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from the editor

T
he summer of 1969 was a water-
shed moment for science when, 
on July 20, man first walked on 

the Moon. The story of the Apollo 11 
flight is well-known. Astronaut Neil 
Armstrong’s words as he stepped on to 
the surface, “That’s one small step for 
man, one giant leap for mankind,” re-
sounded around the world and became 
one of the most recognized quotes of 
a generation.

I observed the Moon landing as a child 
and can confirm: a man walking on the 
Moon was a very big deal. My parents 
let me stay up past bedtime to watch the 
flickering images on the television. We 
were amazed at what was transpiring on 
this other world. 

The technology used for the trip to 
the Moon pales in comparison to cur-
rent materials, instruments, computing, 
and communication capabilities. The 
computing power in the Apollo 11 ship 
was less than that of an average cell phone 
today. The astronauts appeared ghostlike 
as they moved about the Moon; technol-
ogy limits prevented transmission of 
higher resolution images.

In his 1962 “We choose to go to the 
Moon” speech at Rice University in 
Houston, President John F. Kennedy 
talked about the need for the nation to 
accelerate space exploration efforts (1). 

At the time, the United States was rac-
ing to catch up in a space race with the 
Soviet Union. 

On July 20, 1969, the US crossed the 
Moon’s finish line first. On subsequent 
missions to the Moon, astronauts stayed 
longer and conducted more sophisti-
cated experiments. But public interest 
lagged; going the Moon was no longer an 
achievement. Later manned missions to 
the International Space Station (ISS), and 
unmanned missions to other corners of 
the universe, generated valuable informa-
tion but did not reach the prominence of 
Apollo 11. As the novelty of space explora-
tion wore off, funding dried up. In recent 
years, the private sector has entered the 
race for the commercialization of space. 

Out-of-this world tech for Earthlings
Space exploration, however, gener-
ated scientific benefits and practical 
applications beyond the spectacle of 
the Moon walks. A less-publicized 
statement in Kennedy’s 1962 speech 
described the prospects: “The growth 
of our science and education will be 
enriched by new knowledge of our uni-
verse and environment, by new tech-
niques of learning and mapping and 
observation, by new tools and comput-
ers for industry, medicine, the home as 
well as the school,” he said. 

The ISS, an orbiting laboratory 248 
miles above Earth, functions as “an un-
paralleled opportunity to investigate how 
gravity and the extreme environment of 
space influence observations in the physi-
cal and life sciences—exploiting these ef-
fects to understand basic phenomena and 
advance commercial pursuits” (2). 

The ISS website describes how stud-
ies of the effects of spaceflight on living 
organisms will enable scientists to learn 
more about biology, medicine, and bio-
technology, and, in turn, advance phar-
maceutical development. The laboratory 
also has unique features not found on 
Earth. Microgravity causes changes in 
gene expression, DNA regulation, cel-
lular function and physiology, and 3D 
aggregation of cells. It also affects fluid 
dynamics, allowing improved growth 
of protein crystals and optimization of 
nanofluidics systems (3). Implementa-
tion partners serve as payload develop-
ers, preparing research studies for de-
ployment in space. 

Life-sciences experiments con-
ducted on the ISS include protein crys-
tallization studies to improve drug de-
sign; cell culture experiments to study 
osteoporosis and immunodeficiency; 
stem cell experiments for cardiovas-
cular disease; f luid dynamics studies 
for diagnostics and drug delivery sys-
tems; and model-organism research to 
explore potential repurposing of exist-
ing drugs for other uses.

The journey to the Moon demon-
strated man’s capabilities to innovate 
and explore. The ongoing benefits of an 
orbiting research lab are a testimony to 
that legacy.

References
 1. NASA, John F. Kennedy Moon Speech–- 

Rice Stadium, Sept. 12, 1962. 
 2. ISS, Spaceflight R&D Spans Many Disci-

plines, www.issnationallab.org. 
 3. ISS, Life Sciences Research Onboard 
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TaskMate Robotic Systems from 
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kg (13.2 lbs) using four axes with a reach of 650 mm (25.59 in.). ESS 

Technologies designs custom end-of-arm tooling for each application, 

enabling the systems to handle a variety of shapes. The robotic 

cell may be used in a wide range of applications for kit packing, 

collation, loading, unloading, material handling, and assembly.

ESS Technologies 

www.esstechnologies.com

Floor Mounted Walk-In 
Hoods for Large Processes
UniFlow FM Fume Hoods by 

HEMCO Corporation are designed 

for synthesis, distillation, and other 

reactor or rack type operations 

where tall apparatuses are used, 

or large diameter equipment 

is rolled into the work area. It 

stands at a height of 70” for an 

unobstructed view of the fume 

chamber which are available 

in sizes 48”, 60”, 72”, 96”, and 

120” with depths of 30”, 36”, and 48”.

The device is equipped with a double wall, angled picture frame 

opening with either double vertical side sashes or horizontal sliding 

glass doors, depending on the size. A removable upper front panel 

allows access to ducting connections and electrical services from a 

single point electrical box, 115V60Hz AC operation. The device has a 

varaflow baffle system, which maintains a uniform airflow to the bell-

shaped exhaust collar. Vapor-proof and explosion-proof lighting and 

a selection of plumbing and electrical services are available as well. 

HEMCO Corporation  

www.hemcocorp.com

Hygienic Hardware
The Allen-Bradley Kinetix VPH 

hygienic servo motors and 

the stainless-steel version 

of the PanelView Plus 7 

graphic terminal by Rockwell 

Automation both work to 

minimize contamination 

during production and 

ease compliance.

The stainless-steel 

PanelView terminal can 

be used on a machine in a contaminant zone without the need to be 

covered or isolated, protecting product quality and simplifying cleaning 

processes. The human-machine interface (HMI) terminal has an ingress-

protection rating of IP69K to support high-pressure and high-temperature 

chemical wash downs. The device also uses a silicone gasket to help 

production workers notice if it’s been damaged and needs to be replaced.

The Kinetix VPH hygienic servo motors improve machine reliability 

with a hygienic design that can withstand wash downs and reduce 

the risk of contamination. The motors are designed per the EHEDG 

and 3-A sanitary standards and are IP69K rated and NSF certified. 

They are also available in a range of sizes and options to help meet 

a variety of application needs in pharmaceutical production.

Rockwell Automation

www.rockwellautomation.com
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MxDigitize and automate your production records to eliminate data entry errors, boost 
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regulatory watch

T
he continued surge in research
and development of cell and gene
therapies is prompting FDA offi-

cials to ramp up guidance development,
streamline oversight, and take steps
to advance manufacturing and clini-
cal development of these cutting-edge
treatments. This wave of innovation in-
cludes somatic cell gene therapies able
to correct gene defects by replacing, 
repairing, or inactivating a gene, either
by directly administered gene therapy 
to the patient or by taking cells from
the body, modifying them in culture,
and returning them to the patient.

FDA’s Center for Biologics Evalu-
ation and Research (CBER) has seen 
an “explosion” of growth in the cel-
lular and gene therapy area, observed
CBER Deputy Director Celia Witten 
at the Cell & Gene Therapy Prod-
ucts Symposium in June 2019 spon-
sored by CASSS (1). CBER’s Office
of Tissues and Advanced Therapies
(OTAT) received more than 400 in-
vestigational new drug applications
(INDs) in 2018, many qualifying for
breakthrough therapy status and the
Regenerative Medicine Advanced 
Therapies (RMATs) designation for
products that provide evidence of in-
tent to treat, modify, or cure a serious
or life-threatening disease or condition.
For such therapies, FDA offers manu-

facturers extra assistance in developing
innovative product testing and produc-
tion methods, expedited review, and 
flexibility in documenting quality and
meeting requirements.

FDA may exercise

flexibility on

the extent of 

manufacturing

information in

submissions.

A main FDA challenge is to devise 
standards for this burgeoning cadre of 
experimental products. FDA is working
with the National Institute for Standards
and Technology (NIST) and has con-
tracted with the Nexight Group to co-
ordinate the standard development and
assessment process (2). Collaborations
seek standard practices in cell counting, 
measuring flow cytometry, and assuring
cell viability. FDA also is engaged in de-
vising common regulatory approaches 
and policies for developing and testing
innovative therapies with authorities
in other regions. The Gene Therapy 
Working Group of the International 
Pharmaceutical Regulators Programme 
(IPRP) has finalized a reflection paper
on expectations for biodistribution as-
sessments for gene therapy products (3). 
This may provide a basis for the Interna-
tional Council for Harmonization (ICH) 
to develop a guideline on biodistribution 
studies of gene therapy vectors (4). 

Advanced manufacturing key
A main challenge in testing and de-
veloping these new therapies, Wit-
ten noted, is to devise new tools and
policies to support more complex 
manufacturing processes. A lack of 
capacity for producing lentiviral and
adeno-associated virus (AAV) vectors 
can limit clinical development, she ob-
served, while current cell lines often 
are not able to meet demand for large-
scale or rapid production. Regulators 
and sponsors are looking to advanced
manufacturing technology devised
for vaccine production processes to 
inform similar approaches for optimiz-
ing cell lines for production, improving 
yield of recombinant technology, and
applying continuous manufacturing 
concepts to new treatments.

The expedited development and ap-
proval of cellular and gene therapies 
requires a “new paradigm,” said Steven 
Oh, deputy director of OTAT’s Divi-
sion of Cellular and Gene Therapies, at 
the CASSS symposium. He noted the
unique challenges created by limited
manufacturing experience prior to li-
censure and limited understanding of 
critical quality attributes (CQAs) due
to difficulties in characterizing the
drug product, drug substance, and in-
process material for these therapies. 
Products vary, moreover, due to un-
usual source materials, less qualified
assays, and limited stability data.

Despite these difficulties, Oh em-
phasized that sponsors cannot ignore
requirements for complying with
chemistry, manufacturing, and con-
trols (CMC) and current good manu-
facturing practice (cGMP) standards. 

New tools and policies aim to support 

more complex manufacturing processes.

Jill Wechsler

FDA Maps Strategies to Advance 
Cell and Gene Therapies

Jill Wechsler 

is Pharmaceutical 

Technology’s 

Washington editor, 

jillwechsler7@gmail.com. 

FOR PERSONAL, NON-COMMERCIAL USE

mailto:jillwechsler7@gmail.com
www.pharmtech.com


Pharmaceutical Technology AUGUST 2019    15

Regulatory Watch

It is important, therefore, to focus on 
these issues early in clinical develop-
ment to support the accelerated review 
and approval of a product with a break-
through or RMAT designation. Manu-
facturers should plan for commercial-
scale manufacturing and conduct 
needed comparability studies as early 
as Phase I and II studies. Raw material 
qualification and supply chain issues 
should be addressed, and assays should 
be developed and validated. 

At the same time, FDA may exercise 
some flexibility on the type and extent 
of manufacturing information expected 
with a submission, particularly for vali-
dation strategies and the manufacturing 
scale-up program, Oh said. He added 
that such leeway will depend on prod-
uct characteristics, the seriousness of 
the condition being treated, the type of 
manufacturing process, the robustness 
of a quality system, and the strength of 
the risk-based quality assessment. Reg-
ulatory flexibility usually will be linked 
to agreements on post-marketing com-
mitments and requirements. 

To assist manufacturers in designing 
untraditional production or develop-
ment programs, CBER officials have 
established the CBER Advanced Tech-
nologies Team (CATT) to discuss and 
respond to queries from industry on ad-
vanced manufacturing and testing tech-

nologies (5). This team aims to assist in 
developing products where CBER has 

“limited experience with the manufac-
turing or development process.” CBER 
wants inquiries to briefly describe the 
technology, why it is novel and unique, 
its potential impact on product quality, 
and a summary of the manufacturing 
or development plan.

Developers of innovative therapies 
similarly can use CBER’s INTERACT 
program (INitial Targeted Engagement 
for Regulatory Advice on CBER prod-
ucTs). This replaces pre-pre-IND inter-
actions and offers early-stage informal 
consultation on product development. 
INTERACT is particularly useful for 
complex or novel manufacturing tech-
nologies, innovative devices, and cut-
ting-edge testing methodologies. Such 
early discussion provides nonbinding 
advice and doesn’t replace the recom-
mended pre-IND meeting for products 
further along the development pathway. 

A CBER internal working group on 
advanced manufacturing is soliciting 
proposals to support innovation rel-
evant to producing complex biologics, 
including novel and improved materials, 
manufacturing innovations, and new 
analytical methods. CBER is expand-
ing laboratory research programs and 
collaborating with academics and other 
partners to develop improved cell lines 

for vector production and advanced 
manufacturing technologies. 

These strategies to provide appropri-
ate and efficient pathways for bringing 
innovative therapies to patients so far 
have involved treatments for single-gene 
disorders that generally affect very small 
patient populations. The challenges will 
increase as more manufacturers propose 
remedies for multigenic targets, such as 
Parkinson’s disease, which will involve 
new approaches for clinical trials and for 
production scale-up. 
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US AND EUROPE REACH MUTUAL RECOGNITION AGREEMENT GOAL ON INSPECTIONS

On July 12, 2019, the European Medicines Agency (EMA) announced that Slovakia 

had been recognized by FDA as part of the Mutual Recognition Agreement (MRA) 

for inspections of drug manufacturing sites in the European Union and United 

States (1). With the recognition of Slovakia, the MRA is now fully implemented. 

Under the MRA, US and EU regulators can reduce the duplication of efforts by 

relying on each other’s inspections of manufacturing facilities in their respective 

territories. In addition, according to EMA, a batch testing waiver will allow quali-

fied persons in EU pharmaceutical companies to rely on quality controls conducted 

in the US for products that are manufactured in and imported from the US.

“We welcome the implementation of this agreement, which means au-

thorities on both sides of the Atlantic will now be able to rely on each other’s 

inspection results. This milestone is a testimony to the importance of our 

strategic partnership with the US. It will support making best use of our in-

spection capacity, so that patients can rely on the quality, safety and efficacy 

of all medicines, no matter where they have been manufactured,” said Guido 

Rasi, executive director of EMA, in a press release. 

Slovakia joins 28 other regulatory authorities recognized by the US: Austria, Bel-

gium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, 

Greece, Germany, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, 

Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, and 

the United Kingdom. The EU finished its assessment of the US FDA in June 2017, 

concluding that “FDA has the capability, capacity, and procedures in place to carry 

out GMP inspections for human medicines at a level equivalent to the EU.” 

The MRA began in 1998 with a broad agreement that was never fully imple-

mented. The Food and Drug Administration Safety Innovation Act of 2012 gave 

FDA the authority to enter into agreements to recognize other countries’ drug 

inspections, which spurred the revival of the MRA between the EU and the US.

Reference
1.  EMA, “EU and US Reach a Milestone in Mutual Recognition of 

Inspections of Medicines Manufacturers,” Press Release, July 12, 2019. 

—The Editors of Pharmaceutical Technology
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G
uiding an innovator drug through 
development, clinical trials, regu-
latory approval and, ultimately, to 

market is a delicate balancing act. For 
small, innovator bio/pharma companies, 
the focus frequently is on the clinical trial 
pathway, with limited time, resources, 
and expertise available to address the 
crucial elements of process development. 

A new drug’s progress—and external 
funding—is often measured by the com-
pletion of clinical trial milestones. While 
these trials are evaluating the safety and 
efficacy of the drug, however, formula-
tion and manufacturing processes must 
be developed, as well as analytical meth-
ods to characterize the drug and test its 
stability, potency, and other properties. 

