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From the Editor

Report: 

Global medicine 

spending will reach 

nearly $1.5 trillion 

by 2021.

Global Drug Spending: A Look Ahead

D
rug availability and pricing were hot issues in the past few years. The 

QuintilesIMS Institute provides a pricing perspective in its annual projec-

tions for global drug sales (1). The report estimates that global medicine 

spending will reach nearly $1.5 trillion on an invoice price basis by 2021; the 

total volume of medicines consumed globally will increase 3%. The types of 

therapies and use of innovator versus generic drugs, however, will vary depend-

ing on where patients live.

Consumption of newer drugs in developed markets, more generic-drug 

use in pharmerging markets, plus patent expiries, discounts, and rebates will 

result in a 4–7% compound annual growth rate (CAGR) to 2021, slower than 

the nearly 9% CAGR in 2014 and 2015 when expensive new hepatitis drugs 

distorted the annual growth rates, but similar to the 5.9% growth during the 

past five years. Future growth will be generated by autoimmune, oncology, and 

diabetes treatments.

The report predicts that specialty drugs to treat chronic, rare, or genetic 

diseases will be more widely used, particularly the US and European markets, 

thanks to the approval of breakthrough medicines and a greater focus by payers 

on drug value and performance. Spending on such therapies, which was 20% 

of all medicines spending 10 years ago, will rise to 30% in 2016 and to 35% 

by 2021 and will represent half of the medicine purchases in the United States, 

Germany, United Kingdom, Italy, France, and Spain.

Despite uncertainty due to litigation with originators, regulatory, pricing, and 

competitive issues, biosimilars will impact sales of drug products over the next 

five years, the report states, with more than 25 products in development across 

biologic molecules with the highest sales levels.

More than one-quarter of therapies in the late-stage pipeline are focused on 

oncologic drugs, thanks to recent successes in cancer therapeutics and opportu-

nities created by breakthrough therapy designations. Therapies for central ner-

vous system disorders make up 12% of the pipeline, followed by anti-infectives 

and antivirals (8%), cardiovascular (6%), arthritis/pain (6%), immune system 

(5%), and genito-urinary and hormones (5%), according to IMS data. 

An improved understanding of the underlying mechanisms of diseases, and 

maturity in the development of immunotherapies and targeted therapies, will 

drive innovation, the authors report. Regenerative cell therapies, blood compo-

nents, the human microbiome, and gene editing will be emerging research areas. 

A mix of large, mid-size, and small companies have molecules in the oncol-

ogy drug development arena. QuintilesIMS reports that while large companies 

are familiar with regulatory and logistical challenges, smaller companies have 

specific expertise with a specific mechanism of action or drug development 

platform that provides a research edge. Strategies moving forward include sale of 

assets, partnerships, or working independently. Outsourcing may also play a role.

The QuintilesIMS report estimates that the 12% US market growth in 2015 

will be only 6–7% for 2016, and is forecast to average 6–9% through 2021. 

Factors for the decline include more patent expiries, historically high price 

increases for innovator and generic drugs before off-invoice discounts and 

rebates in 2014 and 2015, and the newly introduced hepatitis C drugs. When 

accounting for price concessions, spending growth is estimated to grow at 

4–7% CAGR. 

Reference

 1. M. Aitken, M. Kleinrock, and D. Nass, Outlook for Global Medicines through 2021, 

Balancing Cost and Value, QuintilesIMS Institute, Parsippany, NJ, December 2016. ◆

Rita Peters is the 

editorial director of 

BioPharm International. 
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T
he outlook for the biopharma 

industry itself—as well as the 

healthcare system, patient 

access to affordable medicines, 

speedy drug approvals, and global regu-

latory compliance—was uncertain as 

the calendar turned to 2017.

The election of populist candidate 

Donald Trump as president of the 

United States shocked many and cre-

ated unease in the public and private 

sectors, but it also boosted the finan-

cial outlook for bio/pharma companies, 

at least in the short term. The invest-

ment community viewed the Trump 

administration as more pharma-friendly 

compared to the stated positions of the 

Clinton administration to rein in drug 

costs. Biopharma stocks rallied after 

Election Day. Analysts noted a “sunny” 

weather forecast for the pharma and 

biotech sector, but cautioned that while 

“many believe that the political wind 

in the world’s biggest drug market is, 

for the time being, blowing in the right 

direction,” ongoing concern about drug 

pricing, payer pressure, and economic 

questions still created uncertainty (1).

This volatility was illustrated when 

President-elect Trump, in a Dec. 7, 2016 

interview with Time magazine, said he 

was going to lower drug prices, driving 

down biotech and pharma stocks (2). 

While patients, payers, biopharma com-

panies, and the investment world await 

decisions about health insurance, drug 

prices and reimbursements, FDA leader-

ship, and regulatory changes, instability 

may be the new norm for the foresee-

able future.

New Year, 
New Challenges Ahead

Rita C. Peters

Questions 
about new 
healthcare 

policies, 
investments, 

drug approvals, 
and more will 

test Biopharma.

Rita C. Peters is editorial director 

of BioPharm International.

Biopharma Outlook for 2017

http://www.biopharminternational.com


A A UU CG CG G

PU S
P

U
S

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.
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•  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
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HEALTHCARE TOPS ISSUES LIST
Healthcare was a hot-button issue 

during the presidential campaign, 

with candidate Trump and the 

Republican Party promising to 

repeal and replace the Affordable 

Care Act (ACA) of 2010. Republican 

legislators have strategized that 

they could “repeal” parts of the 

ACA through a budget reconcili-

ation process; replacement would 

require cooperation from both par-

ties and could take months or years 

to accomplish. 

Under ACA, biopharma compa-

nies benefited from the increased 

pool of patients seeking medi-

cines, but also paid higher fees and 

made concessions on drug prices. 

Industry and patient groups are 

sure to be part of the negotiations 

for changes or a repeal/replace-

ment of the legislation.

In a Dec. 20, 2016 letter, a group 

of senators representing Democratic 

and Independent interests sent 

Trump a letter that outlined areas 

where the different sides could 

cooperate, including increased 

transparency and incentives for 

innovation. Debate on ACA reform, 

repeal, or replacement should domi-

nate the conversation in 2017. 

FINANCIAL AND INVESTMENT FOCUS
Programs to fulfill the business-

friendly campaign promises had 

not been revealed as 2016 ended. 

Still, analysts project that major 

biopharma companies can benefit 

from tax repatriation, which would 

bring more cash back to the US, 

and potentially leading to more 

R&D investment, acquisitions, or 

shareholder payouts (1). 

When polled prior to the elec-

tion, investors were optimistic for 

the US drug market for 2017, but 

with “less exuberance” than in pre-

vious years. The results of the elec-

tion may have shifted that opinion 

already, Evaluate Pharma suggests. 

Through November 2016, mergers 

and acquisitions totaled about half 

what was spent in 2015. The num-

ber of deals were down. Companies 

waited for the election outcome, 

and the valuations of some targets 

remained high. 

The initial public offering market 

slid in 2016 following a rally in pre-

vious years. Analysts note that the 

venture capital market in 2016 was 

“respectable” and with new funds 

being raised, the trend is expected 

to continue in 2017 (1).

DRUG INDUSTRY PERFORMANCE
If the performance of the bio-

pharma industry is measured by 

the number of new drug approvals, 

2016 did not live up to expecta-

tions. As of mid-December 2016, 

only 20 new drugs received FDA 

approval, compared to 41 in 2014 

and 45 in 2015. Fewer submis-

sions and more complete response 

letters were a few reasons for the 

lower number of approvals, FDA 

noted. The number of applications 

received by FDA through Dec. 9, 

2016, however, surpassed the aver-

age number of new molecular 

entity filings for the past decade (3).

All but one of the novel drugs 

approved in 2016 through Dec. 9, 

2016 met the Prescription Drug 

User Fee Act (PDUFA) goal dates for 

the approval review cycle; and all 

but one were approved on the first 

cycle. Approximately two-thirds of 

the 2016 new drug approvals were 

approved under Priority Review. 

The number of breakthrough-des-

ignated development programs held 

steady compared to the past two 

years (4).

R&D ROADBLOCKS
Amid the clamor about controlling 

drug prices, drug company execu-

tives are examining R&D methods 

and declining returns. The cost to 

bring a drug to market, as estimated 

by the Deloitte Centre for Health 

Solutions (5), declined slightly from 

$1.576 billion in 2015 to $1.539 bil-

lion in 2016, perhaps due to shorter 

cycle times for breakthrough desig-

nations. The study also concluded 

that companies with less volatility 

in the therapy-area focus of their 

late-stage development programs 

outperform those that continu-

ally change the focus of their drug 

development efforts. Company 

size is also a factor. The study of 

12 leading biopharma companies 

revealed a negative correlation 

between company size and pre-

dicted returns, and indicated that 

scale is a barrier to creating value in 

an R&D organization. 

Companies have demonstrated 

greater efficiency in drug devel-

opment through “nimble deci-

sion-making, empowering key 

decision-makers, accepting greater 

r isk, making quick kills, and 

embedding a rigorous but dynamic 

process for funding projects,” the 

study authors reported (5).

One anticipated source of gain-

ing efficiencies—extensive out-

sourcing—has not delivered on 

expectations, the study authors 

report. Sub-optimal partner man-

agement by drug companies and 

operating models that hinder exter-

nalization contribute to less-than-

expected results from outsourcing 

arrangements (5).

REDUCING REGULATIONS?
Another campaign theme—reduc-

ing the number of federal regula-
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tions perceived as roadblocks to 

business—may impact FDA and its 

efforts to expedite the approval of 

innovator and generic drugs. While 

a new president and administration 

may bring some differences in phi-

losophies at FDA’s Center for Drug 

Evaluation and Research (CDER), 

“the work of the Center goes on,” 

said Janet Woodcock in a Dec. 14, 

2016 interview (6).

The number of warning letters 

issued by FDA for adulterated APIs 

or drug products nearly doubled 

from 2015 to 2016 (7), with many 

letters addressing data integrity 

issues and citations at overseas 

operations. Data integrity is an 

ongoing initiative at FDA; in 2016, 

the agency issued a draft guid-

ance document on data integrity 

and compliance with cGMPs (8). 

Its efforts to encourage drug man-

ufacturers to self-monitor quality 

and manufacturing practices also 

continued with a revised draft guid-

ance for technical conformance 

guidelines for quality metrics (9). 

Expect more discussion in 2017.

FDA reported progress in advanc-

ing a mutual reliance agreement 

for GMP inspections with regula-

tory authorities in Europe and 

beyond, part of negotiations for the 

Transatlantic Trade and Investment 

Partnership. Under the initiative, 

investigators and inspectors from 

FDA and other regulatory groups in 

the European Union would rely on 

each other’s inspections for facili-

ties making products for multiple 

markets, thus avoiding duplicating 

inspections, lowering costs, and 

concentrating resources in needed 

areas, such as China and India (10).

The initiative is part of a trade 

agreement, however, which may be 

subject to additional scrutiny under 

the new administration.

FDA has worked to clear the 

backlog of generic-drug applica-

tions, but was hindered by ongoing 

staff shortages. The 21st Century 

Cures Act should help FDA with 

some of its hiring issues, includ-

ing a new pay scale for scientists, 

Woodcock told CNBC (6). As of 

September 2016, CDER had 700 

job openings and was struggling to 

compete with drug companies to 

hire and retain talent. A lengthy 

hiring process, lower salaries, and 

federal requirements to divest of 

holdings in food or drug company 

stock can deter quality candidates, 

agency spokespeople reported. 

Filling the vacancies is vital to 

the agency’s ability to review and 

approve generic drugs and accom-

modate expedited applications (11).

Two key reg u lator y dead-

lines loom for drug manufac-

turers. The US Pharmacopeial 

Convention (USP) revisions to 

elemental impurities chapters—

General Chapters <232> Elemental 

Impurities–Limits and <2232> 

Elemental Contaminants in Dietary 

Supplements—take ef fec t on 

Jan. 1, 2018. The second phase of 

the Federal Drug Supply Chain 

Security Act (DSCSA) drug traceabil-

ity requirements take effect begin-

ning in November 2017, and require 

that pharmaceutical products are 

marked with a national drug code, 

serial number, lot number, and 

expiration date in machine-readable 

and human-readable form.

In addition, the reauthoriza-

tions of PDUFA and the Generic 

Drug User Fee Act are pending for 

Congressional action in 2017.

NEXT STEPS FOR 
DRUG DEVELOPMENT
The Cures Act, signed into law 

by President Barack Obama in 

December 2016, was a hopeful sign 

that progress can be made on the 

healthcare agenda. The legislation 

was passed with strong bipartisan 

support; however, some funding for 

the National Institutes for Health 

and FDA is authorized, but still 

must be appropriated.

The legislation includes support 

for research on regenerative medi-

cine and development of antibiotics 

and treatments for rare conditions. 

Other provisions are designed to 

streamline the drug approval pro-

cess using novel clinical trials 

designs and study modeling and 

permit drug companies to use real-

world evidence to support approval 

of added indications for marketed 

medicines. One impact of the 

Cures Act will be elevating the role 

of the patient in the development 

of drugs, Woodcock said, giving 

patients a bigger voice developing 

treatments for their diseases. 
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T
he health care landscape is be-

coming more complex, with 

highly specialized therapies 

poised to deliver promising out-

comes for patients—but only if pa-

tients can access them. At ThinkLive 

2016, BioPharm International spoke 

with executives at AmerisourceBer-

gen about the company’s solutions 

for manufacturers.

We asked Akin Odutola, Senior Vice 

President of Specialty and Branded 

Product Access, and Doug Cook, Presi-

dent of Global Specialty Logistics, about 

the complexities of bringing a highly 

specialized product to market. Odutola 

and Cook had a singular message: the 

patient must be top of mind.

BioPharm International: What should 

manufacturers consider when choosing 

a channel strategy?

Odutola: It is key for access to begin 

with the patient. From the get-go, we 

ask, “Where does the patient present? 

What’s in their best interest?” And we 

follow through to, “Where are they re-

ceiving care?”

It’s crucial for us, along with manu-

facturers, to be very thoughtful and ful-

ly supportive in optimizing access strat-

egies. We believe that thinking about 

the “broadest access possible” ensures 

a positive patient experience. In health 

care, generally speaking, patients pres-

ent where they present. He or she might 

want to go to a preferred pharmacist, 

for example, or he or she could be at the 

hospital. This can mean patients will 

present virtually anywhere, so it’s im-

portant that their medications be in as 

many sites of care as possible, too. We 

strive for a seamless experience for a pa-

tient. We don’t want to add complexity 

to their disease, burden, or situation.

Some manufacturers may be lean-

ing toward limited networks with the 

absolute best of intentions. They think  

the best way to ensure compliance is 

to educate patients about their disease 

states and the medications they’ve been 

prescribed. However, especially in com-

plicated patients, narrow networks can 

make accessing treatments more com-

plicated, despite best intentions. For 

example, many patients require several 

medications, and each one may require 

a specific interaction with a provider. 

If, through narrow networks, patients 

receive these medications through mul-

tiple providers, the timing or experience 

of these interactions may not be coordi-

nated in the most optimal way.

The development and delivery of spe-

cialty pharmaceuticals is not a one-size-

fits-all approach. Manufacturers must 

be mindful that their approach doesn’t 

inadvertently add another obstacle for 

patients. We work with manufacturers 

to identify the strategies that fit their 

goals—and also those of their patients.

BioPharm International: How can com-

panies like AmerisourceBergen take 

manufacturer goals and align them with 

those of the patient? For instance, when 

thinking of treatments like cell and gene 

therapies and immunotherapies, there 

could be a big distance between the 

manufacturer and the patient.

Cook: As Akin noted, developing and 

delivering specialty pharmaceuticals— 

especially cell and gene therapies and 

immunotherapies for cancer—is not a 

one-size-fits-all approach. When work-

ing with manufacturers to develop lo-

gistics programs, we provide a natural 

flow from clinical trial logistics to com-

mercial logistics. In the case of autolo-

gous therapies, the patient becomes 

part of the supply chain, which is excit-

ing but also challenging. We’re prepar-

ing to surmount the challenges these 

products will present to manufacturers 

and their logistics partners in bringing 

them to market.

It’s an interesting leap to go from 

the clinical trial setting to a fully com-

mercialized product, and sometimes 

that presents issues. In the trial, the 

treatment never hits a distributor. But 

in a commercial setting, invoicing 

must happen. Add to that the patient 

care, the highly specific logistics with 

the provider—it’s safe to say that, right 

now, there is no perfect solution for 

this. So, how do you accomplish all of 

these steps, and bill for them? And how 

do you address the typical processes 

that would happen through a tradition-

al distributor in a model that doesn’t 

hit a traditional distributor?

Many small-, mid-, and even large-

sized manufacturers need support to 

handle the logistics that cell and gene 

therapies require, whether that be sourc-

ing material from patients, maintaining 

proper temperature controls or distrib-

uting them widely enough for patient 

impact. AmerisourceBergen has best-

in-class services to provide coordinated 

support at each step. This is what we’re 

working on and thrilled to be tackling.

There is not a logistics solution any-

where in existence today that brings 

together everything necessary to deliver 

on the promises of cell therapy. Starting 

from supply, the blood draw, the manu-

facturer’s process, all the way through 

A Conversation with
AmerisourceBergen’s
Akin Odutola and Doug Cook
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to the delivery to the patient infusion. 

Oh, and fit the billing in somewhere. 

With all of these pieces, there will be so 

many necessary touch points.

Intense coordination will be required, 

so there must be superb connectivity. 

The level of interconnectivity between 

each touch point will be more intense 

than anything we’ve seen, which is 

why we think AmerisourceBergen is 

best suited to pull these different parts 

together, rather than manufacturers 

trying to do so on their own.

As cell and gene therapies continue 

to move through trials and become 

closer to a reality for patients, we’re 

looking ahead to ensure both treat-

ments and their diagnostic testing 

counterparts are shipped appropriately 

and maintain integrity throughout the 

supply chain.

If you think about all the moving 

parts and the “cost” of the product for 

the patient—simply put, the fact that 

there is not a backup vial that you can 

have overnighted because this is their 

own material—we must be extremely 

demanding and require the highest stan-

dard. There’s simply no room for error.

BioPharm International: Manufactur-

ers have a lot of considerations be-

yond product innovation and develop-

ment. We’re here at ThinkLive; what 

are some key questions you’re hearing 

from partners?

Odutola: Coming back to the focus on 

commercialization strategies and tran-

sitioning out of the clinical trial stage, 

we’ve heard stories, questions and even 

frustrations over creating the right access 

for patients. As you said, there are a lot of 

things manufacturers need to think about 

outside of innovation. Doug’s team can 

safely deliver their products, but where 

are they going, and can their patients ac-

cess them once they’re delivered?

