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Biosimilars, pricing 

strategies, and 

technology 

investments will 

influence growth in 

spending on drugs. 

Rita Peters is the 

editorial director of 

BioPharm International. 

As Drug Spending Slows, Investment Must Pick Up

A
n annual report from the IQVIA Institute for Human Data Science Study (1) 

predicts slower growth in drug spending, outlines the need for technology 

adoption, and warns about implications for emerging therapies and policy 

decisions. The report, issued in late January 2019, noted that global drug spending 

reached $1.2 trillion in 2018 and is expected to top $1.5 trillion by 2023. While 

spending is predicted to continue to grow, the increase will be at a slower pace than 

previous years. The projected 2023 spending level, up 50% from 2016, will be accom-

plished despite lower growth of 3–6% on an annual compound basis compared to 

6.3% over the past five years. 

The United States and pharmerging markets will drive growth over the next 

five years with 4–7% and 5–8% compound annual growth, respectively, the study 

reports. However, growth in the top-five European markets will be 1–4%; Japan’s pre-

dicted topline growth is -3–0%. Growth in China is expected to slow to 3–6%.

Through 2023, IQVIA expects FDA to approve, on average, 54 novel drugs 

per year, up from an average of 46 drugs in the past five years. The annual 

average spending in developed markets on new brands is expected to rise 

slightly to $45.8 billion in the next five years. 

Patent expirations, generic and new drug competition, and drug pricing pressures 

will contribute to slower growth, however. Competition from biosimilars in 2023 is 

predicted to be three times the level it is today; and half of spending on medicines 

will be for specialty drug products. Net manufacturer revenue will grow at 2–3% in 

2019, down from a high of 10.3% in 2014.

The loss of exclusivity of branded drug products is forecasted to be $31.5 billion in 

developed markets in 2019; the forecast impact through 2023 is $121 billion, includ-

ing almost $17 billion for biologics. In the US, the impact will be $95 billion through 

2023, with $15.8 billion for biologics. 

The US will continue to lag other developed markets in adoption of biosimilars; 

however, the report authors expect US policymakers to push for more biosimilar 

adoption by addressing reimbursement policies, perhaps in time for adalimumab 

biosimilars in 2023. 

Influential factors

The report also identified key factors that will influence healthcare costs including 

the use of machine learning and artificial intelligence to identify drug targets and 

monitor clinical trials, use of real-world evidence in clinical trials, a greater voice for 

patients in the development and administration of drugs, and pricing reforms. Other 

predictions include the following:

• Large pharma companies will increase investment in technologies and opera-

tional efficiencies.

• Emerging biopharma companies will represent a greater share of new drug 

launches. Big pharma companies will partner with smaller companies rather 

than acquiring them. 

• Next-generation therapeutics will offer clinical benefits; however, high list 

prices, small patient populations, bioethical questions surrounding gene edit-

ing, and limited manufacturing capacities may dampen growth, resulting in 

only five to eight approvals in the next five years.

• New approaches to—and investment in—treatments for neglected tropical 

diseases will be sponsored by philanthropic organizations.

Reference

1.  M. Aitken, et. al., The Global Use of Medicine in 2019 and Outlook to 2023: Forecasts 

and Areas to Watch, IQVIA, January 2019. X
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Regulatory Beat
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W
ith drug shortages on the rise—driv-

ing up prices of scarce medicines in 

the process—and data integrity trans-

gressions increasingly visible in inspection reports, 

FDA officials are highlighting the importance of 

strategies for ensuring a reliable supply of critical 

pharmaceuticals that meet regulatory standards. 

The agency is issuing new guidance, cracking 

down on violative products, and emphasizing 

the need for greater vigilance and innovation to 

advance quality drug manufacturing. 

The recall of hundreds of batches of valsartan 

blood pressure medicines made with APIs from 

China containing a suspected carcinogen set off 

alarms in 2018 about tainted drugs and inad-

equate quality controls. As the crisis expanded, 

leading generics makers recalled multiple products, 

creating shortages and evidently leading to price 

increases by producers of untainted valsartan-con-

taining therapies able to document quality. 

Such failings in production have prompted FDA 

Commissioner Scott Gottlieb and other agency 

officials to highlight the importance of indus-

try efforts to maintain standards. FDA aims to 

foster “a culture of compliance” where compa-

nies follow best practices and requirements of 

the law not just to avoid liability, but to support 

a “shared commitment to serve as good stewards 

of the public health,” Gottlieb commented at the 

December 2018 Enforcement, Litigation 

and Compliance conference sponsored 

by the Food and Drug Law Institute 

(FDLI) (1). 

The commissioner highlighted the 

importance of high-quality data in sub-

missions and manufacturing systems, 

noting that inaccurate information on 

manufacturing often masks production 

problems and failures. At the confer-

ence, Gottlieb announced an updated 

FDA guidance on data integrity and 

good manufacturing practices (GMPs) 

to prevent lapses in this area and help firms create 

“a quality culture” where employees understand 

the importance of ensuring that accurate informa-

tion is developed and submitted to the agency (2). 

While inaccurate data and information may arise 

from deceptive practices, Gottlieb noted that more 

often such errors reflect inadequate processes and 

systems. The new advisory updates a draft from 

2016 and provides advice to help manufacturers 

identify data integrity lapses, implement best prac-

tices, and ensure commitment to standards. Data 

integrity failures are cited in three-fourths of FDA 

warning letters, a trend that agency officials hope 

to address in the latest guidance.

The emphasis on ensuring quality data 

has become a global issue. The Pharmaceutical 

Inspection Cooperation Scheme (PIC/S) released 

a draft guidance outlining recommended GMP 

inspection practices, with an emphasis on defin-

ing and detecting data integrity vulnerabilities and 

strategies to harmonize inspection practices (3).

TARGETING INSPECTIONS
Donald Ashley, director of the Office of 

Compliance in FDA’s Center for Drug Evaluation 

and Research (CDER), reported at the FDLI con-

ference a rise in warning letters involving cGMP 

issues. One factor, Ashley explained, is link-

ing that trend to an increase in inspections of 

never-visited facilities, particularly firms produc-

ing over-the-counter products. FDA has updated 

its site-selection model to focus inspections on 

higher-risk facilities, part of the agency’s Program 

Alignment plan that aims to bring greater exper-

tise and consistency to field operations. Warning 

letters continued to increase in 2018 for firms in 

India, China, and other nations. 

FDA also seeks to improve production meth-

ods and standards for sterile injectable products 

by launching the first New Inspection Protocol 

Project (NIPP) in this area. A pilot program aims 

to collect data in a structured manner to improve 

FDA Promotes Quality 
Standards to Reduce Shortages
Policies emphasize the importance of ensuring 
data integrity in the United States and abroad.

Jill Wechsler is BioPharm 

International’s Washington editor, 

jillwechsler7@gmail.com.

For personal, non-commercial use

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


 February 2019 www.biopharminternational.com BioPharm International  9

Regulatory Beat

the consistency and efficiency of 

inspections for these products, with 

an eye to better detecting and pre-

venting lapses in an area where 

quality manufacturing issues have 

led to shortages and closures (4). 

In addition to more targeted and 

efficient inspections, FDA aims to 

reduce duplicative site visits that 

waste resources and impose a bur-

den on industry by fully implement-

ing a Mutual Reliance Agreement 

(MRA) with the European Union. 

This program allows FDA to rely on 

information from drug inspections 

conducted within each other’s bor-

ders and thus avoid visiting opera-

tions that show strong compliance 

histories. FDA has completed assess-

ments that enable it to recognize 

the inspection capabilities of 20 EU 

member states and aims to complete 

the task by July 2019. The parties 

also plan to extend the agreement to 

veterinary medicines this year and 

to certain vaccines by 2022. 

International collaboration also 

has been extended to GMP inspec-

tions of plants producing APIs to 

similarly avoid duplicative inspec-

tions. The program was useful in 

allowing information sharing regard-

ing planned inspections of valsartan 

API facilities in order to target over-

sight to uninspected plants. 

Added resources, moreover, have 

enhanced FDA’s ability to expand its 

capacity to block the import of viola-

tive medical products. The agency 

has increased the number of inspec-

tors at international mail facilities 

and plans to expand the number 

of packages it can review to better 

detect dangerous or counterfeit drugs.

While FDA wants to assist indus-

try in avoiding regulatory viola-

tions, Gottlieb emphasized that 

the agency will take action when 

it sees “willful disregard for the 

rights or even the safety of people” 

affected by substandard or adul-

terated products (1). He expressed 

optimism that these initiatives 

in FDA’s inspection program will 

better target oversight to products 

and processes that pose a greater 

risk to public health. 

REFERENCES
 1. FDA, “Remarks by Dr. Gottlieb to the FDLI 

Enforcement, Litigation, and Compliance 

Conference,” FDA.gov, Dec. 12, 2018.

 2. FDA, Data Integrity and Compliance with 

Drug CGMP, Questions and Answers, 

Guidance for Industry (CDER, December 

2018). 

 3. PIC/S, Guidance on Classification of GMP 

Deficiencies (PIC/S, January 2019).

 4. FDA, “Statement from FDA Commissioner 

Scott Gottlieb, M.D., on New Steps to 

Strengthen and Modernize Agency’s 

Oversight and Reporting of Inspections for 

Sterile Injectable Drugs,” Nov. 9, 2018. ◆ 
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Analysis and Interpretation

A
nalytical instruments are increasing in sensitivity and 

accuracy. Pharmaceutical methods applied today gen-

erate increasing quantities of data. These data are 

stored and manipulated using a variety of software platforms 

from different suppliers. Pharmaceutical scientists must be 

able to integrate and interpret these data in an efficient man-

ner that ensures reliability, security, and regulatory compliance.

DIGITALIZATION CREATES DIFFICULTIES
Today’s modern laboratory is highly dependent on a range 

of instrumental technologies, all reliant on data output that 

has to be interpreted, managed, and maintained in a retriev-

able, secure, and non-corruptible manner, according to Mark 

Rogers, global technical director at SGS Life Sciences. The 

volume and complexity of these data make the move to elec-

tronic capture inescapable, he adds.

For many of these techniques, however, the inevitable 

evolution from paper-based data collection procedures to 

electronic systems has not been without difficulties. “It may 

be argued, for example, that the relatively simple process 

of recovering and reviewing chart recordings from a well-

maintained paper archive has advantages over the recovery 

of data from older software/operating platforms that may 

have become obsolete, making data difficult to retrieve,” 

Rogers explains.

Regulatory considerations have also now become intrinsi-

cally linked to the traceability, security, and non-corrupt-

ibility of scientific data, again resulting in difficulties with 

older equipment, he notes. “The electronic modernization 

of older—but well-established and effective—equipment 

may be one of the most significant and ongoing challenges,” 

asserts Rogers. 

In addition, despite advances in the digitalization of ana-

lytical data, significant human intervention and manipula-

tion is still required during any decision-making process 

based on data acquisition. For lot release, once a specification 

(identify, purity, physical form, etc.) has been established and 

test methods validated for a drug substance, there are many 

human intervention steps involved to get from a request 

CYNTHIA A. CHALLENER, PHD, is a contributing editor to 
BioPharm International.
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Nurturing Knowledge 
from Disparate Data Streams

Leveraging vast quantities of analytical data requires 
digitalization and platform integration.
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for release to fulfilling that request, 

explains Andrew Anderson, vice-pres-

ident of innovation and informatics 

strategy at ACD/Labs. Spectra must 

be collected and separation analyses 

performed. The data obtained must 

be generated as a table, chart, or other 

picture that describes the results, which 

must then be compared to reference 

standards to determine whether they 

conform or not. 

“Many of these steps cannot be 

digitized or even easily automated. 

Bringing data back into the decision-

making mechanism is very difficult 

without specialized informatic tools 

that handle all different types of data. 

This challenge is the greatest latent 

pain for development organizations,” 

Anderson asserts.

VOLUME AND COMPLEXITY
There will also always be challenges 

with getting the right data, accord-

ing to Anderson. “There are trade-offs 

between project timelines and the data 

that can possibly be generated and ulti-

mately handled by existing infrastruc-

ture,” he explains.

One example relates to the move to 

a quality-by-design approach to pro-

cess development. With this approach 

comes a geometric expansion in the 

quantity of data being acquired to char-

acterize a process. Each possible param-

eter variant requires a data point for the 

modeling system used to determine the 

optimum operating conditions. 

In addition, the data itself is becom-

ing more complex. A nuclear magnetic 

resonance (NMR) spectrum provides 

a significant amount of detailed infor-

mation about a given molecule and 

is therefore attractive for small-mol-

ecule API proof-of-structure analysis. 

Interpretation of this type of spectrum, 

such as comparison with a reference 

standard to confirm identity, requires 

an expert, however. “A method for 

plant operators to use for determin-

ing that a lot spectrum conforms to a 

standard should be rugged and allow 

for simple acquisition and valida-

tion. Ultraviolet (UV) analysis is one 

example. Such a method leaves some 

doubt, however; NMR provides more 

fidelity, so there is a tradeoff between 

absolute confirmation and practicality,” 

Anderson observes.

The complexity of analytical experi-

ments will, in fact, always outpace the 

ability to implement them in quality 

processes, he adds. “There are often 

challenges to implementing more 

complex analytical techniques in a 

quality paradigm. All of the aspects 

of quality assurance are increasing in 

complexity: software systems and how 

they handle data, quality practices, 

standard operating procedures, and test 

methods. Each of these factors must be 

considered to ensure that drug prod-

ucts introduced to the market are of 

the highest quality,” notes Anderson.

It is not only the volume and com-

plexity of raw data being generated that 

is a key issue for Marco Galesio, R&D 

team leader in the analytical chemistry 

development group at Hovione, but the 

lack of specific and user-friendly soft-

ware to treat and interpret these data. 

“Most of the time there is a lot of rel-

evant data being generated, but due to 

lack of suitable software and sufficient 

time, it is not possible to take the most 

out of it,” he says.

