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From the Editor

Frustrated with 

high costs and 

drug shortages, 

hospitals adopt a 

DIY approach.

A New Business Model for Pharma?

A
s a consumer, I get frustrated with the lack of service or skills offered by 

local business establishments. For example, the counter staff at the neigh-

borhood franchise of a national coffee shop cannot master the skill of 

pouring coffee and milk into a cup without overfilling it or spilling it down the 

side of the container. Then, there is the bagger in the supermarket who likes to 

mix cans of soup and fresh tomatoes in the same bag. Fortunately, the store does 

not charge extra for the bruised produce.

In these situations, I want to grab the coffee or groceries and say: “just let me 

do it myself!”

This venting is a long introduction to a recent news story with a message 

for pharma. A consortium of four healthcare groups, citing frustration with 

ongoing shortages and high costs of generic medications, announced that they 

would form a not-for-profit generic drug company. The new company intends to 

provide patients “an affordable alternative to products from generic-drug com-

panies whose capricious and unfair pricing practices are damaging the generic-

drug market and hurting consumers,” according to a joint press statement.

The healthcare groups, Ascension, Intermountain Healthcare, SSM Health, 

and Trinity Health—working in consultation with the US Department of 

Veterans Affairs (VA)—represent more than 450 hospitals in the United States.

In announcing the new venture, the groups said they want to stabilize the 

supply of essential generic medications used in hospitals, many of which have 

been subject to chronic shortages; make drugs more affordable; and bring com-

petition to the market for generic drugs. The founding members report that 

other health systems will soon join the initiative.

Difficult path from idea to implementation
Drug shortages are routine in hospitals. As of Jan. 23, 2018, FDA listed more 

than 80 drugs in shortage—including sterile water—and almost 125 as discon-

tinued. Drug price hikes have been well documented. It is easy to understand 

the frustrations of the founding organizations and their desire to “do it them-

selves.” The execution of the plan, however, faces major hurdles. 

The new, unnamed company plans to be an FDA-approved manufacturer or 

will sub-contract manufacturing to contract manufacturing organizations. At 

the time of the announcement, details about production facilities, the types of 

drugs to be manufactured, and other information were not available. The plan-

ning, development, construction, and validation of a manufacturing facility will 

be a lengthy, expensive process. One advantage the consortium will have over 

legacy facilities is access to newer technologies and processes for drug manufac-

turing, which could offer better production efficiencies. 

An advisory committee from pharma, business, and government includes 

Madhu Balachandran, retired executive vice-president of global operations, 

Amgen; Martin VanTrieste, retired senior vice-president and chief quality offi-

cer, Amgen; Don Berwick, president emeritus and senior fellow, Institute for 

Healthcare Improvement and former CMS administrator; Clayton Christensen, 

professor at the Harvard Business School and founder of Innosight; Bob Kerrey, 

managing director, Allen & Company and former Nebraska governor, US sena-

tor, and pharmacist; and senior-level leaders from the organizations founding 

the company.

The initiative has lofty goals, framed around the need to serve patients. While 

some pharma manufacturers may shrug off this initiative as unachievable, 

impractical, or not a threat, they should consider the reasons behind the action: 

generic-drug manufacturers are failing to deliver quality drug products or are 

charging unaffordable prices. In other words, they are not serving patients. ◆

Rita Peters is the 

editorial director of 

BioPharm International. 
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Regulatory Beat
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G
eneric drugs account for nearly 90% of 

prescription drugs in the United States 

due to policies that facilitate their develop-

ment and regulatory approval. Despite this success, 

generic-drug makers face multiple legal and com-

petitive hurdles to ensuring patient access to less 

costly, high-quality medicines. Tight profit mar-

gins on conventional generics discourage invest-

ment in modern manufacturing systems, resulting 

in contaminated and violative products that lead 

to recalls and shortages. Price hikes on established 

products, moreover, have generated a backlash and 

allegations of collusion and price gouging.

The result is a financial and operational squeeze 

on the generic-drug industry. Teva Pharmaceuticals 

is undergoing a major corporate overhaul to 

address financial difficulties, involving massive lay-

offs and the shuttering of manufacturing and R&D 

facilities. Novartis’ Sandoz division says that price 

pressures may lead to reductions in its US product 

portfolio and a greater focus on developing biosim-

ilars and complex formulations. 

Fierce competition between brand and generic-

drug makers adds to these difficulties. Most of the 

nine biosimilars approved by FDA remain off the 

market due to patent issues. Yet, FDA 

approved the first generic version of 

the leading multiple sclerosis therapy 

Copaxone, and more innovative follow-

on drugs are under development (1). 

BRAND “SHENANIGANS”
A major complaint of generic-drug mak-

ers is that pharma companies block 

access to reference drug samples needed 

for bioequivalence testing and biosimi-

lar development by abusing restricted 

distribution programs such as Risk 

Evaluation and Mitigation Strategies 

(REMS). The availability of generic 

medicines “is in jeopardy,” asserts the 

Association for Accessible Medicines (AAM), as 

brands block the purchase of active ingredients 

and samples; distributor and wholesaler consolida-

tion further squeezes reimbursement; and high 

costs limit R&D and manufacturing (2). 

These topics were explored at an FDA public 

meeting in July 2017, where industry representa-

tives and medical authorities discussed citizen 

petitions, labeling issues, late formulation changes, 

and use of REMS to stymie new generic testing. 

Similar issues were raised at a November 2017 

Federal Trade Commission (FTC) workshop on 

“Understanding Competition in US Prescription 

Drug Markets.” In opening the meeting, FDA 

Commissioner Scott Gottlieb emphasized that 

more streamlined development and approval of 

generic drugs and biosimilars is key to ensuring 

consumer access to needed medicines. He warned 

pharma companies to “end the shenanigans” that 

delay the approval of generic competitors and 

extend a drug’s monopoly beyond intended time-

frames (3). To address such hurdles to generic drug 

entry, FDA published draft guidance to facilitate 

implementation of single shared REMS programs.   

Congress is paying attention to these concerns 

as it seeks strategies for managing drug costs and 

outlays. At a July 2017 hearing before the House 

Judiciary Committee, Gottlieb outlined leading 

barriers to generic-drug development related to 

agency initiatives for bringing more generic drugs 

to market (4). In examining drug pricing issues at 

a hearing in December 2017, the House Energy & 

Commerce Health subcommittee discussed pro-

posed legislation to enable generic and biosimilar 

access to needed brand supplies and other mea-

sures to support development of affordable drugs. 

MORE COMPETITION
In June 2017, Gott l ieb implemented a 

Competition Action Plan for bringing  complex 

generic therapies and combination products to 

Opportunities and Obstacles for Generic Drugs
Manufacturers tackle regulatory and competitive 
issues to develop complex therapies and biosimilars.

Jill Wechsler is BioPharm 

International’s Washington editor, 

Chevy Chase, MD, 

jillwechsler7@gmail.com.
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Regulatory Beat

market as key to moderating high 

drug costs (5). Next came an FDA 

“hit list” of off-patent, off-exclusiv-

ity brand drugs that lack approved 

generic competition and thus are 

eligible for expedited review and 

assistance in developing new ver-

sions of these products (6). FDA 

also published more product-spe-

cific guidance documents to help 

speed approval of complex prod-

ucts, synthetic peptides, and generic 

versions of opioids with abuse-

deterrent features. The agency held 

several workshops in October 2017 

on overcoming barriers to develop-

ing complex dosage forms where 

traditional bioequivalency and 

bioavailability tests may not sup-

port approval, including the use of 

new quantitative approaches and 

in-vitro tests to facilitate product 

development. Additional advisories 

aim to encourage development of 

difficult formulations such as oph-

thalmic suspensions, inhaled drugs, 

injectables, and drug-device com-

binations. FDA is promoting early 

meetings with manufacturers to dis-

cuss innovative product research. 

A key topic is how design differ-

ences between a generic drug and 

brand drug may be addressed by 

demonstrating a limited impact on 

safety and approving labeling that 

explains such differences. 

Equally important are FDA efforts 

to streamline the overall process for 

evaluating and reviewing all new 

generics. A sign of success is the 

approval of more than 1000 new 

generics in 2017. Much credit goes 

to the generic drug user fee program 

(Generic Drug User Fee Amendments, 

GDUFA), which was established five 

years ago and recently reauthorized 

as GDUFA II. The fees have provided 

additional resources for the Office of 

Generic Drugs (OGD) in FDA’s Center 

for Drug Evaluation and Research 

(CDER) to reduce a huge backlog in 

unapproved abbreviated new drug 

applications (ANDAs) and to achieve 

a more predictable review process. 

OGD Director Kathleen Uhl 

reported at the AAM fall technical 

conference in November 2017 that 

the agency was meeting all GDUFA 

goals for timely review of ANDAs 

and supplements and for issuing new 

rules and guidance documents to 

clarify expectations for testing more 

complex products and injectables 

(7). Uhl noted, though, that a con-

tinued surge in new ANDAs made 

it hard to improve operations, and 

that too many applications with defi-

ciencies lead to many refuse-to-file 

decisions and multiple review cycles. 

In January 2018, Commissioner 

Gottlieb announced additional guid-

ance documents to reduce applica-

tion deficiencies and changes in 

internal review practices to stream-

line the ANDA review process (8). 

FDA also is requiring that all appli-

cations include a complete list of 

relevant manufacturing operations 

to avoid delays in plant inspections 

involved in approving a new prod-

uct. This is particularly important for 

priority ANDAs that may qualify for 

a faster eight-month review. But the 

request to see a full roster of facilities 

involved in product testing and pro-

duction two months before ANDA 

submission has raised an outcry from 

manufacturers that the timeframe is 

inoperable and defeats the purpose of 

the priority review process. 

SEEKING BALANCE
The challenge to FDA and industry 

is to maintain a balance between 

encouraging the development of 

new medical therapies and assuring 

access to low-cost follow-on medi-

cines. While generic-drug makers 

complain about innovator firms 

using patent strategies and supply 

restrictions to delay competition, bio/

pharma companies emphasize the 

need for incentives to test new thera-

pies and develop added indications 

to an effective drug; and for labeling 

to ensure safe and appropriate use 

of a therapy. There has been limited 

response to FDA’s list of drugs that 

lack generic competition, particularly 

where markets are small and product 

development is complex and costly. 

Some gains may come from efforts 

by regulators in different regions to 

harmonize the use of new methods 

for developing and approving new 

generics and to adopt common dos-

siers to facilitate product approvals in 

multiple markets.

At the same time, continued pres-

sure on generic-drug prices may 

reduce product development and 

limit manufacturing in the US. 

Numerous state officials have filed 

lawsuits against generic-drug makers 

for alleged price-fixing, and debate 

continues over brand vs. generic 

product labeling to warn consumers 

about safety issues. All these trends 

will shape generic-drug production 

and costs in the coming months. 

REFERENCES
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iotherapeutics are highly com-

plex molecules that are chal-

lenging to produce consistently 

and uniformly. The fermenta-

tion process used to manufacture these 

proteins inevitably leads to heterogene-

ity. Critical quality attributes (CQAs) are 

the characteristics of the biologic that 

affect safety and efficacy, and therefore, 

must be carefully monitored. The bio-

therapeutic product must be purified, 

and both the product and any remain-

ing impurities have to be characterized 

and quantified, necessitating a number 

of tests on the molecule using a wide 

variety of analytical techniques.

CQAs fall into several broad categories: 

aggregation, sequence variations, post-

translational modifications (PTMs), and 

host cell proteins and other process impu-

rities. PTMs, in particular, encompass a 

wide variety of CQAs including oxidation, 

deamidation, phosphorylation, and glyco-

sylation, just to name a few (see Figure 1). 

The CQAs monitored to ensure effi-

cacy and safety of biotherapeutics may 

exist naturally or may be induced at 

any point in production, purification, 

formulation, or storage. The diver-

sity of protein characteristics, hetero-

geneity within those attributes, and 

the strengths and weaknesses of the 

numerous available analytical tech-

niques mean that multiple techniques 

and numerous assays are needed to 

fully characterize a biotherapeutic and 

monitor all of the variants and process 

impurities that may affect the safety 

or effectiveness of the final product. 

Approaches to measuring CQAs depend 

The Ins and Outs of LC-Based 
Analytical Tools and Techniques 

Anne Blackwell

The critical 
quality 

attributes of 
biotherapeutics 

must be 
monitored to 

ensure product 
safety and 

efficacy. 

Anne Blackwell, PhD, 

is Bio Columns Product Support 

Scientist, Agilent Technologies.

Analytical Tools
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Analytical Tools

on the attribute to be measured 

and on the stage of the product 

lifecycle, but liquid chromatog-

raphy (LC) techniques dominate 

throughout. High-end instrumen-

tation such as high-resolution mass 

spectrometers are much more com-

monly used for method develop-

ment and initial characterization 

to identify chromatographic peaks, 

whereas liquid chromatography/

ultraviolet (LC/UV) instruments 

are much more prevalent in qual-

ity assurance/quality control (QA/

QC) environments.

TITEER DETERMMIIINNNATIOONNN
While not directly measuring a 

CQA, a titer determination often 

serves as the first quality check 

on production of a biotherapeu-

tic protein. An abnormal titer may 

reflect problems with the cell line 

or media that may lead to hetero-

geneous or incorrect product and 

not simply low yield. Protein A 

affinity capture chromatography 

with UV detection is the ubiqui-

tous approach taken in biopharma 

for monoclonal antibodies (mAbs). 

Many labs opt for genetically modi-

fied, recombinant protein A plat-

forms because the recombinant 

protein is generally more robust, 

leading to longer column lifetime. 

The appeal of native (purified) pro-

tein A is its tighter binding affin-

ity for some immunoglobulins 

such as IgG. Protein A products are 

available as pre-packed columns, 

monoliths, and loose media that 

the user packs. Monolithic columns 

have the advantage of larger pore 

frits making them less susceptible 

to clogging, and therefore, more 

rugged in the face of complicated 

sample matrices.

An aberrant titer may necessitate 

analysis of the spent cell-culture 

media to troubleshoot the cause of 

low production. Amino acids are 

a main component of the media, 

and are readily analyzed by a vari-

ety of techniques, with LC/UV 

of derivatized amino acids being 

the most common. Derivatization 

techniques have the advantage of 

being widely accessible as well as 

the ability to introduce a degree 

of specificity through the reaction 

chemistry, but interest has been 

increasing in the analysis of under-

ivatized amino acids to minimize 

time spent on sample preparation. 

Underivatized amino acids are not 

UV-active, and therefore, require 

alternate detectors such as evapora-

tive light scattering (ELSD) or mass 

spectrometry (MS). The sensitivity 

of ELSD, however, is often inad-

equate, reaching only low nano-

mole levels, while UV detection of 

derivatized amino acids can reach 

low picomole levels. MS analyt-

ical detection can be even more 

sensitive, by orders of magnitude. 