And, complex information about the 
drug, its properties, safety, test methods, 
and manufacturability must be docu-
mented for regulatory filings as described 

in the chemistry, manufacturing, and 
controls (CMC) section of the Code of 

Federal Regulations (CFR) for an investi-
gational new drug application (IND) (1).

Sponsors of innovative therapies need 
to plan for manufacturing processes with 
the same forethought they give to clinical 
studies, determine how much product is 
needed at launch, how the product will 
be supplied, and how to validate produc-
tion processes, said Steven Kozolowski, 
director of FDA’s Office of Biotechnology 
Products at a 2016 WCBP symposium (2).

While mid- to large-pharma compa-
nies typically have a regulatory affairs 
team to address CMC requirements, 
small companies may delegate these tasks 
to one or a few individuals who also juggle 
other responsibilities for the company. Se-
curing the technical, scientific, and regu-
latory expertise to complete CMC steps 
while deciding the most cost-effective use 

of limited resources, can test the capabili-
ties of these innovator companies.

To keep all balls in the air at once, small 
bio/pharma companies frequently seek 
external assistance from a range of service 
providers, from individual consultants 
and consulting firms that provide CMC 
advice and strategy development, to con-
tract research and development firms that 
not only develop CMC programs but also 
execute the testing, formulation, process 
development, and manufacturing steps.

Technology innovations for analysis, 
modeling, and formulation development 
may be cost-prohibitive for most small 
companies. Due to the complexity of 
drug molecules, small bio/pharma com-
panies often rely on multiple contract ser-
vice providers to perform varied product 
development and analysis steps. In recent 
years, large contract service providers 
have acquired smaller outsourcing firms 
with specialized technology capabilities 
to offer a “one-stop-shop” for a range of 
formulation and manufacturing services. 

While contracting with an external 
service provider for vital development 
tasks can be a viable option, the drug 
sponsor needs to monitor and manage 
the contractor and ensure protection for 
the intellectual property associated with 
the molecule and its development. The 
challenge for small companies is to know 
what expertise is needed at various stages 
of the drug development and regulatory 
filing process, and how to best budget 
valuable resources for external support.

Shorter timelines. No shortcuts.
FDA’s accelerated review process has 
complicated CMC efforts; the shorter 
timelines for clinical review give drug 
companies less time to develop and vali-
date manufacturing processes compared 
with traditional review timelines.

Drugs receiving a breakthrough 
therapy designation may face a number 
of CMC-related challenges including re-
duced real-time stability for commercial 
material; unavailable commercial manu-
facturing facilities, necessitating the 
launch of drug with initial commercial 
supplies from a clinical trial manufactur-
ing facility; and limited data sets for speci-
fication acceptance criteria (3).

Balancing 
CMC Priorities

Rita Peters

A risk-based approach to CMC enables 

drug sponsors to focus on clinical 

and manufacturing development paths.FOR PERSONAL, NON-COMMERCIAL USE
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With insufficient time to complete the 
traditional CMC studies, breakthrough 
programs should prioritize resources 
using a risk-based approach to gather the 
information needed to support a new drug 
application filing. The sponsor should ex-
pect additional post-approval activity will 
be needed including additional stability 
data and process robustness studies; in 
addition, changes in formulation, manu-
facturing, and raw material suppliers may 
be required (3). 

FDA representatives have said the 
agency is trying to be more flexible in ac-
cepting for accelerated review applications 
with less complete data on product speci-
fications, process validation, and stability 
to expedite the approval process (2).

CMC basics 
The CMC process, as outlined by FDA 
regulations, is to ensure the drug is man-
ufactured safely and consistently from 
testing through commercialization and 
the post-approval lifecycle of the drug. 
While the primary function of a CMC 
strategy is to meet obligations for regu-
latory filings, the process of developing 
an effective CMC program can offer im-
mediate and long-term benefits includ-
ing lower development costs and avoiding 
unnecessary delays. 

Much has been written—in FDA and 
ICH guidance documents, presentations, 
articles, and books—about best practices 
for CMC programs. Because each novel 
drug has unique characteristics, dosage 
forms, patient groups, and other factors, 

a one-size-fits all approach to CMC devel-
opment may not be an effective approach. 
Tailoring a program for a specific therapy 
starts with understanding the drug and 
its characteristics.

By establishing and documenting a 
quality target product profile, critical 
quality attributes, and critical process 
parameters in early development phases, 
companies can develop a strong under-
standing of process requirements and 
change control for the lifecycle of the 
product. And, for companies looking 
for development partners or seeking to 
sell an early-stage molecule, an effective 
CMC program can make the drug more 
attractive to potential suitors.

Defining manufacturing needs early in 
the development process presents risk and 
challenges. FDA has noted that shortfalls 
in the manufacturing segment of CMC 
information can be a stumbling block for 
some applications; in recent years, FDA 
has reported an increase in complete re-
sponse letters due to CMC deficiencies, 
delaying drug approvals (4). 

Typical CMC failures include not 
auditing suppliers or setting up quality 
agreements; not characterizing raw ma-
terials or finding alternate suppliers; not 
identifying critical process parameters 
or a quality target profile; not developing 
and validating proper assays for stability, 
potency, and other factors; and not using 
quality risk management (5). In addition, 
vendor-related non-compliance problems 
can upset a drug sponsor’s carefully de-
fined CMC plans (see sidebar).

Phase-appropriate focus
FDA defines the requirements for CMC 
filings in 21 CFR 312. The regulation 
specifies that the CMC section of an IND 
should describe the composition, manu-
facture, and control of the drug substance 
and the drug product. Uncertainty about 
how much information needs to be filed 
with FDA, and when it needs to be sub-
mitted, can lead to confusion, delays in 
the development and the clinical trial ap-
proval process, and cost overruns. 

Strategizing a phase-appropriate ap-
proach is crucial to filing of too little or 
too much information, too early or too 
late in the process. Regulations and FDA 
guidance documents promote this staged 
approach. The regulation reads: “Although 
in each phase of the investigation sufficient 
information is required to be submitted to 
assure the proper identification, quality, 
purity, and strength of the investigational 
drug, the amount of information needed 
to make that assurance will vary with the 
phase of the investigation, the proposed 
duration of the investigation, the dosage 
form, and the amount of information oth-
erwise available” (1). 

Recognizing that the drug substance, 
dosage form, and preparation meth-
ods will likely change as a drug moves 
through development, FDA notes that a 
Phase I submission should focus on the 
identification and control of raw ma-
terials and the new drug substance. As 
the drug progresses from pilot-stage to 
clinical trial manufacturing, the sponsor 
should amend the initial information on 

API Supplier Derails Drug’s Approval

The best-laid plans of a chemistry, manufacturing, and controls (CMC) process can 

be upset by a range of factors, including a supplier’s quality problems. 

In late July 2019, Biohaven Pharmaceutical Holding Company Ltd received a 

complete response letter (CRL) from FDA in response to its 505(b)2 application 

for Nurtec, a sublingually administered tablet of riluzole. FDA’s sole reason for 

the letter was Biohaven’s use of an API manufactured by Apotex Pharmachem 

India Private Limited between 2014 to 2016 for a 2017 bioequivalence study. 

On July 10, 2019, FDA withdrew approval of 31 abbreviate new drug 

applications held by Apotex, over concerns about manufacturing conditions at 

two of the company’s facilities in India.

According to the Biohaven announcement, FDA stated in the CRL that the 

agency provided recommendations to Apotex about the information needed 

to qualify previous API batches manufactured at Apotex during the time 

period in question (1). Apotex did not inform Biohaven with notice of the FDA 

communication, during the bioequivalence trial or during the submission of its 

505(b)2 application. Biohaven said it had “been subsequently informed by the 

manufacturer that they had an exemption from the FDA to supply riluzole to 

the US market during that time period.”

In the press statement, Biohaven reported that the API for commercial 

supply of Nurtec was sourced from another supplier, with no identified CMC 

issues and the company is working with FDA to resolve the matter.

Reference
1. Biohaven Pharmaceutical Holding Company Ltd., “Biohaven’s Nurtec 

(riluzole) 505(b)2 Application for Amyotrophic Lateral Sclerosis Affected 

by Issues Related to Apotex Plant: Complete Response Letter (CRL) 

Received from FDA Related to Isolated Drug Substance Supply Used in 

Bioequivalence Study,” Press Release, July 20, 2019.
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the chemistry, manufacturing, and control 
processes with additional information that 
is appropriate to the scope of the investiga-
tion. Final specifications for the drug sub-
stance and drug product are not expected 
until the end of the investigational process.

The required information about a drug 
substance and drug product is listed in 21 
CFR 312.23 and includes a description 
of the physical, chemical, or biological 
characteristics of the drug substance; the 
components of the drug product, includ-
ing alternatives for inactive compounds 
and components used in the manufactur-
ing process; a general description of the 
manufacturing procedure, acceptable 
limits and analytical methods used to 
assure the identity, strength, quality, and 
purity of the drug substance and product; 
drug stability information; and the name 
and address of the manufacturer. 

FDA’s website lists 70 guidance docu-
ments in the Pharmaceutical Quality/
CMC category, the earliest from 1989. 
These guidance documents state FDA’s 

thinking on requirements for different 
clinical phases, different drug types, ana-
lytical testing, and post-approval changes 
(6). FDA also recommends agency-spon-
sor meetings to discuss CMC-related 
questions in advance of IND filings.  

Innovation and regulatory realities
In addition to the complexities inherent 
in new therapies, inconsistencies in the 
CMC requirements of different global 
regulatory authorities further compli-
cate the development and approvals of 
novel therapies, according to a recent 
review article. 

“There is a desperate need for a con-
sistent form of regulation where global 
approaches to regulatory strategies can 
be harmonized, and specific CMC chal-
lenges can be dealt with using the appro-
priate science and risk-based tools,” the 
authors wrote (7). 

The proposed International Confer-
ence for Harmonization Q12 guideline 
(8), which provides guidance on the 

management of post-approval CMC 
changes, is one global effort; however, 
inconsistencies still remain for ap-
proval stages.
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Excipients

F
ixed-dose combination drugs formu-
lated with two or more APIs in a 
single product to improve compli-

ance through simplification of medi-
cation needs has been a popular and 
beneficial lifecycle management strategy. 
Controlled-release formulations are also 
a subject of continued interest in the 
pharmaceutical industry. 

“There is a particular focus on creat-
ing smarter dosage forms that primarily 
meet the therapeutic index by maintain-
ing the desired plasma concentrations 
for extended time periods,” states Deep 
Patel, a senior formulation scientist with 
Cambrex. “Reducing the frequency of 
administration to prolong the duration 
of effective blood levels increases patient 
compliance, particularly when API com-
binations are involved,” he adds. Combin-
ing multiple APIs in a single product can 
create a complex situation, if the actives 
have varying and/or conflicting proper-
ties. Selection of the right excipients can 
be crucial to the successful development 

of controlled-release products containing 
multiple APIs.

Achieving the desired 
drug-release profile
There are many different types of con-
trolled-release formulations, and one of 
the first steps must be to establish whether 
the drug should be formulated as delayed-
release, sustained-release, controlled-
release, etc., according to Ronak Savla, 
global scientific affairs manager at Catal-
ent. The next step is to determine the opti-
mal release kinetics (zero order, first order, 
or pseudo-zero order), after which point 
the formulator must design a formulation 
that meets the dissolution (release) profile. 
Catalent uses physiologically-based phar-
macokinetic modeling (PBPK) to deter-
mine the optimal desired dissolution rate 
via construction of a plasma concentra-
tion profile. 

Establishing in-vitro–in-vivo correla-
tion is still one of the biggest challenges, 
according to Patel, along with risk man-
agement of dose dumping under differ-
ent gastrointestinal (GI) tract conditions. 
Designing controlled-release delivery sys- B
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A design strategy can ensure conflicting 

properties are managed appropriately 

for multi-API controlled-release formulations.

Combo Drugs Require a
Complex Design Approach
Cynthia A. Challener

tems for biologic APIs that deliver abuse 
resistance and meet specific requirements 
for pediatric dosage forms are also key 
areas of focus.

Each modified-release dosage form 
faces both common and unique chal-
lenges and requires prototyping to fine-
tune the drug release rate and achieve 
the target pharmacokinetics. “Because 
modified-release dosage forms contain 
higher drug loads than immediate-re-
lease dosage forms, the potential for dose 
dumping is a greater concern and must be 
addressed. API compatibility and stabil-
ity with excipients must also be assured,” 
Savla notes. Manufacturing challenges 
unique to each dosage form include the 
coating level and drying requirements 
for coated tablets and multi-layered drug-
containing beads and ensuring a homo-
geneous viscosity and uniform filling of 
semi-sold fill material incorporated into 
soft capsules.

Different target patient populations 
also present different challenges. “Con-
trolled-release formulations are typically 
solid dosage forms that can be rather 
large. Patient populations prone to swal-
lowability issues, such as geriatric and pe-
diatric patients, may not be able to swal-
low the intact dosage forms,” says Savla. 
For these patient populations, coated 
beads (or ‘sprinkles’) filled in two-piece 
capsules are a popular option. The cap-
sule can be opened, and the contents can 
be mixed with food or certain liquids. 
Mini-tablets are another attractive option 
for toddlers and older children. Another 
consideration for pediatric patients is 
whether the excipients are acceptable for 
use in the population. 

In addition, because controlled-release 
formulations typically aim to provide 
once-daily dosing, the drug must have 
some colonic absorption, which can be 
an issue for poorly-soluble APIs. With the 
increasing prevalence of poorly-soluble 
drug candidates, the use of solubility-en-
hancing technologies such as amorphous 
solid dispersions and lipid-based drug de-
livery systems are necessary. “Coupling 
solubility enhancement and modified-
release requires the use of a significant 
quantity of excipients and presents great 
difficulty to achieve target drug load 
while retaining a patient-friendly dosage 
form size,” Savla observes.

Cynthia A. Challener is a contributing 

editor to Pharmaceutical Technology.
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Added challenges with 
multi-API formulations
The critical properties of controlled-
release drugs containing two or more 
APIs include the potential dose dif-
ferential and varying release profiles 
for the different drug substances, the 
stability and compatibility of the APIs 
with one another and other ingredients 
in the formulation, and content unifor-
mity, according to Anil Kane, execu-
tive director and global head of tech-
nology and scientific affairs at Thermo 
Fisher Scientific. “If the APIs reside 
within a monolithic tablet or capsule, 
additional steps may be required to en-
sure dose uniformity and compatibility 
and to maintain the target release rate,” 
agrees Savla. 

One of the critical considerations dur-
ing design of controlled-release formu-
lations containing multiple APIs is the 
half-lives of each API, which may be dif-
ferent and generally require careful se-
lection of excipients to control each drug 
release, according to Kane. The dose dif-
ferential is also important. “Combining 
a very low dose API (e.g., 1–5 mg) with 
an API with a high dose (450–550 mg) 
could be another challenge to control-
ling the release of each in a specific tar-
get site in the GI tract,” he states. The 
site of absorption of each API may also 
be different, making it difficult to design 
a controlled-release strategy for the best 
clinical efficacy.

The size of fixed-dose combinations 
(FDCs) formulated as controlled-release 
products must be considered where swal-
lowability may be an issue, because these 
dosage forms cannot be split or crushed 
due to the modified-release functionality. 
It is prudent, according to Savla, to not 
create FDCs of two or more APIs with 
doses in the hundreds of milligrams.