One story we’ve heard was from a 

specialist at a teaching hospital, whose 

patients were on a therapy in trial. But, 

when that drug became commercially 

available, he and, more importantly, his 

patients could no longer access it. That 

just doesn’t feel right. So, you create 

this small subset with a different work-

flow, and the result is that if you add 

any form of complexity, it can upset the 

entire apple cart.

In this example, there’s a great jux-

taposition of needs and concerns. Every 

manufacturer is concerned about their 

unique products, but from a patient 

perspective, there should simply be a 

continuum of care—especially if they’ve 

been involved with a product since the 

trial stage. We begin conversations with 

manufacturers very early in the com-

mercialization strategy development pro-

cess; we look at their goals and patient 

demographics to learn what the most ef-

fective and efficient launch strategy will 

be. When we begin these conversations 

at least 24 months out from a product’s 

launch, we can identify and remove po-

tential barriers to access, and products 

are more successful at the outset.

The other problem we hear loud and 

clear from our partners is data. It’s not 

new, obviously, but data is important, 

especially for new, complex drugs. To 

a large degree, manufacturers are still 

learning about their products. Clinical 

trials provide a view of the treatment in 

the most optimal setting. But manufac-

turers need feedback beyond the trial 

to understand what’s going on with 

their products within real-world patient 

populations. Ensuring they have access 

to that data is a vital part of their strate-

gies, which can be an important factor 

in network design for a new product.

It’s clear to us at AmerisourceBergen 

that we can help be part of this solution 

by thinking through what data is help-

ful, how to collect it, and how to provide 

it in a manner that meets manufactur-

ers’ needs. We are the largest distributor 

of specialty products, so as we look to 

invest in data solutions, we can impact 

a substantial part of the market place. 

There has been a lot of work looking 

at this, but we’re hearing we should ac-

celerate it. What to collect, how, what 

are the restrictions, how can you stan-

dardize with so many players involved—

these are all important questions for 

us. In the past, customers might have 

thought they didn’t want to provide 

data in certain circumstances. But now, 

there’s a far greater willingness to do so.

BioPharm International: Amerisource-

Bergen is more than just a wholesaler 

and distributor. Do you think attendees 

at ThinkLive 2016 were able to get a 

better understanding of that?

Cook: We’ve had to ask ourselves: 

Are you a logistics company that does 

health care? Or, is it the other way 

around? We’ve absolutely moved more 

and more toward being tightly integrat-

ed in the actual delivery of health care. 

We’re coordinating directly with health 

care providers to make sure we deliver a 

positive experience to the patients they 

care for. We will draw on that expertise, 

that coordination across the health care 

spectrum, and invest in technology to 

allow us to put the systems and pro-

cesses in place to make more seamless 

integration possible. We’re investing 

and making sure we have the “best-in-

class” solution ready as manufacturers 

deliver “best-in-class” therapies tailored 

to unique patient populations. Our end 

goal is delivering the right medication 

to the right patient at the right time, 

and our role in doing so has never been 

more important.

Akin Odutola, Senior 

Vice President, Spe-

cialty and Branded 

Product Access at 

AmerisourceBergen

Doug Cook, President 

of Global Specialty 

Logistics at  

AmerisourceBergen

http://www.biopharminternational.com/
http://www.amerisourcebergen.com/abcnew/


14  BioPharm International www.biopharminternational.com January 2017

A
midst multiple challenges 

to the structure and gover-

nance of the US healthcare 

system, bio/pharmaceut i-

cal manufacturers will face a host of 

issues in bringing safe and effective 

new therapies to patients. The demand 

for affordable personalized, or preci-

sion, medicines to treat lethal diseases 

requires efficient and cost-effective 

operat ions that promote innova-

tion and avoid shortages. Similarly, 

modern, agile, and reliable produc-

tion systems that adhere to standards 

and ensure data integrity are vital for 

development and access to biosimilars, 

cellular and gene therapies, complex 

dosage forms, innovative vaccines, and 

more combination therapies. And pres-

sure to combat the devastating opioid 

epidemic across the United States high-

lights the need for innovative methods 

to produce new formulations to treat 

pain that also resist abuse and misuse. 

INNOVATION AND REFORM
Pressure will mount on FDA under the 

new administration to make experi-

mental therapies available to patients 

faster and more predictably. As 2016 

came to a close, FDA officials reported 

that new drug approvals for the year 

would fall far short of the near-record 

set in 2015, raising concerns about cur-

rent incentives and regulatory processes 

for bringing new drugs to market. FDA 

has approved numerous breakthrough 

therapies for cancer and critical con-

ditions based on limited but convinc-

ing clinical data, a development highly 

applauded on all fronts. This patient-

centric approach is expected to gain 

even more support from key provisions 

in the 21st Century Cures legislation. 

These developments raise questions 

about how much data and what kind 

of evidence are needed to approve such 

products, and may require policy mak-

ers to grapple with new regulatory mod-

els. These issues were highly visible in 

the debate over FDA approval of Sarepta 

Therapeutics’ treatment for Duchenne 

muscular dystrophy; reviewers and 

senior staffers in the Center for Drug 

Evaluation and Research (CDER) rec-

ommended against approval based on 

inadequate evidence that the drug had 

any positive effect on patients, while 

families of children with the condi-

tion claimed real benefit from the drug 

and convinced CDER director Janet 

Woodcock to recommend approval.  

A similar situation recently emerged 

related to approving a new antibiotic 

that promises to address critical medical 

needs due to spreading antibiotic resis-

tance, but has presented serious safety 

issues in clinical trials. Some regulatory 

officials and consumer advocates fear 

that pressure to provide early access to 

medicines, despite safety signals and lim-

ited evidence of efficacy, will undermine 

the FDA approval process more broadly. 

MANUFACTURING CHALLENGES
Accelerated FDA approval of important 

therapies demands drug manufactur-

ing systems able to scale up production 

quickly and efficiently and to main-

tain quality throughout the product 

life cycle. These challenges apply to 

biosimilars and cutting-edge therapies, 

as well as to the need for modern asep-

tic processing methods able to reliably 

produce both new and generic sterile 

injectables. The increase in combina-

tion products, moreover, demands more 

coordinated oversight of manufacturing 

by FDA’s centers for drugs, biologics, 

and medical devices. 

FDA is responding with efforts to 

refine and clarify policies related to 
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qual ity drug manufactur ing, 

with an eye to avoiding onerous 

requirements that can increase 

production costs and cause delays. 

An important initiative involves 

collecting metrics data from drug 

makers that give a more precise 

picture of how reliably a drug 

facility produces quality prod-

ucts. In late November 2016, FDA 

revised a July 2015 proposal to 

address industry concerns about 

the scope and objectives of this 

quality metrics data submission 

initiative (1). 

Under the new draft guidance, 

the program will be voluntary for 

a year and request three, instead 

of four, data elements, starting 

with lot acceptance rate, product 

quality complaint rate, and invali-

dated out-of-specification rate. 

Manufacturers have the option 

of submitting data by product or 

by site and may add comments 

to reports. FDA, however, is look-

ing for strong industry participa-

tion in this voluntary phase to 

be able to determine the value of 

this kind of data. If successful, 

FDA proposes to initiate a formal 

rulemaking process to establish 

a mandatory metrics reporting 

program, an approach likely to 

draw opposition from the Trump 

administration.  

Contract manufacturers able 

to scale up quality production 

quickly have emerged as particu-

larly important to the develop-

ment of precision therapies and 

innovative dosage forms. The 

need for clear policies to ensure 

regulatory compliance and adher-

ence to standards by contractors 

is reflected in a final guidance 

issued in November 2016 on estab-

lishing written quality agree-

ments between commercial drug 

manufacturers and contractors (2). 

The final version revises a draft 

issued in 2013 and clarifies that 

the owner/manufacturer of a drug 

(and not distributors or retailers) 

is responsible for ensuring that 

drug substances and drug prod-

ucts are produced to meet GMP 

standards and how written agree-

ments should map out the roles 

and responsibilities of each party 

in meeting those goals. 

Industry and FDA will face 

challenges as they continue to 

implement drug supply chain 

monitoring programs, as required 

by  t he  Dr ug Supply  Cha i n 

Security Act (DSCSA) of 2013. An 

immediate task is to provide a bar-

code on packages by November 

2017 that includes a National 

Drug Code (NDC), serial number, 

lot number, and expiration date 

in both machine-readable and 

human-readable form. A broad 

industry group adopted guidelines 

on using the Electronic Product 

C o de  I n for mat ion  S e r v ic e s 

(EPCIS) for lot-level management 

and item-level traceability of phar-

maceuticals (3). Achieving stan-

dardized barcodes is a key step 

for establishing by 2023 a fully 

electronic system for item-level 

traceability of pharmaceuticals 

through the supply chain from 

manufacturer to wholesalers and 

distributors, and ultimately to 

pharmacies and patients. 

SEEKING HARMONIZATION
As manufacturers strive to meet 

the DSCSA goals for global track-

ing of prescription drug ship-

ments, they will face multiple 

tracking and serialization systems 

under development in Europe, 

Asia, and South America. The lack 

of harmonization in these efforts 

reflects continued challenges in 

establishing worldwide standards 

for a wide range of operations 

involving drug testing, regulation, 

and production. 

The International Council for 

Harmonisation (ICH) has changed 

its name to ref lect expanded 

involvement of health authori-

ties from additional regions and 

of manufacturers representing 

additional industry components 

in its standards-setting activities. 

An important new quality guide-

line on lifecycle management of 

pharmaceuticals (Q12) is moving 

forward slowly, and should com-

plement the series of ICH quality 

standards developed to encourage 

manufacturer adoption of modern 

production methods. 

Expanded global sourcing of 

pharmaceutical ingredients and 

products will continue to build 

support for regulatory mutual reli-

ance initiatives able to streamline 

agency oversight while assuring 

quality drug production in mul-

tiple regions. A growing collabora-

tion involves GMP inspections of 

APIs by FDA and regulatory author-

ities in Europe, Japan, Australia, 

Canada, and by the World Health 

Organization (WHO). FDA and the 

European Medicines Agency also 

seek to avoid duplicate inspections 

by expanding a program for infor-

mation sharing on planned site 

visits and on inspection outcomes 

from pre-approval and routine 

GMP inspections of drug manu-

facturers in both regions. While 

increasing its own oversight of for-

eign drug manufacturers, FDA will 

continue to support reliance on 

other inspectorates and on policies 

that promote quality drug produc-

tion globally.  
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A 
year ago, the outlook for 

contract services was a little 

uncertain. Equity markets’ 

appetite for public offerings 

from emerging bio/pharmaceutical com-

panies had significantly diminished: 

valuations of emerging bio/pharma com-

panies, as measured by the NASDAQ 

Biotechnology Index (NBI), had declined 

by 15% from their highs in mid-2015, 

and by mid-February, they were off 

another 28%. Because contract develop-

ment and manufacturing organizations 

(CDMOs) and contract research orga-

nizations (CROs) get so much of their 

business from externally-financed com-

panies, the negative energy surrounding 

emerging bio/pharma did not bode well 

for the industry.

The valuations and levels of public 

offering activity in 2014 and 2015 were 

not sustainable, and the NBI has never 

gotten back close to the levels it reached 

in 2015. Nevertheless, fundraising by 

emerging biopharma companies held 

its own in 2016. Financing for emerging 

bio/pharma from venture capital, pub-

lic equity, and partnering sources was 

ahead of 2013 levels, and those compa-

nies showed no fear of spending liber-

ally to progress their pipelines though 

clinical development. Public reports for 

more than 300 companies tracked by 

PharmSource show that R&D spend-

ing by those companies has risen every 

quarter since the beginning of 2015.

Not surprisingly, this has been great 

news for CDMOs and CROs. Most pub-

licly-traded services providers achieved 

revenue growth well in excess of 10% 

in 2016 (based on interim results), espe-

cially in those services that cater to 

clinical development (clinical supplies 

manufacturing, analytical services, clin-

ical packaging, and clinical research). 

Many CDMOs have told PharmSource 

that they are operating near capac-

ity, and customers may have to wait as 

much as six months for a manufactur-

ing slot.

The significance of external funding 

can be seen by looking at early-phase 

clinical trials sponsored by emerging bio/

pharma companies. Phase I and II clinical 

trial registrations by emerging bio/pharma 

companies, as recorded in clinicaltrials.

gov, were up 55% higher in the first half 

of 2016 versus the first half of 2012 (see 

Figure 1) (1). Just over half of those compa-

nies (55%) are publicly-traded companies, 

while 45% are funded by venture capi-

tal. Clearly the tide of early development 

by emerging bio/pharma companies has 

risen thanks to the robust external fund-

ing environment.

The bio/pharma industry’s recent per-

formance is encouraging, but what is 

really important is what the industry 

can expect going forward. There is a 

sense that the outlook is positive but 

with some significant uncertainties.

US ELECTION IMPACTS
Clearly, general economic sentiment 

since the November 2016 presidential 

election has been positive, with an 

expectation that the regulatory envi-

ronment will be less restrictive and 

FDA will be approving more drugs 

more quickly. There have even been 

The Tide Stays High
The Outlook for Outsourcing in 2017

Jim Miller

Robust venture 
capital 

investment 
gives CDMOs 
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suggestions that a venture capi-

talist might be appointed to run 

the agency (no appointments had 

been announced at the time this 

column was written). However, 

emerging bio/pharma investors 

haven’t been moved much by this 

news as the NBI has remained at 

the same level it has been at for the 

past 12 months.

Enthusiasm for the bio/pharma 

industry may have been damp-

ened by the president-elect’s cam-

paign promise to go after high 

drug prices, including allowing 

Medicare to directly negotiate 

drug prices. The dismantling of 

Obamacare could further reduce 

spending on drugs, especially in 

hospitals and other institutional 

settings. Coupled with the aggres-

sive efforts by pharmacy benefit 

managers to reduce private sector 

spending on drugs by reducing uti-

lization and prices, overall drug 

spending is likely to face con-

siderable headwinds. That could 

dampen new investment in the 

industry, especially if it becomes 

more difficult for novel treatments 

to get formulary access.

FUNDING AND INVESTMENTS
O ne  p os i t ive  i nd ic ator  fo r 

CDMOs and CROs is the robust-

ness of venture capital invest-

ment. Venture capital money has 

always been more dependable 

than public equity, even during 

the years of the global financial 

crisis. In 2016, even though pub-

lic equity dropped considerably, 

venture capital maintained a pace 

that was close to what it was in 

2015 and nearly 60% higher than 

it was in 2012. Looking ahead, 

according to the blog Life Sci VC, 

life-science venture funds are 

raising record amounts of new 

money that can sustain emerg-

ing bio/pharma companies for an 

extended period (2).

Of course, few venture capital or 

public equity investors place bets on 

emerging bio/pharma companies 

with the expectation that they will 

commercialize their pipeline candi-

dates on their own. Rather, they hope 

their companies will be acquired, or 

at least have their candidates licensed 

by, a global bio/pharma company. 

Acquired or in-licensed products 

account for a third to a half of 

product approvals gained by global 

bio/pharma companies in recent 

years, and their reliance on exter-

nally-sourced candidates appears 

to be greater than ever. According 

to a report published by Deloitte in 

December 2016, global bio/pharma 

companies are getting only a 1% 

return on their investment in inter-

nal R&D (3). 

So the stars seem to be align-

ing for a continued healthy envi-

ronment for CDMOs and CROs. 

The biggest risks will come from 

what happens to drug pricing 

and coverage; and from a system-

wide economic shock that nega-

tively impacts the entire economy. 

The former is likely but over an 

extended number of years; and the 

latter can’t be predicted.

REFERENCES
 1.  clinicaltrials.gov  

 2. Life Sci VC, “Biotech Venture 

Capital Mythbusting Redux,” Nov. 

21, 2016, https://lifescivc.com/ 

 3.  Deloitte, Balancing the R&D 

Equation: Measuring the Return from 

Pharmaceutical Innovation 2016.  ◆

Biopharma Outlook for 2017

Figure 1. Ownership of emerging bio/pharma companies sponsoring clinical trials.
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M
any new cell and gene 

therapies have shown 

great promise in early 

clinical studies. While 

there are a few commercially licensed 

products, getting these therapies into 

late-stage trials and approved for use 

by patients is the next big hurdle. 

There are numerous manufacturing 

issues that must be addressed. Fully 

automated, closed systems that ensure 

sterility have yet to be introduced. 

Production processes for patient-specific 

treatments need to be scaled out, while 

those for off-the-shelf therapies need 

to be scaled up. Next-generation char-

acterization techniques must also be 

developed. Equipment suppliers and 

cell and gene therapy manufacturers 

are tackling these issues. Some progress 

has been made, but the needs of this 

sector remain significant.

DIFFERENT THERAPIES,  
DIFFERENT CHALLENGES
First it is important to recognize that 

there are different types of cell and 

gene therapies that face very different 

manufacturing challenges, according to 

Brian Hampson, vice-president of global 

manufacturing sciences and technol-

ogy with PCT, a Caladrius Company. 

Allogeneic therapies are manufactured 

from donor cells, while autologous ther-

apies are produced from cells obtained 

from the patient. 

Many companies are developing off-

the-shelf (OTS) allogeneic products based 

on cells obtained from healthy patients 

that are modified with gene editing to 

Cell and Gene Therapies Face 
Manufacturing Challenges

Cynthia A. Challener
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impart new features and knock out 

undesirable functionality (such as 

those that cause immune rejection 

responses). The modified cells are 

then expanded to produce large 

quantities of product that can be 

frozen and stored for use when 

needed by many patients. 

Patient-specific cell therapies 

(PSCTs) are most often autologous, 

but can also be allogeneic (from a 

donor matched to the patient to 

avoid immune rejection). The key 

difference from OTS products is 

the need to use a separate manu-

facturing batch for each patient. 

Gene editing is also often used 

for PSCTs, such as in adoptive cell 

transfer (ACT) with chimeric anti-

gen receptor (CAR) T cells.

COMMON CHALLENGES
Whether producing a smaller 

batch from patient cells for an 

autologous therapy or a large batch 

from healthy donor cells, major 

challenges include sterility and 

avoidance of adventitious agents, 

which is difficult to maintain 

using the open systems that are 

widely employed today, according 

to Christopher Mach, director and 

head of bioprocess and director of 

commercial operations for pharma-

ceutical technologies at Corning 

Life Sciences. 

Live viral vectors used directly 

in vivo or in the modification of 

cells, and the modified cell ther-

apies themselves also require 

handl ing and processes that 

are gentle enough to maintain 

potency, according to Richard O. 

Snyder, chief scientific officer with 

Brammer Bio. “Hold steps and 

freezing steps should be evaluated 

carefully when designing these 

processes,” he notes.