The cost of MS instrumentation 

has been a barrier to widespread 

adoption of this approach, but 

increased interest has led vendors 

to introduce cost-effective, fit-for-

purpose mass spectrometers into 

the market. As MS becomes more 

accessible, the task of quickly and 

efficiently separating these small, 

polar molecules has surfaced as a 

challenge to overcome. Ion-pairing 

with reverse-phase columns can 

be robust, but require dedicated 

instrumentation. Histor ically, 

hydrophilic interaction chroma-

tography (HILIC) methods have 

struggled to meet the market’s 

Figure 1. Potential product-related impurities.
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requirements for robustness and 

reproducibility; however, recent 

column introductions have made 

significant improvements in that 

respect.

AGGREGGATE ANALYSIS
Aggregation is an essential attri-

bute to monitor closely. It is a 

common stress response of pro-

teins and can trigger an undesir-

able immune response. When 

assessing r isk,  high molecu-

lar weight aggregates are often 

assigned a high-risk priority num-

ber (RPN) because aggregation 

is both common and detrimen-

tal. Size-exclusion chromatogra-

phy (SEC) with UV detection is 

the gold standard for determina-

tion of monomer versus aggre-

gate. It is a native separation 

that preserves the non-covalent 

aggregation states and is relatively 

simple to operate and interpret. 

An example SEC–UV separation 

of mAb monomer, dimer, and 

higher order aggregates is shown 

in Figure 2. SEC is a separation 

based on the solution-size of the 

protein and it often serves as an 

approximate measure of molecu-

lar weight. Standard proteins of 

known molecular weight can be 

used to generate a curve from 

which the molecular weight of 

samples can be estimated and 

from there, the aggregation state 

inferred. Dynamic light scatter-

ing (DLS) detection allows more 

precise molecular weight measure-

ments to be made. These measure-

ments are not as precise as MS, but 

DLS is much simpler to couple to 

SEC than MS because the buffered 

mobile phases typically used for 

SEC do not interfere. Subvisible 

and v isible par t ic les can be 

excluded from the pores, and alter-

natives such as analytical ultra-

centrifugation (AUC), field flow 

fractionation (FFF), light scatter-

ing, or light obscuration are more 

appropriate.

Fragments of mAbs are also 

commonly analyzed by SEC, 

a lthough these are typica l ly 

more difficult to resolve than 

aggregates. Generally, a two-fold 

increase can be readily resolved 

by SEC, but resolving an intact 

mAb from a species that has 

lost a single light chain (~150 

kDa versus ~125 kDa) is consid-

erably more difficult. Pore sizes 

that resolve aggregates well often 

do not resolve fragments as well, 

therefore, more than one method 

is sometimes necessary. Smaller 

part icle SEC columns impart 

higher back pressure and are more 

prone to clogging, but do offer 

higher resolution that is desirable 

for these fragment separations. 

United States Pharmacopeia meth-

ods for mAb analysis recommends 

capillary electrophoresis sodium 

dodecyl sulfate (CE-SDS) as the 

best-suited approach to quantify-

ing low molecular weight species 

(1). Other approaches to increase 

the information output from an 

SEC separation include combin-

ing columns of different pore size 

in series, or working with smaller 

diameter columns and volatile 

mobiles phases to couple SEC to 

MS detection.

Intact protein, charge variant, 

and peptide mapping separations 

all deliver crucial information on 

the purity and homogeneity (or 

lack thereof) of a biotherapeu-

tic product. While there is some 

overlap, each type of separation 

reveals information unique to that 

approach as well as practical rea-

sons driving use of one technique 

or another.

INNTACT PRROTEIN ANALYSIS
Analysis of intact proteins is a 

means of observing the purity of 

the sample, both in terms of other 

proteins and protein fragments that 

may be in the sample, as well as 

PTMs. Reverse-phase (RP) separa-

tions with UV detection are most 

common because reasonable sep-

arations can be obtained between 

protein species. PTMs are harder 

to separate at the intact level, and 

changes from one sample to another 

may be subtle. RP separations read-

ily couple to MS, where accurate 

mass can be measured, includ-

ing the identification of a variety 

of PTMs. MS/MS technology has 

not yet reached the point of being 

routinely informative at the intact 

protein level. Electron-based dis-

sociation techniques have offered 

some progress; however, top-down 

fragmentation of proteins remains 

largely inefficient. As with other 

CQAs discussed as follows, informa-

tion gathered on the intact sample 

is not site-specific. The sample must 

be digested into smaller components 

for PTMs to be localized.

Analytical Tools

Figure 2. Separation of IgG monomer (A), dimer (B), and higher-order 

aggregates (C, D) using size exclusion chromatography (SEC) with UV detection.
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Hydrophobic interaction chro-

matography (HIC) is a separation 

technique that preserves the native 

structure of the protein as an alterna-

tive to RP protein separations that 

denature the protein. HIC is attract-

ing more interest of late for its poten-

tial to separate protein oxidation as 

well as for the determination of drug-

to-antibody ratios (DAR) in antibody-

drug conjugates (ADCs). Although 

HIC has great potential, it has yet 

to see widespread adoption into 

biopharmaceutical labs due to the 

extremely high salt levels required in 

the mobile phase and reproducibility 

challenges of columns currently on 

the market.

CHARGE VARRIIAANT ANALYSSIISS
Ion-exchange chromatography (IEX) 

with UV detection is commonly 

used to separate charge variants 

caused by PTMs such as lysine trun-

cation, deamidation, or sialylation. 

This analysis is also typically done 

at the intact protein level, as such 

change can be detected, but not spe-

cifically identified and localized. IEX 

is most often done with salt gradi-

ents; these high concentrations of 

non-volatile salts are not MS com-

patible, hence, an emerging inter-

est is in using pH gradients rather 

than salt gradients, enabling use of 

mobile phases buffered with lower 

concentrations of salts that are suf-

ficiently volatile to be used with 

MS. IEX requires that samples have 

the opposite polarity charge from 

the stationary phase in order to be 

retained. Salt gradient IEX uses high 

salt concentrations to disrupt these 

ionic interactions and elute analytes. 

A pH gradient must span the iso-

electric point (pI) of the analyte so 

that the protein will elute when its 

charge is net neutral. pH gradients 

can focus analytes into narrower 

bands for higher resolution than salt 

gradients, although linear pH gradi-

ents are difficult to generate repro-

ducibly. Robust IEX methods can be 

challenging to develop because the 

mobile phase pH and ionic strength 

and gradient composition must be 

precisely controlled and appropri-

ately selected. A significant amount 

of method development is often 

required, but can be facilitated with 

software to screen gradients with 

composite buffer systems made from 

only a handful of stock solutions.

Capillary isoelectric focusing 

(cIEF) is also commonly used for 

charge variant analysis. Similarly, to 

pH gradient IEX, protein variants are 

separated based on their pI, making 

cIEF a popular technique to verify 

IEX results.

PEPTTIDE MAPPING
Compared to the previously dis-

cussed means of detecting PTMs, 

peptide mapping is the only 

approach that can specifically 

identify and localize the modifica-

tions through LC/MS/MS. Peptide 

mapping primarily serves to detect 

sequence variants of the target 

protein, but is increasingly used to 

simultaneously quantify PTMs such 

as oxidation, deamidation, glyco-

sylation, and isomerization as part 

of multi attribute methods (MAM). 

Figure 3 shows an example where 

peptide mapping reveals differences 

between an innovator and biosimi-

lar mAb. MS/MS experiments indi-

cate that the difference is due to a 

C-terminal lysine truncation. While 

the sample preparation to reduce, 

digest, and clean up a protein sam-

ple is extensive, peptide mapping 

can arguably offer the most infor-

mation on multiple CQAs from a 

single experiment. Peptide mapping 

relies heavily on MS detection in 

the protein characterization stage 

prior to transfer to LC/UV for QA/

QC. With only UV detection, it is 

impossible to be confident that a 

complete peptide map has been 

established. Accurate mass measure-

ments, with MS/MS for sequence 

confirmation and PTM localization, 

are necessary to truly character-

ize the protein and identify CQAs. 

Limitations of peptide mapping 

include relatively low throughput 

because LC methods are frequently 

an hour or longer; selecting column 

chemistries for maximum chro-

Figure 3. Liquid chromatography–mass spectrometry (LC/MS) total ion 

chromatograms showing differences in the peptide maps of an innovator and 

biosimilar product. The differences highlighted are due to a C-terminal lysine 

truncation.
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matographic resolution while main-

taining MS analytical sensitivity; 

and the wide dynamic range and 

chemical diversity of the modified 

and unmodified peptides. 

GLYCANN ANALYSIS
Glycans are a unique PTM in the 

heterogeneity that can exist within 

the modification. As glycans play 

a significant role in cellular sig-

naling and can influence protein 

conformation, variations in glycan 

profiles can lead to changes in effi-

cacy and safety. Both the glyco-

sylation sites on a protein and the 

glycan structures themselves can 

be important to characterize, lead-

ing to analysis of multiple sample 

types—intact protein, glycopep-

tides, and released glycans.

Because glycans comprise a rela-

tively small portion of an intact 

protein, chromatographic separa-

tions typically reveal little to no 

information about the glycosyl-

ation state of an intact protein. The 

most significant exception to this 

is the measurement of sialic acid 

glycans using ion exchange. Mass 

spectrometry, however, can accu-

rately measure glycosylation at a 

high level, and relative quantitation 

is possible. When coupled with a 

reverse-phase separation, both pro-

tein purity and glycosylation state 

can be assessed. The caveat to any 

of these approaches at the intact 

level is that site-specific modifica-

tions cannot be determined.

Released glycan analysis is typi-

cally performed using a HILIC 

separation of labeled glycans with 

f luorescence detection. Often, 

method development will be car-

ried out with MS detection to 

confirm peak identity before 

the method is transferred to LC/

fluorescence. While MS certainly 

offers more specific information 

than optical detection, structural 

characterization of glycans is still 

immensely problematic. MS/MS 

technology innovations have con-

tributed significantly to glycan 

analysis, with electron-based tech-

niques such as electron transfer 

dissociation (ETD) yielding more 

informative cross-ring cleavages 

than the fragmentation patterns 

typically observed with the more 

established collision induced disso-

ciation (CID).

The analysis of glycopeptides 

also relies heavily on MS/MS, but 

glycopeptides straddle the line 

between being most amenable to 

HILIC or reverse-phase separations. 

Glycopeptides are more hydro-

philic than most non-glycosylated 

peptides, making their retention 

and separation on the reverse-

phase columns used for peptide 

mapping challenging. However, 

the peptide moieties of glycopep-

tides often make them difficult 

to retain and separate by HILIC. 

Mixed-mode chromatographies 

and two-dimensional LC combi-

nations of separation modalities 

are research tools available for the 

characterization of glycopeptides. 

Analogous to the separations issues 

posed by glycopeptides, peptides 

fragment well and predictably by 

CID, while, as mentioned previ-

ously, ETD gives more helpful gly-

can fragmentation. Hybrid ETD/

CID techniques are at the leading 

edge of unknown glycopeptide 

characterization.

The inherently aqueous nature 

of biology has caused solution-

phase techniques to dominate CQA 

analysis of biotherapeutics. LC/

UV has been the cornerstone of 

CQA analysis, and the technique is 

not expected to diminish anytime 

soon because of its accessibility in 

terms of cost and the required user 

expertise. Nonetheless, as regula-

tory demands become more strin-

gent and biotherapeutics become 

more complex, techniques such as 

light scattering and MS that offer 

more information and higher con-

fidence are gaining traction. Once 

only found in early stage research 

and characterization settings of 

biopharma companies, they are 

gradually finding their way into 

downstream QA/QC settings as 

the ratio of benefit to cost and 

required skill increases.

MAM are an exciting direction 

for CQA monitoring—up to six 

assays may be multiplexed into a 

single LC/MS/MS method. In addi-

tion to the PTMs mentioned in the 

peptide mapping discussion, it is 

also possible to measure process 

impurities such as host cell pro-

teins. While the required invest-

ment in a high-resolution mass 

spectrometer and considerable 

expertise is a possible drawback, 

the potential time and cost savings 

of a single assay that confirms pro-

tein identity, measures sequence 

variants, clips, charge variants, 

glycans, other PTMs, and process 

impurities is an opportunity that 

warrants attention.
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mpurities can have a negative 

impact on the stability, safety, and 

efficacy of protein therapeutics. 

“Aggregates are of particular con-

cern, either in soluble dimer/oligomer 

form or subvisible particle form,” notes 

Jay Kang, director of analytical and for-

mulation development at Patheon, part 

of Thermo Fisher Scientific. “It is well 

documented that even a small amount 

of aggregates can cause a significant and 

sometimes life-threatening immuno-

genic reaction.” 

“Impurities may interact with the 

therapeutic protein in a way that blocks 

and/or compromises the activity and 

potency of the therapeutic protein 

in vivo, hence, reducing its efficacy,” 

explain Michael Sadick, principal sci-

entist, Catalent Biologics Analytical 

Services, and Michael Merges, director 

of strategic growth, Catalent Biologics. 

“On the other hand, the impurity may 

exaggerate or enhance the therapeutic 

protein’s bioactivity in an uncontrolled 

way, leading to adverse events. Some 

impurities (especially host cell proteins) 

may add an immune-stimulating or 

adjuvant behavior to the therapeutic, 

causing the patient to generate antibod-

ies or cell-mediated immunity against 

the protein.”

“Host cell proteins co-extracted with 

the therapeutic protein can contain 

enzymes such as oxidases and lipases 

that will break down the protein over 

time, affecting the stability of the prod-

uct,” adds Niall Dinwoodie, Edinburgh 

biologics site lead at Charles River Labs 

(CRL). “Other host cell proteins and 
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binding agents carried over from 

purification columns may mimic 

the action of the therapeutic pro-

tein in assays, leading to mis-for-

mulation of the product outside 

the therapeutic window.”

According to Dinwoodie, some 

impurities have less insidious 

effects, but can still render the ther-

apeutic unacceptable. “For exam-

ple, trace levels of rapidly oxidized 

materials cause significant color 

change,” he says. “Historically, 

contamination with trace amounts 

of metals was a problem leading 

to aggregation of therapeutic pro-

teins, which can cause significant 

changes in efficacy, but under-

standing of the phenomena has led 

to improved, metal-free production 

processes.” 

In general, impurities come 

from two major sources, observes 

Bérangère Tissot, general manager, 

SGS Life Sciences, West Chester, 

Pennsylvania: product-related 

impurities and process-related 

impurities. “Product-related impuri-

ties can be categorized as product 

variants, and basically correspond 

to any undesired modification of 

the protein amino-acid sequence or 

post-translational modifications,” 

she highlights. “Variants also 

include forms of the therapeutic 

proteins in solution that are differ-

ent from the intended drug prod-

uct (i.e., different conformation or 

aggregation state). They can also be 

identified as a sub-form of the ther-

apeutic protein, possessing a biolog-

ical activity either higher or lower 

than the one of the drug product.”

The second type of impuri-

ties are mostly related to the pro-

duction processes, says Tissot. 

Dinwoodie adds that the materi-

als used in the production process 

to support cell growth, extract, 

and purify the therapeutic protein 

must be removed from the final 

dosage form. “Residual amounts 

of these materials can be carried 

through the production process 

to become impurities in the final 

form,” he points out. “Examples 

include growth selection agents, 

surfactants, purification column 

binding agents, and viral inactiva-

tion agents.” 