“A promising approach to creat-
ing modified-release FDCs in tablet 
form would be to borrow and learn 
from formulations containing both 
immediate-release and modified-re-
lease functionalities,” Savla says. He 
points to multi-layered drugs contain-
ing beads, which allow the creation 
of multiple-release profiles within a 
single dosage form. 

Development strategy is essential
Designing a strategy for development 
of a controlled-release target product 
profile is important for many reasons. 
To achieve this goal, according Kane, a 
thorough understanding of the pharma-
cokinetic and pharmacodynamic profile 
of the small molecule related to its clinical 
efficacy is needed.

A proper design strategy can have 
many benefits, including reduction of 
the frequency of dosing (once-a-day or 
twice-a-day preparation) and increased 
safety through avoidance of the possi-
bility of dose dumping. The target pa-
tient population may better comply to 
the medication regimen when consid-
eration is given to the size of the pill to 
swallow and the time of administration. 
Another potential benefit is the ability 
to formulate small-molecule APIs into 
controlled-release oral solid dosage for-
mats (e.g., tablets, capsules, etc.) or as 
long-acting sterile injectables. 

Crucial role for excipients
The primary role of functional excipi-
ents in controlled-release formulations 
is to modify the release of the drug from 
the dosage form. There are numerous 
mechanisms by which these excipients 
function to release drug, according to 
Savla: time; pH responsiveness; erosion; 
osmotic concentration, etc. Controlled-
release characteristics can be achieved by 
the use of polymeric coatings over solid 
dosage forms such as tablets, capsules, 
granules, sugar spheres, or ion exchange 
resins, or alternatively by incorporating 
polymer matrix systems within solid 
dosage forms or systems that respond to 
changes in physical conditions within the 
formulation, adds Patel.

Excipients used in controlled-release 
formulations can, according to Patel, 
also help to overcome the bitter taste 
of active ingredients or to protect the 
gastric mucosa. In some cases, these ex-
cipients can be used to deter abuse or to 
help avoid alcohol-induced dumping. In 
addition, excipients can be used wisely 
to target the release of the active drug 
at a specific site of the gastrointestinal 
tract, behavior that is triggered by pH of 
the specific region of the GI tract.

“The choice of the right excipient in 
terms of its properties as well as the 
right quantity and quality, directly im-
pact the release of the drug in the gut 
for an oral solid dose controlled-release 
preparation or in the plasma concentra-
tion in the systemic circulation for an 
injectable form,” says Kane. The level of 
excipients is critical from a safety aspect 
as well. Patel adds that proper selec-
tion of excipients can help drug prod-
uct manufacturing through improved 
flowability, enhanced compressibility, 
improved bioavailability, and particle 
size distribution specifically when using 
different combinations of APIs.

The following categories of excipients 
and the grade selection are critical in de-
veloping an optimal controlled-release 
formulation, he notes:

• Solubility/permeability enhancers/
modifiers

• pH modifiers (to improve stability 
or release at a targeted region of the 
gastro intestinal tract)

• Polymers that retard the release the 
drug based on diffusion, erosion, 
swelling, etc.

• Excipients/materials that can act as 
physical barriers.

Savla provides two examples. pH-
responsive polymers are a good choice 
to protect acid-labile APIs from gastric 
acid or for those APIs that need to reach 
the colon. Matrix tablets and semi-solid 
lipids within soft capsules work via 
erosion and are options for sustained-
release delivery. 

Pulsatile release polymeric excipients, 
meanwhile, control the selective deliv-
ery (when and where) the API is desired, 
according to Patel. “These excipients 
provide a unique advantage due to the 
timely release that is controlled by coat-
ing the drug with selective polymers hav-
ing sustained or enteric modified-release 
characteristics,” he observes. 

“Overall, the quality and consistency 
of performance of the excipients, in-vitro 
as well as in-vivo, are critical to the suc-
cess of controlled-release dosage forms,” 
Kane concludes.

contin. on page 45
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A
s the numbers of poorly soluble and 
complex molecules, such as biolog-
ics, entering drug development are 

increasing, industry is also witnessing 
a positive impact within the parenteral 
formulation market. The advantages of 
non-oral administration techniques for 
these complex and poorly soluble mol-
ecules, where absorption of the active 
ingredient is simplified and the first pass 
the metabolism effect is avoided, are well-
documented.

Parenteral formulations are dosage 
forms to be administered non-orally, via 
a subcutaneous, intravenous, intraosse-
ous, or intramuscular route. According 
to market research, rising approval rates 
of new parenteral drugs worldwide should 
drive significant growth in the parenteral 
drug market revenue in the near future (1). 
Specifically looking at the global sterile in-

jectable drug market, for example, Trans-
parency Market Research anticipates the 
compound annual growth rate to exceed 
11% between 2017 and 2025 (2).

However, compared with oral-solid 
dosage forms, parenteral formulations 
require very specific and important con-
siderations, and raise certain challenges 
and limitations, such as drug stability 
issues. Primarily, solutions, suspensions, 
or emulsions that are developed for ad-
ministration by injection or implanta-
tion are directly entered into a human’s 
systemic circulation system and so must 
be sterile and safe for use. Furthermore, 
sterile parenteral formulations need to 
be pyrogen-free and clear of visible and 
sub-visible particles, to name a few com-
pendia-specified criteria.

To learn more about the intricacies of 
parenteral formulation, Pharmaceutical

Technology spoke with Fabio Stevanon, di-
rector of Global Injectables Platform at 
CordenPharma International.

Important considerations 
for parenterals
PharmTech: What are some of the most 
important considerations for paren-
teral drug formulation?

Stevanon (CordenPharma): All con-
siderations related to parenteral drug 
formulation begin with assuring the 
successful, targeted delivery of the API 
to treat the target condition effectively. 
Formulation must support the desired 
therapeutic effects of the API after ad-
ministration.  

So much of any given injectable 
drug’s therapeutic value is related to its 
specific API formulation in solution or 
suspension. Bioavailability and other 
desired pharmacokinetic effects are all 
dependent on the finished drug’s even-
tual, commercial formulation.

Parenteral formulations are going 
places they’ve never been before, where 
we are seeing many sterile injectables 
being increasingly paired with new 
delivery technologies to assure conve-
nient and timely, prescribed dosing of 
drugs over time. 

For combination device-drug prod-
ucts, formulations must be tailored to 
achieve specific attributes related to 
both the device and drug product, like 
stability during targeted shelf life, com-
patibility with the primary packaging, 
viscosity and similar parameters, plus 
other aspects of drug administration 
relative to the specific medical device. 
Only proven expertise gained through 
testing and efficient analytical method 
development, as well as experience in 
combining device and drug products, 
will deliver a successful formulation in 
this space.

Beyond that, parenteral formulation 
chemistries must serve commercial 
and manufacturing interests as best 
as possible. Formulation has direct in-
f luence on scale-up and process vari-
ability, stability and other processing, 
and manufacturing-oriented aspects 
related to the drug’s successful com-
mercial development.

Formulation
and Manufacturing
Trends for Parenterals
Felicity Thomas

Formulators of parenteral drugs must be 

cautious of specific considerations and challenges 

that arise during development and manufacture.FOR PERSONAL, NON-COMMERCIAL USE
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PharmTech: Could you elaborate on the 
importance of excipients in parenteral 
drug formulation?

Stevanon (CordenPharma): Two things 
are important regarding excipients. First, 
whatever the API, excipients must be se-
lected based on their performance and 
utility in service to the particular formula-
tion and therapeutic function in question. 
The earlier this selection is established in 
the development phase, the better.

The second priority is to evaluate ex-
cipients for specific attributes that help 
sustain the drug product’s commercial 
manufacture including compliance, ste-
rility profiles, availability, reliability of 
supply, stability in process, and more. 

Benefits and challenges 
specific to parenterals
PharmTech: In your opinion, what are the 
major benefits of a parenteral drug formu-
lation over other forms?

Stevanon (CordenPharma): Parenteral 
drugs deliver faster therapeutic action 
compared to slower-acting dosage forms 
such as oral-solid dosage (OSD). Paren-
teral drug formations also allow for higher 
dosage levels in circumstances when criti-
cal therapies must enter the blood stream 
right away, such as emergency surgery, 
heart attacks or infections, and so on. 

There are also other benefits related 
to dosing accuracy such as how a proper, 
strictly validated injectable formulation 
will, in most cases, grant better bioavail-
ability at the desired dosage level. 

PharmTech: And the biggest challenges 
in parenteral drug formulation?

Stevanon (CordenPharma): The valida-
tion of a parenteral formulation is much 
more challenging compared to OSD. The 
fast-acting nature of this administration 
route means that parenteral formulations 
are subject to stricter compliance regula-
tions to ensure patient safety and must 
stay within specific, and usually very nar-
row, parameters to obtain approval from 
regulatory bodies.

Processing and manufacturing ster-
ile parenteral dosage forms therefore 
requires a comprehensive approach, in-
cluding a mastery of sterile containment, 
fill/finish and data-driven manufacturing 
and control processes. As this is a chal-

lenge that not all pharma companies can 
or are willing to address in-house, many 
are turning to strategic, full-service out-
sourcing partners to support their busi-
ness models and drug development strate-
gies as a result.

Small versus large molecule
PharmTech: Could you discuss the major 
differences that need to be considered 
when formulating a small molecule or a 
biologic as a parenteral drug?

Stevanon (CordenPharma): There is an 
extra level of expertise, technology, and 
skill that is required to formulate a bio-
logic as a parenteral drug. Small-mol-
ecule parenterals can be produced and 
manufactured using traditional ana-
lytical methods that are standard prac-
tice throughout the industry. However, 
biologics require a different approach to 
analytical testing and manufacturing 
processes, which older, less technologi-
cally advanced facilities may not be able to 
handle. In addition, biological parenteral 
manufacturing requires a state-of-the-art 
facility where in most cases ‘disposable/
single-use’ technology is a given, and 
sometimes a dedicated ‘biological’ plant 
is needed.  

Regulatory considerations
PharmTech: What are the main regula-
tory challenges facing parenteral drug 
formulators? 

Stevanon (CordenPharma): Because of 
the difficulty in maintaining the supply 
for the high demand of injectable drugs 
while also keeping up with manufac-
turing quality and security at high vol-
umes, we have seen increasing pressure 
by regulators on drug manufacturers to 
control processes more effectively and 
remove potential for process variation 
and contamination. 

 Regulators are also keeping a close 
eye on developments in the combina-
tion device–drug product space. Many 
new pharma development projects and 
lifecycle management opportunities are 
exploring the integration of medical de-
vices with drug products and investing in 
developing these technologies because of 
their therapeutic effectiveness and poten-
tial value to patients. 

For many combination device–drug 
developers, guidelines and applicable 
manufacturing standards have and are 
evolving rapidly. Such a strong growth 
in this sector of the pharma industry has 
raised significant requirements on de-
velopment, formulation, clinical supply, 
design transfer and control, risk manage-
ment, and commercial supply of these 
combination products, making both 
their engineering and compliance very 
challenging.

Future trends: 
Optimizing development
PharmTech: Over the next decade, what 
trends do you anticipate will impact the 
parenteral drug formulation space?

Stevanon (CordenPharma): For many 
pharma companies, there is a growing 
need to invest in facilities, equipment, 
and process controls associated with pro-
ducing parenteral drugs and combination 
drug–device products. Optimal develop-
ment strategies will require extensive, as 
well as broader expertise, often found by 
engaging established, competent CDMO 
[contract development and manufactur-
ing organization] providers—this trend 
will continue to gain momentum in the 
coming decade.

Industry is also witnessing the adop-
tion of advanced technologies to ensure 
quality and reliability in manufacture. For 
example, the emergence of disposable/
single-use-system injectable technolo-
gies is providing alternatives to traditional 
compounding-filling in stainless steel or 
glass-lined vessels. The capabilities for 
single-use compounding-filling suites 
will therefore be more and more needed 
to handle oxidation-prone compounds 
not compatible with traditional stainless-
steel mixing vessels and transfer lines.
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or commercial-scale, GMP manu-
facturing of tablets and capsules, 
homogeneity of the powder blend 

is crucial. “Pharmaceutical manufac-
turers require high-volume precision 
blending of formulations on equip-
ment that provides batch-to-batch 
consistency and repeatable results,” 
says Gregg Muench, vice-president 
of business development at Gemco. 
Pharmaceutical Technology spoke with 
Muench about best practices for meet-
ing these challenges. 

Primary challenges
PharmTech: What are the primary chal-
lenges seen with blending trace ingre-
dients (< 1%) into powder blends?

Muench (Gemco): The blending of 
several solid ingredients is easier and 
more uniform if the ingredients are ap-
proximately the same size. It is more 
difficult to create precise blends with 

trace ingredients (< 1%) that are vastly 
dissimilar in size and density. In some 
cases, this scenario might require 
doing multiple key blends in a time-
consuming and costly process. 

It is essential to achieve results 
within blend uniformity requirements 
for every batch, whether the formula 
is predominantly active ingredients 
and several excipient ingredients, or 
predominantly excipient ingredients 
with very small amounts of active in-
gredient. Homogeneity is very impor-
tant because finished products are only 
as good as how well they are blended.

One of the primary challenges of 
trying to blend trace materials oc-
curs when not enough consideration 
is given to the shape, size, and density 
of the particles. Is the particle round, 
a sphere, shaped like a rod or cone, or 
irregular? If the shape of the particles 
is not taken into consideration, the 

distribution of the active ingredients 
can be poor. Also, if the sizes of the 
particles are vastly different, it can be 
a challenge as well.

Particle analyzing equipment is typ-
ically used to look at the shapes and 
sizes of each particle as well as how it 
is distributed through the entire batch. 
At that point, it is possible to decide 
what to do if a particle is too large or 
will not blend well. 

If disparity of particle sizes is too 
great, an agitator bar can be installed 
in the equipment that helps resize and 
disburse the particles through micro-
mixing. The agitator bar is the ‘great 
equalizer’ that can bring particles to a 
similar size and take off the rough edges 
so they sufficiently blend together. 

If the trace elements are in liquid 
form, it is important to evenly coat the 
particles without over- or under-wet-
ting the material. When using liquid-
based ingredients, the pharmaceutical 
manufacturer needs to consider other 
factors as well, such as the proper feed 
rate, nozzle size, and blending speed. 

When dealing with active ingredi-
ents, particularly at trace levels below 
1%, it is even more critical to ensure 
that each particle gets just the precise 
amount of coating so that the patient 
will get the proper dose. Spray coatings 
are also often used to control time-re-
lease of active ingredients. So, the coat-
ing must be properly applied to control 
the material’s dissolution properties.

Static electricity can also effect 
mixing and is too often ignored. Static 
charges may cause powders to clump 
or stick to the blender walls. To resolve 
issues with static, it is best to install a 
static arrestor on blender shafts and 
properly ground the machine.

Current blending equipment
PharmTech: What are the current equip-
ment options for creating homoge-
neous blends with trace ingredients?

Muench (Gemco): Traditionally, there 
are many types of blending equip-
ment, such as plow, ribbon, and 
paddle mixers, that use blades or 
paddles to push material. However, 
most of these are inefficient and re-

Blending Trace
Ingredients
Jennifer Markarian

Homogeneity of the powder blend is 

crucial for solid-dosage drug manufacturing.
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quire adding extra ‘key blend’ steps 
to adequately deliver homogeneous 
blends with trace ingredients. A key 
blend is used to mix minor percent-
ages of active ingredients together 
prior to blending with the rest of the 
batch. Key blends are generally re-
quired when the blending process is 
inefficient and the entire bed of mate-
rial is not fully mixing. By creating a 
homogenous batch of the minor in-
gredients first, it can be more easily 
mixed with the rest of the material. 
However, this method adds process-
ing steps, and each key blend must be 
analyzed for quality control purposes.