BIGGER CHALLENGES 
FOR BIOLOGICS
Biologic drugs pose some additional 

challenges beyond those associated 

with chemical APIs. Small molecules 

have one structure and composition. 

Because biologic drug substances are 

produced in cells or microorganisms, 

their structures and compositions can 

vary slightly from batch to batch, lead-

ing to inherent variability, according to 

Tiffani A. Manolis, senior director of 

Agilent Technologies’ global pharma 

strategic program. 

Added to this variability is the 

complexity of large-molecule struc-

tures, which necessitates the use of 

a greater number of more complex 

analytical methodologies, according 

to Íñigo Rodríguez-Mendieta, tech-

nical client manager biopharmaceu-

ticals, SGS Life Sciences. In most 

cases, specific expertise is required to 

interpret large-molecule data, notes 

Constança Cacela, associate director 

of R&D in the analytical chemistry 

development group at Hovione.

The necessity to fully define the 

relatively complex and diverse struc-

tural features of large molecule entities 

has led to expansion in the variability 

and sophistication of the analytical 

tools in the biologics field, accord-

ing to Rodríguez-Mendieta. “Many 

of these techniques have traditionally 

been employed in the academic sec-

tor where data interpretation relies 

heavily on subjective manual review, 

and this is often difficult to translate 

to machine-based understanding,” he 

says. Approaches to digitalization 

have included automated reference to 

library data as in the case of circu-

lar dichroism (CD) and/or the appli-

cation of complex algorithms as in 

the case of mass spectrometry (MS)-

based sequencing. “None of these 

approaches has yet been perfected, 

however, particularly for large-mol-

ecule applications where structural 

diversity can prove a significant 

impediment to accurate interpretation,” 

adds Rodríguez-Mendieta.

The key challenge lies in the fact 

that with biologic molecules, iden-

tity has various meanings related to 

structure (primary, secondary, etc.), 

post-translational modifications 

(PTMs), etc. “Orthogonal analyses are 

required to ensure full characteriza-

tion. Chromatography may be used to 

determine purity, while other meth-

ods must be used to determine the 

identity (sequence, location of PTMs, 

etc.). Structural assays are often aug-

mented with behavior immunoassays. 

All of these data must be ‘assembled’ 

together to create the complete picture. 

That can be challenging to do digitally, 
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because orthogonal data are often gen-

erated in a variety of vendor formats,” 

Anderson explains.

The same issues exist for biosimi-

lar comparability studies, Rodríguez-

Mendieta notes. “Results have to be 

considered holistically, which remains 

a considerable challenge, as the data 

can be somewhat contradictory and 

often produced from a wide range of 

techniques with instrumentation from 

multiple manufacturers with different 

data platforms,” he says.

Next-generation drug substances 

can complicate the situation even fur-

ther. Anderson points to antibody-drug 

conjugates (ADCs) as an example. 

“ADCs comprise an antibody, a small-

molecule cytotoxic payload, and a 

linker of some kind, which can be an 

oligomer or other small to medium-

sized component. The dynamic range 

of MS, NMR, or other instruments 

must therefore be sufficiently wide to 

allow analysis of small and large mol-

ecules, and of course also validatable,” 

he explains.

DIFFICULTIES IN MS AND NMR 
S e p a r a t i o n  t e c h n i q u e s  s u c h 

a s  gas  chromatography  (GC) , 

h igh-per formance  l iqu id  chro-

matography (HPLC), capillary electro-

phoresis (CE), and gel electrophoresis 

when coupled to UV, Raman, infrared, 

and fluorescence do not provide suf-

ficient data per se, and particularly for 

large molecules, according to Cacela. 

“Data generated by these techniques 

must often be validated by more com-

prehensive techniques such as mass 

spectrometry,” she notes.

In general, however, LC–MS meth-

ods, especially high-resolution MS 

(quadrupole time-of-flight [Q-TOF], 

triple quadrupole, etc.), generate over-

whelmingly large data files, according 

to Manolis. “Data sets are becoming 

very large and pose challenges to any IT 

[information technology] infrastructure 

as they are transmitted across networks 

for storing and analysis,” she observes. 

An additional challenge is related 

to data interpretation. The acquisition 

of MS data occurs in much less time 

than it takes to interpret it, according 

to Anderson. “With TOF instruments 

it is possible to gather detailed spectra 

in just three minutes, so the technique 

can be useful for screening experi-

ments or monitoring the progress of a 

synthetic reaction or cell culture. The 

data files that result can be a gigabyte 

in size, which is challenging not only 

from a hard disc perspective, but for 

interpretation, which can take much 

longer,” he comments. Furthermore, 

deep expertise is required to accurately 

evaluate and filter the meaningful data, 

Cacela adds.

Similarly, the volume of data gen-

erated in NMR and surface plasmon 

resonance analyses can be challenging 

to manage.

ISSUES WITH DATA 
ABSTRACTION
Another challenge given the volume 

and complexity of data generated 

today is the need for some sort of data 

abstraction in order to be able to effi-

ciently leverage analytical data in the 

decision-making process. “Very large 

data sets need to be transformed in 

some way to make them manageable 

and interpretable in a practical and 

timely manner. The difficulty, however, 

is the potential for loss of information,” 

asserts Anderson. 

Reduction of data creates risk from 

a total analysis point of view, he adds. 

Centroided MS data vs. full-profile 

MS data is one example. The former 

involves a mathematical transformation 

of the data that provides simplification 

and easier interpretation, but the risk 

of missing important details must be 

weighed against that simplification. 

There is a big push, according to 

Anderson, to find ways to use data in 

a non-reduced way for more practical 

interpretations.  One example involves 

modifying the way signals are acquired. 

In NMR, for instance, Anderson 

points to nonuniform sampling, which 

involves pulsing the sample at non-

uniform frequencies and allows the 

reconstruction of spectra close to what 

would be obtained with full-frequency 

pulsing but in a smaller data file. 

There is also a focus on the applica-

tion of machine learning and artifi-

cial intelligence in this area,  letting 

machines identify trends and make 

observations that humans could prob-

ably find but don’t have time to do, 

according to Anderson.

A MULTI-MODAL VIEW
A theme underlying all of the above 

areas of concern is the need for soft-

ware platforms that enable viewing 

of data generated by different instru-

ments from different suppliers. “The 

systems we have today generate huge 

amounts of data. But these same sys-

tems are not necessarily capable of 

integrating these large data sets and 

providing researchers with actionable 

information in a multi-modal view,” 

Manolis states. While data genera-

tion and usability of technologies are 

improving with better user interfaces 

and easier-to-use systems and applica-

tions, the integration of data sets and 

connectivity between data sets from 

different technologies and vendors 

remains a challenge.

In addition to data 

interpretation 

challenges, 

transmitting large 

data sets across 

networks for storage 

and analysis can 

pose IT infrastructure 

problems.For personal, non-commercial use
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“Software analysis tools, rather 

than only gather data, should also 

be able to analyze and interpret that 

data and provide information as the 

output,” asserts Lucia Sousa, asso-

ciate analytical chemist for R&D 

in the analytical chemistry develop-

ment group at Hovione. “Vendors 

are creating software that interprets 

data, but even these advanced sys-

tems still require great effort from 

the user. Scientists in the labora-

tory should have knowledge in their 

fields of expertise and not need to be 

experts in software applications as 

well,” she adds.  

Throughout  pha rma  d i s cov-

ery, development, and commercial 

manufacturing, data are acquired and 

stored on separate and disparate sys-

tems that contain both structured and 

unstructured information, according 

to Manolis. The challenge is further 

complicated by collaboration with 

outsourcing partners, suppliers, dis-

tributors, and government agencies 

that have their own disparate systems. 

Overcoming these challenges will dra-

matically improve researchers’ abilities 

to make faster decisions and will ulti-

mately accelerate drug development 

and approval, she adds.  

Analytical manufacturers are work-

ing with pharma companies and oth-

ers to build software solutions that 

ease these processes. The Agilent data 

system OpenLab CDS ChemStation 

Edition, according to Manolis, is the 

first to support the new Allotrope 

Data Format (ADF) (allotrope.org), an 

emerging standard developed by a con-

sortium of pharmaceutical companies. 

“ADF standardizes the collection, 

exchange, and storage of analytical 

data captured in laboratory workflows 

and enables labs to transfer and share 

that data across platforms,” Manolis 

explains. “There needs to be continued 

focus on evolving customer require-

ments concerning analysis and integra-

tion of data sets, compliant solutions 

for analysis and storage, and the IT 

infrastructure challenges around large 

data sets, specifically those generated 

from high-resolution MS analyses,” 

she continues.  

It is an exciting time with respect 

to advances in data analysis and 

interpretation, according to Anderson. 

“Instrument manufacturers and soft-

ware vendors like ACD/Labs are fac-

ing a new paradigm. No longer are 

we dealing with the integration of 

monolithic systems through docu-

ment exchange. Copying and pasting 

spectra into a word document isn’t 

good enough any longer. Integration 

of not only data, but applications is 

needed to provide a seamless user 

experience. Decision-making inter-

faces of the future will be interoper-

able and able to leverage a variety of 

heterogeneous and orthogonal data,” 

he explains.

The horizon for software solu-

tions to address pharma customer 

needs is positive and a fast-moving 

and competitive space, agrees Manolis. 

“Broadly speaking, there are many 

organizations evaluating and using 

tools that were not designed spe-

cifically for pharma but perhaps for 

business or consumers, and these orga-

nizations have been adapting them to 

their needs. Moving forward, we see 

these boundaries continuing to blur as 

solutions are delivered from a variety 

of software vendors.” 

IMPORTANCE OF DATA 
SCIENCE EXPERIENCE
Pharmaceutical scientists will need 

to adapt as well. An understanding 

of data science is becoming essen-

tial. “This experience is key for ana-

lytical scientists to understand the 

data and challenge the data with the 

right questions and subsequent analy-

ses,” Manolis says. “To avoid data silos 

and facilitate the sharing of data, the 

expertise gained by the data owner 

will be invaluable when developing 

ways to use existing information or to 

integrate additional data,” she adds.

Furthermore, implementing end-to-

end data integration requires capabili-

ties that include trusted sources of data 

and documents, robust quality, and 

maintenance of data integrity. “The 

objective is to tackle the most impor-

tant data first to achieve a rapid return 

on investment. Identifying the right 

infrastructure will therefore be of para-

mount importance,” states Manolis. 

Hovione also believes that data sci-

ence will allow data-driven predic-

tions from big data through modeling 

and statistical inference. “Data science 

will allow the extraction of meaning-

ful information for decision making 

and consequently allow increased effi-

ciency in pharma laboratories,” says 

Galesio. He does note, however, that 

many pharma researchers still lack 

expertise in this field. “Going forward 

it will be especially relevant to combine 

both data science and analytical exper-

tise. We believe many companies are 

investing more and more in this area,” 

Galesio observes.

Many pharma organizations are 

building structures or have built 

structures in the past 5–10 years spe-

cifically supporting data science and 

analysis, according to Manolis. “We 

would assume this investment will 

continue as modalities and data sets 

continue to increase in complexity,” 

she concludes. ◆

Separate and 

 disparate 

data  systems 

 complicate access 

to  information 

and hinder 

 decision-making 

processes.
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Supply Chain Challenges 
for Single-Use Systems

T
he implementation of single-use systems (SUS) for 

biopharmaceutical manufacturing as an alternative 

to or in combination with traditional stainless-steel 

equipment offers advantages such as reduced capital cost, 

faster facility construction, and more flexible and efficient 

manufacturing (1). In a fully disposable or hybrid facil-

ity, however, because pieces of equipment (e.g., reactors, 

transfer tubing, holding vessels) are now consumables, the 

supply to the manufacturing facility is more complex. The 

demand for customized systems and the overall growth of 

demand for SUS add to the pressure to improve supply.

Most SUS are currently made in the United States and 

the European Union, but suppliers are exploring manu-

facturing of SUS components in Asia to serve the region’s 

growing biopharma market more efficiently. In September 

2018, MilliporeSigma announced its first Mobius single-use 

manufacturing facility in Wuxi, China would begin produc-

tion in 2019 (2), and in November 2018, GE Healthcare 

announced a collaboration with Chinese healthcare tech-

nology supplier Wego Pharmaceutical to produce single-use 

consumables in Weihai, China using GE’s Fortem platform 

film (3). Shorter lead times are one potential benefit. Local 

production could also reduce the environmental impact of 

shipping components over long distances (4).

BioPharm International spoke with Andrew Bulpin, head 

of Process Solutions at MilliporeSigma; Jeff Carter, stra-

tegic project leader at GE Healthcare Life Sciences; Eric 

Isberg, director of Life Sciences at Entegris; and Helene Pora, 

vice-president of Technical Communication and Regulatory 

Strategy at Pall about some of the issues facing the industry as 

companies look to SUS for biopharmaceutical manufacturing.

GLOBAL SUPPLY CHAIN
BioPharm: What are some of the challenges with supplying 

single-use systems and components globally today?

Isberg (Entegris): One area of concern is availability of 

customization. Large suppliers tend to focus on systems with 

larger quantity production, leaving short-run, highly custom 

systems to small boutique suppliers. Consolidation of the 

single-use suppliers has exacerbated this issue.

Bulpin (MilliporeSigma): Single-use supply chains are 

complex and dynamic. The large number of raw materials 

Suppliers address the complexity of supplying disposable components 
to the global biopharmaceutical manufacturing industry.
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makes forecasting demand more diffi-

cult and requires robust materials man-

agement, supplier quality management, 

quality control, and business continuity 

planning to ensure continuity of supply. 

Common materials (e.g., silicone) are 

used across many vendors, which can 

create single points of failure within 

the supply chain for both the single-

use supplier, as well as the end-users of 

their products.

The key is to adopt a comprehensive, 

‘risk-smart’ approach to supply continuity 

and control. It is important that sup-

pliers proactively identify the potential 

risks and minimize the probability and 

impact of supply disruptions through 

effective demand planning/forecasting, 

capacity planning, business continuity 

planning, change control management, 

disaster recovery planning, supply-chain 

mapping, and continuous improvement. 

