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from the editor

T
he May 2019 approval of Zol-
gensma, a gene therapy to treat 
spinal muscular atrophy, by FDA’s 

Center for Biologics Evaluation and 
Research was marked by sticker shock: 
a $2.1-million price tag for the drug, 
making it the most expensive drug 
approved to date (1). Patient-advocates 
noted the curative nature of the ther-
apy was worth the price, and the drug 
company offered a phased-payment ap-
proach. Proponents cited it as another 
example of the high costs of drugs (2). 

Meanwhile, a bipartisan effort by the 
Senate Health, Education, Labor and 
Pensions (HELP) committee has led to 
a contentious debate between FDA and 
standards-setting organization, the US 
Pharmacopeial Convention (USP). The 
committee voted 20–3 on June 26, 2019 
to advance legislation designed to lower 
healthcare and drug costs; proposals 
include changes to patent policy, ending 

“surprises” in medical bills, increasing 
transparency in healthcare, and reducing 
roadblocks that delay generic drugs and 
biosimilars getting to market (3).

For example, Section 208 of the 
proposed legislation changes existing 
regulations so drug manufacturers 
cannot receive new chemical entity 
exclusivity for making small changes 
to existing drugs.

 It is provisions in Section 207, how-
ever—designated as promoting biologi-
cal drug innovation—that are proving 
controversial, pitting FDA and USP in 
an exchange of policy statements. Ac-
cording to HELP committee documents, 
Section 207 is intended to prevent de-
lays in the licensure of biosimilar and 
interchangeable products by excluding 
biological products subject to regula-
tion under the Public Health Service 
Act from requirements to follow United 
States Pharmacopeia compendial stan-
dards. A similar provision to make bio-
logics exempt from meeting USP stan-
dards was removed from the final 21st 
Century Cures Act of 2016 (4).

“A biological product is so inherently 
complex and variable that the estab-
lished structure of the USP monograph 
standards process does not serve it well, 
and in fact, can impede technological 
progress or innovation,” noted Steven 
Kiozlowski, director of the Office of Bio-
technology Products in FDA’s Office of 
Pharmaceutical Quality in an interview 
published by FDA (5).

Due to the inherent differences in bio-
logical products, the “sameness” standard 
used in USP monographs for chemical-
based drugs cannot apply to biologic 
drugs, FDA argues.

USP, backed by patient groups and 
pharmacists, argues that the elimina-
tion of required standards would harm 
patients. In a letter to the committee, 
USP noted the role standards play in 
providing quality benchmarks; supply 
chain security; reliability and predict-
ability for drug product development, 
manufacturing, and distribution; and 

promote transparency and accountabil-
ity that leads to patient trust (6).

“Essential to the framework that 
safeguards the quality and safety of 
medicines in the United States is the 
principle that public quality standards, 
required under the law, establish and 
articulate quality expectations for medi-
cines, including biologics,” USP noted 
in the letter. 

FDA has no legal authority to control 
the price of drugs. However, the agency 
notes it is “committed to facilitating 
increased competition in the market 
for prescription drugs through the ap-
proval of lower-cost, generic medicines” 
and “makes sure that safe and effec-
tive drugs are available to improve the 
health of consumers” (7).

That’s a lot of priorities to balance in 
today’s partisan environment.
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Ross planetary mixing 
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The system offers a 

robust combination 

of kneading and 

high shear input and 

delivers efficient processing power for new generation batteries, 

adhesives, composites, pharmaceuticals, coatings, and chemicals.

Available in sizes upwards of 1000 gallons, the PDDM system includes 

a planetary dual disperser complete with an advanced dual-post 

discharge system suited for 100-psig discharge pressure. In the two 

systems pictured, the semi-continuous mixing and discharge operation 

uses 10 interchangeable vessels. Each PDDM is equipped with two 

rectangular stirrers and two dual-blade, high-speed dispersers that 

rotate on their own axis while orbiting the mixing zone on a common 

axis. Operator controls feature a 20-step, 20-recipe program 

ensuring batch-to-batch consistency and complete traceability.

Charles Ross & Son Company

www.mixers.com

New Line of Rotary Valves
Gericke USA’s RotaVal line 

of rotary valves discharge 

powders from hoppers, fill 

process machinery, dose from 

silos, and isolate pneumatic 

conveying zones between 

sifters, mixers, screw conveyors, 

and other equipment. The new valves offer more than 15,000 different 

configurations to suit virtually any powder handling process, along 

with custom valves for special situations, according to the company.

The new line includes the hygienic series, heavy-duty series, and 

extra heavy-duty series. The hygienic series features stainless-steel 

construction with polished internals and externals and removable 

end covers, all set on a new sliding guide rail system for fast cleaning 

without removal from the processing line. The heavy-duty series 

valves come in standard sizes as large as 600 mm x 1200 mm 

and are offered in cast iron, SG iron, stainless steel, or aluminum 

to match process requirements without over-specifying.

For highly abrasive materials and extreme situations, the extra 

heavy-duty valves feature durable cast iron with hardened steel blades, 

plasma nitride-coated shaft sleeves, and tungsten carbide-coated liners 

for high-wear resistance. All valves in the line are available in optional 

explosion containment models for processing combustible dust.

Gericke USA

www.gerickegroup.com

Updated Pump Head
The Masterflex L/S Easy-Load 

pump head from Cole-Parmer has 

an updated design and enhanced 

features for greater ease of use. The 

pump head is suited for laboratory, 

process, and industrial applications. 

This redesigned pump head now 

pumps 2.3 L per minute at 5 to 6 

bar. Enhanced features include 

improved pressure performance 

and reduced pulsation with the four-roller design. An improved 

occlusion-bed geometry reduces tubing wear and lengthens tubing 

life. Tubing changes are fast with single-thumb actuation. Automatic 

tubing retention eliminates the need for manual adjustments, thus 

increasing accuracy and repeatability, as stated by the company. 

The pump heads can also be stacked for multichannel pumping.

The device has a corrosion-resistant stainless-steel rotor and 

polytetrafluoroethylene-shielded bearings for improved life expectancy. 

The pump head works on any Masterflex L/S drive and provides 

optimal performance when using compatible Masterflex tubing. 

Models are available with and without open-head sensor functionality. 

When a pump head with open-head sensor functionality is opened, 

the drive stops, making it a safer option, according to the company.

Cole-Parmer

www.coleparmer.com

Plate Reader Offers Real-
Time Detection and Analysis
Tecan’s Spark Cyto 

cell plate reader offers 

real-time detection 

and analysis of 

biological, chemical, 

and physical events 

while consistently 

capturing the 

maximum amount of 

data from every well.

The device combines the flexibility of a high-end multimode 

plate reader with whole well imaging and comprehensive 

environmental control for cell-based assays. Capable camera 

components and a patent-pending LED autofocus system provide 

real-time data acquisition and analysis for 6- to 384-well formats.

The reader allows qualitative and quantitative information 

to be integrated into multiparametric data sets, delivering 

insights faster than previously available, the company 

states. With three magnification levels and four acquisition 

channels, the device enables entire cell populations to be 

investigated by capturing the whole well area of 96- or 384-well 

microplates in just one image without tiling or distortion.

Tecan

www.tecan.com
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regulatory watch

A
s part of its ongoing support for
the development and approval 
of competitive biotech therapies,

FDA has updated and clarified stan-
dards and procedures for ensuring the
quality and similarity of biosimilars. 
A new draft guidance recommends a
process for developing comparative
analytical assessment plans to demon-
strate biosimilarity, with added details
on procedures for conducting such as-
sessments and for documenting quality 
in a range of production lots to make
biosimilar development and produc-
tion more predictable and efficient (1). 

The new advisory replaces an earlier
guidance on quality considerations for
biosimilars issued in 2015 and updates
a 2017 draft guidance on statistical ap-
proaches, both withdrawn later by FDA
due to industry concerns and objec-
tions. This revised document presents
strategies for conducting comparative
analytical studies to assess biosimi-
larity to a reference product and for
presenting scientific and technical in-
formation in the chemistry, manufac-
turing, and controls (CMC) section of 
biosimilar applications. There’s more
detail on how comparative analytical 
assessments should cover key processes,
including a product’s expression system,
manufacturing process, physicochemi-

cal properties, functional activities, 
target binding, impurities, reference
product and reference standards, fin-
ished drug product, and stability. 

To address concerns about lot-to-
lot variability, FDA advises biosimilar 
makers to include data from at least
10 reference product lots acquired
over several years to fully assess ref-
erence product drift. Similarly, spon-
sors should assess 6–10 lots of the 
proposed biosimilar, including both 
investigational and commercial-scale 
lots, validation lots, and lots manufac-
tured at difference scales. Additional 
sections clarify the submission of refer-
ence standards and data on functional 
activity to demonstrate any structural 
differences with a reference product. 
And FDA provides the usual caveat
that it will consider alternative ap-
proaches from sponsors in analyzing
and presenting requested data.  

Support for interchangeables
FDA issued the revised quality assur-
ance advisory soon after publication 
of a final guidance on developing in-
terchangeable biosimilars, a much-
anticipated and hotly debated option 
for manufacturers (2). That document
updates a draft guidance from January 
2017 that attracted voluminous com-
ment from multiple stakeholders. The
new version instructs manufacturers
on conducting switching studies, which 
FDA says it usually will require to ap-
prove an interchangeable label. While 
some firms consider extensive switch-
ing studies unnecessary, FDA justifies 
this approach as important for demon-

strating fully that safety and efficacy 
are not affected by changing treatment 
from brand to interchangeable, a find-
ing that is considered important to gain 
the trust of physicians and patients in 
pharmacy-level switching.

Important for biosimilar makers, 
the new guidance supports the use of 
non-US-licensed comparator prod-
ucts to conduct tests and to produce
the data needed to demonstrate inter-
changeability. Even though FDA wants 
data from bridging studies to foreign-
made reference products, manufac-
turers still may benefit from leeway to
obtain samples of biologics that often 
are less costly outside the United States 
and can help reduce the cost and time
for developing interchangeable thera-
pies. Sponsors developing interchange-
able products may be eligible to gain a 
year of market exclusivity for being the
first to develop such a copycat therapy. 

The new guidance also appears less 
didactic by dropping the frequent use
of terms such as “residual uncertainty” 
and “fingerprint-like” similarity be-
tween reference and interchangeable
products, which were common in the
earlier advisories. FDA here aims to set 
general standards and requirements 
for these therapies but notes, how-
ever, that the specific data and testing 
needed to document interchangeabil-
ity may vary with the structural and
functional complexity of the product 
and with clinical experience with the
reference product. Sponsors may seek 
to justify an exemption from switch-
ing studies, and FDA says it will take
a flexible approach.  

New guidance documents clarify production 

standards and processes for developing 

interchangeable biologic drugs. 
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Eye on insulin
In moving forward on standards for in-
terchangeable products, FDA sets the 
stage for the development and approval 
of competitive insulin products, which 
are scheduled to transition to biologic 
status in March 2020. There is great 
anticipation that interchangeable in-
sulin therapies will provide important 
alternatives to current costly diabetes 
treatments as multiple sponsors move 
into this field. These issues were dis-
cussed at an FDA public meeting in 
May on the future of biosimilar insu-
lins, just days after the appearance of 
the interchangeable biologics guidance. 
As a relatively simple biotech product 
that has been available as a drug for 
100 years (but ineligible for generic 
competition), manufacturers expect 
to be able to utilize a rather stream-
lined and straight-forward process 
for documenting similarity and in-
terchangeability for these widely used 
therapies. Firms planning to produce 

competitive insulin therapies propose 
that FDA require data from only one, 
small immunogenicity study, as op-
posed to multiple switching studies, 
and that analytic characterization, 
bridging studies, and reliance on phar-
macokinetic and pharmacodynamic 
data should provide ample support for 
interchangeable insulins.

FDA says it plans additional guid-
ance on data needed on product con-
tainer closure systems and delivery 
device constituent parts to support 
the presentation of a proposed inter-
changeable product. Of interest is how 
a biosimilar or interchangeable deter-
mination may be affected by delivery 
of insulin through a pump or over-the-
counter device. 

So far FDA has not approved any 
biosimilars as interchangeable, but this 
is expected to change with this added 
clarification of regulatory process and 
requirements. The rising price of in-
sulin therapies has become one of the 

most contentious issues in the escalat-
ing drug pricing debate, with Congres-
sional hearings generating multiple leg-
islative proposals on this issue, many 
supporting the development of biosimi-
lar and interchangeable products.  
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Industry practice has changed radically 

over the past five decades. Can laws 

published in the 1960s still ensure 

pharmaceutical quality and safety today?

I
n the pharmaceutical industry, it often 
takes tragedy to lead to the passage of 
important laws. The Food, Drug, and 

Cosmetic (FD&C) Act of 1938, which 
established FDA’s authority over questions 
of drug safety in the United States, was 
passed after more than 100 people in 15 
states died. The victims had ingested the 
first liquid form of sulfanilamide antibi-
otic, dissolved in a toxic—and at that point 
untested—solvent, diethylene glycol (1).

Current good manufacturing prac-
tices (cGMPs)—which set firm require-
ments for the safe manufacturing of fin-
ished drug products, and for plant and 
process design and operation—were 
passed in 1963 to update the FD&C 
Act. They came as a response to deaths 
caused by Winthrop Pharmaceutical’s 
failure to prevent cross-product batch 
contamination. The company had used 
two tableting machines within the same 
room, interchangeably, to manufacture 
antibiotic and anticonvulsant tablets. 
Lax controls led to the release of antibi-
otic tablets that had been contaminated 
by the anticonvulsant at two to three 

times the non-lethal dose; hundreds of 
people died or were hurt after taking the 
contaminated antibiotic (2–4). 

Comprising the US 21 Code of Fed-
eral Regulations (CFR) Parts 210 and 211, 
and 212 for some radiopharmaceuticals, 
cGMPs aim to ensure that pharmaceuti-
cal processes and facilities are designed, 
monitored, and controlled properly, says 
Michael Kopcha, director of the Office of 
Pharmaceutical Quality (OPQ), at FDA’s 
Center for Drug Evaluation and Research 
(CDER). Unlike voluntary guidances and 
best practices, cGMPs are the law and 
must be followed by drug manufacturers. 
Recently, FDA has extended cGMPs into 
dietary supplements and compounding. 

Updates via guidance
FDA last formally revised pharma
ceutical cGMPs in 1977; since that time, 
the agency has published new guidance 
documents  meant to improve manufac-
turers’ approaches to risk assessment and 
process understanding and control, with 
the 21st Century cGMPs (5) and process 
analytical technologies (6) guidances in 

2004, and the revised process validation 
guidance (7) in 2011. 

The industry has undergone radical 
changes, however, since 1977. Instead of 
focusing on large-volume “blockbuster” 
drug markets, pharmaceutical manufac-
turers now juggle larger product portfo-
lios with smaller, globally diverse mar-
kets. In addition, they source most APIs 
from India and China, and outsource 
more strategic operations to contract 
research organizations (CROs) and con-
tract development and manufacturing 
organizations (CDMOs). 