Blade or paddle mixers are limited 
to moving the material within the con-
fines of their active area. The mechan-
ics force the material bed outward, 
leaving dead spots inside the vessel 
where material moves more slowly 
or remains stationary. Also, because 
these units are stationary, they have 
one stationary port at the bottom of 
the machine. This port has a long neck, 
which isolates the material from any 
processing force during mixing [and] 
creates a pocket, or ‘dead zone,’ where 
material can be trapped. Operators 
often need to empty the dead space in 
the neck and manually reintroduce it 
back into the top of the mixer, which 
means some portions of the mix will 
receive more additive than others. 
Such mixers cannot accommodate 
blends with 7% or less of any one in-
gredient.

Another issue lies in the positioning 
of the intensifier bars or f luidization 
zones. These intensifier bars should 
ideally be located in the mixing zone, 
where every particle passes through. 
Many times, however, traditional mix-
ers have their intensifier bars in dead 
zones. When this happens, the mate-
rial will not be fluidized properly, and 
active ingredients will not be incorpo-
rated throughout the batch. 

Traditional mixers tend to require 
higher quantities of additives to 
achieve the desired concentration in 
the blend. Because additives initially 
contact only a small portion of the 
material when added, they get quickly 

absorbed into the material bed, [which 
may require] increasing the percentage 
of additives to ensure the proper con-
centration is achieved in each sample. 

To address the deficiencies of tra-
ditional mixers, a growing number 
of pharmaceutical manufacturers use 
tumble blending. As a low-impact pro-
cessing technique for handling sensi-
tive or abrasive solids, tumble blend-
ing is commonly used to create precise 
pharmaceutical blends that contain 

trace ingredients (< 1%) that are vastly 
dissimilar in size and density.

To eliminate dead spots, tumble 
blenders apply even turbulence in all 
corners of the mix through a combi-
nation of macro and micro blending, 
which can eliminate the need for key 
blends and produce a better distribu-
tion of active ingredients. Macro blend-
ing is achieved by rotating the shaped 
vessel, allowing the material bed to fall 
away from the vessel’s walls. Tumble 
blender vessel shapes are engineered 
to create a repeatable pattern in which 
the entire bulk material moves to form 
a homogenous mixture. The blender 
moves at a precise speed, with the ves-
sel wall at a precise angle, so that the 
material cascades over itself. There is 
no additional force from paddles, plows, 
or spiral ribbons—just gravity.  

During rotation, micro mixing (if 
needed) simultaneously proceeds via 
agitator blades located in the mixing 
zone center of the vessel, where fine 
processing in the material transpires. 

This design allows for a gentle, repeat-
able pattern that preserves the prod-
uct’s physical characteristics. Together, 
the macro and micro mixing evenly 
expose each particle to six times more 
active blending per revolution than 
traditional mixers [based on equip-
ment geometry differences].

Impact of blender shape
PharmTech: How do different tumble 
blender shapes affect blending? 

Muench (Gemco): Slant cone, double 
cone, and V-shape are the most pop-
ular tumble blender shapes. Among 
these shapes, the slant cone blends bet-
ter and faster than the other two. Slant 
cone blenders are also more versatile 
when it comes to loading capacities and 
offer increased mixing efficiency when 
compared to other tumble blender con-
figurations.

Production-size blenders must be 
integrated with the work area and 
procedures; loading, room space, and 
cleaning often affect what shape is 
best for the job. Given this, in specify-
ing tumble blender shapes, some char-
acteristics of the three most popular 
shapes are important to keep in mind.

Slant cone: 

• No sensitivity to loading sequence
• Lower head room clearance re-

quired
• Faster mixing
• Dual automatic loading/discharg-

ing port options
• Largest mixing zone
• Greatest range of batch sizes.

The slant cone’s mixing action al-
lows for more f lexibility because it 
moves powder more efficiently. Op-
erators do not have to adhere to strict 
procedures to make this blender work; 
the shape makes up for operator differ-
ences in procedures.

V-shape:

• High head room required
• More floor space required
• Recommended loading/discharge 

is through valve only
• Smallest mixing zone
• More difficult to clean
• Very small range of batch sizes.

“Homogeneity is 

very important 

because finished 

products are only 

as good as how well 

they are blended.”

—Gregg Muench, Gemco

FOR PERSONAL, NON-COMMERCIAL USE

www.pharmtech.com


Pharmaceutical Technology AUGUST 2019    29

The V-shape is a good general-pur-
pose blender for batch sizes that will 
not change. It is often used in the phar-
maceutical market.

Double cone:

• Lower head room clearance re-
quired

• Dual automatic loading/discharg-
ing port options

• Most compact use of floor space
• Second largest mixing zone
• Good range of batch sizes
• Easy to clean.

The double cone shape is versatile 
and can fit bigger batch sizes into the 
same square footage than other shapes. 
Automatic loading and discharging 
ports are in-line, which saves more 
plant floor space. Cleaning and main-
tenance are still simple.

Best practices
PharmTech: What are some best practices 
for optimizing blending parameters?

Muench (Gemco): Optimizing blending 
parameters for specific applications 
often involves research and develop-
ment, trial and error, as well as math-
ematical calculations. Critical param-
eters that can be varied include batch 
size, blend time, and agitator speed.

Validating the repeatability of the 
blender is crucial when qualifying it 
as a piece of equipment for any par-
ticular process. To avoid wasting re-
sources through excessive trial and 
error, it is also important to do some 
feasibility research and development 
blending. 

For instance, pharmaceutical man-
ufacturers need to evaluate the raw 
materials to find potential problems 
and issues that may need to be re-
solved before even attempting a blend. 
Often, this involves particles of differ-
ent shapes and sizes, as discussed in 
the first question. These sorts of issues 
should be resolved during feasibility 
studies before going to trials or vali-
dation. Adequate preparation at this 
stage can avoid blending problems 
down the road.

PharmTech: Can you use computer 
modeling to determine optimal blend 
parameters? 

Muench (Gemco): Generally, computer 
modeling is used more when mixing 
liquids. Liquids f low in known pat-
terns that can be visually represented 
in computer modeling. Computer 
modeling is not often used when 
blending solids because the movement 
and flow of solids is not as predictable. 
This limitation may change in the fu-
ture as computer processing power 
and computer modeling continue to 
improve.

When performing R&D tests on 
new products for a blender sample, 
computer modeling may be useful in 
following a FDA sampling regimen. 
According to the FDA Guidance for 

Industry: Powder Blends and Finished 

Dosage Units—Stratified In-Process 

Dosage Unit Sampling and Assessment, 
stratified sampling is the process of 
sampling dosage units at predefined 
intervals and collecting representative 
samples from specifically targeted lo-
cations in the compression/filling op-
eration that have the greatest potential 
to yield extreme highs and lows in test 
results. These test results are used to 
monitor the manufacturing process 
output that is most responsible for 
causing finished product variability. 
The test results can be used to develop 
a single control procedure to ensure 
adequate powder mix and uniform 
content in finished products (1). 

Generally, the physical sampling 
process entails taking samples every 
30 seconds for five minutes. This ap-
proximates how the blend comes to-
gether and gives a ‘snapshot’ picture 
of the blend.  

Vacuum tumble-drying
PharmTech: How does vacuum tumble-
drying work, and what is it most ap-
propriate for? 

Muench (Gemco): In addition to tumble 
blending, a growing number of phar-
maceutical manufacturers are finding 
that vacuum tumble-drying equipment 
offers advantages. Usually, tumble 
blenders can do both tumble blending 
and vacuum tumble-drying. 

Most pharmaceutical powders contain 
solvents or free radicals that need to be 
removed to dry them effectively. Tradi-
tionally, to dry such powdered product, 
manufacturers use tray dryers, where wet 
material is laid in thin layers on multiple 
racks of heated trays. This method, how-
ever, can lead to uneven drying as heat 
is applied. Also, volatile material may be 
trapped on bottom layer particles as a 
crust forms on the top layer of material. 

As a solution, advanced vacuum 
tumble-drying equipment can resolve 
such issues and speed drying while re-
ducing cost. Vacuum tumble-drying 
equipment can use gas purging in 
addition to heat application. In addi-
tion, dynamic vacuum tumble-drying 
dries powder energetically as it rotates 
inside the vessel, which dries the pow-
der faster, more evenly, with less labor, 
and is particularly helpful in reducing 
residual organic solvents.

Tumble drying can also be employed 
when a liquid is used to put an active 
ingredient on a pharmaceutical pow-
der. Generally, the pharmaceutical 
manufacturer would blend in the active 
ingredient with a carrier, such as alco-
hol, which is sprayed on the particles. 
Vacuum tumble-drying helps remove 
the alcohol. As the powder tumbles in 
the blender, the cold powder moves out 
to the heated walls of the blender. The 
heat vaporizes the alcohol while it is 
drying. The material has to be moved 
so it does not burn against the wall and 
leave the colder materials in the middle. 

Reference
1. FDA, Draft Guidance for Industry: Pow-

der Blends and Finished Dosage Units—
Stratified In-Process Dosage Unit Sam-
pling and Assessment, October 2003 
(withdrawn on August 7, 2013). PT

“When blending 

trace materials, 

consider the shape, 

size, and density of 

the particles.”  

—Gregg Muench, Gemco
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Clinical Trial Manufacturing
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M
anufacturing for clinical trials 
requires addressing complex 
packaging, labeling, and logis-

tics issues and maintaining blinds, so 
that the identity of the drug being 
administered remains unknown. New 
patient-centered trial models and the 
growth of personalized gene and cell 
therapies have added additional degrees 
of difficulty to the process. Creative 
management and use of interactive re-
sponse technologies (IRTs) solutions are 
helping sponsors and contract partners 
improve overall efficiency and reduce 
waste. In this article, Matt Blume, gen-
eral manager of global business op-
erations for Catalent Pharma Solutions, 
shares insights and best practices. In a 
separate interview, Stefan Dürr, senior 
director, client delivery, with Cenduit, 
LLC discusses the use of IRT in opti-
mizaton efforts (Sidebar). 

Bridging the CMC and clinical gap
PharmTech: How are you addressing the 
typical disconnect between chemistry, 
manufacturing, and control (CMC) and 
good manufacturing practice (GMP) 
specialists in your work with clients? 

Blume (Catalent): We include clinical 
project managers in early phase manu-
facturing discussions with the sponsor. 
For example, in our San Diego facility, 
we have co-located clinical project man-
agers in the CMC plant so that they can 
be included in the earliest possible proj-
ect discussions. Even though these dis-
cussions may not focus on clinical supply 
issues, the earliest stage of the product 
is the perfect time to highlight some of 
the areas that sponsors should consider 
(e.g., general project timelines as well as  
packaging configuration options). Early 
development batch production is a good 
time to place product down on stabil-

ity in multiple material configurations. 
Doing this very early in the process al-
lows meaningful data to be gathered as 
soon as possible, ensuring that the most 
patient-friendly package is designed, and 
allowing for potential savings in Phases 
II and III if data can be established that 
allow for higher shipping temperatures. 

There is no downside to ensuring that 
all team members are engaged through-
out the process. The interaction of the dif-
ferent specialties not only helps the spe-
cific project being discussed, it also builds 
cross-functional knowledge, strengthen-
ing the CMC team’s understanding of 
clinical concerns and the clinical team 
members’ knowledge of CMC challenges. 

Labeling biologics
PharmTech: What are the most chal-
lenging packaging and logistics issues 
involved in clinical trial manufactur-
ing, and how (and when) should they 
be addressed?

Blume (Catalent): One challenging task is 
the labeling of biologics and gene therapy 
products prior to freezing.  At the point of 
fill/finish, minimum label content must 
be determined so that it can be used for 
many different countries and destina-
tions. This needs to be addressed very 
early on because many of the facilities 
that focus on biologics and gene therapy 
are not clinical supply experts. Co-lo-
cating clinical supply team members to 
focus on label design and clinical chal-
lenges within the manufacturing team is 
extremely helpful, especially since these 
teams have little clinical trial experience, 
unlike their peers at traditional solid dos-
age form manufacturing plants.

With smaller vials and syringes that 
will be subjected to cold temperatures, 
it is very important to ensure that the 
adhesive used for the label is appropri-
ate and that as much of the label text as 
possible will fit within a small area. For 
example, many gene therapy treatments 
are packaged in 3mL vials, minimizing 
the real estate available for vial labels. 
Early involvement with clinical special-
ists is key to thinking through mini-
mum label requirements and design.

Another challenge is the blinding of 
increasingly complicated therapies in-

Orchestrating
Success in

Clinical Trial 
Manufacturing 

Agnes Shanley

Personalized medicine and direct-to-patient 

trial models have made the difficult even 
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cluding biologics and pre-filled syringes. 
Many factors must be considered when 
blinding an injectable or intravenous 
therapy. With injectable products, the 
solution’s appearance must be verified 
before administration, so the matching 
placebo must match all of the character-
istics of the active product.

The move to new trial models
PharmTech: Where do you see direct-
to-patient models having the greatest 
change on clinical trial manufacturing 
and logistics? 

Blume (Catalent): By delivering directly 
to the patient from a clinical packaging 
site, the manufacturing distribution site 
now becomes a pharmacy dispensing 
site. In the United States, the regula-
tory and licensing requirements for es-

tablishing a pharmacy and licensure in 
all 50 states must be met before patients 
can be supplied. This requires licensure 
and expertise in areas that have not 
traditionally been required at clinical 
supply facilities. In addition, shipping 
direct-to-patient requires that data pri-
vacy procedures be in place to ensure 
compliance with all data privacy laws. 
With traditional supplies, materials are 
shipped by kit number to a clinical site. 
No patient names or addresses are ever 
part of the clinical supplier chain. In di-
rect to patient, however, the established 
pharmacy will have this information 
and must control it appropriately. 

The new models also require flexibil-
ity (e.g., the initial patient visit of a trial 
may be with the investigator, and future 
shipments will be made directly to the 

patient’s home). Having the materials 
co-located in one site with the ability to 
ship to site or directly to patient is im-
portant when the total amount of avail-
able supply is low. Direct-to-patient or-
ders will need to be flagged differently 
through IRT and processed differently 
through the site. When establishing 
the trial setup, careful thought must 
be given as to whether an order should 
be triggered as a site shipment or as a 
direct-to-patient shipment. 

In addition, at this point, care must 
be taken not to include patient names 
or addresses in the IRT request. The 
shipping site must have processes in 
place that will allow orders to be split 
based on their intended destinations, 
and the site must also maintain patient 
record privacy standards. PT

OPTIMIZING CLINICAL TRIAL PERFORMANCE WITH IRT

Interactive response technologies (IRTs) and e-clinical tools have become indispens-

able in ensuring that protocols and followed and in optimizing clinical trial manufac-

turing, logistics, and other operations. Stefan Dürr, senior director of client delivery 

and head of Cenduit LLC’s Drug Supply Center of Excellence shares insights into how 

IRTs are being used in the clinical trial materials supply chain.

