDA’s review of all informa-

tion and analyses described in this 

guidance, along with any information 

submitted by the sponsor.

“FDA will evaluate proposed suffixes 

against the factors described in this 

section and may consider other factors 

if they impact the utility of the suffix 

in meeting the goals of the naming 

convention articulated in this guid-

ance. Upon completion of the Agency’s 

evaluation, FDA will notify applicants 

if a proposed suffix is acceptable or if 

all of the proposed suffixes are deter-

mined to be unacceptable. If all of the 

proposed suffixes are determined to be 

unacceptable, applicants may submit 

additional proposed suffixes for FDA’s 

consideration. If an applicant does not 

submit a suffix that FDA finds accept-

able or does not propose suffix candi-

dates within an appropriate time frame 

to allow sufficient time for FDA review, 

FDA may elect to assign a four-letter 

suffix for inclusion in the proper name 

designated in the license at the time 

FDA approves the application.”

Like all such FDA guidance doc-

uments, it contains an express dis-

claimer:

“This guidance represents the cur-

rent thinking of the Food and Drug 

Administration (FDA or Agency) on 

this topic. It does not establish any 

rights for any person and is not binding 

on FDA or the public. You can use an 

alternative approach if it satisfies the 

requirements of the applicable statutes 

and regulations. To discuss an alterna-

tive approach, contact the FDA office 

responsible for this guidance as listed 

on the title page.”

FDA’s guidance, particularly in 

view of its congruence with WHO’s 

recommendations, suggest that 

this regime will be adopted and 

its success judged on the basis of 

whether in practice it achieves the 

safety goals FDA intends.

REFERENCES
 1. FDA, Nonproprietary Naming of 

Biological Products, Guidance for 

Industry (Rockville, MD, January 

2017),  www.fda.gov/downloads/

Drugs/GuidanceComplianceRegulatory 

Information/Guidances/UCM459987.

pdf accessed Jan. 25, 2017.

 2. R.O. Dolinar and M.S. Reilly, 

Generics and Biosimilars Initiative 

J. 3(2), 58-62 (2014).

 3. FDA, “Designation of Official Names 

and Proper Names for Certain 

Biological Products,” Fed. Regist. 80 

(167), 52224-52231 (Aug. 28, 2015).

 4. FDA, “Approval Pathway for Biosimilar 

and Interchangeable Biological 

Products; Public Hearing; Request for 

Comments,” Fed. Regist. 75 (192), 

61497-61501 (Oct. 5, 2010).

 5. FDA, “Draft Guidances Relating 

to the Development of Biosimilar 

Products; Public Hearing; Request 

for Comments,” Fed. Regist. 77 (42), 

12853-12855 (March 2, 2012).

 6. FDA, “Nonproprietary Naming of 

Biological Products; Draft Guidance for 

Industry; Availability,” Fed. Regist. 80 

(167), 52296-52299 (Aug. 28, 2015).

 7. FDA, Purple Book: Lists of Licensed 

Biological Products With Reference 

Product Exclusivity and Biosimilarity 

or Interchangeability Evaluations, 

available at www.fda.gov/drugs/

developmentapprovalprocess/

howdrugsaredevelopedandapproved/

approvalapplications/

therapeuticbiologicapplications/

biosimilars/ucm411418.htm 

(accessed Jan. 25, 2017). ◆

http://www.biopharminternational.com
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatory Information/Guidances/UCM459987.pdf
http://www.fda.gov/drugs/developmentapprovalprocess/howdrugsaredevelopedandapproved/approvalapplications/therapeuticbiologicapplications/biosimilars/ucm411418.htm


44     BioPharm International    www.biopharminternational.com    March 2017

S
v
e

ta
 D

e
m

id
o

ff
/G

e
tt

y
 I

m
a

g
e

s

Troubleshooting

B
oth upstream and downstream biophar-

maceutical processes have convention-

ally used stainless-steel equipment, but 

use of single-use systems (SUS) is becoming 

more established. An advantage of SUS is its 

flexibility—modular, disposable components 

have a lower up-front cost compared to con-

ventional equipment, and the systems can 

be more easily replicated for installation in 

different locations to facilitate “in-country” 

production. One of the most significant differ-

ences is that SUS do not require the clean-in-

place (CIP) and sterilize-in-place (SIP) systems 

employed in stainless-steel equipment systems, 

which saves initial capital costs and the ongo-

ing production time associated with cleaning 

and sterilization. The process control and auto-

mation requirements of SUS also differ from 

those of stainless-steel equipment. BioPharm 

International spoke with Michalle Adkins, 

director of Life Sciences Consulting, and Bill 

Smizaski, vice-president of Global Life Sciences 

Operations, both at Emerson, about consider-

ations for process control and automation of 

biopharmaceutical processes.