At MilliporeSigma, a cross-functional 

team of subject matter experts assess 

risks related to demand volatility/forecast 

accuracy, manufacturing capacity, pro-

cess and equipment, sole/single-sourced 

raw materials, facilities (e.g., water, utili-

ties, power, information technology/sys-

tems), and more. Risks above a certain 

risk priority number are mitigated and 

monitored. Business continuity plans are 

revisited on a regular basis, and risk miti-

gation activities are updated continually.

Pora (Pall): Sourcing and lead 

times have long been challenges for 

both suppliers and consumers, with 

some of the key pain points including 

lead times and an ever-changing and 

advancing industry. 

One of the most critical challenges 

is that biopharma is a high-risk indus-

try. Although there have been a mul-

titude of advances in the industry, the 

fact remains that the end products 

being made with SUS consumables are 

being used in humans and can mean 

life or death for a patient or a patient 

population. Even at the clinical trial 

manufacturing phase, a full under-

standing of how the process will scale 

is needed. Particularly in cases where 

high customization can be called for, 

the supply chain becomes more com-

plicated and impacts the lead time.

Another chal lenge is  just-in-

time ( JIT) delivery and customiza-

tion. Warehousing requirements for 

larger spaces helps to solve storage 

and availability issues for off-the-shelf 

consumables but does not address the 

JIT approach or customized needs 

many consumers require for their pro-

cess consumables. 

A third challenge is that as suppli-

ers (and the industry) evolve, product 

ratings, design, or supply chain sources 

may change, and it is critical to keep 

users informed. Transparency is a 

necessity, yet changes can impact exist-

ing processes and lead times. 

As an industry, and through sup-

plier associations like BPSA [Bio-

Process Systems Alliance] and BPOG 

[BioPhorum Operations Group], we 

are working to overcome these chal-

lenges. There is a greater focus than 

ever on creating realistic supply-chain 

mapping models that address the 

global nature of today’s market. And 

a deeper importance is being placed 

on forecasting by end users so that 

the supplier and consumer can work 

together more effectively.

Carter (GE): Issues include logis-

tics (including time to clear customs 

as goods move across borders, which 

can counter the speed element of the 

single-use value proposition) and man-

aging complaints or investigations on 

product that is overseas. Geographical 

distances and language barriers can 

make general communication and rela-

tionship building challenging.

BioPharm: What are the chal-

lenges/potential benefits of manufac-

turing SUS locally in Asia?

Bulpin (MilliporeSigma): With 

the establishment of manufacturing 

capacity and capabilities in China, we 

can reduce our product lead times and 

help our customers bring new products 

to market faster. In addition to shorter 

lead times, end-users can carry less 

inventory and have an enhanced level 

of supply security, with the ability to 

source their assemblies from multiple 

manufacturing sites.

All manufacturing sites should be 

working under the umbrella of a single, 

global quality system, and customers 

need to qualify the new site so that 

they have the ability and flexibility to 

receive assemblies from multiple sites

Carter (GE): Proximity to a large 

and rapidly growing customer base 

does allow us to step up our service 

level to our Chinese customers. One 

practical example is the efficiency 

of working in native language and 

local time zone, particularly for con-

figured and customized single-use 

systems. Developing manufacturing 

operations in China to complement 

our existing single-use manufacturing 

network provides an added capabil-

ity in how we consider and structure 

contingency plans to maintain busi-

ness continuity even under challeng-

ing circumstances. 

GE Healthcare published a peer-

reviewed single-use system lifecycle 

analysis (4). The results of this analysis 

showed that single-use consumables pro-

vide a better choice from the environ-

mental impact perspective vs. the clean 

and re-use paradigm. The more variable 

aspects of the single-use lifecycle analysis 

and some of the more environmentally 

impactful elements of the value chain 

were the distribution of what are often 

large volume, low bulk-density prod-

ucts across various distances and trans-

portation modes. Based on this study, 

localized manufacturing should have a 

reduced environmental impact affect; of 

course, there are however, diminishing 

returns based on manufacturing facility 

capacity and plant efficiency. 

Pora (Pall): Over the past decade, 

[biopharmaceutical manufacturing] 

has become an increasingly global 

industry. With SUS, the supply chain 

is complicated because, regardless of 

the location of manufacturing, the 

components are often coming from 
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Single-use systems for biopharmaceutical manufac-

turing are, as their name implies, used once and then 

disposed of, unlike traditional, stainless-steel equip-

ment, which is cleaned and re-used. Although sin-

gle-use components might seem at first glance to be 

less sustainable than reusable ones, single-use systems 

actually have a lower environmental impact, primarily 

due to the high environmental impact of the high purity 

water and heat needed to clean and sterilize traditional 

systems, notes Jeff Carter, strategic project leader at 

GE Healthcare Life Sciences. The company performed 

a lifecycle assessment (LCA) study in 2016–2017 (1) 

as a more detailed follow-up to its 2010–2012 LCA 

study, and the new LCA showed that end-of-life impacts 

were small compared to use and supply-chain impacts. 

Disposal, however, is still an issue to be considered. 

Options include landfill, waste-to-energy (WtE) incinera-

tion, or recycling.

“One should be aware that every solution to the 

problem has its own limitations and its own environ-

mental impact. Waste management is complex from a 

societal, technological, and regulatory perspective. As 

such, this issue is one that demands a cooperative and 

collaborative effort,” says Carter. 

The first challenge for disposal of single-use com-

ponents is that components that are in contact with 

biological materials are classified as bio-hazardous. 

A user will typically treat the waste at their site by 

autoclave, before sending it out through local waste 

management vendors that will bury the waste in a 

landfill, says Andrew Bulpin, head of Process Solutions 

at MilliporeSigma. Another option is incineration with 

cogneration. “WtE has been an acceptable practice 

for many users, as it offers an efficient way to collect 

and dispose of the waste, while converting the energy 

released by the burning of the plastic to electricity 

and/or steam used in heating municipal resources,” 

explains Bulpin. “However, not every region has WtE 

facilities near their site, and not every WtE facility 

will accept single-use materials if they have been 

classified as bio-hazardous. In some areas, such as 

the United States, an appropriate WtE facility can be 

more than 250–400 miles away, and in some regions it 

could be well over a thousand miles away.” In Western 

Europe, more facilities may have access to local WtE 

capabilities, but recycling is being considered because 

of its potential benefits for contributing to reducing the 

use of plastics to make new products. “There are many 

different options available to users based on where 

they are located geographically and what works best 

for their corporate culture and commitments,” says 

Bulpin.

“The solution of recycling should be contextualized 

into the common sustainability mantra: reduce, reuse, 

and recycle, in that order,” suggests Carter. “Effort 

should first be aimed at reducing waste generation in 

the first place, for both the product and the packaging, 

as well as transportation. Reusing doesn’t get a lot of 

traction with single-use equipment, although there is 

discussion of reusing pallets that are used in the trans-

port of the equipment. Lastly, there is recycling.” 

In addition to the biohazard classification, a signifi-

cant challenge for recycling is that single-use systems 

used in biopharma are typically made up of different 

types of plastic materials that are difficult to separate. 

An alternative is to use the mixed plastic waste to make 

durable products, such as pallets and plastic boards, 

notes Carter, who says there is also some discussion of 

recycling the magnets used in the impellers of mixers 

and bioreactors.

In the eastern part of the US, MilliporeSigma has 

partnered with Triumvirate Environmental to offer the 

Biopharma Recycling Program, which allows manufac-

turers using single-use devices and systems to recycle 

the plastic into industrial-grade construction materials. 

“The process, which has been fully permitted to accept 

bio-hazardous materials, as well as other plastic-con-

taining devices, can safely sterilize and manufacture 

recycled plastic lumber under one roof,” says Bulpin. 

“This program has been operating since 2015 and has 

recycled approximately 22% of the waste generated 

by single-use facilities along the East Coast. There are 

currently 18 manufacturing sites using the program, 

and while this is the first of its kind, there is hope that 

this program will help to increase investigation into 

other technologies that can further reduce the environ-

mental impact of single-use systems.”

Reference
 1.  GE Healthcare, “Single-use and Sustainability,” www.

gelifesciences.com/en/us/solutions/bioprocessing/

knowledge-center/single-use-and-sustainability, accessed 

Jan. 2, 2019.

—Jennifer Markarian

Sustainability in Disposal of Single-Use Systems
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different areas of the globe. Although 

a lot of companies are considering 

moving production to other locations, 

with Asia having particular inter-

est, questions remain. Most critically, 

expertise has to be there, and an often-

overlooked consideration is shipping. 

What will the logistics look like, and 

how will that impact lead times? The 

country that any product is manufac-

tured in will have its own resources 

and regulations, which will affect the 

ability to industrialize production. In 

addition to the considerations men-

tioned, what is really comes down to is 

manufacturing in locations that have 

the right balance between flexibility 

and supply. 

QUALITY CONTROL
BioPharm: What are some of the best 

practices in ensuring quality control of 

single-use consumables throughout the 

supply chain (from polymers through 

to the finished components)? 

Pora (Pall): The best way is to have 

quality built in from the start. There is 

always going to be a need to test the 

end product, but it is much easier if the 

quality of raw materials and the man-

ufacturing environment have already 

been well-considered. 

There is a lot to consider when 

looking at the raw materials, as well. 

How will those impact the end prod-

uct? Users want components that are 

animal free, and there is a long list of 

particulates that cannot be in there 

(e.g., melamine and other components). 

The desire for BPA [bisphenol A]-free 

materials is also growing.  

When it comes to the process, ster-

ilizing-grade filters can be integral for 

protecting quality. More attention is 

being paid to sterility and integrity of 

connections and valves and minimiz-

ing the need for operator interaction, 

which has a proven impact on time and 

safety of processes. 

Isberg (Entegris): I always 

refer people to the BPSA quality test 

matrices guide (5), which is an excel-

lent resource for quality testing for 

single-use systems for bioprocessing 

applications.

Bulpin (MilliporeSigma): Resin 

and film suppliers are critical to the 

quality control of single-use consum-

ables. These suppliers must have a 

good understanding of the require-

ments needed for the biopharma-

ceutical industry, a strong quality 

management system, and robust 

change control procedures. When 

selecting a critical raw material sup-

plier, partnership is paramount. You 

need a supplier that will grow with you, 

evolve, and continuously improve their 

process to meet the changing require-

ments of the industry.

Single-use suppliers should con-

tinuously monitor and mitigate risks 

throughout their manufacturing pro-

cess to ensure a repeatable and con-

sistent level of quality. Operational 

excellence and lean initiatives should 

be used to proactively identify areas of 

opportunity and prevent future errors 

from occurring.

BioPharm: What are some of the 

challenges with change management? 

Carter (GE): Some suppliers pro-

duce products for our industry, but 

their main industry is not ours. It 

has been observed that our indus-

try is simultaneously a small player 

(in plastics) and yet among the most 

exacting in terms of quality require-

ments. Changes are common in 

plastics, and evaluating and qualify-

ing these changes is resource inten-

sive. Changes need to be managed 

together with our suppliers, because 

this can have an impact on our opera-

tions and more importantly, on those 

of drug manufacturers.

Pora (Pall): From an industry 

level there needs to be consistency 

in standards, including materials of 

construction and end products—this 

has to apply across the globe to be 

most effective. There cannot be large 

variations, and characterization and 

global agency alignment have started 

to play a larger role in help overcome 

this challenge.

Bu lp in  (M i l l i po reS igma) :

Change management can cause chal-

lenges for both suppliers and end-users. 

A large majority of single-use com-

ponents are comprised of polymeric 

materials, and despite the high growth 

rates for single-use technologies over 

the past decade, they still make up a 

very small piece of the plastic consum-

ables business. Although it’s improv-

ing, single-use suppliers still don’t 

have much control over raw mate-

rial changes from the plastic suppli-

ers, which means we are faced with a 

higher number of changes than we’d 

like. The volume, complexity, and cost 

of qualifications can be burdensome 

for both the single-use supplier and 

the end-user. With new requirements 

for extractables and other testing, the 

time associated with the assessment 

and qualification of changes is increas-

ing, which makes it more challenging 

to manage supply risks throughout the 

duration of the change.

Managing change is challenging in 

a rapidly growing market with con-

tinuous evolving guidance that requires 

a smart risk-based approach. One 

size does not fit all. We have exten-

sive knowledge of our customers’ pro-

cesses so we can strategically evolve 

their manufacturing process to fit their 

growth plans.
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P
harmaceutical products come in contact with a wide 

range of polymeric, elastomeric, and/or metallic materi-

als during their manufacture, storage, and/or adminis-

tration. In some cases, unintended interactions with these 

materials may occur. In one such interaction, impurities 

can leach into the drug product, posing potential safety and 

efficacy issues. Global regulatory authorities require that 

extractable and leachable (E&L) studies be performed on 

contacting materials and drug products, respectively, in order 

to characterize this interaction and ensure patient safety and 

product quality (1–4).

For most pharmaceutical products, solvents mediate the 

interaction that results in leaching (e.g., a compressed liquid 

propellant in a metered dose inhaler; a liquid parenteral 

product stored in a polyvinyl chloride [PVC] bag; or a 

liquid ophthalmic product stored in a low-density polyeth-

ylene [LDPE] bottle), and the phenomenon is presumed 

to occur only with liquids. The Product Quality Research 

Institute (5,6), US Pharmacopeial Convention (7–9), and the 

International Organization for Standardization (10) have 

proposed directives for assessing these types of interactions. 

PRIMARY PACKAGING MATERIALS MAY 
LEACH INTO LYOPHILIZED FORMULATIONS
However, a growing body of evidence suggests that primary 

packaging materials may leach into solid lyophilized drug 

formulations. Such solid formulations are typically used for 

drug products which are chemically or biologically unstable 

in solution, a situation encountered for many biopharma-

ceutical drug products. Consequently, as demand increases 

for biopharmaceuticals, so, too, does the number of lyophi-

lized formulations on the market. 