Addressing challenges

PharmTech: What do you see as the most challenging aspects of clinical trial manu-

facturing and supply today, from each participant’s perspective?

Dürr (Cenduit): The most challenging aspects in the clinical trial supply chain are 

to reduce costs through reduction of wastage, and at the same time to ensure that 

clinical trial supplies are never on the critical path for completion of the clinical trial by 

always having the needed clinical supplies available across the depots and sites in the 

study. From a sponsor perspective, the challenge is to decide what part of the clinical 

supply chain is managed in-house and what part is outsourced. The sponsor must 

ensure that the different internal and external stakeholders work together efficiently 

to achieve a lean clinical supply chain that achieves the above goals. From a contract 

development and manufacturing organization’s (CDMO’s) perspective, the challenge 

is to reduce timelines and increase flexibility to react quickly to changing demands 

in the clinical supply chain. The faster the needed comparator can be sourced, the 

next packaging run planned and executed, and the quicker we can ship between the 

different depots, the less uncertainty you will need to accommodate in your clinical 

supply plans. From a contract research organization’s (CRO’s) viewpoint, the biggest 

impact on the clinical supply chain is the ability to predict the recruitment and 

execution as accurately and as close to the plan as possible. From an IRT perspective, 

the challenge is to have a resupply algorithm that can adapt to the study needs and 

minimize wastage through using real time data to determine the lowest buffer stock 

level at the site that will allow for the treatment of all the patients.   

CMC requirements, distribution, and randomization

PharmTech: How can IRT solutions help address the following challenges: chemistry, 

manufacturing, and control (CMC) requirements (i.e., stability requirements, risk of 

contamination, labeling, overall quality); distribution and logistics; randomization; 

and comparator sourcing?

Dürr (Cenduit): IRT can help manage some CMC-related actions during the trial 

(e.g., blocking kits or managing recalls in case of quality issues or management of 

expiry date following new stability data). Additionally, it can be used to manage 

temperature excursions during shipments and storage at sites, and to work with 

temperature stability data from CMC to determine whether an excursion exceeded 

the allowed temperature stability range. In distribution and logistics, IRT solutions 

can help users evaluate the distribution service level agreements (SLAs) to best 

manage the depot and site shipments. Based on how long shipments take, the 

right moment to schedule a shipment can be determined in IRT to ensure that the 

shipment arrives in time at the required destination. IRT can also be used to reduce 

the number of shipments in clinical trials to save costs and reduce the burden on 

sites to manage many incoming shipments. Of course, IRT is central to managing 

randomization and can support any requirements. From a drug supply perspective, 

certain randomization models would allow the reduction of site buffer stocks. 

Therefore, a close collaboration between clinical supplies and biostatistics can have 

a positive impact on clinical supply budgets. For comparator drug sourcing, the 

challenge is getting the right amount of comparator at the right time with minimum 

waste. IRT can help manage studies with high comparator costs with minimum 

buffer stocks to keep the wastage as low as possible. IRT can also track and manage 

all drug-related interactions, allowing users to manage returns or on-site destruction 

of the drug after conclusion of a trial. In addition, the IRT ensures that all the relevant 

data are available for inspection readiness.

PharmTech: Are pharmaceutical clients sharing more information upfront to help 

improve the overall process?

Dürr (Cenduit): We see more companies use clinical supply forecasting solutions 

and services to plan their clinical supply chains. It is very important that such planning 

and execution efforts be closely aligned in IRT, and that real-time data are used 

regularly to re-forecast different future scenarios to ensure that there are no surprises.
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Highly sensitive, selective, and robust methods 

are required for mutagenic impurity (MI) 

quantitation in APIs to ensure patient safety. 

Typically, product-specific gas chromatography 

or liquid chromatography methods are used, 

which require considerable resources to develop 

and validate. The ZipChip CE-ESI interface was 

evaluated for suitability as a platform approach 

for quantitation of MIs in API. The linearity, 

sensitivity, precision (repeatability), and accuracy 

were assessed for 1-ethyl-3-(3-(dimethylamino)

propyl)carbodiimide, 2,4-dimethylaniline, 

4-chloroaniline, and acetylhydrazine in the 

presence of either carfilzomib or acetaminophen 

using the peptide reagents and method 

conditions provided by the vendor. The method 

was found to be linear from 1 ng/mL to 20 μg/

mL (R2 ≥ 0.998). At 10 ng/mL, the peak area 

precision (repeatability) and average recovery 

were found to be at least ≤ 8.9% (RSD) and 84%, 

respectively, which is similar to what would be 

achievable by more common quantitative MI 

methods. Additionally, a one-minute method was 

achievable with the default peptide conditions 

using an HS chip. These initial results indicate 

that a platform method for quantitation of 

ionizable MIs which are positively charged at pH 

2.4 is possible, which can significantly reduce the 

development time required for assessing MIs. 
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T
he control of mutagenic impurities (MIs) in pharma-
ceutical drug substances has been a focus of health 
authorities and the pharmaceutical industry for sev-
eral years. Mutagenic impurities are compounds that 

are DNA reactive and have the potential to directly cause 
DNA damage, leading to mutations, and potentially result 
in cancer (1–4). The control of MIs within the API manu-
facturing process, therefore, is crucial in ensuring patient 
safety. MIs are derived either from reagents used in the syn-
thesis of the API, side products, or degradants (5–10).  MI 
control in drug substances and drug products is governed by 
International Council for Harmonization (ICH) guidelines 
such as ICH M7 (R1) and ICH S9 (11–12). Due to the sever-
ity of the human response to these impurities, MIs require 
much tighter control than non-mutagenic impurities, thus 
requiring highly sensitive analytical methods. 

A highly sensitive, selective, and robust method for accu-
rate MI quantitation is required (5, 9, 13, 14, 15). Challenges 
associated with development of MI quantitation methods 
include the low limit of quantitation (LOQ) required, matrix 
effects, and the diverse physiochemical properties of the MIs 
(16–17). For example, typically a gas chromatography (GC) 
or liquid chromatography (LC) method is developed for 
each API, and the typical acquisition time for these methods 
is approximately 20 minutes. Additionally, derivatization 
and the use of less common detectors are often required to 
achieve the required sensitivity. Because of this, develop-
ment of these methods is often quite lengthy. In early devel-
opment, the application of risk assessment to demonstrate 
adequate control of MIs is recommended, but many times a 
method is needed to support this justification (18). 

Taking these factors into account, it is highly desirable 
to have a platform method that is suitable across APIs and 
for multiple MIs. While approaches for systematic method 
development have been proposed, these approaches still 
require a product-specific method to be developed (1, 15, 
19, 20). Evaluation of the potential for quantitation of MIs 
in APIs using a microfluidic capillary electrophoresis (CE) 
separation with on-chip electrospray ionization coupled to 

Quantitation of Mutagenic 
Impurities in APIs Using a Platform 
Chip-Based CE–MS Method
Jiemin Bao, Laura E. Blue, Tawnya Flick, Burton Lee, J. Scott Mellors, and Helen Yan 
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a mass spectrometer (Q-Exactive,Thermo Scientific) has 
been evaluated for the potential to provide a rapid platform 
method.  

Materials and methods
Reagents, standards, and samples. The pre-mixed diluent 
(Peptide Mix Diluent, 908 Devices Inc.) was used as sup-
plied. 2,4-Dimethylamine, acetylhydrazine, 1-ethyl-3-
(3-(dimethylamino)propyl)carbodiimide (EDC), and 
acetaminophen were purchased from Sigma Aldrich. 
4-Chloroaniline was purchased from TCI America. Carfil-
zomib was supplied by Amgen Inc.

Sample preparation. All standards were diluted with the 
pre-mixed diluent. For each MI, seven linearity solutions 
were prepared from 1 ng/mL to 2 μg/mL from a stock stan-
dard at 10 μg/mL. The linearity standards included 1 ng/
mL, 5 ng/mL, 10 ng/mL, 100 ng/mL, 500 ng/mL, 1 μg/mL, 
and 2 μg/mL (3 μg/mL for acetylhydrazine). The LOQ and 
working standard solutions were prepared at 1 ng/mL and 
10 ng/mL, respectively, from the stock standard. 

The accuracy samples were prepared in triplicate for 
each MI by diluting a sample preparation of either acet-
aminophen or carfilzomib with each MI working standard 
to make a 10 mg/mL sample concentration with 10 ng/mL 
(1 ppm) of the MI. Carfilzomib was used as the sample for 
EDC and acetylhydrazine recovery, while acetaminophen 
was used as the sample for 2,4-dimethylaniline and 4-chlo-
roaniline recovery. The recovery was calculated by assessing 
the peak area obtained for each sample against the standard 
peak area. 

Separation and detection conditions. MI standards were sepa-
rated from the API (acetaminophen or carfilzomib) with a 
interface (908 Devices Inc., ZipChip). The separation was 
performed using an HR chip (Figure 1, 22-cm long separa-
tion channel), the peptide background electrolyte, and the 
default ZipChip metabolite separation settings (1000 V/
cm; 4.12 nL injection volume) without pressure assist. For 
the one-minute method, an HS chip (10-cm long separa-
tion channel) was utilized with pressure assist enabled for 
0.5 minutes. Mass spectrometer (MS) data were collected 
with a mass spectrometer (Thermo Q-Exactive Biopharma) 
(resolution: 17,500; ACG target: 1e6; inlet capillary tempera-
ture: 200 °C; microscans: 1; maximum ion inject time: 20 
ms). MS spectra were collected using single ion monitoring 
(SIM) mode for the m/z of the MI ion of interest. For each 
MI, specificity, sensitivity, linearity, precision (repeatability), 
and recovery were assessed. 

Results and discussion
For all studies discussed, platform method conditions, back-
ground electrolyte, and sample dilution procedures were 
followed as provided by the manufacturer. For most of the 
work, an HR chip was used to allow multiple analyte types 
to be run within the same sample injection sequence, but 
the HR chip was not required to achieve good performance 

for MI analysis. Due to the use of the HR chip, the analysis 
time was longer than necessary, but this was considered ac-
ceptable for method assessment.  

Method performance. The sensitivity, linearity, preci-
sion (repeatability), and accuracy were assessed for EDC, 
2,4-dimethylaniline, 4-chloroaniline, and acetylhydrazine. 
These results are shown to illustrate the applicability of 
the method, but additional experiments would need to be 
performed for a late-phase method validation. An example 
extracted ion electropherogram for each MI assessed is 
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Figure 1: Schematic of ZipChip. EOF is electroosmotic flow. ESI 

is electrospray ionization. MS is mass spectrometry.
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Figure 2: Example extracted ion electropherogram for 10 ng/mL 

solutions of a) 1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide 

(EDC), b) 2,4-dimethylaniline (2,4-DMA), c)  4-chloroaniline (4-

CA), and d) acetylhydrazine (AH) with the HR chip and default 

peptide separation settings.
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shown in Figure 2. The selectivity, migration time, and peak 
shape were suitable for all MIs tested without requiring 
method development. For each of these MIs, the method 

was found to be linear from 1 ng/mL (0.1 ppm) to 2 μg/
mL (200 ppm) (R2 ≥ 0.998), as shown in Figure 3. At 10 ng/
mL (1 ppm), the peak area precision was found to be ≤ 
8.9% (relative standard deviation [RSD]), the migration 
time precision was ≤ 3.1% (RSD), and the average recovery 
was ≥ 84% (see Table I). For the LOQ solution (1 ng/mL), 
the peak area precision was ≤ 14.1% (RSD). The results 
provided by this platform chip-based CE–MS method are 
similar to what would be achievable by more common MI 
methods but were achieved with no method development. 
These results indicate that a rapid platform method for 
quantitation of ionizable MIs is possible with this chip-
based CE-MS method.

While good method performance was achievable, there 
were some initial challenges encountered when using this 
technology. When a long sample injection sequence (ap-
proximately 50 injections) was queued, sporadic injec-
tions would show no response. Sample preparation was 
not found to be the root cause. Rather, it is likely due 
to improper priming of the sample delivery line prior to 
analysis. While void injections will cause problems if per-
formed in a regulated environment, the technology was 
found to be suitable for development. Additionally, it is 
expected that as the robustness of chip technology ad-
vances, this methodology would be acceptable in a regu-
lated environment. 

One-minute method. A significant advantage of the plat-
form chip-based CE–MS method is a shorter run time. 
Typical MI methods are approximately 20 minutes includ-
ing re-equilibration. The vendor-provided peptide back-
ground electrolyte and CE–MS parameters were found to 
produce a one-minute method for the separation of MIs 
from the API using the HS chip (Figure 4). The LOQ for 
the one-minute method was the same (1 ng/mL) as that 
achieved with the five-minute method.  

The reduction in the method development time and 
analysis time using the platform CE–MS method high-
lights the utility of this system, particularly in early de-
velopment when time savings are critical. While this tech-
nique is suitable for analytes positively charged at pH 2.4, it 
is not suitable for uncharged or negatively charged analytes 
in this pH range as migration will not occur. Addition-
ally, it should be ensured that accurate quantitation in the 
presence of the API of interest is obtained as the studies 
performed have not been exhaustive. 
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Figure 3: Linearity of mutagenic impurities from 1 to 2000 ng/
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Figure 4: Example extracted ion electropherogram for one-

minute quantitation method for 10 ng/mL solutions of a) 

1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide (EDC), b) 

2,4-dimethylaniline (2,4-DMA), c)  4-chloroaniline (4-CA), 

and d) acetylhydrazine (AH) with the HS chip, default peptide 

separation settings, and pressure assist.

Table I:  Precision (repeatability) and accuracy of mutagenic impurities. RSD is relative standard deviation. EDC is 1-ethyl-
3-(3-(dimethylamino)propyl)carbodiimide.

Mutagenic impurity 10 ng/mL Standard migration time RSD (%) 10 ng/mL Standard peak area RSD (%) Average recovery (%) (n=3) at 10 ng/mL

2,4-Dimethylaniline 1.9 3.5 95

4-Chloroaniline 3.1 8.9 84

Acetylhydrazine 0.6 8.1 89

EDC 2.3 3.9 97
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Conclusion
A platform chip-based CE–MS method was developed for 
accurate quantitation of ionizable MIs present in APIs. 
The method was found to be comparable to more typical 
methods, and the analysis time and method develop-
ment time were significantly reduced. Furthermore, this 
platform methodology eliminates the need for product-
specific method development.   
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rotein therapeutics are a promising 
class of drugs that are increasingly 
coming to the fore in development 

pipelines as a result of their utility in dif-
ficult-to-treat diseases. Yet, these complex, 
large-molecule drugs pose significant 
challenges for developers and regulatory 
bodies alike.

An important issue for protein-based 
drug developers is that of structural char-
acterization, which can help in under-
standing whether or not a drug product 
will be stable and of sufficient quality to 
be launched at all. “It is critically impor-
tant that the complete and in-depth char-
acterization of therapeutic proteins is per-
formed throughout all stages of the drug 
discovery and development process,” says 

Simon Cubbon, senior global marketing 
manager, chromatography and mass 
spectrometry, Thermo Fisher Scientific. 

“Ultimately, this facilitates the transfer of 
appropriate knowledge throughout the 
pipeline, ensuring product consistency, 
safety, and efficacy.”