“The use of cells and growth 

media in the production pro-

cess also presents risks of adven-

titious agents, such as viruses, 

entering the production system,” 

says Dinwoodie. “Whilst removal 

or inactivation of these agents is 

considered under the production 

process validation as a safety issue 

rather than tested in the final 

product as a quality concern, these 

agents can also be considered impu-

rities in the product. 

Process- and product-related 

impurities should be carefully mon-

itored and controlled in the pro-

duction of therapeutic proteins. In 

this roundtable discussion, industry 

experts share insights on the vari-

ous methods used for purity and 

impurity analysis of therapeutic 

proteins. 

MMETHOD DEVELOPPMMENT
AAND VALIIDATION
BioPharm: What is the right approach 

to method development and valida-

tion for therapeutic proteins?

Kang (Patheon): Two concepts are 

key to approaching method devel-

opment and validation for ther-

apeutic proteins: ‘fit-for-purpose’ 

and ‘phase appropriate.’ A ‘fit-for-

purpose’ strategy means a method 

should be suitable for its intended 

use and phase of development. The 

requirement to establish an analyt-

ical method depends on whether it 

is for an identity test, content test, 

or purity/impurity test; whether it 

is for release, in-process testing, or 

characterization. For example, the 

only requirement for an identity 

test is specificity, while specificity, 

linearity, range, precision, robust-

ness, and sensitivity are mandatory 

for the purity test. Determining 

whether the method is for early-

phase development or for biologi-

cal license application (BLA) filing 

is also crucial because it will dic-

tate the size and thoroughness of 

the validation data package.

Sadick and Merges (Catalent): The 

underpinning to this response is 

the knowledge that each protein 

therapeutic is quite different from 

any other protein therapeutic, 

whether in terms of its final ter-

tiary or quaternary folding, bio-

logical activity, or purity profile. 

This is true even when consider-

ing different monoclonal antibody 

therapeutics. Consequently, while 

similar strategies may be used for 

different protein therapeutics, true 

‘toolbox’ approaches/platforms 

may not be completely success-

ful. In the strategies for assay or 

method development and optimi-

zation, we consider a combination 

of ‘one factor at a time’ (OFAT) to 

define individual factors, at least 

initially, and ‘design of experimen-

tation’ (DoE) to look at multiple 

and interacting factors. The use of 

fractional factorial DOE as soon as 

is practical allows for a more rapid 

and robust method development.

Validation would be accom-

plished in a phase-appropriate 

manner. The guideline for all 

phase appropriate levels would 

be the International Council for 

Harmonization (ICH) Q2 (R1) 

(1), although different technical 

platforms (e.g., enzyme-linked 

immunosorbent assay [ELISA] or 

bioassay potency tests) may have 

specific levels of adherence to 

the ICH guidelines, in addition 

to other guidelines, for example 

United States Pharmacopeia General 

Chapters <1033> and <1034> (2, 3). 

Validation for an investigational 

new drug or at Phase I level would 

have the more basic requirements, 

with fewer tests to be executed, 

a smaller number of repetitions, 

and wider  acceptance criteria. Late-

phase (Phase III/BLA-enabling) val-

idation will include all appropriate 

Impurity Testing
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test categories, as well as robust-

ness, with an increased number 

of sample repetitions along with 

more stringent acceptance crite-

ria. The establishment of appropri-

ate validation acceptance criteria 

should be based upon data-driven 

decision. Those data are best gen-

erated via a prevalidation exercise 

conducted prior to the drafting of 

each phase-appropriate validation 

protocol.

Tissot (SGS): This is not straight-

forward, as validation approaches 

will depend on the nature of the 

method, its intended use, the 

development stage of the prod-

uct, and the type of therapeutic 

proteins. In all cases, the method 

should be evaluated, prior to its 

validation, through a risk man-

agement process that will dictate 

which parameters to validate, 

which acceptance criteria to aim 

at, and all other necessary compo-

nents of a validation study. These 

considerations include nature and 

number of replicates for each of 

the parameters, robustness condi-

tions, and intermediate precision 

details among others.

Dinwoodie (CRL): The extent of 

development needed for a new 

analytical method will depend on 

the purpose of the method and 

the body of knowledge available 

on the product to which it will be 

applied. Physicochemical methods 

can be largely based on compen-

dial procedures and require little 

development, and parameters for 

platform techniques such as size-

exclusion high-performance liquid 

chromatography (SE–HPLC) can be 

established from an understanding 

of the protein’s molecular weight. 

Binding or potency assays, how-

ever, require the selection of suit-

able antibodies or modification of 

detector cell lines. Non-therapeutic 

host cell proteins can also present 

a considerable challenge to method 

development in ensuring that the 

polyclonal sera used provides full 

coverage of the range of proteins 

that may be extracted from the 

production cell line.  

Method development also must 

consider the robustness of the 

approach and ensure that reagents 

and consumable items, such as 

columns, are readily available and 

consistent in the results they gen-

erate. Validation of the method 

will then serve to confirm the 

robustness of these elements and 

assess the variability introduced 

by different analysts and equip-

ment. 

Both the number of repl i-

cates run for the determination 

of repeatability and intermedi-

ate precision, and the number of 

batches of the product tested in 

each run are affected by the prod-

uct’s stage of development. They 

also must be defendable in cover-

ing all possible options for how 

the method will be used in the 

future. Other aspects of method 

validation are more easily derived 

from the guidance given in ICH 

Q2 (R1).  

ANALYTICCAAL METHODS
BioPharm: What are the commonly 

used analytical methods for char-

acterizing therapeutic proteins?

Tissot (SGS): The main docu-

ment used by anyone characteriz-

ing a therapeutic protein remains 

the ICH Q6B guidelines (4). Now 

these guidelines are a little out-

dated, mainly with regards to bio-

physical methods but they still 

remain a good basis for the design 

of a character izat ion method 

panel. There are many ways to 

address some of the key elements 

that need to be evaluated during 

a characterization study, but some 

of the most commonly used are 

listed in the following: 

Physicochemical characteriza-

tion:

• Liquid chromatography–tan-

dem mass spectrometry (LC–

MS/MS) following digestion for 

primary amino-acid sequenc-

ing, which could be completed 

by N-termina l  sequenc ing 

using Edman degradation. The 

same type of methodology can 

be applied to the evaluation of 

the most common post-transla-

tional modifications 

• Liquid chromatography–mass 

spectrometry (LC–MS) or elec-

trospray ionization–mass spec-

trometry (ESI–MS) for intact 

molecular weight when the 

therapeutic protein does not 

present any major challenge for 

ionization (such as heavily gly-

cosylated proteins)

• A m i no - ac id  a n a ly s i s  a nd 

extinction coefficient estima-

tion

• A combinat ion of  mat r ix-

assisted laser desorption ion-

izat ion–time of f l ight mass 

spec t romet r y ( M A LDI–TOF 

MS), LC–MS, and other liquid 

chromatography with ultra-

violet detection (LC–UV) or 

high-pressure anion exchange 

chromatography coupled to 

pulsed amperometric detec-

t ion  ( H PA E C - PA D)  me t h -

ods for the quantitative and 

qualitative analyses of N- and 

O-glycosylation

Impurity Testing
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• Liquid chromatography or elec-

trophoresis methodologies to 

evaluate product heterogeneity 

(charge variants, size variants, 

hydrophobicity variants etc.)

• Circular dichroism (CD), Fourier 

transform infrared spectroscopy 

(FTIR), intrinsic/extrinsic fluo-

rescence for the analyses of sec-

ondary and tertiary structures

• Sedimentation velocity ana-

ly t ica l  u lt racent r i f ugat ion 

(SV–AUC), size exclusion chro-

matography coupled to multi 

angle light scattering (SEC–

MALS) or dynamic light scat-

tering (DLS) for the analysis of 

quaternary structures.

Activity characterization

• ELISA-based bioassays

• Cell-based bioassays

• Surface plasmon resonance (SPR) 

or bilayer interferometry (BLI) 

for binding activity.

Then we have to consider what 

are now called the emerging tech-

niques, at least for their application 

to complex biologics in an indus-

try context, which in a couple of 

years will become as common as 

the techniques previously listed. 

These techniques include:

• Hydrogen-deuterium exchange–

mass spectrometry (HDX–MS), 

ion mobility-mass spectrometry, 

and nuclear magnetic resonance 

(NMR)

• Native mass spectrometry.

Sadick and Merges (Catalent): As 

protein therapeutics commonly 

have complex structures and are 

generally produced and/or modi-

fied by the host cell in several 

functional variations, analyses of 

these molecules require an orthog-

onal approach with multiple ana-

lytic modalities.

Process-related variants can be 

identified, quantified, and dif-

ferentiated from process-related 

impurities of cellular origin via 

techniques such as SEC–HPLC, 

hydrophobic interaction chro-

matography (HIC), ion-exchange 

HPLC, and isoelectr ic focus-

ing (IEF) capillary electrophore-

sis. Process-related impurities and 

residuals such as Protein A can 

be detected and quantified with 

ELISA assays, whereas host cell 

residual DNA can be quantified 

via quantitative polymerase chain 

reaction (qPCR) assays. Functional 

activity of the protein therapeu-

tic can be assessed and quanti-

fied with cell-based bioassays, 

or, in some cases, ELISA potency 

assays. Process-related variants 

and impurities may then be more 

fully identified and defined using 

mass spectrometry-dependent 

analyses. Host cell derived residual 

protein may be assessed and iden-

tified with a combination of ELISA 

assays (commercial assays at early 

phases, and then custom assays 

at later phase), one-dimensional 

and two-dimensional Western 

blot analyses, and more recently, 

MS-based analyses.

Kang (Patheon): To characterize a 

protein, we need to understand its 

content, primary and higher order 

structure, potency, heterogeneity, 

purity, and impurity. The com-

monly used analytical methods 

for characterizing these proteins 

include UV spectroscopy for con-

centration; SEC, analytical ultra-

centrifugation (AUC), and field 

flow fractionation (FFF) for aggre-

gate measurement; capillary gel 

electrophoresis (CGE) for fragment 

measurements; capillary isoelec-

tric focusing (cIEF) for charge het-

erogeneity, biochemical/cell-based 

assay for potency measurement; 

mass spectroscopy for primary 

structure; FTIR, CD, or HDX for 

higher order structure. 

TESTINGG FOR IMPURITIES
BioPharm: How do you ensure that 

the final drug product is free from 

impurities that affect safety and 

efficacy? 

Dinwoodie (CRL): Designing the 

production process to minimize 

the materials introduced during 

manufacturing, as well as install-

ing appropriate purification steps, 

are simple sounding methods for 

ensuring a final drug product is 

impurity free. In practice, addi-

tives are required for cell growth, 

non-ta rget  prote ins  w i l l  be 

extracted, and downstream pro-

cessing will occur, so purification 

steps are paramount. Control of 

these steps must be demonstrated 

by validation and/or quality con-

trol checks on the bulk drug sub-

stance. Control of impurities that 

could arise from the fill/finish 

process are then assessed for the 

final product.

Kang (Patheon): It is very chal-

lenging to completely remove 

all the impurities, but the indus-

try can make sure that the level 

of impurities in the final drug 

product are at a safe and consis-

tent level. A key factor to ensuring 

this is to develop a sensitive and 

robust analytical method, so all 

the impurities can be accurately 

measured and the impurity-remov-

ing capability of the downstream 

process can be demonstrated. For 

example, ELISA is the gold stan-

dard and work horse for host cell 

protein measurement, but it only 

measures the total HCP and can’t 

give detailed information on the 

level of each individual host cell 

protein. Mass spectroscopy can fill 

the gap, and is, therefore, an excel-

lent supplemental method for host 

cell protein analysis. 

Sadick and Merges (Catalent): A 

‘pure’ protein is one that is free 

from any quantifiable amounts of 

impurities, so implementing sev-

eral orthogonal methods together 

is necessary to assure this is the 

case. The complex structural prop-

erties of the protein, the nature 

of the potential contaminants 

(host cells, viruses, genetic vari-

ants, purification process), and the 

accuracy and appropriateness of 

any one given method all influ-
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ence the selection of the methods used to perform the 

purity/impurity analysis. A subset of these analyses 

is executed during the purification process to assure 

that each purification step is performing as expected/

required. The full panel is performed upon both the 

drug substance and the final drug product. In this way, 

effectiveness of and purity at each stage of processing 

is evaluated and assured.

Tissot (SGS): Having a product entirely free of impuri-

ties is a very arduous task, if achievable at all. 

For process-related impurities, control procedures 

to follow the clearance of some of the process-related 

impurities are designed during the very early stage 

of the finalization of the manufacturing processes, 

and are refined as the processes are locked down. The 

use of ultra-sensitive mass spectrometry has been 

increasing in that very particular field, offering a 

greater ability to monitor such small molecule impu-

rities at a parts per million to parts per billion level. 

Such methods are also commonly validated as either 

process-validation-related methods or even product-

release methods.

For product-related impurities, the pre-IND or equiv-

alent panel of assays, at the very early stage of the 

product development, includes some of the methods 

that will be further refined to monitor these impuri-

ties. Complementary chromatographic and electro-

phoretic methods using UV detection have been used 

to monitor therapeutic protein variants for decades, 

but these methods are on the verge of being replaced 

by multi-attribute methods (MAMs) using primar-

ily mass spectrometry as a detection tool. The ability 

to not only monitor but characterize several of these 

variants or impurities using a single LC-MS or LC-MS/

MS method will not only bring to this field more dis-

crimination power but it is also expected to decrease 

the level of detection for these undesired components.

BioPharm: What are the analytical methods used for 

purity and impurity analysis of therapeutic proteins?

Dinwoodie (CRL): The analytical methods used to 

determine the levels of impurities within a thera-

peutic protein are those that have both the discrim-

inatory power to separate the impurities and the 

sensitivity to detect and quantify low levels of the 

analytes. For impurities that are not closely related 

in structure to the therapeutic agent, such as surfac-

tants, for example, the method can use this differ-

ence to maximize the sensitivity. 

Analysis of these impurities will include steps to 

remove all proteinaceous material to maximize the 

signal for charged aerosol detection or alternative mea-

sures. Sequence and glycosylation variants are closely 

related, or even part of the therapeutic protein; there-

fore, they require highly discriminatory techniques 

for their quantification. Capillary electrophoresis and 

HPLC or ultra-high-performance liquid chromatogra-

phy (UHPLC) are commonly applied to resolving these 

variants from the more common form of the protein. 

Aggregates are readily separated by SE–HPLC when the 

aggregation is robust. Less stressful techniques such as 

analytical ultracentrifugation may be required where 

the aggregation is more fragile. For non-therapeutic 

host cell proteins, cell-line specific ELISA are often 

used though mass spectrometry techniques can pro-

vide the discriminatory and quantification power 

required for these complex mixtures of impurities.

REFERENNCES
 1. ICH, Q2 (R1) Validation of Analytical Procedures: 

Text and Methodology, Step 4 version (1996).

 2. USP, Chapter <1033>, “Biological Assay Validation,” USP 35–

NF30 (US Pharmacopeial Convention, Rockville, MD, 2011).

 3. USP, Chapter <1034>, “Analysis of Biological Assays,” USP 35–

NF30 (US Pharmacopeial Convention, Rockville, MD, 2011).