Raw materials can also pose 

issues. “Cytokines and growth 

factors that are required are often 

not available, are very expensive, 

or cannot be obtained under the 

appropriate conditions. In addi-

tion, continuous manual media 

feeding/changing for g rowth 

factor replenishment and waste 

removal is laborious and opens 

up opportunities for mistakes,” 

Mach says. 

The cell expansion environment 

can be challenging as well, not 

only generating large numbers of 

cells, but also growing those cells 

consistently. Mach points to the 

use of microcarriers/beads for cell 

growth as being problematic in 

this respect. There is also a lack of 

monitoring technologies for use 

during the cell expansion phase. 

Furthermore, the cells can be 

sensitive to the chemical trans-

fection reagents typically used 

to introduce the material that 

programs the cells, according to 

Mach. Similarly, he notes that con-

sistent and reliable cell isolation 

that doesn’t introduce foreign par-

ticles is an issue. “The same tools 

and platform technologies used 

for traditional biologics cannot be 

used for cell recovery. As a result, 

currently, cell harvesting can 

be a very laborious process that 

takes a lot of steps and has a lot of 

chances for things to go wrong,” 

he observes. 

Finally, freezing/preserving the 

cells is a major downstream bottle-

neck and impacts cell viability and 

quality, manufacturing locations, 

and logistics, according to Nina 

Bauer, senior manager of autolo-

gous cell therapy commercial 

development at Lonza. Mach adds 

that cryopreservation is a cumber-

some process, and there are lim-

ited types of vessels that can be 

used in a cryopreservation envi-

ronment. Corning will soon be 

launching new tools that will help 

customers with containment of 

cryopreserved materials. The com-

pany is also developing new tech-

nologies for simple harvesting of 

live cells that can replace the use 

of microcarriers and thus avoid 

particle generation.

ROLE OF GENE EDITING
Gene editing is an enabling tech-

nology for the development of 

novel cell therapies. “Not only are 

advanced gene-editing techniques 

allowing the addit ion and/or 

removal of cell functionality, they 

are also influencing the manufac-

turability of novel cell therapies,” 

states David Sourdive, executive 

vice-president of corporate devel-

opment at Cellectis. 

Gene editing is making it pos-

sible to take cells from healthy 

donors and knock out genes that 

cause immune responses to for-

eign tissues. Gene editing can also 

make the cells refractory to che-

motherapeutic drugs or antibodies 

that patients are treated with, and 

to checkpoint inhibitors produced 

by tumors that the body’s immune 

system fights. Insertion of recep-

tors, meanwhile, allows for targeted 

tumor attack. Gene editing even 

makes it possible to produce T cells 

that are designed to attack other T 

cells, but not to attack themselves 

during the expansion phase of 

the manufacturing process. “As a 

result, gene editing is enabling an 

important transition from personal 

medicine to OTS products that are 

compatible with the current stan-

dard of care,” says Sourdive.

The most common method for 

genetic modification of cells uses 

viral vectors, which means that 

in addition to the cells as starting 

material, these therapies require a 

second highly complex raw mate-

rial—the virus particles—the manu-

facturing of which brings with it its 

own upstream bottlenecks, accord-

ing to Bauer. “The quality (defined 

by both the design of the viral vec-

tors and their manufacturing) has an 

immediate impact on the transduc-

tion efficiency,” she says.

For instance, manufacturing 

platforms that rely on transient 

transfection to generate vectors 

can be limited by scale and cell 

density, as well as the need for 

Cell and Gene Therapy Manufacturing
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sufficient raw materials, such as 

plasmid DNA, according to Snyder. 

He adds that achieving yield and 

purity while maintaining potency 

can also be an issue, as some viral 

vector classes are fragile. 

As a result, there is interest in 

non-viral alternatives. They can 

also be complex, however. Cells 

relevant for autologous cell thera-

peutic approaches, usually blood 

or stem cells, are notoriously hard 

to transfect, according to Andrea 

Toell, senior product manager at 

Lonza. Many of these approaches 

also require quite complex trans-

fection scenarios. “For example, for 

genome editing using CRISPR (or 

zinc-finger nucleases [ZFNs] and 

transcription activator-like effector 

nucleases [TALENs]), you want to 

transfer various cargos in paral-

lel, maybe even including differ-

ent molecule types (plasmid DNA, 

mRNA, protein). The same is true 

for generating CAR-T cells using 

transposon/transposase-based sys-

tems or for iPSC [iInduced plurip-

otent stem cells] reprogramming 

using episomal vectors,” she notes. 

Improved electroporation tech-

nologies have been shown to be 

potent non-viral alternatives for 

overcoming the complexity of 

the non-viral approach, accord-

ing to Toell. Lonza has developed 

a proprietary system that has 

been proven to effectively trans-

fect these cell types, even in com-

plex scenarios. The Nucleofector 

Technology has, to date, been lim-

ited to a medium-scale format (of 

up to 1x107 cells). Recently, how-

ever, the company added a func-

tional unit (the LV Unit) to the 

existing system that enables gene 

editing with up to 1x109 cells. 

“To facilitate scaling of the pro-

cess, the system was designed so 

that transfection protocols estab-

lished on the existing smaller-

scale unit can be transferred to 

the new large-scale unit without 

the need for re-optimization, thus 

saving time and material,” notes 

Toell. She adds that the LV Unit is 

a closed system, reducing the risk 

of contamination, and comes with 

21 Code of Federal Regulations Part 

11-compliant software to fulfill 

documentation needs in a GMP lab.

Cellectis has developed a pro-

prietary system to deliver TALEN 

in mRNA format into cells. The 

Pulse Agile system is a gene-editing 

engine central to Cellectis’ off-the-

shelf CAR T-cell process that can 

transfect 5x108 cells in one single 

pulse, yielding more than 97% effi-

ciency and high viability, accord-

ing to Sourdive.

SCALING UP OTS THERAPIES
“The crucial upstream challenge is 

generation of the master cell bank 

(MCB), ensuring the quality (stabil-

ity and long-term viability) of the 

cells, using freezing technologies,” 

Bauer asserts. In addition, storage 

and banking in secure facilities 

are key. She adds that there is still 

concern about prion disease con-

tamination, so donor selection/eli-

gibility is another challenge. 

Another big challenge for large-

scale manufacturing of cell ther-

apies is generating the numbers 

of cells per batch that are needed, 

according to Mach. “Typically 

you need 100–200 billion cells 

per batch, since patients often 

require hundreds of millions of 

cells per treatment,” he says. That 

means the number of cell popula-

tion doublings is high, but cells 

have limited expansion capability, 

according to Thomas Heathman, 

business leader for technology 

development, manufactur ing 

development and good tissue prac-

tices services with PCT.

Establishing optimum control 

parameters at scale is also an issue, 

which makes it difficult to main-

tain nutrient, oxygen, and carbon 

dioxide levels as the surface area-

to-volume ratio becomes unfavor-

able. “This issue is complicated by 

the fact that the reagents tend to 

be very expensive and there have 

been difficulties in maintaining 

sustainability and reasonable cost 

of goods at scale with the switch 

to serum-free culture media,” says 

Heathman. He adds that there is 

also a lack of effective potency/

quality assays that can be used for 

the development and operation of 

scalable up/downstream processes.

There is also need for improved 

technologies for harvesting live 

cells, particularly adherent cell 

therapies, at large scale, accord-

ing to Heathman. Extended 

downstream processing times can 

impact cell quality as the scale 

increases, which is different from 

traditional bioprocessing. Similarly, 

the time that the cells are exposed 

to toxic cryoprotective agents dur-

ing cryopreservation increases as 

the scale increases, and therefore 

formulation to maintain quality 

becomes crucial.

Currently most OTS therapy 

manufacturers are looking to lever-

age bioreactor technologies from 

traditional bioprocesses due to the 

large quantities of available infor-

mation on these systems, says 

Heathman. “In general, there has 

not been a fast pace of develop-

ment with respect to large-scale 

bioreactors for cell or gene therapy. 

We do know, however, that sup-

pliers are working on new tech-

nologies, but by and large our 

customers are just getting around 

Cell and Gene Therapy Manufacturing
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the issue by using what they can 

and then adapting it to the envi-

ronment they need to work in,” 

Mach adds. He notes, though, that 

disposable biocontainer/bag films 

are cleaner, microcarriers are pre-

sterilized, and high-performing 

media formulations, reagents, and 

supplements have been introduced.

Sourdive agrees that there is 

plenty of room for improvement 

with respect to cell separation. 

“The issues of throughput and vol-

ume have not yet been addressed 

to the extent required today. We 

now have a need to produce lots of 

cells at one time with high levels 

of purity,” he observes. Sourdive 

is hopeful about new technologies 

under development, though. “We 

expect to see quantum leaps in 

advances in the near future, such 

as in-line process characterization 

and microfluidics. In fact, there 

are many developments underway 

that pertain to increasing through-

put, such as multiplexing by scal-

ing out. The multiplicity of small 

developments will be combined to 

form integrated systems that offer 

high throughput with lots of inline 

control,” he states.

For cell separation, Bauer notes 

that there is interest in magnetic 

bead selection for highly selec-

tive harvesting and bubble-based 

antibody selection. For harvest-

ing, she notes that two technol-

ogies—a GE harvester based on 

tangential f low filtration (TFF) 

and a counter-flow centrifugation 

system being developed by PCT in 

collaboration with Invetech that 

is potentially superior to TFF—are 

attracting attention.

SCALING OUT PSCTs
Not surprisingly, there are also sev-

eral challenges to cell processing 

for patient-specific cell therapies. 

“Manufacturing PSCTs is very dif-

ferent from producing OTS thera-

pies,” asserts Hampson. “It means 

manufacturing an individual ther-

apy for one patient at a time and 

requires the isolation of the cells of 

interest from primary human mate-

rial. PSCTs are not homogeneous 

cell lines; they are primary human 

cells, and cells from each patient or 

matched donor behave differently. 

As a result, isolating the cells can be 

challenging,” he explains.

Specifically, collection of ade-

quate starting material from the 

patient or donor can be an issue. 

“Although collection is performed 

typically at the clinical site and 

some may not consider it part of 

the manufacturing process, we 

believe it should be; because the 

source material comes from individ-

ual patients, it can be highly vari-

able. Standardization of collection 

is a challenge because it typically 

needs to be performed at many dif-

ferent sites with multiple variables 

in play,” says Hampson.

Because the quality of the cells 

can vary greatly depending on the 

severity of the condition or poten-

tial previous treatments the patient 

has received, defining clear qual-

ity criteria and having rapid tests 

available to assess the material are 

crucial, according to Bauer. “To 

date, however, the quality criteria 

for many therapies are still fairly 

rudimentary, and testing takes a 

long time. In addition, for cases 

in which the cells do not pass the 

tests, the question remains: are 

these patients automatically not 

eligible for treatment? For ethical 

reasons, efforts should be under-

taken to develop technologies that 

can either improve the starting 

quality (an upstream bottleneck) 

or the process, so that the final 

product can ultimately conform to 

release criteria (methodology bot-

tleneck),” she comments.

The second challenge is access to 

reliable and cost-effective method-

ologies for isolation of the cell type 

of interest. The number of avail-

able technologies has been grow-

ing for a number of years now, 

but there are still issues. Hampson 

notes that for instance, droplet-

based flow sorting is still a very 

manual, open, and technique-sen-

sitive process that is not suitable 

for large-scale commercial produc-

tion of many thousands of doses 

per year. It is labor-intensive, time 

consuming, and subject to errors 

and problems of various sorts.

For therapies that require cell 

culture, the challenge is gaining 

access to closed, automated, bio-

reactors. “As with cell isolation, 

available technologies have been 

growing, but there still is a lack of 

an elegant, closed, automated solu-

tion for many of these processes,” 

says Hampson. Formulating the 

final product has its own chal-

lenges, too, particularly given 

the very low volumes and precise 

formulation and compositional 

requirements, and again the need 

for closed, automated, systems, 

according to Hampson.

To produce large quantities of 

products, the issue for PCSTs is 

not the need for larger bioreac-

tors. “The need is for small-scale 

bioreactors that are suitable for 

making one patient lot at a time, 

and scale out is needed, not 

scale up,” Hampson observes. As 

examples of existing systems, he 

points to the Wave/Xuri, G Rex, 

and Quantum bioreactors offered 

respectively by GE, Wilson Wolf, 

and Terumo. 

For washing/volume reduc-

tion/final product formulation, 

Hampson notes that there have 

been a couple of new platforms 

introduced in recent years. For 

cell washing, Fresenius offers the 

Lovo platform and Biosafe—which 

was recently acquired by GE—the 

Sepax. Acoustic focusing, mean-

while, is a novel approach under 

development. As mentioned pre-

viously, PCT is also developing 

its own closed, automated, cell 

processing system to address the 

unmet need in this area.

http://www.biopharminternational.com
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NEED FOR CLOSED,  
AUTOMATED SYSTEMS
There is a general theme to the 

challenges discussed herein—the 

need for closed-system automa-

tion solutions that enable com-

mercially viable manufacturing 

of viral vectors and modified/

unmodified cells and ensure con-

sistent quality, reasonable cost of 

goods, and scale up/out to meet 

commercial demand, according 

to Hampson. “The number of 

available systems is increasing, 

but there are still too few to cover 

anywhere near all of the differ-

ent applications of cell therapies 

that are out there,” he states. For 

instance, there remains a need for 

closed, automated bioreactors that 

can, in a single-unit operation, 

take some isolated cells, perhaps at 

very low starting volume, expand 

them in culture, perhaps to a 

much larger volume, while accom-

modating the variability in start-

ing material from one patient/

donor to the next and have a har-

vested product ready for formula-

tion into a final product.

There are a few early systems 

on the market worth noting, 

according to Bauer. The Cocoon, 

developed by Octane Biotech in 

collaboration with Lonza, is a 

GMP-in-a-box approach particu-

larly suited for autologous manu-

facturing, allowing for out-scaling 

and potential downgrading of 

GMP levels. While this system is 

still in development, Miltenyi’s 

Prodigy (mainly for non-adher-

ent approaches) and Terumo’s 

Quantum (predominantly MSCs 

and related adherent cell types) 

are technologies of interest that 

are already on the market. GE 

offers a modular manufacturing 

approach with automated unit 

operations in a flexible system. 

“Other important developments 

currently under way include sen-

sors for in-line monitoring of cul-

ture conditions, which allows for 

automated fine tuning and adjust-

ments of nutrients, gasses, etc.,” 

Bauer remarks. 

In addition, current methods 

to harvest, concentrate, trans-

duce, and wash cells at large scale 

are labor intensive, result in liq-

uid handling and contamination 

issues, and require too much time, 

leading to reduced cell viability, 

therapeutic potency, and prod-

uct quality, according to Mach. 

Automated systems that can han-

dle this multi-step process are also 

desired. “Filtration using hollow 

fibers, acoustic separation, and 

continuous centrifugation have 

shown promise but it is too early 

to tell if these technologies will be 

beneficial for cell therapy manu-

facturing,” Mach observes.

Snyder adds that single-use sys-

tems are important for manufac-

turing viral gene therapies and 

modified cell therapies. “The tech-

nology facilitates rapid turnaround 

times between campaigns for 

changeover, cleaning, and set-up,” 

he notes. Examples include dispos-

able stirred tank and rocker reac-

tors, as well as HYPERStack and 

iCELLis Fixed Bed Bioreactor plat-

forms, respectively from Corning 

and Pall Corporation. 

CHARACTERIZATION ISSUES
Characterizat ion of both the 

starting cells and final cell-based 

products is important for both 

autologous and allogeneic thera-

pies. Doing so is challenging, how-

ever, because cells are not defined 

in the same manner as proteins 

and small molecules, according to 

Sourdive. “Cells are identified and 

their phenotypes assigned based on 

the presence of certain markers on 

their surfaces. They are then placed 

into a category based on their size 

and complexity,” he explains.

Characterization methods are 

improving, however. Additional 

markers are regularly being iden-

tified, and researchers are learn-

ing what features make a cell a 

specific type (stem, effector, etc.). 

These advances are both setting 

the bar higher when character-

izing cells and enabling manufac-

turers to increase the accuracy of 

cell selection when collecting a 

specific population for production 

of cell therapies. 

Quality control is also a challenge, 

according to Sourdive. “Functional 

assays are getting increasingly accu-

rate but also demanding and may 

rely on live control or target mate-

rial that must remain consistent over 

time,” he notes.

OTHER IMPLICATIONS
Cell and gene therapies are a new 

class of drug products that has not 

only direct manufacturing impli-

cations, but also implications for 

regulation of the manufacturing 

processes involved in their produc-

tion, according to Sourdive. “We 

are breaking new grounds, for 

example with OTS CAR T-cell prod-

ucts, and the regulations are devel-

oping as products are introduced. 

Industry is working closely with 

regulatory agencies to develop an 

understanding of what appropri-

ate regulatory controls should look 

like, bearing in mind that the prod-

ucts are live cells with their own 

descriptive models and analytical 

techniques,” he observes.

The introduction of off-the-

shelf cell therapies also has the 

potential to expand the availabil-

ity of these advanced treatments 

to a much wider patient popula-

tion. “To date, cell therapies, espe-

cial ly autologous approaches, 

have been limited to patients with 

access to sophisticated points of 

care with highly skilled experts 

and advanced cell processing 

platforms. Allogeneic off-the-

shelf therapies will expand that 

reach to much broader popula-

tions and bring profound changes 

to the industry for the benefit of 

patients,” Sourdive asserts. ◆

Cell and Gene Therapy Manufacturing
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ingle-use technologies have 

transformed biopharmaceuti-

cal manufacturing by providing 

opportunities to reduce costs, 

improve flexibility, and shorten cycle 

times. Manufacturers of biopharmaceu-

ticals want to maximize the benefits 

they can derive from single-use tech-

nologies and are becoming increasingly 

confident when integrating single-use 

assemblies into processing steps that 

have a greater impact on product qual-

ity. Today, the expansion of such tech-

nologies into more critical applications, 

such as drug substance and drug prod-

uct storage, has naturally raised new 

challenges for the industry to address. 

Industry surveys show that these chal-

lenges include quality assurance, sup-

ply chain reliability, supplier change 

control, raw material transparency, and 

maintaining the integrity of assem-

blies (1, 2). “A lack of robustness can 

lead to contamination of process flu-

ids or drug products and, subsequently, 

loss of time and materials,” Weibing 

Ding, PhD, principcal scientist, Process 

Development at Amgen said in a state-

ment. The cost of bag failures could be 

between $100,000 to $1 million per bag.

To avoid these costs, established 

suppliers of single-use bags provide 

assurance of container-closure integ-

rity across the entire product lifecycle. 

They do this by applying quality-by-

design principles, performing process 

validation, and ensuring process con-

trol. Quality control policies ensure the 

integrity of the film, the welds, and the 

bag chamber.

