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I
n my role as editorial director of a 
bio/pharmaceutical industry publi-
cation, I attend many trade shows 

and conferences. The largest events, 
sponsored by CPhI, a sister brand of 
Pharmaceutical Technology at UBM 
plc, have a long track record of gather-
ing pharmaceutical development and 
manufacturing buyers and sellers in 
one location to hear about the latest 
trends, network, and conduct business.

On May 16–18, 2017, the CPhI brand 
will host CPhI North America in Phil-
adelphia, PA bringing together bio/
pharma experts from the United States, 
Canada, and beyond. The following are 
some highlights.

The CPhI North America exhibition 
will be home to more than 600 global 
companies including API and excipient 
suppliers, packaging and drug delivery 
suppliers, small- and large-molecule 
contract development and manufactur-
ing organizations, as well as equipment 
and other contract service providers.

Education sessions
In educational programming, CPhI Con-
nect features keynote and master class 
sessions focused on drug development, 
drug manufacturing, outsourcing, and 
quality and regulatory issues. The ses-

sions, led by experts from the bio/pharma 
industry, contract services and supplier 
community, and academia, present solu-
tions for both small-molecule and biolog-
ics drug development and manufacturing 
for a range of dosage forms. 

Topics include: continuous API pro-
cessing, accelerating product develop-
ment, formulation trends for topical 
dosage forms, advances in solubility 
and bioavailability, legal and policy 
strategies, novel technology to improve 
drug R&D productivity, critical ex-
cipient properties, inhalation product 
development, novel container/closure 
technologies, bioconjugates and bio-
therapeutics, economies of capability 
vs. economies of scale, track and trace 
in a post-serialized world, biophysical 
characterization of protein therapeu-
tics, continuous biopharmaceutical 
manufacturing, continuous solid dose 
manufacturing, biocatalysis for the 
synthesis of pharma compounds, phar-
maceutical impurities, good supply 
practices, re-shoring drug ingredient 
manufacturing, navigating GDUFA, 
and quality metrics.

Industry insight
In Insight Briefing sessions, attendees can 
listen to updates on technical and busi-
ness issues. Topics include formulation 
techniques for controlled-release pow-
ders to create patient-friendly products; 
liquid stick packs for unit dosing; process 
safety evaluations for contract develop-
ment and manufacturing API operations; 
worker protection in life-science labora-
tory and production environments; and 
bio/pharma business opportunities in 

the Middle East–North Africa region. 
The briefings will be held in the Insight 
Briefings Theater during the three days of 
CPhI North America; admission is free to 
anyone with an exhibition, conference, or 
exhibitor badge.

During a briefing on May 17 at 2:30 pm
the editors of Pharmaceutical Technology
will release the results of a study on qual-
ity practices in drug development and 
manufacturing organizations serving 
the US market. The briefing, based on a 
comprehensive survey and additional re-
search, will reveal current quality-related 
practices in bio/pharma organizations 
and contract manufacturers producing 
drug products for patients in the US. 

In another highlighted session, bio/
pharma industry expert Jim Miller, 
president of PharmaSource Information 
Services, will share his perspective on the 
contract services landscape and suggest 
strategies for outsourcing companies 
looking to grow in this sector in the ses-
sion The Contract Services Market: Sta-
tus and Strategies. Pharmaceutical Tech-
nology will host this special session on 
Wednesday, May 17, from 8:30–10 am, 
in the conference area of the Pennsyl-
vania Convention Center.

For more details on the exhibition, 
conference, briefings, or networking 
opportunities at the event, see the CPhI 
Planning Guide in Pharmaceutical 
Technology’s Solid Dosage and Manu-
facturing supplement that was mailed 
with this issue. You can also visit www.
cphinorthamerica.com.

The editors of Pharmaceutical Tech-
nology will be at CPhI North America, 
booth 2640. See you there! PT

Now Arriving: 
CPhI North America

Philadelphia plays host to

CPhI North America on May 16–18, 2017.

Rita Peters

Rita Peters is editorial 

director of Pharmaceutical 

Technology. Send your 

thoughts and story ideas 

to rita.peters@ubm.com.

Pharmtech.com/pt/forum
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PRODUCT SPOTLIGHT

Nanoparticle 
Deagglomeration Technology
The Thinky PR-1 Nanoparticle 

Dispersion Machine from Intertronics 

is a desktop unit that can disperse 

carbon nanotubes (CNT), graphene, 

and other 2D nanomaterials within 

a closed container. The dispersion 

is consistent, highly reproduc-

ible, and is typically accomplished 

in a few minutes. The Thinky PR-1 

uses mechanical rotation and 

multi-directional ultrasonics to achieve a rapid and even particle 

dispersion. The machine has a temperature limit control in the 

ultrasonic bath to counter the temperature rise of water and mate-

rials as a result of ultrasonic energy, avoiding changes in physical 

material properties. The system is compatible with quantities 

as small as a 5 mL capacity vial to a 200 mL capacity stainless 

steel container. The Thinky PR-1 can be used for applications in 

drug delivery, imaging, tissue engineering, and biosensors. 

Intertronics 

www.intertronics.co.uk/thinky-pr1

Cannabis Analyzer for 
Quantitative Determination 
of Cannabinoid Content
The Cannabis Analyzer for Potency from 

Shimadzu Scientific Instruments (SSI) is 

a high-performance liquid chromato-

graph (HPLC) specifically for quantitative 

determination of cannabinoid content. 

The analyzer includes hardware, ana-

lytical workflows, and supplies, such as 

an analytical column, guard columns, 

mobile phase, and a certified refer-

ence materials standard mixture. The 

analyzer’s workflows address three 

analysis goals: high sample throughput, 

enhanced sensitivity, and resolving power for cannabinoid tar-

gets. The High Throughput method package is designed for the 

quantitative potency determination of the 10 cannabinoids of 

greatest interest in less than eight minutes per sample. The 

package adds tetrahydrocannabivarin to the target analyte list, 

with a 10-minute analysis time. The package presents full base-

line resolution for all 11 compounds in less than 30 minutes and 

offers the ability to expand the target list as regulations change.

Shimadzu Scientific Instruments 

www.ssi.shimadzu.com 

Mass Spectrometry System 
Standardizes Workflows 
The X500B QTOF System is the latest 

solution in SCIEX’s X-Series Quadrupole 

Time of Flight (QTOF) mass spectrometry 

(MS) platform. The system was specifi-

cally developed to deliver high-resolution 

standardized workflows for biotherapeutic 

developers, who are required to fully 

characterize biologic products in large 

numbers during the development process.

The X500B QTOF System comes with 

BioPharmaView Software 2.0, which offers the ability to interpret 

SWATH 2.0 data independent acquisition on the X500B QTOF 

System. SWATH acquisition allows for comprehensive peptide 

mapping data to be acquired in an injection, with high-resolution 

mass spectrometry and tandem mass spectrometry data for every 

peptide in the sample. This strategy results in the ability to detect 

low-abundance peptides and post-translational modifications. 

SCIEX

www.sciex.com 

Multi-Functional Mixing 
System for Pastes, 
Creams, and Gels
The VersaMix Multi-Shaft Mixer, from Ross, 

Charles & Son, is used to mix pastes, creams, 

and gel-type products, with capabilities 

including powder dispersion, emulsification, 

dissolution, deagglomeration, homogeniza-

tion, heating/cooling, and deaeration. All 

these functions are achieved in a closed 

system, without any transfer steps. The 

10-gallon Ross VersaMix Model VMC-10 

rated for 29.5 in Hg vacuum up to 15 psi 

internal pressure. The mixers three-wing 

anchor (3HP), high speed disperser (3HP), and high shear rotor/

stator (3HP) operate independently at different speed ranges to 

deliver uniformity in low to high viscosity conditions up to several 

hundred thousand centipoise. All product contact surfaces are 

stainless steel type 316L polished to 180 grit finish. The mixer cover 

includes multiple ports for charging raw materials and installation 

of a vacuum/pressure transmitter, thermoprobe, and tank light. It 

mates with a jacketed cone-bottom vessel that is designed for 100% 

discharge through a flush diaphragm valve. A 23-in clearance from 

the valve outlet to the floor allows operators to position a bucket 

under the vessel to catch finished product after the mixing cycle.

Ross, Charles & Son

www.mixers.com

http://www.intertronics.co.uk/thinky-pr1
http://www.ssi.shimadzu.com
http://www.sciex.com
http://www.mixers.com
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FDA plans to launch its quality metrics data initiative in January 

2018 by opening an electronic portal (e-portal) to collect data 

on certain manufacturing processes electronically from biophar-

maceutical companies. The aim is to identify and reward those 

firms able to demonstrate that their operations can consistently 

produce high-quality products and thus merit reduced regula-

tory oversight. Yet as the metrics program nears implementa-

tion, industry is pushing back, voicing concerns about the scope 

of FDA’s data requirements, the timing of the program’s launch, 

and what the agency will do with the resulting information.

Questions about the agency’s legal authority to require

detailed reports on specif ic manufacturing operations 

prompted FDA to shift from a mandatory to a voluntary

program in 2016, but that creates uncertainty about how 

many companies will participate and whether the results will 

be meaningful. Agency officials hope that many firms will

submit data so that the program can better detect and prevent

drug shortages and support adoption of a smarter regulatory 

approach by the agency.

The quality metrics program has been under development at 

the Center for Drug Evaluation and Research (CDER) for more 

than a decade, part of efforts to encourage industry adoption of 

advanced manufacturing systems able to produce high-quality 

medical products continuously and with minimal oversight. The 

aim is to avoid drug shortages and recalls, which largely arise 

from production issues, noted Lawrence Yu, deputy director of 

CDER’s Office of Pharmaceutical Quality (OPQ), at the Parenteral 

Drug Association’s (PDA) February 2017 Pharmaceutical Quality 

Metrics and Quality Culture Conference in Bethesda, MD. Yu

added that advanced manufacturing methods based on robust 

quality programs are even more important with the rise of 

precision medicine, biosimilars, and complex combination 

products. And high-performing firms may be rewarded with 

fewer or shorter plant inspections and reduced oversight of 

postapproval manufacturing changes, as well as high placement 

on a metrics “reporters list.”

Moving forward

FDA’s current plan is to open the e-portal early next year for 

three months in which 2017 metrics data may be accepted. The 

agency published a technical conformance guide in 2016 with 

information on how to submit requested data electronically (1).

A revised technical guidance will further clarify issues related to

e-data transmission. FDA will announce in the Federal Register

early next year when the portal is open and provide further 

updates on what information to submit. Manufacturers that 

plan to participate are collecting metrics data for 2017, even if 

only for six or nine months in this initial year.

FDA will evaluate the data and summarize how many firms 

reported which metrics and the number of products and facilities 

involved. A “reporters list” may identify participating firms, but not 

provide data on individual companies. Even so, the plan to list firms 

in tiers according to extent of reporting has raised concerns that 

this may discourage participation, especially by small companies.

This more scaled-back program reflects industry objections to 

FDA’s initial metrics data proposal, which was published in July 

2015. A revised draft guidance issued in November 2016 makes

the program voluntary, slims down data reporting, and gives 

manufacturers the option for reporting metrics by products or

by sites (2).

These changes “reflect your voice,” Wu told industry 

representatives at the PDA conference, noting that the revised 

program seeks data only on lot acceptance rate, invalidated 

out-of-specification (OOS) rate, and product quality complaint 

rate. The agency acknowledges that it would be useful to 

have information on process capability, corrective actions and 

preventive actions (CAPA) effectiveness, or right-first-time rate, 

but has agreed to limit the program’s initial scope for now.

The initial program involves only drugs and biologics regulated 

by CDER, and not yet vaccines, blood products, and cellular and 

gene therapies overseen by the Center for Biologics Evaluation and 

Research (CBER). CBER is actively involved in the metrics program 

and plans to extend it to its products as the initiative matures.

FDA and industry also acknowledge the importance of a 

company’s quality culture in ensuring reliable drug production, but 

recognize the need to delay specifying metrics to measure such

criteria pending further study of methods for documenting that 

desired state. While a strong quality culture might be reflected in 

visible senior management support for quality production, there’s 

much debate over how to achieve and report such behavior.

Benefits vs. costs

Many attendees at the PDA conference expressed continued 

reservations about the scope and timing of the metrics program 

and the effort involved in revising data systems and establishing 

complex reporting programs. Deborah Autor, head of strategic 

global quality and regulatory policy at Mylan, described the con-

siderable challenge in providing metrics on more than 600 finished 

products and APIs, noting that reports on the three requested met-

rics involve mapping 11 data points from many different informa-

tion systems within the company. “Slow it down,” Autor advised, 

proposing that FDA “phase in the program gently” and drop the

reporters list until program feasibility becomes clearer.

The difficulties may be even greater for Johnson & Johnson, 

which is supposed to provide metrics data on hundreds of non-

prescription medicinal products that fall under the program, but 

FDA Quality Metrics Initiative 
Challenges Manufacturers
Industry fears limited benefits as FDA readies voluntary data tracking program.

Jill Wechsler is Pharmaceutical Technology’s 

Washington editor, jillwechsler7@gmail.com. 
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raise little risk of patient harm from production problems. And 

Barbara Allen, senior director of global quality systems at Eli Lilly, 

was skeptical that data on a few production indicators can really 

inform on risks associated with specific products or sites.

Many biotech manufacturers recognize the importance of 

implementing continuous improvement systems, but still may 

find it challenging to meet metrics requirements, said Melissa 

Seymour, vice-president for global quality control at Biogen, at 

the PDA meeting. She was optimistic that the initiative could 

lead to greater trust in industry and fewer inspections, but 

concerned that many small companies will decide that falling to 

the low tier of the reporters list might be worse than not being 

on the list at all. Hovione CEO Guy Villax agreed with “start 

small” proposals, predicting that participants may “game the 

system” to spin data to a company’s advantage.

In launching the program now, explained Ashley Boam, acting 

director of OPQ’s office of policy for pharmaceutical quality, FDA 

aims to test and improve data collection through the e-portal, to 

better assess which incentives encourage firms to participate, 

and to gain insight into how to use the resulting data to improve 

inspections and oversight. Data from multiple sites and firms, 

she noted, is key to detecting signals of possible drug shortages 

that often involve more than one company or operation. And 

FDA wants to be sure that collection of metrics data does not 

create barriers to manufacturers adopting new technology and 

continuous manufacturing systems.

FDA will continue to partner with manufacturers in defining and 

assessing measures of quality operations and culture. Industry 

organizations have sponsored multiple conferences, white papers, 

pilot programs, and task forces on this initiative. An International 

Society for Pharmaceutical Engineers (ISPE) conference in April 

2017 will further discuss quality metrics and quality culture 

assessment, and PDA plans to publish a report on its current 

metrics pilot in September. Boam expects a voluntary metrics 

program to continue for more than a year and that it will help the 

agency focus resources on facilities and products that raise the 

highest risks to patients. FDA also intends to provide opportunities 

for companies to provide feedback and share knowledge from 

ongoing, industry-driven quality metrics programs.
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T
he process, equipment, and tech-
nology for developing and manu-
facturing oral solid-dosage forms 

are well defined. Nonetheless, design-
ing a drug product formulation that 
achieves the desired properties of the 
target profile both in magnitude and 
robustness is a multi-dimensional, and 
generally, constrained optimization 
problem, observes Aaron Goodwin, 
principal investigator, Research and 
Development, Capsugel. The ultimate 
goal in formulation development is to 
deliver the drug to the right place, at 
the right time, in the right concentra-
tion so that a beneficial therapeutic 
effect is achieved, John McDermott, 
executive director, Drug Product Op-
timization, Quotient, explains. 

“Historically, the focus of formu-
lation optimization has been placed 

upon the manufacturing process be-
cause molecules and drug-delivery 
requirements were arguably more 
straightforward,” says McDermott. 
He points out that most new chemical 
entities (NCEs) entering the develop-
ment pipeline, however, often have 
complex physicochemical proper-
ties that require enabled formulation 
technologies to overcome solubility 
and/or permeability challenges, or a 
modified-release technology to achieve 
a suitable treatment regime or protect 
patients from adverse events associated 
with peak plasma concentrations. “In 
all of these cases, optimization of the 
formulation composition is essential to 
ensure successful and consistent drug 
delivery without compromising other 
criteria, such as dosage form size, or 
wasting valuable drug,” he says. 

It is, therefore, imperative that key 
formulation and process parameters 
be identified and selected based on a 
quantitative and phase-appropriate 
risk assessment with regard to the 
clinical dosage form having suitable 
properties, Goodwin stresses. “This 
approach is crucial to ensuring a high 
probability of achieving the target 
pharmacokinetic (PK) profile and thus 
the desired efficacy and patient safety, 
as well as manufacturability and cost,” 
he says. 

For every drug product, the param-
eters that have to be optimized are 
different, notes Ravinder Kodipyaka, 
senior director and head, Formulation 
R&D, Custom Pharmaceutical Services, 
Dr. Reddy’s Laboratories. “For example, 
for a simple immediate-release tablet 
that is wet granulated, key optimiza-
tion parameters for formulation would 
be granulation end-point, blend parti-
cle size distribution, granulating media 
volume, blend moisture content, and 
granule size distribution. Key process 
parameters for optimization would be 
the mixing time, granulation time, and 
drying parameters, among others,” he 
says. “On the other hand, for a modi-
fied-release pellet coated with a poly-
mer, the key optimization parameters 
for the formulation would be the film 
forming temperature, uniformity, and 
integrity of the film and its impact on 
drug dissolution and drug release. Key 
process parameters for optimization 
would be spray atomization, product 
temperature, and humidity control.” 

Although each drug product’s key 
parameters are unique to the individ-
ual drug molecule and delivery chal-
lenge, there are several key metrics that 
are ubiquitous throughout oral solid-
dosage form development, Goodwin 
points out—for example, the phar-
macokinetics (typically determined 
by the drug absorption, distribution, 
metabolism, and elimination [ADME] 
properties and drug release from the 
dosage form), drug substance and 
product stability, patient compliance, 
as well as manufacturability, process-
ing throughput, and cost. “By estab-
lishing the relationships between for-

Designing Optimized 
Formulations
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Design of experiment plays a 
crucial role in the optimization process 

of formulation development.
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mulation and process factors and the 
identified key parameters within these 
categories, formulators are able to not 
only study and address potential risks 
to key parameters, but also understand 
tradeoffs between them for a given for-
mulation change,” he says. 

According to Goodwin, a typical 
optimization process for an oral solid-
dosage formulation involves establish-
ing multivariate relationships between 
formulation and process inputs (or fac-
tors) and output product properties (or 

responses) in a quantifiable manner. 
“Basically, you need to identify critical 
parameters, establish workable ranges, 
conduct experiments as per study de-
sign, and understand factor-response 
effects,” adds Kodipyaka. 

“Generally, the optimization process 
is initiated during the proof-of-concept 
stage and continues up to commercial-
ization,” says Goodwin. An empirical 
approach to optimization is common, 
observes Kodipyaka, but there is a 
rapid shift towards the use of mathe-

matical models and software that can 
provide insights into product variables 
(dependent or independent), including 
the identification of constraints/limits 
and the design of experimental space. 

Design of experiments
Industry experts agree that design of 
experiments (DoE) is an essential el-
ement in drug product development. 

“DoE is an effective method of evalu-
ating product parameters and iden-
tifying critical parameters that need 

Key parameters to be optimized in the development and manufacturing of oral solid-dosage forms

Oral solid-dosage forms (typically, tablets and capsules) are manufactured 

using conventional manufacturing processes such as direct blending or gran-

ulation techniques—wet granulation, dry granulation/roller compaction, 

or fluid bed granulation followed by fluid bed drying, milling, compression, 

and coating. It is important to understand the critical processing parameters 

(CPPs) that impact critical quality attributes (CQA). The CQAs that impact the 

final outcome (i.e., the therapeutic efficacy of the drug product) usually are 

parameters such as in-vitro dissolution and drug product stability. In-vitro 

dissolution of the drug can influence the rate and extent of drug absorp-

tion. Drug substance properties such as particle size, morphology, dosage 

strength, and drug loading have a big impact on the blending process and 

can influence the homogeneity of the drug substance in the blend. Blend-

ing is a critical process that needs to be optimized and is considered a CPP 

that can impact the potency of the finished product. Similarly, each of the 

granulation techniques has a processing step that could cause variability 

and has the potential of impacting the CQAs. Key parameters that need to be 

optimized (see Table I online) will depend on the API properties, its stability, 

dose, drug loading, and other factors.

A typical process optimization methodology includes a systematic identi-

fication of CQAs, CPPs, and a risk assessment to identify the critical selection 

of key parameters. A plan can then be drawn up, using a statistical design of 

experiments (DOE), which can be a full- or partial-factorial design, based on 

the availability of API and the number of runs that can be manufactured. The 

DOE experiments involve running parameters at high, medium, and low val-

ues, as well as running a defined number of control runs at target parameters. 

By analyzing the data from the DOE runs, a design space can be identified. 

Knowledge of the design space enables a control strategy to be defined for 

the manufacture of the product.

A similar approach is taken for formulation optimization, in which critical 

functional formulation excipients are evaluated with high, medium, and low 

levels, and the impact of these variables is studied on output parameters of 

that functionality (e.g., disintegrant levels studies can be done with the rate 

of disintegration of tablets as the output).

A systematic DOE to optimize the formulation composition in an oral solid-

dosage form is important for two main purposes:

t� To ensure the optimum level of a functional excipient in the formulation. 

In an immediate-release tablet formulation, excipient levels of 

binder, disintegrant, and lubricant can be varied and the functionality 

challenged. A partial or full factorial DOE can evaluate multiple excipients 

at different levels of the excipient. For an extended-release tablet 

formulation based on a hydrophilic gel matrix, polymer levels will affect 

the release rate of the drug from the tablet. Hence, the level of polymer 

is selected based on the specifications or the target release profile.

t� To optimize the drug load in a formulation to reduce the pill burden, especially 

for a large dose drug product. Many oral solid-dose products need to 

be formulated in doses above 100 mg per unit tablet or capsule. There 

are quite a few new chemical entities that need a much higher dose 

up to a 500 or 750 mg per unit dose. Fixed-dose combination therapies 

are becoming more popular, due to synergistic therapeutic effects and 

as a lifecycle management strategy. The number of actives and the 

dose per unit tablet are increasing. Thus, there is a need to formulate 

such products in a way that the tablet size is reasonable to swallow, 

especially for geriatric patients. It is important, therefore, to optimize the 

formulation so that the drug load in a tablet is as high as possible, which 

also means that there is little room for inert excipients. Selecting the right 

functional excipient in the right quantity thus becomes more crucial. 