At the same time, the industry has 
become far more complex with the 
growth of biopharmaceuticals, the shift 
from branded to generic pharmaceuti-
cals, and the move to biosimilars and 
personalized medicine. “When cGMP 
came into effect, pharma companies 
were vertically integrated,” says Hedley 
Rees, managing consultant of Pharma-
Flow Ltd., based in the United Kingdom. 

“Quality systems were under the owner-
ship of the companies developing and 
manufacturing the products, with a 
shared set of standard operating proce-
dures and business objectives. The peo-
ple working in the pharma companies 
all had skin in the game; they shared 
the pain and the rewards in the jour-
ney to regulatory approval,” he adds. 
The past four decades have seen supply 

Is it Time to 
Update cGMPs?

Agnes Shanley

FOR PERSONAL, NON-COMMERCIAL USE

www.pharmtech.com


Barricade

At Contec, we don’t just make cleanroom products 

– we’ve  transformed the cleanroom industry. We 

don’t just follow best practices, we created them. 

So know that when you clean with Contec, you’re 

not just cleaning – you’re putting up the industry’s 

strongest defense against contaminants. 

FOR PERSONAL, NON-COMMERCIAL USE



18    Pharmaceutical Technology JULY 2019  PharmTech .com

chain complexity increase by an order 
of magnitude, Rees says. 

Keeping up with change
Should cGMPs be revisited and up-
dated, given the fundamental changes 
that have taken place within the indus-
try since they were published? Opin-
ion on the subject is divided. At this 
point, FDA has no plans for any major 
revisions of US cGMPs. “We intend to 
continue modernizing or clarifying the 
regulations as needed to harmonize 
them with other FDA regulations and 
international cGMP standards, and to 
use guidance for industry as a primary 
way of developing and explaining our 
recommendations for complying with 
the statute and regulations,” says FDA’s 
OPQ Director Kopcha. 

However, some within the industry 
believe that cGMPs need an overhaul. 

“The current CGMP regulations clearly 
need updating to ref lect the current 
state of complexity in pharmaceuticals 
materials, processes, products, and 
supply chain,” says Ajaz Hussain, con-
sultant, head of the National Institute 
of Pharmaceutical Technology and 
Education (NIPTE), and formerly head 
of FDA’s Office of Pharmaceutical Sci-
ences at CDER. 

“FDA’s periodic updates have been 
a bit like patches on software or add-
ons to an existing building. It may take 
years, but cGMPs need to be modern-
ized,” says consultant Emil Ciurczak, 
an early adopter of process analyti-
cal technology (PAT) and president of 
DoraMax Consultants.

The task would be herculean, notes 
Hussain. “We have done all that we can 
to avoid having to do the update, with 
guidelines and guidances. That has been 
the entire basis of the 21st century initia-
tive,” he says. 

One challenge is that FDA’s guidance 
documents, whether on PAT or process 
validation, only present suggestions and 
companies can—and often do—bypass 
them, as long as they meet legal product 
quality requirements. Some observers 
ask whether some suggested practices 
might need to become required ones if 
the industry is to develop a more sci-

entific approach to manufacturing and 
quality control. 

Industry observers pinpoint the need 
for more cGMP clarity in: 

• Training and employee’s personal 
development

• Statistics and sampling 
• Process validation.

Organization and personnel
Hussain believes that US 21 CFR 211 
Part 11 Subpart B, which covers require-
ments for organization and personnel, 
should be a high priority target for cGMP 
clarification and updates. He points to 
recent FDA warning letters that refer 
to CFR 211, specifying deficiencies in 
production record review, batch record 
and maintenance data practices, train-
ing, and investigation of batch failures or 
other discrepancies.  

Even though regulators may not ex-
plicitly refer to Subpart B in their cita-
tions, Hussain suggests, companies’ 
failure to follow its requirements is often 
the root cause of many, if not most of the 
cGMP problems that regulators do cite.

“The cGMPs drafted in 1977 had 
called for adequate education, train-
ing, and experience. But when have we 
ever defined what ‘adequate’ means 
for people who work in cGMP, for the 
inspectors at FDA, for the reviewers at 
FDA? We have this fundamental flaw in 
the system,” Hussain says. “So how can 
we expect people who are not qualified 
for their jobs to do anything better? “Our 
attention needs to be focused on being 
objective,” he adds. Hussain sees profes-
sional development as the key to develop-
ing the type of managers needed to instill 
a “culture of quality” within the industry.

Inadequate management training and 
development may also have implications 
for the industry’s use of technology, says 
consultant Gary Ritchie. He uses digital 
records as an example. Like paper-based 
records, digital records are subject to the 
predicate rule; they must be retained for 
a set period of time after the drug expires. 
But digital records offer an immediate 
transparency that paper does not. “In 
some cases, companies are afraid to be 
stuck with electronic records that actu-
ally show how management made deci-

sions when they processed something. 
You cannot erase the record,” he notes.

“The reality is that people are still 
working on paper in the 21st century 
digital world, because it is more flexible,” 
says Ritchie. “FDA has suggested that, 
in the future, it may not allow hybrid 
(i.e., paper-on-glass) systems, but until 
the science of manufacturing evolves, 
change won’t take place,” he says. “FDA 
wants to hold up as an example those 
companies that have moved to digital 
records, but there are still so many more 
facilities that use paper and whose prac-
tices remain stuck in the 1900s.”

Process validation practices
Another area where cGMPs could be 
shored up, observers say, is in process 
validation and delineating the expecta-
tion of statistically valid sampling and 
statistical process control. “That was 
the stated principle behind FDA’s process 
validation guidance in 2011,” says Hus-
sain.  As he notes, only a handful of Big 
Pharma companies appear to be using 
modern process validation principles 
correctly. “The rest are struggling, and 
haven’t even begun to use the concept for 
new, let alone legacy, products,” he says. 

One problem pointed out by FDA 
compliance officer Grace McNally in a 
2011 presentation is a failure to use the 
best statistical methods and validation 
principles. As she noted, “At times, com-
pendial standards take on the character of 
statistical procedures … but, in all cases, 
statements about whether the compen-
dial standard is met apply only to the 
units being tested”(8). Optimal produc-
tion calls for meaningful in-process tests 
and for a statistically significant number 
of tests based on batch size of final dosage 
forms, Ciurczak says; companies may be 
following traditional practices, yet failing 
to meet the requirements set by cGMPs. 

“Let’s say that a company tests 20 tablets 
out of two million. Even someone without 
a math background knows that’s not sta-
tistically significant,” Ciurczak says.  He 
uses military standards as a contrasting 
example. “If you are manufacturing more 
than a half million units, the US Depart-
ment of Defense says that you must run 
25,000 tests. If a pharma company had to 
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run 25,000 HPLC [high-performance liq-
uid chromatography] tests, it would cost 
way too much and it wouldn’t show what 
was happening in the other 1.75 million.” 
Finally, there are the tests themselves, and 
whether they make sense given today’s 
manufacturing realities. “Friability and 
disintegration tests are not meaningful, 
and they are simply not timely anymore,” 
says Ciurczak. “They may have been 
timely when you had a single-punch 
machine that was putting out 100 tablets 
an hour. They are not timely when you 
have a 36- or 40-punch machine that is 
putting out 100,000 or 200,000 tablets an 
hour,” he says.

Getting past the three-batch rule
FDA’s 2011 process validation guidance 
was supposed to mean the end of the 

“three batch” rule for product release 
but that concept is still alive and well at 
many companies, and sampling is still 
being handled in a rather primitive way 
at some facilities, says Ciurczak. 

The problem with adherence to this 
practice is the fact that “any time you take 
selective samples, you’re guessing,” Ciur-
czak explains. If one could place hidden 
cameras in many oral solid-dosage form 
facilities today, he says, one might often 
see operators taking material from the top 
of the last drum, scooping it out and call-
ing it representative of the entire last batch, 
instead of sampling every drum at differ-
ent levels using different sample thieves. 

One obvious solution would be to use 
PAT, but many manufacturers still aren’t, 
Ciurczak says. “With PAT, you have in-
process tests and the potential of 100% 
analysis. There are online options that 
can automatically examine 100,000 
tablets an hour, and there is zero excuse 
for not using them.”Ciurczak also sees 
a need for cGMPs to specify better cali-
bration methods. “GMPs are based on 
1950s technology, and they don’t stress 
raw material quality enough,” he says, at 
a time when most materials are being 
sourced from regions where regulatory 
practices are still evolving. For instance, 
cGMP practice still accepts the use of 
compendial testing, even though some 
older United States Pharmacopeia (USP) 
tests have proven to be fallible, as was 

seen during the heparin recall of 2007. 
“Spot and color tests for heavy metals 
might have been okay when pharmacists 
were making things in their back rooms 
and selling them locally, but now you’re 
sourcing materials from halfway across 
the world and the identity tests won’t 
show whether they are even useable,” 
says Ciurczak.

The biggest problem with cGMPs, Ci-
urczak says, is that they are “one size fits 
all.” FDA, however, cannot mandate the 
approaches that companies use to meet 
requirements. “Measurements, process 
release, and in-process measurements 
are not mandatory. PAT methods may 
reduce variability in commercial product, 
but how the manufacturer achieves re-
quired targets is up to them,” says Ritchie. 
However, he notes, when something 
tragic happens, it’s usually lawyers who 
point out that management knew that 
other options were available but chose 
not to use them. This may prove to be 
grounds for future liability and accusa-
tions of negligence, he suggests.

Structural change needed
Some believe the problem is much big-
ger than cGMPs alone, and requires that 
drug development and manufacturing, 
and the chemistry, manufacturing, and 
controls, and manufacturing functions 
become more closely connected. “These 
companies placed the end user of their 
products at the center and developed a 
value chain to deliver on their needs in 
terms of value for money. They achieved 
incredible improvements in quality by 
placing the responsibility for defects on 
the production operators, rather than a 
‘quality function.’ The production op-
erators were given the tools of statistical 
process control and they used them to 
great effect, achieving six-sigma quality 
levels (i.e., 3.4 defects per million oppor-
tunities),” he says. Amgen is one of a few 
biopharmaceutical and pharmaceutical 
manufacturers that has achieved this 
level of quality. 

At the same time, Rees explains, for-
ward-thinking manufacturers in other 
industries began to design for manufac-
ture, as opposed to throwing processes 

“over the wall.” They adopted a collabora-

tive approach, he says, in which design 
and production departments worked 
together to achieve the crucial balance 
between innovation and production 
feasibility and economics. “The results 
were transformational,” says Rees, who 
has commented on some of these issues 
in his new book, Taming the Big Pharma 
Monster, published in May 2019 (9). Rees 
sees the answer as going back to a simpler 
time, and to vertical integration. But one 
might ask: How can decades of industry 
change be reversed? For now, it remains 
to be seen if and how regulators will ad-
dress the need to clarify industry’s inter-
pretation of cGMPs. Hussain suggests 
breaking the problem down into smaller 
bites. “The cGMPs for nutritional sup-
plements, compounding, and tobacco 
are still evolving. Perhaps the first order 
of business is to bring some sanity to the 
definition of adequate education, train-
ing, and experience, since the entire sys-
tem rests on this foundation,” he says. 
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API Synthesis & Manufacturing

M
any of the drug substances 
under development today pose 
formulation challenges, from 

poor solubility and bioavailability to 
limited stability under physiological 
conditions. The application of nano-
technology in formulation develop-
ment has the potential to address many 
of these issues, while also enabling tar-
geted delivery to reduce off-target ef-
fects. Nanoparticles have the advantage 
of allowing chemical modifications, 
such as addition of ligands to target 
cell receptors and surface coatings 
(e.g., PEGylation) to prevent recogni-
tion by the body’s immune system, al-
lowing them to carry drug compounds 
to the site of the disease without being 
captured and eliminated. The result: 
rapid development of the emerging 
field of nanomedicine. 

Indeed, the value of the global mar-
ket for nanopharmaceutical drugs is 
estimated by market research firm 
BIS Research to be expanding at a 

compound annual growth rate of 8.1% 
and predicted to reach $79.3 billion by 
2026 (1). Polymer and liposome drug 
carrier systems are the two sub-seg-
ments driving this growth. 

Multiple areas of research
Pharmaceutical companies are always 
looking for opportunities to improve 
medicines for patients. Applying the 
use of nanoformulations to existing 
drugs based on previous learnings 
is one avenue for leveraging nano-
technology, but Pfizer is focused on 
developing nanoformulations and 
nanotechnology solutions that will 
ultimately enable the next generation 
of nanotherapeutics to be brought to 
cancer and other patients, according 
to Young-Ho Song, a research fellow 
at Pfizer Oncology. “We complete this 
work as early as the discovery phase 
in collaboration with our medicinal 
chemistry colleagues,” she notes.

Nanomedicine research is focused in 
two main areas, agrees Stephan T. Stern, 
acting deputy director of the Nanotech-
nology Characterization Lab, which is G
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Nanotechnology is enabling enhanced 

bioavailability, improved stability, 

and targeted delivery of challenging APIs.

part of the Frederick National Labora-
tory for Cancer Research. One area in-
volves reformulation of existing drugs or 
drug combinations to decrease toxicity 
and/or increase efficacy, or to develop 
competing formulations of existing 
marketed products (e.g., nanosimilars). 
The second research area involves the 
formulation of novel drugs, such as 
difficult-to-formulate new chemical 
entities, oligonucleotides, and vaccines. 

“Most pharmaceutical companies have 
nanotechnology formulation research 
groups that are involved in resurrecting 
drugs that are failing due to toxicity/ef-
ficacy/formulation issues,” he adds. 

Parenteral and oral dosage forms
The most common dosage forms of 
nanomedicines on the market are intra-
venous liposomes (e.g., Doxil [Janssen], 
Onivyde [Ipsen Biopharm], Vyxeos 
[Jazz Pharmaceuticals]), intravenous 
polymerics (e.g., Genexol [Samyang Bi-
opharm]), intravenous nanoemulsions 
(e.g., Diprivan, Intralipid), and oral 
nanocrystals (e.g., Rapamune [Pfizer], 
Tricor [AbbVie]), according to Stern. 
Generally, he observes that the formu-
lation type is first chosen based on API 
liabilities. “The issue may be solubility, 
toxicity to off-target tissues, rapid me-
tabolism, or poor distribution to target 
tissues. Once the liability is recognized, 
a series of formulations that could over-
come the liability are identified and the 
optimum formulation and preparation 
method are chosen based on chemical 
compatibility of the API,” says Stern.

Many preparation methods
Choice of appropriate formulation type 
is dictated by the properties of the API. 

“Certain APIs are better suited to cer-
tain formulation, due to loading ef-
ficiency and stability,” Stern explains. 

“Amphiphilic weakly basic/acidic 
drugs, for instance, are suitable for ac-
tive loading of nanoliposomes, while 
highly hydrophobic drugs are better 
suited to nanoemulsions, polymeric 
nanoparticles, and micelles,” he says. 
High-temperature techniques, such as 
microfluidizer homogenizing, are not 
ideal for thermally labile APIs.

Cynthia A. Challener is a contributing 

editor at Pharmaceutical Technology.