In agreement, Jeff Zonderman, chief 
commercial officer of RedShiftBio, high-
lights the concerns around how stress 
conditions, manufacturing processes, 
and storage may affect protein structure 
and adds that drug developers are limited 
by current analytical tools that do not 
offer sufficient insight. “This is especially 
the case with stability and aggregation, 
where earlier detection and monitoring 
in the development and manufacturing 

processes result in better, more effective 
drugs,” he notes. “Promising biological 
drug candidates, those that exhibit ther-
apeutic activity and inherent stability, as 
assessed via simple screening techniques, 
become subject to increasing levels of 
structural elucidation as they progress 
through the pharmaceutical pipeline.” 

Characterization at every stage 
Protein characterization, along with 
demonstrating a product’s consistency 
and reproducibility, are imperative for 
developers aiming for a quality product, 
states Brian R. Berquist, director of pro-
cess development and technology trans-
fer at iBio. “Obtaining information on 
your protein early on is a way to examine 
the quality and consistency throughout 
the drug development cycle,” he asserts. 

“Protein characterization is critical even 
in the earliest stages of process and drug 
development. The process development 
phase is when one can get a first glimpse 
at the potential product molecule and how 
the purification processes applied affect it.”

During early development stages, it is 
possible to make changes easily to address 
any potential purity issues. “In some in-
stances, the product may be susceptible to 
proteolytic activity, either during expres-
sion or during purification, so being able 
to identify small changes in product mass 
and the amino acid location of that pro-
teolytic activity allow one to address the 
issue in a logical manner early on instead 
of having a process where each step must 
be re-examined due to changes made,” 
Berquist says. “Additionally, as purifica-
tion steps are developed, one is selecting 
based upon properties of the protein mol-
ecule itself. Sometimes a purification step 
or steps can enrich a certain proteoform, 
multimer, or glycoform that is not highly 
desirable. Again, it is easier early on to 

Accepting
the Challenge of

Protein Characterization
Felicity Thomas

Protein characterization is a critical part of drug 

development, but as there are still limitations 

with available techniques, industry needs to look 

at technological advances to meet the specific 

requirements of complex molecule characterization.

Aggregation can 

be detrimental 

to protein-based 

therapeutic 

development.
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obtain this knowledge and change the 
purification accordingly.”

Going beyond the early stages of devel-
opment, and as processes start to become 
more fixed in nature, Berquist explains 
that protein characterization can be used 
to examine the vigor of the purification 
process on the whole, as well as for each 
unit operation. “Protein characterization 
provides critical information regarding 

the reproducibility and robustness of each 
step in the process and the purification in 
its entirety,” he says. “When the process 
is locked, and manufacturing begins, it is 
essential to characterize each lot produced 
to ensure that a quality product is being 
generated routinely and consistently.”

A challenging environment
“In today’s challenging pharmaceutical en-
vironment, research scientists are pushed 
to screen drug candidates as quickly as 
possible to increase chances of reaching 
clinical trials,” says Bill Barrett, prod-
uct specialist at W.L. Gore’s PharmBIO 
Products business. “Using monoclonal 
antibodies as an example, speeding the 
purification process leads to more candi-
dates and higher productivity.”

Adding to the requirements of reduced 
time and cost, and improved research pro-
ductivity, Scott Peterman, senior global 
marketing manager, chromatography and 
mass spectrometry, Thermo Fisher Scien-
tific, emphasizes that scientists are also 
now developing advanced protein drugs 
that are more extensively engineered and, 
as such, more complex. “As complex-
ity increases, there are opportunities for 
greater levels of post-translational modi-
fications and molecular heterogeneity,” he 
says. “Understanding the complexity of a 
protein-based therapeutic, and being able 
to control these modifications and varia-

tions, is becoming increasingly more dif-
ficult but remains critically important.”

Therefore ,  bio/pha rma scien-
tists are required to employ a cor-
nucopia of various analytical tech-
nologies and strategies to adequately 
characterize protein-based therapeutics, 
continues Peterman. “Each analytical 
technology or strategy presents its own 
knowledge requirements and challenges, 

which scientists and vendors alike must 
address,” he notes.

Looking at analytical techniques in 
particular, Richard Moseley, chief tech-
nologist at Microsaic Systems, highlights 
that most can be categorized into two fac-
ets—either on-line with low specificity or 
off-line with high specificity—potentially 
challenging the ability to obtain answers 
fast. “In addition, the protein products are 
in complex chemical cell media making 
exact identification difficult. Therefore, 
some critical quality attributes are diffi-
cult to characterize and require complex 
workflows,” he says. 

Furthermore, Moseley stresses that es-
tablished analytical techniques suited to 
small-molecule drugs have been found 
to be unsuitable for bioprocessing. “So, 
biopharma scientists need to look to new 
techniques, specifically developed for 
their challenges and workflows to meet 
the complex needs of bioprocessing,” 
he asserts.

For Zonderman, challenges lie 
in the structure of drug studies, 
i r respect ive of dosage require-
ments. “Defining an optimal for-
mulation and manufacturing route 
relies on assessing the impact of vari-
ables such as processing conditions 
including temperature and applied shear 
stress, and storage,” he says. “Stress-in-
duced structural changes may have signifi-

cant consequences including a loss of effi-
cacy, and in the worst case present a safety 
risk, so demonstrating comparability (that 
successive stages of formulation, manufac-
ture, and storage do not materially impact 
the structure of the drug) and stability up 
to the point of administration is essential.”

Protein aggregation: 
An undesirable process
Aggregation—where proteins bind to-
gether and form undesirable impuri-
ties—can be detrimental to protein-
based therapeutic development. These 
clusters of molecules can result in an 
incorrect drug dosage, or unwanted and 
even fatal immune responses to the drug, 
stresses Peterman.

“Consequently, monitoring protein ag-
gregates is important for safety and quality 
assurance,” he adds. “Complete character-
ization and in-depth structural insights 
allow scientists to better understand what 
factors can lead to aggregation and unde-
sirable outcomes, aiding clone selection 
and the delivery of a robust biotherapeutic 
that will not aggregate undesirably.”

This common indicator of protein in-
stability, aggregation, can occur both up-
stream and downstream and can result in 
a product being deemed unfit for launch, 
continues Zonderman. “Characterization 
can help by giving insight into the onset of 
aggregation under certain conditions and 
help developers better formulate drugs to 
minimize aggregation or eliminate bad 
drug candidates earlier in the process,” he 
notes. “Being able to predict aggregation 
and resolve when you have true aggrega-
tion or self-association is critical.” 

“Protein aggregation typically has 
been observed to be detrimental for both 
product activity and stability, as well as 
leading to the formation of higher levels 
of anti-product neutralizing antibodies in-

vivo,” summarizes Berquist. “By applying 
rigorous size-exclusion chromatography 
(SEC) methodologies, we monitor even 
low levels of protein aggregation and use 
these data to optimize drug formulation 
to prevent aggregate formation.”

The rise, and difficulties, of biosimilars
It is well-known that many branded pro-
tein-based biopharmaceutical products 

Many branded protein-based 

biopharmaceutical products are facing 

patent expiration in the coming years, 

and so, the growth of the biosimilars 

market is an inevitability.
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are facing patent expiration in the coming 
years, and so, the growth of the biosimi-
lars market is an inevitability. As specified 
by regulatory bodies around the world, in 
some form or another, biosimilar prod-
ucts must be proven to be highly similar 
to its reference product with no clinically 
meaningful differences in terms of safety, 
purity, and potency. 

“Determining similarity for biologics is 
much more challenging than with small 
molecules due to their larger size and 
greater structural complexity,” explains 
Zonderman. “Along with functional com-
parisons, measurement and analysis of 
the structural similarity between proteins 
are an effective method of demonstrating 
bioequivalence. I believe for biosimilar 
work it is important that testing is done at 
the same concentration and formulation 
conditions. Today, for complete structural 
analysis including secondary structure, 
current techniques are not sensitive to 
achieve this challenge.”

The primary goal of protein character-
ization for biosimilars is to provide suffi-
cient evidence of similarity to the origina-
tor product, adds Berquist. “However, the 
problems with this are multifaceted,” he 
continues. “First, there are difficulties in 
obtaining sufficient supplies of the inno-
vative drug product for comparison. Sec-
ond, there is technological gap between 
original drug product characterization 
results and the instrumentation available 
for characterization of the biosimilar. The 
challenge is to prove that any observed 
differences are not significant and do not 
have clinical relevance.”

Concurring with Berquist, Cubbon 
further explains that biopharmaceuti-
cal companies exhaustively characterize 
therapeutics and associated manufactur-
ing processes to improve the specificity of 
the patents, and these specifics may not 

be accessible to the biosimilar developers. 
“Consequently, the biosimilar developers 
are required to perform characterization 
to the same exhaustive levels,” he contin-
ues, “for example, to determine protein 
drug glycosylation, aggregation, and 
charge variant profile.”

As a result of this level of specificity that 
may be required when approaching bio-

similar development, costs may not be re-
duced as significantly as is possible when 
approaching a small-molecule generic 
drug, for example. “The use of biosimi-
lars, with such closely comparable per-
formance to an original drug that can be 
used interchangeably, has the potential to 
drive down healthcare costs but is highly 
dependent on the rigorous demonstration 
of similarity in a wide range of attributes 
including protein content, activity, and 
stability,” asserts Zonderman.

Technically limited
Currently, there are many methods 
available that look at different attri-
butes of the protein molecule, however, 
these methods are not without limi-
tations. “Many of the techniques and 
tools available are inherited from phar-
maceutical’s roots in small-molecule 
drugs, which are normally unsuited to 
the complex bioprocessing workflows 
and cell media used,” says Moseley. 

Traditional assays, such as capillary 
electrophoresis (CE) or liquid chro-
matography coupled with ultravio-
let (LC–UV), are robust and reliable 
techniques; however, they can only 
provide limited information on the 
critical quality attributes (CQAs) that 
need to be measured, stresses Cubbon. 

“This means that numerous assays are 
required to confidently cover these 
CQAs and ensure the correct informa-
tion is obtained,” he adds.

According to Zonderman, there is 
a dependency on what technology is 
used and how it is applied, but in gen-
eral, key limitations of current tech-
niques include dynamic range, sensi-
tivity, and automation (both analysis 
and data processing). “Many of the 
currently available technologies may 
meet some of the needs for research, 
but are a challenge for biopharma to 
move into more downstream, QA/QC 
[quality assurance/quality control], 
and process monitoring applications,” 
he notes.

Criticality of characterization
The detailed definition of the struc-
ture of a drug molecule can provide 
a basis for scientists to identify struc-
ture-function relationships that en-
able an understanding of how a drug 
is efficacious, explains Zonderman, 
but beyond this the structural char-
acterization of proteins plays a critical 
role through the drug development 
lifecycle. “In particular, investigating 
structural changes is the key to un-
derstanding and controlling the fac-
tors and mechanisms associated with 
stability and aggregation,” he says.

“Characterizing proteins during 
drug development is essential in re-
ducing drug development times and 
manufacturing costs, and is critical 
for safety reasons,” agrees Moseley. 

“Furthermore, through protein char-
acterization, industry is now capable 
of creating personalized medicine for 
patients.”

Yet, challenges and limitations re-
main in the ability to characterize 
these complex molecules sufficiently, 
and industry needs to be fully capable 
of managing the complexity of the 
information that is obtained through 
characterization, says Berquist. “As 
technology advances, industry will 
gain an ability to address increasingly 
intricate questions about protein prod-
ucts,” he summarizes. “Today, we have 
the capabilities to analyze intact mac-
romolecules to the detail of detecting 
microheterogeneities leading to diffi-
culties associated with data interpreta-
tion and refinement.” PT
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Currently, there are many methods 

available that look at different attributes 

of the protein molecule; however, these 

methods are not without limitations.
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anufacturers of over-the-coun-
ter (OTC) drugs have always 
been subject to the US Code of 

Federal Regulations (CFR) Parts 210 
and 211, but recently, FDA has begun 
to step up enforcement of cGMPs in 
this sector, says Nick Capman, CEO of 
The FDA Group. So far, 2019 has seen 
an increase in both FDA 483 notices 
(483s) and warning letters to OTC drug 
manufacturers. 

For an area that had traditionally 
been less scrutinized than generic or 
name brand drugs, the new regulatory 
emphasis has signaled the need for a 
culture change, particularly for busi-
ness owners and CEOs, who, in the 
past, may have been disconnected from 
day-to-day operations, says consultant 

Gary Ritchie. “This is an industry that 
has operated without much oversight 
in the past. Now they are being scruti-
nized, and change is proving difficult,” 
he says.  

OTC company managers must first 
develop compliance strategies, says 
Ritchie, and generally, the best way 
is first to apply the predicate rule to 
operations and then run everything 
under current good manufacturing 
practices (cGMPs), taking special care 
to ensure data integrity. Ritchie cites 
ABC Labs, a contract testing lab for 
OTCs, as an example. The company 
received a warning letter (1) from 
FDA based on inadequate response 
to a prior 483 in 2012, for failing to 
ensure that lab record data were com-

plete, for inadequate access controls 
to computer systems as well as master 
production and control records, and 
for failing to validate its test methods 
for key assays. Based on previous in-
spection findings, FDA had asked the 
firm to suspend testing until it could 
ensure that its laboratory testing met 
cGMP requirements. The company 
had not provided that assurance, yet 
resumed testing services in 2016.

“Just about the worst thing any com-
pany can do is have a standard operat-
ing procedure (SOP) and fail to follow 
it, but even worse is doing something 
that FDA has expressly asked you not 
to do,” says Ritchie. “With heightened 
scrutiny, the fundamentals need to 
be practiced, and it is management’s 
responsibility to see that they are,” he 
says.  Recent FDA citations for OTC 
facilities have followed similar patterns, 
including everything from failing to 
have a quality department in place, to 
failing to act on problems mentioned 
in previous inspections and 483 no-
tices (2,3). In one case, the Canadian 
firm, Petra Hygienic Systems Inter-
national, showed violations that had 
originally been noted by FDA in 2012 
and 2014. In addition, the firm had in-
adequate and unvalidated equipment 
cleaning methods and failed to follow 
requirements for finished product test-
ing. Imports from the company were 
banned (4).

In a webinar (5), J Lawrence Stevens, 
senior regulatory and quality consul-
tant, and Alan Greathouse, senior di-
rector of quality and service assurance, 
both with The FDA Group, discussed 
trends that have resulted in OTC drug 
manufacturers receiving 483s and 
warning letters from FDA for cGMP 
violations.  The most frequent prob-
lems can be sorted into six categories, 
Stevens said during the program:
•  Inadequate understanding of CFR 210 

and 211, and lack of understanding of 
“unwritten regulations” (e.g., the need 
for corrective and preventive action 
[CAPA] programs), which is never 
actually called out in CFR 210 or 211

•  Inadequate analytical and microbial 
testing

FDA Steps Up Enforcement 
of cGMPs for OTC Drugs
Agnes Shanley

Senior managers of OTC drug companies are 

on a learning curve, as FDA warning letters 

cite insufficient understanding of cGMPs and 

inadequate responses to prior 483s.
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•  Inadequate nonconformance and 
CAPA management 

•  Inadequate/nonexistent quality unit
•  Issues related to past inspections
•  Common quality management sys-

tems (QMS) problems.

Beware of cheat sheets
Even a cursory look at recent OTC 
warning letters and 483s reveals rep-
etitions of all these issues. One prob-
lem that Stevens noted in the webcast 
is document control. “Beware of em-
ployees using cheat sheets to remind 
them of entire procedures. FDA will 
view these as showing that there is in-
sufficient control over manufacturing 
documentation,” he said.