Despite the increased prevalence of lyophilized drug 

 formulations, it is not currently well known how they 
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Understanding Leaching from 
Stoppers into Lyophilized Drugs

STEVEN A. ZDRAVKOVIC is a senior research scientist at PPD 

Laboratories, Middleton, WI. 

Most extractable and leachable (E&L) studies are based on liquid 
formulations. This article examines options for E&L studies to 

evaluate leaching from primary packaging into lyophilized drugs. 

STEVEN A. ZDRAVKOVIC
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interact with primary packaging 

materials. Because lyophilized drug for-

mulations are solids, it may be tempting 

to assume they cannot leach substances 

from their primary packaging systems. 

However, evidence suggests that the 

opposite is true. This article aims to 

provide insight into this interaction 

and discuss implications for the assess-

ment of extractables and leachables in 

these products.

LEACHABLES IN LYOPHILIZED 
DRUG FORMULATIONS
Can a solid leach substances from 

the materials that comprise its pri-

mary packaging and, if so, how do 

the qualitative and quantitative pro-

file of leachables in solids compare 

to those for liquids? Table I presents 

leachable profiles published (11,12) 

for three lyophilized drug products, 

one drug product stored after recon-

stitution with water, and a 10/90 iso-

propanol/water solution.  

Even though the term “leach” is 

most often associated with liquids, this 

article uses it to refer to compounds 

that have migrated from a packag-

ing material and into a solid matrix as 

leachables, with the understanding that 

the physiochemical mechanism driv-

ing leaching in liquids may not be the 

same as it is in solids. 

The leachable profiles presented in 

Table I illustrate two key points. First, 

all three lyophilized formulations were 

found to contain compounds that 

had leached from the stopper, so the 

lyophilized solid drug was affected by 

substances that had migrated from the 

packaging system. 

Second, it was shown that the third 

drug product, when reconstituted prior 

to storage, as well as a 10/90 isopropa-

nol/water solution that had been stored 

in the same packaging system, contained 

no leachables or extractables. This dif-

ference suggests that an aqueous liquid 

formulation may have less or no propen-

sity to leach substances from the same 

stopper when all other factors are equal.

It is likely the compounds listed in 

Table I were leachables in the lyophi-

lized drug product but not the aque-

ous media because these substances are 

quite hydrophobic (octanol/water parti-

tion coefficients > 100,000). Thus, they 

would be expected to have no solubility 

in, or affinity for, a highly aqueous solu-

tion, whereas lyophilized drugs, contain-

ing no water, would interact differently 

with these substances. Other traits 

shared by these leachables are their rela-

tively low molecular weight and moder-

ate volatility, which would facilitate their 

diffusion from the stopper and into the 

lyophilized drug even though the solid 

would be considered a “static” medium.  

ANALYZING QUALITATIVE 
LEACHABLE PROFILES
It is important to note the similarities in 

the qualitative leachable profiles reported 

for each drug product in Table I. This 

correlation is a function of the compo-

sition of the stoppers used to seal the 

vials, which are typically bromo-butyl or 

chloro-butyl rubber. 

Considering further, the leachable 

profiles themselves consist of two com-

pound classes: rubber oligomers, which 

represent low molecular weight ter-

mination byproducts of the polymer-

ization reaction, and the antioxidant 

butylated hydroxytoluene (BHT). The 

low molecular weight oligomers have 

been previously characterized (13,14) 

and are always found in butyl rubbers. 

Conversely, BHT is an intentionally 

added substance and thus only would 

be present if it were included in the 

rubber’s formulation.

QUALITATIVE VS. 
QUANTITATIVE ASPECTS 
OF THE LEACHING PROFILE
The qualitative aspects of the leach-

able profile differ widely from its 

quantitative aspects. Possible explana-

tions include:

• differences in the total pool of each 

compound in each stopper

• differences in the ability of each 

drug product to sorb leachables

• differences in the stoichiometry of 

the interaction (e.g., based on drug 

product mass or vial size). 

Additional work is required to better 

understand the quantitative aspects of 

this interaction.

ND = Compound was present in the stopper but was not detected in the medium.
- = Compound was not present in the stopper material.

Table I. Leachable profiles of three lyophilized and one liquid drug formulation. All values are expressed as μg/vial.

Compound Lyophilized 

drug 1

Lyophilized 

drug 2

Lyophilized 

drug 3

Lyophilized 

drug 3 stored in 

liquid form

10/90 

Isopropanol/

water simulant

C13H24 Oligomer 0.5 2.8 0.2 ND ND

C13H23Br 
Oligomer 

1.6 1.9 0.1 ND ND

BHT 25.0 - - - -

C21H40 Oligomer 54.4 3.8 0.5 ND ND

C21H39Br 
Oligomer 

2.0 1.4 0.2 ND ND
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EXTRACTABLES FROM VIAL/
STOPPER SYSTEMS 
Extractables studies are performed on 

the components of a packaging sys-

tem to achieve various goals. 

It may be useful to 

use a solvent to per-

form a simulation-

type extract study.

One goal, for example, could be 

estimating the qualitative/quanti-

tative profile of leachables that may 

be encountered for a product. In this 

case, conditions and solvents would 

be selected to simulate actual contact 

conditions during product storage and 

use. An alternative goal would be to 

use more aggressive extraction sol-

vents and test conditions to determine 

the material’s composition for quality 

assessment purposes. In this case, the 

packaging components for a lyophi-

lized drug product would be handled 

just as those for any other packaging 

material (e.g., using organic solvent to 

extract the rubber material, as facili-

tated by solvent reflux).  

Despite the fact that lyophilized 

drugs are solids, it may be useful to 

use a solvent to perform a simula-

tion-type extract study. Reasons for 

using this approach would include 

famil iar i t y  with var ious  water/

organic solvent mixtures for this pur-

pose, and/or analytical compatibility 

with these media as opposed to the 

drug matrix, which could pose speci-

ficity concerns due to the presence of 

excipients or API.  

However, great care must be taken 

when using this approach because of 

the different interactions that may 

occur between solid and solvent-

based formulation. For example, as 

discussed previously, use of a highly 

aqueous solvent would be inadequate 

to simulate the lyophilized drug, 

given the insolubility of the leach-

ables. In fact, research has shown 

(11) that a solution of approximately 

50/50 isopropanol/water would be 

required to mimic the extraction 

Table II. Comparison of the leachable/extractable profiles of a lyophilized drug product to a polar and non-polar solid 
medium stored in identical packaging systems.

Compound
Mass in each medium (μg/g)

Lyophilized drug Potassium chloride Activated charcoal

C13H24 Oligomer 0.3 < 0.1 μg/g 14.8

C13H23Br Oligomer 0.2 ND 24.5

C21H40 Oligomer 1.0 < 0.1 μg/g 158

C21H39Br Oligomer 0.3 ND 64.0

Figure 1. Comparison of leachable mass (relative to that in the original vial) in drug solution following contact with an 
intravenous bag at ambient and 5 °C for up to seven days (168 Hours).
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power of the third lyophilized drug 

product included in Table I.

Table II presents extractables data 

obtained for a lyophilized drug prod-

uct, polar solid medium  (potassium 

chlor ide) , and non-polar  sol id 

medium (activated charcoal) stored at 

the same mass in the same packaging 

configuration. Using this approach, it 

is clear that alternate solid media can 

be used to generate a range of extract-

able profiles. In this case, it seems log-

ical that the non-polar solid extracts 

the highest mass due to the non-polar 

nature of the extractables. However, 

additional work will be required to 

quantify not only the extraction power 

of solid media, but the extraction 

properties of lyophilized drug prod-

ucts to determine whether a relation-

ship can be established. 

WHAT HAPPENS IN STORAGE
The previously discussed leachables 

data was relevant for lyophilized drug 

products after storage in their primary 

packaging systems. However, these 

drugs typically are not administered 

directly to the patient in lyophi-

lized form, and thus these data do 

not necessarily quantify exposure. For 

example, the lyophilized drug often is 

reconstituted in an aqueous medium 

and then stored and/or adminis-

tered via a syringe, bag, pump, and/

or infusion set. As such, it is uncer-

tain whether these compounds, which 

are hydrophobic as previously noted, 

remain in the drug solution through 

the process, or whether they are lost 

through some mechanism, such as 

precipitation or binding to the stor-

age/administration systems. A recent 

study (12) assessed the concentration 

of these leachables throughout the 

storage and administration process. 

Variables assessed included contact 

with a polymeric drug delivery bag, 

administration set, polymeric compo-

sition of the bag (PVC versus non-

PVC material), contact duration, and 

contact temperature.

REDUCTION IN MASS
Considering first the most consequen-

tial result of this study (i.e., the amount 

of each leachable administered to the 

patient), it was shown that the mass 

of a leachable generally was reduced 

or eliminated after some period of 

contact with the bag/administration 

set. However, it also was demonstrated 

that for certain leachables, namely the 

higher molecular weight, less vola-

tile butyl rubber oligomers, storage 

at refrigerated temperatures, and/or 

short contact durations, most or all 

of the mass of the leachable in the 

lyophilized drug formulation would be 

exposed to the patient. An example of 

these trends can be found in Figure 1.

This research uncovered other 

notable aspects (e.g., the correlation 

between leachable mass loss from the 

drug solution and temperature, and 

the lack of any difference in loss of the 

leachables from solution that had been 

stored in bags composed of PVC and 

non-PVC materials).

The data discussed in this article, 

as well as the author’s experience 

assessing leachables in liquid and 

lyophilized drug formulations, sug-

gest that lyophilized products have 

an increased propensity to leach. 

Research showed that several semi-

volatile organic compounds from 

the butyl rubber stoppers that com-

prise their primary packaging sys-

tem leached into lyophilized product, 

while they did not leach into an aque-

ous liquid formulation stored in the 

same packaging configuration.  

Despite these findings, anecdotal 

evidence and personal experience 

suggest that most industry profes-

sionals would expect lyophilized 

products to show less, or no, risk of 

leaching. For example, the modified 

FDA Centers for Drug Evaluation 

a n d  R e s e a r c h  a n d  B i o l o g i c s 

Evaluation and Research (FDA/

CDER/CBER) risk-based matrix for 

leachables (included in the United 

States Pharmacopeia (USP) <1664> 

and presented in Table III) lists sterile 

powders for injection as being a low 

risk for leaching, whereas injectable 

solutions are considered medium risk, 

Table III. Modified FDA Centers for Drug Evaluation and Research and Biologics Evaluation and Research (FDA/CDER/
CBER) risk-based approach to consideration of leachables.

Examples of packaging concerns for common classes of drug products

Degree of concern associated with 

the route of administration

Likelihood of packaging component-dosage form interaction

High Medium Low

Highest Inhalation aerosols and 
sprays

Injections and injectable 
suspensions; inhalation 

solutions

Sterile powders and 
powders for injection; 

inhalation powders

High Transdermal ointments and 
patches

Ophthalmic solutions and 
suspensions; nasal aerosols 

and sprays

—

Low Topical solutions and 
suspensions; topical and 

lingual aerosols; oral 
solutions and suspensions

— Oral tablets and oral (hard 
and soft gelatin) capsules; 

topical powders; oral 
powders

Contin. on page 41
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Taking Stock of Biologic 
Fill/Finish Best Practices

To ensure the sterility of parenteral biopharmaceutical 
products, it is necessary to employ certain tools, 

technologies, and standard operating procedures.

FELIZA MIRASOL
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A
septic sterile filling is one of the most critical processes in 

biomanufacturing and is driven by the highly technical 

nature of these processes as well as the potential safety 

impact to the end user (1). For biologics fill/finish operations, 

process design must take into account the innate properties of 

proteins and the external factors that can affect a given protein’s 

behavior and stability, and special processes, procedures, and 

equipment should be in place to ensure product integrity during 

fill/finish (2). 

Aseptic sterile filling is one of the most critical processes 

in biomanufacturing and is driven by the highly techni-

cal nature of these processes as well as the potential safety 

impact to the end user (1). For biologics fill/finish operations, 

process design must take into account the innate properties 

of proteins and the external factors that can affect a given 

protein’s behavior and stability, and special processes, proce-

dures, and equipment should be in place to ensure product 

integrity during fill/finish (2). 

HANDLING BIOLOGICS
For biologics fill/finish, standard quality control (QC) operations 

include visual inspection in both the United States and Europe, 

which relies heavily on the experience, training, and skill of the 

QC operators. Because regulators expect a well-characterized 

and robust inspection process, extensive training is required in 

addition to a robust qualification regimen that ensures operators 

have the necessary skills to visually detect a comprehensive list of 

potential drug product and container defects (2). The challenges 

involved in ensuring product quality in biologic fill/finish opera-

tions include:

• Having the ability to handle sensitive biologic products

• Having the skill to inspect both clear and opaque suspensions

• Having the skill to inspect amber vials

• Having the ability to distinguish between foreign and 

product-related particulates (2).

Aseptic filling typically requires close coordination and com-

plex interaction between personnel, sterilized product, the fill/
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finish equipment system, the cleanroom 

and support facilities, and sterilized filling 

components (1). 

In addition, the implementation of best 

aseptic practice methods would provide 

personnel with the methods, training, and 

knowledge of qualified procedures to fur-

ther prevent microbial contamination by 

giving them the means to govern their 

movement and function within the clean-

room environment. For example, specific 

procedures are needed for both gown-

ing and de-gowning processes as well as 

requirements for hygiene (1). 

ENSURING STERILITY
Sterile fill/finish processes must all be 

performed in a cleanroom where specific 

conditions must be met, such as:

• High-eff iciency particulate air 

(HEPA) circulates in a single 

direction. 

• Environmental monitoring is carried 

out on a constant basis throughout the 

manufacturing process

• Cleanroom layout facilitates smooth 

flow of workers and product among 

the fill/finish equipment (3). 