Facilitating API Delivery
with Nanoscale Solutions
Cynthia A. Challener
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The formulation type will then de-
termine the formulation method. Li-
posomes and emulsions are produced 
by solvent evaporation or thin-film hy-
dration followed by extrusion/homog-
enization (microfluidizer), according 
to Stern. Polymeric nanoparticles and 
micelle formulations are generated 
by solvent evaporation, single/double 
emulsion, or precipitation techniques. 
Nanocrystals are generated by top-
down techniques, such as milling and 
homogenization. Stern notes that bot-
tom-up techniques (i.e., precipitation) 
are not currently used in the manufac-
ture of nanocrystalline APIs.

Pfizer’s nanopolymer approach
Pfizer has been working with biodegrad-
able polymeric nanoparticles for drug 
delivery. The most widely used processes 
for the production of these nanoparticles 
are nanoemulsion, in which the organic 
phase consists of water-immiscible sol-
vents such as ethyl acetate or dichlo-
romethane, and nanoprecipitation, in 
which the organic polymer-drug solution 
contains water-miscible solvents such as 
dimethyl sulfoxide, tetrahydrofuran, or 
acetonitrile, according to Song. 

The polymeric nanoparticles devel-
oped by Pfizer are based on a biode-
gradable polyester polymer commonly 
used in dissolving stitches. Loaded 
nanoparticles are prepared by dissolv-
ing the polyester polymer, API, sol-
vents, and excipients in an oil to form 
an emulsion. Thousands of pounds of 
pressure are applied to the emulsion, 
leading to the formation of nanosized 
droplets. The solvents are removed, 
and the droplets are hardened into 
polymeric nanoparticles encasing up 
to 10,000 API molecules. The surfaces 
of the nanoparticles are modified with 
antibodies that will bind to a specific 
cell type, such as a specific tumor cell. 
Once bound, the drug will diffuse out 
from the nanoparticles, slowly releas-
ing and accumulating the API at the 
desirable target sites. 

To date, the Pfizer researchers have 
investigated the application of their na-
nopolymeric technology for the devel-
opment of drugs to treat various can-

cers and cardiovascular, inflammatory, 
and infectious diseases. “Our state-of-
the-art nanoemulsion process and for-
mulation approach have expanded the 
chemical space of compounds that can 
be formulated into our nanoformula-
tions,” Song asserts.

Overcoming challenges
Despite their advantages, nanomedi-
cines do face several challenges, in-
cluding the lack of predictive preclini-
cal models for safety/efficacy, problems 
with scale up, and an uncertain regu-
latory path, according to Stern. Song 
agrees that there are multiple hurdles 
that must be overcome before nano-
medicines can become commercial 
products. “An individual’s perspective 
often determines what is the biggest 
challenge, and each medicine can pres-
ent its own set of challenges. It takes 
a team effort, from discovery through 
approval, to address each challenge as 
it is presented,” she observes.

Advances in technology are helping, 
too. “Recent advances in nanodelivery 
formulation around oligonucleotides 
(siRNA, mRNA, and genetic materials) 
using lipid nanoparticle (LNP) nano-
systems are breakthrough technolo-
gies,” according to Song. “These new 
approaches can help to convert a very 
difficult drug formulation challenge ul-
timately into a drug product,” she states.

Stern points to a gradual refinement 
in established platforms regarding im-
proved stability, safety, and delivery as 
important evolutionary advances in 
nanomedicine. One example he high-
lights is the approval of Onpattro, a 
treatment of transthyretin-mediated 
amyloidosis and the first gene-delivery 
nanoliposome, which has been decades 
in the making. “With market approv-
als like this one, more venture funding 
will f low into nanotech, allowing for 
more research and advancement in the 
field,” Stern asserts.

Another way these challenges are 
being overcome, says Stern, is through 
the participation of contract research, 
development, and manufacturing organi-
zations that are developing and expand-
ing specialized capabilities at the lab to 

commercial scale and can assist with the 
scaleup of complex drug formulations. 
He also notes that as more nanomedi-
cines reach the clinic and eventually the 
marketplace, a better understanding of 
which preclinical studies are useful and 
important is being realized. In addi-
tion, FDA and the European Medicines 
Agency are in the process of streamlin-
ing the regulatory approval process for 
complex drugs, including their generic/
follow-on versions, which should expe-
dite future development.

Shift in focus to 
next-generation therapies
The future for nanomedicines certainly 
appears to be exciting. “Complex drug 
formulation will always have a place 
in modern drug development for the 
simple reason that new drugs and drug 
classes are getting ever more difficult 
to deliver as a result of poor stability, 
solubility, and permeability,” Stern ob-
serves. There will still be reformulation 
and repurposing of existing drugs as 
nanoformulations, but Song agrees 
that research will move toward a focus 
on developing new drugs in nanofor-
mulations starting from the early drug 
discovery phase.

Research in nanomedicine has, ac-
cording to Stern, already begun shift-
ing toward the use of nanoformula-
tion for immunomodulatory drugs 
and gene therapies. “Nanotech is well 
suited to overcoming the lack of selec-
tivity and poor delivery, respectively, of 
immunotherapies and oligonucleotide-
based drugs,” he says. One example is 
the use of gold nanoparticles rather 
than an inactivated virus to deliver 
clustered regularly interspaced short 
palindromic repeats (CRISPR) gene-
editing tools to cells (2). 
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A
ccording to market forecasts, the 
global oral solid-dosage (OSD) 
pharmaceutical formulation mar-

ket is anticipated to grow by a com-
pound annual rate of 6.5%, reaching 
a little less than US$930 billion by the 
end of 2027 (1). This growth rate stands 
to reason, as solid dosage forms remain 
the most popular and commonly used 
drug form within the industry.

“OSD forms, such as tablets and 
powder-filled capsules, are the most 
popular in the industry,” says Ronak 
Savla, global scientific affairs manager 
at Catalent. “These drug forms are 
cost-effective, scalable, and accept-
able to patients. However, the manu-
facture of OSD forms is becoming less 
straightforward than API-excipient 
blends compressed into tablets or filled 
in capsules.”

Several trends are driving change
Over the past decade, Savla notes that 
there has been a steady increase in the 
number of drugs formulated as solid 
dispersions, driven by technology ad-
vances and the increasing number of 
poorly soluble drug candidates. 

Concurring with Savla, Krizia 
Karry, global technical marketing 
manager at BASF Pharma Solutions, 
specifies that technological advances 
enabling the ability to manufacture 
OSD forms of poorly water-soluble 
drugs is one of three major trends 
impacting the industry. “Technolo-
gies such as hot-melt extrusion and 
spray drying, which allow for the 
drug to be solubilized in a polymeric 
carrier and subsequently formulated 
into a tablet , have seen growth,” 
she says.

In Karry’s opinion, approaches 
to improve patient compliance and 
continuous manufacturing have 
been two further trends in the field 
of OSD formulation. “It is no secret 
that a large percent of the population 
has difficulty swallowing tablets and 
capsules. As a consequence, formula-
tions such as oral dispersible tablets 
and mini-tablets have expanded the 
ability of patients to take lifesaving 
medications,” she notes.

“Finally, the adoption of continu-
ous manufacturing platforms for 
solid oral dosage forms offers a cost-
competitive advantage by reducing 
overall manufacturing footprint, ac-
celerating drug product development, 
allowing for flexible batch sizes, being 
amenable for real-time release testing, 
and by enabling higher assurance of 
product quality through automated 
control strategies that react to process 
disturbances,” Karry continues. 

Hara ld Stahl, head of appl ica-
tion development at GEA, raises the 
point that the industry is moving 
away from the blockbuster and to-
ward the development of specialized 
drugs that target rare and orphan 
diseases. “Consequential ly, batch 
sizes decrease while at the same time 
prices per dose go up,” he adds. “As 
a result, companies are looking into 
technologies that allow for the neces-
sary development and scale-up activ-
ities while using minimal amounts 
of API—one of the main drivers into 
continuous processing.”

“More than ever before, pharmaceu-
tical companies are taking a holistic 
approach when formulating new drug 
products so that patients are at the cen-
ter of everything they do,” says Jessica 
Mueller-Albers, strategic marketing di-
rector for oral drug delivery solutions at 
Evonik. “This has strengthened demand 
for solutions that can improve rates of 
patient compliance and brand preference, 
such as the development of pediatric or 
geriatric dosage forms, as well as coatings 
that enhance swallowability.”

Furthermore, Bruhalkumar Shah, 
senior formulation scientist at Cam-
brex highlights that outsourcing of 
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pharmaceutical development and/or 
manufacturing to various contract or-
ganizations has also been rising. This 
is a result of an increase in merger 
and acquisition activity, pharmaceu-
tical company downsizing, and the 
emergence of virtual companies, he 
explains.

“ E a c h  o f  t h e  s e c t o r  t r e n d s , 
however, require excipients that are 
‘fit-for-purpose’ to overcome the vari-
ous challenging tasks that face formu-
lators of OSD drugs,” stresses Karry. 

Key considerations 
for excipient selection

“Careful consideration must be taken 
in the selection of any functional or 
non-functional excipient as it greatly 
impacts the quality and efficacy of the 
finished product,” says Shah. “Special 
attention should be given to func-
tional excipients, which can directly 
impact the stability of the product 
or can change pharmacokinetic per-
formance, such as with controlled or 
modified-release products.” 

Excipients are rarely now just bulk-
ing agents, asserts Savla. “Rather, such 
agents are increasingly used to serve 
an additional function, such as im-
proving solubility. It is highly likely 
that multiple excipients, each serving 
a different function, are required,” he 
notes. “Polymers used in amorphous 
solid dispersions retard recrystalliza-
tion of amorphous drug molecules. 
Understanding the functionality, sta-
bility, and API interactions of the ex-
cipients is paramount.” 

Karry adds that of primary im-
portance is an understanding of API 
properties and solubility in common 
solvents. “From there, formulation 
screening methods vary depending 
on whether the excipient helps solu-
bilize the drug (e.g., by complexation 
or solid solution systems where the 
API is solubilized in a polymeric car-
rier) and pharmacokinetic consider-
ations such as the rate of administra-
tion (instant or modified release), and 
preferred site of drug absorption (pH 
dependent solubility),” she says. Fur-
ther considerations are then made on 

a case-by-case basis but may include 
processing aids (glidants and lubri-
cants), drug abuse deterrents, taste-
masking or moisture protection coat-
ings, and antioxidants to protect the 
API from oxidation reactions, among 
others, Karry states.

The first step is certainly screen-
ing of API compatibility, specifically, 
chemical and physical stability in a 
panel of common excipients used in 
regulatory-approved products, agrees 
Savla. “The goal of compatibility 

screening is to minimize risks, costs, 
and formulation development time,” 
he explains. “Some key areas of focus 
are keeping the drug in an amor-
phous state (for amorphous solid dis-
persions), change in polymorphism, 
and chemical degradation. Based on 
these results, formulation prototype 
development with other ingredients 
(binders, fillers, disintegrants etc.) is 
undertaken. For hot-melt extrusion, 
the miscibility of API and polymer is 
important, as is the melting tempera-
ture of the polymer.”

Then, it is vital to consider the 
amount of excipient in the formula-
tion, as this should be kept under the 
maximum allowable potency per dose. 

“For pediatric patients, the number of 
allowable excipients is rather limited,” 
Savla continues. “An adult formula-
tion may not be acceptable for pe-
diatric use by regulatory authorities 
based on the components. Therefore, 
the formulator is challenged with de-
signing a different formulation while 
maintaining safety and efficacy.”

If using large amounts of excipi-
ents in a dosage form, there may be 
a requirement to have a larger dosage 

unit or for the patient to take multiple 
doses to achieve the correct dosage of 
API, which can lead to swallowability 
and adherence issues. “The formula-
tor must study the drug loading when 
choosing polymers for amorphous 
dispersions. Simply choosing the for-
mulation with the highest drug load is 
not recommended, as high drug load-
ing may lead to a higher propensity 
for recrystallization in an amorphous 
solid dispersion,” Savla stresses.

“The growing complexity of drug 
products has increased demand for 
specialized excipients and other deliv-
ery technologies that can facilitate the 
targeted release of the API at the right 
place over the right duration,” empha-
sizes Mueller-Albers. The crucial role 
these agents play in the properties and 
performance of the final drug product 
has meant that regulatory authorities 
have scrutinized the functionality and 
quality of excipients closely over the 
past decade.

“As a result of this scrutiny, phar-
maceutical companies have been 
prompted to take a science- and risk-
based approach towards the selection 
of excipients that are widely accepted 
across all key worldwide markets,” 
Mueller-Albers adds. Without the ap-
propriate attention to excipient qual-
ity, companies may be taking signifi-
cant risks to drug development and 
could end up with production down-
time and supply shortages, she warns.

Important advancements
“As mentioned earlier, industry has 
been witnessing a shift away from 
the blockbuster style drug product 
and, as such, is seeing volumes of 
manufacturing decrease,” says Stahl. 

“Therefore, several companies have 
been focusing on a direct compres-
sion method, which negates the need 
for the wet granulation step, while 
also increasing the requirements on 
the physical characteristics of APIs as 
well as the excipients.”

Successful application of the direct 
compression method requires a criti-
cal selection of excipients, to ensure 
good f lowability and compressibility. 
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“Powder flow is an extremely important 
property for processes such as tablet-
ing and capsule filling, and therefore, 
excipients that can improve powder 
f low for ‘difficult’ powder blends are 
of interest to formulators,” emphasizes 
Savla. “These can be excipient grades 
with a particular particle-size and 
shape to provide good flow properties, 
or co-processed materials (e.g., silici-
fied microcrystalline cellulose), which 
offer similar advantages.”

Co-processed materials are now 
more widely available and offer formu-
lators a single, multi-functional excipi-
ent option, which helps to reduce de-
velopment time and cost, particularly 
in early development phases, Savla 
explains. “Further, easy-to-prepare 
products, such as preformulated coat-
ing preparations for tablets are now 
freely available and can also cut down 
on processing time.”

As the drug development process it-
self becomes more complex, excipient 
suppliers are required to follow the 
various industry trends and innovate, 
confirms Shah. “Important advances 
have been seen specifically when de-
veloping novel drug delivery systems,” 
he says. 

Giving some examples, Shah high-
lights that excipient advances have 
been seen as a result of industry trends 
towards immediate and controlled 
dosage forms, specialized delivery 
systems for poorly soluble molecules, 
and nanotechnology. “So, co-pro-
cessed excipients and the development 
of new grades of existing excipients 
have helped with immediate and con-
trolled-release dosage forms,” he adds. 

“Then for specialized delivery systems, 
cyclodextrins, mesoporous silica, new 
polymers to inhibit crystallization, and 
copolymer dispersions for taste-mask-
ing have been introduced. In terms of 
nanotechnology, the sector has seen 
the use of PEGylated derivatives and 
drug targeting moieties for stabiliza-
tion and specificity, respectively.” 

However, Karry states that inno-
vation has remained relatively slow. 

“Naturally, it is a significant gamble for 
pharmaceutical companies to utilize 

novel or innovative excipients in for-
mulations, largely due to the increased 
risk on the drug filing,” she says. “Nev-
ertheless, innovation for excipients 
continues.”

As the drug 

development 

process itself 

becomes more 

complex, excipient 

suppliers are 

required to 

follow the various 

industry trends 

and innovate.

