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I
n 1977, an unexpected presidential 
winner, Jimmy Carter, was sworn 
into office and the first Star Wars 

episode premiered in movie theaters. 
In that year, Pharmaceutical Technol-
ogy also published its first issue. As 
2017 begins, the United States will 
inaugurate another unexpected win-
ner of the presidential race, and heroic 
rebels still battle an evil force in the 
latest installment of the movie series. 

As we mark 40 years of publishing 
this year, it is easy to look back and as-
sess factors that impacted the economy 
and pharma during the past decades. 
Predicting the next few months, yet 
alone the next few years, is far more 
difficult. Following the contentious 
2016 presidential election, uncertainty 
was the prevailing sentiment as the 
Trump administration initiated the 
transition to the White House and 
federal agencies. 

In general, big business had a posi-
tive outlook toward the new adminis-
tration, as reflected in a post-election 
stock market surge. Other campaign 
promises, in particular the repeal of 
Obamacare, generated protests and 
unease for pharma companies, payers, 
and patients. In this issue, the editors 
look at some of the political, economic, 

and regulatory trends that may influ-
ence the business activities in 2017. 

As the nation waited for more in-
formation about the leadership and 
policies of the new administration, 
the airwaves and social media were 
buzzing with opinions about politics, 

policies, the economy, and the future. 
Still, bio/pharma development moves 
on. Prior to the election, Pharmaceuti-
cal Technology sampled opinions from 
those who work in pharma about the 
industry’s prospects.

More than 440 bio/pharma profes-
sionals from around the world par-
ticipated in the 2016 Pharmaceutical 
Technology/Pharmaceutical Technology 
Europe annual employment survey (1). 
Respondents expressed opinions about 
job security, seeking new opportuni-
ties, salary levels, as well as trends in 
the industry, how changes impact their 
daily work, and future business pros-
pects. The survey was conducted in 
September and October 2016.

Business continues to improve
Almost 44% of the respondents said 
business at their company increased 
in 2015, three percentage points higher 

than reported in 2015 (2). More than 
one-quarter of the respondents (28.8%) 
reported that their company had been 
through a merger or acquisition in the 
past two years, up slightly from the 2015 
survey. Fewer respondents reported a 
company downsizing or restructuring.

Respondents were even more upbeat 
about the prospects of business im-
provements at their companies; 59.1% 
predicted that their company’s busi-
ness would improve in 2017, compared 
to 54.6% predicting improvements for 
2016. Only 13% predicted business 
would decline.  

Overall, respondents expressed a 
positive outlook for the bio/pharma-
ceutical industry as a whole for the 
next year; however, optimism slid a 
bit in recent years. Fewer respondents 
said business would improve (45.6% in 
2016 compared with 47.8% in 2015 and 
54.2% in 2014). In a reverse of senti-
ments in previous years, respondents 
based in North America (42.3%) were 
less optimistic that business would 
improve compared with respondents 
based in Europe (46.4%).

When looking at the next five years, 
nearly two-thirds of respondents 
(63.3%) predicted that business will 
improve; however, 15.2% of the US-
based respondents expect business to 
improve overseas, but not domestically.

References
1.  2016 Pharmaceutical Technology/Phar-

maceutical Technology Europe Annual 
Employment Survey.

2.  2015 Pharmaceutical Technology/Phar-
maceutical Technology Europe Annual 
Employment Survey. PT
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Capping Systems 
The Thermo Scientific Decapper 500 

and 550 series tube capping systems 

from Thermo Fisher Scientific and 

Hamilton Storage are fully auto-

mated capping systems for use in 

medium- to high-throughput biotech, 

pharmaceutical, and clinical labora-

tories doing compound storage, high-

throughput screening, biobanking, 

and genomic storage. The systems 

allow users to cap and decap both Thermo Scientific Matrix and Nunc 

automation tubes without multiple pieces of equipment. The new 

decapper system features Quick Switch technology that allows users 

to transition between different tube and rack types. The systems 

can also cap and decap partial racks of tubes. The Decapper 550 

provides additional functionality with its built-in barcode reader. 

Thermo Fisher Scientific 

www.thermofisher.com 

Vials Reduce Risk of Drug 
Container Interactions

The DualFUSION vials 

from Wheaton for the 

storage of lyophilized 

materials are engi-

neered using a plasma 

enhanced chemical vapor 

deposition technology 

to fuse an organosilicate 

protective layer with 

silica-like barrier layer, 

and then fuses that 

inner material to a cyclic olefin polymer outer shell. The inert 

silica-like barrier layer of the vial is impermeable to oxygen and 

other gases from the surrounding environment, and protects 

against delamination and leaching of contaminants, reducing the 

risk of drug-container interactions. The protection provided by 

the innovation composition and construction of DualFUSION vials 

minimizes caking that can occur in lyophilized drug products.

DualFUSION vials can withstand a temperature range of -196 °C 

to 121 °C without cracking. A unique 2D barcode laser etched 

onto the bottom of each DualFUSION vial facilitates sample iden-

tification and product lot traceability. The vials can be used in the 

manufacture of proteins, peptides, enzymes, DNA, and RNA—of 

complex formulations that may be sensitive to oxygen or metal 

ion exposure—and of highly potent and radioactive substances.

Wheaton

www.wheaton.com 

Automatic Purge System 
for Control Panels 
The Ross SysCon 

control panels from 

Ross, Charles & Son 

can now be sup-

plied with a fully 

automatic Type 

X Purge System, 

which forces 

clean air through 

the enclosure 

until all hazardous gases are removed. The system then main-

tains a slight positive pressure within the panel. The Type X Purge 

System includes a 24-volt power supply. The UL-listed Operator 

Stations are designed for use with a remote PLC System to ensure 

full operational functionality of the equipment they control.

Ross, Charles & Son

www.mixers.com 

Spray Dryer for Efficient 
Microencapsulation

The new patent-pending PolarDry 

Electrostatic Spray Dryer from 

Fluid Air, a division of Spraying 

Systems Co., uses electrostatic 

technology, rather than heated 

drying gas, for microencapsula-

tion. This technology eliminates 

the intense heat of traditional 

spray drying and is more effi-

cient at encapsulating the 

active ingredient. The system also allows agglomeration during 

the drying step, eliminating the need for secondary agglomera-

tion operations. The spray dryer’s electrostatic technology drives 

water to the shell and active to the core, lowering the evaporation 

temperature and eliminating active ingredient loss and degrada-

tion, thus creating a longer shelf life, and higher bulk density. 

Inlet drying temperatures remain low (from ambient to 80 °C). 

The machines incorporate a patent-pending collection and 

particle-separation plenum that can be configured for batch or 

continuous processing. The systems are currently available in four 

scales: the feasibility scale (Model 001) with a once-through design 

for the laboratory, an R&D scale (Model 004), a pilot scale (Model 032), 

and a production scale (Model 050). The R&D scale is a semi-portable 

unit with a recirculating gas-handling system and a nominal evapora-

tion rate of 4 kg/h; this unit uses the same nozzle as the larger-scale 

units for ease of scale-up. The pilot-scale unit has a nominal evapo-

ration rate of 30 kg/h, and the largest unit has a rate of 50 kg/h. 