In ensuring sterility prior to fill/finish 

manufacturing, it is essential that pro-

duction processes are robust and work 

reliably in a timely manner, which is key, 

especially with manufacturing products 

that are sensitive to microbial contami-

nation. “There needs to be documented 

evidence—validation to show that the 

equipment, utilities, processes, and per-

sonnel practice are working as intended 

and not putting patients at risk,” says Sara 

Frederick, director—Project Management, 

Piramal Pharma Solutions, Lexington.

“Process simulations that involve media 

fills are done on a routine basis as well as 

after any shutdown or significant main-

tenance or change. It is imperative that 

there is a procedure that clearly identifies 

when such media fills are to be performed. 

Process simulations should also include 

routine and non-routine interventions 

that people make with risk assessments. 

The risk assessment should include the 

frequency at which such interventions are 

to be performed and also assess the prox-

imity to open containers, Frederick says.

During media fill, microbiological 

growth medium is exposed to product 

contact surfaces to simulate exposure 

conditions that the product would likely 

undergo during manufacturing. Microbial 

contamination is detected by incubating 

sealed containers filled with medium at 

defined temperatures (3).

The need to use validated sterilization 

methods, such as moist-heat and dry-heat 

sterilization, is also a critical practice in 

the cleanroom to ensure the sterility of 

crucial equipment used during fill/finish 

operations and equipment surfaces that 

come into contact with sterilized drug 

product or sterilized primary packag-

ing materials (3). Furthermore, aseptic 

processing operations should be tested 

against media fill for the ability to pro-

duce sterile products. 

Current aseptic best practices include 

the minimization of motion and ensur-

ing that the drug product has lim-

ited contact with all equipment, notes 

Frederick. “Operators must never directly 

touch open containers; sterile forceps 

and equipment are recommended 

instead. People movements should be 

minimized to reduce the generation of 

particles and microbes.”

She cautions that personnel who are 

directly involved in aseptic manufactur-

ing are the single largest contributor to 

contamination of sterile products. “Strict 

adherence to cGMPs at all times is crit-

ical. Good aseptic techniques must be 

learnt and practiced. It includes proce-

dures like proper gowning (i.e., putting 

on a sterile gown without contaminating 

it). Practicing good personal hygiene, such 

as washing and sanitizing hands, and not 

wearing makeup or jewelry are all part of 

aseptic must haves,” she states.

IMPROVING PRACTICES
While there have been advances in 

technology, such as automation and 

isolator barriers, that are considered 

best practices for maintaining drug 

sterility, improvements to fill/fin-

ish operations could still be beneficial 

and potentially prevent recalls of drugs 

based on quality issues. The problem 

remains, however, that innovation in 

fill/finish operations ranks low in pri-

ority for manufacturers, despite how 

crucial this step is in the biologic drug 

manufacturing lifecycle (4). 

Improvements to fill/finish opera-

tions include the use of closed aseptic 

processing systems versus open systems 

as well as advances in equipment, such 

as automation and barrier isolators. In 

addition, creative solutions can also be 

beneficial, such as streamlining opera-

tional workflow between parties (i.e., 

biopharma company and contract man-

ufacturer, if product manufacturing is 

outsourced) (4). In this case, disruption 

in fill/finish operations, such as split-

ting operations between separate loca-

tions, can be problematic as this adds to 

the number of steps involved in achiev-

ing the finished product.

Another major point of consideration, 

where improvement can go a long way, 

lies in effective and sufficient commu-

nication between all parties involved in 

fill/finish operations. The more infor-

mation that can be known and shared 

between the parties, the better that an 

appropriate fill/finish strategy can be 

developed, with the appropriate equip-

ment and well-developed manufactur-

ing and validation plans that ensure 

safety control over product sensitivity to 

environmental factors (4). 
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Advances in Engineering 
of Protein-Based APIs

E
ngineering of protein therapeutics has advanced signifi-

cantly since the first biologic drugs were introduced. Today, 

monoclonal antibodies (mAbs) have become one of the 

predominant forms of protein-based biopharmaceuticals, with 

humanization and fully human monoclonals contributing to their 

increasing success. Antibody-drug conjugates are a second-gen-

eration version leveraging the attributes of both small and large 

molecules. Bi/multispecific and fusion proteins are emerging as 

promising third-generation protein drug substances. Peptides and 

peptidomimetic therapeutics offer the advantages of mAbs but in 

smaller molecules that may be formulated for oral delivery.

 Advanced modeling tools are enabling the rapid engi-

neering of more complex proteins with desirable properties. 

Companies are also paying attention to the developability and 

manufacturability of proteins and considering patient needs at 

the earliest engineering stages. 

Fully human mAb therapeutics with fully human sequences 

have reduced immunogenicity potential and improved safety 

and efficacy, enabling chronic treatment without liabilities, 

according to Jennitte Stevens, director of process development 

at Amgen. Generation of fully human antibodies is achieved 

in transgenic animals. For instance, mouse cells that produce 

mAbs have been modified by knocking in human genes and 

knocking out mouse genes. Amgen’s XenoMouse technology 

has been used to produce the marketed mAb therapeutics 

denosumab, erenumab, and evolocumab. 

Recently, more fully human platform technologies have been 

developed, such as OmniAb (Ligand), Trianni Mouse (Trianni), 

and huTARG (Innovative Targeting Solutions). “The latter is 

a fully mammalian technology that generates in-vitro antibody 

diversity through ex-vivo V(D)J recombination in cultured cells. 

These technologies enhance both the speed and success of devel-

oping antibody therapeutics,” she says.

Humanization of mAbs is another well-established method 

to generate therapeutic antibodies when transgenic technology 

is not available or feasible, according to Stevens. “Humanization 

techniques using complementary determining regions grafting 

or phage display have enabled the advancement of numerous 

antibody therapeutics (such as trastuzumab, pembrolizumab, 

and romosozumab) to the clinic and ultimately to patients. 

Humanized antibodies may also have improved safety and 

New platform technologies, advanced modeling tools, and 
addressing patient needs are important developments.

CYNTHIA A. CHALLENER
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immunogenicity profiles, which is a desir-

able outcome for patients,” she observes. 

BI/MULTISPECIFIC PROTEINS
Bispecific antibodies are an important 

emerging area in advancing protein engi-

neering for pharmaceutical products, and 

several bispecifics based on immuno-

globulin scaffolds are currently in clinical 

development, according to Mark Smythe, 

founder and currently vice-president of 

technology for Protagonist Therapeutics. 

“Protein therapeutics traditionally 

were designed as single receptor/protein 

antagonists or agonists. But to effectively 

combat disease, many future drugs will 

require multiple proteins being agonized 

or antagonized to achieve efficacy, namely 

in the immune-oncology and inflamma-

tion space,” Stevens explains.

One example is bispecific T-cell engag-

ers (BiTEs). Blincyto, a BiTE targeting 

CD3 and CD19, became the first bispe-

cific biologic approved in the US market 

and demonstrates the impact bispecific 

molecules can have on treatment of dis-

ease, according to Stevens. “Ongoing 

IgG-based modular domain engineering 

and platform development in multispecif-

ics present great potential to elicit syn-

ergistic activities, enhanced therapeutic 

index (efficacy, selectivity, novel signaling) 

or safety, effector cell retargeting, half-life 

extension and/or as a trojan horse as well 

as improved convenience, all of which can 

result in significantly improved outcomes 

for patients,” Stevens asserts.

Bispecifics based on non-immunoglob-

ulin scaffolds that overcome some of the 

limitations of immunoglobulin scaffolds 

are also being pursued by multiple devel-

opers. More than 100 formats of bispe-

cific/multispecific candidates are being 

engineered across the industry, many in 

the oncology space, according to Stevens.

PEPTIDES
Although mAbs have led to the develop-

ment of meaningful biotherapeutics and 

provide the clearest examples of successful 

protein engineering technology, Smythe 

notes that they have significant practi-

cal limitations in therapeutic use, such as 

the inability to deliver biologics or pep-

tides by oral administration. “One type of 

recent advance in peptide engineering has 

been the design of protein-based thera-

peutics that can bind the same targets 

or block the same pathways as clinically 

validated antibodies, while allowing oral 

administration. This advance can be seen 

in drug candidates based on constrained 

peptides, such as those from Protagonist 

Therapeutics, and in the formulation 

design of an oral GLP-1 agonist from 

Novo Nordisk,” he says.

EFFECTOR-FREE MABS

For therapeutic applications that do not 

require effector function, engineering of 

an IgG scaffold lacking effector func-

tion can streamline development and 

commercialization of such a therapeu-

tic, according Stevens. “Various strategies 

have been developed recently to elimi-

nate Fc-associated effector binding and 

functions such as antibody-dependent 

cell-mediated cytotoxicity and comple-

ment dependent cytotoxicity activity,” she 

observes. For example, Amgen has devel-

oped a stable effector functionless IgG 

platform to eliminate off-target effects 

while maintaining the stability and half-

life expected of a traditional antibody.  

ENGINEERING STRATEGIES
Advances have not been limited to novel 

protein formats. New strategies are also 

being applied to the development of 

engineered proteins that integrate devel-

opability prediction, manufacturability 

assessment, and quality-by-design early in 

the process. “This approach is critical to 

achieving right-first-time outcomes dur-

ing the development and commercializa-

tion cycle of a biologic,” asserts Stevens. 

Amgen has developed a next-gener-

ation antibody engineering strategy that 

enables reliable and efficient identification 

of pre-candidate leads from early screen-

ing lead molecules. “We translate patient 

needs into protein design requirements 

during development and engineer in attri-

butes to meet biological performance and 

molecule stability, which provide improved 

delivery for desired patient outcomes and 

improved processing during manufactur-

ing. Incorporating patient needs into mol-

ecule designs starts with a translation of 

the target product profile into a quality 

target product profile followed by applica-

tion of these targets during selection and 

engineering of molecules. This process 

enables faster and more efficient advance-

ment of novel and effective therapies 

to patients while improving the overall 

patient experience,” Stevens explains.

A combination of structure-based 

drug design with library approaches has 

become a powerful tool in protein engi-

neering, according to Stevens. “Merging 

these approaches enables a focused library 

design that can yield desired protein 

characteristics rapidly by eliminating the 

repeated rounds of screening required in 

a random library approach. At the same 

time, it enables exploration of a much 

wider design space than is possible using 

pure rational design approaches,” she notes. 

More advances can be expected, too. 

Continued improvements in in-silico

approaches (modeling, software, and 

especially machine learning and artificial 

intelligence) for the prediction of criti-

cal molecule attributes such as aggrega-

tion, viscosity, and immunogenicity from 

primary sequences will significantly 

increase the success rate, accelerate mol-

ecule advancement, and reduce the overall 

resources required to advance a molecule 

from the discovery to the clinic, according 

to Stevens.

Similarly, miniaturization and high-

throughput versions of protein assays will 

reduce analysis times and enable explo-

ration of wider design spaces. Stevens 

points to nanofluidic characterization 

assays for antibody identification and 

developability assessments as one example.

Cell-free protein synthesis is also 

promising, but at this point is limited by 

the current capabilities in gene synthesis, 

which serves as a bottleneck for through-

put. “Low cost, rapid, and precise gene 

synthesis will be hugely enabling in this 

area,” says Stevens. ◆

For personal, non-commercial use

http://www.biopharminternational.com


30     BioPharm International    February 2019 www.biopharminternational.com

Analytical Services

rh
2

0
1
0

/S
to

ck
.A

d
o

b
e

.c
o

m

Analytical Method Transfer: 
Don’t Oversimplify

A
nalytical method transfer suffers from many of the 

same problems that plague technology transfer in 

general. All too often, a method may work well in the 

R&D lab as a characterization test, but fails when taken to a 

wider stage, where reproducibility is key. 

In addition, incomplete information may be shared 

between the two organizations working on the transfer, 

and details on how to carry out standard operating proce-

dures may be given short shrift. Partners may also fail to 

consider critical points (e.g.,whether data interpretation 

software meets FDA regulations). As Berangere Tissot, 

general manager with SGS Life Sciences says, “The devil 

is in the details.” Tissot, who is a subject matter expert on 

protein and glycoprotein characterization and complex 

method validations, recently shared best practices with 

BioPharm International. 

BioPharm: What mistakes do people typically make 

with regard to analytical method transfer for biologics?

Tissot: The most common mistake people make is under-

estimating the complexity of analytical method transfer, par-

ticularly for biologics. The problem that will jeopardize any 

analytical method transfer, whether at very early or late stages, 

is the failure to convey the ‘know how’ in documentation that 

is sent to the transfer partner. Often, instructions are very 

detailed on some aspects of the method yet key information 

is missing because it is not considered critically relevant. It’s 

important to remember that the manipulation of a biologic is 

very different from that of a small molecule. For some assays, 

sample preparation is key to the method, yet it is often the 

least described part of the methodology. Even in cases where 

it is well described, important elements are often missing. 

This can undermine the difficult challenge of reproducing an 

assay with consistency and robustness.  

Another area where insufficient knowledge transfer often 

occurs is when a company has to validate, or ask its contract 

development and manufacturing organization (CDMO) 

partner to validate, what was developed as an early phase 

characterization assay. In many cases, 50–90% of the infor-

mation that is needed in order to validate the method is 

simply not there, which makes the next step of transferring 

that method from development to a quality control (QC) 

environment, a real challenge.

When transferring a method from R&D to quality control, success hinges 
on discovering where “the best” and “the most reliable” intersect. 
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BioPharm: How and what kind 

of information must be conveyed, and 

what kind of mindset is needed to 

ensure that key issues are not left out?

Tissot: Thinking in terms of 

developing what will later be vali-

dated allows one to have more control 

over the analytical development stage. 

When you develop an R&D method 

with the idea that it could be a QC test 

at some point in the future, you will do 

it differently from the way you would 

develop a characterization test that will 

remain an R&D characterization test.

When you develop a method that 

will be transferred to QC or to another 

lab, you would want to focus on sim-

plifying sample preparation and data 

acquisition — for example, you would 

not want to have a 60-step process for 

sample preparation. You may also con-

sider, whenever possible, to make the 

method unbiased to any specific type 

or brand of instrumentation. 