 4. ICH, Q6B Specifications: Test Procedures 

and Acceptance Criteria for Biotechnological/

Biological Products, Step 5 (1999). ◆

Impurity Testing

,62�����������&HUWL¿HG��	��ZZZ�SHQGRWHFK�FRP

Normal Flow Filtration

��6WXGLHV�ZLWK�FRQVWDQW�ÀRZ�RU�FRQVWDQW�SUHVVXUH

��)RXU�SDUDOOHO�¿OWUDWLRQ�RSWLPL]DWLRQ�VWXGLHV� 
��SRVVLEOH�ZLWK�VFDOH�GRZQ�¿OWHU�GLVNV

��5HDO�WLPH�WUHQGLQJ�DQG�GDWD�DFTXLVLWLRQ�

��&RPSOHWHO\�DXWRPDWHG�ZLWK�WRWDO�YROXPH� 
��RU�SUHVVXUH�HQGSRLQWV�DQG�DODUPV

PendoTECH Filter Screening System... 
Use your valuable time to analyze data,  

not collect it



20  BioPharm International www.biopharminternational.com February 2018

is
a
k
5

5
/S

h
u

tt
e
rs

to
c
k
.c

o
m

I
n recent years, data integr ity 

in analy t ica l laborator ies has 

become a major concern for both 

pharma companies and regulators. 

Common violations detailed in recent 

FDA warning letters (1–5) include 

incomplete or inaccurate data from 

various laboratory tests. 

More specifically, factors such as 

inconsistent audit trails, disconnect 

between various electronical data man-

agement systems, quality inadequacy, as 

well as human error and manipulation 

have led many companies down a path 

of noncompliance. The prevalence of 

such violations emphasizes the growing 

focus on data integrity from regulators.

Companies are now faced with the 

challenge of streamlining digitized data 

integrity methods in the lab by under-

standing both the level of account-

ability necessary from personnel who 

use these systems in addition to recent 

technological advances, according to 

Steve Hayward, product marketing 

manager at BIOVIA, Dassault Systèmes  

(see Sidebar).

To address current lab data integrity 

violations and prevent new ones, it is 

important to stay up-to-date not only 

on regulatory standards, but on the 

latest technologies available to help 

companies meet these requirements. 

Below is a sampling of products to help 

maintain data integrity in the lab.

CCCOOOMMPPLIAANNTRREEAADY LIMS
FDA’s Data Integrity and Compliance 

with CGMP states that it is unaccept-

able to store data electronically in 

Maintaining 
Lab Data Integrity

Amber Lowry

This article 
explores lab 
data integrity 

violation trends, 
as well as 

a sampling 
of the latest 

technologies 
that can help 

avoid them.
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temporary memory, and advises 

companies to design a laboratory 

information management sys-

tem (LIMS) or an electric batch 

record system to automatically 

save each separate entry (6).

L a b V a n t a g e  8 . 3  f r o m 

LabVantage Solutions is the lat-

est version of the company’s 

LIMS (7). The system features a 

dynamic auditing function to aid 

in the GxP-compliant manage-

ment of data in temporary mem-

ory. The function also helps to 

maintain a complete audit trial 

based on a full history of analyti-

cal testing, including temporary 

and permanent data, changes 

between temporary and perma-

nent data entries and the reason 

for the change, identity of the 

user entering the data, date and 

time of data entry, as well as elec-

tronic signatures and mandatory 

reason for changes.

Other system features include 

improved reagent integrat ion 

w it h i n  t he  adva nced batch 

cont rol  mo du le ;  add it iona l 

improvements to array and plate 

handling, specifically with per-

sistent auditing on reasons, activ-

ity, and electronic signatures; 

and better storage explorer capa-

bilities to search for open and 

empty spaces for new samples.

Addit ional ly,  the company 

has expanded its inventory of 

Laboratory Execut ion System 

(LES) Worksheets, which can 

help streamline electronic record-

keeping. In addition to the exist-

ing LES worksheets based on test 

methods, the new worksheets are 

available for quality control (QC) 

batch testing, instrument certifi-

cation, and finished product sam-

ple testing, which can facilitate 

the review of multiple analytical 

tests on a single sample, according 

to the company.

Another appl icable tool  i s 

LabVantage’s Chemical Viewer, 

which has been added to the 

company’s electronic laboratory 

notebook (ELN) and LES. Users 

can upload a chemical file to a 

chosen location or copy it into 

the control system. The viewer 

offers a modifiable graphic ren-

dering of the chemical structure 

defined in the file. 

INFORRMATICS SOFTWARE UPDAATE
ACD/Labs has added new updates 

to its ACD/Spectrus Platform, the 

company’s suite of informatics soft-

ware products (8). Version 2017.1 

provides improved functionality 

to a range of solutions, including 

MetaSense, the company’s metabo-

lite identification software. It also 

introduces Luminata, a new solu-

tion for the management of impu-

rity data, according to ACD/Labs.

The updated software includes 

expansions and improvements 

for the ACD/Spectrus, an instru-

ment format support across ana-

lytical techniques. A new liquid 

chromatography/mass spectrom-

etry deconvolution algorithm for 

high-resolution mass spectrom-

etry data also includes usabil-

ity-improvements. Additionally, 

tools for analyzing samples by 

nuclear magnetic resonance and 

mass spectrometry have been 

enhanced.

According to ACD/Labs, the com-

pany’s metabolite  identification 

software has been updated to bring 

new metabolic pathways into the 

prediction algorithm and provides 

easier navigation of data in ways 

that are better aligned to scientists’ 

workflows.

The new Luminata solution 

enables organizations to estab-

lish effective impurity control 

strategies through the assem-

bly of analytical, chemical, and 

process information in a single 

enterprise informatics environ-

ment ,  fol low ing qua l it y-by-

design principles, as stated by 

the company.

SOOFTWARE SSUPPORTS
REEGULATORRRY COMPLIANCCCE 
FOOR MICROOOBIOLOGY QC LAAABS
The latest version of Lonza’s 

MODA-EM sof t wa re  enables 

microbiology QC laboratories to 

comply with the latest regulatory 

guidelines (9). Version 3.3 of the 

software meets daily challenges 

faced by QC laboratories with 

additional features focusing on 

data integrity, data visibility, and 

data review, creating an improved 

wo r k f low  e x p e r i e nc e  w i t h 

enhancements in analytics and 

reporting, according to Lonza.

Including a streamlined appli-

cation and a risk-based valida-

t ion solut ion,  the paperless 

software has a fully searchable 

audit t ra i l that a l lows sc ien-

t i st s  to t rack changes made 

through a sample’s lifecycle and 

saves time on routine activities 

such as settling plate exposure 

times, organism identification, 

and master data management 

and review, according to a press 

re lease  statement by Sinéad 

Cowman, European Union busi-

ness development manager for 

Lonza Informatics.

Additionally, the software fea-

tures improved scheduling and 

calendar capabilities for simpli-

fied sample management. It also 

offers web-based dashboards so 

Analytics: Data Integrity
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Analytics: Data Integrity

Understanding the role of both people and technology 

in the maintenance of data integrity in the analytical 

laborator y is crucia l  as companies move toward 

predominately electronic systems. While technology has 

helped make the preservation of data easier, it is just 

as important that the people operating these systems 

are aware of the relevance of each step involved in the 

process, says Steve Hayward, product marketing manager 

at BIOVIA, Dassault Systèmes. Hayward spoke with 

BioPharm International about what it takes to successfully 

maintain the integrity of data in the modern laboratory.

BioPharm: What is most important to consider for lab 

data integrity?

Hayward: The people in the lab and the digital 

solutions they use play an equal role to ensure data 

integrity. Technology helps to make it easy to execute, as 

well as to proof integration. The technology of the past 

decade has allowed for better preservation of data, from 

the time of capture in electronic format through to its 

analysis and use in reports.

This digital thread of information can now be preserved 

throughout an organization, but it is critical that the 

people who use the technology are aware of why each 

process step is relevant, and adhere to them at all 

times. Automation is also a key factor. The best way to 

ensure this consistency is by making it easier and less 

time-consuming to perform each routine activity, while 

passively recording each action for regulatory compliance. 

This can be achieved by automation-enabling technology.

BioPharm: How can data integrity in the lab be 

improved by the use of electronic systems?

Hayward: Electronic data systems that automate data 

transfer allow for the reduction or even elimination of 

human intervention, and therefore, the reduction of errors. 

Audit trails will prove the integrity of the data or show the 

details of the change. This means any data alteration—

voluntary or involuntary—will be either not possible, or 

any changes will be recorded so it will be obvious that 

data have been modified.

BioPharm: What are the data integrity risks associated 

with computerized systems and how can they be 

diminished?

Hayward: In the modern lab, it is a fact of life that 

there will be multiple electronic informatics systems, 

where the landscape’s complexity has usually scaled with 

the size and age of the company. Data are constantly 

passed back and for th amongst these systems, and 

may be transformed during the process. At each step 

along the way, the process must be validated to ensure 

that the integrity of the data, and the digital thread 

of information, is preserved. Recently, the trend has 

been toward consolidation of these disparate systems 

into more comprehensive solutions, where the data are 

stored in a single, centralized system and accessed as 

needed, without the need for constant transformation 

and transposition. While validation is still necessary, this 

removes both the day-to-day complexity in the lab and 

much of the risk of compromised data integrity.

BioPharm: How can manipulation of electronic records 

be identified and prevented?

Hayward: In the lab, all data files should only be 

accessible through a software system which requires 

secure user login, and tracks all modifications as part 

of the audit trail.  A computer’s operat ing system-

level login is not sufficient for this purpose. Although 

many solutions exist to enforce audit trails, in many 

cases, a user must log in to multiple different systems, 

sometimes more than once, just to complete a single 

task. With ever-increasing regulatory requirements, 

routine tasks can take longer.

A goal in the modern digital lab is to minimize the 

number of systems a scientist must use for any given 

tasks, which increases ef f ic iency, centralizes the 

management of audit trails, and minimizes the potential 

for data corruption or manipulation.

BioPharm: What can companies do to improve lab 

data integrity when using electronic systems?

Hayward: Many paper-based processes have already 

been eliminated from the lab during the first wave of 

digital lab solutions. However, the multitude of different 

electronic systems in place, often from many different 

vendors, means that data still must be transposed 

and often transformed as it moves from one system to 

the next. Each of these steps must be configured and 

validated to ensure both regulatory compliance and the 

preservation of the data’s integrity.

Where possible, systems should be consolidated to 

remove the mult iple dif ferent data f i le t ypes and 

connections between software from different vendors. It is 

also of the utmost importance that users are appropriately 

trained on the systems, and that their qualifications kept 

up-to-date.

Navigating data integrity in the modern lab
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that metrics and results can be 

accessed from anywhere with an 

Internet connection, as stated by 

the company. According to Lonza, 

scientists in QC laboratories are 

also supported with a valida-

tion documentation package that 

meets current industry standards 

and regulatory requirements, with 

execution and pre-validated ser-

vice options available.

SYNNTTHETIC CHEMISTRY OFFERINGG 
TO CCLOUDBASEEDDD RRR&&&D PLATFORMM
IDBS has  added a  sy nthet ic 

chemistry offering that extends 

its E-WorkBook Connect cloud-

based platform, part of the com-

pany’s E -WorkBook Cloud, an 

R&D cloud platform that sup-

por ts internal,  external,  and 

hybrid data management and 

research needs (10).

W i t h  t h e  n o w - e x t e n d e d 

E-WorkBook Connect, organic 

chemists can share data externally 

and collaborate with partners using 

a secure work space. Additionally, 

chemists are provided with the 

ability to transfer all experimental 

data to an on-premise or hosted 

E-WorkBook environment.

While some contract research 

organizations are allowed direct 

access to a secure corporate ELN, 

others are mandated to maintain 

a local installation of the desk-

top ELN. Both approaches are an 

additional overhead that IDBS’ 

platform resolves, according to 

the company.

“Extending the capabilities of 

E-WorkBook Connect with stoi-

chiometry, to support synthetic 

organic chemistry, addresses the 

data management challenges and 

costs associated with collabora-

tive research, especially when it 

comes to communication,” said 

Ian Peirson, head of product 

planning at IDBS, in a company 

press release.

“The advantages a re c lear : 

with our technology, a simple 

email invitation process sets up a 

secure workspace with a collabo-

rator, and this then enables both 

sides to view progress, and com-

plete the transfer of all informa-

tion and metadata to supplement 

the internal corporate knowledge 

base,” Peirson added.

AUTOOMMATION WORKSTATION
FOR CCLINICAL AND REGULATORRYY 
COMMPLIANCE
Tecan, a provider of laboratory 

instruments and solutions in bio-

pharmaceuticals, forensics, and 

clinical diagnostics, announced 

in a Jan. 25, 2018 press release 

that it will add the Fluent Gx 

Automation Workstation for clin-

ical and regulated laboratories to 

its range of liquid handling solu-

tions in 2018 (11). 

According to the company, 

the workstat ion solut ion wil l 

meet a host of laboratory needs, 

including clinical diagnostics, 

next-generation sequencing, and 

nucleic acid purif ication, and 

provide the advanced process 

security features required for reg-

ulated applications in clinical, 

GXP, and QC facilities.

In addition to the liquid han-

dl ing and work f low features 

available from related company 

products, the solution will also 

include a suite of software fea-

tures needed to comply with rig-

orous regulatory requirements, 

including FDA 21 Code of Federal 

Regulations (CFR) Part 11, as stated 

by the company (12). The Fluent 

Gx Assurance Software provides 

full sample tracking capabilities 

and secure electronic records, 

together with a LIMS interface, 

multi-level user management, 

and electronic signature options 

to ensure compliant and audit-

ready operation.

The solut ion a lso includes 

sof tware ut i l it ies to simpli f y 

system management. The com-

pliance checker provides rapid, 

fully automated verification of 

the integrity of all executable 

sof t ware components ,  whi le 

the data audit tool performs a 

similar function for electronic 

records, ensuring data integrity, 

according to the company.
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iotherapeutics are an emerging 

class of treatment that are pro-

duced by harnessing the protein 

synthetic machinery of living 

cells (1). These drugs have become the 

centerpiece of biotechnology industry 

and an integral part of modern medi-

cine, evidenced by the annual global 

expenditure of $1.2 trillion for 2016 

(2). These products also have demon-

strated their effectiveness over other 

existing regimens for treating complex 

diseases such as oncology, cardiovas-

cular, and other serious medical dis-

abilities (3). Despite their success, the 

adoption of biotherapeutics is marred 

by issues around affordability as well 

as risks associated to the challenges in 

assessment of their safety and efficacy 

arising from their complexity.

In contrast to chemical-based drugs 

that are manufactured by simple addi-

tion of various pre-determined quan-

tities of ingredients in an ordered 

manner, biotherapeutics present a dif-

ferent level of intricacies with respect to 

their production, and it is impossible to 

produce an exact replica of the drug in 

different batches originating even from 

the same manufacturer, let alone differ-

ent producers. This may be attributed 

to the complexities related to the use of 

cell lines, media formulation, and other 

bioprocessing steps that are prone to 

variability to varying degrees (4).