Fluid Air

www.fluidairinc.com/spray_dryer_systems.html

http://www.thermofisher.com
http://www.wheaton.com
http://www.mixers.com
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and advancing the competitiveness of  
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F  
or an industry that relies on the 
stability of its products for patient 
safety and company success, the 

outlook for the bio/pharma indus-
try itself—as well as the healthcare 
system, patient access to affordable 
medicines, speedy drug approvals, 
and global regulatory compliance—
had a large dose of uncertainty as the 
calendar turned to 2017.

The election of populist candidate 
Donald Trump as president of the 
United States shocked many and cre-
ated unease in the public and private 
sectors, but it also boosted the finan-
cial outlook for bio/pharma companies, 
at least in the short term. The invest-
ment community viewed the Trump 
administration as more pharma-
friendly compared to the stated posi-
tions of the Clinton administration to 
rein in drug costs. Bio/pharma stocks 
rallied after Election Day. Analysts 
noted a “sunny” weather forecast for 
the pharma and biotech sector, but 
cautioned that while “many believe 
that the political wind in the world’s 
biggest drug market is, for the time 
being, blowing in the right direction,” 
ongoing concern about drug pricing, 
payer pressure, and economic ques-
tions still created uncertainty (1).

This volatility was illustrated when 
President-elect Trump, in a Dec. 7, 2016 
interview with Time magazine, said he 

was going to lower drug prices, driving 
down biotech and pharma stocks (2).
While patients, payers, bio/pharma 
companies, and the investment world 
await decisions about health insurance, 
drug prices and reimbursements, FDA 
leadership, and regulatory changes, in-
stability may be the new norm for the 
foreseeable future.

Healthcare reform tops the list
Healthcare was a hot-button issue dur-
ing the presidential campaign, with 
candidate Trump and the Republican 
Party promising to repeal and replace 
the Affordable Care Act (ACA) of 2010. 
Republican legislators have strategized 
that they could “repeal” parts of the 
ACA through a budget reconciliation 
process; replacement would require co-
operation from both parties and could 
take months or years to accomplish. 

Under ACA, bio/pharma companies 
benefited from the increased pool of 
patients seeking medicines, but also 
paid higher fees and made concessions 
on drug prices. Industry and patient 
groups are sure to be part of the nego-
tiations for changes or a repeal/replace-
ment of the legislation.

In a Dec. 20, 2016 letter, senators 
representing Democratic and Inde-
pendent interests sent Trump a letter 
that outlined areas where the differ-
ent sides could cooperate, including 

increased transparency and incen-
tives for innovation. Debate on ACA 
reform, repeal, or replacement should 
dominate the conversation in 2017. 

Financial and investment focus
Programs to fulf i l l the business-
friendly campaign promises had not 
been revealed as 2016 ended. Still, an-
alysts project that major bio/pharma 
companies can benefit from tax repa-
triation, which would bring more cash 
back to the US, and potentially leading 
to more R&D investment, acquisitions, 
or shareholder payouts (1). 

When polled prior to the election, 
investors were optimistic for the US 
drug market for 2017, but with “less 
exuberance” than in previous years. 
The results of the election may have 
shifted that opinion already, Evalu-
ate Pharma suggests. Through No-
vember 2016, mergers and acquisi-
tions totaled about half what was 
spent in 2015. The number of deals 
were down. Companies waited for 
the election outcome, and the valua-
tions of some targets remained high. 
The initial public offering market slid 
in 2016 following a rally in previous 
years. Analysts note that the venture 
capital market in 2016 was “respect-
able” and with new funds being 
raised, the trend is expected to con-
tinue in 2017 (1).

Bio/Pharma’s 
2017 Agenda

Rita C. Peters
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Drug industry performance
If the performance of the bio/pharma 
industry is measured by the number of 
new drug approvals, 2016 did not live 
up to expectations. As of mid-Decem-
ber 2016, only 20 new drugs received 
FDA approval, compared to 41 in 2014 
and 45 in 2015. Fewer submissions and 
more complete response letters were a 
few reasons for the lower number of 
approvals, FDA noted. The number of 
applications received by FDA through 
Dec. 9, 2016, however, surpassed the 
average number of new molecular en-
tity filings for the past decade (3).

All but one of the novel drugs ap-
proved in 2016 through Dec. 9, 2016 
met the Prescription Drug User Fee 
Act (PDUFA) goal dates for the ap-
proval review cycle; and all but one 
were approved on the first cycle. Ap-
proximately two-thirds of the 2016 
new drug approvals were approved 
under Priority Review. The number of 
breakthrough-designated development 
programs held steady compared to the 
past two years (4).

R&D roadblocks
Amid the clamor about controlling 
drug prices, drug company executives 
are examining R&D methods and de-
clining returns. The cost to bring a 
drug to market, as estimated by the 
Deloitte Centre for Health Solutions (5),
declined slightly from $1.576 billion in 
2015 to $1.539 billion in 2016, perhaps 
due to shorter cycle times for break-
through designations. The study also 
concluded that companies with less 
volatility in the therapy-area focus of 
their late-stage development programs 
outperform those that continually 
change the focus of their drug devel-
opment efforts. Company size is also 
a factor. The study of 12 leading bio-
pharma companies revealed a negative 
correlation between company size and 
predicted returns, and indicated that 
scale is a barrier to creating value in 
an R&D organization. 

Companies have demonstrated 
greater efficiency in drug develop-
ment through “nimble decision-mak-
ing, empowering key decision-makers, 

accepting greater risk, making quick 
kills, and embedding a rigorous but 
dynamic process for funding projects,” 
the study authors reported (5).

One anticipated source of gaining 
efficiencies—extensive outsourcing—
has not delivered on expectations, the 
study authors report. Sub-optimal 
partner management by drug compa-
nies and operating models that hinder 
externalization contribute to less-than-
expected results from outsourcing ar-
rangements (5).

Reducing regulations?
Another campaign theme—reducing 
the number of federal regulations per-
ceived as roadblocks to business—may 
impact FDA and its efforts to expedite 
the approval of innovator and generic 
drugs. While a new president and ad-
ministration may bring some differ-
ences in philosophies at FDA’s Center 
for Drug Evaluation and Research 
(CDER), “the work of the Center goes 
on,” said Janet Woodcock in a Dec. 14, 
2016 interview (6).

The number of warning letters issued 
by FDA for adulterated APIs or drug 
products nearly doubled from 2015 to 
2016 (7), with many letters addressing 
data integrity issues and citations at 
overseas operations. Data integrity is 
an ongoing initiative at FDA; in 2016, 
the agency issued a draft guidance 
document on data integrity and com-
pliance with cGMPs (8). Its efforts to 
encourage drug manufacturers to self-
monitor quality and manufacturing 
practices also continued with a revised 
draft guidance for technical confor-
mance guidelines for quality metrics (9).
Expect more discussion in 2017.