Still unmet market needs
“Even though there are a number of 
excipient options available today with 
a strong history of safety and perfor-
mance, there are still unmet market 
needs when it comes to functionality,” 
notes Mueller-Albers. “As one example, 
despite several companies seeking to 
develop new permeation-enhancing 
solutions, there is still a clear need for 
additional excipient offerings or drug 
delivery technologies that can better 
address poor permeability. Likewise, 
despite the use of solid dispersions to 
help address poor solubility, we are still 
seeking specialized solutions that can 
tackle the bioavailability constraints of 
certain new drug entities.”

In Savla’s opinion, despite growth 
in the number of acceptable excipi-
ents available to help with solubility 
enhancement, it remains one of the 
main issues for formulators. “There 
continues to be a need for new excipi-
ents that can help overcome the chal-
lenges offered by chemically diverse 
compounds,” he explains. “The limited 
number of polymers used in amor-
phous solid dispersions is not adequate 

to cover the wide chemical diversity of 
drug molecules.”

Additionally, Savla believes that 
there is a great unmet need in the num-
ber of pediatric-appropriate excipients 
that are considered to be acceptable by 
regulatory authorities. “The develop-
ment of pediatric medicines has be-
come of key importance within the 
pharmaceutical industry as developers 
are increasingly required to conduct 
clinical studies in pediatric popula-
tions with appropriate formulations 
first, before going on to get regula-
tory approval for adult formulations,” 
he states.

Slow progress in 
oral delivery of biologics
It is generally known that oral ad-
ministration of biopharmaceutical 
products has been limited and prog-
ress within the field slow. “Most mac-
romolecules are still formulated into 
parenterals and applied subcutane-
ously or intravenously,” notes Karry. 

“While clearly, oral delivery of these 
would improve patient compliance 
and avoid injection-related injuries 
and illnesses, the stability of large 
therapeutic molecules in the gastro-
intestinal (GI) tract remains a signifi-
cant challenge, mainly due to the in-
ability to protect therapeutic proteins 
from the body.”

Although many attempts have been 
made to develop oral versions of bio-
pharmaceuticals, such as insulin, the 
enzymatic and chemical degradation 
pathways in the GI tract are too prob-
lematic, confirms Shah. “However, de-
livering biopharmaceutical products 
orally remains the holy grail for this 
molecule class, and there are advances 
being made in nanoparticle drug de-
livery systems and advanced manu-
facturing technologies coming to the 
fore. So, more progress is expected in 
this area,” he says.

Mueller-Albers concurs there has 
been a strong demand within the 
industry for excipients that can reli-
ably control transit of biologic drug 
products through the GI tract. “There 
are many promising examples in the 
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literature and in the start-up commu-
nity to keep an eye on,” adds Karry.

The foreseeable future
“Oral solids are likely to remain the 
dominant dosage form within the 
pharmaceutical market for the fore-
seeable future,” confirms Mueller-
Albers. “Above all, we expect tablets 
and capsules will continue to remain 
popular for use across the entire spec-
trum of drug candidates due to cost-
effectiveness, stability, and strong 
rates of patient compliance. However, 
OSD forms will continue to become 
more complex and personalized.”

For Shah, the drug pipeline will 
cont inue to be hea lthy, with in-
creasing numbers of small-molecule 
drugs being launched in the OSD 
sector, which is st i l l  considered 
to be the backbone of a l l  medi-
cines. “While OSD forms continue 
to remain an important part of the 

pharmaceutical industry, there is a 
continual drive to develop new drug 
delivery technologies, such as the 
use of nanotechnology for example,” 
he says. “On a manufacturing front, 
there seems to be a trend toward the 
application of continuous manufac-
turing technologies, improving pro-
cesses for complex drug products, 
and introducing manufacturing 
technology for individualized and 
on-demand drug products.”

Spray-dried dispersions have been 
‘on point’ for many drug developers 
in recent times, according to Savla, 
who believes this trend will likely 
continue. “There is a significant per-
centage of poorly soluble molecules 
whose sub-optimal solubility is not 
adequately addressed by current 
technologies or excipients,” he as-
serts. “This unmet need will require 
advancements in novel excipients or 
polymers, and novel technologies.”

Karry adds that cost-competitive 
manufacturing, increased use of 
functional coatings, dosage forms 
amenable for pediatric applications, 
and drug products with more than 
one API are all trends that have been 
identified and are anticipated in the 
future of global OSD forms. Adding 
to this list, Mueller-Albers and Shah 
raise the point that stronger collab-
oration between pharma and non-
profit organizations or academia is 
benef it ing drug development ad-
vancement and so should continue 
to be a promising trend.
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election of a sterilization strategy 
for a drug product that requires 
aseptic manufacturing is gener-

ally determined by the stability of the 
drug substance. For stable products, 
terminal sterilization, including heat 
sterilization or exposure to radiation 
or chemicals such as ethylene oxide 
or vaporous hydrogen peroxide, is the 
preferred strategy. These methods are 
advantageous because the processes 
can be monitored and validated and 
they tend to be less prone to error.

Most biologic drug substances, 
however, are unstable when exposed 
to heat, radiation, or chemicals and 
generally require aseptic manufactur-
ing using sterile filtration. Successful 
sterile filtration requires a drug prod-
uct formulation with an appropriate 

viscosity and compatibility with the 
contact surfaces and shear stresses 
involved in pumping the fluid. Single-
use technology is widely used in sterile 
fill/finish operations today, reducing 
the turnover time and cross-contam-
ination risk.

Formulation factors
The main factors that must be consid-
ered from the outset when developing 
formulations for biologic drug sub-
stances that require sterile filtration 
include, according to Yunsong (Frank) 
Li, director of process development 
at Catalent Biologics, the product’s 
chemical and physical stability under 
various stress conditions (e.g., ther-
mal, mechanical, photostability) dur-
ing product manufacturing, storage, 
shipping, and administration; compat-
ibility with the materials used during 
sterile fill/finish processing; and com-

patibility with the final container clo-
sure system and administration device.

Factors related specifically to sterile 
filtration that can impact the final for-
mulation include the contact surfaces, 
shear forces involved, and the potential 
to induce aggregation or particle for-
mation, notes Margaret Faul, vice-pres-
ident of drug product for Amgen. The 
method used to sterilize the fill/fin-
ish equipment or primary packaging 
must also be considered because any 
residual chemicals may interact with 
the biologic. For instance, antibodies 
containing methionine residues in the 
related binding regions of an antibody 
can become ineffective (lose efficacy) if 
(accidentally) oxidized (e.g., by vapor-
ous hydrogen peroxide during manu-
facture), according to Hanns-Christian 
Mahler, head of drug product services 
at Lonza Pharma & Biotech.

In addition, Faul observes that the 
concentrations of excipients or the bio-
logic drug substance may be reduced 
by the filter. “The material of construc-
tion may affect material loss, while the 
filter system design may affect the flow 
properties, and the size may affect the 
overall process throughput,” she ex-
plains.

To address these issues, certain ex-
cipients may be added to minimize 
process loss to the filter, negative in-
teractions between the biologic and the 
filter, or residual sterilization chemi-
cals that might lead to particle forma-
tion, aggregation, or decreased rates of 
filtration, according to Faul.

To ensure that sterile filtration will 
be effective and that contaminants are 
excluded, it is therefore necessary to 
test the process for each batch, adds 
Andrew Bulpin, head of process solu-
tions at MilliporeSigma. “The adsorp-
tion of components of the final formu-
lations and the biologic drug substance 
to the sterile filter must be analyzed to 
ensure that the formulation and final 
concentrations remain within the de-
sired values,” he says.

In addition, Bulpin notes that be-
cause biologic drug substances may 
be sensitive to shear stress, the mixing 
and pumping during formulation must 
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be gentle to prevent aggregation and/or conformational 
changes of the biologic. Fill/finish processes must also be 
performed under controlled temperature conditions to 
avoid thermal degradation. Many biologics are in fact ly-
ophilized during final fill due to their thermal instability.

“In general,” concludes Mahler, product development 
should carefully consider the intended method of manu-
facturing. Less obvious and less regulated, but equally 
important, is evaluation of whether each critical process 
unit operation (process step) of the manufacturing process 
within and beyond normal operating parameters would im-
pact critical quality attributes.

As an example, Mahler points to the type of filling pump 
chosen, which is not only relevant from a good manufac-
turing practice and fill precision perspective but can also 
significantly and adversely impact product quality by caus-
ing aggregation and/or precipitation when operating within 
or beyond its parameters. He also observes that the choice 
of disposable tubing, filters, and primary packaging com-
ponents, as well as the capping and 100% visual inspection 
processes, also play a significant role in impacting product 
quality and yield.

Single-use technologies
There are significant advantages with single-use technology 
in both drug substance and drug product manufacturing. 

“Its use eliminates the cleaning step, which saves time with 
batch turn-over, saves costs in facility construction, and im-
proves the process flexibility,” states Li. Using sterile, dispos-
able materials also mitigates the risk of microbial ingress 
during processing, according to Christy Eatmon, SME for 
sterile drug products at Thermo Fisher Scientific. “Using 
disposable technologies makes it possible to complete sterile 
connections in a non-sterile compounding area. The prod-
uct can be almost completely processed using closed systems 
for product flow from a manufacturing area to the aseptic 
filling core,” she comments.

Li stresses, though, that with disposable systems, it is also 
necessary to understand and ensure compatibility between 
the single-use materials employed and the final drug prod-
uct as part of the formulation development efforts. “It is nec-
essary to ensure that there are no adverse impacts, such as 
aggregation, denaturation, or adsorption to the product by 
the materials used in the process. The extractable and leach-
able profile also needs to be fully understood to ensure that 
it is compatible with the product formulation,” he explains.

Other issues to consider with the application of single-
use  technologies during sterile fill/finish operations include 
particle shedding, permeation of water or oxygen out of or 
into the product (possibly leading to degradation), or loss of 
critical excipients such as polysorbate or preservatives, ac-
cording to Mahler. “The latter components have been shown 
to possibly be adsorbed or be able to permeate across dispos-
ables, with the potential to lead to significant quality issues 
in the final product,” he remarks.

Therefore, while there are time savings during produc-
tion, Faul observes that the advent of single-use technology 
for sterile fill/finish has impacted the formulation develop-
ment process by increasing the need to assess and prevent 
degradations due to interactions with the contact surfaces 
of the disposable systems.

Concentration 
and viscosity challenges
Generally, many biologic drugs require high doses for in-
jection via the subcutaneous route of administration, with 
the volume of injection typically less than two milliliters. 

“This delivery method requires the formulation to be at a 
very high concentration, and it becomes highly viscous, pos-
ing difficulties in both manufacturing and administration,” 
notes Li. Due to the need of high protein concentrations in 
many biologic formulations, high viscosities still pose dif-
ficulties during sterile fill/finish, adds Bulpin.

Different approaches are under development to address 
this issue. Viscosity reduction in high-concentration solu-
tions can be achieved through the modification of the for-
mulation, Bulpin notes. One potential solution, according 
to Faul, is the use of excipients to reduce viscosity. The ex-
cipients can bind to certain regions of a protein to reduce 
viscosity and enable delivery of high-concentration formula-
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tions. “The method of interaction can 
be determined using various analytical 
methods to support understanding of 
the binding interactions in formulation 
development,” she comments. How-
ever, according to Li, currently there 
is no general strategy for using these 
excipients, and their application must 
be explored on a case-by-case basis.

Conducting fill/finish processes at 
higher temperatures is also being in-
vestigated, according to Faul. This ap-
proach is, of course, only relevant for 
more thermally stable biologic drug 
products.

An alternative strategy, according to 
Bulpin, involves enablement of lower 
protein concentrations using advanced 
biologic administration technologies 
that allow for higher volumes during 
administration.

Manufacturability issues
One of the biggest challenges faced 
when formulating biologic drug sub-
stances is trying to improve the sta-
bility of the molecules to achieve the 
target shelf-life of the product. “For-
mulation studies can only stabilize 
the target molecule to a limited extent. 
While there are many new excipients 
and approaches being attempted today, 
the molecule’s structure itself still plays 
a critical role in determining the mo-
lecular stability,” says Li.

The best way to address this issue 
is to conduct developability/manu-
facturability studies as early as the 
molecular screening step in the drug 
discovery stage, he notes. “By taking 
this approach, the most stable mol-
ecule will be selected from many mol-
ecules having the same bioactivities, 
and this selected molecule will have 
the best success rate in the subsequent 
development and manufacturing 
stages,” Li adds.

Compatibility difficulties
Compatibility of biologic drug sub-
stances with various surfaces is another 
challenge, according to Malgorzata 
Tracka, senior staff scientist at Thermo 
Fisher Scientific. “Compatibility stud-
ies should be conducted to ensure 

suitability of the formulation against 
product contact surfaces, including 
the primary packaging (IV bags, auto 
injectors,  pre-filled syringes, etc.) and 
manufacturing design (tubing, connec-
tors, filters, etc.),” she observes.

Formulations can be optimized with 
surfactants using a design-of-experi-
ment approach, and contact surfaces 
can be selected carefully to minimize 
their negative impact. “Very often for-
mulations advanced to the sterile fill/
finish stage require optimization of 
surfactants to protect the biomolecules 
from effects that can lead to aggrega-
tion and subvisible particle or visible 
particle formation,” notes Tracka.

Controlling the f luid viscosity, 
product sensitivity to shear stress, 
and thermal stability are particularly 
important for biologics subjected 
to sterile fill/finish processing, says 
Bulpin. “Optimal formulation might 
reduce product viscosity with the ad-
dition of salts and other stabilizers or 
through pH adjustments, while tem-
perature control during sterile fill/fin-
ish will prevent thermal degradation 
and adequate filter sizing, and process 
design will reduce pumping require-
ments and, therefore, shear stress,” he 
comments.

Formulation strategies
The key component of successful for-
mulation strategy for biologics that 
will be subjected to sterile fill/finish 
processing is early identification of 
potential degradation factors. It is im-
portant to determine if the active will 
be damaged by the mechanical forces 
involved during processing or fill/fin-
ish activities, according to Eatmon. 

“The formulation development process 
involves identifying degradation path-
ways for the biologic, assessing which 
may be impacted by sterile fill/finish 
processing, identifying excipients 
that minimize potential degradation 
of the biologic and maintain potency, 
and empirical testing/verification 
of assumptions at appropriate mile-
stones,” adds Faul. The potential for 
excipients to foam during processing 
or adhere to filter membrane during 

aseptic filtration must also be evalu-
ated, Eatmon notes.

That is where process, f lush, shear-
stress, and compatibility studies come 
in, to ensure the correct mechanical 
parameters, determine the quantity of 
material required to saturate the prod-
uct contact surfaces, identify the ap-
propriate fill speed and pressure, and 
assure the suitability of the materials in 
contact with the drug substance.

The final filtration process is often 
developed on a small scale in paral-
lel to formulation development to 
determine a chemically compatible 
filter membrane, according to Bulpin. 
Extractables in the final formulation, 
protein adsorption, and the adequate 
filter size are then factored in.