AUTOMATING SUS
BioPharm: What are the primary differences 

between automating a single-use system com-

pared to a system that uses stainless-steel 

equipment?

Emerson: The complexity of automation is 

less for SUS because fixed, stainless-steel tanks 

require CIP/SIP, which increases the complex-

ity of piping and instrumentation. In fact, 

60–80% of instrumentation in a typical bio-

processing unit operation is associated with 

CIP/SIP, not the process itself.

Although automation of a SUS 

process is simpler, SUS do require 

more manual interaction. For 

example, tubing needs to be connected and 

operators must make sure that nothing leaks. 

All parts that come into contact with the prod-

uct need to be tracked, including disposable 

parts and reusable parts (e.g., peristatic pumps). 

Tracking SUS parts is also more complex. These 

disposable parts may be irradiated by the ven-

dor. For example, tubing sets typically are 

supplied gamma-irradiated by a third party, 

and sensors are typically precalibrated and 

gamma irradiated. All this additional infor-

mation needs to be part of the batch record. 

Maintaining data integrity and traceability 

becomes more complex.

Another difference is in the sensors used 

to collect data and control the process. SUS 

employ either disposable or non-product 

contact instruments for measuring process 

control variables, such as conductivity, pH, 

and dissolved oxygen level. With traditional 

systems, sensors were designed to be highly 

accurate, long-lasting devices. In SUS, these 

sensors would be too expensive, because 

“Not integrating individual skids 

... presents challenges with alarm 

management, user security 

access management, and  

disparate operator interfaces.” 

—Emerson

Automating Bioprocesses 
Automation of stainless-steel systems
and single-use systems differs in complexity. 

Jennifer Markarian is manufacturing 

editor of BioPharm International.
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the sensor only needs to last for 

one batch. Disposable sensors 

are available today that are less 

expensive, but in some cases, are 

not accurate or reliable enough. 

Although advances have been 

made, there is room for improve-

ment. To get the reliability and 

accuracy needed for certain pro-

cesses, some manufacturers are 

choosing to use traditional sen-

sors inserted into the process 

in a plastic, sterile sleeve; these 

sensors are sterilized for reuse. A 

new approach is completely non-

contact—measurements are taken 

through the plastic container 

rather than inserting a probe into 

the product.

BioPharm: How can single-use 

material data be tracked?

Emerson: Material tracking and 

linking material information to a 

batch record is part of ‘Level 3’ of 

the ISA 95 model, which includes 

the definition of manufacturing 

operations management (MOM) 

applications. Manufacturing exe-

cution systems (MES) that imple-

ment MOM can be designed to 

track both process material con-

sumption and generation as well 

as single-use (e.g., tubing, instru-

ments) and reusable components 

consumption for material trace-

ability purposes.

BioPharm: What are some con-

siderations for automating the 

process as a whole rather than 

only at each unit operation?

Emerson: Companies can pur-

chase an SUS skid with automa-

tion from the original equipment 

manufacturer and leave the indi-

vidual skids as ‘islands of automa-

tion.’ Others are integrating all 

the skids throughout the plant 

using a distributed control system 

(DCS), while others are using a 

hybrid of these approaches. There 

are very few standards yet in bio-

processing, although over time, 

various options will likely consoli-

date and evolve into standards.

The integrated DCS approach 

has the advantages of providing 

overall recipe management and 

putting all the data collected in 

to production context at the fac-

tory level. Not integrating the 

individual skids leaves the produc-

tion execution management and 

data collection isolated and not in 

the context of a recipe as well as 

presenting challenges with alarm 

management, user security access 

management, and disparate opera-

tor interfaces.

FUTURE TRENDS
BioPharm: What are some of the 

challenges with automating a con-

tinuous biopharmaceutical pro-

cess compared to a batch process?

Emerson: We are starting to see 

the move to continuous manufac-

turing in bioprocessing, although 

it is in its infancy compared to 

continuous manufacturing of 

small-molecule drug products. 

There are several licensed prod-

ucts that use a continuous per-

fusion process upstream, but 

downstream continuous process-

ing is still evolving. The con-

trol st rategy and automation 

are important in continuous 

manufacturing. The keys to suc-

cessful continuous manufactur-

ing include synchronizing unit 

operations into one process, defin-

ing the process in such a way to 

quickly achieve steady state, and 

managing disruptions to the pro-

cess automatically. In addition, 

good process analytical technol-

ogy (PAT) and ‘soft sensors’ (i.e., 

predicting values based on mod-

elling) are important to ensure 

product quality. It is important 

to understand how disturbances 

affect the process and the prod-

uct including how residence time 

would be used to track materi-

als during a change or upset in 

the process. The industry is still 

at an early stage, but companies 

are beginning to do multivariate 

modeling and gaining the process-

ing knowledge needed for effec-

tive continuous manufacturing.