FDA reported progress in advanc-
ing a mutual reliance agreement for 
GMP inspections with regulatory au-
thorities in Europe and beyond, part 
of negotiations for the Transatlantic 
Trade and Investment Partnership. 
Under the initiative, investigators and 
inspectors from FDA and other regu-
latory groups in the European Union 
would rely on each other’s inspections 
for facilities making products for mul-
tiple markets, thus avoiding duplicat-
ing inspections, lowering costs, and 
concentrating resources in needed 
areas, such as China and India (10). 
The initiative is part of a trade agree-
ment, however, which may be subject 
to additional scrutiny under the new 
administration.

FDA has worked to clear the back-
log of generic-drug applications, but 
has been hindered by ongoing staff 
shortages. The 21st Century Cures Act 
should help FDA with some of its hir-
ing issues, including a new pay scale 
for scientists, Woodcock said (6). As 
of September 2016, CDER had 700 job 
openings and was struggling to com-
pete with drug companies to hire and 
retain talent. A lengthy hiring process, 
lower salaries, and federal require-
ments to divest of holdings in food or 
drug company stocks can deter qual-
ity candidates, agency spokespeople 
reported. Filling the vacancies is vital 
to the agency’s ability to review and 
approve generic drugs and accommo-
date expedited applications (11).

Two key regulatory deadlines loom 
for drug manufacturers. The US Phar-
macopeial Convention (USP) revisions 
to elemental impurities chapters—
General Chapters <232> Elemental 
Impurities–Limits and <2232> Ele-
mental Contaminants in Dietary Sup-
plements—take effect on Jan. 1, 2018. 
The second phase of the Federal Drug 
Supply Chain Security Act (DSCSA) 
drug traceability requirements take ef-
fect beginning in November 2017, and 
require that pharmaceutical products 
are marked with a national drug code, 
serial number, lot number, and expi-
ration date in machine-readable and 
human-readable form.

Drug company 

executives are 

examining R&D 

methods and 

declining returns.



18    Pharmaceutical Technology JANUARY 2017  PharmTech .com

Global Pharma Market: The Year Ahead

In addition, the reauthorizations of 
PDUFA and the Generic Drug User 
Fee Act are pending for Congressional 
action in 2017.

Next steps for drug development
The Cures Act, signed into law by 
President Barack Obama in December 
2016, was a hopeful sign that progress 
can be made on the healthcare agenda. 
The legislation was passed with strong 
bipartisan support; however, some 
funding for the National Institutes for 
Health and FDA is authorized, but still 
must be appropriated.

The legislation includes support for 
research on regenerative medicine and 
development of antibiotics and treat-
ments for rare conditions. Other pro-
visions are designed to streamline the 
drug approval process using novel clin-
ical trials designs and study modeling 
and permit drug companies to use real-
world evidence to support approval of 

added indications for marketed medi-
cines. One impact of the Cures Act will 
be elevating the role of the patient in 
the development of drugs, Woodcock 
said, giving patients a bigger voice de-
veloping treatments for their diseases. 
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Global Drug Spending: A Look Ahead

The QuintilesIMS Institute, in its annual projections for global drug sales (1), 

estimates that global medicine spending will reach nearly $1.5 trillion on an 

invoice price basis by 2021; the total volume of medicines consumed globally 

will increase 3%. The types of therapies and use of innovator versus generic 

drugs, however, will vary depending on where patients live.

Consumption of newer drugs in developed markets, more generic drug use 

in pharmerging markets, plus patent expiries, discounts, and rebates will 

result in a 4–7% compound annual growth rate (CAGR) to 2021, slower than 

the nearly 9% CAGR in 2014 and 2015 when expensive new hepatitis drugs 

distorted the annual growth rates, but similar to the 5.9% growth during the 

past five years. Future growth will be generated by autoimmune, oncology, 

and diabetes treatments.

The report predicts that specialty drugs to treat chronic, rare, or genetic 

diseases will be more widely used, particularly the US and European markets, 

thanks to the approval of breakthrough medicines and a greater focus by 

payers on drug value and performance. Spending on such therapies, which 

was 20% of all medicines spending 10 years ago, will rise to 30% in 2016 and 

to 35% by 2021 and will represent half of the medicine purchases in the United 

States, Germany, United Kingdom, Italy, France, and Spain.

The US remains the top spender on drugs ($461.7 billion), followed by China 

($116.7 billion), Japan ($90.1 billion), Germany ($43.1 billion), France ($32.1 

billion), Italy ($28.8 billion), UK ($27.0 billion), Brazil ($26.9 billion), Spain 

($20.7 billion), and Canada ($19.3 billion).

In the pipeline

More than one-quarter of therapies in the late-stage pipeline are focused 

on oncologic drugs, thanks to recent successes in cancer therapeutics and 

opportunities created by breakthrough therapy designations. Therapies for 

central nervous system disorders make up 12% of the pipeline, followed by 

anti-infectives and antivirals (8%), cardiovascular (6%), arthritis/pain (6%), 

immune system (5%), and genito-urinary and hormones (5%), according 

to IMS data. 

An improved understanding of the underlying mechanisms of diseases, and 

maturity in the development of immunotherapies and targeted therapies, 

will drive innovation, the authors report. Regenerative cell therapies, blood 

components, the human microbiome, and gene editing will be emerging 

research areas. 

A mix of large, mid-size, and small companies have molecules in the 

oncology drug development arena. QuintilesIMS reports that while 

large companies are familiar with regulatory and logistical challenges, 

smaller companies have specific expertise with a specific mechanism 

of action or drug development platform that provides a research edge. 

Strategies moving forward include sale of assets, partnerships, or working 

independently. Outsourcing may also play a role.

US drug costs

The QuintilesIMS report estimates that the 12% US market growth in 2015 will 

be only 6–7% for 2016, and is forecast to average 6–9% through 2021. Factors 

for the decline include more patent expiries, historically high price increases 

for innovator and generic drugs before off-invoice discounts and rebates in 

2014 and 2015, and the newly introduced hepatitis C drugs. When accounting 

for price concessions, spending growth is estimated to grow at 4–7% CAGR. 

Reference
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A
midst multiple challenges to the 
structure and governance of the 
US healthcare system, bio/phar-

maceutical manufacturers will face a 
host of issues in bringing safe and ef-
fective new therapies to patients. The 
demand for affordable personalized, 
or precision, medicines to treat lethal 
diseases requires efficient and cost-
effective operations that promote in-
novation and avoid shortages. Similarly, 
modern, agile, and reliable production 
systems that adhere to standards and 
ensure data integrity are vital for de-
velopment and access to biosimilars, 
cellular and gene therapies, complex 
dosage forms, innovative vaccines, and 
more combination therapies. And pres-
sure to combat the devastating opioid 
epidemic across the US highlights the 
need for innovative methods to pro-
duce new formulations to treat pain 
that also resist abuse and misuse. 