Other questions must also be ad-
dressed, Bulpin adds, such as whether 
the bulk drug substance will be frozen 
before final fill and whether the drug 
product will be lyophilized, because 
these processing steps require excipi-
ents such as sugars to stabilize pro-
tein conformation. In addition, based 
on the hydrophobicity of the biologic, 
an optimal solvent must be identified 
(mostly aqueous), the optimal pH con-
ditions under final concentration must 
be determined, and the need for the ad-
dition of antioxidants evaluated. “In es-
sence,” Bulpin remarks, “the entire for-
mulation needs to be tweaked to ensure 
maximum stability of the product.”

Exploring new technologies
A new form of sterile fill/finish being 
explored through the development 
of several new technologies involves 
the production of sterile biologics in 
a powdered state, which are then used 
to produce sterile suspensions for in-
jection. “All of these technologies are 
relatively new and in various stages of 
clinical studies,” Li observes.

The sterile filling of powders is also 
relatively new to the industry and 
poses additional challenges. Li adds, 
however, that these technologies are 
attractive because they can achieve 
an extremely high “concentration” of 
biologics even beyond the protein’s 
solubility. PT
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To rapidly achieve high-quality pharmaceutical 

manufacturing processes, the industry must 

focus on developing prospective, management-

based approaches instead of retrospective 

performance-based measures that are too slow to 

drive the necessary innovation and continuous 

improvement. FDA’s voluntary consensus 

standards initiative may provide the opportunity 

for establishing and evolving important 

prospective product development methods.
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egulatory agencies, including FDA, have switched 
from a management-based to a performance-based 
regulatory strategy. The stated reason for the change 
is “to give the industry enough f lexibility to man-

age and improve quality on its own” in hopes of a several 
order-of-magnitude advance in performance using continu-
ous improvement (1). The need for improving performance 
is caused by the industry’s ongoing failure to reliably supply 
patients with high-quality products resulting in many short-
ages and recalls due to industry-wide manufacturing quality 
levels around two to three-sigma (two-sigma is roughly a 
30% failure rate) (1,2). In simple terms, a poorly performing 
industry is being told by regulatory agencies to “fix thyself.”

A case can be made that the shift has left the industry 
adrift in the rough seas of rapidly advancing medical tech-
nology without the necessary methods to keep up. The shift 
in regulatory strategy places a huge, but necessary burden 
on the industry to develop their own sophisticated, pro-
spective, management-based methods required to achieve 
Six Sigma quality levels (roughly three failures/million at-
tempts) typically found in many other industries while de-
veloping increasingly complex products and therapies. 

Management-based approaches must be prospective if they 
are to be effective for developing and manufacturing future 
high-quality products. Performance-based approaches, particu-
larly regulations, are retrospective measures of quality. Unless 
the management-based methods are effective, feedback from 
performance-based methods that depend on initial or past fail-
ures to improve performance will be slow to improve the in-
dustry’s performance. For pharmaceuticals, high performance 
must be achieved from the very beginning using prospectively 
developed control strategies. Further, these better methods 
must be developed and improved in collaboration with regula-
tory agencies to ensure the methods will have a perceived high 
likelihood of actually producing the initial results necessary to 
support regulatory actions for licensure and commercial manu-
facturing. The collaboration must also ensure that the meth-
ods’ results are consistent with existing regulations. A possible 
method for the industry collaborating with regulatory agencies 
is being developed around the voluntary consensus standards 
(VCS) draft guidance (3).  
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The best path for developing better industrial methods is likely 
to expand and supplement the existing management-based regula-
tions developed before the shift in regulatory strategy. Old regula-
tory guidelines have been carefully written to avoid prescribing 
how approaches should be executed from a fear of establishing 
standardized methods that might prevent better approaches from 
being developed through continuous improvement. Only the in-
dustry, with the assistance of regulatory agencies, can prospectively 
develop and, most importantly, continue to evolve new and better 
methods and approaches to achieve excellence for ever-increasing 
product and manufacturing challenges. 

This article reviews and suggests improvements to a few of the 
important management-based regulatory guidelines that cur-
rently drive pharmaceutical development and manufacturing. 

ICH Q8 (R2)—Pharmaceutical Development
The ICH Q8 guidance contains important foundational con-
cepts for prospectively managing the development of high-
quality processes necessary for making high-quality products. 
However, these concepts are defined vaguely as “what” and 

“why” and must be expanded or industrialized, perhaps using 
the VCS route, to achieve their intended goal of guiding the 
industry. For example, quality-by-design (QbD) is defined 
in ICH Q8 as:

A systematic approach to development that begins with 

predefined objectives and emphasizes product and pro-

cess understanding and process control, based on sound 

science and quality risk management (4).

This mechanistic-free definition has led to widely varying 
interpretations and implementations of QbD. A study com-
missioned by FDA concluded that the vague definition has 
led to many problems within the industry and regulatory 
agencies on how QbD can and should be used (5). Insights 
into the regulatory goals of QbD have been described, but 
again these goals focus mostly on a regulatory perspective 
of past performance (setting specifications, process capabil-
ity, and change control) rather than methods for achieving 
excellence from the very beginning (6).

A more mechanistic description has been proposed as work-
ing-quality by design (wQbD) by the following definition:  

To achieve a well-defined goal during the design stage, 

iteratively apply science and engineering methods to an-

ticipate, identify, understand, and resolve problems that 

will be encountered during testing, operating, and verify-

ing the goal over its entire lifecycle (7).

This definition describes the use of thought experiments 
combined with testing mathematical and experimental 
models within a larger design algorithm, such as the design 
stage of the lifecycle process development and validation 
paradigm described in FDA’s 2011 process validation guid-
ance (8). As will be discussed, wQbD drives the systematic 
use of prospective quality risk management (QRM), opera-
tions research (OR), and design of experiments (DoE) meth-

ods to build effective control strategies for controlling risks 
and improving process performance. 

The results of the wQbD methods must be assembled and 
stored in a comprehensive process model for internal and reg-
ulatory communications. ICH Q8 defines the all-important 
process model as the design space described by the definition:

Design space. The multidimensional combination of 

interactions of input variable (e.g., material attributes) 

and process parameters that have been demonstrated to 

provide assurance of quality. 

Working within the design space is not considered as 

a change. Movement out of the design space is considered 

to be a change and would normally initiate a regulatory 

post approval change process. Design space is proposed by 

the applicant and is subject to regulatory assessment and 

approval (4). 

The first sentence is the functional definition while the re-
mainder are three increasingly significant policy statements 
intended to provide emphasis and guidance. Again, no mecha-
nism is provided. The three policy statements provide a tanta-
lizing look into the possibilities of sophisticated management-
based regulations. Implementation of these policies, however, 
remains unlikely given the regulatory shift and the recent draft 
of ICH Q12 that describes comprehensive change control (9).

The regulatory design space is defined primarily in terms 
of the following two ICH Q8 definitions:  

Critical quality attribute (CQA). A physical, chemical, bio-

logical, or microbiological property or characteristic that 

should be within an appropriate limit, range, or distribu-

tion to ensure the desired product quality. 

Critical process parameter (CPP). A process parameter 

whose variability has an impact on a CQA and therefore 

should be monitored and controlled to ensure the process 

produces the desired quality (4).

Defining the design space in terms of the CQAs and CPPs is 
sufficient for regulating the performance of a process, but when 
used to design and clearly define manufacturing processes, the 
limited definitions have led to a great deal of confusion and 
uncertainty. Much clearer definitions of process inputs and 
outputs are required to build control strategies (10). 

To more completely describe the performance of a manu-
facturing process, both the product and the process’s be-
havior during product manufacturing are required. An al-
ternative method of describing process outputs, previously 
proposed by the author (10,11), are:

• CQA. Use the ICH Q8 definition, except it refers to the 
product material produced by each unit operation in the 
manufacturing process. In the case of the final process, 
the output CQAs would describe the final product. 

• Critical process response (CPR). A process output that mea-
sures or indicates the performance of the process (e.g., 
temperature, pressure, viability, yield, etc.) that results in 
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all the product’s CQAs. For complex biopharmaceutical 
products, measuring and controlling CPRs is required to 
control both unknown or unmeasurable CQAs as well 
as the known and measurable CQAs. If appropriate, a 
measurable CQA can be used as a CPR (10). A CPR is 
an output parameter using the above CPP regulatory 
definition. Clearly describing the performance of a pro-
cess as a CPR focuses the development activities on the 
important aspects of controlling the process’s behavior 
to achieve maximum control over product quality. 

With respect to defining input parameters, the regulatory 
definition of the various input CCPs should be divided into 
the proposed following three categories (10,11):

• Critical operating parameters (COPs). Input parameters used 
to define and manipulate the process during develop-
ment and operation. Examples of COPs include media 
composition, buffer concentrations, mixing rates, gas 
addition rates, etc. COPs used to control the perfor-
mance of the process in real-time based on measuring 
CPRs in a feedback control loop are called critical con-
trol parameters (CCPs). 

• Critical material parameters (CMPs). Material attributes of 
the raw material input used by the process to make a 
product. CMPs are the same as a critical material attri-
butes (CMAs). Thus, a series of processes are connected 
by the transfer of output material described by CQAs 
from one process that become the input material de-
scribed by CMP/CMAs to the next process (6,11). 

• Critical equipment parameters (CEPs). These parameters 
(sometimes called critical design parameters) define the 
equipment. Examples of CEPs include volumes, materi-
als of construction, agitator type, heat transfer area, and 
so on. These parameters are part of the equipment’s user 
requirements specifications (URS) when the equipment 
is designed, selected, and acquired during engineering. 

When designing process systems, separating the three 
types of input parameters is important because they play 
different roles in determining the performance of the pro-
cess. These parameters also contribute different risk input 
threats to the performance of the process and are controlled 
using different control strategies (10). Using the expanded 
definitions results in a well-structured design space (11). 

ICH Q9—Quality Risk Management (QRM)
ICH Q9—QRM is the regulatory guideline most urgently 
in need of rapid improvement and ongoing evolution (12). 
Too many times, regulatory guidance defaults to “do a risk 
analysis” to solve a problem or define a control strategy. 
Although ICH Q9 clearly states the “what and why,” the 
methods included in the document do not provide a viable 
foundation for the “how.” The methods described in ICH Q9 
focus on process analysis (e.g., wishbone diagrams, failure 
mode and effect analysis, hazard analysis critical control 
point). Although an execution risk’s severity from a process 
can be described easily in a variety of ways (e.g., cost, sup-

ply impact), the highly subjective element of uncertainty, or 
likelihood of the risk’s realization, is not properly addressed 
by these methods. Improper handling of uncertainty fre-
quently leads to confusion and misleading results (13,14). 

The failure to deal quantitatively with uncertainty often 
leads to the risk analysis falling prey to the precautionary 
principle, which can be defined here as an overemphasis on 
the impact of the risk’s severity without properly consider-
ing the risk’s probability as a result of inadequate informa-
tion or poor analysis methods of the likelihood of the risk’s 
realization (15). The industry desperately needs effective 
quality risk management methods that are prospective, 
theoretically consistent with using probabilities to describe 
uncertainty, mathematically sound, easy to use by all prac-
titioners, and expandable to an appropriate level of detail 
for analysis and control based on the risk’s severity (16–18).

FDA’s 2011 process validation guidelines
Arguably the most important guidance for developing con-
trol systems using QRM is FDA’s 2011 process validation 
guidelines (8). The document provides an important para-
digm for developing and manufacturing products. The para-
digm can be used to develop virtually any process from pro-
cedures or facility designs to unit operations (10,16,18). The 
guidance is unusual because it is very close to a prescriptive 

“how” paradigm. The approach is aligned with the four basic 
questions for any undertaking: “Do what?”, “How to do it?”, 

“Will it work?”, and “Did it work?” (10). Any analysis method 
that does not address all four questions is incomplete. If the 
four questions are correctly asked and answered, particu-
larly in a systematic, documented fashion using wQbD to 
answer the second question, success is highly likely. 

FDA’s 2011 process validation guidelines describe three 
stages (8):

• Stage 1: Process design. The commercial manufacturing 
process is defined during this stage based on knowledge 
gained through development and scale-up activities. 

• Stage 2: Process qualification. During this stage, the pro-
cess design is evaluated to determine if the process is 
capable of reproducible commercial manufacturing. 

• Stage 3: Continued process verification. Ongoing assurance 
is gained during routine production that the process 
remains in a state of control. 

Although the above stages provide a good foundation, they 
do not adequately cover the four basic lifecycle questions nec-
essary to provide a complete development paradigm for build-
ing excellence. They also lack mechanisms for their execution. 
A more complete lifecycle can be divided into planning stages 
for prospectively building the process along with its control 
strategies, followed by execution stages for retrospectively as-
suring initial and ongoing performance based on data. The 
execution stages provide the foundation for the performance-
based regulations and are most effective when the process’s 
established conditions and quality metrics are intrinsically 
defined and incorporated during the planning stages. 

Peer-Reviewed
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Brief ly, the expanded process validation lifecycle para-
digm can be described as planning stages (Stage 0 and 1) for 
prospectively building and documenting the foundation for 
manufacturing and execution stages (Stage 2 and 3) for ret-
rospectively proving and documenting initial and ongoing 
success based on predefined comprehensive performance 
criteria described in the well-structured design space. The 
stages are described as follows:

• Stage 0: Define. Establish clear product and process re-
quirements, goals, and objectives to define success dur-
ing the execution stages.

• Stage 1: Design. Using wQbD, DoE, and prospective QRM 
to systematically develop control strategies and perfor-
mance criteria within a well-structured design space 
to test, qualify, operate, control, and verify all process 
inputs and outputs required to manufacturing high 
quality products. 

• Stage 2: Test and qualify. Execute a documented prospec-
tive testing program that ensures the process will work 
during Stage 3.

• Stage 3: Operate, control, and verify. Operate and control 
the process using the control strategies defined and de-
signed in the planning stages while assuring and docu-
menting successful performance using prospectively 
defined performance criteria (10). 

The key to achieving very high product quality is to pro-
spectively build a foundation during the planning stages using 
wQbD and QRM for the retrospective assurance of perfor-
mance during execution by building highly effective control 
strategies, including integral measures of performance.

Summary
If the industry and regulatory agencies are to achieve FDA’s 21st 
century goals, the focus must be on developing and continuously 
improving prospective methods for developing new products 
and their manufacturing control strategies (19). While the exist-
ing management-based regulatory guidelines (ICH Q8 and Q9 
and FDA 2011 process validation, etc.) are a good start, they must 
be improved significantly into straightforward methods neces-
sary to achieve Six Sigma levels of performance to reliably supply 
all patients with high-quality products. Building and working 
with such methods will require a great deal of courage on the 
part of the pharmaceutical industry. Regulatory agencies and 
the pharmaceutical industry will have to work together, possibly 
using voluntary consensus standards, to build the methods along 
with the collective trust to efficiently develop, launch, and manu-
facture the many challenging products of the future. 
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T
he potentially devastating effects of 
endotoxins to humans have been 
widely reported. At sufficient con-

centrations in the bloodstream it is pos-
sible for endotoxins to cause irreversible 
side effects and even death in severe cases.  

Found on the outer cell membrane 
of Gram-negative organisms, bacterial 
endotoxins are one of the most potent 
toxins known and strongly pyrogenic 
(fever-causing) substances, explains 
Allen L. Burgenson, Testing Solutions, 
Lonza Pharma & Biotech. “These toxins 
are harmless outside of the body and in 
the alimentary canal. They are extremely 
potent, however, once introduced in the 
bloodstream or intrathecally,” he says.