BioPharm: How will the Internet 

of Things (IoT) enhance automation?

Emerson: There are a couple 

components to IoT that are inter-

esting for this industry. ‘Smart’ 

instrumentation has been around 

for some time, but it has not 

been pervasive in this indus-

try. However, new data integrity 

requirements are starting a cul-

tural change to use more of the 

data available from these devices. 

For example, a smart instrument 

measures not only the process 

variable it is designed to measure, 

but it tracks and records factors 

such as drift and vibration that 

can be used to look at the health 

of the device in real time. The 

IoT, as a concept, is a technology 

enabler to this change by making 

it easier to target the right infor-

mation to the right user applica-

tion. A device with a drift that 

would have a particular alarm 

meant for maintenance but not 

the operator, for example, will be 

sent to the appropriate person to 

take action.

We are also seeing a greater 

focus in the pharma industry 

on reliability initiatives. Smart 

dev ices  connec ted to equ ip -

ment and automation, for either 

stainless-steel systems or SUS, 

will give an early warning and 

facilitate an intervention before a 

deviation or out-of-specification 

condition occurs.

The IoT could also help enable 

continuous process verification 

(CPV) across the supply chain. 

Companies have been moving 

towards CPV rather than annual 

product reviews. Requirements 

are emerging, particularly for 

biopharmaceuticals, to provide 

CPV ac ross  a l l  ma nu fac t u r-

ing locations for a product both 

internally and externally (e.g., at 

a CMO). ◆

Troubleshooting
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Process Characterization Essentials: Process 
Understanding and Health Authorities Guidance
Process characterization and model building are 
essential skills and are required for modern drug development.

T
here are many places in International 

Council for Harmonization (ICH) and 

US Pharmacopeial Convention (USP) 

guidance documents that describe the need 

for a well-characterized process to support the 

development and communication of process 

understanding. Demonstrating process under-

standing is essential for submissions to the 

health authorities. Understanding appropri-

ate process parameter sensitivities, set points, 

ranges, and in process controls is critical to drug 

development. Process understanding improves 

confidence that the factors influencing the 

drug substance and drug product are well 

understood and maintained at acceptable levels.

ICH Q8 states (1):

“Process development studies should provide the basis 

for process improvement, process validation, continuous 

process verification (where applicable), and any process 

control requirements. Where appropriate, such studies 

should address microbiological as well as physical and 

chemical attributes. The knowledge gained from process 

development studies, can be used, as appropriate, to jus-

tify the drug product specification.

“The manufacturing process development program or 

process improvement program should identify any criti-

cal process parameters that should be monitored or con-

trolled (e.g., granulation end-point) to ensure that the 

product is of the desired quality.”

FDA’s process validation guidance states (2), 

“Designing an efficient process with an effective process 

control approach is dependent on the process knowledge 

and understanding obtained. Design of experiment 

(DOE) studies can help develop process knowledge by 

revealing relationships, including multivariate interac-

tions, between the variable inputs (e.g., component 

characteristics or process parameters) 

and the resulting outputs (e.g., in-process 

material, intermediates, or the final prod-

uct). Risk analysis tools can be used to 

screen potential variables for DOE studies 

to minimize the total number of experi-

ments conducted while maximizing knowledge gained. 

The results of DOE studies can provide justification 

for establishing ranges of incoming component quality, 

equipment parameters, and in-process material quality 

attributes.”

PROCESS MODEL DEVELOPMENT
Knowledge about how process input (X) fac-

tors influence product (Y) responses relative to 

critical quality attributes (CQAs) is fundamen-

tal to defining and defending process under-

standing. Ultimately, knowledge must be in the 

form of an equation (either empirical or based 

on well-established scientific principles) to be 

useful. Process characterization equations are 

typically multiple factor, including main effects, 

interactions, and quadratic terms and may be 

either linear (in their coefficients) or nonlinear. 

Process models may also be generated based on 

individual measurements, statistics (mean and 

standard deviation), or based on the parameters 

of a curve (linear, exponential, square root, 4 

parameter logistics [PL] curves, 5PL, etc.) 