Point-of-Use Leak Testing of
Single-Use Bag Assemblies

Carole Langlois,  

Marc Hogreve, and  

Jean Marc Cappia

The authors 
describe the 
development 

and validation 
of a highly 

sensitive point-
of-use pressure 

decay test.

Carole Langlois is senior product manager, 

Fluid Management Technologies; Marc 

Hogreve is senior engineer Integrity 

Testing Solutions; and Jean Marc 

Cappia is group VP Marketing & Product 

Management Fluid Management 

Technologies at Sartorius Stedim Biotech.
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As part of their quality risk man-

agement strategy and in accor-

dance with International Council 

for Harmonisation of Technical 

Requirements for Pharmaceuticals 

for Human Use Q9 biomanufactur-

ers can reduce the risk of losing 

high-value product and enhance 

patient and operator safety by 

performing a non-destructive 

point-of-use leak test on all single-

use bags used in critical process 

steps (3). This ensures no damage 

occurred to the single-use bags 

during shipping, storage, and han-

dling at the user site.

In this ar t ic le, a leak test 

method was validated to detect 

leaks by means of pressure decay 

for 2D storage bags (Flexboy 2D, 

Sartorius Stedim Biotech). This 

article describes the validation of 

a pressure decay test method used 

for the point-of-use leak test at 

the user site of Flexboy bags from 

50 mL to 50 L with the FlexAct 

BT and the Sartocheck 4 plus 

Bag tester. A preliminary param-

eter study was first performed to 

pre-determine the test pressure, 

stabilization time, and test time. 

A complete validation study was 

then carried out to validate the 

parameters, the maximum allow-

able pressure decay, and the leak 

detection limit. 

MATERIALS AND METHODS
Bag integrity test 

hardware and instrument 

Test method development and val-

idation were performed using the 

FlexAct BT system with Sartocheck 

4 Plus Bag tester. The bag tester 

was equipped with two bag hold-

ers, each consisting of two metal 

plates with porous spacers. By 

using porous spacers, the film 

surface of the bag is not in direct 

contact with the stainless steel 

Upstream Processing

Figure 1. Flexboy 2D standard bag design for pre-use leak test.

Figure 2. Pressure decay test.
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holder during the test. Any poten-

tial masking effect is eliminated 

and environmental heat transfer is 

reduced. The holders allow perfor-

mance of the leak test with a small 

and reproducible inflating bag 

volume and at a higher test pres-

sure. This is critical for achieving 

the test sensitivity and reliability 

required. Furthermore, the holders 

protect the bag from mechanical 

stress during the test.

2D Bags from 50 mL to 50 L 

The designs of 50 mL to 50 L 

Flexboy 2D bags for pre-use have 

been adapted to meet the specific 

requirements of critical process 

applications and pre-use leak test-

ing. This requires the installation 

of a sterile vent filter line to per-

mit the performance of the test 

under conditions that maintain 

the integrity and the sterility of 

the system (Figure 1).

Pressure decay test method 

The test method was derived from 

ASTM F2095-01: Standard Leak 

Test for Pressure Decay Leak Test for 

Nonporous Flexible Packages with 

and without Restraining Plates (4). 

Once the test pressure has been 

set and allowed to stabilize, the 

system measures the pressure 

decay and compares the result 

to an acceptance criteria deter-

mined during the development 

and validation of the method  

(Figure 2). The pressure decay test 

method developed detects defects 

according to the leak-rate specifica-

tion on the film, welds, and ports 

of the bags. Because the validated 

test method is non-destructive, it 

is compatible with performing pre-

use leak tests on 100% of bags used 

at a biologics production facility.

RESULTS
Test method development 

The aim of the initial phase of the 

study was to pre-determine the 

Upstream Processing

Figure 3. Pressure drop intervals of ± 3 σ around the mean values for defective and non-defective test samples at 240 second 

stabilization and 180 seconds test time.
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Table I. Final test parameters from the validation study.

Test Pressure [mbar] 300

Stabilization Time [sec] 240

Test Time [sec] 180

Max. Pressure Drop [mbar] 3.1
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stabilization time and test time 

parameters necessary to detect a 

defect reliably over the volume 

range of the bag configurations. 

The range contains bags with 10 

different volumes from 50 mL to 

50 L. For each of the 10 bag sizes, 

three non-defective test samples, 

and three defective test samples 

were prepared. Defects were intro-

duced into film samples with a 

laser drill and f low calibrated 

hole. 

All 60 samples were tested at a 

fixed 300-mbar test pressure. For 

each test run, four different stabi-

lization times of 60 seconds, 120 

seconds, 180 seconds, and 240 

seconds were used. The pressure 

drops were continuously measured 

and reported every second across 

the entire test time from 0 to 240 

seconds during the four different 

stabilization time test runs.

The minimum, the mean, the 

maximum, and the standard devi-

ations (σ) of the measured pres-

sure drops were calculated for the 

four different stabilization times 

separately, with non-defective and 

defective test samples for each dif-

ferent bag volume. The optimum 

stabilization time and test time 

were chosen to provide a selec-

tive test method capable of dif-

ferentiating defective bags form 

non-defective bags (i.e., the points 

where the error bars [± 3 σ] from 

the defect is distinguished from 

the error bars [± 3 σ] from the 

non-defect ive measurements). 

Initial results showed that, for 

tests performed with a 120-second 

stabilization time and 90-second 

test time, a difference between 

the observed pressure drops of 

defective and non-defective test 

samples could be detected with 

a probability of 99.9%. A safety 

margin was then applied by dou-

bling the stabilization and test 

times to avoid false positive and 

false negative results during nor-

mal operations. These timings 

were selected for the subsequent 

validation study.

Test method validation 

The purpose of the validation 

study was to verify the ability of 

the pre-established test method 

and test parameters to detect 

a defect reproducibly and accu-

rately over the volume range of 

the bags. The validation study 

was performed with a statisti-

cally significant number of bags 

from different routine produc-

tion lots to provide a robust vali-

dation and test method. For each 

of the 10-bag volumes, 32 non-

defective test samples from pro-

duction with representative raw 

material and process variability, 

and 32 test samples with a defect 

were used. This represented a total 

of 640 samples tested during the 

validation study. Every defect 

film sample was checked for its 

calibrated hole size before it was 

used. Tests were performed using 

the pre-determined test pressure 

of 300 mbar, stabilization time of 

240 seconds, test time of 180 sec-

onds, and a defect size. 

This study allowed the valida-

tion of the pre-established test 

parameters and the setting of a 

maximum al lowable pressure 

decay specification at 3.1 mbar. 

The val idated pressure decay 

method was capable of reliably 

detecting defective bags from non-

defective bags with a given leak 

detection limit in less than 10 

minutes including installation and 

testing.

The 3.1 mbar maximum pressure 

decay specification was established 

with a 6σ interval of confidence 

for the full range of bags from 50 

mL to 50 L to avoid false positive 

or false negative results under real 

testing conditions (Figure 3). The 

final test parameters established 

during these studies are provided 

in Table I.

CONCLUSION
The authors developed and suc-

cessfully validated a pressure-decay 

leak test for 2D bags using com-

mercially available equipment 

and proved that it is a robust and 

predictive method for the reli-

able detection of leaks. Using the 

method, non-defective bags gave 

results below the maximum pres-

sure drop specification. The bags 

into which a defect was deliber-

ately introduced gave results above 

the maximum pressure drop speci-

fication and failed the test. The 

method is, to the authors’ knowl-

edge, the first point-of-use leak test 

capable of detecting down to 10 

μm defects in 2D bags, irrespective 

of their volume. The sensitivity of 

the test is independent of 2D bag 

size.
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yophilization, or freeze dry-

ing ,  i s  a  we l l - recog n i zed 

method for obtaining stable 

biologic drug products that 

have short shelf-lives in solution form. 

Lyophilized products are easy to store 

and ship. Because freeze-drying is a 

low-temperature process, thermal deg-

radation is minimized. Furthermore, 

the preparation of high concentration 

formulations is readily achievable using 

lyophilized material.

The three-step process—freezing, often 

with annealing; primary drying via subli-

mation; and secondary drying via desorp-

tion—exposes biologic drug substances 

to harsh conditions and stresses that can 

affect their structure and function. The 

lyophilization process is also costly and 

can be time consuming.

Excipients not only affect the stabil-

ity of proteins and other biologics, they 

also determine the appropriate operat-

ing parameters for the lyophilization 

process. They are, therefore, crucial 

to the development of cost-effective, 

freeze-drying operations that afford 

solidif ied products with desirable 

appearance and performance properties.

DESTABILIZING FORCES
The bioactivity and function of a bio-

molecule is closely related to its higher 

order structure. Lyophilization subjects 

a protein to conditions such as freez-

ing, temperature ramps, vacuum, and 

dehydration, all of which can disrupt 

the fragile protein structure leading 

to loss of activity, according to Anjali 

Joshi, director of formulation develop-

For Lyophilization, 
Excipients Really Do Matter

Cynthia A. Challener

Excipient 
selection 
strongly 

influences 
lyophilization 
performance 
for biologic 

drugs.

Cynthia A. Challener, PhD  

is a contributing editor to 

BioPharm International.

Downstream: Lyophilization
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ment with Recipharm. “The role 

of excipients is to ensure that this 

disruption is minimized,” she says.

An additional goal of the formu-

lator for all molecules is to keep 

the formulation as simple as pos-

sible while achieving acceptable 

chemical, physical, and micro-

biological stability, according to 

Gregory A. Sacha, senior research 

scientist, BioPharma Solutions, 

Baxter Healthcare. That can 

become challenging when working 

with biologics that will be lyophi-

lized because the formulation and 

process are intimately connected. 

Sacha notes that biologics, 

in particular, can be sensitive to 

interfacial interactions, includ-

ing interactions at the air/liquid 

interface, the interface of the liquid 

and the primary packaging, and at 

the solution/ice interface. “Some 

large molecules can unfold at these 

interfaces, which can lead to irre-

versible aggregation. Aggregation 

can lead to loss of the activity of 

the molecule, may lead to hyper-

sensitivity reactions in the patient, 

and can make future doses of 

the medication ineffective if the 

patient develops antibodies against 

the active protein,” he explains. 

Another challenge for large mol-

ecules is the phenomenon known 

as freeze concentration, in which 

the solutes become concentrated 

as ice forms. “The concentration of 

other excipients in the formulation 

then occurs, which allows the large 

molecules to come sufficiently 

close to interact with one another,” 

Sacha observes. Depending on 

the contents of the formulation, 

freeze concentration can lead to 

changes in pH and increases in 

ionic strength. 

Removing water from a for-

mulation (drying) to create a 

freeze-dried solid also presents a 

challenge to the stability of some 

large molecules. “Protein structure 

and activity in solution is largely 

determined by its interactions with 

the surrounding water. During 

lyophilization, removal of water 

can therefore cause destabilization 

of the protein structure,” com-

ments Joshi, referencing a review 

by Ohtake et al (1).

EXCIPIENTS AS STABILIZERS
Cryoprotectants protect proteins 

from damage during freezing, 

while lyoprotectants provide pro-

tection against the stresses that 

occur during drying. Typical chem-

icals used as excipients for lyoph-

ilized biologics include sugars or 

polyols, polymers, surfactants, buf-

fers, amino acids, chelating com-

plexes, and inorganic salts. Because 

the conditions during freezing and 

drying are different, the stresses on 

biologic drug substances are differ-

ent, and combinations of excipi-

ents are often required to provide 

the protection and stabilization 

required for a given protein, mono-

clonal antibody, etc. 

The most commonly used 

excipients are protectants, sur-

factants, buffers, and bulking 

agents, according to Alan Fites, a 

senior pharmaceutical scientist 

with Singota Solutions. Stabilizers 

include both cryo- and lyoprotec-

tants. “These excipients are most 

critical to the structure and ulti-

mately the function of freeze-dried 

biologic drug products. They not 

only stabilize/protect the protein 

structure during freezing, primary 

drying, and secondary drying, but 

often also reduce the primary dry-

ing time. Many also act as bulking 

agents,” Fites says. 

Some amorphous sugars can 

also offset the effects of dehy-

dration because they can hydro-

gen bond to the dried protein to 

replace the lost water, according to 

Joshi. Research studies conducted 

by Michael Pikal at the University 

o f  C o n ne c t i c u t  S c ho o l  o f 

Pharmacy suggest that including 

small quantities of sorbitol may 

improve the stability of some large 

molecules (2), notes Sacha. “These 

results may seem counterintuitive, 

because sorbitol can decrease the 

glass transition temperature of the 

frozen solute (Tg’) and decrease 

the glass transition of the dried 

solid,” he comments.

In addition, Joshi notes that 

during storage in the freeze-dried 

state, the high glass transition tem-

perature of sugars imparts stability 

by maintaining the protein in a 

glassy matrix in which molecular 

mobility is restricted (1).

Examples of common stabilizers 

include sucrose, trehalose, man-

nitol, polyvinylpyrrolidone (PVP), 

dextrose, and glycine. They can 

be used in combination, such as 

sucrose and mannitol, to produce 

both an amorphous and crystal-

line structure.

Surfactants such as polysorbates 

80 and 20 are used with large mol-

ecules that exhibit sensitivity to 

interfacial interactions, according 

to Sacha. These excipients prefer-

entially coat surfaces and prevent 

proteins from unfolding at the sur-

faces. “Specifically, surfactants can 

protect proteins against surface-

induced aggregation by compet-

ing with the protein for adsorption 

sites on surfaces, by binding to 

hydrophobic regions on the pro-

tein surface to decrease protein-

protein interactions, by coating 

the protein and preventing unfold-

Downstream: Lyophilization

Excipients determine 

the stability of  

proteins and  

operating parameters 

for the  

lyophilization process.
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ing, and/or by increasing the free 

energy of protein unfolding,” 

adds Joshi, referencing a study by 

Agarkhed et al (3).

Minimization of adsorption to 

the container material is also crit-

ical in low-dose formulations in 

which small percentages of protein 

adsorption can greatly alter the 

overall concentration of the formu-

lation, according to Fites. 

Bulking agents provide a desir-

able structure and appearance to 

the product. “They are particularly 

important for formulations with 

low concentrations of drug sub-

stance,” Fites notes. In this case, 

not only can the appearance of the 

dried product be improved, loss of 

the drying powder due to ejection 

from the vial during the drying 

process can be prevented, accord-

ing to Sacha. Fites adds that use 

of an amorphous excipient (e.g., a 

non-reducing sugar) in a formula-

tion containing an active ingre-

dient that is subject to hydrolysis 

can enhance product stability by 

adsorbing residual moisture. Some 

stabilizers can also serve as bulk-

ing agents, reducing the number 

of required excipients, according 

to Joshi. She adds that the most 

commonly used crystalline bulk-

ing agents, mannitol and glycine, 

crystallize during freezing and pro-

vide an elegant lyophilized cake 

structure (4).

Buffers help to maintain pH dur-

ing freezing and after reconstitu-

tion, which is important because 

proteins contain multiple ionizable 

groups and their conformational 

integrity and biological activity 

are critically linked to pH in the 

aqueous state, according to Joshi. 

She adds that in the lyophilized 

state, proteins have ‘pH memory’, 

which means they retain the stabil-

ity properties corresponding to the 

aqueous solution prior to drying (5).

Other stabilizers used in lyophi-

lized biopharmaceutical formu-

lat ions include ant ioxidants. 

Proteins can oxidize at specific 

amino acids, namely methionine 

(Met), cysteine (Cys), histidine, 

tryptophan, and tyrosine, says 

Joshi. “The mechanisms for oxida-

tion in proteins are complex and 

varied and antioxidant choices 

must be made based on the oxi-

dation mechanism. A widespread 

practice to minimize oxidation is 

to include nitrogen gas in the vial 

headspace. If oxidation is cata-

lyzed by trace metal ions, chelat-

ing agents (e.g., EDTA, citrate) can 

act as antioxidants by complex-

ing with the metal ion. Oxidizable 

amino ac ids (e.g.,  Met, Cys) 

that are preferentially oxidized 

can also be added as excipients, 

thereby protecting the protein 

from oxidative stress,” she says. 

Sacha asserts, however, that it is 

most desirable to eliminate such 

catalysts rather than add other 

excipients.

BALANCING THE CHEMISTRY
While excipients do stabilize bio-

molecules during the lyophiliza-

tion process, some can negatively 

affect the stability of proteins. In 

general, according to Sacha, other 

excipients can most affect the per-

formance of the formulation dur-

ing the freezing step.

“Care should be taken to not 

increase the salt content of the 

formulation because salts can 

increase the ionic strength dur-

ing f reeze concentrat ion and 

change the thermal behavior of 

the formulation, making it diffi-

cult to freeze dry,” he notes. Fites 

points to phosphate buffers, and 

particularly sodium phosphate, 

which can undergo pH shifts dur-

ing freezing. “If a formulation 

requires the use of buffers, two 

options are to use a phosphate 

buffer at low concentration or a 

non-phosphate buffer that under-

goes minimal pH shifts during 

freezing, such as Tris, citrate, or 

histidine,” he says.

Some excipients can prevent or 

delay the crystallization of compo-

nents that should crystallize in the 

formulation. Salts can cause this 

type of issue, too, for instance by 

preventing or delaying the crystal-

lization of mannitol, which is often 

included to provide structure for an 

acceptable-appearing dried solid. 

The mannitol may then crystallize 

in the sealed vial after lyophiliza-

tion, resulting in the release of mois-

ture into the micro-environment of 

the dried solid,” Sacha notes.

Certain sugars may interact with 

proteins and lead to browning of 

the dried solid via the Maillard 

reaction, which occurs between 

proteins and reducing sugars, such 

as lactose.

Trace impurities, such as metals 

in sugars and peroxides in polysor-

bates, can also be problematic. “In 

such cases,” says Joshi, “studies are 

needed to understand the impact 

of the trace impurities on protein 

degradation/oxidation. They may 

also justify working with excipient 

vendors to tighten specifications 

for any impurities that cause prob-

lems,” she states.

NARROW CHOICE 
The use of excipients depends com-

pletely on the behavior of the mol-

ecule. For instance, Sacha notes 

that there are peptides that are 

self-buffering and do not require 

any excipients at all. “In general, 

large molecules typically need 

protection from interfacial inter-

actions and from over-drying. 

That means using a surfactant or 

human serum albumin and an 

amorphous disaccharide, such as 

sucrose or trehalose,” he observes.

There are, however, a limited 

number of excipients that have 

been used in marketed protein bio-

pharmaceuticals (6). “The selec-

tion of excipients is empirical, and 

pharmaceutical scientists first eval-

uate excipients that have a prece-

dent in marketed products. Using a 

Downstream: Lyophilization
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Downstream: Lyophilization

novel excipient that has no prece-

dent requires additional safety data 

and the cost and risk associated 

with this path make it an undesir-

able first choice,” asserts Joshi.