“Bacterial endotoxins (also referred 
to as pyrogens) have the capacity to 
induce a high fever,” confirms John 

Dubczak, general manager, Microbial 
Solutions, Charles River Laboratories. 

“A large enough dose of endotoxin can 
lead to lung and kidney failure, intra-
vascular coagulation, and a systemic 
inflammatory response that can lead 
to septic shock and death.” 

As a result of the dangers of bacterial 
endotoxins, the importance of testing 
for them is plainly apparent, in the view 
of Victoria Watson, laboratory man-
ager, Microbiology at Wickham Labs. 

“The importance of endotoxin testing is 
clear when looking at how susceptible 
and sensitive humans are to even min-
ute amounts of endotoxin,” she says.

The importance of testing
“Bacterial endotoxins are ubiquitous 
in nature and are a menace for the 

manufacturers of all parenteral drugs 
and medical devices,” asserts Dubczak. 

“Not only are they everywhere environ-
mentally, they are very difficult to re-
move once they are introduced into a 
finished parenteral product.”

Introduction of these molecules 
can come from simple contact with 
contaminated parenteral devices or 
medications, notes Watson. “Ensur-
ing that equipment and medication 
are free from endotoxins is particularly 
important when caring for vulnerable 
patients, including the elderly, patients 
in intensive care, and infants,” she says. 

“For example, sudden infant death syn-
drome has been linked to varying lev-
els of bacterial endotoxin present in the 
bloodstream.”

“In the early days of injectable phar-
maceutical products, there was no 
method for testing for pyrogenic con-
taminants,” reveals Burgenson. “If a 
patient received an injection, there was 
a high likelihood that they would spike 
a fever, which at the time was termed 
‘injection fever’.”

It was the work of Florence Seib-
ert and her team in the 1920s that 
brought forth the introduction of the 
Rabbit Pyrogen Test (RPT) (1), which 
was eventually incorporated into the 
United States Pharmacopeia (USP) in 
1942 as an official test, Burgenson ex-
plains. “The clotting of Limulus blood 
was noted for many years in injured 
horseshoe crabs,” he says. “Frederick 
Bang and Jack Levin discovered the 
enzymatic pathway causing the clot-
ting of Limulus blood (2,3), and devel-
oped the Limulus Amebocyte Lysate, 
or LAL test.”  

During the 1970s, pharmaceutical 
companies experimented with the 
LAL test and compared it with the 
RPT, finding that the LAL test was a 
more reliable and sensitive assay (4), 
and offered cost-efficacy for compa-
nies as there was no need to maintain 
rabbit colonies for product testing. 

“FDA took notice, and decided that, 
since LAL was derived from blood, it 
was a biologic subject to regulation 
under Section 351(h) of the Public 
Health Service Act, and subject to 

Putting Endotoxins 
to the Test
Felicity Thomas

This article discusses current methods 

of endotoxin testing, its importance to 

the industry, sustainability issues relating to 

the process, and best practices.
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regulation and licensure by FDA,” 
confirms Burgenson.  

“Since its introduction, the LAL test 
has become one of the most impor-
tant tools used in the pharmaceutical 
industry,” adds Dubczak. “It has al-
lowed for a level of bacteria and py-
rogen monitoring that simply eluded 
manufacturers when the RPT was the 
only pyrogen test available. The LAL 
test has ensured the absence of pyro-
gens in raw materials, water for injec-
tion systems, in-process samples, and 
in the final products.”

Main methods
The LAL assay works via the reaction 
of the LAL reagent—an aqueous ex-
tract of blood cells from the horseshoe 
crab—with bacterial endotoxins and 
lipopolysaccharides. “There are cur-
rently three compendial bacterial en-
dotoxin tests (BET) found in the USP 
(gel-clot, kinetic chromogenic, and 
kinetic turbidimetric) that may be 
used to test injectable pharmaceutical 
products and implantable medical de-
vices for release into commerce,” notes 
Burgenson. “There is also the endpoint 
chromogenic assay, which is a timed 

endpoint version of the kinetic chro-
mogenic assay.” (See Table I for a list of 
the advantages and disadvantages of 
endotoxin testing methods.)

Gel-clot LAL test. This method is the 
oldest of the three and the simplest, 
Dubczak explains. “The major advan-
tage of the gel-clot LAL test is its sim-
plicity,” he says. “It is easily learned and 
can be performed without expensive 
equipment.”

The gel-clot assay works through 
production of a clot in the presence of 
endotoxins by cleavage of a coagulogen 
to coagulin, notes Burgenson. “This 
method can be performed as either a 
limits test or a semi-quantitative assay, 
giving a positive or negative result at 
the sensitivity of the lysate used,” adds 
Watson. “Dilutions are tested with ly-
sate, and the endpoint is used to calcu-
late approximate endotoxin level.”

Despite the method’s advantages, 
such as interacting with fewer ma-
terials, thereby giving rise to a lower 
likelihood of results being affected by 
sample inhibition or enhancement, 
certain disadvantages have hindered 
its popularity. “The amount of time 
that is required to prepare samples 

using this process has made it less pop-
ular for use in raw material testing in 
some laboratories,” Watson says. “Ad-
ditionally, the lysate sensitivities used 
in the gel-clot method are less sensitive 
than the quantitative methods.” 

“Furthermore, the test does not allow 
for automation and data assimilation 
by computers, making it difficult to 
track and trend results,” adds Dubczak.

Kinetic turbidimetric LAL test (KTA). The 
KTA is one of the quantitative assays 
in which the measurement of absor-
bance versus endotoxin concentration 
is used to create a standard curve, ex-
plains Watson.

“During the LAL-endotoxin reaction, 
the solution mixture becomes increas-
ingly turbid as the gel begins to form,” 
adds Dubczak. “The time required for 
these turbidity changes to occur is in-
versely proportional to the amount of 
endotoxin present in the sample (i.e., 
more endotoxin requires less time). 
The endotoxin in a sample can be esti-
mated by comparing the time it takes 
to reach a defined level of turbidity to 
the times obtained from a series of en-
dotoxin standards (standard curve).” 

Sensitivity can be higher with KTA 
over the gel-clot method, he asserts, 
and although it is possible for KTA to 
be performed in test tubes, it is more 
common to perform the assays on 
plastic, 96-well microtiter plates. “The 
spectrophotometers that are used to 
measure turbidity changes can be 
captured by the use of appropriate 
software, and the assimilated data are 
used to generate quantitative reports,” 
Dubczak continues. “Those same data 
can be uploaded to a LIMS database for 
tracking and trending.” 

Watson adds that the most signifi-
cant advantages of quantitative meth-
ods over the gel-clot method are the 
increase in sensitivity and ability to 
extrapolate results. “Being able to ex-
trapolate quantitative results can be 
invaluable when testing raw materials 
because it can offer insights into poten-
tial sources of endotoxin contamina-
tion,” she states.

Chromogenic substrate test. The third 
method, the chromogenic substrate 

Table I. Advantages and disadvantages of endotoxin testing methods.

Assay type Advantages Disadvantages

Gel clot • Fast: 60 minutes vs. 180 minutes 

• Greater sensitivity

• Less variability

• Many fewer false positives

• Much less expensive

• Alternative to animal model 

• Qualitative

•  Semi-quantitative with many 

dilutions

• Subjective results

• Product compatibility

Kinetic turbidimentic • Quantitative over a large range

• One step 

• Cost-effective

Colored products may show 

interference

Kinetic chromogenic • Quantitative over large range

• One step

• Better product compatibility

• Software 

   o Product trending database

   o Assay choice

   o Data management

Recombinant factor C •  Quantitative using a standard 

curve

• No animals used in production

Currently not listed as an 

official test in any of the major 

compendia for use in testing 

pharmaceutical products. 

However, this status may change 

in the future.

Source: Lonza Pharma & Biotech
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test, is a further evolution of the LAL 
test. “Instead of cleaving coagulogen to 
coagulin, the same enzymes cleave a 
substrate-releasing para-nitroanaline 
(pNA), and a yellow color develops,” 
reveals Burgenson. “Similar to the 
turbidimetric assay, the time of color 
development to exceed a threshold is 
measured. The more endotoxin, the 
faster the substrate is cleaved, result-
ing in a deeper yellow color.”

For Dubczak, these chromogenic 
tests have an elegant methodology and 
feature many of the advantages that 
are found with KTA, such as increased 
sensitivity and extrapolation of quan-
titative results. “Chromogenic tests 
are, however, more expensive,” he says. 

“The chromogenic substrate material 
requires months to synthesize and as 
such, is very expensive to manufacture.” 

Other options
“The latest evolution of the LAL assay 
is the use of recombinant Factor C, 

derived from the DNA of a horseshoe 
crab,” says Burgenson. “The gene se-
quence for Factor C is inserted into 
cells and expressed in cell culture. This 
recombinant Factor C (rFC) is the same 
as the natural Factor C. The assay using 
rFC does not produce a gel, turbidity, or 
a yellow color; it produces fluorescence 
proportional to the amount of endo-
toxin in a sample. The more endotoxin 
in a sample, the more light is generated.”

Another in-vitro alternative is the 
monocyte activation test (MAT), 
which was developed on the prin-
ciple of the human immune system 
response, reveals Watson. “When 
challenged by the pyrogens entering 
the body or coming into contact with 
the bloodstream, the host’s innate im-
mune defense mechanisms cause the 
monocytes/macrophages to produce 
prostaglandins and pro-inflammatory 
cytokines such as interleukin-1 (IL-1), 
interleukin-6 (IL-6) and tumor necro-
sis factor-α (TNF-α),” she says.

Additionally, the RPT is also an 
option, although this should only 
be considered as a final option once 
the LAL in-vitro methods have failed, 
Watson notes. “RPT is generally used 
for highly complex products that in-
terfere with the in-vitro methods, and 
for release of products that require 
full pyrogen evaluation in markets 
that do not accept MAT as an alter-
native,” she explains.

There are some products, namely 
biological ones, that are exempt from 
the rabbit test as stated in US 21 Code 
of Federal Regulations (CFR) 610.13(b), 
clarifies Burgenson. Therefore, in his 
opinion it is prudent for the developer 
to look at every approach that may be 
able to help overcome any interferences 
with the LAL assay. Some formulations 
include a chelator (such as citrate), 
with a non-ionic surfactant (such as 
polysorbate) causing the endotoxin 
to be lost in the product formulation. 

“A magnesium chloride solution has 
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been successfully used to overcome 
interferences by chelating agents such 
as ethylenediaminetetraacetic acid or 
citrate buffers. There are other pro-
prietary products, such as Pyrosperse 
(Lonza) or a glucan blocker that have 
also been used.”

If difficulties persist, however, Bur-
genson recommends the best course 
of action is to contact the LAL reagent 
manufacturer, so that the work can be 
done in partnership. “These manufac-
turers have seen all types of interfer-
ences many times over, and, therefore, 
should be able to help,” he says.

Protecting the horseshoe crab
As LAL assays are performed using an 
extract of blood cells from the Atlantic 
horseshoe crab, the prehistoric marine 
arthropod plays an important role in 
patient safety. “This animal is under 
legal protection,” emphasizes Watson. 

“Without this protection, the horseshoe 
crab population would be threatened.” 

Dubczak concurs, highlighting the 
fact that reduction of animal use for 
pharmaceutical testing has been a well-
established influencer of the industry 
over the years, which has seen the LAL 
in-vitro test replace the traditional 
RPT to prevent the use of hundreds 
of thousands of rabbits per year to test 
for product safety and contamination. 
The LAL test is an animal-derived test, 
meaning the animal itself is not tested 
upon. “The horseshoe crab’s blood is 
collected only to a point where the 
crab stops bleeding as part of a natural 
mechanism to protect itself,” he notes.

Additionally, there has been much 
work and commitment by manufac-
turers of the LAL reagent to conserve 
the horseshoe crab. “Work has in-
cluded sustainability partnerships to 
enhance the horseshoe crab popula-
tion along the mid-Atlantic shores,” 
says Watson. “Such projects have fo-
cused on increasing the survival rate 
of the horseshoe crab in early stages of 
life. Eggs are collected, and the crabs 
are grown in predation-free, con-
trolled environments then released 
into their natural environment when 
older and stronger.” 

Other projects include the “Just Flip 
Em” program where volunteers scan 
the beaches to rescue horseshoe crabs 
stranded on the beach on their backs, 
adds Burgenson.  Each year many thou-
sands of stranded crabs are rescued.

“Without the protection of the bio-
medical industry, these prehistoric 
creatures would surely become endan-
gered, if not extinct. For this reason, it 
is critical that we serve as advocates for 
the humane treatment of these animals 
and strive to achieve balance between 
our need for this valuable material and 
the life of the animal that provides it,” 
stresses Dubczak.

Raw material quality: 
Regulation required?

“There has been an increase in raw 
material manufacturers requiring 
their products be tested for endotox-
ins,” notes Sophie Bell, section head for 
Bacterial Endotoxin and Cell Culture 
at Wickham Labs. “These requests 
come in usually due to pharmaceuti-
cal manufacturers requiring materials 
that do not contain detectable levels of 
endotoxins. The responsibility of the 
manufacturer is to source adequate 
materials for their products, so regu-
lation of raw materials seems unneces-
sary; especially as different endotoxin 
specifications in end-products can af-
fect the level of endotoxin contamina-
tion allowed in raw materials.”

In agreement, Dubczak highlights 
that product regulations are designed 
to set forth the standardized expec-
tations for finished drugs, biologics, 
and medical devices, and as such the 
responsibility of sourcing adequate raw 
material is that of the manufacturer. 
Using an example from FDA guidance 
on pharmaceutical good manufactur-
ing practices (5), he states that it is 
clear that regulators expect the sound 
application of science and associated 
risk-based rationales to be the basis for 
a product’s development and manufac-
turing process. 

“For instance, manufacturers should 
determine the level of risk for both ac-
tive and inactive raw materials, and 
there should be a comprehensive assess-

ment of critical raw material formula-
tions, ingredients of in-process buffers, 
and final product formulations,” he 
adds. “However, to place strict regula-
tions on this process would be counter 
to the intent of this approach.”

Furthermore, Bell emphasizes the 
point that raw materials are not the 
only source of endotoxin contamina-
tion in end products. “Manufactur-
ing processes can equally be a source 
of contamination, so the requirement 
for endotoxin testing in the product 
is still necessary. Testing of products 
from the beginning, middle, and end 
of manufacture is still advised to en-
sure uniformity across the manufac-
turing process,” she says. “Products 
that can be terminally depyrogenated 
will not require as clean raw materials 
compared to those that cannot.” 

Despite the fact that raw materials 
going into pharmaceutical products 
are not specifically regulated, drug 
manufacturers use the highest grade of 
raw materials obtainable, emphasizes 
Burgenson. “Many of these materials 
are USP grade,” he adds. “Manufactur-
ers will test raw materials and purified 
waters for the presence of endotoxins, 
and determine if the raw material 
meets its specifications and is suitable 
for manufacturing use.”

“What is important is that the quality 
of the raw materials used in produc-
tion meet the standards appropriate for 
their intended use,” clarifies Dubczak. 