The following are common steps in developing 

process understanding and generating a math-

ematical/empirical model of the process. The pri-

mary focus of this paper is the steps associated 

with process model development. Below are the 

primary steps needed to characterize a process:

t� $2"T�BOE�IJHI�MFWFM�SJTL�BTTFTTNFOU

t� %FGJOFE�QSPDFTT�XJUI�SJTL

t� -PX�MFWFM�SJTL�BTTFTTNFOU

t� %0&�PS�SFUSPTQFDUJWF�BOBMZTJT�

t� .PEFM�CVJMEJOH�BOE�TUBUJTUJDBM�TJHOJGJDBODF

t� &GGFDU�TJ[F�BOE�DSJUJDBM�QBSBNFUFS�JEFOUJGJDBUJPO

t� .PEFM�FRVBUJPO�

MODEL USAGE
0ODF� UIF�QSPDFTT�NPEFM�IBT�CFFO�EFWFMPQFE� JU�

can be used to further optimize the process, select 

set-points, evaluate the design space, establish 

limits on the inputs and outputs from the process, 
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and develop the control strategy. The 

following are some of the most com-

mon usages once the model has been 

developed:

•	 Set-point	 selection	 and	 process	

optimization

•	 Model	verification	 (confirmatory	

experimental runs at the opti-

mum)

•	 Design	space	and	control	plan

•	 Edge	of	failure	analysis

•	 Tolerance	design	for	process	limits

•	 Capability	 and	 tolerance	 design	

for product quality attributes.

CQAs AND HIGH-LEVEL 
RISK ASSESSMENT
The first step in process character-

ization is to determine the business 

case, all relevant CQAs, and asso-

ciated limits. Determine why the 

characterization is needed and what 

knowledge deficit it will fill. ICH Q9 

Quality Risk Management (3) recom-

mends a risk-based approach when 

determining which of the many 

unit operations require character-

ization. From a process character-

ization point of view, the question 

is: What are the CQAs that will be 

influenced by each process step? A 

high-level risk assessment is made 

from CQAs to multiple unit opera-

tions (upstream cell culture or down-

stream purification). The next risk 

question is: Which unit operation 

requires characterization? If charac-

terization is not performed, then 

how are prior knowledge, lack of 

influence, or platform approach 

justified or demonstrated? The 

result of the high-level risk assess-

ment is a list of unit operations 

that require characterization to 

mitigate the risk (4) (Figure 1).

DEFINED UNIT  
OPERATION WITH RISK
From the high-level risk assess-

ment, there are a defined set of unit 

operations with development risk 

that	 require	 characterization.	Make	

sure the process is well defined/

understood with all defined equip-

ment, equipment settings of inter-

est, sequence of operations, process 

holds,	and	materials	used.	Make	sure	

critical inputs (upstream process out-

puts) and materials are well defined. 

Process definition and details will be 

used in the low-level risk assessment 

prior	to	DOE	definition.

LOW-LEVEL RISK ASSESSMENT
Low-level risk assessments are used 

to rationalize the selection of factors, 

responses, operational ranges, and 

model	terms	to	be	used	in	the	DOE	

(see Figure 2). A clear line of sight 

between CQAs and the potential 

impact and influence of each mate-

rial and process parameter aids in 

parameter selection (5). Factors can 

be controllable (continuous, categori-

cal or mixture) or uncontrollable 

(uncontrolled or covariate). From 

the low-level risk assessment, one 

should now know how to design 

the experiment.

DOE OR RETROSPECTIVE ANALYSIS
Characterization can be accom-

plished	with	 a	DOE	 (prospective	

analysis) or via a retrospective 

analysis. It is generally not recom-

mended to use retrospective analy-

sis for process characterization as it 

does not allow for sufficient opera-

tional range and complex model 

building is typically not possible 

from the factors of interest.

DOE	 design	 has	 three	 compo-

nents:	DOE	design	 linked	 to	 a	 low-

level	 risk	 assessment,	DOE	 fraction	

of the design space evaluation, and 

sample size and power analysis.

DOE Design

DOE	generation	needs	 to	be	 linked	

to the risk assessments and busi-

ness	objectives.	D-Optimal	 custom	

designs are most common depend-

ing on the problem complexity. 

D-Optimal	designs	are	preferred	as	

they place most of the runs at the 

corners of the design space (bet-

ter signal) and more reliably esti-

mate the coefficients of the model. 

I-Optimal	 designs	 are	 not	 recom-

mended for characterization stud-

ies as they place too many runs 

Figure 1: High-level risk assessment. LSL is lower specifcation limit. USL is upper specifcation limit.
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at the center of the design space. 

Make	 sure	 to	 include	 factors	 that	

may affect the process at scale if the 

experiments are run at small scale. 

Screening studies are recom-

mended only when trying to 

characterize materials, and pre-

DOE	 single	 factor	 studies	 are	 rec-

ommended when factor ranges 

are poorly understood prior to 

designing a multiple factor study. 