Innovation and reform
Pressure will mount on FDA under 
the new administration to make ex-
perimental therapies available to pa-
tients faster and more predictably. As 
2016 came to a close, FDA officials 
reported that new drug approvals for 
the year would fall far short of the 
near-record set in 2015, raising con-
cerns about current incentives and 

regulatory processes for bringing new 
drugs to market. FDA has approved 
numerous breakthrough therapies for 
cancer and critical conditions based on 
limited but convincing clinical data, a 
development highly applauded on all 
fronts. This patient-centric approach 
is expected to gain even more support 
from key provisions in the 21st Cen-
tury Cures legislation. 

These developments raise questions 
about how much data and what kind 
of evidence are needed to approve 
such products, and may require policy 
makers to grapple with new regulatory 
models. These issues were highly vis-
ible in the debate over FDA approval 
of Sarepta Therapeutics’ treatment 
for Duchenne muscular dystrophy; 
reviewers and senior staffers in the 
Center for Drug Evaluation and Re-
search (CDER) recommended against 
approval based on inadequate evidence 
that the drug had any positive effect 
on patients, while families of children 
with the condition claimed real benefit 
from the drug and convinced CDER 
director Janet Woodcock to recom-
mend approval.  

A similar situation recently emerged 
related to approving a new antibiotic 
that promises to address critical medi-
cal needs due to spreading antibiotic 
resistance, but has presented serious 
safety issues in clinical trials. Some 
regulatory officials and consumer 
advocates fear that pressure to pro-
vide early access to medicines, despite 
safety signals and limited evidence of 

efficacy, will undermine the FDA ap-
proval process more broadly. 

Manufacturing challenges
Accelerated FDA approval of important 
therapies demands drug manufactur-
ing systems able to scale up production 
quickly and efficiently and to maintain 
quality throughout the product lifecy-
cle. These challenges apply to biosimi-
lars and cutting-edge therapies, as well 
as to the need for modern aseptic pro-
cessing methods able to reliably pro-
duce both new and generic sterile in-
jectables. The increase in combination 
products, moreover, demands more co-
ordinated oversight of manufacturing 
by FDA’s centers for drugs, biologics, 
and medical devices. 

FDA is responding with efforts to 
refine and clarify policies related to 
quality drug manufacturing, with an 
eye to avoiding onerous requirements 
that can increase production costs and 
cause delays. An important initiative in-
volves collecting metrics data from drug 
makers that give a more precise picture 
of how reliably a drug facility produces 
quality products. In late November 2016, 
FDA revised a July 2015 proposal to ad-
dress industry concerns about the scope 
and objectives of this quality metrics 
data submission initiative (1). 

Under the new draft guidance, the 
program will be voluntary for a year 
and request three, instead of four, data 
elements, starting with lot acceptance 
rate, product quality complaint rate, 
and invalidated out-of-specification 

Drug Quality Key to 
Innovation and Access
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FDA plans to advance initiatives for ensuring 

reliable production of drugs and biologics in 2017.
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rate. Manufacturers have the option 
of submitting data by product or by 
site and may add comments to reports. 
FDA, however, is looking for strong in-
dustry participation in this voluntary 
phase to be able to determine the value 
of this kind of data. If successful, FDA 
proposes to initiate a formal rulemak-
ing process to establish a mandatory 
metrics reporting program, an ap-
proach likely to draw opposition from 
the Trump administration.  

Contract manufacturers able to 
scale up quality production quickly 
have emerged as particularly impor-
tant to the development of precision 
therapies and innovative dosage 
forms. The need for clear policies to 
ensure regulatory compliance and 
adherence to standards by contractors 
is reflected in a final guidance issued 
in November 2016 on establishing 
written quality agreements between 
commercial drug manufacturers and 
contractors (2). The final version re-

vises a draft issued in 2013 and clari-
fies that the owner/manufacturer of a 
drug (and not distributors or retail-
ers) is responsible for ensuring that 
drug substances and drug products 
are produced to meet GMP standards 
and how written agreements should 
map out the roles and responsibilities 
of each party in meeting those goals. 

Industry and FDA will face chal-
lenges as they continue to implement 
drug supply chain monitoring pro-
grams, as required by the Drug Supply 
Chain Security Act (DSCSA) of 2013. 
An immediate task is to provide a bar-
code on packages by November 2017 
that includes a National Drug Code 
(NDC), serial number, lot number, 
and expiration date in both machine-
readable and human-readable form. A 
broad industry group adopted guide-
lines on using the Electronic Product 
Code Information Services (EPCIS) 
for lot-level management and item-
level traceability of pharmaceuticals 

(3). Achieving standardized barcodes 
is a key step for establishing by 2023 
a fully electronic system for item-
level traceability of pharmaceuticals 
through the supply chain from manu-
facturer to wholesalers and distribu-
tors, and ultimately to pharmacies 
and patients. 

Seeking harmonization
As manufacturers strive to meet the 
DSCSA goals for global tracking of 
prescription drug shipments, they will 
face multiple tracking and serialization 
systems under development in Europe, 
Asia, and South America. The lack of 
harmonization in these efforts reflects 
continued challenges in establishing 
worldwide standards for a wide range 
of operations involving drug testing, 
regulation, and production.
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A
year ago, the outlook for contract 
services was a little uncertain. Eq-
uity markets’ appetite for public 

offerings from emerging bio/pharma-
ceutical companies had significantly di-
minished: valuations of emerging bio/
pharma companies, as measured by the 
NASDAQ Biotechnology Index (NBI), 
had declined by 15% from their highs 
in mid-2015, and by mid-February, they 
were off another 28%. Because contract 
development and manufacturing organi-
zations (CDMOs) and contract research 
organizations (CROs) get so much of their 
business from externally-financed com-
panies, the negative energy surrounding 
emerging bio/pharma did not bode well 
for the industry.

The valuations and levels of public of-
fering activity in 2014 and 2015 were not 
sustainable, and the NBI has never gotten 
back close to the levels it reached in 2015. 
Nevertheless, fundraising by emerging bi-
opharma companies held its own in 2016. 
Financing for emerging bio/pharma from 
venture capital, public equity, and part-
nering sources was ahead of 2013 levels, 
and those companies showed no fear of 
spending liberally to progress their pipe-
lines though clinical development. Pub-
lic reports for more than 300 companies 
tracked by PharmSource show that R&D 
spending by those companies has risen 
every quarter since the beginning of 2015.

Not surprisingly, this has been great 
news for CDMOs and CROs. Most 
publicly-traded services providers 
achieved revenue growth well in excess 
of 10% in 2016 (based on interim re-
sults), especially in those services that 
cater to clinical development (clinical 
supplies manufacturing, analytical 
services, clinical packaging, and clini-
cal research). Many CDMOs have told 
PharmSource that they are operating 
near capacity, and customers may have 
to wait as much as six months for a 
manufacturing slot.