Products with multiple doses use a “dose weight proportional” strategy᜴

using the same formulation composition (drug to excipient ratio) and com-

pressing the larger dose into a larger tablet size. This strategy has the benefit 

of avoiding a separate stability study as the drug to excipient ratio is the same; 

however, the disadvantage is that the higher dose becomes a large tablet, 

which may present “patient compliance” issues because of difficulty in swal-

lowing. The limited time available for developing clinical trial formulations 

often makes optimization of drug load and tablet size a low priority. 

During this stage, however, it is important that the choice of excipients, 

level of excipients, the drug load, and reduction of pill size and burden are 

optimized. Polypharmacy is a huge problem, and patients would benefit 

greatly if better drug products that are easier to swallow can be developed. 

Optimizing the formulation at the right stage in the development program by 

increasing the drug load per unit tablet or capsule, thereby, reducing the pill 

burden, would be beneficial. 

—Anil Kane, executive director, Global Head of Formulation Sciences, 

Pharmaceutical Development Services, Patheon
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consideration during product optimi-
zation,” says Kodipyaka. “Unlike the 
conventional method of evaluating 
one variable/parameter at a time, which 
can sometimes provide incomplete in-
formation when other parameters exist, 
DoE allows for simultaneous evaluation 
of various parameters, as well as their 
interactions and inf luence on target 
product parameters (TPP),” he adds. 

“By using DoE, there is an increased 
probability of product success because 
of large datasets that are generated sys-
tematically and evaluated statistically.” 

According to Kodipyaka, inputs 
from the early stages of development, 
such as the selection of excipients, 
manufacturing technology, and pack-
aging, among others, inevitably have a 
significant impact on the optimization 
activities that have to be performed as 
the product progresses through further 
stages of development. “You need to 
have a good understanding of R&D and 
product scale operations, the impact of 
upscaling and downscaling, and factors 
that influence product robustness,” he 
stresses. Kodipyaka believes that a 
combination of an empirical approach 
(experience-based) and software/artifi-
cial intelligence is the best way to opti-
mize drug products. 

Among the benefits to drug prod-
uct formulation optimization are im-
proved patient safety and compliance, 
reduced unit cost, and reduced prob-
ability of a failed batch, notes Good-
win. However, there are downsides, 
he says. “Optimization studies can 
be costly and increase time to market. 
Moreover, optimization can be some-
what recursive if done in a univariate 
manner without regard for tradeoffs 
between key parameters.”

Reducing optimization costs
There are many strategies to reduce the 
time and cost associated with optimi-
zation, observes Goodwin. “Capsugel, 
for example, uses two strategies when 
optimizing oral solid-dosage forms 
containing amorphous spray dried 
dispersions (SDDs),” he says. “The first 
approach is the integration of drug 
product and drug intermediate, while 

the second is the application of model-
ing and simulation.”

The first strategy, according to Good-
win, is difficult to apply if the drug is 
in the crystalline form, but works well 
when the amorphous form is used. 

“This is because many of the crystalline 
drug attributes that are set by its crystal 
structure and habit cannot be ‘tuned’ or 
modulated significantly by the crystal-
lization process. For this reason, the 
drug substance and drug product are 
traditionally developed and optimized 
independently,” he explains. 

On the other hand, producing an 
amorphous drug form by spray drying 
can substantially change the drug at-
tributes. The development and optimi-
zation of the drug substance and drug 
product can, therefore, be efficiently 
integrated, Goodwin points out. In 
doing so, it is often possible to signifi-
cantly reduce the risk for multiple drug 
product and drug intermediate key pa-
rameters more so than conducting two 
independent optimization studies, he 
says, and this can save experimental 
and testing time and the cost of an ad-
ditional optimization study.

The second strategy uses modeling 
and simulation, and is employed two-
fold, according to Goodwin. “First, the 
approach is leveraged to think funda-
mentally about process and formula-
tion, and generate hypotheses and 
constraints about a given optimization 
problem statement. This type of think-
ing allows hypothetical correlations 
between inputs and outputs to guide 
efficient experimental design. Outputs 
allow these models to be refined as a 
fundamental knowledge base is built,” 
he says. Goodwin explains that this 
strategy saves time, cost, and drug 
substance because it not only reduces 
the total amount of experiments, but 
also maximizes the information from 
each. Second, the science of scale is 
taken into account. “The use of scale 
up and down predictive models enable 
a higher degree of confidence when 
scaling processes,” Goodwin says. “It 
also allows the formulator to be proac-
tive about how a formulation will scale, 
even at the prototype stages.” 

Quotient has also developed a plat-
form to enable formulations to be 
designed, manufactured, and clini-
cally evaluated rapidly. Traditionally, 
formulation development studies in-
volve expensive and time-consuming 
screening of multiple prototypes in 
preclinical species to identify a limited 
number of pseudo-optimized systems 
for human clinical PK studies, notes 
McDermott. The success of this ap-
proach, however, is contingent on the 
preclinical model being predictive of 
the human response, and one of the 
selected formulations achieving ac-
ceptable performance in man. “There 
is a lack of predictability between 
animal bioavailability and human 
bioavailability owing to substantial 
inter-species physiological differences 
affecting dissolution, absorption, and 
metabolism of the drug molecule,” says 
McDermott. “A frequent outcome from 
the traditional approach is the need to 
conduct a further cycle of in-vitro and 
in-vivo studies, resulting in additional 
delays and cost to the development 
program.”

According to McDermott, Quo-
tient’s approach has been built on two 
premises—firstly, the desire to make 
decisions based on human PK data 
rather than non-representative pre-
clinical models; and secondly, the need 
to expedite the critical path for chem-
istry, manufacturing, and control 
(CMC) activities for prototype screen-
ing in humans by removing non-value 
added tasks and activities. “By using 
this approach, a drug product can be 
manufactured within seven days of 
dosing, removing stability package 
generation from the critical path to 
obtain clinical data on product per-
formance,” he says. “Integrated GMP 
manufacturing with clinical testing al-
lows clinical data from one study pe-
riod to be used to select the product to 
be manufactured for evaluation in the 
next period.” Quotient’s rapid formu-
lation development and clinical testing 
(RapidFACT) approach enables com-
panies to select and optimize formu-
lation technology in human subjects 
quickly, and according to McDermott, 

http://www.pharmtech.com/
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increases the accuracy of the optimi-
zation process. 

“The product development ap-
proach taken by Dr. Reddy’s consists 
of three phases—product design; de-
sign testing and optimization; and 
production,” Kodipyaka highlights. 
Formulation optimization is done 
during the product design phase as 
the company believes this approach 
helps to bridge the gap between R&D 
and commercial production of the 

final drug product. Kodipyaka ex-
plains that all activities—from char-
acterizing the input materials to de-
fining the target features of the final 
product—will be divided into a unit 
stage and assessed both in-part and 
holistically, to identify important pa-
rameters. “A tentative control strat-
egy is designed for each parameter, 
and then it is assessed whether that 
parameter is major, minor, or critical. 
Accordingly, an optimization plan 

is devised for the product composi-
tion and the manufacturing process,” 
says Kodipyaka. “By using this ap-
proach, we are able to see a virtual 
product on paper. Unlike trial-and-
error methods, a systematic product 
design approach that uses simulations, 
software, and algorithms can reduce 
conventional experimentation meth-
odology, hence bringing substantial 
time and cost benefits when optimiz-
ing a formulation.” PT

Developing cannabis-based therapeutics

David Fulper, PhD, director of technology support at Catalent, shares insights 

on the challenges and opportunities for cannabis-based therapeutics.

PharmTech: Why is there an interest in cannabis-based therapeutics?

Fulper (Catalent): The discovery of endogenous cannabinoid receptors 

has led to studies to investigate the potential effects of cannabinoids in the 

treatment of diseases such as cancer, diabetes, and neuromuscular disorders. 

There are potential benefits in pain relief, for use as a muscle relaxant, and 

for nausea and loss of appetite. With further research and studies, it is pos-

sible cannabis could help in the treatment of cancer, HIV, arthritis, multiple 

sclerosis, and other medical conditions. Movements by individual US states 

to legalize the medical use of cannabis also have created a medicinal market 

and significant interest.

PharmTech: Could you tell us more about the physicochemical properties 

of cannabis and the challenges in formulation development?

Fulper (Catalent): Cannabinoids are typically highly lipophilic compounds 

with poor solubility. Tetrahydrocannabinol (THC) exists as a viscous, oily resin 

that is oxygen-sensitive and requires special handling and formulation con-

siderations to provide adequate stability. Other cannabinoids can exist in a 

crystalline state, but are often administered with THC or cannabis entourage 

materials that, again, result in an oily liquid. As a plant extract, there is also 

the challenge of standardization of cannabis content to assure consistent dos-

ing. Lastly, cannabis’ status as a Drug Enforcement Agency (DEA) Schedule 

I drug greatly complicates working with these compounds, making it much 

more difficult to perform formulation studies compared to other compounds.

PharmTech: In the European Union, there are cannabinoids currently avail-

able as pharmaceutical formulations. Are there any limitations with these 

marketed formulations? Do you see a need for an improved dosage form?

Fulper (Catalent): Oral THC formulations generally suffer from poor or vari-

able bioavailability due to first-pass metabolism. Disease state can also play 

a role in the type of delivery profile desired. Some of these issues can be ad-

dressed by route of delivery. GW Pharmaceuticals’ Sativex oromucosal spray at-

tempts to avoid first-pass metabolism through absorption via the lining of the 

mouth. Teva has signed a marketing agreement with Syqe Medical to distribute 

Syqe’s high-tech vaporizing inhaler (Syqe Inhaler), which, similar to vaping, 

avoids first-pass metabolism and has a fast onset of action. There is also inter-

est in topical and suppository formulations. However, there will always be a 

desire and need for oral cannabis, and lipid-based formulations are considered 

as a top choice due to the lipophilic nature of cannabinoids. Additional work is 

still needed to further improve the oral performance. 

PharmTech: What is a suitable drug-delivery approach for cannabis-based 

therapeutics? What would you consider an effective formulation to deliver 

cannabis molecules?

Fulper (Catalent): Formulation development can be complicated, as can-

nabis-based therapeutics could include a single entity API, a combination of 

APIs, an API in combination with entourage materials, or as the plant extract. 

Disease states also could include situations where it would be desirable to 

allow the patient the ability to titrate their dose. Cannabis has a history of 

being delivered by smoking, and while this route of administration can ef-

fectively deliver cannabis, it also brings with it a number of undesired conse-

quences, including concerns that this delivery route may be carcinogenic and 

that it may damage the lung’s epithelia over time; a regulator will, therefore, 

want to ensure that these concerns have been adequately addressed in any 

cannabis formulation. As a result, there is a strong desire to develop oral dos-

age forms to avoid the negative effects of smoking or vaporization. For any 

given API scenario, there will be various delivery approaches that will make 

more sense than others based on the disease being treated, patient needs, 

absorption, distribution, metabolism, and excretion (ADME) characteristics, 

and regulatory acceptance.

PharmTech: There is evidence that fats and lipid excipients can increase 

systemic exposure to orally administered cannabis—can you discuss exploit-

ing this pathway in formulation development?

Fulper (Catalent): Natural cannabinoids tend to fall into the Develop-

ability Classification System (DCS) IIb category where lipid formulations are 

known to improve absorption. Good absorption, however, does not always 

translate into sufficient systemic exposure. Gershkovich et al. showed that a 

formulation that promoted lymphatic absorption significantly increased the 

bioavailability of the synthetic cannabinoid PRS-211,220 from 13% to 35%, 

compared with dexanabinol using long-chain triglyceride formulations (1). 

THC is highly metabolized by the liver and could benefit from formulations 

that promote lymphatic absorption and, by doing so, avoid first pass me-

tabolism. More work is needed to be able to screen compounds for lymphatic 

absorption and to optimize formulation systems for lymphatic absorption. 

Reference
1. Gershkovich et al., Eur. J. Pharm. Sci. 31 (5) 298 – 301 (2007).
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C
ontinuous API manufacturing has 
the potential to provide tremen-
dous benefits to the pharmaceutical 

industry—smaller plant and environ-
mental footprints, reduced costs, and 
improved processes with more con-
sistent quality. Extensive process and 
product knowledge and the ability to 
control process conditions in real time 
are necessary for achieving these goals. 
Effective process analytical technology 
(PAT) for online monitoring during 
research, development, and commer-
cial manufacturing is therefore essential. 
While notable advances have been made, 
there are numerous challenges yet to be 
overcome. Manufacturers, instrument 
suppliers, and data analysis and process 
control system vendors are working col-
laboratively to design effective solutions.

Many choices
PAT can be used for many different 
objectives, including reaction/process 
characterization, process development, 

and long-term, robust installations. At 
Eli Lilly, PAT implementation is used to 
pursue all three, according to Todd Ma-
loney, principal research scientist. Dur-
ing process development, adds Nuno 
Matos, head of continuous manufactur-
ing within R&D with Hovione, the main 
driving force for using PAT is to enhance 
knowledge gathering. Therefore, more 
versatile, complex technologies with high 
dynamic ranges are used.

Spectroscopic methods are most 
widely used because they are non-inva-
sive and non-destructive. Chromato-
graphic separation combined with vari-
ous detection techniques is increasingly 
used due to the additional specificity, 
higher sensitivity, and resolution it offers 
and with the advent of faster technolo-
gies such as ultra-performance liquid 
chromatography (UPLC) or ultra-high 
pressure LC (UHPLC), according to 
Ernie Hillier, principal systems manager, 
Waters Corporation.

Early efforts typically emphasize eluci-
dation of the chemical mechanism along 
with gaining kinetic information relevant 
to the reaction. Eli Lilly heavily leverages T
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Advances in process analytical 
technology have been achieved, 
but significant challenges remain.

flow–nuclear magnetic resonance (NMR) 
along with other in-situ spectroscopic 
measurements including Fourier trans-
form infrared spectroscopy (FTIR) and 
Raman spectroscopy. “These data-rich 
experiments drive process development 
by providing critical information at an 
early stage and also serve as inputs to 
reaction modeling efforts,” says Gordon 
Lambertus, senior research scientist with 
Eli Lilly. At Hovione, the most widely use 
technologies also include mid-IR and 
Raman spectroscopy, in particular for 
reaction and crystallization monitoring, 
according to Matos. Chemometrics are 
applied to collected spectra to maximize 
the information that can be extracted. 

As chemical mechanisms become 
understood, more emphasis is placed 
on process development, with efforts 
focused on monitoring reaction conver-
sion and tracking process-related impu-
rities to optimize reactor platforms and 
reaction conditions. “Process monitor-
ing attributes of interest at this stage are 
typically focused on supporting the over-
arching control strategy for the process, 
commonly including removal of many 
low level process impurities,” Maloney 
observes. He adds that online chroma-
tography is the single most important 
platform technology used to support 
process development because no other 
analytical tool offers the specificity and 
sensitivity required for analysis of these 
low-level species. Eli Lilly largely employs 
online high performance liquid chroma-
tography–ultraviolet (HPLC–UV) detec-
tion, but also uses HPLC–mass spectrom-
etry (MS), gas chromatography–thermal 
conductivity detection (GC–TCD), and 
GC–flame ionization detection (GC–FID) 
when appropriate. 

Spectroscopic tools such as FTIR, 
Raman, near infrared (NIR), UV, re-
fractive index (RI), and fluorescence are 
strategically implemented for specific ap-
plications, as are simple sensors that cover 
additional analytical space and often 
offer more robustness over the course of a 
long-term installation, according to Lam-
bertus. These sensors include some spec-
troscopic measurements (UV, RI, fluores-
cence), monitoring of specific chemical 
entities (e.g., pH, dissolved oxygen), and 
physical property measurements (e.g., 
turbidity, viscosity, conductivity). “A key 
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point is that there is no single solution, so 
we have built quite an extensive toolbox 
that includes a wide range of analytical 
technologies,” asserts Lambertus.

Valuable information
Process dynamics in continuous manu-
facturing should be well understood, 
namely how process parameter variability 
will affect the quality attributes of interest 
or how predetermined changes in process 
parameters and material attributes will 
influence the outcome of the continuous 
step, according to Matos. “Capturing this 
information requires analytical technolo-
gies that can output in real-time the data 
of interest (either directly or via predic-
tion). As a result, experiments for deter-
mining residence time distribution, build-
ing kinetic models, or executing design of 
experiment approaches will be data- and 
information-richer,” he explains.

The more data that can be collected 
from a single experiment, the more ef-
ficient the process development model 
becomes, agrees Lambertus. The two 
most widely used PAT tools in his de-
partment are f low-NMR and online 
HPLC because of the amount of infor-
mation they provide. 

“Flow–NMR provides information rel-
evant to understanding chemical reac-
tion mechanisms through elucidation of 
transient species or monitoring reactive 
intermediate species, readily generating 
kinetic information and providing valu-
able inputs to chemical reaction models 
that help in optimization,” Lambertus 

notes. It also allows for access to reac-
tions that could not be run in static NMR 
tubes (e.g., heterogeneous reactions, high 
pressure reactions). 

Online HPLC is used in R&D and 
manufacturing at Eli Lilly to support 
various control strategy elements. Online 
measurements are required because there 
are few isolated intermediates in most con-
tinuous synthetic routes that offer tradi-
tional control points where measurements 
can be made, according to Lambertus. He 
adds that HPLC is the preferred measure-
ment technique because many of the con-
trol elements of a process are related to 
species present in the solution matrix at 
low levels. “No other analytical technique 
is capable of detecting and quantifying at 
the low levels necessary to show that the 
process is performing as expected with 
respect to those impurities (e.g., residual 
starting material, genotoxic impurities, 
identified impurities with poor rejection 
efficiency),” Lambertus says.

Technology gaps remain
“During the past decade, the PAT user 
community has been seeing important 
technological developments; equipment 
manufacturers are not only improving 
established technologies but also adapt-
ing complex technologies for real-time 
monitoring,” Matos asserts. There are 
still unmet analytical needs in the contin-
uous API manufacturing space, however. 

Matos notes that NMR spectroscopy 
is a good example of an analytical tech-
nology that is seeing important develop-

ments for going from bench to process 
applications, with manufacturers racing 
to make these units smaller while not los-
ing too much resolution. Online UHPLC 
is a reality, but even runs of a few min-
utes can hinder real-time monitoring, 
and interfacing with process equipment 
requires complex automated sampling 
devices, so this technology is currently 
more often used in an at-line fashion.

The separations piece is still needed, 
though, according to Hillier, and UPLC 
provides the high sensitivity and reso-
lution required to gain greater process 
knowledge. Introducing new technolo-
gies is always challenging, he adds. “It is 
difficult to generate interest when there 
are existing technologies that are well 
understood, respected, and do an ad-
equate job. From time to time, we’ve had 
to contend with perceptions that liquid 
chromatography is a slow process that 
requires extensive technical skill to per-
form,” Hillier comments. 

For Eli Lilly, online metals analysis 
remains a significant need. “Integrated 
continuous processes, by nature, elimi-
nate many of the intermediate isolation 
points of traditional pharmaceutical 
manufacturing processes. Without these 
isolation points, inorganic species (salts 
and metals) can potentially be carried 
through many subsequent unit opera-
tions. Continuous extractive workups are 
incorporated as rejection points for these 
types of materials, and currently we use 
at-line instrumentation based on x-ray 
fluorescence (XRF) technology to do 

Contaminated water and trashed data lead to warning letter

In a warning letter dated March 2, 2017, FDA cited Badrivishal Chemicals 

& Pharmaceuticals with current good manufacturing practice (CGMP) vio-

lations found at the company’s Maharashtra, India facility. The violations, 

which include quality and data integrity deficiencies, were observed during 

an FDA inspection conducted Aug. 16–19, 2016.

Quality CGMP violations included an inadequately monitored and controlled 

water purification system. Source water from a nearby river was not tested 

and was kept in a storage tank with a hole open to the environment—viola-

tions that caused the potential for water contamination and, therefore, product 

contamination. Procedures for sanitizing the water system were not followed, 

nor had the company completed a performance qualification of the water sys-

tem. FDA reported that the company was aware the water system had an 

excessive amount of total aerobic microbial counts, failed to investigate the 

deviations, and provided an inadequate response to investigators’ findings, 

the letter states.

Investigators also found original laboratory and production records in trash 

bags behind the facility containing data that did not match official records; 

the quality unit did not investigate the discrepancies. FDA investigators later 

found that the trash bags containing the documents had been removed; pre-

venting further FDA examination of the documents, the agency stated.

In addition, the company also failed to ensure that contract testing labo-

ratories were qualified. When asked to provide method verifications, the 

company provided draft protocols and did not specify which contract testing 

laboratory performed the verification experiments.

FDA placed the company on Import Alert 66-40 on Dec. 19, 2016. 

—The editors of Pharmaceutical Technology
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analysis of metals around these workup 
unit operations. There is a strong desire to 
have instrumentation for online, quanti-
tative metals analysis available to support 
continuous process development,” Lam-
bertus explains. He would also like to see 
more traditional oxygen and pH sensors 
that have the chemical compatibility and 
robustness required for use in aqueous/
organic mixtures or neat organic solvents. 

Nanoparticles—with a median parti-
cle size typically in the range of 100–600 
nm—also present online analytical chal-
lenges, according to Matos. “Applications 
involving nanoparticles are growing in 
number and the manufacturing technol-
ogy is often continuous in nature (e.g., 
co-precipitation, wet-milling, etc.). While 
there are established technologies for de-
termining concentration in solution of the 
compound of interest, the real-time mea-
surement of particle-size distribution for 
the nano range is still not trivial,” he states.

Application challenges
The biggest challenge is interfacing PAT 
to a process, regardless of whether it is 
batch or continuous. “For the latter, the 
challenges are of different type, in par-
ticular when dealing with small setups; 
in-line probes may disrupt the process 
by creating a constraint and/or an op-
portunity for deposition/precipitation, 
f low-cell dead volumes may promote 
back-mixing, etc.,” Matos observes. He 
notes that the opportunity to use higher 

concentrations (in some cases even run-
ning solvent-free reactions) forces the de-
velopment of strategies to cope with high 
analyte signals such as automatic dilution 
strategies or signal attenuation via special 
probe or flow-cells configurations. 