Definitive screening studies are not 

recommended unless they exactly 

match the risk assessment (no inter-

actions, main effects and quadratic 

only). If studying stability, growth 

rates, reaction rates etc., make sure 

to add the multiple time points as 

Ys and not Xs. The time points will 

later be added to the model and 

crossed with all other factor terms 

in the model.

Make	 sure	 to	 add	 some	 addi-

tional	 runs	 to	 the	DOE	design	 to	

account for the effects of uncon-

trolled factors that may influence 

the response, can be measured dur-

ing the run (in situ) and latter may 

be added to the model.

DOE Fraction of the Design Space

Programs	 such	 as	 SAS/JMP	 have	

tools (6) to evaluate the design the 

computer generated. Generally, two 

to three runs more than the mini-

mum design (saturated) are suffi-

cient to characterize the process and 

generate the design space.  The addi-

tional runs are not center points in 

the design they are added to com-

plete the design space and make it 

more orthogonal. 

The prediction variance for any 

factor setting is the product of the 

error	variance	 (RMSE)	and	 the	 rela-

tive prediction variance computed 

from	 the	DOE	design.	 Before	 any	

DOE	 is	 run,	 the	 error	 variance	 is	

unknown, so the prediction vari-

ance is also unknown; however, the 

ratio of the prediction variance to 

the error variance is not a function 

of the error variance. This ratio, 

called the relative variance of pre-

diction, depends only on the design 

and the factor settings and can be 

calculated before acquiring the data. 

Figure 2: Low-level risk assessment.

Figure 3: Fraction of the design space plot. Figure 4: Power analysis. RMSE is 

root-mean-square error.
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Fraction of the design space 

(Figure 3) is a good method to evalu-

ate the entire experimental design. 

Good designs will have over 95% of 

the prediction variance below 1. A 

good practice is to check this plot 

QSJPS� UP� SVOOJOH� UIF�%0&��"EE�POF�

or two more runs if more than 5% of 

the curve is above 1.

DOE Sample Size and Power

Power is the ability to reliably detect 

change in the process. The influ-

ence of the factors on the responses 

JT�VOLOPXO�BU�UIF�UJNF�PG�UIF�%0&�

design; however, it is possible to eval-

uate the detection capability of the 

%0&�PO�UIF�:�SFTQPOTFT��5IJT�JT�EPOF�

through a Power analysis. For any 

%0&�EFTJHO�POF�BTTVNFT� MFWFMT�PG�

signal-to-noise (SN ratio, anticipated 

coefficient or t-test) and examine 

the probability of detection (Power) 

for each term in the model. Power 

analysis and correction are done 

before the study has been considered 

acceptable and sufficient. 

Figure 4 assumes the smallest SN 

ratio of for all terms, including main 

factors, quadratics, and interactions 

in the model that will have power 

above 95%. The study design is eval-

uated to determine if it has sufficient 

power to correctly detect changes in 

the design space. Values of 2–3 will 

reliably detect weak signals from the 

process, 4–5 medium signals, and 

6+ only strong signals. Adding addi-

tional runs will lower the SN ratio 

and improve power. The intercept 

is not a consideration in the evalua-

tion of power. Ultimately power can 

be controlled two ways, 1) add more 

runs (reduce the noise) or 2) increase 

the operational range of the factor 

(boost the signal).

MODEL BUILDING AND  
STATISTICAL SIGNIFICANCE
There are two options when build-

ing a model. Analyze the factors 

as an uncoded multiple regression 

analysis, or analyze the factors as 

coded, such as:

Figure 5: Overall model and analysis of variation (ANOVA). 

RMSE is root-mean-square error.

Figure 6: Effect tests.
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Uncoded 

y=β0+β1Χ1

Coded 

Z � � .FBO � � �  � & G G F D U 		91-

.JEQPJOU
�����3BOHF�PG�91)

Both models provide the same 

estimation; however, uncoded the 

coefficients are incomparable and 

coded they are comparable as they 

are all in units of Y and not in 

change in Y relative to the change 

in X (slope or rate). Generally coded 

is preferred for characterization pur-

poses (see Figure 5).

When building the multifac-

tor model, the Adjusted RSquare 

measures the amount of variation 

explained by the change in the fac-

tors. Root mean squared error is the 

amount of residual variation in units. 

F ratio and Prob > F indicate if the 

model is significant (not zero).

&GGFDU� UFTUT� 	TFF� Figure 6) are used 

to evaluate each term in the model 

for significance. Non-significant 

factors may be removed prior to 

GJOBMJ[JOH� UIF�NPEFM��.PEFM� TJN-

plification is desirable; however, 

OPU� SFRVJSFE��.PEFM� TJNQMJGJDBUJPO�

improves confidence intervals and 

the likelihood of significance detec-

tion so it is a best practice.