The significance of external funding 
can be seen by looking at early-phase 
clinical trials sponsored by emerging 
bio/pharma companies. Phase I and II 
clinical trial registrations by emerging 
bio/pharma companies, as recorded in 
clinicaltrials.gov, were up 55% higher 
in the first half of 2016 versus the first 
half of 2012 (see Figure 1) (1). Just over 
half of those companies (55%) are pub-
licly-traded companies, while 45% are 

funded by venture capital. Clearly the 
tide of early development by emerg-
ing bio/pharma companies has risen 
thanks to the robust external funding 
environment.

The bio/pharma industry’s recent 
performance is encouraging, but what 
is really important is what the indus-
try can expect going forward. There is 
a sense that the outlook is positive but 
with some significant uncertainties.

US election impacts
Clearly, general economic sentiment 
since the November 2016 presidential 
election has been positive, with an ex-
pectation that the regulatory environ-
ment will be less restrictive and FDA 
will be approving more drugs more 
quickly. There have even been sugges-
tions that a venture capitalist might be 
appointed to run the agency (no ap-
pointments had been announced at the 
time this column was written). However, 
emerging bio/pharma investors haven’t 

The Tide Stays High
Outsourcing Outlook for 2017
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Robust venture capital investment gives 

CDMOs and CROs a positive outlook for 2017. 

Global Pharma Market: The Year Ahead 

Figure 1: Ownership of emerging bio/pharma companies sponsoring clinical trials.

 

Source: clinicaltrials.gov; PharmSource analysis 
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been moved much by this news as the 
NBI has remained at the same level it 
has been at for the past 12 months.

Enthusiasm for the bio/pharma 
industry may have been dampened 
by the president-elect’s campaign 
promise to go after high drug prices, 
including allowing Medicare to di-
rectly negotiate drug prices. The dis-
mantling of Obamacare could further 
reduce spending on drugs, especially 

in hospitals and other institutional 
settings. Coupled with the aggressive 
efforts by pharmacy benefit manag-
ers to reduce private sector spending 
on drugs by reducing utilization and 
prices, overall drug spending is likely 
to face considerable headwinds. That 
could dampen new investment in the 
industry, especially if it becomes more 
difficult for novel treatments to get 
formulary access.

Funding and investments
One positive indicator for CDMOs and 
CROs is the robustness of venture capi-
tal investment. Venture capital money 
has always been more dependable than 
public equity, even during the years of 
the global financial crisis. In 2016, even 
though public equity dropped consid-
erably, venture capital maintained a 
pace that was close to what it was in 
2015 and nearly 60% higher than it was 
in 2012. Looking ahead, according to 
the blog Life Sci VC, life-science ven-
ture funds are raising record amounts 
of new money that can sustain emerg-
ing bio/pharma companies for an ex-
tended period (2).

Of course, few venture capital or 
public equity investors place bets on 
emerging bio/pharma companies with 
the expectation that they will com-
mercialize their pipeline candidates 
on their own. Rather, they hope their 
companies will be acquired, or at least 
have their candidates licensed by, a 
global bio/pharma company. Acquired 
or in-licensed products account for a 
third to a half of product approvals 
gained by global bio/pharma compa-
nies in recent years, and their reliance 
on externally-sourced candidates ap-
pears to be greater than ever. Accord-
ing to a report published by Deloitte 
in December 2016, global bio/pharma 
companies are getting only a 1% re-
turn on their investment in internal 
R&D (3). 

So the stars seem to be aligning for 
a continued healthy environment for 
CDMOs and CROs. The biggest risks 
will come from what happens to drug 
pricing and coverage; and from a sys-
tem-wide economic shock that nega-
tively impacts the entire economy. The 
former is likely but over an extended 
number of years; and the latter can’t be 
predicted.
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F
ollowing two years of near-record 
numbers of new drug approvals by 
FDA, with 41 in 2014 (1) and 45 in 

2015 (2), 2016 appears to be seriously 
bucking the trend, with only 20 ap-
provals issued as of Dec. 14, 2016 (3). 
The sharp decline was not expected. 
What might be the reasons? John Jen-
kins, director of FDA’s Office of New 
Drugs, attributed the difference to a 
decline in the number of submitted 
applications, more complete response 
letters in 2016, and the fact that five 
approvals originally scheduled for 
2016 were finalized earlier in 2015 (4). 
On a positive note, Jenkins reported 
that the number of applications re-

ceived by FDA through Dec. 9, 2016 
was 36, surpassing the average number 
(35) of new molecular entity filings for 
the past decade.

Notably, the decline in approvals 
does not seem to be having an impact 
on growth expectations for the global 
API market. Mordor Intelligence proj-
ects the global API market to expand 
at a compound annual growth rate of 
6.5% from $154 billion in 2015 to $225 
billion in 2021 (5). 

While chemical compounds con-
tinue to account for the greatest 
percentage of APIs, biologic drug 
substances are growing at the fastest 
rate. APIs were intended slightly more 
often for branded drugs compared to 
generic drugs (43.5%) in 2015, and 
APIs for cancer treatments are expe-
riencing the fastest growth vs. APIs H
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As of mid-December, less than half  

the number of new drug approvals were  

issued by FDA in 2016 compared with 2015.

FDA New Drug 
Approvals Down
Significantly  
in 2016
Cynthia A. Challener

for other therapies. North America 
remains the largest market for APIs, 
but demand is growing most rapidly 
in Asia-Pacific (5).

General observations
The 20 approvals in 2016 included 
treatments for asthma, type II dia-
betes, different cancers, hepatitis 
C, plaque psoriasis, multiple sclero-
sis, muscular dystrophy, and several 
rare diseases. Eight of the approvals 
were for biologics, including seven 
monoclonal antibodies (mAbs) and 
one hormone. Two were radioactive 
diagnostics agents and two were for 
the treatment of hepatitis C. Merck, 
Eli Lilly, and Sanofi each received two 
approvals. Half of the new drugs ap-
proved by FDA in 2016 received one or 
more special designations. Three are 
considered new classes of drugs, and 
three are the first-ever treatments for 
the diseases they target.

Special designations continue
With passage of the FDA Safety and 
Innovation Act (FDASIA) in 2012, 
FDA was granted authority to imple-
ment expedited review and approval 
programs to accelerate the introduc-
tion of novel medications to the mar-
ket. Four programs are currently in 
use. Manufacturers can qualify for 
fast track and breakthrough therapy 
designations, and accelerated ap-
proval and priority review processes 
depending on the characteristics of 
their drug candidates. Breakthrough 
therapies provide substantial improve-
ment over currently available treat-
ments. Fast Track drugs meet unmet 
medical needs and treat serious condi-
tions. Accelerated approval is available 
for similar reasons. Priority review is 
granted to drugs that have improved 
safety and effectiveness compared to 
current medicines.