Automated sampling systems that 
are capable of sampling, diluting, and 
delivering a representative sample are 
essential for sensitive PAT techniques 
such as online HPLC, HPLC-MS, or 
online GC, agrees Maloney. Due to the 
variety of different processes that require  
sampling, a combination of different 
sampling techniques are often utilized. 
For example, suspended solids or pre-
cipitates in a process may lead to plug-
ging of small-diameter tubing associated 
with automated sampling devices. Sam-
pling of supersaturated solutions can be 
challenging and often requires quench-
ing or dilution at process temperatures 
to prevent solids fouling. For optical 
technologies such as FTIR, Raman, or 
focused beam reflectance measurement 
(FBRM), location and orientation of the 
optical probe and bench relative to the 
process can be difficult. 

Part of the challenge is also deter-
mining what tools are needed when. “In 
order to achieve the optimum process 
performance, a ‘kitchen-sink’ approach 
is generally used, with as many tools as 
possible used to investigate every con-
ceivable thing that might happen in a 
reaction,” says Hillier. The other piece is 

coordination, collection, and dissemina-
tion of the disparate data so that it can be 
analyzed and applied for process control. 
It is important to assure that the sam-
pling frequency will be able to capture 
the expected process dynamics and thus 
process knowledge, and allow proper and 
timely feedback control, Matos agrees.

Translating PAT data into meaning-
ful information that enables process 
decisions is another significant chal-
lenge. Simple sensors that provide two-
dimensional data (pressure, temperature, 
flow rate) can easily be incorporated into 
a distributed control system (DCS), ac-
cording to Bradley Campbell, a research 
scientist with Eli Lilly. Multi-dimensional 
data (HPLC, HPLC-MS, FTIR, Raman, 
etc.) are much more challenging to inte-
grate into a DCS.

“Many analytical technologies that 
were designed to be bench-top instru-
ments are being adapted for online 
applications in support of continuous 
process monitoring. While the analyti-
cal instrument hardware was designed 
with flexibility in mind, the same is not 
always true for the software. Analytical 
instrument control, data processing, and 
reporting software were not designed to 
communicate with and export data in a 
format that can be consumed by a DCS,” 
Campbell says. There are currently sev-
eral vendors looking into this issue and 
providing solutions for testing, but there 
is still not a single platform to integrate 

FDA:  Similar quality violations at multiple Wockhardt facilities

In citing quality control issues found during a Jan. 4–Feb. 5, 2016 inspection 

at the Morton Grove, IL facility of Morton Grove Pharmaceuticals (a sub-

sidiary of Wockhardt), FDA investigators noted in a warning letter that the 

violations found at that facility had been found at other Wockhardt facilities 

from 2013–2017.

Among the problems noted by investigators were unexplained discrep-

ancies or batch failures that were not thoroughly investigated; failure to 

perform a science-based health hazard evaluation; failure to ensure that 

laboratory records included complete data; quality investigations performed 

outside the quality unit’s oversight; failure to establish and follow control 

procedures; and not testing in-process materials during production. In ad-

dition, appropriate computer controls were not in place to ensure that only 

authorized personnel made changes to production and control records.

“At this time, seven Wockhardt facilities (including Morton Grove) are 

considered out of compliance with CGMP. These repeated failures at mul-

tiple sites demonstrate your company’s inadequate oversight and control 

over the manufacture of drugs,” FDA stated in the letter. “In your responses 

to the various actions listed above, including during multiple meetings 

with FDA, you have repeatedly discussed and promised corporate-wide 

corrective actions. Yet, when FDA inspects or returns to other Wockhardt 

facilities, similar violations are shown to persist. Your executive manage-

ment remains responsible for fully resolving all deficiencies and ensuring 

ongoing CGMP compliance. You should immediately and comprehensively 

assess your company’s global manufacturing operations to ensure that 

systems and processes, and ultimately, the products manufactured, con-

form to FDA requirements.”

The agency requested that the company complete a data integrity remedi-

ation and a risk assessment of the potential effects of observed failures on the 

quality of product, and develop a corrective action and preventive action plan.

—The editors of Pharmaceutical Technology
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all data types into a single data package 
to use on the manufacturing floor.

Continuous efforts
All of the pharmaceutical industry is 
working on continuous processing. Wa-
ters, according to Hillier, is collaborating 
closely with not only its pharma custom-
ers, but providers of other sampling and 
software and control systems to develop 
comprehensive PAT solutions. “Much 
of our time is spent working with other 
companies. We are taking an agnostic 
approach because our customers often 
have individual preferences for which 
sampling devices, data analysis software, 
and control systems they select, and our 
chromatography solutions need to work 
with them all,” he states.

It is worth noting, according to Matos, 
that manufacturers of PAT instrumenta-
tion are diligently working to improve 
both the technology and the sampling 
interface, in some cases via successful 
partnerships with continuous processing 
equipment manufacturers. “PAT is not 
optional for continuous processing. It is 
necessary for gathering information and 
establishing an effective control strategy 
for commercial manufacturing. The in-
creasing interest in continuous processing 
is creating a favorable environment for 
PAT equipment manufacturers to push 
technological advancements in three di-
rections: improving the spec sheets to in-
crease the analytical power of existing and 
established technologies, adjusting bench 
equipment for real-time measurements, 
and achieving further simplification to 
drive costs down,” Matos asserts.

Eli Lilly has focused its efforts on en-
gineering better ways to develop robust 
process interfaces for integrating analyti-
cal instruments to continuous processes 
and investigating ways to link complex 
analytical data to DCS systems for the 
purpose of trending, process monitoring, 
and control. “In a regulated environment 
where ideally the technology designed in 
development can be readily transferred to 
a cGMP manufacturing facility, care must 
be taken to ensure that computer systems, 
PAT, and sample delivery systems are 
designed to operate in a fully validated 
state,” Campbell notes. Communication 

between these systems is also essential to 
enable real-time decision making when 
more than one data source is providing 
information on the state of control. 

A matter of control
As challenges in process engineering and 
analytical technologies are overcome, it 
is vital that PAT data are available to the 
DCS, process historian, and process con-
trol models to enable the development 
of an integrated process control strategy. 
PAT data must be visualized within pro-
cess control charts with the appropriate 
automation in place to minimize opera-
tor intervention and enable real-time de-
cision making when appropriate, accord-
ing to Campbell.

In addition to the development of con-
trol strategies based on PAT, the data-rich 
environment of continuous processes 
with online monitoring should eventu-
ally allow for real-time release testing 
(RTRT), according to Matos. “Using 
physical, chemical, or mathematical anal-
yses, companies will benefit from RTRT 
from increased assurance of quality (deci-
sions based on more data) and improved 
manufacturing efficiency (reduced cycle-
times, inventory, etc.),” he says. 

The CDMO perspective
While the science, technology, and 
regulatory landscape for PAT use are 
the same for contract development and 
manufacturing organizations (CDMOs) 
and drug manufacturers, the CDMO 
business model does imply other con-
siderations. “When investigating the 
implementation of PAT, CDMOs must 
be assured of a return on their invest-
ment beforehand, and thus the technol-
ogy should be versatile and not product- 
or application-specific. The concept of 
modularity and the need for consider-
ing the operating costs are certainly 
part of the decision checklist so that 
CDMOs can maximize the use of these 
technologies,” Matos observes.  On the 
flip side, the exposure to different prod-
ucts in a high-paced environment cre-
ates the opportunity for intensive learn-
ing by CDMOs on the use of a given 
real-time analytical technology for  
certain applications. PT
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T
he dry powder inhaler (DPI) is an 
increasingly popular delivery device, 
used to deliver a wide variety of drugs 

to the lung for either local or systemic 
action. With many originator DPI for-
mulations reaching the end of their period 
of patent protection, the development 
of DPI products for the generic market 
is an area with much potential. Unlike 
other pharmaceutical delivery devices, 
the DPI device is as important as the 

powder blend it contains; it is simply 
not the case that a powder blend can be 
formulated that matches the originator, 
because its properties must be matched 
to the device that aerosolizes it (1, 2). A 
product will only achieve the desired fine 
particle fraction (FPF) if the two elements 
are considered together. This fact has 
particular relevance to the generic drug 
products market in cases where the pat-
ent covering the device that generates an 
aerosol expires at a different time to any 
patents covering the active principal or 
powder blend it contains.

Particle size reduction
A critical parameter for successful DPI de-
livery is particle size; powders need to be 
between 2–4 μm in diameter to reach the 
alveoli and deposit (3). For this reason, the 

active is usually milled (or micronized) 
prior to formulation such that it has the 
required particle size distribution. Mill-
ing, being a high-energy process, has the 
potential to fundamentally change the 
physical form of the sample in addition 
to reducing its particle size. Changing 
physical form (usually an amorphous 
state is produced) necessarily changes 
(and usually increases) the surface en-
ergy of a material and, therefore, impacts 
its cohesiveness and adhesiveness. There 
has been much research over the past 20 
years into the nature of the forces that 
influence how powder blends aerosolize, 
and it is now well established that forces 
of adhesion and cohesion are critical (3). 
The determination of the amorphous 
content of milled powders is, therefore, 
crucial; it is usually possible to show that 
amorphous content correlates directly 
to FPF. For this reason, any submission 
to the FDA for a DPI product usually re-
quires an analytical method to quantitate 
amorphous content, as well as limits for 
batches of milled material that may be 
used in commercial batches.

Of the myriad of techniques available 
to quantitate amorphous content, those 
based on calorimetry are particularly 
useful. The amorphous state is higher in 
energy than any crystalline counterpart 
and calorimetry measures energy directly. 
The two most popular calorimetric meth-
ods are solution (ampoule-breaking) and 
gas perfusion (4). The former uses heat of 
solution to indicate amorphous content 
and the latter uses heat of crystalliza-
tion. These methods are excellent and 
are becoming widely used. However, in-
terpretation of calorimetric data is tricky 
because heat is a ubiquitous property 
and if a calorimetric experiment is not 
constructed properly, the data are easily 
misinterpreted. 

Ten questions to ask
This article suggests 10 questions that 
should be asked of any calorimetric 
method, along with the rationales behind 
them, so that any reader designing, un-
dertaking, or reviewing experiments to 
quantitate amorphous contents by calo-
rimetry can do so with critical thought. 
Before these questions are raised, it is 
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worth briefly explaining the principles 
on which the two methods operate.

Gas perfusion calorimetry. In this method, 
a plasticizer (usually water or ethanol) 
is perfused over the sample in an inert 
carrier gas. The sample will adsorb and 
absorb the plasticizer, crystallize, and 
then expel any absorbed solvent. The 
calorimeter measures these heats as the 
sample is held at a constant temperature 
(4). Since all of these processes will occur 
with a change in heat, they will all con-
tribute to the final measured heat change. 
It is essential that the method corrects for 
these values if the heat of crystallization 
is needed. Typical power-time data for a 
partially amorphous material are shown 
in Figure 1.

Solution (ampoule-breaking) calorimetry. 

In this method, the sample is contained 
within a sealed ampoule and a reservoir 
of solvent (up to 100 mL) is allowed to 
reach thermal equilibrium. The am-
poule is then broken and the powdered 
sample is exposed to the solvent. Rapid 
dissolution should ensue, and the heat of 

solution is measured (5). The technique is 
particularly suited to amorphous content 
quantification because crystalline materi-
als typically have an endothermic heat of 
solution while amorphous materials have 
an exothermic heat of solution. Typical 
power-time data for a partially amor-
phous material are shown in Figure 1.

One: Is the particle size of the sample the 

same each time and/or the same as the mate-

rial used for the calibration curve? Particle 
size is most important where gas perfu-
sion calorimetry is used. If the particle 
size of the sample is different from that 
of the material used to generate the cali-
bration curve, or varies from batch to 
batch, then the proportion of the total 
heat change arising from adsorption 
will vary. This heat change must be cor-
rected for, or an incorrect heat of crys-
tallization will be measured (see ques-
tion 5). If solution calorimetry is used, 
changing particle size will change the 
rate of dissolution of the material, which 
will alter the shape of the power-time 
data but will not affect the total heat.

Two: Does the sample exhibit polymorphism? 

Different polymorphs will have different 
heats of solution or crystallization. There-
fore, it does not matter which calorimet-
ric method is used, the calibration curve 
must be generated with material of the 
same polymorphic form as that being 
tested. A good check, in the case of gas 
perfusion experiments, is to remove the 
sample after the experiment and to check 
the polymorphic form of the sample with 
X-ray diffraction, differential scanning 
calorimetry (DSC), or any other suitable 
method. Obviously, if a material is amor-
phous, it has no crystal structure, but 
most milled powders have only a small 
(<5% w/w) amorphous fraction, with the 
remainder being crystalline. The form to 
which it crystallizes, or the form that dis-
solves, is therefore critical.

Three: Is the material anomeric? Sugars 
are anomeric (i.e., they differ in confor-
mation in their cyclic ring structure at 
either the C1, C2, or C5 carbon atoms). 
For instance, α lactose and β lactose are 
anomers of each other. The heat of crys-
tallization or solution of each anomer is 
different, so as in the case of polymor-
phic materials, the calibration curve 
must be generated with material of the 
same anomeric form (or ratio) as that 
being tested. Ramos et al. (6) demon-
strated the effect of the anomeric compo-
sition of lactose on amorphous calibra-
tion curves prepared by solution and gas 
perfusion calorimetry. Importantly, un-
like polymorphism, the anomeric struc-
ture is retained in the amorphous form 
because it is an intra-molecular property, 
not an inter-molecular property. A fur-
ther complication is that anomeric sug-
ars will frequently mutarotate under con-
ditions of high humidity, meaning they 
change anomeric ratio. Finally, α lactose 
forms a monohydrate while β lactose is 
anhydrous. All of these processes will 
occur with a change in heat, or will cause 
a change in heat of solution.

Four: What plasticizer or solvent is being 

used? The use of a plasticizer applies only 
to gas perfusion experiments. Many small 
organic molecules will plasticize pharma-
ceuticals. Water might even plasticize a 
poorly water-soluble active sufficiently to 
cause recrystallization. However, the rate 

Calorimetry

Figure 1: Schematic representations of typical power-time data for responses of a 

partially amorphous sample to increased humidity (top) and to dissolution (bottom). 

In both cases, integration of the area under curve (AUC) gives the heat of the process.
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Calorimetry

at which crystallization occurs, as well as 
the heats of adsorption and absorption, 
will vary with the plasticizer. Therefore, 
the plasticizer should (a) be optimized for 
the sample being studied and (b) be the 
sample for processed samples and those 
used to generate the calibration curve. 

The use of solvents applies only to 
solution calorimetry experiments. The 
heat of solution of a compound will vary 
depending on the solvent into which it is 
dissolving. One of the benefits of solu-
tion calorimetry is that if the compound 
being studied is poorly water-soluble, an 
organic solvent can be used instead. It is 
crucial, however, that the same solvent 
is used for processed samples as well as 
those used to generate the calibration 
curve. It must also be remembered that 
many organic solvents are volatile, and 
may well evaporate from the calorimeter 
during the measurement. This process is 
endothermic and will, therefore, contrib-
ute to the measured heat signal.

Five: Is the method a comparison of  

wetting responses? This question applies 
only to gas perfusion experiments. The 
quickest way to assess a milled sample is 
to expose it to a plasticizer and measure 
the heat. However, as noted previously, 
the heat measured this way includes 

contributions from adsorption, absorp-
tion, and expulsion of the plasticizer. It 
has been argued that the heats of absorp-
tion and expulsion should be equal and 
opposite, and so cancel each other out. 
However, the heat of adsorption remains 
and the only way to correct for it is to dry 
the sample and then re-expose it to plas-
ticizer. This approach not only provides 
the heat of adsorption, it also unequivo-
cally demonstrates that the sample un-
derwent an irreversible phase transition 
during the initial exposure to plasticizer 
(reaffirming the material was partially 
amorphous). Figure 2 shows the power-
time data for amorphous and crystalline 
samples of salbutamol sulphate when ex-
posed to two phases of elevated humid-
ity (90%) (7). There are several important 
points to note: 
t� The response of the amorphous ma-

terial to humidity is initially much 
larger than that of the crystalline 
material (which is why gas perfusion 
is so sensitive to small amorphous 
contents), but the data are complex 
and contain many phases—it is not 
easy in this case to determine which 
area to measure 

t� Upon exposure to humidity for a 
second time, the response of the 

amorphous material has reduced 
significantly—this observation in-
dicates that an irreversible event oc-
curred during the initial exposure to 
humidity, and it also suggests that 
the powder mass has fused during 
crystallization, reducing its surface 
area to less than that of the crystal-
line reference sample.

Six: Can the sample form a hydrate or sol-

vate? If the sample can form a hydrate 
or solvate with the plasticizer, then the 
power signal may become complex in 
shape, especially where formation oc-
curs over an extended time period. This 
makes determination of the heat of 
crystallization either difficult (because 
it is not easy to determine which section 
of data to integrate) or time-consuming 
(because conversion must progress to 
completion). 

Further complicating factors to con-
sider in these cases include: 
t� Whether the sample could have 

formed a hydrate or solvate prior to 
or after milling 

t� Whether the samples used to make 
the calibration curve were hydrates 
or solvates 

t� If a hydrate or solvate is formed di-
rectly on crystallization of the amor-
phous fraction, the heats of absorp-
tion and expulsion of the plasticizer 
will not cancel out (less plasticizer  
is expelled). 

Ideally, a plasticizer would be selected 
with which the sample cannot form a 
hydrate or solvate. Returning to the 
example of salbutamol sulphate in the 
study by Alam et al., the data are com-
plex because the drug absorbs water and 
crystallizes to a mono-hydrate (7). The 
situation for salbutamol sulphate be-
comes more complicated if some crys-
talline drug is also present, because the 
anhydrate form is most stable. In this 
case, the amorphous fraction crystal-
lizes to a monohydrate, but then slowly 
dehydrates to form the anhydrate with 
time. Again, care must be taken when 
devising the experimental methodology 
for samples such as this, to ensure the 
heat measured is actually proportional 
to the amorphous fraction and does not 
result from some additional process.

Figure 2: Power–time data for salbutamol sulphate (both amorphous and crystalline 

materials are shown) when exposed to successive environments of elevated relative 

humidity. The response of the amorphous material is initially much greater, as it 

crystallizes to a monohydrate, but is actually smaller than the crystalline material in 

the second phase, because particle fusion has reduced its surface area.
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Seven: Is the milled material sourced from 

different suppliers? Milling is a high-
energy process, and the way the energy 
is imparted to the sample can do more 
than simply reduce particle size. In prin-
ciple, large particles will initially fracture 
when the mill imparts energy, but once 
their size has reduced sufficiently, they 
will reach their brittle-ductile point, at 
which further size reduction is unlikely. 
Any energy provided after this point 
will not cause size reduction, but must 
still be dissipated by the sample—most 
likely by disrupting crystal structure, 
which is why milled materials are usu-
ally partially amorphous. The param-
eters for milling are usually adjusted to 
optimize particle size distribution of the 
milled powder only; no consideration is 
given to the physical form of the material. 
Hence, powders with similar particle size 
distributions produced from different 
mills may well have appreciably different 
amorphous contents. Consequently, they 
will not process or blend in the same way, 
and DPI performance will be affected.

Eight: Are samples analyzed at the  

same time after milling? The amorphous 
state is simple to define (lack of long-
range crystal structure) but poorly un-
derstood. This complexity is because it 
is a high-energy state and, unlike crystal 
lattices, an infinite number of arrange-
ments of molecules is possible. Hence, 
the energy of an amorphous material will 
lie in a range of values above any crystal-
line forms. With time, the molecules in 
an amorphous matrix will move and re-
orient (i.e., the process of relaxation). Be-
cause spontaneous molecular rearrange-
ment can only progress in the direction 
of increasing order, as an amorphous 
material relaxes, it will lose energy as its 
molecular structure changes to that of 
the nearest crystalline form (and, indeed, 
many amorphous materials will eventu-
ally crystallize). As the performance of a 
DPI formulation is critically dependent 
on the forces of adhesion and cohesion, 
relaxation of a milled powder prior to 
blending can significantly affect the 
FPF achieved. This is, in fact, the reason 
many milled powders are conditioned 
prior to blending, either under humid-
ity or left for a period of time. It follows 

that the time period between milling 
and measurement of amorphous con-
tent is critical—with longer time, more 
relaxation will have occurred and a lower 
amorphous content will be measured. A 
good protocol is to define a maximum 
time period permissible between milling 
and amorphous content quantification 
(three days, for example) and ensure all 
milled samples are stored in sealed, des-
iccated containers.

Nine: How was the amorphous reference  

material prepared? The definition of an 
amorphous material as lacking long-
range molecular order does not preclude 
the possibility that there is appreciable 
short-range structuring. The degree of 
short-range order in an amorphous ma-
terial is affected by the method of produc-
tion. Consequently, amorphous materi-
als of the sample compound prepared by, 
for example, spray-drying, lyophilization 
(freeze-drying), and quench-cooling will 
often behave very differently. In simplis-
tic terms, the faster the method of pro-
duction, the less time the molecules in a 
sample have to orient. Hence, a calibra-
tion curve prepared with amorphous ma-
terial will often be different from a cali-
bration curve prepared with freeze-dried 
material, because the energy contents of 
the two amorphous materials will be dif-
ferent. A further consideration is that ir-
respective of the method used to make 
the amorphous standards, it is likely that 
the short-range order imparted by mill-
ing will be different and so, in the opin-
ion of the author, no calibration curve is 
representative of the sample being tested.

Ten: Is percent amorphous content  

actually needed? Determining the percent 
of amorphous content needed is a com-
plicated concept, related to the concepts 
of relaxation and the problem of amor-
phous reference standards as discussed-
previously. The actual value determined 
by either solution or gas perfusion calo-
rimetry is a heat, which can be considered 
as the excess energy of any amorphous 
fraction of a milled sample. While it is 
clearly possible to define some fraction 
of a sample as crystalline and the rest 
amorphous (and so also to use percent-
ages), hopefully, it is apparent that as any 
amorphous fraction of a milled material 

relaxes, its excess energy will reduce. If 
the value of the excess energy is then 
converted to a percent amorphous con-
tent, by reference to a calibration curve, it 
will appear to reduce with time. However, 
the actual proportion of the material that 
is crystalline has not changed. It is sim-
ply the case that the energy of the amor-
phous fraction is reducing. The situation 
is further complicated when one remem-
bers the problems in choosing appropri-
ate amorphous reference standards for 
the calibration curve. In the opinion of 
the author, it is a better concept to corre-
late excess energy with FPF than percent 
amorphous content, because ultimately, 
it is the energy of the material that influ-
ences forces of adhesion and cohesion. 
An additional benefit of this approach is 
that a calibration curve for percent amor-
phous content is not needed. 