The inherent complexity of bio-

therapeutics makes their disposition 

different from small molecules (5). To 

complicate matters further, even slight 

changes in product attributes (e.g., pri-
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mary sequence, glycosylation pro-

file) arising due to multiple factors 

(product, patient, and treatment) 

may culminate into serious clini-

cal implications and elicit adverse 

immune responses that can lead to 

the death of a patient (6). 

Another dimension that has 

been added to this discussion is 

the rise of biosimilars, driven by 

the spurt of patent expirations of 

biotherapeutic blockbusters (1). 

For this class of products, the fun-

damental paradigm is to rely on 

analytical comparability to the 

highest possible level without the 

need of furnishing extensive clini-

cal trial data (7). This, however, 

highlights the need for a compre-

hensive, meticulous, and rigorous 

preclinical evaluation of safety and 

efficacy of a biosimilar product to 

assuage any risks associated to the 

abbreviated clinical evaluation. 

Strategies for evaluation of safety 

and efficacy of a biotherapeutic are 

a topic of continuous discussion 

and assessment. Not all biolog-

ics can be subjected to a uniform 

panel of tests owing to their dif-

ferences in their modes of action 

as well as their inherent biologi-

cal/chemical complexities (8). In 

this 38th article in the “Elements 

of Biopharmaceutical Production” 

series, the authors focus on the 

approaches for sample prepara-

tion of preclinical evaluation of 

safety and efficacy taking into con-

sideration the shortcoming with 

the contemporary approaches. 

Two case studies—one involving 

a microbial therapeutic product 

(granulocyte colony stimulating 

factor)—and other—a mammalian 

therapeutic monoclonal antibody 

(bevacizumab) have been used to 

illustrate the key aspects.

CAASE STUDDDY I: IDENTIFICAAATTION OF
CRRITICAL QQQUALITY ATTRIBBUUUTES 
OOF GRANUUULOCYTE COLONYYY
STIMULATTTING FACTOR GCSSSF 9
GCSF is a 18.8 kDa cytokine that 

is generally prescribed to boost 

neut rophi l  counts of cancer 

patients undergoing chemother-

apy. It is expressed in Escherichia 

coli (E. coli) as inclusion bodies. 

Obtaining the commercial GCSF 

formulation requires a series of 

bioprocessing steps including 

refolding and chromatography. 

Often, these processing steps 

result in formation of certain 

molecular variants and impuri-

ties in addition to the pure GCSF. 

These include the oxidized, formyl 

methionine (f-Met), reduced, and 

aggregated forms of GCSF (10,11). 

From the processing perspective, 

while clearance of aggregates and 

the reduced GCSF impurity are 

quite achievable in most commer-

cial processes, adequate clearance 

of the oxidized and f-Met GCSF 

is a challenge (12). In addition, 

it has been reported that GCSF 

has a free cysteine residue (cys-17) 

that can trigger aggregate forma-

tion, and so post-manufacturing 

aggregation of GCSF is a possi-

bility (13). Recombinant GCSF 

processes can also yield other 

product-related species such as 

deamidated, N-terminal trun-

cated, and norleucine forms of 

GCSF (14). The level of these spe-

cies, however, is usually control-

lable through fermentation and 

purification steps. There is no 

consensus among the regulatory 

agencies on the maximum allow-

able limit for these species in the 

final product formulation; hence 

an evaluation needs to be per-

formed on a case by case basis.

Figure 1 i l lustrates that pre-

clinical material that is carefully 

manufactured to represent a single 

attribute at a time would allow 

one to parse the impact of these 

attributes on safety and efficacy;  

otherwise the attribute is masked 

in the usual preclinical and clini-

cal samples due to low signal 

threshold (owing to the presence 

of multiple attributes in a single 

sample). 

GCSF refolding and purification 

To prepare GCSF samples that can 

help unravel the effect of each 

individual specie, the first step is 

to understand how the refolding 

process affects the quality of the 

product. A full factorial design 

of experiments (DoE) was per-

formed to evaluate the effect of 

refold pH and cystine/DTT (15). 

In this study, levels of monomer, 

oxidized, and reduced GCSF were 

taken as product quality attributes. 

The results of the DoE were used 

to identify conditions, which will 

result in formation of high level of 

one of the product related species 

under consideration. For example, 

the cystine/DTT ratio is governed 

by the number of cysteine residues 

in the protein and thus the num-

ber of disulfide bonds necessary 

for the protein to assume its func-

tional native conformation. In this 

case, the results showed that both 

refold pH and cystine/DTT ratio 

have a positive correlation with 

levels of native GCSF and oxidized 

Quality
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GCSF (16). However, the refold 

pH did not have a significant 

impact on formation of reduced 

GCSF. Further, while the cystine/

DTT ratio had a positive correla-

tion with native GCSF and oxi-

dized GCSF, the effect was opposite 

on formation of reduced GCSF. In 

view of the above information, 

inclusion bodies (IBs) were refolded 

under two conditions favoring 

aggregate formation and reduced 

GCSF, respectively. The refolded 

samples were subsequently buffer 

exchanged and subjected to the 

downstream purification. 

The choice of the purification 

platform is crucial for this study. 

The platform should be capable of 

resolving all the product related 

species so as to allow the collec-

tion of a pool that is enriched in 

a particular species of interest. 

Multimodal chromatography has 

been previously established as a 

suitable tool for this purpose as it 

resolves all the product variants of 

GCSF (10). This process was used 

to achieve the desired resolution 

and pooling. 

Analytical and 

biological characterization 

A na ly t ic a l  c ha rac te r i z at ion 

encompasses utilization of a col-

lection of high resolution, high 

performance, orthogonal ana-

lytical tools that together offer 

the ability to fingerprint a bio-

therapeutic and monitor levels 

of all of the species mentioned 

previously. In this case, reversed-

phase high performance liquid  

chromatography (RP-HPLC) and 

size-exclusion chromatography 

(SEC) were used. While the former 

quantifies levels of the oxidized, 

f-Met, and reduced impurities in 

the samples, the latter measures 

the levels of aggregates and frag-

ments. Further, enzyme linked 

immunosorbent assay (ELISA) and 

PicoGreen assays were performed 

to measure levels of host cell pro-

teins (HCPs) and host cell DNA 

(HCD), respectively. 

Biolog ica l  charac ter i zat ion 

involved use of assays that can 

assess the mechanism of action 

of GCSF. These included binding 

assays to determine the binding 

affinities of the GCSF variant to 

the pertinent receptor, GCSF-R, 

preferably using a label-free, opti-

cal-based technique such as bio-

layer interferometry or surface 

Quality

Figure 1. Illustration of sample preparation strategy and preclinical evaluation of the product variants (oxidized, reduced, 

aggregates, and f-Met). The key steps in the evaluation involved carefully preparing samples such that each samples differed 

from other in terms of a single attribute. Here, product information from the existing literature can be capitalized upon to gain 

information about various product variants, their risks and challenges.  This is followed by routine analysis using an array of 

tests (In vitro binding assays, in vitro potency assessment, pharmacokinetics, pharmacodynamics, toxicity assessment). The 

data from these studies is together used to make overall risk assessment by assigning a severity score to each variant, in 

accordance with the principle laid down in quality-by-design (QbD) paradigm.
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plasmon resonance spectroscopy; 

cell based assays on cell lines that 

express GCSF-R (Leukemic cell 

line, MNFS-60); pharmacokinetics 

and pharmacodynamics (PK/PD) 

on an animal model evaluation; 

and toxicity assays (biochemical, 

histopathological, and immunoge-

nicity assays). Further, under the 

quality-by-design (QbD) paradigm, 

gene expression from the neutro-

phils isolated from the treated 

animal groups would offer us an 

understanding of any deviations 

from the usual signaling pathways 

for the product variants. 

Key outcomes

Several interesting observations 

were made from the study. First, 

the binding affinity of GCSF vari-

ant to GCSF-R followed the order: 

Reduced> Pure=Oxidized=f-Met> 

Aggregate. The enhanced binding 

affinity of the reduced GCSF sam-

ples was attributed to stabiliza-

tion of one disulphide bond in the 

absence of the other (this explana-

tion is drawn from the analogy of 

similar cytokine, Interleukin-6) 

(17). Second, the oxidized GCSF 

samples were seen to offer com-

parable safety and efficacy profile 

vis-à-vis the pure GCSF. Third, the 

PK attributes of reduced, aggre-

gated and f-Met GCSF forms were 

inferior; however, all the tested 

GCSF var iants were success -

ful in inducing dimerization of 

GCSF-R with full activation of 

neutrophils. Fourth, no histologi-

cally evident damage to the major 

organs of tested animals using 

GCSF variants were observed. 

In the aggregate administered 

groups, however, muscle injury 

manifested as sluggishness and tilt 

in neck was observed. Fifth and 

final, based on the risk assessment 

of these variants, aggregated and 

reduced GCSF samples were cat-

egorized as critical quality attri-

butes (CQAs), while oxidized and 

f-Met GCSF samples were found to 

be non-CQAs. 

Although previous studies had 

established that both the disul-

phide bonds are necessary for 

biological activity of GCSF (18), 

it is not clearly evident that the 

Cys64-Cys74 disulphide bonds 

stabil izes the GCSF structure 

in absence of Cys 36 -Cys 42 

disulphide bond. In addition, 

a previous report has linked an 

immunogenic response to the 

presence of f-Met species in the 

GCSF sample (12). Data from this 

study, however, show that f-Met 

species differ in terms of its dis-

position in the body, but have 

equivalent binding affinity and 

biological activity as compared to 

the GCSF and its presence at lev-

els <5% does not pose any safety/

efficacy concern. Similarly, for the 

oxidized GCSF samples, the results 

obtained in this study are consis-

tent with the previous studies (19). 

CCASE STUUUDY II: AASSEESSMENNTT OF
CCRITICALLIITY OF CCHAARGE VAARIANTS 
OOF A MONNNOCLONAALL ANTIBOOODY
MMAB THEEERAPEUTIC 20
Charge variants, namely acidic and 

basic variants, commonly exist in 

significant quantities in commer-

cial formulations of mAb therapeu-

tic products. Charge heterogeneity 

is typically not believed to affect 

safety and efficacy of a therapeu-

tic product (21). As a result, the 

commonly followed approach 

involves assignment of a specifica-

tion for the variants based on sta-

tistical analysis of the levels seen 

during commercial manufacturing. 

Thereafter, monitoring of product 

quality is performed to demon-

strate consistency.

Traditional practice for assessing 

impact of charge variants on prod-

uct safety and efficacy involves 

either use of fractions that contain 

a mixture of individual variants 

or use of individual variants that 

have been isolated. It is typically 

not possible, however, to isolate 

all of the charge variants individu-

ally, and if used as a pool, it is not 

possible to elucidate the effect of 

each individual variant. In addi-

tion, interactions may be possible 

among the different quality attri-

butes and these also need to be 

understood. Recently, research-

ers have proposed a correlation 

between charge heterogeneity and 

glycosylation of monoclonal anti-

body (22). 

There are multiple challenges 

that need to be overcome for per-

forming such an evaluation. First, 

a rigorous method for separation 

of these variants is needed (23) and 

is non-trivial due to the fact that 

the physicochemical properties of 

these variants are nearly identi-

cal. Researchers have attempted to 

achieve this by using chromatog-

raphy, both using salt (24) as well 

as pH (25) gradient. Although sepa-

ration of basic variants has been 

achieved to a satisfactory extent, 

resolving acidic variants using 

either of these methods is partial at 

best. Second, isolating individual 

variants in amounts that are suf-

ficient for further analytical char-

acterization that is required for 

assignment of the modifications 

or performing a cell based assay 

for determination of the biologi-

cal activity remains a time- and 

Innttteeeerrrrraaaaccctttiiiooonnnsss mmmmmaaayyy 

bbbbbeeee pppooossssiibbbllleee aammmooonnnnggggg 

ttthhee ddiifffffeerrrreeennnntt qquuaallittyyy 

aaattttrriibbbuuutteeess aannnddd ttthheesseee 

aaaallssoo nnneeeedd tttoo bbbeeee 

uuunnndddddeeeeerrrrrssssstttttoooooooodddd.
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resource-intensive exercise (26). For 

instance, in the authors’ experi-

ence, at least 50 injections are nec-

essary in ultra-high-pressure liquid 

chromatography (UHPLC) for iso-

lating enough of a single variant 

fraction. This is equivalent to ~30 

hours of instrument run time and 

costs more than $250/variant. The 

issue is further compounded by 

the fact that the collected fraction 

may or may not represent a pure 

isolated variant, and for almost 

all cases, the isolated fraction is 

deemed as the single assay peak 

that may or may not be a combina-

tion of one or more variant. 

Purification process 

development, analytical, 

and biological characterization

Figure 2 of fers an interest ing 

approach to achieve the desired 

purpose and uses the principles 

of separation, biology, and statis-

tics. First, a downstream process 

is created for separating these spe-

cies at the preparative scale. The 

selection of resin, as is known, 

is guided by the physicochemi-

cal properties of the mAb prod-

uct under investigation. In this 

case study, the mAb product had 

the following characteristics: pI, 

7.9–8.2; size, 149 kDa; origin: Mus 

musculus. Based on this informa-

tion and prior experience, porous 

HS resin (Sulphopropyl -50 μm and 

residence time of 8 min) was used. 

The chromatographic method used 

a linear salt gradient for separation 

of various charges species of the 

mAb product. Fractions of fixed 

volume (e.g., 1 mL) were collected 

during elution. 

Second, an appropriate ana-

lytical method is created. The 

reversible nature of the modifi-

cations that result in the charge 

heterogeneity of mAbs (particu-

larly that of acidic variants) makes 

them susceptible to changes over 

the course of storage. This neces-

sitates the availability of a rapid 

analytical method that can help 

in determination of the number 

of individual charged species in 

each of the fractions collected 

during process chromatography. 

To achieve this task, a previously 

descr ibed non-l inear sigmoi-

dal shape salt gradient was used, 

involving use of a steep slope 

during elution of other compo-

nents that elute before or after the 

main component. This results in 

a significant reduction in time of 

analysis compared to traditional 

methods (4 minutes with sigmoi-

dal gradient versus 40 minutes 

for linear gradient). This rapid 

method enabled us to measure 

the levels of all charged species 

in each of the chromatography 

fractions. In addition, aggregate 

Quality

Figure 2. Illustration of an approach for characterization of monoclonal antibody (mAb) charge variants. The key steps included 

collecting fractions during the mAb purifi cation, assessing the charged species in each sample using the analytical CEX method, 

and performing cell potency assay on these samples. Statistical modelling using CEX content of each fraction as input and cell 

potency as output would help to parse the impact of each variant on cell potency without the need to isolate them in purity.
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analysis was also performed in 

these fractions and those contain-

ing aggregates beyond a threshold 

level were not considered in the 

analysis to avoid possible com-

pounding of contributions from 

aggregate and charge variants.

Third, bioassay was performed 

on the relevant model system 

(L929 cell line in this case) to 

determine the biological activity 

(anti-proliferation in this case). 