EFFECT SIZE AND CRITICAL  
PROCESS PARAMETER IDENTIFICATION
Finally, effect size and critical pro-

cess parameters are identified (see 

Figure 7). To determine if a param-

eter is critical, evaluate the full effect 

(change in Y) and divide it by the 

tolerance (two sided limits), mar-

gin (one sided limit) or mean (no 

specification). If the resulting ratio is 

more than 20%, it is critical and may 

SFTVMU� JO�PVU�PG�TQFDJGJDBUJPO� 	004
�

events if not controlled.

MODEL EQUATION
'%"� BOE� UIF�&VSPQFBO�.FEJDJOFT�

Agency have requested that the 

model equations be added to devel-

opment reports and submissions to 

allow the health authorities the abil-

ity to do their own modeling and 

simulation as wanted. Figure 8 is an 

example of a model from a process 

characterization study.

SUMMARY
Process characterization and model 

building are essential skills and 

required for modern drug develop-

ment. Linking CQAs, risk assessment, 

BOBMZUJDBM�NFUIPET�%0&� EFTJHO�

and process understanding are skills 

that must be nurtured and applied 

within the development team. 

Generation of a reliable process equa-

tion that models the process vari-

ables and provides detailed process 

understanding is the goal of process 

characterization.
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Figure 7: Critical process parameters (CPPs).

Figure 8: Model from a process characterization study.
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AmpliCHO CD Medium

AmpliCHO CD medium is a completely 

chemical chemically-defined medium 

that does not contain supplements. It 

is optimized for extended growth and 

enhanced recombinant protein production 

for CHO suspension cultures. AmpliCHO CD 

medium can be used as a basal medium, 

without anything added, or can have 

additional elements added based on the 

customer requirements. Kerry t�pharma@

kerry.com t�www.SheffieldBioScience.com

Bulk Media from Tosoh Bioscience

Tosoh Bioscience LLC is a major supplier 

of chromatography products worldwide, 

particularly to the pharmaceutical, bio-

technology, and chemical industries. We 

provide TSKgel® and TOYOPEARL® bulk 

chromatographic resins for the purification 

of biopharmaceutical drugs in commercial 

manufacturing processes. CaPure-HA™, a 

hydroxyapatite resin for biomolecule purifi-

cation, is a unique resin from Tosoh in that it 

is both the ligand and base bead.

Tosoh Bioscience LLC t�

www.tosohbioscience.com

A Leader In Parenteral 

Manufacturing

Baxter’s BioPharma Solutions business col-

laborates with pharmaceutical companies 

to provide contract manufacturing form/

fill/finish for sterile injectables. With over 85 

years of parenteral experience, our expertise 

includes oncology products, biologics, ADCs 

and vaccines; and we offer a variety of sterile 

dosage forms, including prefilled syringes, 

liquid vials, lyophilized vials, cartridges, and 

cost-saving diluents for reconstitution.

Baxter BioPharma Solutions t�

www.baxterbiopharmasolutions.com

Cautiously Quick Testing Services

Does your lab have comprehensive 

capacity and capabilities to proficiently 

advance projects of any size? Will your data 

withstand regulatory scrutiny? Do you have 

a trusted Lab partner helping you win the 

race for market approval? Eurofins 

Lancaster Laboratories delivers fast results 

with a methodical quality approach for your 

Biopharmaceutical Products. Contact us to 

get timely results without sacrificing quality.

Eurofins Lancaster Laboratories t�

www.EurofinsUS.com/BioPharmTour

PYRAMID Laboratories, Inc. is located in 

Southern California, United States. Our fa-

cilities are housed in three buildings cover-

ings more than 70,000 ft. The combination 

of our manufacturing facilities and state-of- 

the-art laboratory allows PYRAMID to offer 

the pharmaceutical and biotech industry 

both analytical and manufacturing support 

capabilities. 

PYRAMID Laboratories, Inc., 3598 Cadillac 

Avenue, Costa Mesa, CA 92626 t www.pyra-

midlabs.com t Info@pyramidlabs.com t tel. 

714.435.9800 t fax 714.435.9585

AbbVie’s Contract Manufacturing business 

has been serving our partners for over 35 

years. Our contract/toll development and 

manufacturing capabilities span Fermenta-

tion, Drug Product, Potent, Hot Melt Extru-

sion, Prefilled Syringes, Biologics, and Bulk 

Active Pharmaceutical Ingredients (APIs) 

across 10 production facilities in North 

America and Europe.  