Conclusion
In summary, calorimetric techniques 
are excellent choices for identifying, 
characterizing, and quantifying par-
tially amorphous materials. There is 
little doubt that if the physical properties 
of a material have changed during pro-
cessing, calorimetric analysis will show 
a difference. The issue relates to inter-
pretation of the data, because heat is a 
universal indicator of physical change. If 
the experimental design is not well con-
structed or the nature of the material 
being investigated is not thoroughly un-
derstood, it is very easy to misinterpret 
the data. Hopefully, by asking some or 
all of the questions raised in this article, 
readers will be better informed when 
quantifying small amorphous contents 
with calorimetric methods.
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he simple act of moving fluid 
from one location or container 
to another is a routine step in es-

sentially all bioprocess manufacturing. 
Fluid transfer in some manner has 
been routinely performed for decades 
within the medical and biopharma 
industries and, more recently, as part of 
cell-therapy (CT) manufacturing. In-
terestingly, while the general purpose 
of fluid transfer is the same, the devices 
used (along with the requirements) 

are drastically different between the 
blood and biopharma industries. To 
complicate matters, depending on the 
product and process, fluid transfer 
within CT manufacturing can be a 
hybrid of three of these industries. 
Fluid transfer remains an essential—
yet challenging—component of the CT 
manufacturing industry.

Historical evolution
The incorporation or use of single-use 
components for f luid transfer pur-
poses, regardless of the industry, is a 
necessary and common practice. Sin-
gle-use plastics offer numerous advan-
tages compared with other materials, 
with flexibility being the main advan-
tage (1). The medical industry has the 
longest history of applying single-use 

components for fluid transfer, with the 
advent of plastics and the first intro-
duction dating back to the 1960s with 
polyvinyl chloride (PVC). Currently, 
PVC is the most widely used plastic 
used for medical devices, thus mak-
ing it the primary choice for tubing (1). 
In addition to f lexibility, PVC offers 
ease of fabrication, chemical stability, 
biocompatibility, and cost effective-
ness. PVC is used in a wide range of 
applications, including blood bags, IV 
and f luid transfer sets, dialysis bags, 
and IV containers.

Within the biopharma industry, 
single-use solutions have been used 
since the 1980s, but it wasn’t until 
the late 1990s and early 2000s—with 
the introduction of large-scale tube 
welders and sterile connectors—that 
the large-scale adoption of single use 
occurred (2). Only recently has the 
cell therapy industry evolved into its 
current state. Process development 
and manufacturing practices are still 
evolving, combining aspects of both 
the medical and biopharma industries.

Fluid transfer and single-use
Given the overlap in products and pro-
cess, single-use components are the 
predominant means for fluid transfer 
in both the medical and cell-therapy 
industries. The biopharma industry 
has traditionally used stainless-steel 
piping for fluid-transfer purposes, but 
hard piping transfer lines often require 
intensive, costly, and time-consuming 
cleaning and validation protocols (3). 
The previously described advantages 
and technological advances of single-
use tubing and connector technology 
have led to its more recent adoption in 
manufacturing operations (2, 3).

Fluid transfer is achieved a variety of 
ways depending on the intended applica-
tion and industry. A wide range of op-
tions are currently used today and some 
include spiking, luer connection, tube 
welding, and various aseptic connectors, 
which allow for sterile connection in non-
sterile environments (Figure 1). Sterile 
tube welding (when possible) is com-
monly applied because it is well estab-
lished and offers flexibility of enabling 
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sterile, aseptic f luid transfer in non-
sterile or uncontrolled environments 
(i.e., outside of a cGMP cleanroom or 
biosafety cabinet).

As depicted in Figure 1, the meth-
ods for connecting and transferring 
f luids from one container to another 
vary with the means of completing the 
transfer. The use of transfer assemblies 
with spikes are commonly applied in 
the medical industry to puncture into 
bags preassembled with the appropri-
ate ports to facilitate f luid transfer. 
The fluid is then typically removed by 
gravity or by an attached syringe. Luer 
connections are another means of con-
necting syringes or f luid transfer de-
vices to transfer or remove aliquots of 
f luid (i.e., blood, plasma, etc.). These 
two-process steps for fluid transfer are 
not desirable from a large-scale manu-
facturing standpoint, as they can ex-
pose product to the room environment.

Tube welding is preferred over open 
processing in each of the industries as 
it offers process and manufacturing 
f lexibility. Tube welding is done rou-
tinely to sterile connect containers en-

abling fluid management (Figure 1). For 
tube welding and sealing applications, 
thermoplastic elastomer (TPE) tubing 
is required. A variety of tubing can 
be welded, including PVC and other 
proprietary formulations. Each tub-
ing type is often designed to support 
unique industry needs, welds to itself 
(and in some cases, welds to other sim-
ilar tubing), and requires specific weld-
ing devices. Fluid transfer can then be 
completed. Welding of PVC allows the 
flexibility needed for small-scale fluid 
transfer operations in medical applica-
tions. The other TPE tubing examples 
are far more common in biopharma, 
where large-scale fluid transfer opera-
tions are employed.

For some tubing, like silicone, which 
is commonly used in biopharma man-
ufacturing as pump tubing for f luid 
transfer, welding is not possible and, 
therefore, other means of connecting 
are required. A number of single-use 
sterile connectors are available and 
allow two lines of tubing to be joined 
while maintaining a steri le f luid 
pathway (4). Each tubing line is pre-

affixed to a connector end that has a 
removable membrane or valve barrier 
for mating to another connector end, 
thus providing fluid transfer flexibility 
where alternative connection options 
are not readily available (Figure 1).

Industry-specific fluid  
transfer requirements
Although similar in concept and in-
tended purpose, many differences exist 
between the industries for fluid trans-
fer (Table I). Fluid transfer practices 
within the medical industry are estab-
lished with PVC as the predominant 
polymer used for the tubing and bag 
systems. For these intended uses, prod-
ucts including blood transfer bags and 
transfer sets are considered regulated 
medical devices. This is contrary to the 
biopharma industry. Furthermore, the 
use of luers and spikes are common in 
medical environments, whereas tube 
welding and single-use sterile con-
nectors predominate f luid transfer 
activities in biopharma.  Tubing sizes 
also vary within the industries, with 
smaller-diameter (approximately 1/8” 
in diameter) tubing being predominant 
for fluid transfer of medical products; 
much larger tubing (3/8” and 1/2” in 
diameter) is often used to accommo-
date fluid transfer in biopharma man-
ufacturing activities (Table I). These 
differences are expected given the 
larger volumes of f luid commonly 
being transferred within biopharma 
(100s of L) compared with medical 
applications, where much smaller 
volumes (mL to L) are handled. For 
smaller volumes, syringes can be used 
to transfer f luids, whereas pumps 
and pump tubing are required to 
transfer the larger volumes needed 
for biopharma manufacturing. For 
the medical and biopharma industries, 
the requirements for incorporating and 
utilizing the single-use components to 
transfer f luids have been optimized 
and established to support their dis-
tinct process and product requirements.

Fluid transfer and cell therapy 
Cell therapy manufacturing practices 
are rapidly evolving, but are far less 

Manufacturing

Figure 1: Pictured are single-use connection set-ups that are common in the 

medical, biopharma, and cell-therapy industries (left to right); top: spike sets, spike 

ports, luers; middle: tube welding examples; bottom: sterile tube connectors.
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established than other biopharma 
manufacturing applications. For CT 
and the medical industry (e.g., blood 
transfusion), the cells are the prod-
uct, but cell therapies also have a 
manufacturing process that is more 
common in biopharma. The source 
materials (cells) are typically derived 
from a patient at a hospital or blood 
center, further manufactured, and 
then returned to the patient in what is 
known as autologous cell therapy. The 
techniques necessary for the produc-
tion and transfer of products present a 
myriad of challenges (Table I). For the 
most part, cell therapy has been bor-
rowing technologies from the medical 
and biopharma industries for f luid 
transfer practices.

As shown in Table I, cell therapy 
fluid transfer employs a combination 
of methods and requirements. With 
autologous therapies, where there is 
one product per patient, every f luid 
transfer step is crucial to limit cell loss 
and to ensure sterility, compatibility, 
and overall quality. A common chal-
lenge is making simple connections for 
f luid transfer from upstream process-
ing steps, which often uses PVC tubing 
and containers, to downstream steps, 
where bioprocessing tubing and con-
nectors are incorporated. Varying 
tubing types and sizes prevents sterile 
welding and requires custom prod-
ucts and processes. This is further 
complicated by the fact that the fluids 
(products) are patient-derived and are 
meant to be delivered back to the pa-
tient. Some of the components used for 
f luid transfer (e.g., traditional blood 
transfer sets and bags) are regulated 
as medical devices. Typically, these de-
vices have been designed, tested, and 
regulated for the medical industry, but 
not specifically for the CT industry. 
Given the differences in intended use, 
the testing performed and configura-
tions don’t always match the needs 
for CT products (e.g., cell recovery/
viability, particulates, configuration, 
and packaging). This difference can 
impact the manufacturing process 
and final products for clinical and 
commercial purposes.

CT products are produced through 
a series of manufacturing steps. Hav-
ing multiple processing steps to trans-
fer f luids as part of the manufactur-
ing process can generate particulates 
and possibly impact product quality. 
Particulates can be mitigated and 
controlled in biopharma through the 
inclusion of filters both upstream and 
downstream prior to final filling. In-
line filters as part of fluid transfer and 
final fill for CT products, however, 
presents a more difficult challenge, as 
the final products are cell-based. Tub-
ing and tubing sets are typically low 
in particulates, but handling, cutting, 
joining (welding), and environmental 
conditions used as part of the f luid 
transfer and manufacturing process 
can impact particulate load (4). It is 
important to monitor the process and 
the components used to minimize par-
ticulate load for CT products (5).

The transfer of fluids in the medical, 
biopharma, or CT industries is both 
common and necessary. Although 
requirements for f luid transfer exist 
across industries, the medical and 
biopharma industries have more es-
tablished and controlled practices to 
date. Fluid transfer for cell therapies 
is becoming increasingly critical, and 
new technologies and practices will 
continue to be required to support the 

unique demands of the industry. Fluid 
transfer practices for CT manufactur-
ing will have to evolve and become 
more standardized with time to more 
adequately support the process, prod-
uct, and safety requirements of the 
industry.
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Table I: Fluid transfer similarities and differences between the medical, 
biopharma, and cell-therapy industries.

Medical Biopharma Cell therapy

Regulated as a 

medical device?
Yes No Could be requested

Tubing type 

(common)
PVC Silicone PVC

Tubing size 

(common)
1/8” ID 1/4”, 3/8”, 1/2” ID 1/8”, 1/4” ID

Connection 

(typical)
Luer; spike; weld Weld; aseptic Weld, spike, luer

Extractables & 

leachables testing 

required?

No Yes No, but preferred

Final product Cell-based Not cell-based Cell-based

Transfer volumes Small (mL–L) Large (L–100s of L) Small (mL–L)

Transfer process Gravity; syringe Pump (various) Syringe; pump
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Covalidation Strategies to
Accelerate Analytical Method
Transfer for Breakthrough Therapies
Kieran O’Connor, Nicola Hulme, and Yueer Shi

An important operation in the registration approval 

of a new drug product is the commercial-scale 

validation campaign at a receiving manufacturing 

site, which requires the technology transfer of 

analytical methodology from the transferring site. 

Traditionally, Bristol-Myers Squibb (BMS) used the 

comparative testing technology transfer model. In 

a recent launch of a product with breakthrough 

designation status, however, BMS used the 

covalidation technology transfer model, which 

involves simultaneous method validation and 

receiving site qualification. The authors describe the 

development and implementation of covalidation 

strategies to accelerate analytical method transfer 

using examples from a pilot study.

In today’s challenging business environment, the speed 

of launch to the market for new drug products is crucial. 

The FDA Safety and Innovation Act of 2012 established a 

breakthrough designation program (1) to expedite the devel-

opment and approval of innovative drugs for serious and 

life-threatening conditions. This program has resulted in 

biopharmaceutical companies prioritizing research on poten-

tial breakthrough drug entities and reviewing and assessing 

business practices to identify opportunities to speed up the 

development and registration process.

Within the pharmaceutical industry, method transfer is an 

integral part of the lifecycle of an analytical method (2). The 

United States Pharmacopeia (USP) defines the transfer of 

analytical procedures (TAP) as “the documented process that 

qualifies a laboratory (the receiving unit) to use an analytical 

test procedure that originates in another laboratory (the 

transferring unit, also named the sending unit), thus ensuring 

that the receiving unit has the procedure knowledge and 

ability to perform the transferred analytical procedure as 

intended” (3). The comparative testing technology transfer 

model involves initial validation of the analytical method at 

the transferring site, followed by subsequent transfer of the 

method to the receiving site. The covalidation technology 

transfer model involves simultaneous method validation and 

receiving site qualification.

Covalidation is based on the premise that the laboratory 

that completes the validation of an analytical procedure is 

qualified to run the procedure. According to USP <1224>, 

“the transferring unit can involve the receiving unit in an 

interlaboratory covalidation, including them as a part of 

the validation team, and thereby obtaining data for the 

assessment of reproducibility” (3). 

In addition, USP described four types of TAP as follows:

1.  Comparative testing performed on homogeneous lots 

of the target material

2. Covalidation between laboratories

3.  The complete or partial revalidation of the analytical 

procedure by the receiving unit

4. Transfer waiver with justification.

The transfer of analytical methods from a research and 

development laboratory to a production site is an important 

step towards the commercialization of a new pharmaceutical 

product. While traditionally, at BMS, method transfers were T
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performed by comparative testing, in 

today’s environment of accelerated 

p h a r m a c e u t i c a l  d e v e l o p m e n t , 

covalidation between the transferring 

and receiving laboratories offers great 

advantages and hence warrants a 

detailed examination. The following 

s t u d y  o f  c ova l i d a t i o n  i n c lu d e s 

the evaluation of the benef its of 

covalidation versus its potential risks, a 

decision-tree driven process to assess 

the suitability of using covalidation, and 

a case study of a recently completed 

analytical transfer involving 50 release 

testing methods.

Advantages of covalidation

In contrast to comparative testing (TAP 

Type#1) or revalidation (TAP Type#3), 

the covalidation approach does not 

require the transferring laboratory to 

complete method validation prior to 

the initiation of covalidation at the 

receiving unit. This unique feature of 

covalidation enables method valida-

tion and method transfer to be per-

formed in parallel instead of in series, 

which is particularly advantageous in 

situations where there is limited time 

for the qualification of the receiving 

laboratory. 

The nature of covalidation requires 

the early involvement of the receiving 

laboratory as part of the validation 

team, which is a departure from 

the classical validation paradigm 

whereby development and validation 

of the method are performed by the 

transferring laboratory with little or no 

input from the receiving laboratory (4). 

This early engagement of the receiving 

laboratory enables methods to be 

evaluated and validated in the most 

relevant laboratory setting for its 

intended use and affords the opportunity 

to incorporate receiving laboratory input, 

align with global and local practices, 

and build receiving-laboratory-friendly 

features into the method conditions.

Documentation for covalidation 

is streamlined by incorporating the 

procedures, materials, acceptance 

criteria, and results of the covalidation 

in validation protocols and validation 

reports, el iminating the need for 

separate transfer protocols and reports 

used in comparative testing.

An effective covalidation process 

demands and encourages c lose 

collaboration and knowledge sharing. 

As knowledge transfer is the most 

important aspect of method transfer, 

enhanced method knowledge at the 

receiving laboratory facilitates receiving 

laboratory ownership for the methods.

Risks and disadvantages  

of covalidation

The very nature of covalidation however, 

carries some risks when compared to the 

other TAP approaches.

Readiness of the method for 

covalidation. Methods subjected to 

covalidation are yet to be fully validated, 

there fore,  i t  rema ins  uncer t a in 

whether the method can meet all 

of the validation acceptance criteria. 

The risk that the method could fail to 

meet the validation criteria is much 

higher in instances where a method is 

not fully optimized and/or robustness 

and ruggedness of the method have 

yet to be extensively investigated. 

Any covalidation time saving will be 

lost if the validation at the receiving 

laboratory has to be repeated. The 

Manufacturing
site selection

decision
completed? 

Is method
suitable for
commercial

manufacture
testing? 

Is satisfactory
robustness data

available? 

Is receiving
lab familiar with
technique used

by method? 

Is there
significant instrument or

critical material
difference between
the transferring and

receiving labs?

Receiving lab assesses
system  or material equivalency

by performing robustness -
system or material test

System or
material equivalency

established?

< 12 months
between method

validation and
PV or PPQ?

Suitable for
covalidation

Suitable for covalidation if knowledge retention
between validation and routine execution can be
addressed at receiving lab. Alternatively, receiving
site can elect to perform method transfer at a time

closer to PV or PPQ.

Re-evaluate method dependence
on instrument or material. May
require method revalidation.

Address training, capability
and technical expertise for

new technique at the
receiving lab. Covalidation

may be suitable if competency
is demonstrated, on a 

case-by-case basis.

Transferring lab
to address
method

robustness
issues

Yes 

Yes

Yes

Yes 

Yes 

Yes

No

No

No

No

No 

Yes

Figure 1: Decision tree for covalidation with commercial manufacture 

testing laboratory. PPQ is process performance qualification;  

PV is process validation.
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scenar io  o f  hav ing  a  rece i v ing 

laboratory participate in covalidation 

for a method that might need to be 

reworked is a risk that needs to be 

addressed prior to the commencement 

of covalidation.

Preparedness of the receiving lab 

at a commercial manufacture site 

is required earlier than normal. In 

contrast to a method that is transferred 

to  a  long-term s tab i l i t y  tes t ing 

site, where it will usually be put into 

use immediately af ter laboratory 

qualification is completed, transfer of 

a method to a commercial site usually 

occurs several months prior to its 

routine use for product release. The 

timing of covalidation, however, is 

dictated by the timing of method 

validation and as such, covalidation 

usual ly  takes p lace ear l ier  than 

method transfer. As a result, the time 

lag between covalidation and routine 

execution at a manufacture site poses 

two additional risks as follows:

t� Knowledge retention. The possi-

bility of a long time between covali-

dation and actual use of the method 

at receiving site with no re-enforce-

ment of method experience can lead 

to a loss of knowledge.

t� Timeline. If the receiving laboratory 

is not fully invested in rapid execu-

tion, the time for validation comple-

tion may lengthen.

Risk mitigation

A decision tree was developed to 

address the potential risks associated 

with using covalidation as the approach 

for method transfer (see Figure 1). The 

key decision points to assess the suit-

ability of a method for covalidation are:

t� Are the method robustness results 

from the transferring laboratory sat-

isfactory?

t� Does the method use a technique 

with which the receiving lab is 

familiar?

t� Is there a significant instrument or 

critical material difference (e.g., filter 

for drug product methods) between 

the laboratories?

t� Is the time between method valida-

tion and commercial manufacture < 12 

months? (This applies to a commercial 

manufacture testing laboratory only.)

Because method robustness is the 

most important factor to determine if 

a method is suitable for covalidation, it 

is therefore crucial for the transferring 

laboratory to adopt a systematic 

approach for method robustness 

evaluation during method development 

to ensure adequate understanding and 

confidence for the method.

Case study

A project in Phase III clinical develop-

ment was chosen as the pilot for the 

application of the covalidation strategy 

for the analytical transfer for the drug 

substance and drug product. The fol-

lowing case study highlights the 

authors’ experience with drug sub-

stance covalidation. The covalidation 

exercise was undertaken between 

scientists from analytical groups in 

research and development (transferring 

unit), both in the United Kingdom and 

the United States, to a quality-control 

laboratory in the Global Commercial 

Manufacturing organization (receiving 

unit) in Ireland.

The pilot project included the API, 

two isolated intermediate compounds, 

three regulatory starting materials 

(RSMs), and all associated reagents 

used in the process steps associated 

with these compounds. The traditional 

approach to analytical method transfer 

at BMS required the comparative 

testing on several homogeneous lots 

of the target material for all critical 

tests, such as determination of assay, 

impurities and degradants, residual 

solvents, counter ions, enantiomeric 

impurity, and inorganic impurities, 

combined with transfer waivers for 

compendia tests such as identity, water 

content determination, appearance, 

and color. The comparative testing 

m o d e l  w o u l d  h a v e  r e q u i r e d 

comparative testing be conducted on 

Table I: Summary of methods that required analytical transfer in a case study. RSM is regulatory starting model.

Compounds

Number of  

methods

Traditional transfer model Covalidation transfer model

Comparatively 

tested Transfer waived

Comparatively 

tested Covalidated

Transfer 

waived

API 10 4 6 2 2 6

Intermediate #1 8 3 5 0 3 5

Intermediate #2 8 3 5 0 3 5

RSM #1 7 5 2 2 3 2

RSM #2 5 4 1 2 2 1

RSM #3 9 7 2 2 3 4

Reagents 5 5 0 1 4 0

Total number of 

methods
52 31 21 9 20 23

Percentage of methods 

transfer required vs. 

transfer waived

60 40 17 39 44

contin. on page 44
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Neuland’s approach to chromatography has 

applications in laboratories faced with improving 

efficiency and throughput using existing technology.

L
iquid chromatography has several important applications in the pharmaceutical realm. 

The technique can be used to identify or to quantitate an analyte or active pharmaceutical 

ingredient (API). Another important function of liquid chromatography is as a preparative 

method to separate an analyte or active pharmaceutical ingredient (API) from their related 

substances. Techniques that can increase the resolution between related substances and 

the API are vitally needed for establishing the identification, assay, and preparative output.

Pharmaceutical Technology recently spoke with Mohmed (Mike) K. Anwer, PhD, vice president 

and head of Neuland Laboratories Limited in Hyderabad, India, and Christopher Cimarusti, PhD, 

a consultant with CMC Development, about the use of a surrogate/additional stationary phase 

bound to C18/C8 reversed-phase media. The pair also discussed the effect of this set-up on 

resolution parameters such as retention, efficiency (i.e., number of theoretical plates), tailing 

(i.e., peak asymmetry), and selectivity.

Pharmaceutical Technology: What is a surrogate stationary phase? How does it differ 
from an additional stationary phase?
Cimarusti: We use the terms surrogate stationary phase (SSP) and additional stationary phase 

(ASP) interchangeably. Hydrophobic quaternary ammonium salts, such as tetrabutylammonium 

hydrogen sulfate, bind to the C18 chains of a reversed-phase column and act as additional 

stationary phase sites for the analyte to bond. It is well documented that the inclusion of 

quaternary ammonium salts in mobile phases in classical ion-pair reversed-phase HPLC will 

achieve superior resolution of analytes.