BioPharm: Do R&D scientists 

have to think like QC technicians?

Tissot: These two categories have 

different skillsets and mindsets. It 

does not mean they are incompati-

ble, but it requires some training to 

move from one to the other. When 

you work in QC, you have to deal with 

many restrictions on what you can 

change. Scientists who are developing 

analytical methods in R&D typically 

do not have to consider these restric-

tions. However, if the method has any 

chance of being part of a release panel, 

they should at least know what these 

restrictions are and conceive of an 

assay that takes them into account. 

For example, they shouldn’t spec-

ify the use of exotic enzymes, how-

ever more specific or appropriate 

they might be, because those materi-

als might pose availability and quality 

consistency problems that will affect 

the method’s continuity and robustness.  

For any enzyme used in testing, consis-

tency in quality and multiple sources 

of supply would be paramount. Early 

phase analytical teams are developing 

a new method because they are after 

either new or more precise information, 

but what will work best for moving the 

method along in R&D is unlikely to 

work in the QC environment. Thus, it 

is very important to think about that 

translation at the very beginning of 

assay development. 

We always ask clients, when we are 

developing methods for them, whether 

they envision the method being used 

as a release assay at some point in the 

future, or whether they see it as hav-

ing to be validated. Even if no one 

can be certain, just the possibility that 

it might is important for devising 

the appropriate strategy around the 

method development.

BioPharm: But how can one know 

this at early R&D stages?

Tissot: You don’t, at least not with 

absolute conviction. It is very difficult 

to know at this stage, but you may have 

some sense of whether this approach 

will be needed, and that sense needs to 

be communicated to whoever is work-

ing on developing the assay so that the 

method is built on a solid basis and 

with the appropriate mindset.

This is the major difficulty with 

transferr ing analytical methods. 

Creativity is valued and imagining 

the best possible way to approach the 

method is very important. However, 

analytical developers should also con-

sider the most reliable way of perform-

ing the assay, if it is to be implemented  

in GMP environments and QC labs 

later. Situations will come up where 

these two priorities cannot be matched, 

and some compromises will be needed.

BioPharm: Is this a part of risk 

management?

Tissot: It is essential to develop-

ing a good risk management strat-

egy around the method itself and its 

lifecycle. Imagine you are working on 

the development of a characterization 

assay for N-glycan structure elucida-

tion that will be used for a drug that 

has a very complex glycosylation (e.g. 

for a replacement enzyme, where you 

know that some form of derivatiza-

tion or glycosylation will be key to the 

product’s functionality). In this situa-

tion, the method, which should nor-

mally belong to the characterization 

panel only, will probably end up being 

the best approach for monitoring and 

controlling a critical quality attribute 

(CQA) of the product. 

For the purpose of the characteriza-

tion assay, you are trying to fully under-

stand the complexity of the N-glycan 

structures. In order to get detailed results, 

the method might be complex and con-

voluted. Repeatability or robustness will 

not be evaluated and rightly so, if this 

method is just for characterization. The 

method efficiency will be as good as the 

scientist carrying out the assay, which 

is very common in R&D environment. 

However, if you haven’t considered the 

future use of the assay and built some 

preliminary risk management (e.g., hav-

ing some specificity, repeatability, and 

evaluation of the critical parameters to 

control in the sample preparation done 

at the R&D phase), you will need to 

put a remediation plan in place, and 

then develop a translation phase for that 

method, to demonstrate that the assay 

can be brought into QC and eliminate 

most of the risks that would be linked to 

a complex procedure.

BioPharm: Do you need to staff 

these projects in a special way?  

Tissot: In very small companies, 

there may not even be a QC or an 

R&D department. At many of the 

medium-size biopharma compa-

nies, these groups may not be actively 

working together. However, a grow-

ing number of large biopharmaceu-

tical companies now have groups in 

between R&D and QC that focus on 

bridging these two groups and assist-

ing them with the transition of R&D 

methods in the QC environment. 

These ‘translation’ groups generally 

include people who are educated in 

QC and understand all the restrictions 

of QC work, yet who are well versed in 

R&D, to find that middle ground.
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BioPharm: When did this start?

Tissot: We started to see it a few 

years ago, and this trend is likely to 

continue to grow.

BioPharm: You mentioned the 

importance of describing all steps in 

detail. Why should that be necessary?

Tissot: This is the key reason why 

these transfer or transition projects 

fail. Let me describe one situation 

which we encountered where we 

received an R&D method to transfer 

in our lab and validate to cGMP. The 

protocol had many details around the 

sample preparation but failed to men-

tion the fact that the protein of inter-

est was adsorbed on plastic surfaces, 

and therefore was adsorbed on plastic 

microtubes. It took us some time to 

pin the difference observed in recov-

ery to this very basic fact. Nowhere 

in the protocol were glass containers 

mentioned, because it had been so 

engrained in the minds of the scien-

tists who worked with this protein 

that  ‘it went without saying.’ 

BioPharm: How do you ensure 

that clients provide this information?   

Tissot: We spend a lot of time talk-

ing with the client, the scientists who 

developed the assay, and reviewing the 

method before we even take the work 

in. We need to understand each of the 

steps of the method and evaluate how 

much of undisclosed details are at each 

of these steps. It may sound tedious 

and we may ask questions that seem 

unimportant, but all of this is essential 

to understanding what is critical to the 

method and what is not.

In general, the more we know 

upfront, the less we have to ask later. 

We need to be proactive about the 

transfer and clients generally under-

stand that a lot of preliminary work is 

required in order to maximize the effi-

ciency of the transition and the chance 

of validating a robust and reliable assay.

BioPharm: Is information technol-

ogy a factor? 

Tissot: Yes, it is a crucial factor. The 

requirement for compliance to 21 Code 

of Federal Register (CFR) Part 11 for 

R&D methods is not as critical as it is 

for cGMP methods.

For some high-end methods, it is 

still very possible that the  software 

used to analyze data is not yet Part 

11 compliant. When such a method 

needs to be validated, the risk manage-

ment has also to account for the work-

arounds to be implemented around 

the data acquisition and interpretation. 

This is not trivial and requires close 

collaboration between the scientific 

staff, quality assurance and comput-

erized system validation groups, and 

sometimes, the instrument manu-

facturer. This consideration needs 

to be more apparent to R&D scien-

tists, with the understanding that the 

method might eventually be pushed to 

the QC lab.

BioPharm: How can both partners 

minimize risk?

Tissot: Mostly by opening up lines 

of communication and work around 

the language barrier between R&D 

and QC. In any circumstance, take 

a stepwise approach while evaluating 

whether the method can be transferred 

to GMP. Our first phase of evalua-

tion is performed on our instrumenta-

tion, leveraging our ability to do R&D 

in a regulated environment. Based on 

that first evaluation, we  define critical 

checkpoints (i.e., what may pose prob-

lem to specificity, repeatability or any 

other critical validation requirement) 

and parameters which may require 

optimization or adjustments. We eval-

uate critical reagents and work our way 

through defining multiple suppliers 

to briefly assess robustness , whenever 

necessary. The method is now in a 

“state” where it can be evaluated more 

in depth for its applicability to release.

What will be investigated next 

will depend on the use of the assay: 

whether it is for an identity test, the 

monitoring of CQA, or for quanti-

tative residual testing. Each applica-

tion will have a set of parameters for 

which specifications would need to be 

defined. Based on these, we will either 

optimize further or go straight to a 

pre-validation or pre-qualification 

study to see how the method fares 

and what could be the targeted accep-

tance criteria. What is needed here 

will also depend on the clinical phase 

for which the method needs to be 

validated. Stringency on acceptance 

criteria and extent of the study will 

be different depending on whether 

the product is in Phase I or III. Once 

everything has been empirically 

assessed, we can then work on a vali-

dation protocol.

BioPharm: Have you ever had to 

‘just say no’ to a project?

Tissot: It is always difficult to say 

no because most of the time, it is not 

that the method is impossible to work 

with, but rather the requirements 

that are coming with the transfer. For 

example, when companies want to val-

idate one of their R&D methods, but-

then ask for it to be validated within 

a week, they need to understand 

that this is not likely to be achiev-

able. Rushing to such a critical step in 

their analytical development is likely 

to result in them shooting themselves 

in the foot and incurring the risk of 

running into extensive and expensive 

remediation work.

Success requires a lot of homework 

and careful, educated evaluation of 

method from a preparation, analytical 

and software/IT standpoint. The focus 

cannot be only on the instrument 

acquiring the data, but must include 

the software analyzing those data and 

the way the data are being recorded. 

Everything must be considered.

BioPharm: How can you do the 

work and comply when the software 

isn’t Part 11 compliant?

Tissot: It requires creativity and a 

good handle on the compliance and 

regulatory requirements. Analytical 

instrument manufacturers are work-

ing on solutions. One can assume that 

there will be fewer and fewer of these 

gaps in the very near future. ◆
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What’s New in Lab Automation

W
ith more operational activities in the lab becoming 

automated, manufacturers are stepping up to the task 

of supplying scientists and lab technicians with the 

automation solutions necessary to facilitate accuracy and innova-

tion. The following are a sampling of such products.

AUTOMATED PLATE-BASED ROBOTIC 
SOLUTION FOR ENDOTOXIN DETECTION
The PyroTec PRO from Lonza is a fully automated, plate-based 

robotic solution for endotoxin detection (1). Integrated with 

the latest version of the company’s proprietary dynamic control 

WinKQCL 6.0 Software platform, the new system is suited 

to meet the needs of changing requirements of quality control 

(QC) testing laboratories for fully automated processing of 

simple to complex sample matrices, according to the company.

System features include improved data integrity with the cap-

ture of new metadata from the automated preparation, adding 

traceability into tracking, trending, and audit controls; taking any 

new and existing templates and dynamically ‘script’ the instruc-

tions to an automation template with relatively minimal effort 

from the end user, regardless of how complex the sample type or 

testing requirements; enhanced assay robustness and reproduc-

ibility for increased confidence in the accuracy and precision of 

results; and reduced manual intervention, simplifying QC test-

ing workflows, and eliminating the human error potential.

LIQUID HANDLERS FOR 
AUTOMATED TRANSFERRING
Formulatrix, a provider of solutions for protein crystallization 

automation, has developed two new liquid handlers: the FLO 

i8 and the Flow Axial Seal Tip (FAST) systems (2). The FLO 

i8 liquid handler is a pipetting system with a spanning eight-tip, 

multi-channel arm that meets both low- and high-throughput 

pipetting needs. The system has an easy-to-use interface and 

enables precise liquid transfers without the need to specify or 

optimize parameters, such as labware geometries, source volumes, 

and liquid viscosity by the user. Each of the eight tips integrated 

on the robotic hand is capable of aspirating and dispensing dif-

ferent liquid classes at different flow rates and volumes individu-

ally, maximizing liquid transfer accuracy and precision.

The FAST liquid transfer system uses positive-displacement 

technology, allowing for low-volume liquid transfers at high 

precision. The positive-displacement pipette tip technology is 

suitable for working with complex liquid classes (viscous, dense, 

volatile, corrosive, or even radioactive) and prevents air-gap for-

mation between the tip and sample. The company states that 

The latest in automation solutions for pharmaceutical laboratories include 
products in endotoxin detection, liquid handling, and lab workflows.

AMBER LOWRY
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BioPharm International spoke with Stuart Ward, head of 

Business Analysis at IDBS, about what needs to be consid-

ered when integrating automation solutions into lab work-

flows for operational tasks.

BioPharm: What makes automation suitable for opera-

tional tasks in the lab? Why automate these tasks?

Ward: Operational tasks generally underpin all other 

activities in the lab. For example, an operational task such 

as equipment calibration is required to determine that an 

instrument is correctly working within its limits and the data 

the instrument is producing are accurate and can be used 

to ultimately make business decisions. Labs often need to 

keep records of completed operational tasks and, in many 

cases, reference this information. Therefore, having the pro-

cess followed and the outcome documented in an electronic 

system will make access to these data easier. In addition, 

using an electronic system to capture and analyze the 

results from an operational task will improve data integrity 

since there will be fewer manual manipulations required.

BioPharm: Are there any financial disadvantages or risks 

to automating certain lab tasks?

Ward: Often, lab tasks can be performed using old 

equipment which may not be compatible for automation. In 

this case, organizations need to determine if the replacing 

of equipment is necessary depending on the return on 

investment that can be achieved through the use of the 

new equipment and automation. If the tasks to be per-

formed are not well defined, the effort required to automate 

the process may be considerable and the ongoing effort by 

lab personal to keep the process running may also be high, 

which could lead to inefficiencies and scientists question-

ing their role within the lab. Therefore, careful change man-

agement is required when implementing automation within 

a lab environment, including an understanding of how the 

current laboratory personnel fit into the new processes.

BioPharm: What is the most important consideration when 

looking to integrate automated solutions into lab workflows?

Ward: When looking to integrate automated solutions 

into laboratory workflows, it is important to understand 

the current processes, including the variations that 

occur and how the current laboratory tasks fit into other 

laboratory and/or organizational processes. Once this is 

known, identify the current bottlenecks and determine 

how automation may help alleviate these and also bene-

fit other parts of the organization. 

In many cases, the bottlenecks are around how data 

are reported on and flows through an organization. 

Therefore, having an electronic data management solu-

tion in place, such as an electronic laboratory notebook 

to capture the data, is likely to provide significant ben-

efits to the organization by speeding up reporting and 

reducing the data flow bottlenecks.

Automation in the Lab: What to Consider

the FAST system eliminates air com-

pression and expansion errors. FAST is 

also capable of sample aspiration and 

transfer from plate to plate using a flex-

ible 96-tip robotic hand. The system’s 

compact footprint and user-friendly 

software makes it suited for liquid han-

dling needs at any type of laboratory 

setting, the company reports.

SOFTWARE UPDATE 
FOR INTEGRATED 
LAB WORKFLOWS
Biosero’s latest release of its Green 

Button Go software platform integrates 

life-science equipment to create a unified 

lab environment that automates testing 

and discovery workflows (3).