Drug companies are utilizing these 
pathways. In 2014 and 2015, respec-
tively, 66% and 60% of the 41 and 45 
new drugs approved by FDA received 
one or more special designation or was 
granted an expedited review of some 
kind (6,7).

Cynthia A. Challener is a contributing 

editor to Pharmaceutical Technology.
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In 2016, five of the newly approved 
drugs were awarded the breakthrough 
therapy designation, three received 
fast track status, five received acceler-
ated approval, and eight underwent 
priority review. In addition, six of the 
newly approved treatments were clas-
sified as orphan drugs. One product—
Exondys 51 (eteplirsen, Sarepta Thera-
peutics) for the treatment of patients 
with Duchenne muscular dystrophy 
(DMD)—received priority review for 
a rare pediatric disease. Notably, two 
of the approved drugs in 2016 had a 
total of five special designations (8).

Several first treatments
Several of the newly approved drugs 
are the first new therapies approved 
by FDA for the treatment of different 
diseases. Exondys 51 is the first drug 
approved to treat patients with DMD 
that have a confirmed mutation of the 
dystrophin gene amenable to exon 51 
skipping, which affects about 13% of 
the population with DMD (8). 

In addition to receiving the seventh 
rare pediatric disease priority review 
voucher issued by FDA since the pro-
gram began, Exondys 51 was granted 
fast track and orphan drug designa-
tions and was approved under the ac-
celerated approval pathway based on 
the surrogate endpoint of dystrophin 
increase in skeletal muscle observed 
in some Exondys 51-treated patients. 
FDA is requiring Sarepta Therapeutics 
to conduct a clinical trial to confirm 
the drug’s clinical benefit. 

Nuplazid (pimavanserin) from Aca-
dia Pharmaceuticals is the first drug 
approved to treat hallucinations and 
delusions associated with psychosis 
experienced by as many as 50% of 
people with Parkinson’s disease. An 
estimated 50,000 Americans are di-

agnosed with Parkinson’s disease each 
year, according to the National Insti-
tutes of Health, and about 1 million 
Americans have the condition. Nupla-
zid received priorty review and was 
designated a breakthrough therapy (9).

Defitelio (defibrotide sodium) mar-
keted by Jazz Pharmaceuticals is the 
first FDA-approved therapy for the 
treatment of severe hepatic veno-oc-
clusive disease (VOD), a rare and life-
threatening liver condition that can 
occur in adults and children that re-
ceive a stem cell transplant from blood 
or bone marrow (hematopoietic stem 
cell transplantation or HSCT). Fewer 
than 2% of patients develop severe he-
patic VOD after HSCT, but as many 
as 80% of patients who develop severe 
hepatic VOD do not survive. Defitelio 
was granted priority review and desig-
nated an orphan drug (10).

Epclusa (fixed dose combination 
of sofosbuvir and velpatasvir) from 
Gilead Sciences is the first regimen 
to treat all six major hepatitis C virus 
(HCV) genotypes and was approved 
for adult patients with chronic HCV. 
Velpatasvir is the new drug; sofosbu-
vir was approved in 2013. Epclusa was 
granted priority review (11).

Lartruvo from Eli Lilly is the first 
new therapy approved by the agency 
for the initial treatment of soft-tissue 
sarcomas (STS), cancers that develop in 
muscles, fat, tendons or other soft tis-
sues and cannot be cured with radiation 
or surgery, since doxorubicin’s approval 
more than 40 years ago. This platelet-
derived growth factor (PDGF) receptor-
alpha blocking antibody blocks PDGF 
receptors that cause tumor growth. The 
National Cancer Institute estimates 
that 12,310 new cases of STS and nearly 
5000 deaths are likely to occur from the 
disease in 2016. Lartruvo (olaratumab) 
with chemotherapy drug doxorubicin 
was granted accelerated approval and 
priority review, as well as fast track, 
breakthrough therapy, and orphan 
designations (12).

New treatment pathways
Other drugs approved in 2016 fall into 
new classes of compounds that act by 

new pathways. Genentech’s Tecentriq 
(atezolizumab) is the first FDA-ap-
proved PD-L1 inhibitor and the latest 
in the broader class of PD-1/PD-L1 
targeted biologics approved by FDA 
in the past two years. This mAb was 
approved for the treatment of patients 
with locally advanced or metastatic 
urothelial carcinoma, the most com-
mon type of bladder cancer.  It blocks 
PD-1/PD-L1 interactions between the 
body’s immune cells and some cancer 
cells, potentially helping the body’s im-
mune system to fight cancer cells. Te-
centriq received priority review and ac-
celerated approval and was designated 
a breakthrough therapy (13).

Venclexta (venetoclax) from AbbVie 
is the first FDA-approved treatment 
that targets the B-cell lymphoma 2 
(BCL-2) protein, which supports can-
cer cell growth. The drug is for the 
treatment of patients with chronic 
lymphocytic leukemia (CLL) who 
have a chromosomal abnormality 
called 17p deletion and who have been 
treated with at least one prior therapy. 
According to the National Cancer In-
stitute, CLL is one of the most com-
mon types of leukemia in adults, with 
approximately 15,000 new cases diag-
nosed each year. The relevant chromo-
somal abnormality occurs in approxi-
mately 10% of patients with untreated 
CLL and in approximately 20% of 
patients with relapsed CLL. Venclexta 
was granted priority review and ac-
celerated approval and designated a 
breakthrough therapy and orphan 
drug (14).

Netspot from Advanced Accelera-
tor Applications USA is the first kit 
for the preparation of gallium Ga 68 
dotatate injection, a radioactive diag-
nostic agent for positron emission to-
mography imaging. The radioactive 
probe helps locate tumors in adult and 
pediatric patients with the rare con-
dition somatostatin receptor positive 
neuroendocrine tumors by binding 
to receptors on the tumors, which de-
velop in the hormone-producing cells 
of the body’s neuroendocrine system. 
Netspot received priority review and 
was designated an orphan drug (15).

Despite fewer 

approvals, the API 

market is expected 

to grow 6.5%.
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Other notable approvals
Several of the approved drugs in 2016 
are intended for the treatment of dis-
eases with existing therapies, but in 
some cases the new drug is of par-
ticular interest. For instance, Ocaliva 
(obeticholic acid) from Intercept Phar-
maceuticals is only the second drug 
approved to treat patients with pri-
mary biliary cholangitis. Ursodeoxy-
cholic acid, the only other approved 
drug, is effective in just over 50% of 
patients on its own and is not tolerated 
by many. An oral drug, Ocaliva binds 
to the farnesoid X receptor, a recep-
tor found in the nucleus of cells in the 
liver and intestine, reducing bile f low 
from the liver and suppressing bile 
acid production in the liver. It received 
accelerated approval and fast track 
and orphan drug designations (16).