There is, however, a fundamental difference between a tetrabutylammonium ion acting 

as an ion-pairing agent and a tetrabutylammonium ion acting as an SSP. When it acts as an 

ion-pairing agent, it affects the interaction of an unmodified stationary phase with a modified 

analyte. When it acts as an SSP, it affects the interaction of a modified stationary phase with 

an unmodified analyte.
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REVERSED-PHASE LIQUID CHROMATOGRAPHY USING SURROGATE/ADDITIONAL STATIONARY PHASES

Pharmaceutical Technology: How is an SSP-coated 
C18 column different from a standard C18 reversed-
phase column?
Anwer: The SSP binds to C18 chains and to residual silanols. 

These additional binding sites increase the loading capacity 

of a reversed-phase column. Generally, the optimized loading 

capacity of a standard C18 reversed-phase column is about 

1% of the total column volume. Due to additional and more 

exposed hydrophobic sites from the ASP/SSP, the column’s 

loading capacity or preparative output is increased by seven 

to 10 times. The optimized preparatory output of a normal 

silica column is about 7% of its total column volume at about 

seven times the preparatory output of an equal volume of a 

reversed-phase column.

Pharmaceutical Technology: Do all SSPs interact 
similarly with C18 chains?
Cimarusti: Essentially, yes. The binding of the SSP to the C18 

chains of the reversed-phase column depends on the number 

of carbons comprising the alkyl chains of the quaternary 

ammonium salt. SSP, such as tetrabutylammonium salt, would 

bind to the C18 chains at a lower concentration of the organic 

solvent (e.g., below 10% aqueous acetonitrile) and elute at a 

higher concentration of the organic solvent (e.g., greater than 

20% aqueous acetonitrile).

Hydrophobic quaternary ammonium salts containing more 

than six carbon atoms in the alkyl portion of the quaternary 

ammonium salt require a higher concentration of acetonitrile 

for desorption from the C18 chains. Therefore, such chains 

are tightly bound to the C18 chains of the reversed-phase 

stationary phase, even at 60% aqueous acetonitrile. These 

latter SSPs allow a higher concentration of organic modifiers 

to be used as eluents.

Pharmaceutical Technology: Can you describe the 
general features of an SSP?
Anwer: Any quaternary ammonium or phosphonium salt that 

has alkyl or other lipophilic moieties that can adhere to the 

C18 and C8 chains of the reversed-phase column can function 

as an SSP. Weak binders such as tetrabutylammonium salts 

readily desorb from the column and must be replenished 

with fresh SSP by using a tetrabutylammonium base buffer 

as eluent. It is important that the quaternary ammonium 

salt remain bound to the C18 chains of the reversed-phase 

column under the conditions of chromatography. If the organic 

modifier is at a concentration high enough to desorb the SSP 

from the C18 chains, then the SSP should be replenished by 

including it in the mobile phase.

Pharmaceutical Technology: How do you improve 
separation and resolution between two analytes?
Anwer: The resolution equation is the “brain of chroma-

tography.” The separation between any two components 

of interest is expressed by the “resolution equation” that is 

impacted by three factors: retention, efficiency, and selectivity. 

The general approach to improving resolution between any 

two analytes involves optimizing these three parameters. The 

retention factor is the residence time of the analyte in the 

column. The longer the analyte spends time in the column 

interacting with the stationary and mobile phases, the 

better the separation between the two components will be. 

Increasing k or k’ requires patience.

The efficiency factor, or the number of theoretical plates, 

says that the smaller the diameter of particle, the greater is its 

efficiency in separating two closely eluting components. This 

varies as the “square of the diameter of particles,” meaning a 

column packed with 5-micron particles has four times more 

theoretical plates than a column packed with 10-micron 

particles. Note that the particle diameter of reversed-phase 

media used in preparative HPLC is typically 10–20 microns.

Increasing the number of theoretical plates is expensive. 

Analytical columns with 1.7-micron diameter particles are 

now available from commercial sources such as Waters 

Corporation. The theoretical plate number is usually about 

166,000 plates per meter, which is very good.

Finally, the selectivity factor is the ratio of the two peaks’ 

retention factors. When the two peaks co-elute, the alpha or the 

selectivity factor is one. The alpha should be higher than one. 

The higher the value, the better is the separation between the 

analytes. Increasing alpha requires an understanding of the 

analyte’s interactions with the stationary phase and mobile phase.

Pharmaceutical Technology: Which resolution factor is 
impacted the most by the SSP?
Anwer: SSP addresses the selectivity term, which is most 

impacted by the SSP. This is a broadly and generally appli-

cable way of changing alpha, which is the desired feature of 

this kind of chromatography.
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60% of the total number of analytical methods transferring 

to the commercial facility. For the pilot project, the 

analytical method transfer needs were reviewed against the 

newly mapped covalidation technology transfer model. A 

comparison of the two approaches is shown in Table I.

By using the covalidation approach, the proportion of 

methods transferred using comparative testing was reduced 

to only 17%. Comparative testing was not replaced entirely 

due to several of the methods being fully validated prior to 

the decision to accelerate the project timelines.

The covalidation approach was exclusively applied to 

high-performance liquid chromatography (HPLC) and gas 

chromatography (GC) methods for the various manufacturing 

steps in the case study. Validation criteria for both modes of 

analysis are detailed in Table II, and reproducibility testing 

was performed at the receiving laboratory.

To gain a greater understanding of the impact of this 

change, resource utilization figures were compiled for the 

two approaches. Figure 2 outlines the number of hours 

spent on each key step for one drug substance analytical 

method following each of the two processes. Figure 2 

demonstrates that traditional comparative testing would 

take approximately 11 weeks to complete from starting 

the analytical method validation process to approval of the 

technology transfer report and subsequent qualification of 

the receiving site to perform analyses using the method. 

Adopting the new covalidation model delivers the same 

end result in eight weeks—a saving of over 20% less time 

for each covalidation as compared to comparative testing. 

Overall, the time for the traditional model was 13,330 hours 

and the time for the covalidation model was 10,760 hours 

(see Figure 3).

Establishing method robustness. In the case study, 

quality by design (QbD) approaches were used to evaluate 

method robustness as part of the method development 

process. For example, for the development of the HPLC 

Table II: Validation/covalidation elements.

Validation parameter

Elements to be 

validated as per co-

validation protocol

Recommended validation/covalidation elements 

(ICH Q2 (R1)/USP <1224>)

Assay/impurity 

quantitative Identity Assay

Impurity

quantitative 

test

Impurity

limit test

Specificity

For compound(s) of interest + + + + +

Forced degradation + +

Known impurities + + + +

Linearity + + +

Range + + +

Precision

Repeatability + + +

Intermediate precision + + +

Reproducibility* + + +

Accuracy + + + NA

Sensitivity**

Quantitation limit + +

Detection limit + + +

Robustness

Solution stability + + + +

Extractability +

Variation of operating parameters + + + + +

*   Reproducibility is evaluated as part of a covalidation study between transferring and receiving laboratories.

** Sensitivity is also evaluated in the receiving laboratory prior to reproducibility testing.

contin. from page 41
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purity/impurity methods for Intermediate #1, multiple 

variants (e.g., binary organic modifier ratio, gradient slope, 

and column temperature) were evaluated in a model-robust 

design (see Table III). Based on the identification of critical 

method parameters during method development, the method 

robustness ranges and performance-driven acceptance criteria 

were established.

Additional benefits of covalidation 

Troubleshooting and method understanding. The col-

laborative approach used during the covalidation workflow 

enhanced the knowledge transfer between the transferring 

and receiving laboratories. Regular communication ensured 

that both units were fully aligned in achieving the optimum 

outcome. This collaboration required a cultural change by 

both units, as the transferring unit needed to engage with 

the “customer” (receiving unit) during the method validation 

stage of the analytical method lifecycle, and the receiving unit 

needed to engage in method troubleshooting and optimiza-

tion of the analytical method where required. This new mode 

of operation modified the traditional work practices and 

resource allocations within both units. For example, there 

was a greater requirement for technical expertise amongst 

the staff engaged at the receiving unit than would be typically 

required for a transfer using the comparative testing model.

Early input from the receiving unit identified potential 

roadblocks to the application of several analytical methods 

in their laboratory. A validation team was formed, including 

representation from both the transferring and receiving 

units who worked together to identify solutions to the 

issues and incorporate the changes into the validation 

exercise and final method. 

One such issue arose during the covalidation of a 

method to determine residual solvents by GC that used 

headspace sampling and flame ionization detection. At 

the commencement of covalidation discussions between 

the two laboratories, an equipment list was created that 

indicated both laboratories had the same GC equipment. 

However, during familiarization trials at the receiving lab, 

when data from the two laboratories were compared, it was 

noted that early eluting peaks observed at the transferring 

unit were consistently larger than those obtained by the 

receiving unit. A thorough review of the make and models 

of the instrumentation confirmed that the instrumentation 

was the same in both laboratories, but the instrument 

configurations were different.

Author
Transfer
Protocol

Protocol
Approval

Transfer
Testing

Author
Transfer
Report

Report
Approval

6 240 52 820

12 6 56 21 6

Total Time from Start to Finish ~ 54 business days (~ 430 hours)

Hours to Complete Each Stage

Hours to Complete Each Stage

Comparative Testing

Author
Validation
Protocol 

Protocol
Approval

Validation
Testing

Author
Validation
Report

Report
Approval

Author
Covalidation
Protocol

Protocol
Approval

Validation
Testing

Covalidation
Testing

Report
Approval

Author 
Covalidation
Report

22 6

240

56* 63 10

Hours to Complete Each Stage

Hours to Complete Each Stage

Total Time from Start to Finish ~ 43 business days (~ 340 hours)
�This time overlaps with the validation testing therefore time not included in total time line.

Covalidation

Figure 2: Comparison of time required for comparative testing and covalidation.

Note: Illustration based on one analyst performing covalidation activities in each laboratory.

http://www.pharmtech.com/


Pharmaceutical Technology APRIL 2017    47

Peer-Reviewed

If a comparative testing approach had been used, this 

issue would have halted the technology transfer while the 

issue was being resolved. It could have resulted in additional 

validation testing by the transferring laboratory and would 

have lengthened the time required to qualify the commercial 

laboratory. The collaborative nature of the covalidation approach 

resulted in the validation team rapidly identifying the root 

cause of the issue and incorporating the different instrument 

configurations into the covalidation exercise and final method 

documentation with negligible impact to the overall timeline.

Additional benefit: effective planning. Another outcome of 

the more collaborative and intensive communication between 

Table III: Multifactorial design of experiments study for a liquid chromatography impurity method (*run# 19 and 

#20 are the center point conditions). Ranges investigated: % Mobile phase B at end of gradient: 44–48%; Column 

temperature: 45–55 °C; % Methanol (MeOH): 48–52 %.

Run No.

Final 

% B 

Column 

Temp.

% 

MeOH 

USP Resolution

Peak 

3

Peak 

4

Peak 

5

Peak 

6

Peak 

7

Peak 

8

Peak 

9

Peak 

10

Peak 

11

Peak 

13

Peak 

14

1 46 45 48 9.0 18.3 15.4 5.9 3.7 3.8 5.9 1.3 4.0 12.3 7.6

2 48 45 48 8.4 16.8 13.8 5.5 3.4 3.6 5.3 1.6 3.4 13.9 8.7

3 44 45 48 9.5 19.6 16.9 6.3 3.9 4.0 7.5 1.2 4.0 10.8 6.8

4 48 45 48 8.4 16.8 13.7 5.5 3.5 3.6 5.3 1.6 3.4 13.9 8.7

5 47 47.5 48 8.5 17.2 13.7 5.5 3.6 3.6 5.4 1.4 3.7 13.8 8.7

6 46 50 48 8.4 17.4 13.6 5.4 3.6 3.5 5.5 1.3 4.1 13.9 8.7

7 46 50 48 8.4 17.5 13.5 5.4 3.5 3.5 5.4 1.3 4.1 13.8 8.7

8 44 50 48 8.3 17.5 13.5 5.4 3.6 3.5 5.4 1.3 4.1 13.9 8.6

9 47 52.5 48 7.7 16.3 12.2 5.1 3.5 3.4 4.9 1.4 3.8 16.6 9.8

10 48 55 48 7.0 15.4 10.7 4.6 3.3 3.1 4.4 1.5 3.6 26.2 11.5

11 44 55 48 8.2 18.1 13.5 5.3 3.8 3.6 5.8 1.1 4.8 13.7 8.6

12 48 55 48 7.1 15.6 10.6 4.6 3.2 3.1 4.4 1.5 3.6 26.9 11.5

13 46 55 48 7.6 16.6 11.8 4.9 3.5 3.3 5.0 1.3 4.1 17.6 9.9

14 44 45 50 9.0 17.8 15.8 6.1 3.6 3.8 5.5 2.2 3.1 12.0 7.7

15 48 45 50 7.8 15.2 12.9 5.3 3.1 3.4 4.6 2.6 2.3 15.0 10.1

16 46 45 50 8.2 16.3 14.2 5.7 3.3 3.5 5.0 2.4 2.7 13.5 8.6

17 48 50 50 7.1 14.5 11.5 4.9 3.0 3.2 4.3 2.5 2.4 25.2 11.6

18 44 50 50 8.1 16.9 14.1 5.6 3.5 3.6 5.1 2.1 3.2 13.5 8.9

19* 46 50 50 7.5 15.8 12.7 5.2 3.3 3.4 4.7 2.3 2.8 16.7 9.9

20* 46 50 50 7.6 15.7 12.6 5.2 3.3 3.4 4.7 2.3 2.8 16.5 9.9

21 44 55 50 7.7 16.5 12.7 5.1 3.4 3.3 4.7 2.0 3.4 17.3 9.9

22 48 55 50 6.7 14.0 10.0 4.3 2.9 2.9 3.8 2.3 2.6 32.7 13.4

23 46 55 50 7.2 15.3 11.4 4.8 3.2 3.1 4.2 2.1 2.9 26.8 11.6

24 48 45 52 7.2 13.9 12.1 5.2 2.8 3.3 4.1 3.5 1.6 22.6 11.4

25 44 45 52 8.1 16.2 15.0 5.9 3.2 3.6 4.9 3.2 2.2 13.3 8.5

26 46 45 52 7.6 15.1 13.5 5.5 3.0 3.4 4.5 3.3 1.9 14.4 9.7

27 45 47.5 52 7.6 15.3 13.4 5.5 3.1 3.4 4.5 3.2 2.1 14.2 9.8

28 48 50 52 6.8 13.3 10.8 4.7 2.8 3.0 3.7 3.2 1.7 30.1 13.0

29 44 50 52 7.7 16.1 13.3 5.4 3.2 3.4 4.6 3.0 2.4 14.8 9.7

30 46 50 52 7.2 14.5 12.0 5.1 3.0 3.2 4.1 3.1 2.0 24.1 11.3
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the two units was the identification of a planning tool. Frequent 

meetings, phone calls, and e-mail correspondence between 

both units, in addition to a significant volume of duplicate/

redundant work, were identified as inefficiencies within the 

transfer. A review  identified a more streamlined and efficient 

process, which resulted in adoption of the Microsoft Project 

planning tool for managing the overall transfer. The planning 

tool was customized to reduce the number of meetings, 

streamline documentation and communication activities, and 

optimize the scheduling of transfer testing through the use of 

Gantt charts. Key features of the tool included:

t� Use of Gantt charts to link and track all project activities

t� Identification of critical risk factors for the technology 

transfer via technical risk and associated risk assessment 

grading (RAG) columns

t� Use of filters to facilitate efficient review of relevant 

tranfer activities

t� Controlled write access to the tool to ensure all informa-

tion is current and accurate

t� Use of hyperlinks for access to controlled transfer docu-

mentation

t� Centralized location for all relevant project information (e.g., 

test methods, validation documentation, project timelines).

The tool has proven to be an effective mechanism to 

manage the multiple simultaneous activities ongoing at the 

transferring and receiving sites during covalidation.

Conclusion

Traditionally, analytical method qualification of receiving laborato-

ries is performed using comparative testing technology transfers, 

which involve validation of the method at the transferring unit, fol-

lowed by technology transfer to the receiving unit. Covalidation is 

an alternative technology transfer model that combines method 

validation and receiving unit qualification in one process. To 

reduce the business risk of potential covalidation failure, a deci-

sion tree was established with the key requirements outlined. The 

decision tree highlights the importance of robustness study of any 

method before proceeding with covalidation.

The primary impact of using the covalidation model 

is the expedited analytical method qualification of both 

the transferring and receiving laboratories. Covalidation 

of analytical methods also affords other benefits to both 

transferring and receiving units, namely through the earlier 

engagement by both units in the analytical method lifecycle, 

thereby ensuring the relevant test method will be optimized for 

operation in the receiving unit. This early engagement facilitates 

input from the receiving unit, supporting a more efficient 

subsequent covalidation and qualification of the receiving 

unit than the comparative testing model. This approach also 

results in more efficient knowledge transfer between both units 

through method optimization and troubleshooting activities. 

A cultural change is required to optimize the output of 

the validation team, which is comprised of members from 

both the transferring and receiving laboratories. Additionally, 

resource allocation for covalidation is very different from 

the comparative model. The covalidation process requires 

the receiving laboratory to allocate resources at an earlier 

stage in the analytical method qualification process, and also 

potentially to a greater degree than the comparative transfer 

model. Additionally, covalidation requires efficient organization 

and planning at both laboratories to ensure simultaneous 

activities are coordinated and scheduled so that transfer 

deadlines can be met. Use of a tool, such as Microsoft Project, 

facilitates the planning of covalidation activities and scheduling 

of resources.

The covalidation pilot detailed in the case study was 

successful in ensuring qualified analytical methods were 

available to support the manufacturing validation campaign 

at the receiving site as part of the expedited launch of the 

new drug product. Application of the covalidation model 

and transfer waivers greatly reduced the cycle time for the 

analytical transfer element of product development. As 

a result, covalidation is the preferred mode of analytical 

technology transfer within BMS where early identification 

and engagement of the receiving site is required.
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C
ritical quality attributes (CQAs) are 
used in biopharmaceutical develop-
ment to gain an understanding of a 

product and the processes used to make 
that product. The International Coun-
cil for Harmonization (ICH) Q8 (R2) 
defines CQAs as “a physical, chemical, 
biological, or microbiological property 
or characteristic that should be within an 
appropriate limit, range, or distribution 
to ensure the desired product quality. 
CQAs are generally associated with the 
drug substance, excipients, intermediates 
(in-process materials), and drug prod-
uct” (1). While CQAs of small-molecule 
drugs can affect the purity, strength, 
drug release, and stability of a drug, the 
complex nature of biologics can create 
additional quality attributes that can 
affect the safety and efficacy of the bio-
logic (2). Identifying CQAs for biologics 
can, therefore, be a complicated process. 

Pharmaceutical Technology spoke 
with Tapan Das, head of stability, meth-
ods and analytical development at Bris-
tol-Myers Squibb and Finance Com-
mittee member and past-chair of the 
BIOTEC Section at the American As-
sociation of Pharmaceutical Scientists 
(AAPS), about how CQAs for biologics 
differ from CQAs for small-molecule 
drugs and how they can be determined.

Challenges for biologics
PharmTech: Are there specific challenges 
to identifying CQAs in biologics when 
applying quality by design (QbD)?

Das (BMS): Knowledge-based design, as 
opposed to a heuristic approach, is a key 
principle of QbD. Determination of criti-
cality of process and quality attributes 
improved significantly in the past decade 
with the advancement of knowledge in 
protein engineering, biology, and cell cul-

ture engineering. However, challenges re-
main, specifically in establishing critical-
ity, when an attribute has the potential to 
impact a multitude of factors in the broad 
category of safety and efficacy. Protein 
modifications (such as post-translational 
modifications) and degradation products 
may affect potency as well as secondary 
pathways such as altered clearance or in-
duction of immunogenicity.   

PharmTech: How are CQAs in biologics 
defined?

Das (BMS): For recombinantly produced 
biologics, special attention is paid to the 
cell culture and purification process pa-
rameters as well as storage conditions be-
cause of their influence on heterogeneity 
commonly observed in biologics. It is the 
heterogeneity in biologics that makes the 
process of defining criticality of each het-
erogeneous species extremely challeng-
ing. Therefore, consistency of product 
quality becomes even more important 
for biologics. 

PharmTech: What is the process for de-
termining risk, specifically for biologics?

Das (BMS): Risk assessment is an evolv-
ing process from the discovery phase 
to clinical stages to product approval 
and commercial manufacturing. In the 
early discovery and development stages, 
criticality determination of each process 
parameter and quality attribute is not 
meaningful, rather the emphases are on 
establishing safety and biological func-
tion of the product and producing them 
in a consistent manner. When develop-
ing a commercial process and formula-
tion, appropriate analytical, structural, 
and biological assays are developed that 
are capable of studying the components 
in a heterogeneous biologics product, 
and understand its impact on function, 
safety, stability, microbiological safety, 
and dosage form integrity. 

Tools for determing CQAs
PharmTech: What tools can be used to 
determine CQAs for biologics? Which 
studies?

Das (BMS): Criticality determination 
relies on understanding probability of 
occurrence and relevance of a given at-
tribute or process parameter; identifying 
product variants, understanding its bio-

Critical Quality 
Attributes Challenge 
Biologics Development 
Susan Haigney

The complex nature of biologics adds 
additional CQAs that must be determined 
to ensure the safe development of biologics.

http://www.pharmtech.com/
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chemical/biophysical properties, and es-
tablishing its link to process parameters; 
and studying impact on function (e.g., 
binding potency, clearance, antibody-
dependent cell-mediated cytotoxicity 
[ADCC], etc.) and safety (toxicity, im-
munogenicity). As noted above, it is im-
practical to study all possible attributes 
of process and product in early stages 
to understand, at an individual level, its 
impact on function and safety.

PharmTech: Do some studies/tools 
work better than others? Why?

Das (BMS): This is an important point. 
Establishing appropriate analytical/
biophysical/functional tools that are 
fit-for-purpose for sensitivity and 
specificity is key to ensure the known/
hypothesized impacts (on structure, 
function, and safety) can be studied 
objectively. For example, during com-
mercial development, enrichment 
studies can be conducted to study im-
pact (and hence, criticality) of one vari-
ant at a time. Another example is use 

of state-of-the-art higher order struc-
ture tools, when needed (not suitable 
for routine use), to deconvolute struc-
tural impact from multiple degrada-
tions (e.g., oxidation, isomerization) 
occurring at the same time (3). 