In addition to the desired per-

formance characteristics of an 

excipient, there are other factors 

that should be considered when 

selecting excipients for design of 

experiment studies, according 

to Tammy Thompson-Madsen, a 

senior pharmaceutical scientist 

at Singota. These factors include 

previous regulatory acceptance, 

purity, supply chain availability, 

cost, ethical acceptability in the 

target market, and others. “During 

early-stage development, novel or 

experimental excipients may be 

tested, but when moving closer 

to commercialization, the factors 

mentioned above must be weighed 

more heavily in final decisions for 

the biologic lyophilized formula-

tion,” she comments.

PROCESS CONSIDERATIONS
“The goal when developing for-

mulations for lyophilized biologic 

products is not only to achieve a 

stable, elegant product, but also 

develop a short and efficient freeze-

drying cycle,” Joshi states. That 

can be challenging because there 

is no way to separate formulation 

development from process devel-

opment when creating a lyophi-

lized solid, according to Sacha. 

“The excipients and active ingre-

dient affect the thermal behavior 

of the formulation. Consequently, 

formulators require knowledge 

of the thermal behavior of the 

individual compounds. Those 

excipients that require tempera-

tures below approximately -37 °C 

to create an acceptable dried solid 

will be challenging to transfer 

to full-scale manufacturing,” he 

explains.

Conducting pre-formulation 

studies in the liquid state can help 

reduce this complexity before any 

cycle development begins. Forced 

degradation studies using acid, 

base, heat, peroxide, and agita-

tion can identify the most likely 

conditions to cause instability 

and how the instability manifests 

itself (aggregation, oxidation, etc.). 

Aqueous formulation studies can 

identify the baseline environ-

ment of pH and buffer in which 

the instability is minimized. “Once 

these studies are completed, for-

mulation and lyophilization stud-

ies can be conducted to choose the 

optimal excipients,” says Joshi. 

EVALUATING THE OPTIONS
Because there is significant poten-

tial for undesirable interactions 

between excipients and the bio-

logic drug substance, studies 

must be designed to understand 

the behavior and sensitivities of 

each large molecule, according 

to Sacha. In addition to the stud-

ies mentioned above, freeze/thaw 

and agitation studies intentionally 

expose the large molecule to inter-

facial interactions and thus help 

identify excipients that prevent 

aggregation. Studies should also be 

conducted to determine if the mol-

ecule requires a buffer to maintain 

a specific pH range. 

“Accelerated stability studies pro-

vide critical information regard-

ing excipient selection,” agrees 

Thompson-Madsen. She a lso 

points to quick studies, such as 

removing the stoppers from lyoph-

ilized products and exposing them 

to various humidity/temperature 

combinations, followed by analyti-

cal testing to identify acceptable 

drug excipient combinations that 

do not lead to degradation.

Thermal analysis techniques 

are invaluable for evaluating the 

impact of excipients on the fold-

ing/unfolding of proteins (7). 

When a protein is heated to above 

its T
m
, it undergoes a conforma-

tional change that exposes previ-

ously hidden areas, which can lead 

to aggregation and/or degradation, 

according to Joshi. “Excipients 

should therefore be chosen based 

on their ability to maximize the 

unfolding temperature, which is 

best determined using thermal 

analysis techniques, most com-

monly differential scanning calo-

rimetry (DSC),” she observes. DSC 

studies can be performed on vari-

ous formulation matrices and the 

excipients affording the highest T
m
 

can be selected (7).

Data generated about the glass 

t ransit ion temperature using 

both DSC and freeze-dry micros-

copy (FDM) can help to predict 

or rule out various excipients or 

combinations of excipients, adds 

Thompson-Madsen. FDM enables 

the identif ication of tempera-

tures at which visible changes 

occur in samples.

Solution formulations can also 

be evaluated using second deriv-

ative Fourier transform infrared 

spectroscopy, according to Sacha. 

In this approach, spectra of differ-

ent formulations are compared to 

determine if any changes to the 

secondary structure of the mol-

ecule have occurred.
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The Changing Biopharma 
Regulatory LandscapeA Q&A

MilliporeSigma’s Emprove® Program aims to help the 

biopharma industry comply with regulatory requirements.

A 
recent report published by the Economist Intelligence Unit, The Changing Biopharma 

Risk Equation, revealed that biopharma executives were eager to explore new possibili-

ties—from developing novel therapies to expanding in emerging markets. However, they 

were also concerned about risks, especially regulatory uncertainty. Heike Michaelis, Director 

of the Emprove® Program at MilliporeSigma, shares her thoughts with BioPharm Intl. on the 

evolving regulatory landscape and what this means for the future of biopharma.

BioPharm Intl.: The Economist Intelligence Unit report revealed that regulatory 
uncertainty is the most potentially disruptive risk to growth in biopharma. Does 
this surprise you?
Heike Michaelis: No, it does not. In general, this industry wants to be compliant with guidelines. 

And there is a great number of existing guidelines that were already formalized like ICH Q3D, 

for example, which defines elemental impurity levels for final drug products. But there are also 

other industry needs that are not formalized in a guideline. The industry tries to reflect those 

needs, for example, in white papers or other public presentations. Then, the industry uses 

those guidelines by voluntarily committing to them.

BioPharm Intl.: There seems to be a continuous development process for new 
guidelines. Can you describe this dynamic a bit more?
Heike Michaelis: Our industry wants to make safe drugs available to patients. A key need is 

to establish stable and reliable processes. Without a good process, you cannot reliably make 

safe drugs. Another key characteristic for the industry is the global supply network that drives 

the flow of both raw materials and drug product. It requires a high degree of standardization 

to make sure that the same quality level is applied everywhere. Uncertainty is unwanted in this 

industry. Regulators, end users, and suppliers develop guidelines to address that.

Heike Michaelis 

Director EMPROVE® Program
MilliporeSigma
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BioPharm Intl.: What trends are you seeing in today’s 
regulatory landscape?
Heike Michaelis: As I mentioned, this is a global industry. One 

of the drivers in the regulatory landscape is the International 

Harmonization of standards. The International Council 

on Harmonization aims to build a global bracket around 

regulations. 

Another big driver in the regulatory landscape is risk 

assessment and risk mitigation, which our customers—the 

drug manufacturers—must do if they want to build responsible 

processes. In Europe, this has been formalized in a guideline 

titled, “Formalized Risk Assessment for Excipients.”

Another driver is imp lementing new technology into 

pharmaceutical production. There are new analytical tools, 

which can be used like inductively coupled plasma mass 

spectrometry (ICP–MS) instead of chemical testing or others.

Finally, there are emerging topics like extractables and 

particle characterization, which the industry is looking at much 

closer now and certain processes are beginning to formalize.

BioPharm Intl.: Tell us more about the Emprove®

program you manage and how it supports companies 
trying to navigate the increasingly complex regulatory 
environment?
Heike Michaelis: The Emprove® program addresses these 

challenges by providing extensive and detailed information 

about chemicals as well as filters and single-use components. 

But it goes beyond formalized guidelines, filling the void and 

mitigating uncertainty. The program was introduced in 2004, 

and has since been extended and enhanced to include 

hundreds of raw and starting materials used by drug manufac-

turers. In June of this year, the program was further expanded 

to include products for filtration and single-use processing. 

This is the first time that a supplier has a formal program in 

place for consumables. The Emprove® program supports 

customers in their qualification, in their risk assessment, and 

in their process optimization efforts. The program reflects the 

emphasis that MilliporeSigma places on quality, which aligns 

very well with the quality culture of our customers.

BioPharm Intl.: If you could provide one piece of advice 
to pharma and biopharma companies struggling to 
navigate the regulatory maze, what would that be?
Heike Michaelis: This industry is patient oriented and global, 

so it is based on the complex global supply chain. The supply 

chain can only be managed by having good transparency and 

a good partnership between all players in the value chain. 

Keep in mind that it’s not useful for a drug manufacturer to 

have great processes if their partners up and down the supply 

chain don’t. Suppliers cannot just act as vendors. We, as sup-

pliers, have a certain responsibility to support our customers 

in making safe drugs for their patients. 

The one piece of advice I would give to players in the 

pharma and biopharma industries is to select suppliers that 

employ this responsibility. A trustful relationship and two-way 

transparent dialogue must exist and must be lived by both 

partners. This must be an integrated partnership.

In late 2015, EMD Millipore joined forces with Sigma-Aldrich, 

and is now operating as MilliporeSigma in the United States 

and Canada. It is the life science business of Merck KGaA, 

Darmstadt, Germany, with a portfolio of more than 300,000 

products, 65 manufacturing sites worldwide, and employing 

more than 19,000 people in 66 countries.
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T
rypsin (EC 3.4.21.4) is a 

serine protease that exists 

widely in nature and has 

been discovered in bacteria, 

fungi, and mammals (1, 2). In mam-

mals, trypsin is closely linked with 

metabolism, digestion, and coagu-

lation. Trypsin is secreted from the 

pancreas as an inactive precursor 

(zymogen). Trypsin catalyses a hydro-

lytic cleavage of proteins and peptides 

at the carboxyl group of the basic 

amino acids arginine and lysine. It is 

generally used in leather processing, 

biotechnological processing, medi-

cine, and food processing. Some of 

the prime applications in the biophar-

maceutical industry include conver-

sion of single chain pre-proinsulin 

or single-chain insulin precursor to 

two chains insulin, harvesting of cells 

by trypsinization in animal cell-cul-

ture works, and protein digestion in 

mass spectroscopy (3–5). Traditionally, 

trypsin has been mainly extracted 

from bovine and porcine pancreas. 

However, with the increase in demand 

for trypsin and problems due to its 

complex production process and 

potential contamination with infec-

ABSTRACT
Recombinant human insulin production involves expression of pre-pro 

insulin or insulin precursor in appropriate host system followed by extraction, 
conversion into insulin form, and further purification. The conversion from 
precursor forms into insulin is achieved using proteolytic enzyme trypsin 
or combination of trypsin and carboxypeptidase B. Because of trypsin’s 

specificity toward both arginine and lysine residues, this conversion often 
results in degradation products that can affect the final product quality.

The study presented herein was aimed at understanding the differences between 
porcine and bovine trypsin from both pancreatic and recombinant origins. The 
porcine trypsin from both pancreatic and recombinant sources was found to 

hydrolyse the substrates benzoyl–L–arginine ethyl ester hydrochloride (BAEE) 
or human insulin at a higher rate when compared to bovine trypsin. At a given 

pH and under identical conditions, recombinant porcine trypsin produced 
des-octapeptide insulin at a faster rate. Recombinant porcine trypsin was 

found to have the highest rate, the highest turnover number, and the lowest 
catalytic efficiency. There was significant amount of β sheets and random 

coil structures for all the trypsins studied with very low level of helical content 
observed in circular dichroism spectroscopy. The recombinant porcine trypsin 

had the highest helical content. Addition of divalent ions such as calcium 
and magnesium at 5 mM concentration decreased helical content.
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tious agents, heterologous expression has 

been carried out. Trypsin sequence from dif-

ferent sources has been expressed with differ-

ent expression systems. Trypsin from varying 

origins such as bovine, porcine, and murine 

are commercially available both in natural 

and recombinant forms. With such a diver-

sity of trypsin sources available, there is a 

need to understand the differences between 

these types of trypsin with respect to struc-

ture, specificity, and activity. Interestingly, 

it has been reported that trypsin-based pro-

tein digestion in mass spectroscopy depends 

on various factors such as origin, digestion 

conditions, and post-translational modifica-

tions of the protein (5). It has been reported 

that porcine trypsin has low electrophoretic 

mobility at pH 4.8 and high stability in alka-

line media when compared to bovine and 

ovine trypsin based on their comparative 

studies on pancreatic trypsin of various ori-

gin (6, 7). Higher resistance of porcine tryp-

sin to autocatalysis compared to bovine and 

ovine trypsin in presence of calcium ions has 

been reported (7). It was also deduced that 

porcine trypsin has lower isoelectric point 

(pI) than the other two trypsins (6).

The application of trypsin in insulin 

manufacturing industry is immense. The 

insulin and insulin analogs are typically 

expressed in precursor form, as pre-proin-

sulin in case of Escherichia coli (E. coli) , or 

as single-chain precursor form in yeasts 

like Saccharomyces cerevisiae (S. cerevisiae) 

or Pichia pastoris (P. pastoris). Depending 

on the host organism, these forms are iso-

lated/separated from cells and subjected to 

enzymatic conversion to insulin. Trypsin 

and carboxypeptidase B are widely used 

for this purpose. However, tryptic cleavage 

leads to the formation of many degrada-

tion products. Trypsin is an endoprotease 

(serine type) that cleaves peptide bonds at 

C-terminal end of arginine (Arg) or lysine 

(Lys) residues. Tryptic cleavage of pre-pro-

insulin molecules can occur at different 

cleavage sites simultaneously. Because of 

the many cleavage sides within a specific 

insulin precursor molecule, many undesired 

side-products can be formed during tryptic 

cleavage reaction (1) (see Figure 1).

Based on the available information, it 

can be concluded that there are differences 

in the properties of trypsin from various 

sources including pI and electrophoretic 

mobility, among others. However, most 

of these studies are performed using the 

natural pancreatic trypsin, but there is lit-

tle information available on how bovine 

and porcine trypsin from both pancreatic 

and recombinant origin may differ in their 

action. The present work focuses on generat-

ing sufficient evidence to understand these 

differences both with artificial substrate 

(BAEE) and recombinant human insulin as 

model substrates. The objective of this study 

is to understand how these trypsins are 

kinetically and structurally different, under 

a defined set of experimental conditions. 

The findings from this study may enable A
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Figure 1: Structural depiction of insulin and des-octa peptide insulin. (Note that amino acid 

residues B22-B30 are cleaved by trypsin).
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the insulin scientists immensely to control 

product-related impurities by choosing the 

appropriate trypsin. This control, coupled 

with techniques such as site directed muta-

genesis, will help to increase the conver-

sion efficiency of the insulin precursor 

form to insulin.

MATERIALS AND METHODS
Chemicals and enzymes

Recombinant porcine trypsin (expressed 

in P. pastoris) was purchased from Richcore 

Lifesciences Pvt Ltd. Recombinant bovine 

trypsin was purchased from BioGenomics 

(expressed in E. coli). Pancreatic porcine tryp-

sin was purchased from Sigma Aldrich, and 

pancreatic bovine trypsin was purchased 

from Desert Biologicals. BAEE substrate and 

benzamidine HCl were purchased from 

Sigma Aldrich. Sodium phosphate monobasic 

monohydrate was purchased from J.T. Baker. 

Calcium chloride was purchased from Fisher 

Scientific, and acetonitrile (HPLC grade) was 

purchased from J.T Baker. 

Kinetic studies

Measurement of trypsin activity. The trypsin 

activity was measured as per the standard 

protocol (8). All optical density measure-

ments were made using a microplate reader 

(BioTek).

The activity of trypsin was measured in 

BAEE units. One BAEE unit will produce a 

ΔA253 of 0.001 per min at pH 7.6 at 25 °C 

using BAEE as substrate (8).

Determination of V
max

 and K
m
 values. The 

apparent Michaelis–Menten constant (K
m
), 

maximum velocity (V
max

), and catalytic con-

stant (K
cat

) were determined. The BAEE con-

centration was varied from 0.029 to 0.7 mM. 

The kinetic parameters were then deter-

mined using a Lineweaver–Burk double-

reciprocal plot. K
cat

 was calculated by the 

following equation: K
cat

 = V
max

/ [E], where [E] 

is the enzyme concentration (M).

Secondary structure estimation  

using circular dichroism (far UV CD)

Sample preparation for CD. The samples were 

prepared considering the key points given 

by Greenfield (9). The concentration of 

trypsin was maintained at 0.2 mg/mL. The 

trypsin samples were prepared in 5 mM 

phosphate buffer (pH 2.5). The spectrum 

was recorded using a spectrophotometer 

(JASCO Corporation, Tokyo Japan) at 25 °C 

in the wave length range between 190 and 

250 nm with a constant nitrogen flush, 

using quartz cells of 1-mm path length. 

Each spectrum was analyzed with 5 mM 

phosphate buffer as blank. The spectrum for 

the secondary structure was analyzed using 

the Yang’s reference (10). Additionally, these 

trypsin samples were also incubated with 5 

mM of CaCl
2
 and MgCl

2
 for 12 hours at 5±3 

°C and analysed to understand the impact 

of these ions on structural changes. All the 

information was recorded at low pH because 

trypsin has a tendency to undergo autoca-

talysis at higher pH. 

Degradation of insulin by trypsin. The insu-

lin API was extracted from the soluble drug 

product procured from market by dialyzing 

against 25 mM Tris HCl buffer of pH 9.0 

using Spectra/Por 7 Pre-treated dialysis tub-

ing (MWCO: 1 kD) (Spectrum Laboratories 

India). The dialyzed insulin concentration 

was measured using a high-performance 

liquid chromatography (HPLC) method 

Peer-Reviewed

Figure 2: Line weaver-Burk plot for kinetic parameter determination.
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Table I. Kinetic parameters of trypsins using benzoyl–L–arginine 

ethyl ester hydrochloride (BAEE) as substrate values represents. V
max

 

is maximum velocity. K
m
 Michaelis–Menten constant, K

cat
 is catalytic 

constant. 

Trypsin origin
V

max
 

(μM/s) x 
10 -4

K
m
 (mM)  

x 10-2

K
cat

 

(1/s)  x 105

K
cat

/ K
m

(1/mM.s) 
x 105

Pancreatic bovine trypsin 5.46 2.87 3.83 133.55

Recombinant bovine trypsin 5.76 7.68 4.12 53.63

Pancreatic porcine trypsin 7.65 1.15 2.52 218.39

Recombinant porcine trypsin 52.55 27.62 10.95 39.65

M – molar, s – second, mM – milli Molar, μM – micromolar.
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developed based on earlier reports (11, 12). 

The method was operated with ACE C18-

300 5-μ reverse-phase column (Advanced 

Chromatography Technologies) maintained 

at 40 °C. Mobile phase A consisted of 0.1% 

trifluoroacetic acid in ultrapure water and 

buffer B consists of 100% HPLC grade ace-

tonitrile. A gradient elution was used as 

follows: 25% to 40% B in 4 column volumes 

(CVs), 40% to 60% B 0.5 CV, 60% B for 0.5 

CV, 60% to 40%B in 0.75 CV, and 40% to 

25% B in 1.25 CVs. A flow rate of 1.0 mL/

min was maintained throughout. 

A modified procedure from Wang and 

Carpenter was used for trypsin digestion of 

recombinant human insulin (13). A fixed 

insulin concentration of 1mg/mL was con-

sidered for the study. This solution was main-

tained at pH of 9.0 in 50 mM Tris-HCl buffer 

system and 10 mM of CaCl
2
. To this solution, 

250 BAEE units were added. Samples were 

taken every 30 minutes till 3 hours. Insulin 

standard was used for the calculation of the 

product content in the samples. 