Merck ’s ZINPLAVA (bezlotox-
umab) is approved for the reduction of 
the recurrence of Clostridium difficile 
infection (CDI) in patients 18 years of 
age or older who are receiving antibac-
terial drug treatment for CDI and are 
at high risk for CDI recurrence. CDI 
is caused by bacteria that produce tox-
ins, including toxin B. Developed by 
researchers at the University of Mas-
sachusetts Medical School’s MassBio-
logics Laboratory in conjunction with 
Medarex (now part of Bristol-Myers 
Squibb) and licensed to Merck in 2009, 
Zinplava, a human monoclonal anti-
body, binds to C. difficile toxin B and 
neutralizes its effects (17).

Developed by Elusys Therapeutics 
in cooperation with the US Dept. of 
Health and Human Services’ Bio-
medical Advanced Research and De-
velopment Authority, Anthim (obil-
toxaximab) is a mAb that neutralizes 
toxins produced by Bacillus anthracis 
and was approved for the treatment 
of inhalational anthrax in combina-
tion with appropriate antibacterial 
drugs. Inhalational anthrax is a rare 
disease that can occur after exposure 
to infected animals or contaminated 
animal products, or as a result of an 
intentional release of anthrax spores. 
Notably, the drug was approved under  
FDA’s Animal Rule, which allows effi-

cacy findings from adequate and well-
controlled animal studies to support 
FDA approval when it is not feasible 
or ethical to conduct efficacy trials in 
humans (18).

It is also worth noting that FDA’s 
Center for Drug Evaluation and Re-
search (CDER) approved 72 “first 
generic drugs” in 2016 as of Nov. 16, 
2016 (19). “First generics” are the first 
approval by FDA that permits a man-
ufacturer to market a generic drug 
product in the United States and re-
ceive prioritized review.
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North America 

remains the largest 

market for APIs, but 

demand is growing 

most rapidly in 

Asia-Pacific.
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he potential and anticipation sur-
rounding oligonucleotides as thera-
peutics has been apparent in the 

pharmaceutical industry for more than 
30 years (1). Until recently, however, 
the number of success stories has been 
limited with the actual level of growth 
failing to meet these initial expectations.

As of September 2016, three anti-
sense drugs have been approved for use 
in the United States. The development 
pipeline for these therapies appears to 
be strong, with ClinicalTrials.gov de-
tailing more than 140 active clinical 
programs for oligonucleotides in vari-
ous stages of development. 

This resurgence in ol igonucle-
otide development can be attrib-
uted to a combination of factors 
including improved chemistries, 
a  be t ter  u nders t a nd i ng of  t he 
basic biology of oligonucleotides, 
more sophist icated del ivery sys-
tems, and most important ly, in-
creasing success in the clinic (2). 
Undoubtedly to support these devel-
opments, advancement in analytical 
technology has also been a funda-
mental aspect, specifically to facilitate 
characterization and quantitation of 
the oligonucleotide of interest as well 
as any synthetic contaminants (3).

Oligonucleotides are generally pro-
duced through a synthetic solid-phase 
chemical synthesis in a manner that 
likens them directly to traditional 

smal l-molecule pharmaceutica ls. 
Oligonucleotides, however, display 
a diversity in mode of action, which 
on a cellular level involves interac-
tions more typical of a biological 
moiety (3). This lack of ready defini-
tion as either a large or small molecule 
has led to many challenges from a 
regulatory perspective in terms of pro-
viding guidance, and subsequently, as 
yet, neither FDA or EMA have issued 
official documentation with respect to 
expectations surrounding quality con-
trol of oligonucleotides. 

Despite the lack of formal guid-
ance, FDA has issued papers detail-
ing current thinking in respect to 
quality control (4). These documents 
provide an overview of the data re-
quired to support product registra-
tion in respect to identity, purity, 
quality, and strength. The actual 
analytics involved represent a diverse 
and complex analytical program. 
Table I provides an overview of a typi-
cal characterization program.

Identity testing
Given the complex nature of the mol-
ecule, as with many of the quality 
control analytics, it is recommended 
that orthogonal approaches be used to 
verify the identity of the test material.

Oligonucleotide 
structure and sequence 
Determination of the molecular 
weight and confirmation of the nu-
cleotide sequence of an oligonucle-
otide are fundamental criteria for 
analysis in terms of confirmation of 
the identity of the molecule and thus 
a regulatory expectation. Several 
methods can be applied to gain this 
information. Historically, digestion 
approaches such as enzymatic meth-
ods (e.g., Sanger) or chemical meth-
ods (e.g., modified Maxam Gilbert) 
followed by mass spectrometry have 
been widely used. Methods involv-
ing digestion are often complex and 
relatively time-consuming and the 
likelihood of success is restricted, in 
some ways, to the analysis of short 
chain length species. Mass spectro-
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metric approaches, alternatively, can 
often be hindered by the polar nature, 
low thermal stability, complexity, 
and large molecular weights of oli-
gonucleotides (5), which can hinder  
the ability to obtain good spectra and 
thus make clear assignments on mass 
and sequence.

Advancements in high-resolution 
mass spectrometry and in particu-
lar, tandem methods (MSMS), have 
provided a viable alternative for the 
determination of both mass and se-
quence of oligonucleotides. When 
considering intact mass, normal res-
olution instrumentation can only be 
used to obtain the average molecular 
weight; high-resolution mass spec-
trometry has, however, facilitated the 
determination of accurate mass. This 
method is based on obtaining negative 
ion spectra of the oligonucleotide fol-
lowed by deconvolution. The accuracy 
of these measurements is typically less 
than 5 ppm, and as such, the mass can 

be used as an aid to establishing the 
empirical formula of the molecule, 
which is in turn used to postulate or 
confirm structure (6). 

Such high resolution readily allows 
discrimination of nucleosides differing 
by only 1 mass unit, such as Cytidine 
monophosphate (CMP) (monoisotopic 
mass 323.05185 Da) and Uridine mo-
nophosphate (UMP) (monoisotopic 
mass 324.03587 Da), including distin-
guishing between the 13C isotope of 
CMP and 12C isotope of UMP, which 
effectively have the equivalent mass at 
a lower resolution (324 Da).

Quinn et al. (7) also detailed how 
tandem MS can be used to confirm 
the presence of truly isobaric nucleo-
sides, such as Adenosine monophos-
phate (AMP) and Deoxyguanosine 
monophosphate (dGMP), both of 
empirical formula C

10
H

14
N

5
O

7
P and a 

monoisotopic mass of 347.06308 Da). 
In discrimination between species of 
this type, structural differences are 

relied upon for definitive identifica-
tion. In the case of AMP and dGMP, 
for example, the position of the oxy-
gen atom differs, which can be distin-
guished by MS analysis and thus allow 
these isobars to be distinguished.

The benef it of these advanced 
MS-based methods is further dem-
onstrated when considering identi-
fication of the position of modified 
nucleosides, a feature that could not 
be established from the earlier diges-
tion/chromatography approaches. 

Chain length
Despite improvements in the automa-
tion and understanding of the chem-
istries involved in oligonucleotide 
synthesis, and despite the most ardent 
post synthesis clean-up, it is inevitable 
that there will be some heterogeneity 
with regards to chain distribution in 
the final material. Monitoring of this 
distribution presents a further funda-
mental aspect of quality control.