Regulations and risk assessment
PharmTech: Are the regulations for 
CQAs and QbD different for biolog-
ics? If yes, how? 

Das (BMS):  The ICH guideline [(ICH) 
Q8 (R2)] is commonly followed for 
CQA approaches and its use toward es-
tablishing a robust manufacturing pro-
cess. Adoption of QbD differs greatly 
across regions including within the 
United States. However, the underly-
ing principles of QbD (i.e., a systematic 
approach for product and process un-
derstanding and process control, based 
on sound science and quality risk man-
agement) towards developing robust 
process and product are increasingly 
used across regions. 

PharmTech: As biologics become more 
popular in the industry, are companies 
paying more attention to risk assessment 
and QbD for these products?

Das (BMS):  Generally, yes. Risk assess-
ment still differs significantly across 
organizations. The past decade has ex-
perienced a tremendous growth in the 
biologics portfolio of the biopharmaceu-
tical industry. With the advancement of 
knowledge in analytical sciences, protein 
engineering, biology, and cell-culture 
process, it is now possible to assess qual-
ity attributes more objectively than be-
fore. The awareness for the importance 
of CQA assessment and its critical role 
in developing robust process/product is 
also increasing. 
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A
nalytical quality by design 
(AQbD) has been a topic of inter-
est as quality by design (QbD), 

risk-based pharmaceutical develop-
ment, and manufacturing principles 
have been promoted over the past 
decade (1). It has been the topic of 
several publications and presenta-
tions (2–8), and goals have mirrored 

those outlined for general QbD-based 
regulatory submissions: the develop-
ment of well-designed, understood, 
and controlled processes for manu-
facturing and testing pharmaceutical 
substances and products. An initially 
proposed AQbD framework outlined 
a goal toward delivering robust, well-
understood analytical methods for ef-

fective process control in the delivery 
of high-quality, well-characterized, 
and controlled pharmaceuticals along 
with regulatory flexibility to suitably 
manage analytical methods over a 
product’s lifecycle (9). Introduction of 
that framework afforded a platform 
for discussion and development of 
practices toward achieving these goals. 
Several concepts associated with qual-
ity-risk management as outlined in In-
ternational Council for Harmonization 
(ICH) guidelines (10–12) were adopted 
from the QbD lexicon. Design spaces, 
risk assessments, and criticality assess-
ments are three such concepts. Analyti-
cal QbD also introduced concepts such 
as an analytical target profile (ATP) to 
define method expectations, and may 
be analogous to the quality target prod-
uct profile that contains critical qual-
ity attributes (CQAs) as a QbD-based 
concept to define a method as “fit for 
purpose”. The following is an example 
of an ATP for a small-molecule drug 
product assay:

Assay: The procedure must be able to 
quantify [analyte] in [presence of X,Y,Z] 
over a range of A% to B% of the nomi-
nal concentration with an accuracy and 
uncertainty so that the reportable result 
falls within +/-C% of the true value with 
at least a 90% probability determined 
with 95% confidence (13).

Based upon commonality with 
QbD-based principles, some of these 
concepts have even been discussed in 
US Pharmacopeial Convention (USP) 
stimuli articles as an opportunity to 
illustrate desired analytical method 
practices in support of the proposed 
United States Pharmacopeia Chapter 
<1220> Lifecycle Management of Ana-
lytical Procedures (13–15).  These USP-
based stimuli articles support the use 
of ATPs and quality-risk based assess-
ments for managing methods through 
their lifecycles to ensure that methods 
remain fit for purpose.

While these concepts are easy to 
discuss and perhaps describe when 
specif ications have been def ined, 
implementation of such concepts has 
posed challenges over the past decade 
for several reasons:

Evaluating Progress in 
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t� Often the ATPs incorporate sta-
tistical language and may require 
enhanced statistical support when 
establishing ATPs.

t� During development, specifica-
tions may change and conse-
quently ATPs may change to en-
sure that methods remain suitable 
for intended purpose.

t� It was proposed that as long as 
analytical methods favorably 
deliver against the defined ATP 
method expectations, methods 
should remain suitable and could 
be updated with enhanced regu-
latory f lexibility. Industry feed-
back, however, has suggested that 
regulatory submissions that used 
AQbD concepts have been accepted but without, or per-
haps with very limited, reduction in regulatory report-
ing for method changes (9,16).

To assess the status of AQbD implementation approxi-
mately 10 years after introduction of QbD/AQbD concepts 
into pharmaceutical analysis (1,2), the IQ Consortium’s 
Analytical Quality by Design Working Group (AQbD WG) 
submitted a survey to IQ member companies. The IQ Con-
sortium’s mission is to advance science and technology by 
augmenting the capability of member companies to develop 
transformational solutions that benefit patients, regulators, 
and the broader R&D community. Eighteen responses from 
16 member companies were received to the 34-question sur-
vey. The responses represent the use of AQbD in 12 large 
(>10,000 employees) pharmaceutical or biopharmaceutical 
companies and four smaller companies.

Implementation
More than two-thirds of the companies (69%, or 11 of the 16) 
had implemented AQbD in some way (Figure 1). Not surpris-
ingly, the large pharma companies had a higher implemen-
tation ratio (83%, or 10 of 12 companies) than the smaller 
pharma companies (25%, or 1 of 4 companies). Stated differ-
ently, 91%, or 10 of the 11 companies, implementing AQbD 
concepts were from large companies (although the large 
companies had significantly more survey responses). Of 
the varied company responses, implementation of AQbD 
concepts occurred for both large and small molecules as 
many companies indicated application for both small and 
large molecules with very little difference in approach.

For those companies that have implemented AQbD 
concepts, several business drivers were noted. Improved 
method performance was the most important driver. For 
those five companies that had not implemented AQbD ef-
forts into their development programs, concerns regarding 
increased cost and/or resource investments with no or low 
benefit were the primary reasons.

Technical details and  
challenges with implementation
Of the 11 companies that have implemented AQbD con-
cepts, the respondents were almost equally split between 
implementation just recently started and those who have 
been practicing AQbD concepts for an extended time. Of 
the five companies not having implemented AQbD, three 

Figure 1: Breakdown of all responding companies by whether they have implemented 

analytical quality by design (AQbD) and their size.
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indicated that they are just beginning. 
Interestingly, and not surprisingly, 
most companies practice AQbD con-
cepts during late-stage development 
(>80% in Phase III) and commercial-
ization, versus earlier development 
stages, to obtain maximum value from 

their investment efforts. Table I shows 
a breakdown of AQbD implementation 
during the drug development lifecycle 
for the 18 respondents. This outcome 
is clearly consistent with the greatest 
value voiced from AQbD implementa-
tion: achieving robust methods, bet-

ter validation packages, and much 
improved method knowledge during 
development. While not captured in 
Table I, comments toward utilization 
indicate the application of subsets of 
AQbD tools (e.g., modeling) by some 
companies in earlier development 
stages (Phases I and II) but with less 
systematic rigor than in later phases for 
better knowledge development.

The survey also clearly indicated that 
the primary focus for implementation 
of AQbD concepts is on drug substance 
and drug product methods with much 
lower application to the testing of other 
materials (Table II). Interestingly, and 
perhaps not surprisingly, respondents 
have applied AQbD concepts almost 
equally between chromatographic and 
non-chromatographic methods and 
clearly do not apply such concepts to 
compendial methods.

Eight respondents stated that there 
was time saved in developing ro-
bust methods, while six respondents 
thought otherwise. Lifecycle manage-
ment of methods was thought to take 
longer with a multivariate AQbD-
based approach, therefore requiring 
additional resources. However, the 
developed methods were thought to 
be more robust, and hence fewer issues 
encountered during routine use.

The majority of companies in 
the survey leveraged commonal-
ity amongst methods to gain AQbD 
implementation efficiencies. Two ex-
amples included the use of generic risk 
assessments based on method types 
(e.g., single risk assessment templates 
for reversed phase–high-performance 
liquid chromatography [RP–HPLC] 
assay methods) and the use of stan-
dardized approaches to method de-
velopment, such as the use of standard 
chromatographic column screens. In 
addition, automated software systems 
were used to offset increased resource 
demand to develop methods. Thirteen 
out of 15 respondents developed meth-
ods using various commercially avail-
able software packages such as Fusion 
AE, DryLab, ChromSword, and ACD/
AutoChrom. Respondents have applied 
statistics (92%) and experimental de-

Table II: Method types to which analytical quality-by-design  
concepts have been applied.

Type of methods Percentage of respondents

Drug product methods 100

API methods 93

Non-chromatographic methods 57

Only chromatographic methods 47

Methods for API starting materials 33

Process intermediate methods 30

In process monitoring methods 22

Compendial methods 14

Table I: Analytical quality-by-design (AQbD) concept implementation 
during drug development process by respondent.  

Response Phase I Phase II Phase III Post-Approval

1 X

2 X

3 X X

4

5

6

7 X X X

8 X X X X

9 X X

10 X X X

11 X X

12 X

13 X X X

14 X

15 X X

16

17 X

18 X

Total: 4 7 12 4

http://www.pharmtech.com/
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sign (100%) to improve the efficiency 
AQbD implementation. This is con-
sistent with numerous examples of 
models and logically designed experi-
mental screens found in the literature 
in an effort to promote development 
of robust methods under an AQbD 
moniker (17–20). A simple design of 
experiment (DoE) approach was the 
most widely used experimental design 
tool, especially for robustness testing. 
Modeling and simulation tools were 
routinely used by some companies 
(64%) for AQbD application. Of note, 
most respondents have not leveraged 
any other approaches, other than the 
tools mentioned, to offset any potential 
increase in resource demand for AQbD 
implementation.

Regarding technical guidance (e.g., 
the issuance of departmental guide-
lines or standard operating procedures 
[SOPs] for implementation of AQbD 
concepts), six of the 16 companies 
noted the existence of a departmental 
guideline or SOP on AQbD processes. 
Those six companies who had imple-
mented AQbD guidance represent 
about half of the companies that have 
implemented AQbD concepts. The 
comments on this question suggested 
that some groups felt specific guid-
ance on QbD implementation was not 
necessary.   In fact, some responses 
indicated that QbD aspects of analyti-
cal work were directly documented 
alongside or within those work pack-
ages (e.g., method development or vali-
dation) rather than as a separate entity.

Business considerations
As companies consider implementation 
of AQbD concepts, most responders (13 
of the 18 responses, or 11 of the 16 com-
panies) have acknowledged practice of 
at least some AQbD concepts in their or-
ganization. As briefly mentioned above, 
there were several business drivers for 
companies to consider for implementa-
tion of AQbD concepts in their method 
development efforts. Of the member 
companies surveyed, 67% responded 
that the most important business driver 
was the expectation of improved per-
formance of analytical methods and 
robustness of these methods, and 43% 
indicated this business driver produced 
the largest return on their investment 
of AQbD practices. Member companies 
also indicated other reasons that offer 
a business incentive: improved knowl-
edge of analytical methodology, regu-
latory relief with operational flexibility, 
development of consistent processes for 
method management, and facilitating 
lab-to-lab transfers (see Table III).

However, 31% of the company re-
sponses (5 of 16 companies) had not 
yet implemented AQbD concepts as il-
lustrated in Figure 1 (though three were 
just beginning).  One of the appreciable 
concerns mentioned as a potential bar-
rier to advancement involves additional 
investment cost (e.g., resource costs) 
with perceived limited value. Respon-
dents were asked whether there was 
an additional resource requirement in 
their area associated with analytical 
QbD. The answer was predominantly 

yes (79% of respondents). These addi-
tional investments are often framed in 
terms of enhanced statistical support, 
enhanced infrastructure to support 
risk assessments and QbD programs, 
and lack of clear guidance for efficient 
implementation of new processes.

For some companies, the value of 
well-designed method development 
studies to define and ensure robust 
methods for intended purpose has been 
accomplished without the formal imple-
mentation of many AQbD-associated 
concepts (e.g., definition of an analyti-
cal target profile and performing formal 
risk assessments). For those implement-
ing AQbD approaches, focusing appli-
cation of QbD principles to methods of 

Table III: Business drivers for implementing analytical quality-by-design concepts.

Business driver

# Responding* % Responding*

Yes and/or most 
important

No Most important
Greatest return 
on investment

Improved performance of analytical  

methods and robustness
15 of 15 0 of 15 67 43

Improved knowledge about analytical methods 14 of 15 1 of 15 20 7

Regulatory relief with operational flexibility 9 of 14 5 of 14 7 8

Development of consistent business processes 

for method management
10 of 13 3 of 13 0 0

Other—Facilitate lab-to-lab transfer 1 of 1 0 0 0

* Note: Totals are not the same across all business drivers as some respondents omitted an answer.

As companies 

consider 

implementation 

of AQbD concepts, 

most responders 

have acknowledged 

practice of at 

least some AQbD 

concepts in their 

organization.
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high importance in the control strategy 
and/or to those that are particularly 
complex and therefore of higher risk 
are appropriate to manage resource 
investments. It is not felt that applying 
QbD to every analytical method in a 
control strategy is a sensible use of re-
sources. The additional level of method 
understanding and control provided 
by QbD should be applied following a 
risk-based approach so that resources 
are not wasted on well-defined, general 
compendial methodology. Additionally, 
cultural barriers also can inhibit adop-
tion of newer practices.

One of the initially touted potential 
benefits of AQbD submissions included 
regulatory flexibility surrounding ana-
lytical controls and robustness of the 
control strategy based upon enhanced 
knowledge gained by QbD efforts. 
However, this regulatory driver has 
not materialized as initially proposed 
during the first several years of QbD-
based submissions.  Figure 2 affords a 

summary of hurdles toward AQbD 
implementation.

Regulatory experiences/outcomes
One of the benefits of adopting a QbD 
approach is highlighted in ICH guid-
ance: “Areas where the demonstration of 
greater understanding of pharmaceutical 
and manufacturing sciences can create a 
basis for flexible regulatory approaches.  
The degree of regulatory flexibility is 
predicated on the level of relevant scien-
tific knowledge provided” (1). Following 
on from the adoption of this guidance, 
interested stakeholders began to think 
about the concept of regulatory f lex-
ibility as applied to analytical methods 
that have been designed, qualified, and 
continually verified using QbD-derived 
approaches. Survey responses related to 
implementation, filing practices, and 
regulatory responses are discussed 
below. While most survey responders 
concluded that the regulatory aspects 
were not the main benefit from adopt-

ing a QbD approach to analytical meth-
ods, other benefits included greater 
method understanding leading to better 
method controls. These benefits went 
some way to justifying the increased 
effort required. Overall, the survey con-
cluded that benefits could be gained by 
using QbD tools and processes during 
the analytical method lifecycle and fur-
ther discussions on experimental and 
statistical best practice culminating in 
the publication of examples, case stud-
ies, and ultimately industry guidance 
are warranted.

There were four questions relat-
ing to regulatory implementation as 
part of the survey. Initially, the survey 
asked whether the company had filed 
analytical methods developed with 
an AQbD approach. Seven companies, 
representing both large and small com-
panies, had indicated affirmatively and 
provided feedback on the questions 
regarding regulatory agency review of 
AQbD implementation. The experi-

Figure 2: Implementation hurdles to analytical quality-by-design (AQbD) concepts. ATP is analytical target profile. DoE is design of 

experiment. ICH is International Council for Harmonization. MODR is Method Operable Design Region. 
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ence of pharmaceutical companies in 
this area so far seems mixed but more 
negative than positive. Varied regula-
tory understanding and expectations as 
well as a lack of clarity on what level of 
detail should be gathered and provided 
was noted. Responding to whether the 
AQbD regulatory review was successful, 
three companies had successful reviews 
and three had either pending submis-
sions or submissions not filed yet.

There was a variety in the level of 
detail of AQbD filings. In increasing 
detail, responses ranged from:
t� Only including the final method
t� Outline of risk assessment ap-

proach and description of analyti-
cal studies

t� Analytical target profiles, risk as-
sessments, and statistical analyses.

Companies are using various ap-
proaches, likely based on historical 
successes. This is inefficient because it 
leads to more work for the applicant 
to decide on the approach and to ad-
dress questions during review. It also 

leads to more work for reviewers who 
must adjust to different approaches for 
presentation. One favorable approach 
has involved companies including a 

“change appendix” or protocol in the 
filing describing the criteria to allow 
changes outside of the validated op-
erating range. Such protocols are ad-
vantageous in gaining prospective 
approval and assist in planning for 
additional resources.

AQbD information was submitted 
to several countries and positive feed-
back was received with the exception 
of using ATP for greater operational 
f lexibility. Regulators preferred the 
term Method Operable Design Re-
gion (MODR) to Analytical Design 
Space to avoid confusion with pro-
cess and product design space. Some 
of the regulators commented on the 
lack of robustness testing. A few of the 
respondents indicated successful fil-
ing of AQbD methods in the United 
States, the European Union, Canada, 
and Switzerland mainly for marketing 

applications. Authorities responded, 
asking to clarify the information pre-
sented. For cases where AQbD meth-
ods were developed for drugs in early/
mid stages of development, the method 
details were not presented in the sub-
mission documents, and therefore, no 
feedback was received.

The regulatory concerns are best 
summarized in Figure 3.  Five of eight re-
spondents (62%) said they had not seen 
method flexibility/regulatory relief as a 
great value from the AQbD information 
they provided. The increased flexibility, 
which was supposed to be gained from 
the analytical target profile approach to 
method registration, has not been real-
ized and is likely to be a continued area 
of negotiation. The use of method oper-
able design regions to gain operational 
flexibility for an individual method is 
also an area that requires clarity around 
regulatory expectations.

With respect to including AQbD 
information in filings, respondents 
were evenly split between those who 

Figure 3: Regulatory observations associated with analytical quality-by-design (AQbD) aspects. ATP is analytical target profile. 
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do and do not include AQbD infor-
mation. It was commented that the 
approach was well received in the 
United States, Europe, and Japan, per-
haps in line with the fact that these 
regions adopt new regulatory prac-
tices more quickly.  However, global 
method changes remain challenging 
as part of an efficient overall method 
lifecycle management strategy at the 
moment.

Summary
In summary, results from a 34-ques-
tion survey indicate that a majority of 
responding companies have adopted 
AQbD concepts over the past decade.  
About half of the companies were just 
starting implementation. A clear driver 
for adoption of AQbD principles has 
involved the development of more 
robust analytical methods, and adop-
tion of varied tools that enhance ex-
perimental design and modeling are 
evidence of commitment toward that 
goal. Furthermore, most value is found 
with implementation in the late-devel-
opment stages and commercialization 
portions of an asset for best return on 
investment. The results of this survey 
were consistent with a separate infor-
mal AQbD adoption survey in 2015 of 
pharmaceutical colleagues (21). In that 
November 2015 meeting of representa-
tives from approximately 25 biophar-
maceutical companies that spanned 
small-molecule, large-molecule, and 
vaccine-related organizations, clear 
interest was shown for advanced dis-
cussions of AQbD principles.  More ro-
bust analytical methods and enhanced 
regulatory flexibility (average score of 
4.7 out of 5, with 5 being the highest 
rating) were identified as drivers for 
interest in the development of AQbD 
case studies to advance discussions on 
the topic.

There have been certainly technical, 
business, and regulatory hurdles to-
ward implementation. While reduced 
regulatory reporting requirements were 
desired by some survey respondents for 
streamlined analytical method changes 
through commitment of ATPs in a 
QbD-based submission, that benefit 
generally has not been realized. Cur-
rent guidance from regulatory authori-
ties on mechanism and requirements 

for changing analytical methods and 
divergent regulatory requirements be-
tween regulatory authorities continue 
to challenge efficient analytical method 
lifecycle management. Lengthy and 
cumbersome processes exist to glob-
ally change analytical methods post-
licensure, and foster lack of adoption 
of modern methods/technologies even 
as analytical technologies/instrumenta-
tion become old and obsolete. Despite 
this obstacle, implementation of AQbD 
principles offers a potential operational 
benefit that encourages further interest 
and application.
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T
he pharmaceutical industry is 
driven by analytical data. New 
techniques that provide deeper 

insight are, therefore, crucial, whether 
the goal is to develop smarter for-
mulation, more rapid deformulation, 
or for effective counterfeit detection. 
Morphologically-directed Raman 
spectroscopy (MDRS) is a powerful 
technique that combines automated 
particle imaging with Raman spectros-
copy to efficiently deliver particle size, 

shape, and component-specific chemi-
cal identification. Recently highlighted 
by FDA (1) as pivotal to the approval 
of a generic version of Nasonex (mo-
metasone), the use of MDRS is growing 
rapidly as its advantages, applications, 
and value become increasingly widely 
recognized. 

How it works
MDRS uses measurements of particle 
size and shape—particle morphology—
to guide the application of Raman 
spectroscopy to chemically identify 
individual particles. In this way, it de-
livers component-specific particle size 
and shape distributions for individual 
constituents of a blend or suspension, 
helping researchers to solve complex 
particle characterization problems (see 

Figure 1). For example, with MDRS, it is 
possible to: determine whether the size 
and shape of an API has been altered 
during processing and tablet produc-
tion, measure critical properties of an 
API within a reference-labeled product 
as part of deformulation, and/or ro-
bustly identify contaminants during 
manufacture or as part of counterfeit-
ing detection.

The workf low associated with 
MDRS can be broken down into three 
stages:
t� Automated morphological imag-

ing of the particles
t� Raman spectral acquisition
t� Chemical identification.
Automated particle imaging cap-

tures individual images of tens of thou-
sands of particles in a sample within a 
matter of minutes. Dimensions from 
these images are used to build up 
number-based size and shape distri-
butions to describe the sample. These 
data are often crucial in defining the 
performance of pharmaceuticals, given 
that particle morphology can influence 
critical properties such as solubility 
and bioavailability, f lowability, and 
processing performance. Automated 
imaging is well-established within the 
industry and can be a highly effective 
tool for formulation, process optimi-
zation, and troubleshooting. Indepen-
dently, however, it cannot differentiate 
morphologically-similar particles. 

In MDRS, Raman spectroscopy is 
applied to chemically identify each 
particle of interest, with particles 
classified and selected on the basis of 
their size and/or shape. Raman spec-
troscopy is suitable for the analysis of 
a wide range of organic materials and 
offers the specificity to differentiate 
closely-related chemical species. Typi-
cal acquisition times are in the order 
of 5 seconds to 30 seconds per particle, 
but the number of particles measured 
is typically only a relatively small frac-
tion of the sample, reducing overall 
measurement times.