The software supports a library of 

device drivers, making it plug-and-play 

with a variety of lab equipment such as 

robotic arms, scanners, liquid handlers, 

washers, and readers. The software elimi-

nates unexpected costs associated with 

installations and setup as well as reduces 

downtime, according to the company.

Using the drag-and-drop user inter-

face, scientists and lab technicians can 

set up and automate their workflows. 

Technicians can manage and schedule 

different methods to run simultaneously 

or at scheduled times. The platform 

provides a comprehensive view of the 

whole equipment network giving opera-

tors constant visibility into all aspects of 

their processes.

Features include cloud-based down-

loads, an advanced data streaming plat-

form for future artificial intelligence 

projects when combined with the 

company Data Services infrastructure, 

simulation and run analysis, and the 

ability to retrieve data notify technicians 

of errors. The FDA 21 Code of Federal 

Regulations Part 11-compliant option 

also saves electronic records to aid the 

QC process, tracking audit trails and 

storing electronic signatures.
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The Benefi ts of Combining UHPLC-UV 
and MS for Peptide Impurity Profi ling 

I
n the manufacture of synthetic peptides, accurately identify-

ing and quantifying impurities is essential to ensure product 

safety and quality. However, determining a peptide’s impu-

rity profile can be challenging, because impurities are often 

structurally similar to each other and to the active ingredient, 

and can be present at very low concentrations in the product. 

Highly sensitive and selective analytical techniques 

are needed in order to identify and quantify potentially 

unknown impurities in peptides. Recent advances in high- 

performance liquid chromatography (HPLC) and mass 

spectrometry (MS) can enable accurate and reliable peptide 

impurity profiling in routine quality control (QC) workflows. 

This article discusses how combining these technologies can 

improve impurity analysis and optimize peptide production.

THE IMPORTANCE OF IMPURITY PROFILING
Impurity profiling is a vital step in the production of any 

pharmaceutical or biotherapeutic product because it enables 

manufacturers to confirm product quality. Impurities include 

any substance that is not the API or an intentionally added 

excipient with a known safety profile. Potentially generated 

from the API and/or the excipients, impurities can be trace 

components of the starting materials, substances produced 

as a result of synthetic processes (e.g., intermediates or by-

products of side reactions), or degradation products resulting 

from the product’s interaction with light, moisture, oxygen, or 

the excipients themselves (1).

Because many impurities are derived from or closely 

related to the API, they may have pharmacological effects, 

which can reinforce or decrease product efficacy, or can even 

have toxic effects on patients taking the product. Furthermore, 

because the impurity profile often depends upon the method 

of synthesis and the environmental conditions, the type, 

Determining a peptide’s purity is challenging because impurities are 
often structurally similar to each other and the API and can be present 

at very low concentrations. New approaches offer a solution.

SYLVIA GROSSE, STEPHAN MEDING, MARTIN SAMONIG, AND MAURO DE PRA
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number, and volume of impurities pres-

ent will typically vary between batches. 

If impurities are physiologically active, 

the side effect profile may be inconsis-

tent and difficult to predict. It is cru-

cial, therefore, to minimize this risk by 

measuring and characterizing impuri-

ties accurately to ensure that their lev-

els fall within strict regulatory limits. 

Monitoring the product impurity pro-

file also allows companies to reduce 

long-term risks by optimizing reaction 

conditions so that impurities will not 

form in the first place. 

Improved synthetic 

peptide impurity 

profiling, therefore, 

allows companies 

to better assure ... 

[product] safety and 

efficacy.

To ensure regulatory compliance, 

pharmaceutical and biotechnology com-

panies must confirm that impurities 

do not exceed strict levels. Regulatory 

limits will be set for ‘specified impuri-

ties’ including major degradants, starting 

materials, intermediates, and synthetic 

by-products. In addition to these limits, 

drug developers must comply with addi-

tional guidelines such as those set by the 

International Council for Harmonization 

(ICH) (2). Pharmaceutical and biophar-

maceutical manufacturers are accountable 

for ensuring that product impurity levels 

do not exceed regulatory limits, and that 

the product will be stable and will not 

degrade. 

Synthetic peptide manufacturers must 

ensure that they can meet these regula-

tory requirements by employing highly 

accurate, precise, and reliable analytical 

methods to determine product purity 

and identify and quantify all impurities 

present. Underestimating the impact of 

those impurities can have obvious con-

sequences for consumer safety, while 

overstating their risk can result in safe 

and effective products being rejected. 

CHALLENGES OF ANALYZING 
IMPURITIES IN PEPTIDES
However, analyzing impurities in syn-

thetic peptide production presents 

specific challenges for analytical tech-

nologies to overcome:

• Impurities in synthetic peptide 

products are often structurally similar, 

both to the active ingredient and to 

each other, so techniques must have 

sufficient resolution to distinguish 

between molecules of very similar size 

and mass.

• Product-related impurities are often 

unknown, so advanced analytical 

techniques are needed in order to 

reliably identify them.

• Impurities may be present at very 

low concentrations, so analytical 

techniques must be suff iciently 

sensitive to be able to detect and 

quantify analytes at trace levels. 

HPLC FOR IMPURITY 
PROFILING: ADVANTAGES 
AND LIMITATIONS
HPLC coupled to ultraviolet (UV ) 

detection is one of the most commonly 

used separation techniques for impu-

rity profiling (3). The high throughput 

and reproducibility of HPLC suits the 

technique well for separating structur-

ally similar impurities, while the high 

sensitivity offered by UV detection 

allows trace levels of impurities to be 

quantified with confidence.  

While HPLC-UV is widely used for 

impurity profiling because it is easy to 

use, reliable, and robust, it suffers from 

the following limitations:

• The chromatographic separation 

ach ieved us ing convent iona l 

HPLC-UV systems may not be 

suff icient to distinguish between 

similar impurities, particularly when 

analytes coelute. 

• If analytes elute with the same or 

similar retention times, it is not 

possible to reliably distinguish and 

identify them by UV detection 

a lone. As a resu lt , unknown 

impurities cannot be identif ied 

solely with UV detection. 

• The sensitivity of conventional 

HPLC-UV analysis methods is 

not always sufficient to detect and 

quantify trace levels of impurities. 

Some analytes also have poor UV 

absorption and are not reliably 

detected by this technique. 

Novel workflows that combine 

HPLC-UV and MS have been devel-

oped to overcome these challenges (4). 

Using the powerful separation capabil-

ity of HPLC, and the high sensitivity 

and selectivity of MS, these workflows 

offer improved analytical sensitivity 

and specificity, and can facilitate the 

identification of unknown analytes, thus 

helping to overcome the challenges of 

peptide impurity analysis. The ability to 

use UV and/or MS to quantify impuri-

ties can also give the user more flexibil-

ity and confidence within the workflow, 

and the ability to react to unexpected 

circumstances, such as the detection of 

additional impurities or contaminants.

To improve synthetic peptide impu-

rity profiling, single quadrupole MS 

can be used to analyze the compounds 

eluting from HPLC-UV, so that the 

analytes are separated based on their 

mass-to-charge ratios. MS analysis 

allows a mass to be assigned to each 

peak on the HPLC chromatogram, 

and this information can be used along 

with retention time to allow for more 

reliable identification. Employing MS 

data in this way allows analysts to dis-

tinguish between coeluting compounds. 

The purity of specific chromatogram 

peaks can be confirmed by running a 

full MS scan and checking for additional 

mass peaks that would indicate coelution. 

Full-scan MS can also be used to detect 

unknown impurities, which can be 

identified by searching spectral libraries. 

Searches can be narrowed down depend-

For personal, non-commercial use

http://www.biopharminternational.com


www.biopharminternational.com February 2019 BioPharm International 37

Analytics

ing on the nature of peptide products 

and excipients, giving consideration to 

possible starting materials, intermediates, 

degradants and by-products.

In addition to simplifying analyte 

identification, using MS alongside 

HPLC-UV can also improve confi-

dence in trace analyte quantification. 

As a rule, UV detection is preferred for 

quantification, where possible, because 

the strength of the MS signal can vary 

depending on the ionization efficiency 

of the individual analytes, which can be 

affected by the coelution of matrix com-

ponents. However, when analytes are 

present at trace levels, their concentra-

tions can be so low that they approach 

the limit of UV detection. In these cases, 

MS can provide a more sensitive tech-

nique for quantifying analytes that may 

not be detected by HPLC-UV alone. 

Workflows coupling the benefits of 

HPLC-UV and MS can therefore allow 

the most appropriate technique to be 

used to quantify each analyte.

INCREASED ACCURACY 
Because HPLC-UV and MS provide 

complementary information, combining 

these techniques can result in very accu-

rate synthetic peptide impurity profiling. 

MS provides the mass-based informa-

tion used for the identification of impuri-

ties, while HPLC-UV is used to quantify 

those impurity levels, where possible. 

The extended mass range of newer 

single-quadrupole mass spectrometers 

permits better detection of both small 

and large molecules, and enables the 

detection of the complete charge state 

profile for peptides. As a result, quad-

rupole-based mass spectrometers can 

resolve isotopic masses of large peptides, 

providing extra information to support 

analyte identification.  

Analyte identification is also being 

improved thanks to the advent of 

advanced software solutions. The lat-

est software platforms have improved 

spectra analysis features, such as 

improved peak picking algorithms, 

different noise reduction algorithms, 

adduct selection options, and adjustable 

mass accuracy thresholds.

Employing optimized settings for 

matching against reference mass spec-

tra increases confidence in identifi-

cation and minimizes false positives. 

Reference spectra can be selected from 

a library or from an existing sample 

and matched against data obtained for 

unknown analytes. This extra informa-

tion permits better target identification, 

allowing the method to be optimized. 

Using these reference spectra also 

enables the software to compensate for 

shifting retention times, allowing for 

correct identification even in situations 

where experimental conditions change. 

The system can identify the closest 

match to the reference spectrum at an 

approximate retention time, whereas 

previous software programs that only 

used retention time had a higher risk 

of mis-identification. Using reference 

spectra also saves time when screening 

for unknowns, as tentative identifi-

cation can be confirmed by retention 

times after injecting a standard. 

With ‘ intelligent ’ software pro-

grams, user-defined variables can be 

monitored and tested, with different 

actions automatically taken depending 

on whether the test is passed or failed. 

This means the system can optimize 

its efficiency, reducing the requirement 

for analyses to be re-run. Injections are 

also automatically synchronized with 

the pump cycle, resulting in higher 

retention time reproducibility. 

CALCULATING SETTINGS
Finally, some software solutions can 

calculate the required settings to adapt 

parameters when switching from 

HPLC to ultra-high performance LC 

(UHPLC), enabling the system to be 

upgraded to the highest chromato-

graphic resolution. Taken together, the 

advantages of the latest software plat-

forms are increasing the reliability of 

impurity profiling. 

Optimized electrospray ionization 

(ESI) source settings result in stable 

spray and hence stable signal throughout 

the whole analysis and high mass stabil-

ity over the whole sequence of analyses, 

be it hours or days, generating more 

reliable data. These advances in MS 

technology, in addition to the software 

improvements are helping to provide 

highly accurate quantification at trace 

levels.

Convenient software platforms are 

enabling combined HPLC-UV and 

MS workflows in manufacturing QC. 

Routine QC workflows must be simple 

to use and must deliver rapid results, 

and offer high run-to-run reproduc-

ibility. In the past, the complexity of 

MS-based systems limited their use in 

these applications (4). 

However, software advances have 

reduced complexity so that a single soft-

ware package can now control the whole 

workflow, streamlining the process of 

HPLC-UV and MS into a fully auto-

mated and efficient process. Experimental 

set-up and reporting of results can easily 

be achieved by interfacing to a Laboratory 

Information Management System and 

software can be configured to confirm reg-

ulatory compliance. The latest impurity 

profiling workflows based on HPLC-UV 

and MS allow fast, accurate, and reli-

able analyte quantitation for routine QC 

applications. Modern MS technology, 

coupled with software solutions, now 

allow analysts to quantify trace levels of 

impurities and determine their identity 

accurately and with confidence. A bet-

ter understanding of the impurity pro-

file also allows manufacturers to refine 

their manufacturing processes to increase 

purity. Improved synthetic peptide impu-

rity profiling, therefore, allows companies 

to better assure, and ultimately improve, 

the safety and efficacy of treatment.
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Innovations Maintain the Cold Chain

A
s focus on the development and manufacture of 

biologics increases, so does the necessity for compe-

tent cold-chain technologies. Over the past several 

months, manufacturers have released an assortment of prod-

ucts and efforts to preserve the physical integrity of tempera-

ture-sensitive pharmaceutical products.

PALLET AND PARCEL SHIPPING SYSTEMS
Softbox, a provider of temperature-control packaging 

solutions, released new pallet and parcel shipping sys-

tems that include the Tempcell ECO, Tempcell MAX, 

and Silverpod MAX (1).

The Tempcell ECO is a recyclable parcel shipper made 

from recycled corrugated paper materials. The ECO 

uses the company’s Thermaflute patent-pending design 

and is qualified against International Safe Transport 

Association (ISTA) 7D summer and winter profiles and 

is able to control different temperature ranges, including 

0 °C to 30 °C products.

The Tempcell MAX is a single-use, high-performance phase 

change materials (PCM) parcel shipper that is qualified to ISTA 

7D test profiles and maintains up to 96 hours of thermal protec-

tion. The MAX integrates the company’s SilverSkin radiant bar-

rier to enhance thermal performance and uses next-generation 

recyclable Pharmacool MAX PCM coolants.

New to the company’s Silverpod pallet shipper range 

is the Silverpod MAX, a high-performance PCM pal-

let shipper that incorporates PCM coolants that enable 

safe storage before and during shipping. The Silverpad 

MAX also has a SilverSkin reflective radiant barrier for 

enhanced thermal performance and, like the Tempcell 

MAX, uses next-generation recyclable Pharmacool MAX 

PCM coolants.