RESULTS AND DISCUSSION
Kinetic studies using BAEE as substrate

All the experiments were performed in trip-

licates and the mean of the data was used to 

fit Lineweaver–Burk plot to calculate K
cat

, K
m
, 

and V
max

 values (Figure 2, Table I).

The V
max

, K
m
, K

cat
, and K

cat
/K

m
 values were 

found to vary from 4.15–52.55, 1.35–27.62, 

3.53–10.95, and 39.65–548.30, respectively 

(Table I). Pancreatic porcine trypsin had the 

highest affinity (lowest K
m
 value) and high-

est catalytic efficiency (K
cat

/K
m 

= 218.39 x 

105 1/mM.s), recombinant porcine tryp-

sin appears to have the highest catalytic 

activity (K
cat

 = 10.95 x 105 s-1,) and lowest 

catalytic efficiency K
cat

/K
m
 = 39.65 x 105 1/

mM.s). However, it should be noted that use 

of K
cat

/K
m
 has its own pitfalls. Eisenthal et 

al. (14) have noted that an enzyme having 

a higher catalytic efficiency (i.e., K
cat

/K
m
 

value) can, at certain substrate concentra-

tions, actually catalyse an identical reac-

tion at lower rates than one having a lower 

catalytic efficiency. Both the bovine tryp-

sin exhibit similar K
cat

 values. It should be 

noted that both the recombinant porcine 

and bovine trypsin were expressed in dif-

ferent hosts. Recombinant porcine trypsin 

expressed in Pichia system is extracellular 

whereas bovine trypsin expressed in E.coli 

aggregates as inclusion bodies. The kinetic 

values indicate that the host for expression 

and thereby different purification strate-

gies do not affect the kinetic behavior and 

this solely depends on the sequence source, 
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Figure 3: Far UV-CD data for all trypsins in the absence of metal ions.
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Pancreatic Porcine TrypsinRecombinant Porcine Trypsin

Recombinant Bovine Trypsin

240 260

Sample

In absence of ions In presence of calcium ions In presence of magnesium ions

Helix Sheet Turn
Random 

coil
Helix Sheet Turn

Random 
coil

Helix Sheet Turn
Random 

coil

Pancreatic bovine 
trypsin

5.5 54.8 0 39.7 0 64.1 0 35.9 1.3 61.3 0 37.4

Recombinant 
bovine trypsin

2.4 51.4 2.2 44 0.7 60.7 0 38.6 3.5 54.2 4.4 37.8

Recombinant 
porcine trypsin

12.7 46.3 5.3 35.7 10.5 49.7 6.4 33.5 9.4 49.7 5.3 35.7

Pancreatic 
porcine trypsin

9.3 51.5 0 39.3 7.8 52.2 0 40 4.3 56.8 0 38.9

(Expressed as % values)

Table II. Secondary structure elements of all variants of trypsin in the absence and presence of ions (expressed as % values).
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bovine or porcine. The V
max

 values indi-

cate that both porcine trypsin have higher 

values compared to both bovine trypsin. 

In fact, recombinant porcine trypsin was 

almost eight times faster rate of hydroly-

sis when compared to pancreatic porcine 

trypsin. There is a clear distinction among 

porcine and bovine trypsin when V
max

 val-

ues are compared. K
m
 values observed are in 

line with the earlier observations made by 

Cunningham (15) (K
m
 = 5 x10-2 mM value 

for the pancreatic bovine trypsin with BAEE 

as a substrate). 

Secondary structure  

elucidation using circular dichroism 

The secondary st ructure information 

recorded using far UV CD (Figure 3, Table 

II) indicates that trypsin from dif fer-

ent sources predominately have random 

coil and β sheets. The helical content and 

turns accounted only for 10–15% in all 

these trypsin studied. Recombinant por-

cine trypsin had the highest helical con-

tent followed by pancreatic porcine trypsin. 

Interestingly, turns were absent in case of 

pancreatic bovine and porcine trypsin and 

present only in their recombinant sources. 

How these secondary structure differences 

influence the kinetic behavior needs to be 

understood further. An attempt made to 

record secondary structure information in 

presence of benzamidine hydrochloride as 

inhibitor did not result in reliable informa-

tion. Jibson et al. (16) observed that trypsin 

spectra shows no evidence of conforma-

tional change accompanying the binding 

of either Bowman-Birk soybean inhibitor 

or chickpea inhibitor to the enzyme. These 

studies, however, were performed at neu-

tral pH and in the presence of inhibitors. 

Further studies may be conducted with dif-

ferent inhibitors as noted by Jibson et al. 

(16) to understand the actual structural dif-

ference at alkaline pH. 

Sipos and Merkel (17) reported an 

increased structural stability of trypsin in 

presence of calcium ions. Secondary struc-

ture information was obtained for trypsin 

in presence of calcium and magnesium ions.

From Table II, it is evident that added cal-

cium and magnesium reduced the helical 

content and increased sheets and random 

coils. It should be noted that all trypsins 

were pre-formulated at source with 20 mM 

CaCl
2
. Presence of calcium salt possibly 
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Figure 4: Rate of formation of des-octa peptide insulin by 

different trypsins.
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0
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Time point (h)

Pancreatic porcine 
trypsin

Recombinant porcine 
trypsin

Pancreatic bovine 
trypsin

Recombinant bovine 
trypsin

Insulin purity 
%

Des- 
octapeptide 

purity %

Insulin purity 
%

Des- 
octapeptide 

purity %

Insulin purity 
%

Des- 
octapeptide 

purity %

Insulin purity 
%

Des- 
octapeptide 

purity %

0.5 79.94 15.00 73.72 20.00 89.76 4.46 88.26 3.56

1.0 69.00 24.98 55.72 39.36 79.62 10.51 85.47 6.75

1.5 62.20 33.70 41.91 52.42 77.24 14.79 81.09 10.36

2.0 48.42 40.57 36.94 62.26 73.17 18.63 81.35 13.52

2.5 41.71 46.16 20.86 75.14 73.41 21.20 78.40 13.86

3.0 33.67 51.95 18.97 76.65 71.80 24.82 75.62 17.53

h – hours.

Table III. High-performance liquid chromatography (HPLC) purity values for insulin and insulin des-octapeptide during 

degradation study.
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could have altered the structure already 

to some extent. Addition of calcium and 

magnesium most likely resulted in further 

decrease in the helical content. Calcium 

ions are known to reduce autocatalysis in 

trypsin. Sipos and Merkel (17) have pro-

posed a possible conformational change to 

trypsin into a compact structure in presence 

of calcium ions. Thus, even though helix 

is somewhat disturbed when divalent ions 

are added, it may be that tertiary structure 

could still be compact to impart necessary 

protection against autolysis.

Degradation studies using insulin

Figure 1 depicts the insulin and insulin des-

octapeptide structure. Wang and Carpenter 

(13, 18) have noted that at pH 8 and 9, the 

arginyl bond in B chain is cleaved at a rate 

approximately 25 times that of lysyl bond. 

In this study pH of 9.0, it is expected that 

insulin des-octa peptide formation would 

occur. However, the difference in the rate of 

des-octa formation will be useful in under-

standing these trypsin activities further. 

The degradation data (Figure 4, Table III) indi-

cates that recombinant porcine trypsin was 

able to form des-octapeptide at a faster rate 

than other trypsins. This observation indi-

cate that recombinant porcine trypsin has 

higher affinity towards arginine residues 

than lysine residue. Similar observation 

was made during kinetic studies with BAEE 

where recombinant porcine trypsin showed 

the highest rate. Whereas, recombinant 

bovine trypsin had the slowest rate of insu-

lin des-octapeptide formation among all 

the trypsins studied. This finding indicates 

that recombinant bovine trypsin has lower 

affinity toward arginine residue, and pos-

sibly higher affinity toward lysine residue. 

This observation reiterates some of the ear-

lier observations on differences in various 

trypsins from different origins. Thus, appli-

cations that use trypsin need to become 

cognizant of such differences to maximize 

the throughput and reduce unwarranted 

side conversions. 

CONCLUSION
This study makes an effort to understand 

the kinetic and structural aspects of both 

porcine and bovine trypsin from pancre-

atic and recombinant sources. The authors 

have observed differences in turn over num-

bers among the four trypsins studied up 

to a magnitude of three-fold. The porcine 

trypsin from pancreas and recombinant 

source both showed higher affinity toward 

arginine substrates. The change in expres-

sion system for recombinant porcine or 

bovine trypsin did not seem to influence 

the kinetic behavior. The porcine trypsin, 

irrespective of source, behaved differently 

from bovine trypsin. The rates of cleavage 

of both BAEE and insulin were higher for 

porcine trypsin compared to bovine tryp-

sin. The secondary structural information 

through far UV CD analysis indicates that 

trypsin, irrespective of its source, majorly 

displays random coils and β sheets with 

varied helical content. The helical content 

was the highest for recombinant porcine 

trypsin. It may be possible that these dif-

ferences may be due to different purifica-

tion processes used. The helical content of 

other recombinant bovine trypsin studied 

was lowest. The addition of divalent ions 

such as calcium and magnesium, even at 

low concentrations, seem to decrease heli-

cal content and increase random coil and 

β sheets. The implication of these changes 

needs to be confirmed at tertiary level 

because significant changes to structure at 

tertiary level can have significant impact 

on individual application. The study on 

degradation of insulin was able to under-

score the differences in the rate of insu-

lin des-octapeptide formation by different 

trypsins. The recombinant porcine trypsin 

had the highest rate. This observation is 

significant for applications such as insulin 

manufacturing because use of either por-

cine or bovine trypsin can lead to different 

levels of clippings at residues like B22 argi-

nine and B29 lysine. Precise control of these 

impurities is essential for further purifica-

tion stages. Thus, if the purification strategy 

requires greater control on des-octapeptide 

or impurity, then bovine trypsin should be 

preferred over porcine trypsin. It should 

be noted that of animal-derived enzymes 

in biologics manufacturing is highly con-

trolled due to potential contamination. 
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Contin. on page 56
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alorimetry is the science of 

measuring heat changes that 

result from chemical reac-

t ions or physica l events. 

The “micro” in microcalor imetry 

refers to the extremely small scale at 

which experiments can be conducted, 

because of its ultrasensitive technol-

ogy. The ability to make highly precise, 

information-rich measurements using 

as little as 10 μg of protein/drug sub-

stance (depending on the properties of 

the sample) makes microcalorimetry 

a powerful technique for investigat-

ing the biochemical interactions that 

underpin drug efficacy and safety. This 

article provides an overview of how 

microcalorimetry works, and the value 

and application of the data this tech-

nique produces.

HOW DOES IT WORK?
Microcalorimetry can be subdivided 

into isothermal titration calorimetry 

(ITC) and differential scanning cal-

orimetry (DSC), both of which are 

valuable for pharmaceutical/biophar-

maceutical applications. These tech-

niques share similar principles of 

operation but differ in terms of instru-

mentation and experimental set-up, 

and as a result, offer different but com-

plementary analytical capabilities.

The thermal core of a microcalo-

rimeter consists of two cells: a ref-

erence cell and a sample cell (see  

Figure 1). When a reaction or binding 

event takes place in the sample cell, 

heat is either released or absorbed, 

inducing a temperature differential 

(ΔT) between the two cells. This dif-

Using Microcalorimetry to 
Accelerate Drug Development

Natalia Markova

Isothermal 
titration 

calorimetry 
and differential 

scanning 
calorimetry 

are valuable 
tools that can 

help accelerate 
drug 

development.

Natalia Markova is principal scientist, 

MicroCal, Malvern Instruments.
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ferential is eliminated through 

automatic control of the energy 

input to the sample cell. The mag-

nitude of the resulting change in 

energy input correlates directly 

with the enthalpy (ΔH) of the 

interaction that has taken place 

and can be used to determine a 

range of parameters, depending 

on the specific technique applied 

and the experimental set-up.

In an ITC system, the reference 

cell and sample cell are set to the 

desired temperature, with one 

reactant, in solution, loaded into 

the sample cell. The experiment 

is performed at constant tempera-

ture by titrating the second bind-

ing partner or reactant into the 

solution in the sample cell using 

an automated syringe capable of 

injecting precisely metered ali-

quots. As binding or reaction 

occurs, temperature changes of a 

few millionths of a degree Celsius 

are detected and measured, to 

determine the heat released or 

absorbed. Injection continues 

until the binding or reaction has 

reached equilibrium, to gener-

ate a complete thermodynamic 

profile for the reaction, including 

information about binding affin-

ity (i.e., the strength of interac-

tion between the first and second 

binding partner or reactant). 

In a DSC experiment, the ref-

erence cel l is typically f i l led 

with buffer, and the sample cell 

is filled with a solution of the 

entity under investigation; both 

cells are then heated at a constant 

known rate. Here, it is the sample 

undergoing a thermally-induced 

change that creates the tempera-

ture difference between the cells. 

Enthalpy values and changes in 

specific heat capacity are directly 

determined f rom the power 

drawn to correct this imbalance. 

WHAT CAN ITC MEASURE?
ITC enables a robust, label-free 

evaluation of the mechanisms 

of intermolecular interactions 

between a drug candidate and a 

target molecule. These interac-

tions are an indicator of bioactiv-

ity, a critical determinant of drug 

eff icacy. Quantifying binding 

affinity is, therefore, an impor-

tant way of ranking bioactivity. 

In addition, by providing a com-

plete thermodynamic profile of a 

molecular interaction, ITC more 

broadly supports the optimization 

of a drug candidate(s). Specifically, 

it can be used to quantify the fol-

lowing parameters: 

Protein Characterization

Figure 1. An isothermal titration microcalorimeter with an example of the raw data output for a binding experiment, 

and its conversion to detailed information about the binding reaction.
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ITC enables a robust, 

label-free evaluation 

of the mechanisms 

of intermolecular 

interactions between 

a drug candidate and 

a target molecule.
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t� &RVJMJCSJVN�EJTTPDJBUJPO�DPOTUBOU�

(KD): a measure of the strength 

of bimolecular interactions, with 

smaller values indicating a stron-

ger affinity between a ligand and 

a target molecule

t� 3FBDUJPO� TUPJDIJPNFUSZ� 	O
�� UIF�

ratio of biomolecule to ligand 

involved in a binding interac-

tion/reaction; this parameter 

quantifies how many drug mol-

ecules can be attached to the 

target site before saturation is 

achieved

t� &OUIBMQZ � 	å) 
� � UIF � FOFSHZ�

released or absorbed per mole 

of ligand as bonds are broken 

and created; a measure of the 

type and strength of bond 

changes during binding, espe-

cially changes in hydrogen and 

van der Waals bonding

t� &OUSPQZ� 	å4
�� UIF� DIBOHF� JO�

degrees of freedom of the inter-

acting species relative to the 

complex; most usefully indica-

tive of hydrophobic interactions 

and conformational changes.

WHAT ABOUT DSC 
MEASUREMENTS?
DSC measu rements  d i rec t ly 

address a different but equally 

important aspect of drug per-

formance: stability, specifically 

thermal stability, which is a major 

concern for biopharmaceuticals. 

DSC is especially useful for the 

measurement of the following: 

t� .FMUJOH�QPJOU� 	5
m
): In a protein 

solution, a native (folded) protein 

that exhibits two-state reversible 

unfolding behavior is present 

in equilibrium with the analo-

gous unfolded protein. T
m

 is the 

temperature at which the size of 

these two populations is iden-

tical. A higher T
m

 is, therefore, 

indicative of higher stability

t� 0OTFU� UFNQFSBUVSF� 	5POTFU
��

This is the temperature at 

which substantial unfolding of 

the protein begins to occur, so 

as with T
m

, a higher value is 

associated with greater stability 

t� å)� PG� VOGPMEJOH�� 5IJT� JT� UIF�

enthalpy change associated 

with breakage of the non-

covalent bonds that stabilize 

the protein and can, therefore, 

provide insight into unfolding 

mechanisms.

Via measurement of  these 

parameters (see Figure 2), DSC can 

elucidate the factors that contrib-

ute to the folding and stability 

Protein Characterization

Figure 2. Differential scanning calorimetry measures the temperature at which conformational changes occur, 

directly supporting assessments of protein stability.
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of native biomolecules, including 

hydrophobic interactions, hydro-

gen bonding, conformational 

entropy, and the nature of the 

physical environment, for exam-

ple, pH or exposure to oxidation. 

APPLICATIONS IN  
DRUG DEVELOPMENT
Drug candidate choice is often 

guided from the outset by the 

affinity between a therapeutic 

and target molecule, with high 

bioactivity maximizing efficacy 

and/or minimizing the amount 

of drug required to achieve the 

desired therapeutic effect. While 

advantageous for all pharma-

ceut ica ls, high bioact iv ity is 

particularly important for bio-

pharmaceuticals because of its 

ability to alleviate the difficulties 

associated with high-concentra-

tion drug delivery via injection or 

infusion. Stability is also a crucial 

early screen for biopharmaceuti-

cal molecules because of the risk 

of reduced efficacy and/or immu-

nogenicity associated with a com-

promised protein being delivered 

to the patient.

Such requirements make the 

informational output of micro-

calorimetry closely aligned to the 

early stages of drug development, 

to candidate validation, and to 

early formulation development. 

The practicalities of the tech-

niques are equally well matched 

to this stage of the pipeline, with 

modern systems offering:

t� 'VMMZ�BVUPNBUFE�PQFSBUJPO�XJUI�

the capacity for unattended 

running of industry standard  

4 x 96-well plates

t� )JHI � TJHOBM�UP �OPJTF � SBU JPT�

for  exce l lent  data qua l it y 

with minimal sample volume 

required

t� "VUPNBUFE�XBTIJOH� GPS� IJHI�

reproducibility

t� $PNQBUJCJM JUZ� XJUI� B� CSPBE�

range of sample types, solvents 

and buffers, including systems 

that are highly concentration, 

colored, and/or turbid

t� 4JNQMF�BTTBZ�EFWFMPQNFOU�

In terms of specific applica-

tions, ITC has become the gold 

standard technology for study-

ing intermolecular interactions, 

and its attr ibutes make for a 

highly efficient screening tool. 

The level of hydrogen bonding 

between a drug candidate mol-

ecule and its target molecule is 

directly quantified by ΔH, which 

can consequently be an effective 

predictor of efficacy, more so than 

the hydrophobic interact ions 

RVBOUJGJFE�CZ� å4��0QUJNJ[JOH� å)�

is a strategy applied to an increas-

ing extent in candidate validation 

and early stage formulation.