The final step is to robustly identify 
the particles selected, by comparing 
the acquired spectral data with refer-
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ence spectra. The reference library may 
be constructed in-house, or the system 
can interface with established spectral 
libraries, easing the confident identi-
fication of a wide range of substances. 
A secure identification for a specific 
particle population makes it possible to 
generate component-specific particle 
size and shape distributions.

Comparing MDRS  
with other techniques
Microscopy can be compared to au-
tomated imaging alone; both deliver 
size and shape data. Automated im-
aging, however, is significantly faster 
than microscopy, which can be time-
consuming if the number of particles 
measured is high enough to ensure a 
representative measurement. Equally 
importantly, automated imaging de-
livers results with minimal manual 
intervention that are consequently in-
dependent of the operator subjectivity/
human bias that can impact micros-
copy results. The addition of Raman 
spectroscopy further sets automated 
imaging apart from microscopy by 
conferring the ability to reliably detect, 
differentiate, and identify morphologi-
cally-similar particles.

Compared to bulk Raman, MDRS 
has the advantage of the potential for 
heightened sensitivity. Because MDRS 
is applied to individual particles within 
a mixture, even very low levels of an 
API or contaminant can be identified in 
the presence of a high-volume bulking 
agent. For example, in a back-to-back 
comparison of sensitivity, a sample of a 
powder-based drug, dextromethorphan 
hydrobromide (DXM), contaminated at 
999:1 (weight:weight) with baking soda, 
produced spectra of the DXM alone with 
bulk Raman, but was precisely character-
ized by MDRS (2). MDRS analysis of the 
individual particles enabled reproduc-
ible detection of the baking soda “con-
taminant” and its quantification, even 
though the components present were 
morphologically indistinguishable. This 
feature is an advantage for contaminant 
detection in troubleshooting applications 
or counterfeiting investigations.

Applications of MDRS in  
the pharmaceutical industry
A notable application was recently 
highlighted by FDA, which specifi-
cally referred to MDRS in informa-
tion it released about its approval of 
an abbreviated new drug application 
(ANDA) for a generic version of Na-
sonex (mometasone), a locally-acting 
suspension-based nasal spray for the 
treatment of allergies (1). Demon-
strating the bioequivalence (BE) of a 
locally-acting product is challenging 
because traditional pharmacokinetic 
approaches based on measuring the 
level of drug in the bloodstream are not 
valid. FDA accepted in-vitro data mea-
sured using MDRS in lieu of a clinical 
endpoint study, with the technique en-
abling measurement and comparison 
of the particle size of the API within 
the formulation both before and after 
delivery. Here, MDRS proved pivotal to 
the success of the submission, setting a 
precedent for other generics developers 
to avoid the expense and time associ-
ated with a clinical BE determination 
via analogous analyses.

When it comes to formulating tab-
lets, a particle size and shape specifica-
tion for the API may be set based on 

the critical quality attributes (CQAs) 
of the finished product, such as its 
dissolution profile. Manufacturing 
the API to this specification may be 
relatively straightforward, but ascer-
taining that size and shape are main-
tained through any subsequent pro-
cessing steps—blending, granulation, 
and tableting, for example—to the 
point of delivery to the patient, may be 
far more difficult. A further success-
ful application of MDRS has been to 
investigate how unit operations such 
as blending affect the characteristics 
of the API through measurements of 
the changes in component-specific 
particle size and shape distribution 
associated with different processing 
conditions (see Figure 2). 

Analogous studies are equally valu-
able in deformulation, where identify-
ing the APIs present, the composition 
of the reference drug, and the physical 
characteristics of key components pro-
vides the insight needed to understand 
how to replicate product performance.

One further application area that 
can benefit from the unique capabili-
ties of MDRS is counterfeit detection 

Figure 1: Because morphologically-directed Raman spectroscopy (MDRS) can chem-

ically differentiate particles in a sample, it can provide component-specific particle 

size (and shape) distribution data—as shown here for an active and an excipient. 
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ell, tissue, and gene therapies chal-
lenge the world’s regulators as 
few concepts have. There is little 

precedent for regulating these dynamic, 
variable systems, which require a radi-
cal redefinition of such established 
terms as “formulations,” “active ingre-
dients,” and “excipients.”   

As FDA has noted (1), GMP issues 
come into play, not so much with au-
tologous materials, but with allogeneic 
materials, which must be stored and 
processed, increasing the potential for 
contamination. In the United States, 
current good manufacturing practice 
(cGMP) regulations, including Code 
of Federal Regulations (CFR) Parts 210, 
211, and 1271, are being applied (2). Al-
though guidance documents for excipi-

ents and findings from research into 
vaccines and biopharmaceuticals are 
being adapted for use with advanced 
therapies, there are few insights into 
how processing affects the materials, 
and what impact it has on efficacy and 
overall safety. 

Regulatory agencies must find a 
balance between overly rigid and 
prescriptive guidance, which could 
prevent investment into research and 
promising new treatments, and insuf-
ficient requirements, which could leave 
patients vulnerable to safety problems. 
In Europe, where only eight advanced 
therapies are currently licensed (3) 
(compared with 14 in South Korea 
[4] and 14 in the US [5]), this conflict 
between f lexibility and inclusivity is 

playing out in full force. In February 
2017, the Pharmaceutical Inspection 
Co-operation Scheme (PIC/S), a group 
of national pharmaceutical inspection 
authorities, complained that the Eu-
ropean Commission’s (EC’s) proposed 
cGMP guidance for advanced thera-
pies was too lax (6). The EC had issued 
draft guidance in 2015 asking for in-
dustry comments, and reissued it in 
June 2016 (7,8). Its aim was to provide 
a risk-management framework that 
would provide f lexibility to account 
for the variability that these therapies 
present. The EC stood by its decision 
after receiving the PIC/S letter (9). 

Need to clarify raw material impact
One fundamental area in need of 
clarification is the potential impact of 
raw materials that are used to process 
advanced therapies. A number of dif-
ferent excipients (e.g., buffers and salts, 
polymers, and preservatives) may be 
used to stabilize cells, alter their per-
meability, or improve delivery.  In ad-
dition, cells will come into contact with 
culture media and media degradation 
products, trace amounts of which may 
remain in cells after harvesting. As 
Fouad Atouf, PhD, vice-president of 
Biologics and Biotechnology, US Phar-
macopeial Convention, and colleagues 
noted in a paper published in The 
AAPS Journal in 2016, there is a need 
for good assays and efficient washing 
practices, as well as an effective way to 
account for residuals in toxicity assess-
ments (10). 

Researchers are using established 
excipients (e.g., water-soluble polox-
amer hydrogels) in some advanced 
therapy development programs. Safety 
profiles for well-characterized materi-
als can be extrapolated for advanced 
therapies, Atouf wrote, but the impact 
of the materials on cells, and cells on 
materials, must still be studied (10). 

USP has been developing standards, 
and is working on testing procedures 
and references, to help manufacturers 
of advanced therapies manage poten-
tial risks posed by ancillary materials. 
USP General Chapter <1046> (11) sum-
marizes best practices. Work is also 

Redefining 
Excipients 

for Advanced 
Therapies

Agnes Shanley

As regulators strive for balance in cGMPs 
for cell, gene, and tissue therapies, risk-
management principles must guide decisions 
involving process media and additives.
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underway to revise Chapter <1043>, 
“Ancillary Materials for Cell-, Gene- 
and Tissue Engineered Products,” and 
USP plans to release the draft for com-
ments this summer (12). Fouad Atouf 
discussed risk issues, and evolving 
compendial standards, with Pharma-
ceutical Technology.

Prioritizing risk 
PharmTech: What materials pose the 
greatest potential risk? 

Atouf: In the highly specialized 
field of cell therapy, when qualifying 
ancillary materials, anything that is 
not an active ingredient would be 
considered a raw material, including 
cell culture media and wash solutions, 
as well as process materials and aids. 
Unintended materials that may end 
up in the finished product should be 
considered as excipients. Information, 
documentation, and selection criteria 
for these materials are needed from the 
very earliest stages of research. 

Some materials may be more criti-
cal, or pose greater potential risk to pa-
tients, than others. We are comparing 
upstream vs. downstream in the pro-
cess. Basically, a material’s use earlier 
in the process reduces its level of risk. 
We’re also comparing animal deriva-
tives with synthetic products. Another 
important consideration is the amount 
of material involved, whether grams, 
micrograms, or kilograms.

USP Chapter <1043> for raw materi-
als specifies the use of pharma-grade 
materials. In some cases, though, these 
may not be available, or can be very ex-
pensive for researchers to use. In an-
other common scenario, a raw material 
may be made in a GMP-compliant en-
vironment, but intended for a different 
use. Developers must be sure that they 
have adequately qualified the material 
and its supplier. With materials that 
have already been used in the same ap-
plication, one can be more confident 
that they can be safely used.

Generally, the highest risk is in-
volved with materials that are made 
by suppliers that sell to multiple in-
dustries, since pharmaceuticals may 
be only a small part of their business. 

In short, ancillary materials used in 
advanced therapies are not common 
raw materials with monographs that 
are made in GMP environments, and 
there are no compendial documents 
for these materials. In such cases, 
guidance from the International Or-
ganization for Standardization (ISO) 
and International Council for Harmo-
nization (ICH) is extremely relevant, 
as are the principles of pharmaceuti-
cal quality by design, in that one must 
have control over processes and docu-
ment all incoming materials. We have 
started to work on tools that will help 
manufacturers do this, and are rank-
ing different materials based on the 
potential risk that they might pose to 
patients.

PharmTech:  When did you start this 
work, and what materials have you 
studied most extensively?

Atouf: Efforts started around eight 
years ago with cell culture supplements 
and fetal bovine serum (FBS). We de-
veloped identification, functionality, 
and a reference standard for FBS and 
for the enzyme, trypsin.  We hope to 
do this for media, a crucial raw mate-
rial, but one that can be made up of 
50 or more components. We are in 
the process of getting information 
and prioritizing efforts. USP already 
has compendial standards in place for 
amino acids, carbohydrates, and vita-
mins. We need them for these ancil-
lary processing materials, to be able to 
calibrate their performance.

PharmTech:  What’s the timeline?
Atouf: By early summer, we hope 

to begin the characterization of two 
to three materials. After early char-
acterization, we will then study their 
performance to develop standards. 
We invite suppliers to share data, test 
their materials, and work with us. 
Our goal is to develop more standards 
like the ones that we already have 
for FBS. We plan to produce refer-
ence standards and make supporting 
documentation available.  This work 
could also be supported by mono-
graphs. In some areas, such as media, 
we may have to work one on one with 
some suppliers.
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enewable power generation is on 
the rise worldwide, and in 2015, 
renewables were, for the first time, 

responsible for more than 50% of 
added capacity globally, exceeding fos-
sil fuels and nuclear (1). The heating 
market lags behind in the adaptation 
of renewables in general, and this trend 
holds especially true for industrial 
process heating. Renewable solutions 
can reduce fossil fuel consumption 
and carbon dioxide (CO

2
) emissions 

in process heating. In pharmaceuti-
cal manufacturing, process heating 
represents a significant opportunity 
for improvement, because the process 
heating supply accounts for approxi-

mately two-thirds of the total final 
energy demand from a manufacturing 
site (2). Major pharmaceutical compa-
nies around the world have announced 
ambitious targets for their future en-
ergy use (3), and an increased uptake 
of solar process heating is expected in 
this sector.

In addition to energy collected by 
solar collectors, biomass and geother-
mal sources can be used for process 
heating; however, they are ultimately 
limited. Despite being in its infancy 
today, industrial process heating is 
predicted by the International Energy 
Agency to be the largest application of 
solar thermal technologies in the fu-
ture (4). Solar thermal technologies 
are applied by pharmaceutical com-
panies around the world today, as 
the three case studies in this article 
illustrate.

Integration into the heat supply
Developing solar process heating proj-
ects requires both cost-effective gen-
eration of solar heat and an efficient 
integration into the existing heat sup-
ply. Thus, a profound understanding of 
the heat supply as well as the various 
processes, their specific temperatures, 
and the load profile(s) are important. 
Two different integration approaches 
for solar process—supply level and 
process level—can be used, as shown 
in Figure 1. Both need to be further 
specified by the heat carrier and type 
of heat exchange applied, for example. 
The two approaches differ mainly in 
respect to the temperature and f low 
rate of the heat carrier, which results 
in different plant designs and yields. 
Six major criteria for selecting an in-
tegration approach and an indicative 
evaluation are depicted in Table I. 

Defining an integration concept is in-
evitably linked to the choice of the collec-
tor technology—most importantly, the 
selection between non-concentrating 
and concentrating solar thermal collec-
tors. In the first, the heat carrier circu-
lates through the collector and is heated 
directly by the solar irradiation. The ear-
liest type was the flat plate collector, in 
which pipes are placed in isolated boxes 
with a glass cover on top. More common 
today are evacuated tube collectors, in 
which the heat carrier circulates through 
pipes covered by an evacuated glass to 
reduce the heat losses. Both concepts 
are simple in design, but because their 
efficiency drops with increasing tem-
peratures, a cost-effective application is 
limited to temperatures below 100 °C. 
Concentrating collectors, on the other 
hand, concentrate the sunlight with re-
flective surfaces on smaller absorbers 
and thereby can achieve temperatures 
even above 300 °C. This technology is 
more complex, especially as the collec-
tors need to be moved to track the sun, 
and its application is spatially limited to 
regions with a reasonable share of direct 
(non-diffuse) irradiation. The following 
three examples show that solar process 
heating is already applied in the pharma-
ceutical sector, using different collector 
technologies and integration concepts. 
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Hot water generation at 
Sunil Healthcare in India
Sunil Healthcare, the second largest 
Indian manufacturer of capsule shells, 
located in Alwar, Rajasthan, uses f lat-
plate collector solar thermal energy for 
hot water generation. For capsule pro-
duction, the company needs to prepare 
a gel at approximately 75 °C. Previously, 
the heat was provided by a diesel boiler. 
To reduce carbon emissions, the com-
pany installed 70 f lat-plate collectors 
with a total aperture area of 147 m², a 
thermal capacity of 100 kW, and a hot 
water storage with 6.5-m³ capacity. Be-
cause the solar heat is only fed to the gel 
preparation, the integration is process 
linked. During sunny days, this sys-
tem can cover the largest share of heat 
demand, while the boiler provides the 
remaining, when needed.

Steam generation at  
RAM Pharma in Jordan 
Another approach was taken by RAM 
Pharma in Sahab, Jordan. Flexibility in 
respect to the use of the solar thermal 
energy was important, and because Jor-
dan has a high share of direct solar irra-
diation, the company decided to install 
concentrating solar collectors, which 
provide heat at the supply level. A Fres-
nel collector system with an aperture 
area of 400 m² and a capacity of 230 
kWth for direct steam generation was 
installed on the warehouse roof. Fresnel 
collectors use uniaxially tracked mirrors 
to concentrate sunlight on an absorber 
tube in which the heat transfer medium 
can reach temperatures of up to 400 °C. 
The installation at RAM Pharma uses 
direct solar steam generation, which 
means that no additional heat exchang-
ers are used. The water partly evaporates 
in the absorber tube and is fed to buffer 
storage from which steam at 160 °C is 
directly released to the company steam 
grid. Such a steam drum offers further 
benefits to its users. It increases the ca-
pacity (because during peak demand the 
boiler and drum work in parallel) and 
smooths the pressure fluctuations within 
the steam supply, because the control 
valve can react more quickly than most 
fuel-fired boilers. 

Heated air generation at  
Pfizer Manufacturing 
Deutschland GmbH in Germany 
Within the scope of a rearrangement of 
processes and the implementation of 
continuous production, Pfizer Manufac-
turing Deutschland GmbH in Freiburg 
(Germany) installed a solar drying system 
for air-conditioning in the production fa-
cilities. Unlike most solar thermal instal-
lations, which use water or a water-glycol 
mix, the Solar Thermal Air Regeneration 
(STAR) 2 system uses air as a heat car-
rier. Four collector fields with (in total) 20 
collectors and an aperture area of 110 m² 
were installed on the roof of the factory. 
The humid air from the production area 
streams through a sorption wheel where 

the humidity is dissipated to a desiccant. 
The sorption wheel is comprised of a 
wavelike fiberglass structure that con-
tains the desiccant. It turns slowly, passing 
through a separated area where heated air, 
needed for regeneration, streams through 
the wheel. The humidity collected in the 
desiccant is removed (i.e., regeneration), 
the wet air is released to the outside, and 
the process starts again. The energy re-
quired for regeneration is fully or partially 
provided by the solar thermal collectors. 
In total, the STAR 2 system reduces CO

2
 

emissions by 36 tons of CO
2
 annually, 

which is approximately as much as the 
combustion of 9000 L of diesel fuel.

Figure 1: Solar thermal energy can be integrated directly as process heat or 

indirectly as supply heat. 
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Table I. Comparing process and supply level integration methods.

Criteria Process level Supply level 

Accuracy of process data 

(data needed for system design) 
High Medium 

Flexibility 

(in case of process changes)
Low High

Collector efficiency 

(efficiency decreases with temperature)

High (for lower 

temperature 

processes) 

Low (except for 

heating of boiler 

makeup-water) 

Solar share

(solar yield/total heat demand)

Low (restricted 

to supplied 

processes)

High 

Required storage size 

(storage increases investment costs)
Large Small 

System cost Case by case Case by case
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B
oth upstream and downstream bio-
pharmaceutical processes have con-
ventionally used stainless-steel equip-

ment, but use of single-use systems (SUS) is 
becoming more established. An advantage 
of SUS is its flexibility—modular, dispos-
able components have a lower up-front cost
compared to conventional equipment, and 
the systems can be more easily replicated 
for installation in different locations to
facilitate “in-country” production. One of 
the most significant differences is that SUS 
do not require the clean-in-place (CIP) and
sterilize-in-place (SIP) systems employed in 
stainless-steel equipment systems, which
saves initial capital costs and the ongoing 
production time associated with cleaning 
and sterilization. The process control and 
automation requirements of SUS also dif-
fer from those of stainless-steel equipment.
Pharmaceutical Technology spoke with
Michalle Adkins, director of Life Sciences 
Consulting, and Bill Smizaski, vice-pres-
ident of Global Life Sciences Operations, 
both at Emerson, about considerations 
for process control and automation of 
biopharmaceutical processes.

Automating SUS
PharmTech: What are the primary differ-
ences between automating a single-use 
system compared to a system that uses 
stainless-steel equipment?

Emerson: The complexity of automa-
tion is less for SUS because fixed, stain-
less-steel tanks require CIP/SIP, which 
increases the complexity of piping and
instrumentation. In fact, 60–80% of in-
strumentation in a typical bioprocessing 
unit operation is associated with CIP/SIP, 
not the process itself.

Although automation of a SUS process 
is simpler, SUS do require more manual 

interaction. For example, tubing needs 
to be connected and operators must 
make sure that nothing leaks. All parts 
that come into contact with the product 
need to be tracked, including disposable 
parts and reusable parts (e.g., peristatic 
pumps). Tracking SUS parts is also
more complex. These disposable parts 
may be irradiated by the vendor. For ex-
ample, tubing sets typically are supplied 
gamma-irradiated by a third party, and 
sensors are typically precalibrated and 
gamma irradiated. All this additional 
information needs to be part of the batch 
record. Maintaining data integrity and
traceability becomes more complex.

Another difference is in the sensors 
used to collect data and control the 
process. SUS employ either disposable 
or non-product contact instruments
for measuring process control variables, 
such as conductivity, pH, and dissolved
oxygen level. With traditional systems, 
sensors were designed to be highly ac-
curate, long-lasting devices. In SUS, 
these sensors would be too expensive,
because the sensor only needs to last for 
one batch. Disposable sensors are avail-
able today that are less expensive, but in 
some cases, are not accurate or reliable
enough. Although advances have been 

made, there is room for improvement. To 
get the reliability and accuracy needed
for certain processes, some manufactur-
ers are choosing to use traditional sen-
sors inserted into the process in a plastic, 
sterile sleeve; these sensors are sterilized 
for reuse. A new approach is completely 
noncontact—measurements are taken 
through the plastic container rather than 
inserting a probe into the product.

PharmTech:  How can single-use mate-
rial data be tracked?

Emerson: Material tracking and link-
ing material information to a batch 
record is part of ‘Level 3’ of the ISA 95 
model, which includes the definition 

of manufacturing operations manage-
ment (MOM) applications. Manufac-
turing execution systems (MES) that 
implement MOM can be designed to 
track both process material consump-
tion and generation as well as single-use
(e.g., tubing, instruments) and reusable 
components consumption for material
traceability purposes.

PharmTech: What are some consider-
ations for automating the process as
a whole rather than only at each unit 
operation?

Emerson: Companies can purchase 
an SUS skid with automation from the 

Automation of stainless-steel systems 

and single-use systems differs in complexity.

Jennifer Markarian

Automating Bioprocesses

“Not integrating individual skids 

... presents challenges with alarm 

management, user security access 

management, and disparate operator 

interfaces.”

—Emerson
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original equipment manufacturer and 
leave the individual skids as ‘islands of 
automation.’ Others are integrating all 
the skids throughout the plant using 
a distributed control system (DCS), 
while others are using a hybrid of these 
approaches. There are very few stan-
dards yet in bioprocessing, although 
over time, various options will likely 
consolidate and evolve into standards.

The integrated DCS approach has 
the advantages of providing overall 
recipe management and putting all the 
data collected in to production context 
at the factory level. Not integrating the 
individual skids leaves the production 
execution management and data collec-
tion isolated and not in the context of a 
recipe as well as presenting challenges 
with alarm management, user security 
access management, and disparate op-
erator interfaces.

Future trends
PharmTech:  What are some of the chal-
lenges with automating a continuous 
biopharmaceutical process compared to 
a batch process?

Emerson: We are starting to see the 
move to continuous manufacturing 
in bioprocessing, although it is in its 
infancy compared to continuous man-
ufacturing of small-molecule drug 
products. There are several licensed 
products that use a continuous perfu-
sion process upstream, but downstream 
continuous processing is still evolving. 
The control strategy and automation 

are important in continuous manu-
facturing. The keys to successful con-
tinuous manufacturing include syn-
chronizing unit operations into one 
process, defining the process in such 
a way to quickly achieve steady state, 
and managing disruptions to the pro-
cess automatically. In addition, good 
process analytical technology (PAT) 
and ‘soft sensors’ (i.e., predicting values 
based on modelling) are important to 
ensure product quality. It is important 
to understand how disturbances affect 
the process and the product includ-
ing how residence time would be used 
to track materials during a change or 
upset in the process. The industry is 
still at an early stage, but companies are 
beginning to do multivariate modeling 
and gaining the processing knowledge 
needed for effective continuous manu-
facturing.