“Raw materials or reagents do require 
science-based evaluation to establish 
the presence or absence of deleterious 
endogenous or adventitious agents.”
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or pharmaceutical manufacturers, 
product quality is a constant con-
cern. Automating quality control of-

fers several benefits, including reducing 
human error. Quality control systems 
help ensure consistent high quality, pa-
tient safety, regulatory compliance, and 
operational efficiency. Detection sensi-
tivity is crucial. “Only if the system is 
able to detect even the smallest critical-
to-safety quality defects will it be able to 
improve the production process,” says 
Michael Feldhaus, director of technology 
at SCHOTT Pharmaceutical Systems. 

Quality control automation also sim-
plifies regulatory compliance. “As increas-
ingly complex serialization regulations 

take effect around the world, pharma 
product packaging must maintain the ut-
most quality while imparting critical infor-
mation for all the trading partners in the 
pharma value chain—including the end 
consumer,” says Barb Brynstad, Pharma 
product marketing, Optel Group. 

Oliver Stauffer, chief executive officer at 
PTI—Packaging Technologies & Inspec-
tion, agrees that regulatory requirements 
are driving many installations. He reports, 

“United States Pharmacopeia (USP) 1207 
and Annex 1 have shifted the guidance 
for container closure integrity. Both docu-
ments highlight different needs and have 
varying angles of interpretation. Appeasing 
the EMA [European Medicines Agency] 
and FDA requirements harmoniously is a 
current challenge many sites are navigating. 
Shifting inspection requirements to more 
reliable technologies for new drug submis-

sions raises concerns over implications of 
retroactive liability for legacy products in 
similar container formats.” 

He believes the answer is the adoption 
of non-destructive deterministic test meth-
ods with higher throughput and data trace-
ability. The resulting data empowersphar-
maceutical manufacturers and allow them 
to improve product quality and operations. 

Whatever the reason for installing or 
upgrading quality control equipment, flex-
ibility is imperative to handle the myriad 
of labels, cartons, trays, devices, and cases 
while maximizing line accuracy, minimiz-
ing downtime, and reducing costs related 
to recalls or incorrect or misleading label-
ing. As a result, strong demand continues 
for automated seal integrity testing (leak 
detection), checkweighing, contaminant 
detection, and product/package inspection. 

Seal integrity
Seal integrity is crucial. A good seal ensures 

“product efficacy, shelf-life stability, and mi-
crobial sterility,” says Jeff Morrow-Lucas, 
director of Engineering at Leak Detection 
Associates. Non-destructive leak detec-
tion technologies include vacuum decay, 
airborne ultrasound, helium trace, high 
voltage, and laser-based headspace analy-
sis. Selecting the right technology depends 
on the product, package, and sensitivity 
requirements. Morrow-Lucas notes it’s 
important to understand what the equip-
ment is protecting against and advises 
verifying that desired pass/fail limits can 
be delivered by the model chosen. He also 
recommends selecting flexible equipment 
that works across today’s and tomorrow’s 
packaging formats. 

Recent equipment innovations in seal 
integrity testing include PTI’s updated 
VeriPac tester, a vacuum-based unit that 
combines the ability to locate smaller leaks 
and shorten test cycle time with several in-
demand features, such as non-subjective 
results, qualitative data analytics, and data 
trending. FLEX test chambers accommo-
date multiple flexible package sizes (1).

Another recent introduction from PTI, 
the semi-automatic Seal-Scan airborne ul-
trasound tester, delivers an in-depth profile 
of seal quality and works with any material 
combination regardless of color, transpar-
ency, print, surface finish, or porosity (2). 
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For online applications, the Seal-Sensor 
airborne ultrasound tester identifies seal 
defects in less than one second and locates 
flaws that a human inspector cannot see. 
The unit passes or fails each pouch and also 
captures quantitative, traceable data (3). 

Lighthouse Instruments supplies laser-
based headspace analysis technology for 
the KHS Series inspection system from 
Bosch. It performs 100% container/closure 
integrity (CCI) inspection on vials, car-
tridges, and ampules and detects leaks by 
identifying changes in headspace gas com-
position or total headspace pressure. The 
company also offers FMS benchtop test 
systems as well as the Pulsar Headspace 
CCI Inspection Lease System for online 
applications (4).

CMP PHARM.MA combines high-
voltage leak detection with visual inspec-
tion and labeling in its RS1-LAB/RS2-LAB 
machines, capable of handling 200 or 400 
ampules, vials, or cartridges/min, respec-
tively. Machines are equipped with four 
leak-test stations and a rotation system 
to support 360-degree surface inspection. 
Systems check for particles, correct fill level, 
leaks, and other flaws (5).

Although X-ray inspection typically 
checks for product contaminants, the 
Integrity-Check tools built into the Safe-
line X34 system from Mettler Toledo can 
identify products trapped in the seal of a 
blister pack or other format (6). “Histori-
cally, vision systems were utilized to per-
form this inspection,” says Sarrina Crowley, 
marketing communications manager at 
Mettler Toledo, North America, Product 
Inspection. However opaque packaging 
can be challenging for vision technology. 
Because opacity doesn’t affect X-ray per-
formance, it “can detect product in seals 
in most scenarios,” she reports. 

For induction seals on containers, 
cooled thermal imaging technology can 
check seal quality through the closed 
cap. The Countec Coglix InspecSeal 
TI-200 machine, represented in North 
America by Key International, inspects 
for damaged, inverted, incomplete, or 
missing seals; over- or under-heating; 
and loose or crooked caps and generates 
real-time data and statistics. The system 
is compatible with glass or high-density 
polyethylene (HDPE) containers from 

20–200 mm in diameter and 50–300 mm 
in height and HDPE, polypropylene, or 
child-resistant caps (7).

Checkweighing
Checkweighing equipment also offers 
higher sensitivity levels and data collec-
tion and management capabilities. New 
systems offer the accuracy needed for 
combination filling or specialized fill-
ing of capsules. Richard Stedman, CEO 
at ACG Engineering, explains: “Many 
customers are now requiring net weight 
technology where individual dosing 
weight can be checked in the capsule. In 
addition to improved quality control, this 
[technology] provides more accurate data 
for compliance with stringent market re-
quirements and evolving FDA guidelines. 
In instances of multiple-product doses 
(two or more products in one capsule), 
individual formulation weighing is be-
coming more crucial. … Such systems 
are set up for pre-fill weighing rather 
than post-fill and exemplify the next-
generation solutions that pharma com-
panies are seeking when upgrading from 
legacy gross-weight technology.” Current 
models from ACG Engineering feature a 
format-free design to handle any product, 
regardless of capsule size; sensitive and 
accurate load cells; and seamless integra-
tion with the capsule filling machine to 
reduce downtime or waiting.  

Mettler Toledo’s portfolio of quality 
control equipment includes the updated 
Starweigh rotary stepper checkweigher. It 
features an improved human-machine in-
terface (HMI), load cells, motor, and reject 
bins and handles small bottles and vials 
at +/- 2-mg accuracy. A dual load cell con-
figuration operates at 120 containers/min. 
A duplex unit with four load cells doubles 
output. An outfeed with two rejects seg-
regates over- and underweight containers. 

The new Selekta checkweigher from 
MG America relies on capacitance tech-
nology from the company’s capsule fillers 
to check up to 160,000 tablets or capsules/
hour. Models can be equipped to weigh 
and sort, weigh and count, or just count 
round tablets up to 10 mm in diameter, 
rectangular tablets up to 10 by 25 mm and 
capsules from size 000 to 5 (8).

Contaminant detection
For metal detection equipment, top-of-
mind concerns include “stricter validation 
audits regarding metal detector testing, in-
spections, and calibrations as it relates to 
products and keeping electronic records,” 
reports Kris Tompkins, North America 
Pharmaceutical business and key accounts 
manager at Loma, which is celebrating its 
50th anniversary this year. A comprehen-
sive log book captures pertinent data from 
Loma metal detector, checkweighing, and 
X-ray inspection systems. Loma also pro-

Figure 1: Acquire Automation’s CountQ vision inspection system counts vials in trays.
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vides TRACS remote data-management 
software to help companies meet record-
keeping standards. Other pharma-friendly 
features found on Lomas’s IQ 4 metal de-
tector include washdown compatibility; 
a larger, more user-friendly touch screen; 
and programmability so machine fre-
quency can be matched to the product.  

Machine vision
Machine vision inspection is more pow-
erful than ever, as exemplified by camera-
based systems from Acquire Automation, 
which simplify vial counting and check 
caps. The CountQ vision inspection 
system automates the counting of vials 
in trays, eliminating the need for count-
ing manually or with a stencil as well as 
the duplicate counts generally required 
by standard operating procedures. The 
system consists of a linescan camera 
plus software, adjustable lights, and label 
printer. Advanced product counting tools 
enable it to adapt to targets with varying 
visual characteristics. Standard features 
include an easy-to-use HMI, report and 
audit logs, security levels that control 
access, two-touch changeover, and con-
figurable run modes that increase the 
system’s flexibility (9). 

The CapQ system from Acquire Au-
tomation performs a 360-degree inspec-
tion of caps up to 38 mm in diameter 
and 330 mm in height to check presence, 
color, height, and skew. It also confirms 
the integrity of the tamper-evident band 
and verifies fill level. The stainless steel, 
NEMA 4X/IP65 inspection unit fits over 
the conveyor, simplifying integration on 
existing packaging lines. Advanced soft-
ware using artificial intelligence enables 
the system to ignore water droplets and 
plastic fragment shedding that can skew 
measurement results and cause false re-
jects. The system produces reports and 
audit data for production and inventory 
records and provides data for continuous 
improvement programs. Options include 
a height-adjustable main system enclosure, 
automatic camera and light adjustments 
during changeover, and a high-speed re-
ject system (10). 

For print inspection, Optel Group of-
fers the HD PrintSafe digital inkjet with 
built-in 100% web inspection. The seri-

alization-ready system checks artwork, 
alphanumerics, barcodes, and variable 
data and can grade print quality. Options 
include dual and multi-color printing, 
wide screen for large webs, and additional 
inspection capability for products inside 
blisters or trays (11). 

Other serialization-ready equipment 
also integrates machine vision including 
the TQS Fast Track line from Wipotec 
OCS. The TQS-LI-Bottle machine, for 
example, prints, inspects, and labels 
bottles at a rate of 150/min. Changeover 
to a new size between 30 and 120 mm in 
diameter and 30 and 200 mm in height 
takes five minutes (12).

Machine vision also is used to ensure 
the quality of the package itself. “…Reduc-
ing packaging defects, such as cracks and 
bruises or even scratches in the glass, as 
well as particle generation is of high im-
portance,” explains Christoph Döppes, 
project director New Production Con-
cept Vials, Global Operations at SCHOTT 
Pharmaceutical Systems, which has part-
nered with SINCAD, a French engineer-
ing company and expert in modular vi-
sion control systems. 

High-quality glass containers depend 
on high-quality glass tubing. Döppes 
reports, “As it is our aim to reach ‘zero 
defect’ in both tubing and pharma pack-
aging, we moved from statistical quality 
control to 100% inspection of each FIO-
LAX tube during the production process. 
The process known as perfeXion leads 
to a glass tube that has been completely 
evaluated.” The Automated Inspection 
System (AIS) inspects all key surfaces 
of vials and cartridges and can detect 
defects invisible to the human eye. Ad-
vanced software creates a 3D image of the 
container based on visual data gathered 
from multiple cameras with different 
light settings. “We can therefore analyze 
the container surface in a more compre-
hensive way,” explains Feldhaus. Next-
generation camera systems, equipped 
with artificial intelligence, will be able to 
learn from images of defective products 
and use that knowledge to independently 
recognize containers with defects. 

Another packaging supplier, family-
owned Colbert Packaging, which is cel-
ebrating its 60th anniversary in 2019, also 

has upgraded its quality assurance (QA) 
capabilities and now provides 100% vi-
sion inspection capabilities at all three 
of its manufacturing facilities. Its Leary 
Array with LearyVIEW Print QA system, 
recently installed at its Elkhart, IN plant, 
detects and rejects folding cartons with 
quality defects including missing copy, 
blemishes, streaks, oil spots, or other im-
perfections. “The new Leary QA system 
has a camera that scans the entire carton 
against the approved customer-supplied 
proof for visual quality defects,” said Nick 
Stober, Colbert’s Elkhart production man-
ager. Eye C inspection software supports 
100% inline inspection at speeds of 400 m/
min (1300 ft/min) (13). 
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ver the past few years, after some 
notable failures at a number of 
companies (1), global regulators 

have been paying much closer attention 
to how pharmaceutical manufacturers 
safeguard the integrity of their data, 
to prevent accidental manipulation as 
well as fraud. It is the foundation of 
current good manufacturing practices 
(cGMPs). According to FDA, between 
January 2015 and May 15, 2016, 21 
out of the 28 warning letters issued to 
pharmaceutical manufacturers cen-
tered around problems with data in-
tegrity (2). 

As Orlando López, senior site au-
tomation specialist for a Big Pharma 
company,  has noted (3), connections 
between different data points (i.e., 
initial data capture, metadata, and re-
cords) cannot be weakened or broken 

because they provide the only objective 
evidence that operations meet regula-
tory requirements and are being man-
aged responsibly. These intact con-
nections are also needed for process 
validation and continuous process 
verification. 

FDA’s 2016 draft guidance docu-
ment on data integrity clarified a 
number of important best practices. 
FDA also introduced the ALCOA ac-
ronym that data must be “attributable, 
legible, contemporaneous, original 
(or a true copy), and accurate.” In De-
cember 2018, FDA updated this guid-
ance (4). “The new guidance serves to 
clarify data integrity requirements that 
have consistently challenged organiza-
tions. It firms up expectations around 
data/metadata and the data lifecycle 
within a risk-based structure of sys-

tems and design controls,” says Kir 
Henrici, CEO of the Henrici Group, a 
consultant for the Parenteral Drug As-
sociation (PDA), which published best 
practices on laboratory data integrity 
in 2018 and plans to publish manufac-
turing data integrity guidance by the 
end of 2019. 

FDA has emphasized the need for 
careful risk management, audit trails 
and access controls, and the impor-
tance of saving all records that could 
be relevant to cGMP compliance, she 
says. Its latest data integrity guidance 
also underscores the need for senior 
management support and involvement 
in data integrity efforts. Training and 
ongoing communication with senior 
management are crucial to establish-
ing and maintaining this support, says 
López. Expressing potential losses or 
liabilities in dollars and cents can be 
especially effective, he says, noting a 
2017 hacking incident at Merck & Co., 
which cost the company $105 million 
to fix (5) and might have been pre-
vented if investment had been made 
in data security. He also recommends 
keeping senior management aware of 
regulatory citations in a way that al-
lows them to connect data issues to 
lost batches, product recalls, incorrect 
labels, or formulation changes. “Se-
nior management needs to hear about 
money. It gets their attention immedi-
ately,” he says.