However, the application of ITC 

can begin even earlier—in drug 

discovery—and extend into pro-

cessing and manufacturing sup-

port. At these stages, ITC helps to: 

t� 2VBOUJGZ� CJOEJOH� BGGJOJUZ� UP�

support initial candidate selec-

tion and optimization

t� $POGJSN� JOUFOEFE�CJOEJOH� UBS-

gets in small molecule drug  

discovery

t� 7BMJEBUF� *$
50

 (drug concentra-

tion causing 50% inhibition of 

the desired activity) and EC
50

 

(drug concentration causing 

50% of the maximum of a mea-

sured biological effect) values 

during hit-to-lead 

t� $POGJSN� UIF� CJPBDUJWJUZ� PG� BO�

as-manufactured product and/

or equivalence in a biosimilar.

The appl icat ion of DSC to 

detect and study changes in pro-

tein structure, and determine 

pre-folding events is focused on 

the early stages of the biophar-

maceutical drug pipeline, and for 

biosimilars, in the area of bio-

comparability studies. In all of 

these applications, the ability to 

study formulations without dilu-

tion to realistically explore the 

mechanisms of oligomerization 

and aggregation is particularly 

valuable. However, the use of DSC 

also extends into process develop-

ment and manufacturing support, 

where it may be applied:

t� 5P� PQUJNJ[F� QVSJGJDBUJPO� BOE�

manufacturing conditions

t� 'PS� MPU� SFMFBTF� BOE�PS� UP� DPN-

pare the consistency of lots pro-

duced at, for example, different 

manufacturing sites.

CONCLUSION
Microcalorimetry technology has 

developed considerably in recent 

years, and the resulting instru-

mentation is particularly valu-

able in the early stages of drug 

development. By providing a 

complete thermodynamic pro-

file of a molecular interaction, 

ITC goes beyond binding affini-

ties to provide elucidation of the 

mechanisms responsible for the 

interactions that underpin drug 

activity. Such insight supports 

the rational design and optimi-

zation of both small and large 

candidate molecules, to ensure a 

highly efficacious product. DSC 

is an efficient tool for stability 

detection and elucidation, an 

important activity in biophar-

maceutical candidate validation, 

and is similarly useful during 

manufacturing support for lot 

release. Powerful and easy-to-

use, both techniques boost the 

analytical capability accessible to 

drug developers helping to accel-

erate their work to a commer-

cially successful conclusion. ◆

Microcalorimetry is 

particularly valuable 

in the early stages of 

drug development.
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iopharmaceutical packaging is 

changing. As pharmaceutical 

manufacturers embrace more 

flexible processes that limit the 

risk of product contamination, packag-

ing and containment systems are being 

designed to facilitate manufacturing of 

smaller product lots and batches. Some 

fill/finish operations are moving to fully 

enclosed, automated operation, requir-

ing the use of not only nested syringes 

and closures, but also nested vials and 

caps, and manufacturers are working to 

standardize these components. 

Examples of f lexible filling lines 

may be found at Boehriger Ingelheim’s 

Fremont,  CA fac i l it y  or  Mithra 

Pharmaceuticals’ line in Belgium. The 

contract manufacturer, Singota, recently 

bought contained and fully auto-

mated filling technology from Vanrx 

Pharmasystems. 

But agile manufacturing is only part 

of the picture. As pharmaceutical man-

ufacturers develop more convenient 

formulations to improve patient compli-

ance, designers of primary packaging 

and delivery system components have 

had to change their approach to prod-

uct development. West Pharmaceutical 

Services, for example, teamed up with 

specialists in ergonomics and human 

factors to develop components for novel 

packaging and delivery systems (1). 

Large molecules, which, in the past, 

could only be taken via infusion or 

repeated injection, requiring visits to 

the hospital or clinic, can now be taken 

with autoinjectors and new delivery sys-

tems, but the move to more patient-

Packaging’s Flexible, 
Patient-Centered Future

Agnes Shanley 

Primary 
packaging 

and container 
design reflects 

a move to 
patient-friendly 

formulations 
and delivery 
systems, and 

more agile 
manufacturing 

processes.
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centered approaches has presented 

technical challenges.“The mono-

clonal antibodies and other biolog-

ics that are now being produced 

are highly concentrated and there-

fore the solutions are more  viscous 

and may require  higher  dosing 

volumes,” says Fran DeGrazio, 

vice-president of scientific affairs 

and technical services at West.

These changes in dosing have 

driven recent improvements in 

packaging components. Earlier this 

year, for example, West introduced 

a 1–3mL plunger for use in 2.25-

mL syringes, designed to deliver 

higher volumes of drug product—

especially biopharmaceuticals. The 

new plunger was developed using 

the same principles that drive 

quality-by-design (QbD) practices 

in drug development. This con-

trolled approach wound up reveal-

ing the need for a different design 

and shape, says DeGrazio. “These 

differences allowed us to optimize 

functionality and improve con-

trol,” she says.

Improved component designs 

come together in West’s SmartDose 

platform, which uses a cartridge 

system made from Daikyo Crystal 

Zenith (CZ) polymer, a  cyclic poly-

olefin material. When coupled 

with the Daikyo Flurotec plunger 

the system is  silicone oil-free. The  

West Smartdose delivery device 

adheres to the patient and can 

deliver more than 3 mL of drug in 

several minutes.

In July 2016, FDA approved 

Amgen’s monoclonal antibody, 

Repatha (evolocumab)—not only 

the drug, but using  the SmartDose 

del ivery system and pr imary 

container. Five months earlier, 

Amgen had opted for CZ vials and 

a closure system based on West’s 

FluroTec stoppers, to contain its 

drug Imlygic (talimogene laher-

parepvec). The vial was designed to 

minimize extractables from enter-

ing product, says DeGrazio.

BENEFITS OF GLASS SUBSTITUTES
CZ’s ability to withstand lower 

cold-chain storage and trans-

port temperatures, even down to 

the dry nitrogen level required 

for some gene and cell thera-

pies, has been another benefit, 

says DeGrazio. In addition, when 

used as part of a syringe system 

it does not contain silicone oil or 

tungsten, which has led to par-

ticulate contamination. This has 

been found to cause some proteins 

to aggregate in prefilled syringes 

(2). A number of companies are 

working on alternatives to silicone-

treated glass containers, including 

W.L.Gore, which received a patent 

in 2014 for a silicone-free syringe 

stopper. 

CLOSURE TESTING
Maintaining system integr ity 

and preventing contamination is 

crucial for product integrity and 

patient safety, says DeGrazio, and 

manufacturers accomplish this in 

different ways, through improved 

facility and workflow design, use 

of machine vision inspection and 

continuous monitoring on the 

plant floor, and the use of higher 

quality elastomers and barrier sys-

tems. Improved integrity testing is 

also crucial.  

In August, 2016, the United 

States Pharmacopeial Convention 

(USP) released updated its recom-

mendations for container closure 

integrity testing. The revised USP 

Chapter <1207> outlines the ana-

lytical tests that should be per-

Biopharmaceutical Packaging

Fluoropolymers are being used in systems that hold 

biopharmaceutical materials during processing and 

storage. W.L. Gore’s covered Lyoguard lyophilization trays 

feature a fluoropolymer membrane designed to prevent 

product contamination and flyout. Storage also poses 

challenges, since temperatures required for bulk drug 

product can be as low as -70 °C. Savillex began to 

sell its containers to pharma in 2011, offering a line of 

perfluoroakloxy (PFA) and fluorinated ethylene propylene 

(FEP) bottles. These are single use, but have a five-year 

shelf life, says Don Potter, director of marketing, and they 

can be especially useful for applications that require no 

trace metals or organics. 

Fluoropolymer bottles are traditionally extrusion blow 

molded, but the company’s current owner developed a 

stretch blow molding machine that works with the 

materials, resulting in smoother surfaces that prevent 

biopharmaceutical materials from interacting with 

container surface materials. When preforming bottle 

caps, at the clean bench, the company uses proprietary 

technology to minimize static electricity buildup, which 

can attract particles. Savillex has also improved overall 

factory flow and the inspection training it offers staff 

and customers for embedded particulates. The company 

also uses HEPA filters extensively at the plant to prevent 

contamination, says Potter. 

PFA and FEP can be steam sterilized and pyrotreated but 

they cannot be irradiated. “We can ship unsterilized to end 

users, or have the containers sterilized by a third party,” 

says Potter. In the lab, the containers are widely used for 

analysis with methods such as inductively coupled plasma 

mass spectroscopy, or wherever trace metals are analyzed.

Fluoropolymers for processing
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formed to show integral product 

safety, for instance, leak detection 

for vial and syringe systems, says 

DeGrazio. Before the chapter was 

published, she says, methylene 

blue dye testing was used in vac-

uum to find leaks. Now, regulators 

realize that such methods are more 

probabilistic than determinant, she 

says, and subject to error. Among 

the methods that West uses and 

offers is helium leak detection, 

which allows testing and valida-

tion down to  -120 °C to  -140 °C. 

NESTED SYSTEMS
A small but growing part of the 

components and packaging busi-

ness is pre-sterilized and ready- 

to-use-nested components.This 

approach was inspired by the 

semiconductor industry’s Front 

Opening Unified Pod, a box of 

silicon disks that could easily be 

picked up and manipulated by a 

robot without operator interven-

tion. These tubs of nested con-

tainers and closures allowed for a 

greater level of automation in fill-

finish operations, explains Greg 

Speakman, vice president of sales 

and marketing for Vanrx, whose 

automated approach to fill-and-

finish was inspired by the work-

cells of the electronics industry. 

Becton-Dickinson came out with 

the first nested systems nearly 30 

years ago, he says. 

Ompi entered the market in 

2007 with EZ-fill nested syringes, 

introducing vials and cartridges 

two years later, and nested closures 

for vials, developed together with 

Daikyo Seiko, in 2015, says product 

manager Alessandro Massignani. 

Nesting syringes, cartridges, 

vials and closures in standardized 

nest or tub packaging allows max-

imum flexibility from fill/finish 

equipment, says Gregor Deutschle, 

business development manager at 

SCHOTT AG, since fill/finish oper-

ations are performed with the con-

tainers remaining in the nest. He 

points to Schott’s adaptiQ vials, 

which allow all process steps to 

take place inside the nest, includ-

ing checkweighing, freeze-drying 

as well as closure of the vials with 

press fit caps, as an example. 

STANDARDIZATION EFFORTS
The trend to nested systems began 

with prefilled syringes, so they 

have been standardized to the 

highest level so far, says Deutschle. 

Nested vials and cartridges are 

just emerging on the market, he 

says, and are being standardized.

Massignani adds that there is a 

specific work group led by Ompi’s 

regulatory affairs manager that is 

entitled to redact the ISO Standard 

for Ready-To-Use Vials and Ready- 

To-Use Cartridges.

Vanrx’s system requires that 

containers and closures be placed 

in a nest to allow for robotic han-

dl ing. Packag ing component 

vendors,including Daikyo Seiko, 

Datw yler,  SCHOT T, SCHOT T 

KAISHA, Ompi, ARaymond and 

Vanrx established the Matrix 

Alliance in 2016, to work on 

standardization and ensuring 

interoperability of containers and 

closures. The key goal is ensuring 

that a container from one vendor 

will work with a closure system 

from another vendor, without 

requiring extensive retesting and 

integration by the end-user,” says 

Speakman. 

A l l iance members recent ly 

shared test results involving vials 

and press-fit caps with their shared 

biopharma customers, and plan 

to release findings publicly dur-

ing the first quarter of 2017. But 

the move to nested vials and caps 

reflects trends that are not going 

away any time soon: a shift from 

blockbusters to smaller niches of 

high-value drugs; more frequent/

fast product changeovers in multi-

product facilities, and a move from 

large facilities in developed mar-

kets to smaller facilities in more 

remote parts of the world, says 

Speakman.

Another important shift is that 

component packaging suppliers 

are taking over services once han-

dled by pharma companies, says 

Deutschle. “In using ready-to-use 

nested components, our custom-

ers want to eliminate the need for 

preparation of the containers prior 

to filling. Therefore, we take care 

of depyrogenation, washing, and 

packaging as well as sterilization.”

Flexible f i l l ing represents a 

major change f rom standard 

fill finish equipment, which is 

geared toward high-speed, large 

production volumes, and often 

dedicated to a single container 

type or drug, Deutschle explains. 

Changeover from one container 

format to the next can take a 

long time in a bulk filling plant, 

because all containers must be 

handled individually and thus 

require a large number of spare 

parts. In addition, he notes, clas-

sic bulk lines can be very large 

and require a lot of expensive 

clean room space.

Using nested components in a 

flexible line reduces the need to 

invest in washing, water for injec-

tion, and utilities, and also reduces 

maintenance and validation costs, 

says Massignani. “The containers 

travel in packaging that prevents 

glass-to-glass contact, reducing 

rejection rate. This approach adds 

value, not only by improving prod-

uct quality but because it shifts 

responsibility for the sterility and 

cleanliness of primary packaging 

from the pharma manufacturer to 

the packaging components sup-

plier,” he says.
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T
he cold chain for bio/pharma-

ceutical drugs involves control-

ling the temperature throughout 

a complex supply chain, and 

storage chambers are a crucial element. 

Cold, temperature-controlled chambers—

from as small as a freezer to as large as a 

warehouse—are often used to store raw 

materials, intermediates, and finished 

bio/pharmaceutical drugs and are oper-

ated under cGMP. The International 

Society for Pharmaceutical Engineering 

(ISPE) recently released a Good Practice 

Guide for purchasing, commissioning 

(including mapping), qualification, and 

maintenance of temperature-controlled 

chambers. The guide describes industry 

good manufacturing practices for using 

data to determine the location and num-

ber of monitoring sensors, as well as 

developing test acceptance criteria and 

using a risk-based approach to system 

performance review (1). The new guide 

is consistent with the ISPE Good Practice 

Guide: Cold Chain Management (2).

BioPharm International spoke with 

Paul Daniel, senior regulatory compli-

ance expert at Vaisala, about the types 

of sensors used for monitoring cold 

temperature-controlled chambers and 

best practices for mapping, placing, and 

maintaining these sensors. 

TYPES OF TEMPERATURE SENSORS
BioPharm: What types of sensors are used 

for temperature-controlled chambers? 

Daniel (Vaisala): Cold temperature mon-

itoring is typically performed with one of 

four sensors: a thermometer, a thermistor, 

a resistance temperature detector (RTD), 

Monitoring Temperature-
Controlled Chambers

Jennifer Markarian

Consider best 
practices 

for placing, 
maintaining, 

and calibrating 
temperature 

sensors.
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or a thermocouple. Monitoring does 

not require a high accuracy sensor 

for most applications, especially for 

cold temperatures, so most types of 

sensors can be used. 

Glass thermometers containing 

alcohol, while simple, reliable, and 

inexpensive, are being used less 

frequently because they require 

human labor for daily checks and 

data recording, as well as compiling 

reports. There are many opportuni-

ties for error in reading the device, 

recording the data, and compiling 

the reports. They do continue to be 

used in some emerging markets and 

developing nations, where labor is 

inexpensive and higher-tech solu-

tions are prohibitively expensive.

Thermistors, RTDs, and thermo-

couples determine temperature by 

measuring an electrical value, such 

as resistance, which changes with 

temperature. These devices vary 

widely in terms of cost, initial accu-

racy, long-term stability, and range. 

For most applications in monitoring 

cold temperatures (8 °C to -80 °C), 

a device equipped with an RTD or 

a thermistor would be selected. For 

very cold applications, such as liquid 

nitrogen cryogenic applications, gen-

erally a thermocouple is used due to 

the extreme cold (as low as -196 °C), 

though an RTD can be used at these 

temperatures as well. 

In general, the advantages of ther-

mocouples include low expense, a 

linear response to temperature 

changes (therefore easy to calibrate), a 

wide range of temperatures that can 

be measured, durability, and energy 

efficiency. Disadvantages include rel-

atively low accuracy and low stabil-

ity. Thermistors are also inexpensive, 

durable, energy efficient, accurate, 

and stable, but they have a non-

linear response (harder to calibrate) 

and a narrow range of temperatures. 

RTDs have a linear response, high 

accuracy, high stability, and a moder-

ate range of temperatures, but they 

are expensive, fragile, and energy 

inefficient (i.e., need external power). 

The measurements from these 

electronic sensors are typically 

measured by a device like a chart 

recorder or a data logger. Chart 

recorders, due to the labor require-

ments of changing charts and real 

possibility of mechanical failure, 

seem to be disappearing from the 

field. The modern method is to col-

lect the data from the electronic sen-

sor and store it in a data logger for 

later collection and download. The 

data logger is generally considered 

to be superior because there is a very 

low risk of data loss. The downside 

of the data logger is downloading 

the data, but an automated system 

can automatically download over a 

network connection.

BEST PRACTICES
BioPharm: What are some of the 

best practices for placing sensors in 

a temperature-controlled chamber? 

Daniel (Vaisala): Before you can 

monitor a space, you need to map 

it to demonstrate that the space is 

suitable for controlled storage.  You 

can also use the mapping data to 

inform the placement of your moni-

toring sensors. For mapping, sen-

sor placement best practices are well 

detailed in the new ISPE guide. ISPE 

recommends that a sensor should be 

placed in each corner of the cham-

ber and one in the geometric center, 

for a total of nine sensors. This prac-

tice is good enough for any cham-

ber less than two cubic meters in 

volume—basically anything smaller 

than a large free-standing refrig-

erator or freezer. If the chamber is 

larger (up to 20 m3), an additional 

six sensors should be added, one at 

the center of each wall of the cham-

ber (including the ceiling and floor). 

If the space is even larger, such 

as a large cold-room or warehouse 

space, sensors should be distributed 

in three planes in three dimensions, 

at a density that it suitable for the 

space. Another way to say this is 

to place sensors in vertical ‘stacks 

of three’—one at the lowest stor-

age shelf, one at the highest shelf, 

and one in between—and distribute 

these stacks of three evenly through-

out the space to be monitored. I sug-

gest a starting density as follows: 

for cold-rooms, the maximum lat-

eral distance between sensors should 

be no more than five meters; for 

warehouses this distance may be 

increased to 15 meters. 

These best practices are a conser-

vative starting point and a theoreti-

cal model of sensor placement that 

must then be modified to account 

for the realities of the space, such as 

doors, windows, and heat sources in 

the environment.

Vaisala’s new VaiNet enabled sen-

sors use a wireless technology that 

has five-times better range than 

WiFi. The sensors communicate on 

radio frequencies and are battery 

powered, which means we will be 

able to do real-time mapping of large 

spaces with no wires involved. 

Once mapping is completed, 

select a location for the monitor-

ing sensor(s). The best practices 

around sensor placement are varied. 

Technically, most guidance will tell 

you to place monitoring sensor(s) 

in a way that takes into account the 

performance of the chamber, as doc-

umented in the mapping process 

which previously identified hot and 

cold trouble spots. As a result, this 

is misinterpreted as requirement to 

monitor the hot and cold spots.

Placement of the monitoring sen-

sors is a risk-based decision, into 

which hot and cold spots are sim-

ply one element to be considered. 