CAPA is another area often cited 
during FDA inspections because in-
spectors are applying a quality systems 
approach, and for CFR 211, in noncon-
formance, which is where CAPA fits in, 
Stevens told the audience. 

Companies are also expected to per-
form internal audits, using their own 
people or external consultants, but all 
testing must be validated and docu-
mented, Stevens said. In addition, he 
noted, many companies are perform-
ing nonconformance testing, but once 
they find problems they simply reject 
product, but don’t investigate the root 
cause of the problems. FDA will expect 
such an investigation, he said.

Regulators often cite water systems 
as a problem area, Greathouse told 
webcast listeners. It is important to 
ensure that FDA and US Pharmaco-
peial Convention (USP) guidance are 
being followed for these systems, and 
that sufficient testing is validated and 
fully documented for total organic car-
bon and microbial testing. “If you use 
deionized water in product, you need 
to know requirements for the water in 
order to test it, and you procedures 
must be in place in case there are any 
deviations from requirements,” he said.

Respond adequately to 483s
Another recurring theme in FDA en-
forcement actions has been OTC com-
panies failing to respond adequately 
to a 483 and having the same prob-

lems discovered by FDA inspectors 
during a subsequent inspection. Re-
peat problems will trigger a warning 
letter.“Respond to 483s as if they were 
warning letters,” Stevens suggested.

Another potential vulnerability is in 
finished product testing and validation, 
said Greathouse.  He suggested deter-
mining whether to perform microbial 
and other testing and validation stud-
ies inhouse or outsourcing it. “If you 
use an outside lab, you must ensure 
that the lab has validated its test meth-
ods and that they have demonstrated 
that to you,” he said. This requires 
formally auditing the contract lab to 
determine when and how they perform 
the tests, and what equipment and pro-
cedures are in place for those tests. 

CAPA, the ‘unwritten regulation’
Another area where OTC manufactur-
ers may stumble is in nonconformance 
management and CAPA, an “unwrit-
ten regulation” for OTC drug compa-
nies, said Stevens. “CAPA is a formal 
way to identify problems, investigate 
the root cause of problems, and imple-
ment corrective action.  You may al-
ready be doing this informally, but will 
need to formalize procedures to com-
ply with cGMPs,” he said.

Beware of inadequate, incomplete, or 
undocumented investigations, which 
will show up in warning letters. “Firms 
may fix problems but may not inves-
tigate the reasons for the problems in 
the first place to ensure that they don’t 
repeat. FDA expects you to use CAPA 
to remediate problems,” he said. 

Root cause analysis techniques will 
be crucial, and your CAPA procedure 
must identify the tools that you will be 
using. Another point to remember is 
to define the product conditions that 
will trigger a product recall. Stevens 
also suggested that companies not 
dismiss out-of-specification (OOS) and 
other problems as “laboratory errors” 
in documentation without examining 
their cause. 

As noted previously, another prob-
lem that FDA often finds, especially 
with small companies, is that there is 
no official quality department at the 

company. “A company’s quality unit 
has responsibility and authority from 
senior management. One way to tell 
how seriously a company’s manage-
ment considers regulatory compliance 
and quality is how they budget for it, 
the kind of people they hire for it and 
what their authority is, who listens to 
them, as well as what kinds of qual-
ity decisions can and cannot be over-
turned,” said Stevens. 

The company’s most senior execu-
tive is legally responsible for the quality 
unit, and problems may result in the 
CEO being charged with violation of 
the US Food Drug and Cosmetic Act, 
he said.  It also behooves OTC com-
pany staffers to be on top of all previ-
ous FDA inspection files. After all, said 
Greathouse, the FDA investigators vis-
iting the facility will have pulled these 
documents out a week ago, and they 
will determine how today’s inspection 
will be run. “Repeated observations are 
a red flag,” he said. 
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he quality control (QC) microbiol-
ogy laboratory plays an essential role 
in pharmaceutical manufacturing 

and product release. It is responsible for 
multiple tasks, including:

• Environmental monitoring (sam-
pling, bioburden counts, microbial 
identifications, and tracking and 
trending of data)

• Investigating out of specifications, 
deviations, and contamination 
events 

• Implementing and validating QC 
methods and testing based on re-
lease specifications. 

These activities must follow the com-
pany’s quality procedures and federal 
regulations. Because these establish the 
state of control of the manufacturing 
environment and are critical for prod-
uct release, it is imperative that the QC 
microbiology laboratory perform tests 
accurately, reliably, and timely. 

If product release is delayed, there is ad-
ditional cost in holding inventory, disrup-
tion in the manufacturing schedule, and 
possible drug shortage and regulatory 
scrutiny. Even worse, if a contaminated 

or ineffective product is released, patient 
health is impacted, and lives are at risk. 
The manufacturer also suffers regulatory 
consequences and recalls, a financial loss, 
and damage to the company reputation. 

To meet the necessary high standard 
of quality in an efficient manner, certain 
laboratory best practices should be fol-
lowed regarding training, standard op-
erating procedures (SOPs), data integrity, 
appropriate rapid methods and technolo-
gies, and a commitment to Lean; Sort, Set 
in order, Shine, Standardize, and Sustain 
(5S); and Six Sigma concepts. These best 
practices ensure each technician is operat-
ing to the same standard and performing 
tasks consistently and allow the QC labo-
ratory to increase accuracy and efficiency.  

Bare necessities: training and SOPs
SOPs are a critical component of man-
ufacturing. There have to be written 
instructions on how to perform each 
task—not just on the production floor 
but in the laboratory as well. US 21 Code 

of Federal Regulations 211.100 states (1):

“(a) There shall be written pro-

cedures for production and process 

control designed to assure that the 

drug products have the identity, 

strength, quality, and purity they 

purport or are represented to possess. 

Such procedures shall include all re-

quirements in this subpart. These 

written procedures, including any 

changes, shall be drafted, reviewed, 

and approved by the appropriate or-

ganizational units and reviewed and 

approved by the quality control unit. 

“(b) Written production and 

process control procedures shall be 

followed in the execution of the vari-

ous production and process control 

functions and shall be documented 

at the time of performance. Any de-

viation from the written procedures 

shall be recorded and justified.”

While it can be easy to dismiss the task 
of writing SOPs as a paperwork exercise, 
it is important to understand their value. 
SOPs ensure that every technician is op-
erating the same way, which yields more 
consistent test results. Procedure training 
documents should be extremely detailed; 
it can be dangerous to assume that tech-
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nicians understand what is implied or 
what seems like common sense. To that 
aim, it is important to review procedures 
regularly to be sure they are up to date; 
technicians in particular should be sure 
to review SOPs for accuracy. Pictures, 
easy schematics, and flowcharts—any-
thing that makes it easier for the lab tech 
to read, understand, and follow a SOP—
should be included in such a document.

Technicians should be trained on 
each SOP as determined by the labora-
tory manager and quality assurance 
department. Typically, each job role 
has a defined training matrix with all 
the SOPs listed that relate to those job 
functions. However, all personnel should 
also be trained on quality procedures, 
good manufacturing practices (GMPs), 
and documentation. Training matrices 
should be reviewed periodically as job 
functions evolve over time with addi-
tional responsibilities and headcount. 
Documentation of training is also im-
portant as those records are often re-
quested by auditors.

Training should obviously encompass 
more than just reading the SOP. Par-
ticularly for complicated tasks, training 
should include a period of observation, 
then practice while under observation, 
and finally a proficiency test. The labo-
ratory should have defined trainers who 
are experienced technicians in charge 
of training. When SOPs are revised, the 
technicians should be trained on the 

new version, and skills should also be 
assessed on a periodic basis. 

It is no small investment to teach a 
new technician how to perform tasks 
according to the company SOPs. There-
fore, to maximize efficiency, training 
should be strategic so the new technician 
can contribute to some tasks while still 
learning others. The laboratory can then 
manage their workload more effectively. 

Data integrity: 
not just a catch phrase
Data integrity remains a hot topic in the 
pharmaceutical industry, and regulators 
are auditing for compliance in this area. 
While the enforcement may be new, the 
regulations in 21 CFR 211.180 have been 
in place for almost 25 years. The focus is 
not just in the United States, but globally 
as well. Rx 360, an international phar-
maceutical supply chain consortium, 
provides a comprehensive list (2) of data 
integrity resources. Data integrity is de-
fined as “the maintenance of, and the as-
surance of the accuracy and consistency 
of, data over its entire lifecycle, and is a 
critical aspect to the design, implemen-
tation, and usage of any system which 
stores, processes, or retrieves data” (3). 

It is expected that companies comply 
with the ALCOA+ (attributable, legible, 
contemporaneous, original, accurate, 
complete, consistent, enduring, available) 
principles of data integrity in Table I. This 
applies to not only paper-based systems, 

but computer systems and software as 
well. For the laboratory, adhering to 
data integrity principles is critical as 
their tests are responsible for releasing 
product to the public. Modification or 
loss of data could pose a risk to patients.

Any reduction of human error in the 
laboratory will bolster the company’s 
data integrity and, consequently, the 
company’s regulatory position. To this 
end, many labs are moving to automated 
equipment and a laboratory informa-
tion management system (LIMS), pro-
vided that they are validated and follow 
ALCOA+, as it minimizes handwritten 
records and inconsistencies. Streamlined 
workflows and less handling can signifi-
cantly speed up testing while providing 
more reliable data. Examples of this are 
Charles River’s cartridge technology and 
robotic system for endotoxin testing. The 
data output for these are readable, con-
temporaneous with date and time stamps, 
attributable with operator logins, original, 
accurate, and consistent. The data files 
can be saved electronically to remain en-
during, available, and complete.

A particular challenge in the QC labo-
ratory is the difficulty of compliance with 
maintaining original (or raw) data. For ex-
ample, the agar plate for bioburden testing 
cannot be saved so it becomes even more 
important to have an accurate colony 
count because that count will become 
the enduring data. In these cases, many 
companies are moving to the “four-eye” 

Table I:  ALCOA+ (attributable, legible, contemporaneous, original, accurate, complete, consistent, enduring, available) 
principles of data integrity.

ALCOA+ Attribute Requirement

Attributable Data must be attributable to the individual or the system producing the data to associate data production to 

a responsible party and to track any changes occurring to the data.

Legible Data must be everlasting and must be stored in a fashion that safeguards readability and accessibility for all 

the timeslots in which the data might need to be accessed or legally referenced.

Contemporaneous Data are to be recorded in the moment in which data are generated, an event is observed, or a failure is detected.

Original Data must be used or presented as it was created, or in case they have been modified, changes must be 

traced so that is possible to date back to the original form.

Accurate Data must be routinely verified through repeatable calculation or analysis to ensure no error is in place.

Complete All data must be in place and have full-length features, thus reporting any repetition or reprocessing executed.

Consistent All of the flow of an analysis must be coherent and performed in the expected sequence in a temporal manner.

Enduring Data must not be written and registered on any physical objects besides notebooks or electronic media in 

the systems.

Available Data must be accessible for review and inspections over the lifetime of the record.
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method where a second technician reviews 
and signs off on the result. However, this 
could be considered a subjective test, along 
with Gram staining. It is possible that two 
people view color differently or may count 
one colony as two (or vice versa). How are 
these different results rectified and justi-
fied? Subjective tests should be avoided 
whenever possible to reduce the workload 
redundancy and possible discrepancies. 

All QC micro labs would benefit from 
using an efficient LIMS to expedite pro-
cesses and ensure data integrity compli-
ance. As an example, the Charles River 
Accugenix microbial identification labo-
ratories have a custom LIMS that man-
ages technician training, equipment, re-
agents, samples, and testing workflows. 
Each processing step is documented by 
scanning a series of barcodes. There is 
instant feedback to confirm that the 
technician is trained in that operation, 
the reagents are within expiry and re-
leased by QA, the equipment has been 
calibrated and appropriate for that step, 
and that the workflow is being followed. 
This prevents errors from occurring, 
documents batch records, and gives the 
lab the visibility to work efficiently.

Also, in connection to the last section on 
training, FDA clearly stated in their Data 

Integrity and Compliance with Drug CGMP 

Questions and Answers Guidance for Indus-

try that all employees should be trained on 
data integrity (4). Question 16 of that docu-
ment says “Training personnel to prevent 
and detect data integrity issues is consistent 
with the personnel requirements under 
CFR 211.25 and 212.10, which state that 
personnel must have the education, train-
ing, and experience, or any combination 
thereof, to perform their assigned duties.” 

Rapid methods and technologies: 
modernizing the lab
Rapid or alternative microbiological 
methods may provide significant bene-
fits to the pharmaceutical laboratory. It is 
best practice for the laboratory manager 
to stay informed of available technolo-
gies and to implement them when appro-
priate. As regulators propose revisions 
to existing industry guidelines, they 
specifically call for modern methods to 
be implemented. Modern methods are 

defined in the Parenteral Drug Associa-
tion’s (PDA’s) Technical Report 33 (5) as:

“A novel, modern, and/or fast mi-

crobiological testing method that is 

different from a classical or tradi-

tional growth-based method, such 

as agar-plate counting or recovery 

in liquid broth media. 

“The alternative or rapid method 

may utilize instrumentation and 

software to manage the testing and 

resulting data, and may provide 

quantitative, qualitative, and/or 

microbial identification test results. 

“Automated technologies that 

utilize classical growth-based 

methods may also be designated as 

being novel, modern or rapid, based 

on their scientific principle and ap-

proach to microbial detection.” 

European Pharmacopoeia (Ph. Eur.) 5.1.6 
states: “Alternative methods may be used 
for in-process samples of pharmaceutical 
products, for environmental monitoring, 
and for industrial utilities (e.g., production 
of water, steam, etc.), thereby contributing 
to the quality control of those products” (6).  

Introducing new technologies may 
seem daunting, but it needs to be done for 
long-term advantages as well as progress-
ing the industry’s standards for product 
quality control. Possible benefits include 
reduction in costs, faster time to results, 
less labor, and increased data integrity. 
To recognize these benefits, however, it 
is imperative that the rapid methods and 
technologies are thoroughly vetted and 
validated. During the evaluation, include 
the following points of consideration:

• What critical information does the 
method/instrument provide? Does 
it provide equivalent or more infor-
mation than the current test?

• Can the method/instrument be used 
across many of your products or is it 
compatible with only a small number?

• Can the method/instrument pro-
cess all your samples without an 
extra investment of space, people, 
and additional instrumentation?

• Can you validate it?
Many people are intimidated by the 

perceived challenges of implementing 
rapid methods. However, there are many 

available resources, such as PDA’s TR 33, 
United States Pharmacopeia (USP) <1232>, 
Ph. Eur. Informational Chapter 5.1.6, and 
USP draft <1071>. The vendor should also 
be able to offer the appropriate regulatory, 
validation, scientific, and technical support. 
For example, Charles River’s Celsis instru-
ment for microbial limits and sterility can 
assist by providing a validation protocol. 
While there is extra work upfront to vali-
date the method, the payoffs should justify 
the effort. While some rapid methods and 
technologies can provide significant value 
and savings quickly, the wrong system can 
cause frustration, delay, and waste. Under-
standing the key criteria in selecting a rapid 
method will facilitate choosing a system 
that will best provide rapid, relevant results 
while minimizing testing risk and optimiz-
ing resource allocation.