PharmTech: How will the Internet of 
Things (IoT) enhance automation?

Emerson: There are a couple com-
ponents to IoT that are interesting for 
this industry. ‘Smart’ instrumentation 

has been around for some time, but it 
has not been pervasive in this industry. 
However, new data integrity require-
ments are starting a cultural change 
to use more of the data available from 
these devices. For example, a smart in-
strument measures not only the pro-
cess variable it is designed to measure, 
but it tracks and records factors such 
as drift and vibration that can be used 
to look at the health of the device in 
real time. The IoT, as a concept, is a 
technology enabler to this change by 
making it easier to target the right in-
formation to the right user application. 
A device with a drift that would have 
a particular alarm meant for main-
tenance but not the operator, for ex-
ample, will be sent to the appropriate 
person to take action.

We are also seeing a greater focus 
in the pharma industry on reliability 
initiatives. Smart devices connected to 
equipment and automation, for either 
stainless-steel systems or SUS, will give 
an early warning and facilitate an in-
tervention before a deviation or out-of-
specification condition occurs.

The IoT could also help enable con-
tinuous process verification (CPV) 
across the supply chain. Companies 
have been moving towards CPV rather 
than annual product reviews. Require-
ments are emerging, particularly for 
biopharmaceuticals, to provide CPV 
across all manufacturing locations for 
a product both internally and exter-
nally (e.g., at a CMO). PT

Process Heating— contin. from page 65

Energy trends
A large share of the pharmaceutical 
sector’s carbon emissions is linked 
to the provision of process heat, and 
these projects demonstrate that solar 
thermal energy is an attractive oppor-
tunity to cut both emissions and fuel 
costs. Barriers to faster development 
of the solar thermal energy market 
include insufficient awareness, cheap 
fossil fuels, renewable energy policies 
biased towards power production, and 

the complexity of the development pro-
cess for solar process heating projects. 
As more companies commit to cleaner 
production, however, solar process 
heating will become more common in 
the sector.
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T
he past decade has witnessed robust 
growth in China’s biopharma in-
dustry due to rise in gross domestic 

product (GDP), expansion of China’s 
middle class, greater coverage of the 
national healthcare, as well as a rapidly 
aging population and massive urbaniza-
tion. In 2014, the market was approxi-
mately US$5.0 billion, projected to be the 
second largest biologics market globally 
by 2020 (1). This represents a compound 
annual growth rate (CAGR) of approxi-
mately 20%.

Although the past couple years have 
shown signs of a cooling domestic econ-
omy, China’s biopharma industry has 
remained strong, as manufacturers both 
domestic and abroad make long-term in-
vestments. BioPlan Associates’ study of 
domestic Chinese bioprocessing capac-
ity shows that both domestic Chinese and 
multinational pharma investments have 
dramatically grown since 2008 (2).

Analysis of the largest facilities indi-
cate growth in both liters capacity and 
staffing for production of biologics. In 
addition, global companies continue 
to invest in construction of biomanu-
facturing facilities. Boehringer Ingel-
heim’s contract manufacturing facility 
in Shanghai and Pfizer’s biologics cen-
ter in Hangzhou (3) are two prominent 
examples. Many more domestic compa-

nies, however, are moving in the same 
direction. Many of the established 
biologics makers, including China Na-
tional Biotech Group Company, the 
biggest vaccine maker in China, are ex-
panding and upgrading their existing 
biomanufacturing facilities. The group 
is also supporting one of its subsidiar-
ies, the Chengdu Institute of Biological 
Products Co., Ltd., to become the first in 
China to get World Health Organization 
(WHO) prequalification with a patented 
Japanese Encephalitis vaccine. Newcom-
ers in the biopharma industry also broke 
ground for new bio-manufacturing fa-
cilities. Teruisi Pharma, for example, is 
building its 24,000-L antibody manu-
facturing facility, and WuXi Biologics 
began construction on a new $150-mil-
lion biologics manufacturing facility. 
When complete, this new facility will 
be the largest mammalian cell-culture 
manufacturing facility using disposable 
bioreactors in the world. This makes the 
facility the largest biomanufacturing fa-
cility of any kind in China. In addition, 
several Chinese biologics facilities are 
under active construction.

The growth in market size also requires 
a more innovative biologics pipeline. Ac-
cording to data from China’s regulatory 
authorities, as of February 2017, China 
had 171 monoclonal antibody (mAb) 
therapeutics under clinical development, 
from 82 biologics manufacturers. In 2016 
alone, 32 new projects entered clinical 
trials (3). Though China started com-

mercialization of antibody drugs relatively 
late compared with the United States and 
Europe, and currently has only granted 
a new drug application (NDA) to fewer 
than 10 ‘made-in-China’ mAb therapeu-
tics, more launches are expected in the 
next few years.

Staffing challenges
Over the past decade, China has been 
fixing problems related to funding, 
pipeline development, quality manage-
ment, and facility upgrades. But what’s 
more difficult to fix is the looming 
shortage of talented staff to support 
the increase in capacity and quality pro-
duction. This is likely to become a real 
bottleneck, as domestic biomanufactur-
ers move ahead and target international, 
more regulated markets.

And, capturing market share inter-
nationally is clearly something Chinese 
manufacturers expect to be doing over 
the next decade (4). In a BioPlan Asso-
ciates’ study, nearly 90% of responding 
Chinese biologics managers indicated 
their company currently plans to target 
global distribution of GMP-produced 
biologics within 10 years. Further, nearly 
half of respondents indicated the need 
for more ‘scientific/technical expertise’ 
to succeed (4).

In another recent analysis of training in 
China, BioPlan interviewed more than a 
dozen experts and high-level biopharma 
industry managers in China. Many in-
dustry insiders lament that current degree 

Staffing for  
China’s Rapidly Growing 
Biomanufacturing Industry

New study shows China biopharma  

companies face staffing shortages.

Vicky Qing Xia

Vicky Qing XIA is 

project director at BioPlan Associates.

http://PharmTech.com/ptoutsource
http://www.pharmtech.com/


 

 

 

 

 

 

 

 

 

 

 

CONTACT US TODAY!

ADVANCING DEVELOPMENT AND MANUFACTURING

Pharma Marketplace is your online resource to connect 

with pharma manufacturing suppliers around the world. 

Find global suppliers and resources for:

❯ Analytical Instruments

❯ Chemicals, Excipients, Ingredients & API

❯ Contract Services

❯ Facility Design and Operations

❯ Laboratory Instruments, Equipment & Supplies

❯ Manufacturing, Processing Equipment & Supplies

❯ Aseptic/Sterile Processing

❯ Drug Delivery Technology

❯ Packaging Equipment & Accessories

❯ Information Technology

❯ Compliance & Validation

www.pharmtech.com/marketplace

NEWCHECK OUT
PHARMACEUTICAL 

TECHNOLOGY’S ALL NEW

MARKET RESOURCE!

http://www.pharmtech.com/marketplace
http://www.pharmtech.com/marketplace


70    Pharmaceutical Technology APRIL 2017  PharmTech .com

F
IG

U
R

E
 C

O
U

R
T

E
S

Y
 O

F
 A

U
T

H
O

R

Outsourcing Outlook

programs from academic organizations 
in China are relatively out of touch with 
industry and are not designed to meet the 
evolving demands of biomanufacturers. 

While multiple bioprocessing vendors 
(including GE, Sartorius, and Pall) cur-
rently offer product training seminars, 
many core bioprocessing staff regard 
these as too general, or not comprehensive 
enough to meet their operational train-
ing needs. Vendor courses may also not fit 
systems provided by competitors. Those 
who need training most are new/entry 
level staff in bioprocessing; yet due to high 
turnover rates in China, many companies 
are reluctant to make investment in train-
ing. As in the US/EU, many companies 
must rely on existing experienced staff to 
train entry level new staff. But industry 
insiders agree that such real expertise in 
bioprocessing—those capable of training 
new core staff—can only be found in the 
EU/US or in returnee scientists.

Some companies are hiring consultants 
overseas to give training courses, and oth-
ers have developed internal courses to 
meet needs. Manufacturers find quality 
control (QC) and formulation to be two 
specific areas where in-depth training is 
needed the most, and they are willing to 
make investments. Currently, there are 
training companies offering courses in 
drug formulation, QC, etc. Others are con-
sidering sending staff to US universities.

Overcoming talent shortages in China
With almost 100 Chinese companies de-
veloping mAb therapeutics at some stage, 

training staff and attracting returnee sci-
entists to enable efficient, GMP-grade bio-
manufacturing in the near future may be 
just too challenging for some smaller and 
early-stage biotechs. A short-term alterna-
tive may be to avoid building biomanu-
facturing facilities, and training internal 
bioprocessing teams. Outsourcing manu-
facturing to contract manufacturing orga-
nizations (CMOs) may be the only option 
for some. China is already home to several 
technically advanced CMOs, such as JHL 
Biotech, WuXi Biologics, and Boehringer 
Ingelheim in Shanghai. Each has in-depth 
technological know-how in biomanufac-
turing and a team of bio-processing pro-
fessionals with industry experience from 
Western countries. JHL Biotech, which 
kicked off operation in 2016, has already 
entered agreements with BeiGene, Ltd. 
for a new biologic. The company also an-
nounced a strategic alliance with Sanofi 
to collaborate on the commercialization 
of biologics in China. In 2016, Zai Lab 
of Shanghai and Boehringer Ingelheim 
(BI) also signed a cooperation agreement 
under which BI will provide manufactur-
ing services in its Shanghai facility for a 
mAb from Zai. 

China is currently reforming its rather 
restrictive CMO regulatory environment 
with a pilot program in Market Autho-
rization Holder (MAH) in certain prov-
inces, to allow a drug developer to out-
source manufacturing to a CMO. These 
changes are likely to expand in the future.

Although recent regulatory reforms 
have opened the door for CMO opera-

tions, many domestic biomanufacturers 
plan to build internal manufacturing ca-
pability. To staff such facilities, employ-
ers are actively seeking standardized 
programs applicable across multiple 
systems and multiple vendors; for both 
entry level and core staff.  Potentially a 
supplier/industry association collabora-
tion from Sino-US joint education pro-
grams to develop certificate programs 
in bioprocessing to address current and 
future needs.

Hiring difficulties in China vs. US/EU
There are no significant differences in the 
challenges faced by US/EU facilities and 
their Chinese counterparts in terms of 
staffing challenges (2). Of the 222 quali-
fied global industry executives, over a 
third cannot fill upstream or downstream 
process development positions (5). The 
magnitude of the problem is likely to be 
even greater in China as facilities rapidly 
expand (see Figure 1).

This ongoing hiring challenge will fur-
ther confound the growth of manufactur-
ing capacity to levels needed to support 
China’s domestic manufacturing. The in-
dustry can expect a capacity crunch due 
to hiring challenges as more biologics fa-
cilities compete for a limited pool of staff 
talent. While CMOs and others will likely 
alleviate some of this demand, manufac-
turing capacity may be at a premium in 
coming years, as available staff keep busy.
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Figure 1: Areas where hiring difficulties exist in biopharmaceutical 
operations (Selected areas).

Hiring Difficulties: “Which job positions at your facility
are you currently finding it difficult to fill?”
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Permira Funds  
to Acquire LSNE
Permira, the global private 

equity firm, announced that 

a company backed by the 

Permira funds has signed a 

definitive agreement to acquire 

Lyophilization Services of New 

England, Inc (LSNE), a contract 

development and manufac-

turing organization for the 

pharmaceutical and medical 

device markets, in partnership 

with management. As part of 

the transaction, LSNE Founder 

and Chief Executive Officer Matt 

Halvorsen will maintain a sig-

nificant equity stake in the com-

pany and will continue to lead 

the company in his current role.

In conjunction with the 

transaction, Claes Glassell, the 

former CEO of CMC Biologics 

and a 30-year pharmaceutical 

industry veteran, will join as 

chairman of the board of LSNE 

in support of the management 

team and growth strategy. The 

Permira funds’ investment will 

support the company’s growth, 

including expanding the com-

pany’s capacity and address 

commercial-stage opportuni-

ties, extending its capabilities 

in manufacturing and develop-

ment services, and pursuing 

selective acquisitions.

Hitachi Chemical 
Purchases PCT From 
Caladrius Biosciences
Cell-therapy company Caladrius 

Biosciences announced that it 

had signed a definitive agree-

ment with Hitachi Chemical Co. 

America, Ltd. to sell the remain-

ing 80.1% ownership interest 

in its cell therapy development 

and manufacturing services 

provider subsidiary, PCT, LLC. 

Hitachi Chemical currently owns 

19.9% of PCT. Hitachi Chemical/

PCT will continue to provide 

development and manufactur-

ing services to Caladrius for 

Caladrius’s T regulatory cell 

program, for a period of seven 

years after closing. Caladrius 

plans for the sale to redefine 

Caladrius “as a cell therapeutics-

only development company 

with multiple proprietary 

technology platforms and 

significant capital resources to 

fund future programs,” accord-

ing to a company press release.

Caladrius is selling PCT for 

$75 million in cash with a poten-

tial for Caladrius to receive an 

additional cash payment of $5 

million if PCT achieves a certain 

revenue-based milestone. Upon 

signing the agreement, Hitachi 

Chemical paid Caladrius $5 mil-

lion, and $70 million is due upon 

closing the transaction. The sale 

is expected to close in May 2017, 

subject to approval by Caladrius’ 

shareholders and customary 

closing conditions

Lonza Adds  
Human and Animal  
Hepatocytes 
to Portfolio
Lonza announced that it now 

offers a portfolio of fresh and 

cryopreserved human and 

animal hepatocytes for absorp-

tion, distribution, metabolism, 

excretion, and toxicity (ADME-

Tox) testing, for use in cell 

discovery applications. This 

expansion of Lonza’s primary 

cells range is the result of last 

year’s acquisition of hepatocyte 

provider, Triangle Research 

Laboratories (TRL). The inclu-

sion of TRL’s experience allows 

Lonza to provide high-quality 

hepatocytes for in-vitro drug 

metabolism and pharmaco-

kinetic studies and research.

The ADME-Tox products 

support researchers with a 

variety of in-vitro applications, 

including studies into drug 

metabolism and toxicity, drug-

transporter activity, and drug-

drug interactions. The new he-

patocyte portfolio also features 

hepatic non-parenchymal cells, 

such as stellate and Kupffer cells, 

which can improve the translat-

ability of in-vitro toxicity testing 

and pharmacokinetics research 

to clinical trials.

Lonza’s hepatocytes are 

prequalified for a variety of dif-

ferent applications. The new 

range also includes supporting 

ADME-Tox products including 

specialized hepatocyte media 

and cell culture systems, helping 

to optimize hepatocyte culture 

performance for in-vitro drug 

screening or for research into 

drug-induced liver injury and 

other important liver diseases.

CMO Pfizer 
CentreOne Adds 
Highly Potent Solid 
Oral Dose to Portfolio
CMO Pfizer CentreOne an-

nounced that it has added con-

tract manufacturing services of 

highly potent solid oral-dose 

medicines to its portfolio. 

Manufacturing will be carried 

out at the Pfizer Newbridge, Ire-

land, facility, which is now part 

of Pfizer CentreOne’s contract 

manufacturing network. This 

site, near Dublin, is approved by 

regulators, including FDA, EMA, 

Agência Nacional de Vigilância 

Sanitária (ANVISA) (Brazil), and 

Pharmaceuticals and Medical 

Devices Agency (PDMA) (Japan), 

to supply pharmaceuticals 

to more than 100 markets.

The Newbridge site has been 

manufacturing and packaging 

highly potent solid oral drugs 

for human use for many years. 

In addition to conventional 

manufacturing processes, the 

local team has experience with 

compounds that require com-

plex processes, such as modifi-

cation of powder and particle 

properties to create novel drug 

formulations, or those with 

enhanced solubility and dissolu-

tion properties.

Compounds manufactured 

by Pfizer CentreOne include: 

highly active compounds, hor-

mones, immunesuppressants, 

sensitizers, and controlled drugs. 

Containment technologies 

span occupational exposure 

band (OEB) 1–5 (occupational 

exposure limit down to 0.01 μg/

m3). Specialized technologies 

include active coating, low-dos-

age formulations, and modified/

extended release.

Capsugel Installs New 
Encapsulation Unit 
for DPI Applications 
in Oregon
Capsugel has expanded its late-

stage inhalation capabilities to 

advance dry powder inhalation 

(DPI) concepts through late-

stage clinical trial and commer-

cial production. A new Harro 

Höfliger Modu-C MS encapsu-

lation unit has been installed 

and validated at its Bend, OR. 

facility that includes special-

ized drum-dosing technology 

for DPI development projects 

using spray-dry processing.

The equipment has an 

operational capacity of more 

than 72,000 capsules per hour. 

The technology provides 100% 

monitoring of dosed powder 

mass, fill weight ranges be-

tween 5 mg and 50 mg, and 

dose accuracy of <3% relative 

standard deviation.

The unit complements Cap-

sugel’s Xcelodose 600S equip-

ment that supports capsule 

filling for Phase I and Phase II 

trials. Capsugel’s capabilities 

for DPI formulations include 

spray drying for all clini-

cal phases and commercial 

manufacturing, formulation 

development and scale-up, 

phase-appropriate encapsula-

tion and full aerosol analytical 

capabilities in development 

and GMP.
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and investigation. Counterfeiting is a 
major concern for the pharmaceutical 
industry because of the threat it poses 
to public health, a company’s reputa-
tion, and profitability. MDRS can be 
used simply to confirm whether an 
API is present at the correct composi-
tion and physical form. In addition, it 
can detect very low levels of contami-
nants, and physically differentiate API 
originating from different sources. 

This information can provide vital 
clues to the provenance of counterfeit 
material, aiding the investigation and 
prosecution of illegal operations. 

Conclusion
Characterizing APIs in isolation is rel-
atively straightforward, but that isn’t 
how they are encountered in pharma-
ceutical products. The defining benefit 
of MDRS is its ability to differentiate 

the API (the ingredient of interest) 
from the product matrix and enable 
measurement. Whether the resulting 
data are used to show that a generic 
product is equivalent to a reference-
labelled drug, to optimize processing 
conditions, to detect contaminants, or 
to help identify the source of a coun-
terfeit, the net effect is the same. By 
eff iciently generating component-
specific data, MDRS accelerates and 
enhances key activities within the in-
dustry, and is consequently establish-
ing itself as a powerful and valuable 
analytical tool.
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Figure 2: Measurements of the particle shape of an API reveal that blending results 

in a reduction in elongation; this is suggestive of particle chipping (3).
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ASK THE EXPERT

Susan Schniepp, distinguished fellow at Regulatory Compliance Associates, 

discusses the value of internal audits and how the information gained can be applied.

Q:I am in charge of the internal audit program at my com-

pany and am wondering if you have any suggestions on 

how I can make this activity more valuable for my company?

A:Internal audits are part of management responsibilities 

(1–3) and can provide valuable information and offer

many benefits to an organization. The information obtained 

during the audit can be used in many ways to help your organi-

zation grow and continually improve its operations. How you 

approach the internal audit function will help the organization 

understand the advantages of supporting an effective, well-run 

internal audit program.

If designed and implemented appropriately, internal audits 

can provide valuable information that can be used to prevent 

issues before they become compliance concerns during a

regulatory inspection. Issues can be identified and corrected 

before the regulatory authorities or current/potential clients

identify them. If these issues can’t be completely remediated

before an external audit, a plan to correct them can 

be established and action taken to mitigate them. Having 

corrective actions in place before others identify the issue may 

lessen the impact of the observation and instill confidence 

that your quality system is under control and there is a

process in place for continuous improvement. In addition, the

internal audit can be used for training staff and communicating 

valuable information to the organization.

The object of an internal audit is not to pretend to be the 

regulatory authority and show up unannounced but rather 

to work in cooperation with your colleagues to identify and

solve potential issues. An effective program establishes a 

partnership between the audit function and the departments 

being audited. The ideal tone for an internal audit should be 

a team-oriented activity that is instructive, informative, open, 

honest, and inclusive. There are several factors that help 

contribute to establishing this tone. One way to set the proper 

tone is to publish the audit schedule in advance and make sure 

the functional areas are informed of the schedule. The audit 

itself should be forward thinking and unlimited in scope. The 

auditors should work with the functional area and talk with as 

many employees as possible to identify the issues of concern. 

Individuals who are responsible for performing the day-to-day 

activities often have the best insight as to what is working and 

what needs to be improved. Excluding them from participating 

in the audit process might result in overlooking a serious 

issue that could come up during a regulatory inspection. To be 

able to get the most valuable information about the potential 

compliance issues facing the organization, internal audits 

should not be judgmental or antagonistic, or have a ‘check the 

box’ mentality in execution. They should also avoid looking 

retrospectively in lieu of looking forward.

The behavior of the auditors during the audit is also 

important to obtaining valuable information. Auditors should 

be direct and avoid asking questions designed to stump people. 

The auditors should take this opportunity to teach by explaining 

why they are asking particular questions and providing the 

regulatory citation for the inquiry. Another important behavior

is the ability to listen to the answers to the questions and 

refrain from judging. The auditor should adopt a proactive 

approach to the audit and look at items that are infrequently 

assessed. Above all else, the auditor needs to be friendly.

The exact same behavior defined for the auditor should 

also be the exact same behavior displayed by the auditees. 

Auditees should be direct and avoid deflecting or obfuscating 

answers. They also need to be instructive and take the time to 

explain why they do things the way they do them. They need 

to listen to the auditor’s concerns and not overreact to the 

question being asked. They should be proactive and point out 

things of concern and seek advice on how to remediate them. 

Both parties need to remember they are not the enemies, 

rather they are the partners.

Internal audits are a valuable tool for identifying issues 

before others identify them. The information obtained 

during the audit can be used to improve your processes, 

and the audit process itself can be another tool to help

train employees. If you consider the internal audit as a gap 

analysis for your processes and set a tone of partnership 

and cooperation, you will find that the audit program and the 

information obtained from it will become a valuable resource 

for the organization rather than an unwanted intrusion into 

operations.
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