The ISPE guide highlights the factors 

that should be considered, such as 

protecting the sensors from damage.  

In almost all situations I have seen 

personally, the placement of moni-

tor sensors follows some simple and 

pragmatic rules. Chambers smaller 

than two cubic meters usually have a 

single sensor placed on the wall out 

of the way of normal use, but close 

enough to the door to detect an 

open door condition. Larger spaces 

Facilities
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often get multiple sensors, spaced 

evenly across the space at a low den-

sity, and there often are significant 

distances between sensors. 

BioPharm: What are some best 

practices for maintenance? 

Daniel (Vaisala): Sensor main-

tenance is quite simple. For 

Vaisala devices, we recommend 

an annual calibration against a 

National Institute of Standards and 

Technology (NIST)-traceable stan-

dard to determine that the sensor 

accuracy is within expected tol-

erance. If the sensor has drifted a 

small amount but is still in toler-

ance, it may be adjusted for bet-

ter accuracy and then returned to 

service. If the sensor has drifted a 

large amount and is found to be 

out of tolerance, an out-of-specifi-

cation (OOS) report (or other devia-

tion report) would need to be filed 

and an investigation performed to 

determine if the sensor measure-

ments could have compromised 

product quality in any way. It is 

best to prevent an OOS occurrence 

by selecting a reliable and resilient 

device from a reputable manufac-

turer, mounting the device in a 

protected location, and performing 

calibrations within the manufac-

turer’s recommended interval. 

Another way to ensure the health 

of your instruments is to do spot 

field checks against a hand-held ref-

erence. This practice isn’t a calibra-

tion, but it can provide confidence 

that an instrument is performing 

properly between the calibrations.

Other than regular calibrations 

and periodic battery changes, there 

is not much to do for preventive 

maintenance. The most important 

part is that a written procedure for 

calibration/maintenance exists, is 

approved, and is followed, and that 

the written records of the calibra-

tion/maintenance are available for 

review. An automated data-col-

lection system will usually store 

records electronically and, therefore, 

has some preventive maintenance 

requirements, such as periodic 

review of the audit trail and of the 

user accounts.
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PCI Pharma Services extended its cryogenic liquid nitrogen 

(LN2) storage capabilities at its Rockford, Illinois location 

in November 2016. BioPharm International spoke with 

Russ Stevens, director of Facilities Engineering at PCI, 

who was the lead engineer and principal architect for the 

project, about best practices for selecting and maintaining 

temperature sensors for cold and cryogenic storage.

BioPharm: What are some considerations for selecting 

temperature sensors? 

Stevens (PCI): The ability to interface with the building 

management system and have a broad sensor selection of 

resistive values for different scaling of a variety of temperature 

ranges is important. Each temperature range has different 

requirements due to the conditions brought on by those set 

points, particularly for extreme temperatures. For cryogenic 

measurements, it is crucial to verify that the wire insulation 

can withstand the temperature as much as the sensor. 

Typically, the biggest challenge we see in cold storage 

is determining the right quantity of sensors and, through 

mapping, establishing their placement. The mapping 

process will establish the warmest and coldest locations 

within the cooler or freezer. Once the sensors are 

placed, systems often need to be tuned to maintain the 

temperature within alarm ranges of these two areas. 

BioPharm: What are some best practices for 

maintaining sensors? 

Stevens (PCI): Sensors are checked for accuracy using 

a calibrated standard device. This process may consist of 

a one-point or three-point calibration. Once completed, any 

offsets that were applied to a sensor are recorded to establish 

a baseline. The sensors are then placed into a scheduled 

program where they are routinely checked for accuracy using 

the same calibrated standard. If the comparison between 

the standard and the sensor are within a defined range, the 

sensor is passed and checked on the next scheduled event. 

If the device is within the range, but has drifted by a certain 

percentage, the offset is changed to tighten the reading 

closer to that which was read on the standard. The offset 

change is noted and the sensor monitoring is increased in 

frequency for a given period of time to verify the sensor is 

stable. If the sensor is found to be out of the acceptable range 

when compared to the calibration standard, an investigation 

is started to find a root cause if possible. The baseline offset 

for the device is verified and electrical connections checked 

to verify the sensor has in fact failed. Should a sensor be 

found in a state where it is not stable or has exceeded the 

expectable calibration range, it is removed from service and 

replaced with a new device.

Best practices for selecting and using temperature sensors in cold and cryogenic storage.
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G
overnments in Europe are 

increasingly looking to health 

technology assessment (HTA) 

organizations to help them 

gain a tighter grip on expenditure 

within the region’s predominantly state-

funded healthcare services. As a result, 

the pharmaceutical industry is having 

to deal with a rising number of HTA 

bodies. Currently there are more than 

50 national and regional HTA organiza-

tions in the 28-member states of the 

European Union and in non-EU states 

such as Norway and Switzerland. Their 

main task is to assess the clinical effec-

tiveness of a new medicine in relation 

to similar products on the market so 

that an HTA can help in the fixing of 

the drug’s price and of the level of reim-

bursement at the national level. 

A BROADENING  
SCOPE OF RESPONSIBILITIES 
Many of the HTA organizations tend to 

have different assessment procedures 

and criteria for judging the added value 

of a product. Furthermore, a growing 

number of HTAs are moving beyond 

the clinical domain to investigate 

aspects such as cost-effectiveness, bud-

get impacts, ethical and legal issues, and 

broader social and economic questions. 

This shift is bringing HTAs into what 

some drug producers would regard as 

borderline areas such as consideration of 

preclinical R&D costs, process develop-

ment, and choice of formulations.

With some new medicines, acquiring 

a positive HTA can be as big a chal-

lenge as gaining authorization from a 

regulatory agency. There can be gaps 

of several years between a drug being 

licensed in a country and being given 

the go-ahead for reimbursement within 

its healthcare system. There are widen-

ing disparities in patients’ access to new 

medicines across the EU due to delays in 

reimbursement decisions. To speed up 

assessments by minimizing unexpected 

complications during investigation pro-

cedures, HTA bodies have been allowed 

to join regulators in giving preliminary 

scientific advice early in the drug devel-

opment process. The objective is that 

this HTA guidance should concentrate 

on issues relating to the planning and 

design of clinical trials so that they pro-

vide data relevant to requirements of a 

technology assessment. 

THE INDUSTRY’S PERSPECTIVES
Governments are under pressure, 

however, to encourage HTA bodies to 

broaden their expertise so that they 

can have an even greater influence on 

drug development beyond clinical trials 

particularly in areas such as cost effec-

tiveness. But the pharmaceutical indus-

try has made clear that this widening 

of responsibilities should not involve 

assessments of manufacturing processes 

and their costs.

“At present, HTA bodies do not 

hold the knowledge and understand-

ing to provide scientif ic advice in 

respect of production processes, in 

particular bio-manufacturing pro-

cesses,” a spokesman for the European 

F e d e r a t i o n  o f  P h a r m a c e u t i c a l 

Industries and Associations (EFPIA) 

told BioPharm International. He pointed 

out that the London-based European 

Medicines Agency (EMA) and national 

licensing authorities have specialist 

knowledge of how production pro-

cesses can affect the quality, safety, 

and efficacy of medicines. “We would 

consider this kind of expertise [in 

HTA bodies] as unnecessary to assess 

the clinical benefit of a new medical 
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technology, including new medi-

cines,” he continued. “It would 

be a superfluous duplication of 

expertise, processes, and assess-

ments, if HTA bodies were to set 

out to develop expertise on pro-

duction processes.”

EFPIA and other representatives 

of research-based drug companies 

are also not keen about the idea 

of HTAs’ scope being extended 

to R&D costs when dealing with 

cost effectiveness and impacts on 

healthcare budgets. “R&D costs 

are [not] relevant in setting reim-

bursement levels,” says the EFPIA 

spokesman. “Including R&D costs 

[in assessments] is not only difficult 

practically, as R&D costs are not 

attributable to one single product 

or country, but are shared across 

multiple projects and multiple 

regions. It is also inefficient. Setting 

the reimbursement level in rela-

tion purely to the costs of develop-

ment, including R&D, would mean 

rewarding inefficient research and 

production processes.”

COST EFFECTIVENESS  
AND ACCESS TO MEDICINES
Nonetheless, HTA organizations 

are participating in discussions 

w ith d r ug companies  about 

lowering their planned prices 

for new medicines by cutting 

costs, including process costs, 

to make the prices more accept-

able.  The United K ingdom’s 

National Institute for Health and 

Care Excellence (NICE), one of 

Europe’s largest and longest estab-

lished assessment bodies respon-

sible for HTAs in England, has 

been given the role by the British 

government of vetting new oncol-

ogy drugs, whose reimbursements 

costs are covered by a Cancer 

Drugs Fund (CDF). Money avail-

able annually under the fund 

was recently increased by NHS 

England, part of the UK’s state-

funded National Health Service 

(NHS), more than five-fold since 

2010 to £340 million ($432 mil-

lion) (1).

To make the CDF drugs more 

qu ick ly accessible to cancer 

patients after they are licensed, 

they are assessed by NICE during 

their development on the basis of 

quality-adjusted life years (QALYs) 

or how many years a treatment 

adds to a person’s life and the 

quality of those years. One QALY 

is equivalent to one year of per-

fect health so that if a patient’s 

state of health falls below that 

level, it is rated less than one 

QALY per year. 

NICE has been setting a thresh-

old of £20,000–30,000 per QALY 

when deciding whether a new 

drug is cost-effective and should 

be approved for widespread use, 

according to a study by York 

University’s Centre for Health 

Economics (2). But it has also been 

approving new technologies at 

more than £40,000 per QALY (2). 

In October 2016, NICE jointly 

proposed with NHS England a 

tiered system of categorizing new 

medicines by their cost-effective-

ness on the basis of QALYs (3). 

Medicines whose cost effectiveness 

ratio fell below £10,000 per QALY 

could be put through a “fast track” 

NICE assessment. Medicines based 

on highly specialized technolo-

gies, such as those for treatments 

of rare diseases, would be given 

an upper limit of £100,000 per 

QALY to qualify for an HTA. Drug 

companies have been having to 

lower their prices by cutting costs 

to bring their medicines within the 

QALY threshold. 

NICE stresses that when calcu-

lating cost-effectiveness, it does 

not need to investigate production 

processes or overall R&D costs. 

“Consideration of cost effective-

ness does not require consideration 

of R&D costs,” an NICE official 

told BioPharm International. “[Our 

assessments] are based on patient 

outcomes measured in QALY with 

cost effectiveness measured in 

cost/QALY. The evaluation of pro-

duction processes is part of the role 

of the regulator and NICE does not 

need to consider this.”

DRUG PRICING, R&D,  
AND PRODUCTION COSTS
However, the political momentum 

behind calls for closer examina-

tion of the relationship between 

drug prices and R&D costs as 

well as production costs has been 

gathering pace. The European 

Parliament’s environment, public 

health, and food safety commit-

tee (ENVI) has demanded greater 

transparency of research data 

and costs. “The cost of develop-

ment and clinical trials is crucial 

in order to set fair prices,” noted 

Soledad Cabezon Ruiz, rapporteur 

of an ENVI report on EU options 

for improving access to medicines 

(4). “A fair price should cover the 

cost of the drug development 

and production, plus a margin of 

profit,” she added.

Amidst the potential for greater 

use of personalized medicines 

resulting from the application of 

advanced technologies such as 

gene and cell therapies, production 

is likely to take up a higher pro-

portion of some individual drugs 

costs. As a result, these new tech-

nologies could raise the profile of 

manufacturing costs, in particu-

lar when inconsistencies in pro-

duction performance in the early 

stages of development can raise 

total R&D costs.

COLLABORATIONS  
AND JOINT ASSESSMENTS
The European Council, represent-

ing the EU member states govern-

ments, urged in 2015 the drawing 

up of central guidance and crite-

ria on HTAs of personalized medi-

cines. It also suggested that there 

should be more co-operation 

between HTA bodies in the assess-

ment of the medicines (5).
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Thus, recombinant bovine trypsins 

are always better option in this 

regard. Also, these findings may 

augment the differences observed 

in the proteomics profiles when 

using trypsin from different ori-

gins (5). 
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Over the past few years, HTA 

agenc ie s  have  been join ing 

together through a European 

network (EUnetHTA) to carry 

out joint assessments so that 

they can share expertise more 

effectively, particularly in areas 

where there is a shortage of spe-

cialist knowledge within assess-

ment bodies .  “Col laborat ion 

and knowledge-sharing amongst 

HTA bodies can contribute to 

increased expert ise and more 

efficient HTA systems,” Ancel.la 

Santos, policy advisor at Health 

Action International (HAI), a 

Dutch-based NGO campaign-

ing on medicines access issues, 

told  BioPhar m Int e r nat ional . 

“Cooperation can be part icu-

larly relevant in the context of 

more  comple x  te ch nolog ie s 

and therapies,” she explained. 

“Col laborat ion between HTA 

bodies should preserve high 

quality standards, result in the 

improvement of methodologies 

and assessments where needed, 

and take into account local coun-

try specificities.” 

EUnetHTA launched in June, 

2016 its third and biggest joint 

action program for the period 

2016 –2020 with the objective 

of carrying out, with the help 

of mainly EU funds of €20 mil-

l ion, 80 joint assessments or 

projects, compared to 20 under 

the previous program (6). In an 

impact assessment of cooperation 

activities in HTAs, the European 

Commission,  warned that the 

latest joint program may be the 

last to be financed by the EU (6). 

“The uptake of joint work at EU 

level (for use in) national decision-

making processes has remained 

low, leading to duplication of work 

by national/regional HTA authori-

ties,” said the commission’s study 

(6). “It is not rational to invest pub-

lic funds into HTA co-operation 

at European level if the uptake of 

the work is not improved and the 

duplication of the efforts is not 

avoided.” The big difficulty is that 

the EU states cling on to their right 

to reach their own drug pricing 

and reimbursement decisions. This 

independence is undermining the 

benefits of HTA co-operation and 

holding back the broadening of the 

expertise in HTA bodies.
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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

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

bioreactor to a single-use bioreactor 

in seconds.  Introducing the BIOne by 

Distek, a benchtop scale single-use bioreactor system for mammalian cell 

growth and recombinant protein production. Engineered with a disposable 

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

reduces turnaround time by allowing users to seamlessly transition to a 

disposable platform while utilizing their existing capital equipment.

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

EAG LABORATORIES: COMPLETE 
BIOPHARMACEUTICAL 
CHARACTERIZATION SERVICES

EAG Laboratories’ complete suite of biopharmaceutical characterization 

services include: Mass analysis (intact, reduced, deglycosylated); Peptite 

Map —UPLC-UHR QT of MS (Sequencing, PTMs, Disulfide Linkages, 

Chemical Modification for ADC, PEG, etc.); N-Glycan Profile—UPLC-

MS, HILIC-FL (site, extent and structure of glycosylation); and Protein 

structure characterization, analysis of post-translational modifications and 

degradants, and glycosylation analysis. 

EAG Laboratories, +1.800.538.5227, www.eag.com.

PRODUCT SPOTLIGHT

Fully Automated 
Capping Systems 
The Thermo Scientific Decapper 

500 and 550 series tube 

capping systems from Thermo 

Fisher Scientific and Hamilton 

Storage are fully automated 

capping systems for use in 

medium- to high-throughput 

biotech, pharmaceutical, 

and clinical laboratories 

doing compound storage, high-throughput screening, 

biobanking, and genomic storage. The systems allow 

users to cap and decap both Thermo Scientific Matrix 

and Nunc automation tubes without multiple pieces of 

equipment. The new decapper system features Quick 

Switch technology that allows users to transition between 

different tube and rack types. The systems can also cap and 

decap partial racks of tubes. The Decapper 550 provides 

additional functionality with its built-in barcode reader. 

Thermo Fisher Scientifi c 

www.thermofi sher.com
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Siegfried Schmitt is 
principal consultant at 

PAREXEL International.

Siegfried Schmitt, PhD, principal consultant, 
PAREXEL, discusses how to handle audits 
and inspections during business expansion.

Q: 
Our quality unit is responsible for host-

ing audits and inspections for our man-

ufacturing site. We are a contract manufacturer 

and due to our expanding client base, we are 

experiencing a growing number of customer 

audits and regulatory inspections. Can you pro-

vide advice for how to best accommodate this 

increased workload? 

A: 
First, congratulations on your grow-

ing business. In terms of managing 

this rising number of audits and inspections, 

we would recommend developing procedures. 

Formalized processes, in addition to using the 

right tools, can help make the job more predict-

able, improve planning, and provide a higher 

chance of success. You may call this a playbook, 

or simply “Good Guide to Audits/Inspections.” 

Being prepared and having a defined process 

helps reduce uncertainty and drives efficiency.

It is good practice to start putting together 

this document by getting input from all parties 

involved. We recommend starting at the moment 

an audit or inspection is announced, and then 

structuring it by phase, such as preparation/plan-

ning, hosting, follow up/post event, and close out. 

The guide should include roles, rather than 

name-specific individuals, when explaining 

responsibilities involved in the inspection, 

as this eliminates the need for many updates 

or changes. For each role, it is beneficial to 

describe each person’s particular involvement 

in the inspection (e.g., active or stand by/back 

up), what and when they are needed, where 

(e.g., front office or back office “war room”), 

and any other pertinent information. Note that 

some roles may only be required occasionally, 

such as translators.

This playbook can be in any format suitable for 

your needs, but often it is in the form of a spread-

sheet. A spreadsheet allows activities to easily be 

added into sequence and the ability to select tasks 

for individual roles or locations. Furthermore, 

completed tasks can be ticked off, together with 

any comments or feedback as required.

INFORMATION FOR AUDITORS
A number of documents and data are typically 

requested by auditors and inspectors; including, 

but not limited to:

t�Number of deviations

t�Number of batches manufactured

t�Number of out-of-specification (OOS) results

t�List of standard operating procedures (SOP)

t�Organizational structures

t�Annual quality reports

t�Number of complaints

t�Number of recalls (if applicable).

Having a spreadsheet to refer back to, therefore, 

is crucial to staying organized and up to date with 

inspections. Having a running tally readily avail-

able in electronic format will greatly reduce the 

effort with preparations. It can also be beneficial to 

keep a set of printed copies of all SOPs handy, mak-

ing these available upon request, which reduces 

time and effort during the audit or inspection. 

BEING PREPARED IS KEY
Ultimately, the key to being prepared for audits 

and inspections is to follow the old adage: prepa-

ration, preparation, preparation. Furthermore, 

with practice comes experience, and with experi-

ence comes perfection. Maintaining procedures 

and metrics will be helpful for any inspection, 

especially as you expect to experience more 

inspections due to a growing client base. ◆

Staffing and Preparation for Audits

Being prepared and 

having a defined process 

helps reduce uncertainty 

and drives efficiency.
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