Tools for improvement: 
Lean/5S/Six Sigma concepts
The final best practice to note for the 
QC laboratory is a commitment to 
Lean manufacturing, 5S, and Six Sigma 
concepts. Lean and 5S principles are 
designed for maximizing efficiency 
by minimizing waste and Six Sigma is 
focused on continuous improvement. 
They are harmonized philosophies in the 
sense that Lean and 5S can identify areas 
of improvement and Six Sigma can facili-
tate the process. Since the lab is busy with 
many activities, implementing some of 
these concepts can save time and money.

First, the laboratory can identify areas 
of improvement based on Six Sigma’s 
eight areas of waste, sometimes referred 
to by the acronym “DOWNTIME.” These 
eight areas include: defects, overproduc-
tion, waiting, non-utilized talent, trans-
portation, inventory, motion, and extra 
processing. For example, defects in the 
lab could be downed instruments or raw 
materials that do not pass incoming in-
spection. Any failed or invalid test would 
also be considered a defect. Then the Six 
Sigma principles of DMAIC (define, mea-
sure, analyze, improve, control) could be 
applied. Lean principles defined the prob-
lem, and in the example of an out of ser-
vice instrument, the “measure” (or metric 
for tracking) may be the number of times 
the instrument goes down in six months 
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or how long it takes to make it functional 
again. “Analyze” is the period of collecting 
data and reviewing the metric for trends or 
conclusions. “Improve” consists of design-
ing and implementing a solution, which 
could be additional preventative mainte-
nance of the instrument. Finally, “control” 
the problem by ensuring the implemented 
solution truly solved the problem and no 
other problems appear. The idea is that 
this is not a static, one-time event, but a 
dynamic and ongoing process. 

5S can also help reduce waste in the 
laboratory. The concept encourages 
simplification by keeping only what you 
need and organizing materials. This can 
save time by making it easier to find the 
necessary supplies and prevent mistakes 
by eliminating unnecessary options. For 
instance, keeping multiple sets of each re-
agent makes it more difficult to find the 
particular one you need and increases the 
probability that a wrong or expired reagent 
could be used. By sorting through and dis-
carding expired reagents, and organizing 
what’s left, human error is minimized.

Conclusion
The best practices discussed in this 
article for the pharmaceutical and bio-
technology laboratory integrate well with 
each other. A robust training program 
includes GMP documentation and thus 
data integrity principles. Implementing 
a rapid method may reduce time (and 
waste) and labor (simplified training) 
while supporting data integrity. Continu-
ous improvement of lab operations facili-
tates training and reduces inefficiencies 
so the value it brings can be recognized 
in both the long and short term. 

Given all the laboratory’s responsi-
bilities and its role in releasing product, 
implementing these best practices will 
enable the microbiology laboratory to 
operate accurately, reliably, and timely. 
Strong personnel training, detailed SOPs, 
commitment to data integrity, investiga-
tion and implementation of appropriate 
modern methods, and employing Lean 
and Six Sigma methodology initiatives 
support the entire company’s pledge to 
manufacture safe and effective products.
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Consider excipient variability
While the selection of the excipients with 
the proper functionality at appropriate 
levels in the drug product formulation 
are crucial to drug product performance, 
a deeper understanding of how variability 
in the excipients can affect drug product 
performance is also essential. “Maintain-
ing variability of critical material attri-
butes within an acceptable range is impor-
tant for a given drug product as excipient 
concentration and characteristics greatly 
influence drug product performance with 
respect to stability, bioavailability, and 
manufacturability,” Patel notes. In addi-
tion, says Kane, development of a control 
strategy is an important component of 
improved drug product development. 

“A number of drug product recalls iden-
tified excipient variability, and therefore a 
lack of an adequate control strategy, as a 
contributor to failure of the drug product, 
further underscoring the need for im-
proved excipient variability understand-
ing,” he observes. To date, however, Kane 
notes that evaluating the impact of excipi-

ent variability on drug product perfor-
mance has presented a greater challenge 
than evaluating API and process impacts.

The overall variability in a particular 
critical quality attribute is a combination 
of the variability of the API, the excipi-
ents, the manufacturing process, and in-
teractions of any of these individual fac-
tors, he notes.

“At Thermo Fisher Scientific, we have 
found that identification of the most im-
pactful material properties is critical to 
evaluating the effects of excipient vari-
ability on drug product performance. 
This excipient variability understanding 
can then be combined with the knowl-
edge of each of the API properties and 
the process parameters used to manu-
facture the drug product to develop an 
appropriate control strategy that ensures 
consistent supply of safe and efficacious 
drug product,” Kane says.

Experience and expertise are key
In the end, says Kane, the experience of 
the formulation scientists is the key to 

developing robust optimized controlled-
release formulations that perform con-
sistently in a predictable manner. For 
controlled-release formulations with 
multiple APIs, a systematic and well-
characterized data set for each of the 
APIs, along with a scientifically designed 
strategy for the dosage form and the se-
lection of the right quantity and quality 
of excipients, are key to successful for-
mulation development. The experience 
and expertise of the formulator will help 
to avoid any ‘trial and error’ experimen-
tation and can bring speed to these proj-
ects, he concludes.

For Patel, new excipient development 
is also essential. “The development of 
excipients that are capable of fulfilling 
multifunctional roles such as enhanc-
ing drug bioavailability and drug sta-
bility, as well as controlling the release 
of the drug according to the therapeu-
tic need, is one of the most important 
prerequisites for further progress in the 
design of novel drug delivery systems,” 
he asserts. PT

Excipients — contin. from page 22
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he past few years have seen the 
commercialization of personalized 
therapies (e.g., chimeric antigen 

receptor [CAR]-T and other geneti-
cally modified cell therapies and gene 
therapies) and a shift from traditional 
to direct-to-patient clinical trials. Both 
developments are having a major im-
pact, not only on pharmaceutical 
manufacturing and quality, but on 
supply-chain management, as third-
party logistics companies and ship-
ping specialists emphasize solutions 
designed for sensitive biologics and for 
new clinical trial models. 

While the cold-chain packaging 
designs targeting this market con-
tinue to improve, companies within 
the pharma supply chain are moving 
to digitization. More are embracing 

technologies that allow for continuous 
real-time product monitoring during 
transport, using advanced data analyt-
ics and leverage the Internet of Things 
(IoT) and artificial intelligence (AI).  

A 2018 survey of 100 biopharma-
ceutical and pharmaceutical company  
managers (1) found that most of them 
were embracing new technology to 
improve traceability and efficiency, 
to intercept shipments to prevent loss, 
and to increase forecasting accuracy.  
Considering the type of technology, 
63% said they were using supply chain 
analytics, 37% were using advanced 
data analytics, 29% were actively 
using artificial intelligence, and 19% 
were using IoT, although 35% said they 
were implementing AI-based solutions. 
They also saw new technology as a way 

to optimize cold-chain spending. The 
survey found that 54% of respondents 
said they’d overspent on temperature 
control in over 25% of shipments, 
while 24% said they had underspent (1).

Enabling technologies
Working directly with technology ven-
dors such as Controlant, Elpro, OnAs-
set Intelligence, TSS, and Cloverleaf, or 
collaborating with shipping specialists 
that use vendor-supplied or in-house 
platforms, pharmaceutical companies 
find that the technology increases vis-
ibility and offers the opportunity to 
respond quickly to problems during 
material transit. Allergan Pharma-
ceuticals has found that Controlant’s 
real-time monitoring platform has 
improved data retrieval and removed 
supply-chain blind spots, according to 
Tommy Jennings, associate director of 
Allergan in Ireland (1).  

Having access to data analytics can 
allow the root cause of logistics prob-
lems to be determined quickly, and, 
over time, permits companies to take a 

“manage by exception” approach, said 
Ada Palmadottir, Controlant’s business 
development director in a webcast (2). 
In one case, during truck shipment, the 
real-time monitoring system detected 
a temperature excursion, although the 
data logger on the truck did not. Ulti-
mately, the problem was traced to the 
fact that the back window of the truck 
had not been shut completely after a 
customs check and let cold air into the 
vehicle, explained Palmadottir during 
the webcast. 

As patient-centered clinical trials 
transform biopharmaceutical logis-
tics, personalized therapies demand 
transport at much lower temperatures. 
Packaging providers have responded 
by improving existing active and pas-
sive temperature-control methods and 
both reuseable and single-use designs.

Pelican Biothermal Co., for instance, 
offers reusable passive shippers, such 
as Credo thermal containers, the 
Credo Cube and Sherpa single-use 
container system (3,4). Sonoco Ther-
moSafe offers a variety of shippers for 
use in cell and gene therapy clinical 

Real-Time Monitoring 
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Supply Chain

trials (5). Marken recently introduced 
SmartBox (6), while Aerosafe Global‘s 
Aerocore packaging can operate from 
-65° C– 25° C for 24 to 120 h.  In 2018, 
the company introduced A-20 single-
use packaging (7).

Diversified transportation compa-
nies offer web-based monitoring sys-
tems that allow shipments to be tracked, 
some of them in real time. Cryoport, 
which has become increasingly active 
in cell and gene therapy over the past 
four years (8), offers recyclable Cryo-
port Express shippers which are used 
in the company’s Cryoport SmartPak 
II condition-monitoring system, con-
nected via the company’s CryoPortal 
cloud-based network (9). 

Sunoco ThermoSafe’s PharmaPort 
platform offers shipping containers 
with sensors that allow for real-time 
condition monitoring via the com-
pany’s web-based system (10). Enviro-
tainer offers active temperature control 
technologies with products such as its 
RAPT2 container and introduced a 
customer portal with expanded func-
tionality in June 2019 (11). Marken pro-
vides the SENTRY condition-monitor-
ing system, which provides uses with 
hourly updates (12). 

The company offers specialized 
capabilities for shipping both single-
patient (allogeneic) and multi-patient 
(autologous) cell therapies (13,14). Am-
erisourceBergen’s World Courier sub-
sidiary recently introduced Cocoon, a 
pallet-loading device that is designed 
for applications where very strict tem-
perature controls are required (15). In 
May 2019, World Courier teamed up 
with GE Healthcare to integrate parts 
of GE’s Flex Factory with World Cou-
rier’s controlled temperature solutions  
for cell and gene therapy (16).  

Monitoring advances
Manufacturers can also turn to a 
wider number of solutions that allow 
for continuous monitoring of cargo—
not only for temperature but other 
vital conditions such as humidity 

and vibration. Cloudleaf, for exam-
ple, offers Sensor Fabric, a network 
of sensors using IoT servers and 
gateways that collect information 
that is monitored via a control center. 
The technology has been used to op-
timize transport of plasma samples 
(17). Sendum Wireless Corp., mean-
while, offers the Findum real-time 
monitoring platform and recently 
introduced a tracking system and 
sensor that can handle cryogenic 
level temperatures (18).
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overall organization, identify high-risk vulnerabilities, identify 

strategies for mitigation of the high-risk vulnerabilities, 

and rely on data to perform continuous monitoring of the 

vulnerabilities. And, of course, the plan will provide the 

appropriate documentation and rationale for the decisions. 

Implementing a quality risk management plan in an 

organization can also be challenging. It needs to be introduced 

and discussed with all applicable function personnel involved 

in the operations including, but not limited to, finance, 

manufacturing, regulatory affairs, purchasing, auditing, and 

senior management. The plan should be dynamic and should 

be modified as situations change. 

Let’s say you produce a product and you have a single-

source supplier for one of your excipients. You have audited 

the supplier and have identified some significant gaps in 

their quality system. You identify this vulnerability in your 

quality risk management plan and indicate it is a high-risk item 

because of the lack of compliance of the excipient vendor. One 

of your mitigation strategies might be to qualify an alternate 

supplier for the excipient. Once you have qualified that 

alternate supplier, you need to update your plan to downgrade 

the risk because you have taken the appropriate steps to 

mitigate it and eliminate the identified vulnerability. 

Quality risk management plans are important because they 

help improve a company’s ability to provide quality product to 

patients. They are contingency plans with identified actions 

that help to ensure a continuous supply of product to the 

market that meets the expectations of being safe, effective, 

and available. They are dynamic documents that require 

integration into and data inputs from all departments in order 

to be successfully implemented at a company.

Reference 
1. ICH, Q9 Quality Risk Management (ICH, November 9, 2005). PT
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Quality risk management plans provide identified actions to ensure a continuous 

supply of safe and effective drug products, says Susan J. Schniepp, executive vice-president 

of post-approval pharma and distinguished fellow, Regulatory Compliance Associates.

Q.I am in the quality assurance department at my company.

We are a small start-up, and one of my jobs is to develop 

a quality risk management plan. Can you give me some advice

on what I need to consider when putting this plan together?

A.A well-written and well-implemented quality risk manage-

ment plan is an integral and valuable element of an effec-

tive quality system. During the development and manufacturing

of pharmaceutical products, the bottom line is that things can

and will go wrong. The purpose of a quality risk management 

plan is to help ensure continued compliance with regulatory 

requirements, such as good manufacturing practices or good

laboratory practices, when events occur during manufacturing

that potentially impact patient safety and product quality.

International Council for Harmonization (ICH) Q9 states,

“Two primary principles of quality risk management are: the

evaluation of the risk to quality should be based on scientific

knowledge and ultimately link to the protection of the patient; 

and, the level of effort, formality, and documentation of the

quality risk management process should be commensurate

with the level of risk” (1).

In developing your company’s plan, you will need to consider 

all aspects of the operation that impact the product. Managing

your company’s risk with a well-defined plan may help reduce

the activities associated with poor quality and inefficiencies 

associated with the product and the process, such as a

reduction in deviations/investigations, scrap or wasted

materials, customer complaints, and product yield.

The concept is to evaluate all aspects of the manufacturing

process and identify areas of vulnerability. These vulnerabilities 

need to be assessed for their impact on the operation and

the potential level of risk they pose. A well-written quality risk 

management plan is an ongoing process requiring rigorous 

documentation throughout the product lifecycle. It provides 

a solid rationale for how to improve efficiency and spend

resources on the important activities to improve product quality 

rather than on low-risk activities that have little to no impact.

There are four basic elements that should be included

in a quality risk management plan. The first element is to

perform an analysis of the identified risk associated with the

operations. For example, if your product is being produced

using an older manufacturing line, there is a risk that the line

will experience frequent breakdowns.

A well-written quality risk
management plan is an 

ongoing process requiring 
rigorous documentation 
throughout the product 

lifecycle.

The second step is to evaluate the risk in terms of its 

impact on your ability to supply a quality product. In this case, 

frequent shut downs can lead to product rejections, yield loss, 

and potential drug shortages. Once the risk has been identified 

and the impact evaluated, controls to mitigate the potential 

situation need to be identified and implemented. Some of the 

possible mitigation control strategies might include ensuring 

there are appropriate change parts for the line in inventory 

or plans to qualify the product production on a new more 

modern manufacturing line.

The last key element needed is data input and management. 

The data evaluated should be able to indicate if and when you 

need to employ one of your control strategies. In this simple 

scenario, an increase in down time on the line or a steady 

decrease in yield could be indicators that the manufacturing 

line is headed for a catastrophic failure and steps need to be 

taken to prevent a drug shortage situation. 

The above discussion is only an example of a r isk 

assessment in one area of an operation. Other areas of the 

process need to be evaluated for potential vulnerabilities and 

risk. These areas include an evaluation of the reliability of raw 

material suppliers, stability and compliance of contractual 

suppliers (e.g., contract manufacturing organizations, 

contract test organizations), age and reliability of laboratory 

test equipment, etc. In other words, a solid, well-written 

and dynamic quality risk management plan will evaluate the 
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