Fourth, empirical modeling of the 

resulting data was performed to 

correlate each of the charged vari-

ant to biological activity. Once 

charge variants that were seen to 

have statistically significant impact 

on activity had been identified, an 

empirical model using these vari-

ants was developed. The refined 

model was a quadratic fit incorpo-

rating significant parameters and 

their interactions.

Key outcomes

Several interesting observations 

were made out of the study. First, 

seven acidic and seven basic peaks, 

in addition to the main peak, were 

resolved using the non-linear sig-

moidal method. The ability to 

resolve the various species directly 

impacts the thoroughness of the 

resulting product understand-

ing. The anti-proliferative activ-

ity of the fractions was found to 

be in the range 16–112%, thereby 

indicating that the number of 

fractions used in the analysis rep-

resents sufficient variability that 

is adequate to capture the impact 

of the variants on the activity. 

Second, keeping roughly the same 

amounts of acidic and basic vari-

ants in a typical process pool, vari-

ants were screened for impact on 

biological activity. It was observed 

that of the 14 variants under con-

sideration (acidic and basic), only 

A4, A5, A6, A7, and B2 have sta-

tistically significant impact on 

cell proliferation, and hence these 

were identified as CQAs. Third, 

it was demonstrated that lots of 

mAb differing in terms of relative 

levels of each variant (identified as 

CQA) but having the same cumula-

tive sum of acidic, basic, and main 

product would exhibit vastly dif-

ferent proliferative activity. Fourth, 

application of the proposed model 

as a dial-in-tool for identifying 

product pool with optimum prolif-

erative activity and product yield 

was demonstrated. 

S e ve r a l  r e s e a r c he r s  h ave 

attempted to evaluate the impact 

charge heterogeneity in mAbs on in 

vitro potency and in vivo PK (26,27). 

However, they suffer from the fact 

that they use product that contains 

a mixture of charge species and 

hence a species-specific evalua-

tion is not possible. For example, 

charge variants like Lys-C variant 

and N-terminal pyroglutamate spe-

cies, which have been recognized 

as non-CQAs (26), may not be there 

in the feed material in adequate 

quantities. The product under-

standing generated here can also be 

used when making decisions about 

pooling of process chromatography 

columns so as to achieve favorable 

process economics. 

COONCLUSIOOON
This article discusses the short-

comings with respect to the nature 

of samples that are used for pre-

clinical and clinical evaluation 

of safety and efficacy of product 

variants of biotherapeutics using 

contemporary approaches. The 

two case studies presented in this 

article exemplify that appropri-

ate sample preparation and cus-

tomized testing using different 

orthogonal tools would allow to 

extract rich information about the 

safety and efficacy of the product, 

which is otherwise not feasible to 

achieve. 
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S
ingle-use manufacturing systems 

continue to see uptake in the bio-

pharmaceutical industry as some 

companies invest in the technol-

ogy, but the overall adoption by the 

industry remains small. The market for 

single-use technology is growing, how-

ever, as capacity needs evolve.

CONSERVATIVE ATTITUDE
Conservative attitudes tend to dominate 

the pharmaceutical and biopharmaceuti-

cal industries, which have traditionally 

resulted in slow adoption of newer man-

ufacturing technologies. The movement 

away from the blockbuster drug model to 

more targeted therapeutics, however, is 

driving the need for drug manufacturers 

to avoid costly investments in tradition-

ally large, stainless steel equipment (1).

S i n g l e - u s e  e q u ip m e nt  o f f e r s 

t h e  b e n e f i t  o f  m a k i n g  t h e 

biomanufacturing process increasingly 

efficient and less costly, which makes 

it particularly attractive for smaller 

and lesser-funded companies. For these 

companies, the only viable option for 

manufacture of an in-house product 

candidate would likely be the use of 

single-use bioprocessing equipment, 

aside from outsourcing. 

Companies with a longer history of 

using single-use systems are the ones 

who are more likely to embrace newer 

technologies as well as to invest in 

them, but companies who hesitate or 

are reluctant to invest are those that 

remain uncertain about how to imple-

ment a disposable biomanufacturing 

system in their network (1). 

Industry Adoption of Single-
Use Systems Remains Low

Feliza Mirasol

Single-use 
technologies 

are starting to 
gain ground 
as capacity 

needs change, 
but industry-

wide adoption 
remains low.
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There is a move toward smaller, 

more efficient biomanufacturing 

facilities, however, compared to 

20 years ago. The ability to manu-

facture a comparable amount of 

biologic product due to process 

optimization means a smaller facil-

ity with single-use equipment can 

be a preferable solution to a tradi-

tional stainless-steel facility. 

“It is far more common today 

that biopharma manufacturers 

are building small economical 

facilities with several 2000-L single-

use bioreactors—20 years ago, the 

companies were building a facility 

with the same number of 20,000-L 

stainless steel bioreactors, but 

because the process intensification 

has taken a major step, the output is 

the same,” says Nigel Darby, advisor, 

GE Healthcare Life Sciences.

“However, if you look at the total 

industry capacity, the portion of 

single-use technologies is still rela-

tively small, at most 10%, but in 

the new installations the portion 

of single-use technologies is already 

between 25% and 50%, and the 

market growth has been reported 

to be around 20% in the past three 

years,” adds Parrish Galliher, chief 

technology officer of Upstream 

BioProcess at GE Healthcare’s Life 

Sciences division.

COST AND TIME SAVINGS
To date, has single-use manufac-

turing technology thus far fulfilled 

the promise of saving time and 

cost? “With the modern technolo-

gies that we have in place, we can 

build manufacturing capacity a lot 

quicker than before: it is estimated 

that single-use manufacturing 

technologies can help reduce capex 

[capital expenditure] costs by up 

to 50% (2) and water and energy 

use by up to 80% (3) compared to 

a traditional facility,” Galliher says.

“The saved time allows the bio-

pharma companies to build their 

capacity at a later stage in the clini-

cal cycle, where there is more cer-

tainty that a therapeutic will reach 

the market. The capacity can be 

expanded in steps if the demand 

increases,” he adds. “The single-use 

technologies have also [had] a key 

role in process intensification—the 

financial benefits are great when 

the output is maximized from a 

smallest possible facility.”

One of the costliest aspects in 

biomanufacturing is the cost of 

sterile-fluid transfer, such as prod-

uct and reagents, through the 

different process steps that are typ-

ically located in different parts of 

the facility. Sterile-fluid transfer 

has traditionally been conducted 

through product piping, stainless-

steel vessels, routing manifolds, 

and valves—all of which requires 

cleaning and sterilization. In addi-

tion, equipment validation is 

required before re-use (4).

To put the time consideration 

into perspective, a typical clean-

in-place cycle for vessels between 

100 L to 1000 L can run between 

one-and-a-half to two-and-a-

half hours long. Furthermore, if 

the bioprocess is classif ied as 

totally sterile, then vessels need 

to undergo an additional steam-

in-place cycle, which can run 

another three hours or longer. 

The time used to prepare and 

validate equipment for sterile-

fluid handling is therefore time 

consuming, and this translates to 

time that production capacity is 

not being optimized (4).

In comparison, disposable single-

use bioreactor bag systems, which 

range from 50 mL to 3000 L and 

are intended to replace the glass 

bottles or stainless-steel vessels 

traditionally used for sterile-fluid 

handling, are designed to save 

space and provide ease of maneu-

verability around the facility (4). 

Because they are disposable, they 

do not require cleaning cycles. In 

addition, validation for disposable 

technology takes less time than for 

traditional equipment.       

COMPANY INVESTMENT IN 
SINGLEUSE TECHNOLOGY
Investments in single-use tech-

nology include GE Healthcare’s 

 portfolio. “GE has developed and 

made a number of investments 

over the years in single-use man-

ufacturing technologies. Now we 

have a complete portfolio of single-

use upstream and downstream sys-

tems for bioprocessing, including 

rocking and stirred tank bioreac-

tors, sensors, smart mixers, filtra-

tion pump skids, virus inactivation 

systems, chromatography systems, 

single-use connectors, welders and 

ready-to-use tubing assemblies 

(ready circuits),” Galliher says. 

One of the company’s most 

important investments was the 

2012 acquisition of Xcellerex, a 

supplier of manufacturing tech-

nologies, including FlexFactory for 

biologics, a centrally automated, 

flexible biomanufacturing platform 

based on single-use technologies, 

that allows for GMP manufactur-

ing. The acquisition complemented 

GE Healthcare’s portfolio with pro-

duction-scale bioreactors.

Additionally, in 2016, the com-

pany announced a $7-million 

expansion project in Westborough, 

MA (5), where a range of single-

Downstream Processing
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use products, including cell growth 

bags, will be manufactured. Other 

recent investments include $5 mil-

lion in an extractable and leachable 

testing lab for on-going support of 

single-use product development, 

according to Galliher.

“We have also launched a high-

performance single-use microbial 

fermentor at the 500-L scale. In 

addition, we have also launched a 

single-use ÄKTA ReadyFlux ultrafil-

tration/defiltration system,” he says.

EVOLVING CAPACITY NEEDS
As the capacity needs of biologic 

drugs in development change (e.g., 

going from high volume product 

to smaller-volume high potency 

volumes), single-use technologies 

can expect to evolve. “Small-scale, 

single-use systems are already in 

widespread use for process devel-

opment and small-scale expansion 

of cell cultures and downstream 

processing. Therefore, we expect 

evolutionary, not revolutionary, 

changes in single-use technologies 

for small volume highly potent 

drugs,” says Galliher. Examples of 

this evolution include the devel-

opment of more closed systems, 

novel film chemistries, smart sen-

sors, and automation for small-

scale single-use systems, he adds.

One example of how modular 

manufacturing is evolving to fit 

capacity needs is GE Healthcare’s 

deal in January 2018 to equip a 

cell therapy manufacturing facil-

ity with the FlexFactory platform, 

which the company will design 

to speed up manufacturing time-

lines for cell therapy clinical trials 

and commercial launch (6). The 

facility in the plans is Cellular 

Biomedicine Group’s (CBMG) 

Shanghai, China, cell therapy 

manufacturing facility. CBMG is 

a clinical-stage biopharmaceutical 

company focused on immunother-

apies for cancer. 

Gaps exists in manufacturing cell 

therapies to meet demand, according 

to GE Healthcare. Scalable integrated 

solutions to support the transition 

from clinical trials to commercial 

manufacturing have also been lim-

ited. Many of the multiple steps in 

the cell therapy manufacturing pro-

cess remain largely unintegrated 

and require manual labor, and open 

transfers between steps increase the 

risk of contamination (6).

CBMG will be the first company 

to install the FlexFactory platform 

for the manufacture of cell thera-

pies and anticipates that the plat-

form will be operational by the 

end of 2018.

In a similar move, Sartorius 

Stedim Biotech entered into a deal 

in January 2018 to equip Abzena’s 

two integrated contract develop-

ment and manufacturing organi-

zation (CDMO) facilities in Bristol, 

PA, and San Diego, CA, with sin-

gle-use manufacturing systems (7). 

Abzena, a CDMO, conducts devel-

opment and GMP manufacture 

of antibody drug conjugates at its 

Bristol facility and conducts devel-

opment and GMP manufacture of 

monoclonal antibodies and other 

recombinant proteins at its San 

Diego facility.

Under their agreement, Sartorius 

Stedim will equip Abzena’s San 

Diego process development lab 

with industry technologies that 

enable fast scale-up to 500 L ini-

tially and later to the 2000-L scale 

single-use bioreactor at Abzena’s 

center of excellence for clinical 

manufacturing.

THE ROLE OF MODULAR 
MANUFACTURING
Modular manufacturing, a design 

concept that typically involves the 

use of self-contained, maneuverable 

units (or modules) of equipment in 

a “ballroom” concept (8)—a large 

manufacturing space with no fixed 

equipment—is another aspect of 

single-use manufacturing systems; 

it plays a role in the adoption of 

single-use technologies. 

“Modular manufacturing solu-

tions are making a comeback, 

enabled by single-use technologies, 

because modular systems based 

on single-use are less complex and 

costly to manufacture and oper-

ate,” Galliher notes, “For exam-

ple, GE Healthcare Life Sciences 

has already installed over 20 

FlexFactory biomanufacturing plat-

forms globally that are based on 

single-use technologies.”

Modular technologies are not 

new and have been around for 

many decades, Galliher states. They 

have been rediscovered, however, 

due to the simplification and lower 

costs afforded by single-use manu-

facturing technology, he notes.
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C
ell and gene therapies continue 

to show great potential to treat 

if not cure serious diseases that 

have previously been untreat-

able. Three new products were approved 

in 2017 by FDA, chimeric antigen recep-

tor (CAR) T-cell cancer therapies from 

Novartis and Kite Pharma and a retinal 

gene therapy from Spark Therapeutics. 

Markets and Markets estimates the 

value of the regenerative medicine mar-

ket (including cell and gene therapies, 

immunotherapies, and tissue engineer-

ing) will grow at a compound annual 

growth rate of 23.6% from $13.41 bil-

lion in 2016 to $38.7 billion in 2021 (1).

According to the Internat ional 

Society for Cellular Therapy (ISCT), the 

approval of the first CAR T-cell thera-

pies is “direct evidence of the commer-

cializing potential of CAR-T therapies” 

and indicates that “cell therapy is now 

a sector that has emerged today, not 

evolving in the future” (2). ISCT also 

expects the recent approvals to spark 

considerable investment across all 

stages of drug development from fun-

damental research within academia 

to commercial manufacturing by Big 

Pharma and contract service providers, 

as well as within other support indus-

tries from equipment manufacturers to 

logistics companies.

FDA Commissioner Scott Gottlieb 

recognizes that cell-based therapies are 

“one of the most promising fields of 

science.” At the same time, the “area’s 

rapid growth, dynamism, and com-

plexity” are creating unique challenges 

and thus the need for a “clear, efficient 

FDA Framework Spurs 
Advanced Therapies
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 pathway for product developers” 

that ensures “the safety and effi-

cacy of these medical products 

so that patients can benefit from 

these novel therapies” (3).

FDA AS FACILITATOR
The original regulatory framework 

for regenerative medicines, estab-

lished in 2005, has not kept pace 

with changes that have occurred. 

Gottlieb is concerned that “unscru-

pulous actors” are “jeopardizing 

the legitimacy and advancement of 

the entire field” (3). To support the 

innovation pursued by responsi-

ble product developers, he believes 

FDA must “advance a modern, effi-

cient, and least burdensome frame-

work that recognizes the breakneck 

speed of advancement in the prod-

ucts we’re being asked to evaluate, 

while ensuring patient safety.”

To that end, the agency intro-

duced in mid-November 2017 a 

new comprehensive framework 

comprising four guidance docu-

ments (two draft and two final) 

that incorporate proposed novel 

and modern approaches to reg-

ulation and allow FDA to adapt 

its regulatory model to meet the 

needs of next-generation medi-

cines. One such approach involves 

the use of common manufactur-

ing protocols within academia and 

industry to allow the sharing of 

clinical trial data. 

The f ramework a lso imple-

ments the Regenerative Medicine 

Advanced Therapy (RMAT) des-

ignation program as required by 

the 21st Century Cures Act. This 

program is designed to expedite 

the development and review of 

regenerative medicine advanced 

therapies and is managed by 

F DA’s  C e nte r  fo r  B io log ic s 

Evaluation and Research (CBER). 