AbbVie Contract Manufacturing  t�

1401 Sheridan Rd, North Chicago, IL  60064  

t��abbviecontractmfg@abbvie.com  t��

www.abbviecontractmfg.com  t��

tel. 1.847.938.8524

http://www.wuxibiologics.com
http://www.biopharminternational.com
http://www.pendotech.com
http://www.quattroflow.com
http://www.SheffieldBioScience.com
http://www.tosohbioscience.com
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http://www.EurofinsUS.com/BioPharmTour
mailto:Info@pyramidlabs.com
mailto:abbviecontractmfg@abbvie.com
http://www.abbviecontractmfg.com
pharma@kerry.com
pharma@kerry.com
http://www.pyramidlabs.com/
http://www.pyramidlabs.com/
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New Technology Showcase
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CHI 31
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INFORMEX 51
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US PHARMACOPEIAL CONVENTION 59

WUXI APP TEC 60

BIOFLO® 120 BIOPROCESS 
CONTROL STATION
The BioFlo 120 is a bench-scale fermentor/

bioreactor system for research and 

development. It is capable of microbial 

fermentation as well as cell culture applications 

and features an extensive range of glass and 

BioBLU® Single-Use Vessel options  

(250 mL–40 L). Universal connections for 

digital Mettler Toledo® ISM and analog sensors make it easy to monitor a 

variety of critical process parameters. Eppendorf, www.eppendorf.com

WUXI BIOLOGICS INTRODUCES FAST STABLE 
POOL PROTEIN PRODUCTION SERVICE

Fast stable pool (FSP) protein production service is designed to fill 

the gap between transient production and traditional stable pool 

methodologies. Compared to traditional mammalian cell culture 

transient production, FSP incorporates the target gene into host cell 

chromosome, and delivers significantly more material (typically 8X 

greater yield) yet only adds 1 week to the overall timeline. FSP is ideal 

when the cell line is not needed for later use, and you need 400mg–3g of 

recombinant proteins or antibodies to be delivered as soon as possible. 

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

ONLINE VIABLE CELL 
DENSITY MONITORING
Hamilton’s Incyte, viable cell density sensor, 

enables measurement of viable cells without 

influence from changes in the media, 

microcarriers, dead cells, or debris. Designed 

for use in mammalian cell culture, yeast and bacterial fermentation, its  

12 mm diameter, PG13.5 thread and 120 thru 425 mm lengths fit all reactor 

sizes.  Either 2 or 4 sensors connect to the Arc View Controller, which 

displays, records, and exports measurement data in 4-20 mA, OPC or  

Modbus formats. Hamilton Company, tel: 800.648.5950, sensors@

hamiltoncompany.com, www.hamiltoncompany.com/sensors

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

KERRY INTRODUCES 
AMPLICHO CD MEDIUM
AmpliCHO CD medium is a completely 

chemical chemically-defined medium 

that does not contain supplements. 

It is optimized for extended growth 

and enhanced recombinant protein 

production for CHO suspension 

cultures. AmpliCHO CD medium can be used as a basal medium, 

without anything added, or can have additional elements added 

based on the customer requirements. Kerry, www.kerry.com

TOSOH BIOSCIENCE INTRODUCES 
TOYOPEARL SULFATE-650F RESIN

Cation exchange chromatography (CEX) is 

often used as an intermediate purification 

step in monoclonal antibody (mAb) 

purification and is effective for the removal of 

protein aggregates. TOYOPEARL Sulfate-650F, 

a strong CEX resin from Tosoh Bioscience, 

offers the strongest capture of mAb aggregates as well as the highest salt 

tolerance versus other sulfate resins on the market.  

Tosoh Bioscience, tel. 484.805.1219, www.tosohbioscience.com

http://www.biopharminternational.com
http://www.eppendorf.com
mailto:info@wuxibiologics.com
http://www.wuxibiologics.com
http://www.hamiltoncompany.com/sensors
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Siegfried Schmitt is 
principal consultant at 

PAREXEL International.Siegfried Schmitt, PhD, Principal 
Consultant at PAREXEL, discusses how 
to mitigate risk in a global regulatory environment.

Q: 
During a recent inspection by the 

Chinese regulatory authority, we were 

informed that our quality system had not met 

all requirements of Chinese good manufac-

turing practices (GMP).  We export to many 

countries around the world and regulatory com-

pliance is of the utmost importance. Could you 

advise on how to mitigate future regulatory risk?

A:
It is important to understand the 

nuances of each regulatory authority 

and take the appropriate steps to fully abide by 

each set of standards. Some agencies wish to see 

their regulations specifically stated in a compa-

ny’s quality system, whereas others are satisfied 

with a generic statement (e.g., “we comply with 

all applicable laws and regulations in the mar-

kets we operate in”) about compliance.