The previously mentioned shipping solutions were 

showcased at the IQPC Temperature Controlled Logistics 

(TCL) conference in London on Jan. 28–31, 2019. 

Additionally, the company also pre-launched two tem-

perature control packaging systems at TCL—the AEON 

Metro and Clinipod—for the delivery of pharmaceutical 

clinical trials.

AEON Metro is a reusable multi-drop delivery parcel 

shipper that enables cold-chain delivery without the need 

for temperature-controlled vehicles. The Metro has reusable 

PCM coolants that support up to 48 hours of multi-opening 

thermal protection. The Clinipod is a lightweight carry-home 

shipper built to facilitate the last-mile delivery of clinical trials 

Recent advancements in cold-chain technology offer improved transporting 
and storing of temperature-sensitive pharmaceutical products.

AMBER LOWRY
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to the end patient. Using the company’s 

reusable PCM coolants, it provides up 

to six hours of thermal protection in 

extreme temperature conditions.

POSEIDON UNLEASHES 
‘PLUG & PLAY’
Also presented at the 2019 installment 

of the TCL conference was progress 

on pharmaceutical ocean-freight net-

work Poseidon’s ‘Plug & Play’ model 

(2). Poseidon, initially launched at TCL 

2018, is an industry reform initiative 

created to improve the conveyance 

of pharmaceutical products by ocean 

transport. The initiative includes an 

independent network of pharmaceu-

tical manufacturers, specialist freight 

companies, and pharma logistics sup-

pliers joining forces to improve cost, 

safety, and sustainability of the cold-

chain process.

“Poseidon takes the form of a strate-

gic supply network comprising a group 

of independent pharmaceutical manu-

facturers in conjunction with all the 

principal actors involved in transporting 

a pharma product by sea,” said Alan 

Kennedy, executive director at Poseidon, 

in a press statement. “Designed from 

the ground-up, it involves shippers, 

logistics companies, marine insurers, 

and product suppliers all being seated 

around the same table as equal partners. 

This up-front involvement of all the 

stakeholders helps create an environ-

ment of trust and teamwork.”

According to the Poseidon team, 

state-of-the-art thermal manage-

ment and real-time shipment visibility 

are central elements in the Poseidon 

model, but what sets this initiative 

apart is its integrated approach, which 

brings together all cold-chain parties 

to collaboratively address fundamen-

tal problems in pharma logistics. The 

team also states that in addition to 

a standard full-container-load opera-

tion, Poseidon will be testing a flex-

ible shared-container service in 2019 

to cater for smaller consignments and 

provide maximum flexibility.

Dangerous temperature excursions 

are known to accompany cold-chain 

services and are often in violation of 

legislation surrounding the distribution 

of pharma products. “Pharmaceuticals 

are easily compromised, therapeutically, 

through temperature mis-manage-

ment during transportation,” Kennedy 

explained in the release. “With its 

goal of zero temperature excursions, 

Poseidon aims to eliminate this risk 

through a restructure of the pharma-

ceutical cold-chain process to make it 

more efficient and reliable.”

Poseidon completed Phase I of a 

large-scale proof-of-concept pilot proj-

ect in 2018 and is currently in Phase II. 

According to the Poseidon team, this 

field validation project aims to examine 

cold-chain processes, test-out protec-

tive packaging, and verify consignment 

visibility and data capture and is the 

largest pharma ocean freight project 

of its type ever conducted. The proj-

ect involves the monitoring of several 

refrigerated container-loads of high-

value pharmaceutical products during 

both summer and winter interconti-

nental logistics operations, including 

multiple ocean and overland stages.

Torben Weilmuenster, who has been 

elected to chair Poseidon’s governing 

management group and global head of 

Supply Chain Management at Merz 

Pharma GmbH & Co. KGaA, stated 

that 30 pharmaceutical companies and 

logistics providers are currently reg-

istered on the cloud-based Poseidon 

collaboration hub, including Merck 

& Co., Mylan, Novartis, Roche, and 

Johnson & Johnson (3).

ELECTRONIC DATA LOGGER
The LOG-IC 360 Bluetooth Data 

L ogger  by  Amer ican Thermal 

Instruments (ATI) provides accurate 

temperature and humidity readings 

along with safe, secure data retrieval 

and storage (4).

The data logger allows for remote 

temperature excursion (thermal alarm) 

monitoring during product transport. 

Less than two inches by three inches 

wide, the device can read individual 

temperatures up to 300 feet from the 

unopened product. The lithium coin cell 

battery has a minimum one-year capacity, 

a temperature range of -20 °C to 70 °C, 

and relays data to Android, iOS, or any 

other Bluetooth-enabled device. 

High-precision temperature accu-

racy is ± 0.25 °C, compared to other 

industry suppliers at ± 0.50 °C, the 

company reports. The logger tracks 

a humidity range of 0–80% relative 

humidity with communication cer-

tifications, which include Federal 

Communic a t ions  Commis s ion , 

Conformité Européenne (CE), and 

National Institute of Standards and 

Technology platforms.

“At the very beginning stages of 

product development, we put a priority 

on the various needs of our customers,” 

said Rob Snyder, technology director 

of ATI, in a press release. “We plan to 

advance the technology as fixed asset 

monitoring with our added app tech-

nology. The LOG-IC 360 BT fea-

tures an easy-to-read LCD screen, is 

programmable for up to four distinct 

alarms, and is scalable for temperature/

humidity readings.”

Data can be viewed using ATI’s 

DataNow Cloud service and mobile 

applications. Any excursions will display 

when and for how long the product was 

not in range of acceptable temperature 

and humidity levels, aiding to verify com-

pliance with US regulatory bodies such as 

FDA, according to the company.  
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Launches Innovative Electronic Data 
Logger for Cold Chain System,” 
Press Release, Sept. 18, 2018. ◆
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PRODUCT SPOTLIGHT 

Sterile Boot 
Covers
Kimberly-Clark Professional’s 
Kimtech A5 Sterile Boot Covers 
with Clean-Don Ties and Vinyl 
Edge provide reliable sterile 
protection for ISO Class 5 
or higher cleanrooms.

The boot covers are made of 
100% polypropylene breathable 
spunbond-meltblown-spunbond fabric and have Clean-
Don ties for enhanced protection and a secure fit. A two-
inch vinyl edge allows for an improved moisture barrier.

The CE-certified boots are made without natural 
rubber latex, silicone, or BHT preservatives and 
are triple-bagged and vacuum-packaged. Each 
individually bagged pair of boot covers has a visual 
sterilization indicator to show that it has undergone 
gamma sterilization. Available sizes include small/
medium, large/extra-large, and universal.

Kimberly-Clark Professional
www.KCProfessional.com

Small-Batch 
Aseptic Fill/
Finish System
The Flexicon FPC60 
peristaltic fill/finish 
system from Watson-
Marlow Fluid Technology Group can use a variety of 
modules that allow users to create their own customized 
filling solution for small-batch applications.

The modules include vial infeed, filling, stoppering, 
capping, auto-reject, gas purging, and product outfeed. 
The system can handle vial sizes between 2R and 100H 
and has servo-driven auto adjustment, which allows 
for minimal tools and quicker set-up between batches. 
When supplied with in-line check weighing, the system 
offers dynamic prime, no-intervention initial calibration 
and dynamic recalibration, so each vial is confirmed 
to be within specification. Filling is assured from less 
than 0.2ml up to 100ml, according to the company.

Watson-Marlow Fluid Technology Group
www.wmftg.com

INVESTMENT IN INTEGRATED 
BIOLOGICS DEVELOPMENT
To match the growing demand for 

biopharmaceutical development and 

manufacturing, Catalent has announced 

a $200-million investment to expand 

drug product fill/finish capacity, and more than double its commercial 

biomanufacturing capacity. Catalent’s continued investments provide a 

comprehensive end-to-end offering for customers that includes cell line 

development, analytical testing, clinical and commercial biomanufacturing, 

antibody-drug conjugate development, fill/finish, and clinical supply 

services. Catalent Inc., +1.888.765.8846, biologics.catalent.com

NGC PLATFORM
The NGC platform has 

evolved to meet the 

changing requirements of 

chromatographers and now 

includes ChromLab Software 

version 6.0 to address the needs 

of high-throughput labs with 

features that enhance total control and ease automation of the most 

complex purification workflows. Multivariable scouting allows numerous 

parameters to be evaluated within a method while also maximizing 

sample throughput. Bio-Rad Laboratories Inc., bio-rad.com/NGC

DELIVERING CONFIDENCE 
IN QUANTITATIVE 
MICROBIOLOGY
BIOBALL is a small water-

soluble ball containing a precise 

number of microorganisms 

delivering unprecedented 

accuracy for quantitative microbiological quality control. BIOBALL is 

easy to use and requires no preparation or pre-incubation and is an 

accredited reference material under ISO Guide 34 standards.  www.

bioball.com, bioMérieux, Inc., www.biomerieux-usa.com

DISTEK AWARDED US PATENT FOR 
SINGLE-USE BIOREACTOR DESIGN
Distek, Inc. has been awarded US Patent 

10,059,914 for its single-use bioreactor 

design. Distek’s patented, single-use 

bioreactor system, also known as the 

BIOne, embodies a disposable bioreactor 

including a headplate and a stirrer. The bioreactor is adapted to fit within 

the upper opening of the stand of an existing conventional glass bioreactor, 

so that the bag is suspended within the vessel. 

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

New Technology Showcase
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Ask the Expert

make sure the true root cause is identified, each inves-

tigation must address the following elements:

• Historical evaluation; have we seen this before on 

this or other products? Have we seen this before 

on this line? Have we seen this before with these 

operators?

• An evaluation of the process/methods used during 

the operation

• An evaluation of the materials used during the 

operation

• An evaluation of the equipment/instruments used 

during the operation

• An evaluation of the personnel involved

• An evaluation of the laboratory analysis associated 

with the operation

• A review of the validation information for the 

operation.

Whatever tool/tools you use to identify the root 

cause of an issue, they need to be supported by a 

robust, well-documented investigation. Some of the 

critical elements needed to be addressed in the inves-

tigation to support the root cause include a clear, 

concise description of the issue that delineates what 

happened, when it happened in the process, and an 

accounting of who was involved or observed the inci-

dent. Other information that should be addressed in 

the investigation is a record of the immediate action 

that was taken to minimize or contain the situation. 

The investigation should be broad so that all possible 

causes of the deviation can be captured and evaluated 

as the possible root cause. Avoid jumping to conclu-

sions and investigate all possible causes so they can 

be properly eliminated, thus exposing the true root 

cause. Also, remember that there could be more than 

one possible root cause to a deviation. If you keep these 

investigational elements in mind, properly apply your 

root cause tools, and thoroughly document the investi-

gation, you should have no trouble identifying the true 

root cause of a deviation and defending it during an 

inspection. ◆

Ask the Expert — Contin. from page 42
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something that does not adequately reflect the interaction 
occurring for these products.
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Ask the Expert

Susan Schniepp is executive 
vice-president of post-approval 

pharma and distinguished fellow, 
Regulatory Compliance Associates.

Q: 
I am a quality professional in charge 

of investigations. Sometimes our com-

pany has trouble coming up with the root cause 

for some of our investigations. Can you provide 

some advice on how to effectively determine root 

causes for our investigations?

A:
You aren’t alone in your concerns regard-

ing the inability to identify the root cause 

when performing an investigation. The regula-

tions for the United States and the European 

Union require investigations to be performed 

when deviations occur in the manufacturing 

process. The ultimate goal of these investiga-

tions is to determine why something went 

wrong, what caused it to go wrong, and how 

to address the issue and prevent its recurrence. 

Root-cause analysis is simply a systematic prob-

lem-solving approach used for determining 

the cause of a deviation that occurred during 

processing and identifying solutions to prevent 

recurrence. 

The following are a few general considerations 

to keep in mind while conducting investigations:

• One size investigation doesn’t fit all situ-

ations. Simple errors require simple docu-

mentation while more serious deviations 

require broader investigations.

• The best tool to have is inquisitiveness. 

Ask yourself how far this deviation could 

extend.

• Widen your perspective. Look for ways to 

relate, not separate, similar issues.

• Human error is rarely a sufficient root cause. 

• Always verify information or your instincts 

and never assume you are correct without 

proper data to support your instincts.

Applying these general rules throughout the 

investigation should help you get to the true 

root cause of the deviation.

Once you have recorded the basics of the 

deviation, you can begin the root-cause analy-

sis portion. Many tools can assist you in this 

process. Choosing the right root-cause analysis 

tool is crucial in assuring the process is effec-

tive and ensuring the true root cause has been 

identified. Keep in mind there is no one right 

tool to use for root cause analysis, and the 

tool you choose does not need to be complex 

to achieve its purpose. Some of the available 

tools include brainstorming, the 5 Whys, flow-

charting, and fishbone diagrams. Using some 

or all of these tools in combination during an 

investigation is practical and necessary. Most 

investigation teams start off with the brain-

storming technique. This technique is ideal for 

flushing out theories about the deviation but 

may not be ideal for compiling the data needed 

to prove the correct root cause has been identi-

fied. Using the 5 Whys or the fishbone diagram 

in conjunction with brainstorming adds assur-

ance that you have found the true root cause 

and have gathered the supporting data. Root-

cause analysis tools can be detrimental to the 

outcome of an investigation if they are improp-

erly used, so it is important to train people in 

their proper use.

The information needed to determine the 

root cause for any investigation should be appro-

priately documented. The first piece of infor-

mation to be recorded should be a thorough 

and precise description of the event. A timeline 

that discusses the process up to the time the 

deviation occurred should be established. Once 

the event and timeline are properly recorded, a 

number of questions should be asked and infor-

mation collected to ferret out the root cause. To 

Getting to the root of the cause can prevent future 
problems, says Susan Schniepp, executive vice-
president of post-approval pharma and distinguished 
fellow, Regulatory Compliance Associates.

Effective Root Cause Determination

There is no one right 

tool to use for root 

cause analysis.

Contin. on page 41
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