Applicants that receive the RMAT 

designation will have early inter-

actions with FDA staff and may 

receive priority review and accel-

erated approval (4).

As a further requirement of the 

Cures Act, FDA is working with the 

National Institute of Standards and 

Technology (NIST), members of 

academia, and the pharmaceutical 

industry to develop standards for 

regenerative medicines (4).

FRAMEWORK OF OPPORTUNITIES
Because the new framework pro-

vides increased opportunity for 

developers of regenerative medici-

nal products to obtain expedited 

reviews and greater access and col-

laboration with CBER staff, Lonza, 

a contract development and man-

ufacturing organization, believes 

it will also provide opportunities 

for its customers. “The new guid-

ance is a significant development 

that will enable us to work with 

our customers to improve patient 

access to novel cell and gene thera-

pies,” observes Alison Keene, head 

of global regulatory affairs for the 

pharma and biotech segment of 

the company. “We welcome the 

progressive regulatory approach 

FDA is adopting, which takes into 

account the innovation that is 

required for the development of 

regenerative therapies,” she adds.

Lonza anticipates that its cus-

tomers will be evaluating the 

opportunities that the new frame-

work provides. “We have custom-

ers in both early- and late-stage 

clinical development, some of 

whom would be seeking to lever-

age this new guidance,” says Keene. 

In addition, because Lonza takes 

a science-based approach to the 

development of advanced ther-

apy medicinal products (ATMPs) 

while at the same time evaluating 

risk, the new regulations lay the 

groundwork that will hopefully 

enable the company to work even 

more closely with its customers, 

according to Keene.

“We expect to see more cus-

tomers seeking opportunit ies 

to commercialize using the new 

framework, and thus much faster, 

and also earlier on, than under 

previous regulations. We also 

anticipate an overall increase in 

demand as a wave of new therapy 

developers enters the clinical trial 

stage and subsequently commer-

cialization,” she notes.

NEED FOR NEW 
MANUFACTURING TECHNOLOGY
Indeed, developers of new regener-

ative medicines will require robust 

platform processes, such as auto-

mation technologies and 3-D bio-

reactors, to maintain consistency 

and ensure effective upscaling 

and out-scaling. Such factors must 

be considered in order to support 

market coverage through a clearly 

defined manufacturing expansion 

plan, according to Keene. 

Lonza anticipates that customers 

will require the ability to increase 

scale and capacity efficiently to 

keep pace with clinical development 

needs, which in some cases may con-

flict with the increased speed into 

the clinic. The reason: with current 

available technology, early-stage 

clinical material will for the most 

part be manufactured with manual, 

small-scale methods. “Parallel devel-

opment of processes that provide 

up-scaling or out-scaling of the man-

ufacturing process can be built into 

the clinical development or commer-

cial development plan, however, and 

discussed with regulators upfront,” 

Keene comments. 

For some companies, however, 

a post-approval switch to a more 

robust process may be a more suit-

able option. “We expect that these 

customers will also benefit from the 

new regulations, and Lonza’s Process 

Development team has started see-

ing a growing number of enquiries 

of this nature,” Keene says.

NEED FOR MORE CAPACITY
With the new regulation and con-

tinued positive clinical results, 

more and more therapies will be 

entering the market in the com-
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ing years. As a result, there will 

be growing demand for manufac-

turing capacity. There are already 

capacity constraints around viral 

manufacturing that are impact-

ing the ability of companies to 

get cell and gene therapies to the 

patient (5). Lonza will be open-

ing a new and largest-of-its-kind 

dedicated cell- and gene-manu-

facturing facility in Houston, TX, 

early in 2018, in direct response 

to these concerns.

In addition to manufacturing 

capacities as a whole, there will be 

a need for implementation of effi-

ciencies to reduce cost of goods, 

facility footprints, and equipment 

overhead, Keene also asserts. Lonza 

also expects to see further conver-

gence of manufacturing technologies 

across therapeutic fields and more 

defined ‘gold standards’ through, for 

example, ‘GMP-in-a-box’ systems 

and the ability to significantly auto-

mate key elements of the manufac-

turing process. To this end, Lonza is 

collaborating with Canadian medi-

cal technology developer, Octane 

Biotech, to develop their Cocoon 

platform for broad manufacturing 

use. This GMP-in-a-box system aims 

to deliver on scalability and cost-of-

goods reduction, and to provide a 

robust solution for personalized ther-

apies such as CAR-T often requiring 

small-scale manufacturing. 

Longer-term developments will 

still need to take place in order 

to fully remove the manual ele-

ments for activities like isolation 

and tissue manipulation, and 

GMP requirements for these new 

automated systems will need to 

be developed and discussed with 

regulators, manufacturers, and 

sponsors, according to Keene. 

“Ultimately,” she observes, “these 

changes will need to be reflected 

in cost-of-goods reductions to sup-

port pricing and reimbursement 

so that these novel therapeutic 

approaches can find broad market 

acceptance and patient access.   

CONSIDERATIONS FOR FDA
While Lonza looks favorably on 

FDA’s new regulatory f rame-

work for regenerative medicines, 

there are some issues they hope 

the agency will keep top of mind. 

“FDA needs to work closely with 

industry to ensure that a mutual 

understanding is developed regard-

ing areas of innovation. In addi-

tion, the agency needs to be sure to 

take into account the uniqueness 

of cell- and gene- therapy prod-

ucts,” Keene says.

As importantly, she notes that 

FDA must be aware that some of 

the well-established manufacturing 

and quality systems used to support 

the production of well-established 

medicinal products may not always 

be appropriate for some cell and gene 

therapies. Lonza also would like drug 

developers and their service provid-

ers to have manufacturing flexibility 

to move quickly through the clinical 

development phases when a promis-

ing therapy is identified. 

On a final note, Keene points to 

the autologous (patient-specific) 

therapies and their unique require-

ments. “Further consideration will 

need to be given to the production 

of autologous products and per-

sonalized medicines and how to 

accommodate those patients for 

whom an individually manufac-

tured treatment is required. We 

look forward to further develop-

ment of the regulatory framework 

to cover this important area.”

EARLY INTERACTIONS IMPORTANT
One of the key benefits provided 

by the new regulatory framework is 

the increased opportunities for dia-

logue with FDA, which can be cru-

cial to success of a project. “Several 

of our cell- and gene-therapy cus-

tomers are pre-commercial, and 

many have a close dialogue with 

regulatory authorities supported 

by Lonza,” Keene says. “Having 

a broad range of technical and 

regulatory subject matter experts 

to support customers with these 

interactions and provide advice on 

phase-appropriate manufacturing 

standards in order to achieve speed 

to the clinic within the financial 

constraints of early stage devel-

opers is essential in this rapidly 

changing market,” she concludes.
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S
ingle-use systems for biophar-

maceutical manufacturing offer 

advantages such as flexibility, 

reduced capital cost, and reduced 

water use. Single-use (i.e., disposable) 

components are available for the entire 

process, from storage containers to 

bioreactors, filtration, and fluid han-

dling systems. Designing a facility and 

operations for fully disposable systems 

requires different considerations com-

pared to traditional stainless-steel sys-

tems, however. BioPharm International 

spoke with Andrew Bulpin, head of 

Process Solutions at MilliporeSigma, 

which provides single-use systems (SUS), 

and Gene Yoshioka, senior director of 

manufacturing at Avid Bioservices, a 

contract development and manufactur-

ing organization that built a fully single-

use biomanufacturing suite in California 

in 2016. Avid Bioservices’ cGMP facil-

ity manufactures commercial and clini-

cal biologics, and in 2017, the company 

added multiple 2000-L Mobius single-

use bioreactors. Bulpin and Yoshioka 

shared some best practices for single-use 

facility design and operations.

DESIGN
BioPharm: What are the most significant 

concerns when designing a fully dispos-

able biopharma process? 

Yoshioka (Avid Bioservices): With fully 

disposable processes, detailed thought 

needs to be put into how process 

solutions (i.e., media and buffers) are 

transferred from one point to another. 

Containers used for single-use solu-

tion storage are limited by size and 

Designing a Single-Use 
Biopharmaceutical Process

Jennifer Markarian

Layout and 
supply details 

must be 
considered 

when 
implementing 

a fully 
disposable bio-
pharmaceutical 
manufacturing 

process.

Facility Design and Operations
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must be placed in relatively close 

proximity to the process as com-

pared with traditional fixed tank 

stainless-steel systems. As a result, 

f luid management—the trans-

port of hundreds to thousands 

of liters of solutions to a pro-

cess—becomes a labor-intensive 

exercise. The payoff is enhanced 

flexibility, as a single-use plant 

does not necessitate the exten-

sive equipment infrastructure 

and plumbing required by a plant 

with fixed equipment.   

Another major difference when 

dealing with disposable technolo-

gies is the shift to relying heav-

ily on raw material procurement 

and design. In a traditional stain-

less-steel plant, the focus is on 

equipment as the driving force for 

operations. Equipment still plays 

a big role in disposable plants, but 

the main systems are the single-

use consumables. For example, 

a stainless-steel bioreactor is the 

workhorse in traditional plants, 

with f ixed product-contacting 

surfaces, whereas in disposable 

plants, the product-contacting 

bioreactor bag is a material. This 

difference shifts the focus more 

toward procurement and accep-

tance of consumables. In addi-

tion, when developing a process, 

bag and tubing assembly designs 

need to be thought through to 

ma nage  a  ba la nce  be t ween 

ensuring that assemblies serve 

their function and minimizing 

the number of different designs 

required to complete a process. 

As a CDMO, managing different 

assemblies across multiple pro-

cesses is crucial in reducing con-

sumable costs and warehouse 

storage requirements. And espe-

cially with consumables having 

a finite shelf-life and long lead 

times, managing inventories effi-

ciently is a challenge. 

Bulpin (MilliporeSigma): The big-

gest concern when designing a 

fully disposable biopharma pro-

cess is ensuring that the fluid con-

tact materials of construction are 

compatible with the process and 

will not adversely impact the drug 

product. When sourcing materials 

from multiple suppliers, end users 

must ensure that all materials meet 

their quality requirements and can 

be interconnected as needed to run 

the process.

One of the challenges with 

operating a fully disposable bio-

pharma process is supply security. 

With traditional stainless-steel 

manufacturing, the number of 

consumables needed to run a 

process is limited to cell culture 

media, process chemicals, resins, 

and filter elements. Additionally, 

production plans are primarily 

driven by turnaround time, or the 

time it takes to clean and steril-

ize vessels between batches. With 

single-use, the number of con-

sumables needed to run the pro-

cess significantly increases, which 

makes the supply chain, especially 

procurement and inventory man-

agement, much more complex.

TESTING
BioPharm: What are some of the 

concerns with testing and validat-

ing incoming single-use systems? 

Bulpin (MilliporeSigma): While 

regulations governing single-use 

processing have yet to be pub-

lished, industry guidance and 

best practice recommends users 

confirm that SUS do not affect 

the quality, efficacy, or safety of 

the drug product. One of the big-

gest challenges end users face is 

the cost associated with qualify-

ing SUS. Due to the number of 

different components that make 

up single-use systems and the 

variety of different materials of 

construction of those compo-

nents, a large amount of testing 

is required to ensure compatibil-

ity with process streams and con-

ditions, and no adverse impact 

to product quality, efficacy, or 

patient safety. It benefits users 

to leverage similar designs where 

possible and generate a list of pre-

ferred components that have been 

previously validated to minimize 

additional testing. Users should 

partner with suppliers that pro-

vide robust documentation pack-

ages, which will increase the 

speed and decrease the cost asso-

ciated with qualification. 

Prior to implementing a new 

SUS, users should confirm that 

the fluid contact materials of con-

struction are compatible with 

process streams and conditions 

and that extractables and leach-

ables levels will not be harmful to 

patients. Most SUS suppliers pro-

vide this type of data and support 

product-specific testing. It’s also 

very important to ensure that the 

SUS performs as intended during 

processing. This testing is executed 

by the user as part of a perfor-

mance qualification.

Once a system is qualified, users 

perform inspections on incoming 

lots and may perform leak testing, 

depending on the criticality of the 

operation in which the system will 

be used. The ongoing testing strat-

egy should be determined based on 

a risk assessment. Evaluation of a 

new SUS is based on the material 

of construction and functionality 

of the system. A risk assessment 

should be performed to determine 

if additional testing is required, 

based on the supplier’s documenta-

tion package and historical quali-

fication and use of similar systems 

by the user.

Yo s h i o k a  ( Av i d  B i o s e r v i c e s) : 

Testing and validating hardware 

of single-use systems is no dif-

ferent from the expectations for 

sta inless-steel systems. There 

are usually less components to 

deal with in single-use systems, 

but the general approach is the 

same.  W here the d i f fe rence 

lies is with qualification of the 

single-use bags and assemblies, 

Facility Design and Operations
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which not only includes testing 

of components, but is also highly 

 dependent on qualification of the 

vendor itself. Much of the quality 

of single-use bags and assemblies 

is determined in the manufac-

turing and testing process at the 

vendor site. Users of single-use 

systems need to ensure that their 

vendors have appropriate con-

trols in place to ensure quality of 

product during their manufactur-

ing process and that they hold 

their component vendors to the 

same level of scrutiny for qual-

ity. Vendors are now working on 

testing methods that users can 

implement for testing large-scale 

bags just prior to use, which will 

significantly reduce the risk. 

FACILITY LAYOUT
BioPharm: What best practices can 

be used for facility layout?

Yoshioka (Avid Bioservices): Our 

facility layout is designed such 

that tanks of buffers, media, and 

solutions are stored outside of the 

core production suites. Transfer 

lines are fed through the walls via 

transfer panels to reduce the need 

to move tanks in and out of the 

processing area. This design also 

allows for organization of trans-

fer lines, as each port is identi-

fied to minimize opportunity for 

confusion. The segregation of bulk 

liquids to a supply corridor out-

side the upstream and downstream 

process spaces reduces material 

and personnel traffic into critical 

areas, reduces equipment conges-

tion in the suites, and facilitates 

unidirectional process flow, thus 

improving control and functional 

operability.

Bulpin (MilliporeSigma): The type 

of production and manufactur-

ing process should be defined to 

build the right facility for the right 

use. For example, will the facil-

ity produce small molecules or 

biologics? Will production be at 

clinical-scale or commercial-scale? 

Will the facility be multi-product 

or product dedicated? Are there 

plans for future expansion? The 

facility should have properly sized 

areas for equipment, people, and 

storage, and the layout must pre-

vent cross-contamination. As part 

of the process design, and as a best 

practice, users should layout the 

floor plan, using actual equipment 

dimensions. This layout can be 

done simply by using tape on the 

floor. This practice allows opera-

tors to provide input to material 

flows and efficiency, while also 

providing engineering with the 

information they need to best 

design the single-use assemblies 

that will be used in the process. 

The next step is to create proto-

types of the designs and repeat 

the exercise, which will help iden-

tify the required design changes to 

the assemblies; identify where sup-

porting brackets, tubing tracks, or 

organizational systems are needed; 

and assist with operator training.