Avoiding a fragmented approach
It is also important to take a systematic, 
risk-based approach to data integrity 
programs, says Henrici. Some orga-
nizations may roll out data integrity 
programs in fragments, or as a reac-
tion to a specific event, but then allow 
efforts to trail off, she says. “Pharma-
ceutical companies need to structure 
a systematic, risk-based approach that 
integrates the quality management sys-
tem (QMS), which assures the efficacy 
and sustainability of the entire data 
integrity initiative.” Process mapping 
is especially important in ensuring that 
the right documentation is easily ac-
cessible to staff, but also to regulators. 

“Companies should track their ‘quality 

Removing Gaps in
Data Integrity
Agnes Shanley

FDA guidance may improve data integrity, 

but moving to true data quality will depend 

on addressing disparate standards.FOR PERSONAL, NON-COMMERCIAL USE
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decisions’ to identify where non-cGMP 
records (e.g., emails) will be required to 
demonstrate cGMP compliance,” says 
Henrici. “You need to understand each 
specific process. Then, if you do a good 
risk assessment, to record which sys-
tems and which data you will focus on, 
you will be in a much better position to 
demonstrate full cGMP controls to the 
authorities,” says López. “If you have 
done the risk assessment and the pro-
cess mapping correctly, there should 
be no doubt that you are implementing 
controls to the correct records,” he says.  

Getting to a deeper level
However, data integrity is only the 
first step in a continuum, says López. 

“Pharmaceutical industry guidelines 
often refer to data reliability, which is 
a step beyond data integrity,” he ex-
plains. “But, ultimately, the goal for 
our industry is data quality, which is 
a step beyond reliability. We cannot 
reach that point with the guidelines 
that we have now,” he says, and cGMP 
requirements alone will not suffice.

Another challenge is the fact that 
existing pharmaceutical industry 
data guidelines don’t go deep enough, 
to the engineers and IT professionals 
who are implementing the systems, 
says López. “ALCOA may give them 
the ‘why,’ but it doesn’t give them the 
‘how,’”he says. 

The European guidance document 
Annex 11, f irst published in 1986, 
addresses data integrity in a more 
explicit way than the US 21 Code of 
Federal Regulations (CFR) Part 11, he 
notes. López recalls working for one 
Big Pharma company that correlated 
Annex 11 with Part 11 requirements, 
which made things much easier for 
engineers and IT professionals. Cur-
rently, there are a number of differ-
ent data integrity guidelines (6). In 
pharma, these include regional ones 
for the United Kingdom, US, and 
other regions, as well as those devel-
oped by professional societies such as 
PDA and the European Compliance 
Academy (ECA). In addition, the soft-
ware industry has codes of its own, as 
does manufacturing industry in gen-

eral. The focus of each of the relevant 
pharma guidelines is different, López 
says, and the definition of data integ-
rity in software engineering standards 
(i.e., as mainly about data security and 
not changing the records), differs 
somewhat from its definition in the 
pharmaceutical industry. The result 
can be confusing to IT professionals 
initially, he says. 

“I would love to see integration 
between pharma standards and the 
software engineering standards, be-
cause the industry is not speaking 
the same language as software devel-
opment academics. For example, for 
the pharma industry, validation is a 
process associated with the system 
life cycle (SLC) that continues from 
the start of a project until decommis-
sioning. For software development, 
validation is just the testing phase 
of the SLC, so when you hire a new 
graduate, he or she won’t understand 
the difference,” says López. Without 
understanding the pharma validation 
concept and the relationship between 
software engineering and software 
quality, people in pharma’s IT and 
engineering departments will have 
different understandings and the re-
sulting programs will be incomplete, 
he says. 

Common standards will be the key 
to moving from data integrity to data 
quality, López says, noting that the 
origin of the International Society for 
Pharmaceutical Engineers’ (ISPE’s) 
GAMP 5 guidance (7) is ISO 9000-3, 
which is also the foundation of the 
industry’s guidelines. “Why are we 
speaking different languages?” he 
asks.  “We need to synchronize all the 
different standards (e.g., International 
Standards Organization [ISO], ISPE, 
the International Society for Electri-
cal and Electronics Engineers [IEEE]), 
and pharma’s so that we are speaking 
one common language.” 

The pharmaceutical industry’s ap-
proach to data integrity will need 
to evolve as the industry moves to a 
Pharma 4.0 model. At INTERPHEX 
2019 in April, Henrici spoke of the 
need for a “Data Integrity 4.0” strat-

egy (8). “Companies will need to cre-
ate multifunctional data governance 
teams to bring different perspectives 
to this effort, and facilitate commu-
nication between industry and regu-
lators,” she said. In the end, the re-
quired knowledge is already there for 
implementing new IT approaches, says 
López. “We need to understand the re-
lationship between the system, process 
mapping, data wave sets, and intended 
use, and simply apply what we have 
learned during the past 30 years (9) to 
the new technologies,” says López.
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outsourcing outlook

G
ene therapies are becoming a 
fast-growing area in the biophar-
maceutical industry, creating a 

crowded pipeline of products in need 
of manufacturing. FDA expects the 
agency will receive more than 200 in-
vestigational new drug applications for 
cell and gene therapies by 2020, with 
the agency predicting that it will be ap-
proving 10–20 cell- and gene-therapy 
products each year by 2025 (1). 

Because gene therapies use the pa-
tient’s own body to manufacture the ac-
tive ingredient, the treatment is specific 
to that patient. This tailoring can often 
be a more effective and longer-lasting 
treatment, according to Chris Murphy, 
general manager for viral vector services 
at Thermo Fisher Scientific. “Because of 
these developments, novel, life-changing 
therapies are being realized that may 
transform the lives of patients in need.”   

This growth is causing contract de-
velopment and manufacturing orga-
nizations (CDMOs) to take a look at 
their portfolios as their clients require 
more and more biologics-related ser-
vices. Catalent has been focused on the 
clinical pipeline of gene therapies and 
anticipating the need for commercial 
manufacturing. “There is an abundance 
of gene therapy product candidates in 
the pipeline, and on the heels of market 
approvals of gene therapy products in 
2017 and the influx of venture capital 
funding for gene therapy companies, 
FDA approved a second gene therapy 
this year. We see this as a watershed 
moment, where gene therapies are gain-
ing regulatory acceptance and setting 
a precedent for other programs in the 

pipeline,” says Bernie Clark, vice-pres-
ident, marketing and strategy, Catalent 
Biologics & Specialty Drug Delivery.

According to Clark, outsourcing the 
manufacture of gene therapies requires 
relatively low volumes to fulfill demand, 
making it an attractive option. To bet-
ter service its clients’ outsourcing needs 
in this area, Catalent acquired Paragon 
Bioservices, Inc., a viral vector develop-
ment and manufacturing company for 
gene therapies with expertise in adeno-
associated virus vectors, in May 2019 (2). 

Clark believes the acquisition will help 
Catalent accelerate its growth. “Paragon 
offers its partners GMP-compliant man-
ufacturing capacity, scale-up expertise, 
and customized downstream process-
ing without the added time, costs, and 
risks of building a new viral facility,” says 
Clark. “The acquisition also brings com-
plementary capabilities that will funda-
mentally enhance our biologics business 
and our end-to-end integrated biophar-
maceutical solutions for customers. We 
have also gained the experienced leader-
ship and dedicated team at Paragon, who 
will continue to run the business going 
forward, bringing their expertise and ca-
pabilities to the Catalent family.” 

Thermo Fisher Scientific Inc. took a 
major step into the viral-vector manu-
facturing arena with the announced 
purchase of Brammer Bio, a leading 
viral vector CDMO, with 600 employ-
ees and locations in Massachusetts 
and Florida. The purchase agreement, 
announced in a March 24, 2019 press 
statement, is for approximately $1.7 
billion in cash. Brammer Bio joins 
Patheon, acquired in 2017, and Fisher 

Clinical Services, which have been 
combined to form the Thermo Fisher’s 
Pharma Services business (3).

The acquisition enhances the com-
pany’s pharmaceutical and biotechnol-
ogy customer value proposition by com-
bining cell-culture media, single-use 
bioprocessing capabilities, analytical 
instruments, and related consumables. 

“Brammer Bio is an exciting addition to 
our Pharma Services business. By shar-
ing our combined capabilities, expand-
ing commercial scale and broadening 
deep customer relationships, we will 
strengthen our position as a trusted 
partner to our pharma and biotech 
customers. We will accelerate advance-
ments in gene and cell therapy, meet the 
increasing demand of the customers 
we serve and bring life-changing medi-
cines to patients in need,” says Murphy.

Viral vector challenges
Viral vectors are crucial to gene therapy 
because they deliver the therapy into 
the patient. “Viruses are evolutionarily 
designed to enter mammalian cells and 
reproduce themselves. Gene therapy 
harnesses this feature to transport the 
genetic material—or ‘active ingredient’—
to target tissue or cells. Viral vectors are 
engineered to be safe for humans and 
can target specific cells or tissues in our 
bodies to maximize the effect of the 
treatment,” says Murphy. Thermo Fisher 
Scientific’s acquisition of Brammer Bio’s 
viral vector process development and 
manufacturing leverages capabilities in 
the company’s biologics business. 

Clark also emphasizes the importance 
of viral vectors. “During gene therapy 

Gene Therapies Propel 
Outsourcing Investments

The increasing growth in the cell- and gene-

therapy markets is inspiring CDMOs to expand 

their services in this emerging biologic drug arena. 

Susan Haigney
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biomanufacturing, cells package the therapeutic genetic ma-
terial into viral vesicles and secrete the vesicles into the media 
to be purified, then undergo formulation development to be 
ultimately filled into a vial or syringe,” says Clark. According 
to Clark, however, few innovators have the capacity, expertise, 
or resources to manufacture viral vectors. Catalent’s acquisition 
of Paragon helps the company manufacture viral vectors for 
their clients. “There are several types of viral vectors that can 
be utilized for gene therapy. Adeno-associated virus (AAV) is 
the vector most commonly used today in clinical trials and ap-
proved gene therapies, due to its safety and tissue-specific tar-
geting abilities, and Paragon is one of the leading development 
and manufacturing providers for AAV vectors,” says Clark.

Expanding other services
In May 2019, Thermo Fisher Scientific announced that it is 
investing more than $50 million into its global bioproduction 
capabilities. The expansion will provide additional capacity 
for manufacturing single-use bioprocess container (BPC) sys-
tems. In Cramlington, United Kingdom, the company will 
expand assembly capacity and add BPC systems manufac-
turing. The proximity of these capabilities to customers in 
Europe will shorten lead times and improve overall global 
efficiency, according to the company (4). 

In the United States, the company will expand cleanroom 
space for BPC chamber and related assembly production pro-
cesses at its site in Logan, UT, and further expand capacity 
at its site in Millersburg, PA. Construction is expected to be 
completed by the end of 2020.

“The demand for our bioproduction products and services 
continues to outpace the market,” said Cory Stevenson, presi-
dent of Thermo Fisher Scientific’s bioproduction business, 
in a company press release. “These investments will expand 
capabilities across our existing bioproduction network while 
we look to extend our footprint into new regions to meet 
increasing customer demand for our industry-leading single-
use technologies.”

To further develop its biologics offerings, Catalent is 
launching OneBio Suite, a new offering for the integrated 
development, manufacturing, and clinical supply of biologic 
drugs. The Suite is designed to address challenges that arise 
when accelerating programs to clinic or market, while also re-
ducing complexity and risks from projects. The OneBio Suite 
is built on Catalent’s track record in biologic drugs develop-
ment, which includes more than 115 global clinical trials and 
11 commercially marketed monoclonal antibodies using the 
company’s GPEx cell line development technology, and 20 
approved products through fill/finish and commercial supply 
to global markets, the company reports. According to Clark, 
the company has multiple initiatives in the works to shorten 
timelines and increase efficiency (5). 

“Time is often lost for sponsors on the path to clinic from 
contract negotiation, site inspections, handoffs, and poor 
communication between multiple vendors,” commented 

Clark in a press statement announcing the service. “Through 
our new OneBio Suite, Catalent is uniquely positioned to 
provide an integrated offering that can accelerate biologic 
development potentially shaving weeks to months off stan-
dard timelines and allowing our customers to get to clinic 
and market faster.”
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Cultural and language discrepancies during an audit can be resolved using what many 

call a “playbook,” says Siegfried Schmitt, PhD, vice-president, technical, Parexel Consulting.

Q.We are preparing for our first inspection by an overseas 

regulatory agency. This will be a challenge from several

perspectives: language, culture, and presentation style. We

believe we have covered the first two issues through highly 

experienced translators and cultural training sessions with

coaches. Our concern is about how to present and respond in

an appropriate manner. Can you give any advice?

A.Hosting a foreign agency for the first time is always chal-

lenging, but as with all inspections, nothing beats prepa-

ration, practice, practice, and more practice. Even seasoned

personnel can become flustered, nervous, or even unsure how 

to respond to unfamiliar questions or requests, especially when

asked in a foreign tongue. One tool proven to be particularly useful

in such situations is a playbook. Playbooks may be known by other 

terms, but essentially these are aide-memoires that function as

references for company representatives who need to present or 

answer questions from inspectors or auditors. The playbook may 

include prepared answers to anticipated questions the auditor 

may ask and/or detailed information about process steps.

How detailed should these playbooks be and in what format?

Here is what has stood the test of time:

• Always start with a succinct, logical, and convincing few 

lines of text and/or graphics.

• If necessary, have a second playbook with more detailed,

supporting information.

• Have a third party (i.e., someone unfamiliar) review your 

playbook and/or provide feedback.

The first point is the most important. As we all are experts in

what we do, we can talk in great detail about it. But inspectors

do not have unlimited time. They want to receive answers that 

provide them with clear and easy-to-comprehend information.

This is best illustrated with an example. The inspector may 

ask: ‘What is your bioburden control strategy for this product?’

Without a playbook, the answer may go like this: ‘In step 5 after 

vessel 234 on the second floor, remember you saw this reactor 

on the tour of the facility. We have installed a 0.2-micron filter …’

With a playbook, the answer would be more similar to this: 

‘We have a bioburden control strategy that takes into account 

environment, process equipment, material handling, product 

properties, and regulatory expectations. For the five steps 

produced in our facility, we have prepared a strategy paper,

which has subsequently been verified during the validation

studies and ongoing monitoring.’

Of course, should the inspector then want to know more details,

this is when all the evidence can be presented. Again, it may 

be useful to have a playbook ready for this, especially if many 

activities should be organized in a logical sequence and timeline.

Playbooks have several benefits, as they help those responding 

in an inspection to give clear answers. They also help prepare 

the site personnel to find answers to difficult questions (e.g., why 

certain deviation investigations are overdue, or why a particular 

change hasn’t been documented as per requirements). They also 

help summarize convoluted event histories or complex situations. 

Often, one has to overcome obstacles to reach a successful 

outcome, and playbooks help to focus on the positives, rather 

than to overemphasize the difficulties experienced.

Then why should one have these playbooks reviewed by 

someone from the outside? Well, the inspector will be exactly 

such a person (i.e., an outsider who isn’t necessarily familiar 

with the terminology, the facility, or the processes used at the 

site). Therefore, by having an outside third party review the 

playbook, you essentially perform a dry run of the inspection.

In summary, these playbooks are a useful tool in any 

inspection or audit, whether foreign or local, but writing these 

in a clear and concise manner is anything but child’s play. PT
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