In addition to a generic statement, consider 

including a list of the regulations (e.g., 21 Code 

of Federal Regulations 210, 211, and 820; EudraLex 

Volume 4 Part II) in your quality manual or simi-

lar high-level document. It’s unclear if the inspec-

tors felt your company had not clarified within 

the quality management system (QMS) which 

regulations it knowingly complied with. Including 

a list of regulations will help ensure transparency.

It is also unclear whether your company assured 

compliance with all the country’s regulations and 

provided documented evidence. Inspectors often 

prefer organizations demonstrate compliance 

through established processes and documented 

evidence. All too often, companies list within their 

standard operating procedures (SOPs) a series of 

regulations pertinent to the subject of the SOP (e.g., 

International Council for Harmonization [ICH] Q9 

in a risk management SOP). Merely listing a regula-

tion, however, doesn’t demonstrate that you have 

read, understood, and implemented it into your 

QMS. You must have a process in which dedicated 

persons or teams assess regulations for their appli-

cability to your operations, and then implement 

these into your QMS. Documenting this process 

provides the necessary proof of compliance.

In your particular case, employees fluent in 

the Chinese language should review the regula-

tions, log which regulations they reviewed for 

documentation purposes, and then implement 

the new or changed requirements from these 

regulations within the QMS as necessary. For 

example, if the cleaning SOP would require an 

amendment, this amendment should be noted 

in the change section of the document.

It is necessary to maintain compliance with 

current regulations; any regulatory changes must 

be assessed for their impact on your QMS. This 

assessment may require a review of all documents 

in your QMS, unless you maintain a matrix (e.g., 

in a spreadsheet or relational database) that shows 

which regulation translates into which documents 

(e.g., SOPs) within your QMS. Such a correlation 

matrix has another important benefit: should you 

plan a change to a system, process, or document, 

you could easily verify if this is permissible under 

the regulations impacted by the change.

It is unlikely that such a matrix is 100% com-

plete, covering all and every regulation from 

every country you operate in. However, taking 

a detail-oriented, risk-based approach helps 

ensure you cover the countries and regulations 

most critical to your operations.  ◆

Covering Global 
Regulations in a Quality System

It is necessary to maintain 

compliance with current 

regulations; any regulatory 

changes must be assessed for 

their impact on your QMS.

http://www.biopharminternational.com
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The U.S. Pharmacopeial Convention (USP) offers a growing line of quality 

standards to support all phases of product development and manufacturing 

cycles for the global biologics market, including

Established via a rigorous review and collaborative testing process  

led by independent global scientific experts, official standards in the 

USP–NF and USP Reference Standards help to facilitate the work of 

researchers, manufacturers, and other healthcare professionals.  

USP standards are continually revised to reflect scientific innovation  

and evolving public health needs—which Translates to Quality.

TO LEARN MORE and download the free  

chapters visit uspgo.to/biologics or contact  

biotech@usp.org.

•  glycan analysis

•  bioassays

•  monoclonal antibodies

•  cell and tissue therapy

•  proteins and peptides

•  blood and plasma-derived  
products

•  ancillary/process materials  
(amino acids, excipients)

•  endotoxins

•  enzymes

Biotech Standards

Translate to Quality

BIO09A_2016-09

USP has developed Reference Standards 

to be used in conjunction with these 

general chapters:

General Chapter <129> Analytical Procedures 

for Recombinant Monoclonal Antibodies

 •  Monoclonal IgG System Suitability

General Chapter <212> Oligosaccharide 

Analysis

 •   Oligosaccharide System Suitability  

Mixtures A, B, C, and D

General Chapter <507> Protein Determination 

Procedures

 •  BSA for Protein Quantitation

Proposed General Chapter <509> Residual  

DNA Testing

 •  CHO Genomic DNA (coming soon)

 •  E. Coli Genomic DNA (coming soon)   

P
U S

mailto:biotech@usp.org
http://uspgo.to/biologics
http://uspgo.to/biologics


The world’s ONE true single-source platform

from concept to commercialization.

Since 2014

The Dawn of a New CDMO Paradigm

How does a single source save time and reduce risk?

(Scan QR code below to find out.) 

info@wuxibiologics.com OR www.wuxibiologics.com

4785

40
IND-enabling global CMC 

projects completed 99
percent of the CMC and 

preclinical work required for 

an ADC drug’s global IND filing

stable cell lines developed 

for GMP Manufacturing

cell-based assays developed

including 15 qualified for GMP

mailto:info@wuxibiologics.com
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