One of the biggest concerns with 

single-use processing is that it is 

still very manual. Smart design, 

detailed standard operating proce-

dures, operator training, and clear 

communication between produc-

tion planning and procurement 

are vital to success and staying 

on schedule. Systems should be 

designed in such a way that they 

are effectively ‘plug and play’.◆

Single-use waste disposal

BioPharm International asked Andrew Bulpin, head of Process Solutions at 

MilliporeSigma, about the end-of-life options for disposable components.

BioPharm: What are the options for disposal of single-use systems?

Bulpin (MilliporeSigma): Different options are available to users based on 

where they are located and what works best for their corporate culture and 

commitments. Waste to energy incineration (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. 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. 

The bio-hazardous classification can leave a user with the burden of having to 

treat the waste at their site, usually by autoclave, before sending it out through 

local waste management vendors that will bury the waste in a landfill. While 

Western European manufacturing facilities may have local WtE capabilities, there 

is still a question regarding the benefits of being able to recycle the high-grade 

plastic to decrease the use of raw materials (mostly petroleum based) for new 

plastic products.

In the eastern part of the United States, MilliporeSigma offers a Biopharma 

Recycling Program, in conjunction with Triumvirate Environmental. The two 

companies have been working together to help manufacturers using single-

use devices and systems 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 containing devices, can safely sterilize and 

manufacture recycled plastic lumber under one roof. There are currently 11 

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 environmental impact of single-use systems.
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F
ew  things could be more taken 

for granted than container clo-

sures—the caps and stoppers that 

seal biopharmaceutical prod-

ucts.  But these closures are the last line 

of defense against contamination. In 

biopharmaceuticals, the slightest prob-

lem with a closure could lead to product 

adulteration, resulting in adverse patient 

responses or in FDA 483s or warning let-

ters, a significant percentage of which 

have been triggered by inadequate clo-

sure systems (1).

Over the past few years, regulators 

and the industry have been moving 

toward more stringent closure develop-

ment and manufacturing (2) to ensure 

that stoppers and closures prevent con-

tamination and perform at maximum 

capacity. United States Pharmacopeia (USP) 

<1207>, released in 2016, dictated a 

move to quantitative or deterministic 

testing and away from probabilistic tests 

that provided a range of possible accept-

able outcomes (3). 

As a result, such established methods 

as dye ingress and other liquid tracer 

tests, bubble tests, tracer gas tests, and 

microbial challenges have given way to 

helium leak, laser gas headspace, and 

high-voltage leak detection methods, as 

well as mass extraction assays, pressure 

decay assays, and vacuum assays (4).  

Biopharma tests such as bioburden and 

bacterial endotoxin are also crucial.

At the same time, containers are 

being manufactured in a more con-

trolled way, and blow-fill-seal (BFS) pro-

cesses have allowed closures to be built 

into the container, as in the “respule” 

Container Closures: 
Leaving Nothing to Chance 

Agnes Shanley

 As closure 
integrity testing 
moves from a 

probabilistic to 
a deterministic 
basis, designs 
are promoting 

improved 
control and 

reduced 
operator 
contact.  

Container Closures
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used to contain the asthma treat-

ment Pulmicort, in which the top 

is simply twisted off.

The move to more controlled 

manufacturing is also seen in an 

increased reliance on machine 

vision and inspection technol-

ogy, in both container and stop-

per design. Although traditionally 

stoppers have usually been made 

from rubber or elastomeric materi-

als, a growing number of closures 

incorporate rubber into a plastic 

base and feature twist off designs 

optimized for use with luer lock pre-

filled syringes. The following is a 

sampling of new container closure 

systems that reflect the heightened 

emphasis on control. 

INTEGRATED TWISTOFF TIP CAP
Designed by Ompi and its affiliate, 

The Balda Group, the trademarked 

QZ-Fill integrated cap tip has been 

designed to prevent cone break-

age, and the release of glass par-

ticles into drug product. The cap 

does not contain ceramic coating 

on its cone, preventing particulate 

contamination. It features a twist-

off design and is made for luer-

lock cone syringes, particularly for 

Ompi’s EZ-fill syringe product line. 

The tip cap is available for differ-

ent syringe sizes, including 1-mL 

long or standard, 1.5-mL, 2.25-mL, 

3-mL, and 5-ml (5).

MADE FOR PREFILLED SYRINGES
Also designed for pref i l lable 

polymer syringes, these caps are  

compatible with Schott’s Toploc 

prefilled syringes ranging from 

1–5-mL, and are available to work 

with standard size syringe tips and 

threads.  Made from rubber formu-

lation FM 259 to reduce stability 

testing requirements, the caps can 

be steam sterilized and feature a 

twist off design (6). 

REDUCING  INTERACTIONS
Designed to reduce interaction 

between the drug and the closure, 

these stoppers offer resistance to 

sorption. They are optimized for 

applications that include lyophiliza-

tion, and can be used in infusions, 

as well as in liquid and powdered 

drugs. The stoppers feature low 

adsorption and chemical inactivity, 

and are resistant to gas permeation 

and moisture absorption (7).

ADVANCING QUALITY BY DESIGN 
NovaPure of fers the t ightest 

particulate level specifications 

that are avai lable f rom West 

Pharmaceutical Services. The prod-

ucts combine FluroTec barrier film, 

which can be molded to form clo-

sures with complex shapes, and are 

manufactured using the Envision 

automated vision inspection, as 

well as lot-to-lot extractables test-

ing. Their design was based on 

quality-by-design principles, which 

aim to meet the stringent perfor-

mance requirements for biophar-

maceutical manufacturing (8).

READYTOUSE AND PREVALIDATED 
Daikyo read-to-use validated and 

ready-to-sterilize validated stoppers 

are made from elastomer formu-

lations that have been sterilized 

to help streamline customer pro-

cesses, reduce any operator con-

tact risks, and eliminate some of 

the potential bioburden contami-

nation risks that may be posed by 

older facilities with traditional lay-

outs. The manufacturer uses the 

Envision machine vision to inspect 

all product surfaces, helping to 

reduce the total cost of goods by 

minimizing the risk of rejected 

products, closure defects, and vis-

ible particulates (9).

PREVENTING  TWINNING
LyoTec stopper s  f rom West 

Pharmaceutical Services, feature a 

single-vent, igloo-shaped stopper 

design that eliminates mechani-

cal twinning, a problem in which 

double-vented stoppers can inter-

lock during freeze drying. They also 

 feature a lining of FluroTec film on 

the product contact side, which 

helps keep them from sticking to 

pressure plates, and reduces clump-

ing in sterilizers and feeder bowls. 

Their design helps improve the 

safety of processing cytotoxic freeze-

dried drugs, and reduces cleanup 

needs for lyophilization processes 

within barrier isolators (10).

REFERENCES
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PRODUCT SPOTLIGHT:   

New Technology Showcase

Tabletop 
Peristaltic Liquid-
Filling Machine
The Flexicon PF7 peristaltic 
tabletop aseptic liquid-filling 
machine from Watson-Marlow 
Fluid Technology Group is suitable for GMP-regulated 
biotechnology and pharmaceutical operations.

The machine is suited for precision dispensing by 
weight or by volume using the company’s Accusil 
platinum-cured silicon tubing, and can work with 
aseptic single-use fluid paths, removing risk of cross 
contamination. Changing the fluid path can be achieved 
in less than 60 seconds, according to the company.

The device comes programmed with recommended 
filling parameters. Users can adapt filling parameters to their 
application needs; up to 200 user programmable formulas can 
be stored and password protected for future use. The machine 
has been developed for the filling of high value sensitive 
fluids in GMP production and cleanroom environments, and 
offers repeatable filling of volumes from as low as 0.2mL up to 
250mL, with accuracy better than ±0.5%, to prevent overfilling.

Watson-Marlow Fluid Technology Group

www.watson-marlow.com

USB Data Logger 
for Temperature-
Sensitive Products
LogTag has added two new 
devices to its temperature data logger series. The 
new two single-use USB data loggers, USRIC-8 
and USRIC-4, are suited for transport monitoring 
of temperature-sensitive products. The devices 
store real-time temperature readings over a 
measurement range of -25 °C to +60 °C.

The USRIC-8 and USRIC-4 models join the other 
devices in the series comprising of reusable USB 
loggers UTRIX-16 and UTRID-16, which are suited for 
all applications where a logger can easily be recovered 
and reused several times, as stated by the company. 

All USB models come with a built-in USB plug for direct 
connection to a computer. The USRIC-8, 
UTRIX-16, and UTRID-16 models can also automatically 
generate a detailed PDF report for analysis with no 
proprietary software required, according to the company. 
Additionally, the UTRID-16 uses a six level multi-alarm 
display.

LogTag 

www.logtag-recorders.com

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

bioreactor system for research and development. 

It is capable of microbial fermentation as 

well as cell culture applications and features 

an extensive range of glass and BioBLU® 

Single-Use Vessel options (250 mL–40 L). 

Universal connections for digital Mettler 

Toledo® ISM and analog sensors make it easy to monitor a variety of 

critical process parameters. Eppendorf, www.eppendorf.com

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

enables measurement of viable cells without 

influence from changes in the media, 

microcarriers, dead cells, or debris. Designed 

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

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

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

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

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

hamiltoncompany.com, www.hamiltoncompany.com/sensors

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

bioreactor to a single-use bioreactor 

in seconds.  Introducing the BIOne 

by Distek, a benchtop scale single-

use bioreactor system for mammalian cell growth and recombinant 

protein production. Engineered with a disposable headplate welded 

to a triple-layered liner, the BIOne significantly reduces turnaround 

time by allowing users to seamlessly transition to a disposable 

platform while utilizing their existing capital equipment.Distek Inc, 

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

THE WORLD’S LARGEST COMMERCIAL 
MANUFACTURING FACILITY USING 

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

and drug product cGMP manufacturing facilities in addition to extensive 

existing CMC development and clinical manufacturing capabilities. The 

new commercial facility accommodates 2 x 1000L disposable bioreactors 

for perfusion processes and 14 x 2000L disposable bioreactors for fed-batch 

production of monoclonal antibodies, bi-specific antibodies, Fc-fusion 

proteins, and other recombinant proteins produced from mammalian cell 

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



 February 2018 www.biopharminternational.com BioPharm International  45

Ask the Expert

Ask The Expert—Contin. from page 46

less of the stage of development a product is at in the 

product lifecycle.

The criticality of an efficient change-control sys-

tem that can track and ensure proper evaluation 

and implementation of changes should be obvious 

at all stages of product development. As a change 

becomes more complex (e.g., a change that involves 

multiple products and country registrations), it 

becomes harder to implement. Complex changes 

are difficult enough for a single company with mul-

tiple sites, but they are even more exaggerated for 

virtual companies. For the latter, multiple contract 

service providers are often involved and each one 

has its own processes and procedures for managing 

a requested change. 

The time required to transfer, validate, train, and 

obtain regulatory approval for multiple products 

requires enormous coordination. It is important to 

keep in mind that as the complexity of the change 

increases, the need for additional resources can also 

increase. The complexity of the change can impact 

the strategies for implementation, the tactics needed 

to effectively implement the change, and the time it 

takes for a change to be approved. At the same time, 

drug license holders will need to establish consis-

tency in their regulatory filings without affecting 

product quality. When dealing with this change, 

focus on the steps needed to effectively implement 

the change. Working closely with your CMO/CRO to 

identify an accurate timeline for completion, includ-

ing the necessary training required for employees, 

can help expedite the time it takes to complete the 

change request. Coordinating these activities with 

regulatory requirements also will help ensure neces-

sary changes are implemented globally in an effi-

cient and effective manner throughout the product 

lifecycle.

Applying the correct level of cGMPs to the prod-

uct development stage is really a matter of com-

mon sense. The earlier the product phase is, the 

more flexible your requirements. As the product 

approaches Phase III, the board requirements should 

mimic commercialization requirements. The concept 

is the GMPs applied should be appropriate to the 

stage of development and that ‘full GMPs’ should be 

in place during the later stages of clinical develop-

ment where the final safety and efficacy of a product 

are being established. Keep in mind that regardless 

of the phase of development and the level of GMPs 

being applied, the first and foremost thought when 

releasing product at any stage for human consump-

tion is: are there adequate controls and knowledge to 

assure patient safety?
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Applying the correct level 

of cGMPs to the product 

development stage is really a 

matter of common sense. 
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Susan Schniepp is 
distinguished fellow at 
Regulatory Compliance 

Associates.

Regardless of the phase of development and 
the level of GMPs being applied, there should be 
adequate controls and knowledge to assure patient 
safety, according to Susan Schniepp, distinguished 
fellow at Regulatory Compliance Associates.

Q: 
I work in the quality and regulatory 

departments of a contract manufac-

turer. We have clients with products in var-

ious stages of development that are using 

multiple contracts with multiple services pro-

viders for various stages of the manufactur-

ing process. I always struggle with knowing 

which level of current good manufacturing 

practices (cGMPs) apply to different develop-

ment stages. Can you provide some guidance 

on this point?

A:
In today’s pharmaceutical environ-

ment, it is not uncommon for more 

than one company to be involved in the 

development of a product. Virtual compa-

nies may use the services of a contract labo-

ratory, a contract manufacturer, a contract 

research organization (CRO), etc., to develop 

their products from conception to market 

approval. Some of these relationships can be 

complex, so it is important for every organi-

zation involved in the drug development pro-

cess to be familiar with what the applicable 

GMPs are and at which stage of the develop-

ment process they apply (1–4).

Areas to be reviewed to determine the 

appropriate level of control needed in con-

cer t with the phase development stage 

include: level of validation of test methods, 

level of detail needed in batch records, level 

of control needed on incoming materials, 

and facil ity and equipment controls. An 

example is qualifying raw materials. In Phase 

I/II of the development process, you may 

only decide to document the source and 

quality of the material used to produce the 

product;  when you enter into Phase III you 

will want to qualify your supplier and estab-

lish a quality agreement in addition to the 

material qualification.

Although not all GMP requirements apply 

to products in the early stages of develop-

ment, the requirements for change control 

and deviation investigation should be robust 

and utilized at all stages of product devel-

opment. The information documented in 

change control and as part of an investiga-

tion helps ensure that process improvements 

are efficient and do not repeat strategies that 

were discounted during earlier stages in the 

development process. It also helps to capture 

the product and process history needed in the 

later phases of development for the process 

validation activities. 

To determine the impact of the deviation on 

the product quality, it is important to deter-

mine the ‘root cause’ of the deviation. The 

process used in the industry to determine root 

cause is, of course, the investigation proce-

dure. This procedure, regardless of whether 

the product you are investigating is biotech 

or traditional, or new or old, should require 

the investigator to review various systems and 

determine whether they were the cause of 

the deviation being investigated. This concept 

is important because of the aforementioned 

possibility that more than one company is 

involved in the product development. When 

more than one company is involved, there is a 

necessity for technology transfer (5,6). Without 

a robust and transparent exchange of informa-

tion, the technology-transfer activity has the 

potential to be frustrating and delayed while 

people try to find a common understanding 

and locate necessary information crucial to the 

success of the drug development process. It is 

important to keep in mind that change control 

and deviations are critical elements for ensur-

ing product quality and patient safety regard-

Applying GMPs in Stages of Development 

Contin. on page 45
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