BLOW IN EFFICIENCY, 

FILL UP QUALITY, 

AND SEAL OFF RISKS

Would you like to fi ll your liquid or semisolid pharmaceuticals in a 

more reliable, more economical, and more user-friendly way than 

is possible with conventional methods? Then it's high time for 

blow-fi ll-seal technology from Rommelag. Our bottelpack systems 

enable aseptic fi lling in application-optimized plastic containers, 

which are directly produced, fi lled, and sealed by the system. These 

shatterproof containers are free of contamination and correspond 

to the filling quantities that you and your clients need. More 

information on blow-fill-seal technology and your personal contact 

partner can be found on our website.

www.rommelag.com

 m
e

d
ie

n
f

o
r

m
e

r.
d
e

http://www.rommelag.com
http://www.rommelag.com/


32    Pharmaceutical Technology JANUARY 2017  PharmTech .com

The most accepted methodologies 
for performing this assessment are 
capillary gel electrophoresis (CGE) 
and anion exchange–high-perfor-
mance liquid chromatography (SAX–
HPLC), given both methods’ inherent 
ability to separate truncated species. 
Each approach offers advantages over 
the other. CGE methods require little 
or no development to reach maximum 
performance and can generally be ap-
plied to larger oligonucleotides with-
out loss of resolution over that can be 
prevalent with the HPLC approach. 

Alternatively, SAX–HPLC methods 
are generally more reproducible, the 
columns last longer, and the response 
of and amount of loading into the in-
strument are not affected by species 
of differing mass to charge ratios (8).

Internucleoside linkages
Introducing modification to a nucleo-
side linkage has been a critical feature 
in the advancement of oligonucleotide 
therapeutics. Such alterations help to 
overcome the two main challenges af-
fecting the efficacy of these molecules, 

specifically, delivery to the target in 
vivo and increasing bioavailability. An 
example of the effect of this engineer-
ing is that introduction of phosphor-
thioate linkages increases resistance 
to nucleases, but the incorporation of 
too many bonds can reduce the func-
tion of the species. 

Modifications are, however, a ne-
cessity, and as such, powerful tech-
niques that allow continued monitor-
ing of the distributions are required. 
SAX–HPLC and nuclear magnetic 
resonance (NMR) spectroscopy, in 

Formulation: Oligonucleotides

Table I: Characterization of oligonucleotide drug substance.

Criteria Analysis Methodology

Description and 

physiochemical 

characteristics 

Molecular weight
Mass spectrometry

Size exclusion chromatography (SEC)

Optical rotation

(to clarify that stereochemistry 

is controlled)

pH

Moisture content

pKa

Hygroscopicity

Assay/impurities

Assay High-performance liquid chromatography (HPLC)

Counter ion
Inductive coupled plasma (ICP)

Atomic absorption (AA)

Duplex content SEC

Structure

Sequencing

Enzymatic method (e.g., Sanger)

Chemical method (e.g., modified Maxam Gilbert)

Enzymatic digestion followed by mass spectrometry (MS)

Nucleobase composition

Enzyme digestion and HPLC of nucleosides. For enzyme-resistant 

oligonucleotides, transformation may be required; however, in these cases, 

the process should be shown not to affect other parts of the molecule.

Melting temperature (T
m
 )

Nuclear magnetic resonance (NMR)

Circular dichroism (CD)

Chain length
Capillary gel electrophoresis (CGE)

Polyacrylamide gel electrophoresis (PAGE ) analysis

Internucleoside Linkage

31P NMR for assessment of phosphodiester, phosphorothioate, 

methlyphosphonate, and any other modified phosphate

Molecular backbone 

composition  

phosphorothioate to 

phosphatediester (PS/PO) ratio

31P-NMR plus strong anion exchange (SAX)–HPLC

Chromatographic profile
HPLC

SAX (for phosphorothiates)

UV spectra
Lambda max and min for acidic, basic, and aqueous solutions. 

Determination of extinction coefficient

Spectroscopic profile  

including stereochemistry
Fourier transform infrared spectroscopy (FTIR), 1H-NMR, other NMR

http://www.pharmtech.com/
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particular 31P NMR, provide power-
ful data in this respect to monitoring 
linkage. SAX–HPLC is particularly 
useful where quantitation is required 
(i.e., discrimination of the amounts 
of phosphate diester [P=O] or phos-
phorothioate diester). 31P NMR can 
yield powerful data about the type 

of internucleoside linkers (phospho-
diester P=O, phosphorothioate P=S, 
methyl phosphonate, phosphonate, 
or any other modified phosphate), 
the nucleobase, and oligo backbone 
composition. NMR also provides 
information on the ratios of various 
species such as that between the P=O 
and P=S; however, this technique is 
restricted to ratio and other tech-
niques needed to give true amounts.

Melting temperature (T
m

)
Melting temperature is often consid-
ered the most critical quality attribute 
of an oligonucleotide. This property re-
lates to the temperature at which a dou-
ble-stranded oligo denatures and sepa-
rates into two single strands. The melt 
temperature, or T

m
, is defined as the 

temperature at which 50% of the mol-
ecule is double stranded and 50% single 
stranded, also known as the molecule 
being classed as 50% annealed. Criti-
cally, T

m 
 can be influenced by external 

factors, such as salt concentration, the 
presence of denaturants, and hybridiza-
tion conditions. Altering the T

m
 by ma-

nipulating external or environmental 
factors is often used to increase solubil-
ity of a product or to enhance in-vivo 
stability of the material.

Many algorithms exist for determi-
nation of theoretical T

m
. These theo-

retical values aid product develop-
ment. For determination of actual T

m
, 

however, NMR and circular dichro-
ism (CD) provide the best methods 
for establishing the T

m
 of an oligo-

nucleotide.

Impurities determination
In addition to confirmation of core 
structural and physiochemical fea-
tures, continued monitoring of the 
purity and levels of product- and 
process-related impurities presents 
a fundamental attribute for oligo-
nucleotides in continued quality 
control. 

Product-related impurities include 
the following:
t� Addition sequences (n+1, n+2, etc.)
t� Deletion sequences (n n-1, n+2, 

etc.)
t� Phosphodiester analogs
t� Depurinated sequences
t� Partially deprotected sequences
t� Aggregated sequences.
When considering impurities in-

volving addition or deletion of se-
quence, the methods of choice are 
SAX–HPLC or CGE, when consid-
ering chain length. For the other 
potential product-related species, a 
combination of chromatographic and 
spectroscopic methods are applied to 
cover all relevant components.

Aside from product-related impuri-
ties, residual species originating from 
the process require monitoring, and 
if necessary, specifications set. Such 
species include:

t� Organic volatile impurities (OVI) 
or residual solvents, typically 
quantified by gas chromatogra-
phy (GC) with f lame ionization 
detection (FID) or mass spec-
trometry (MS)

t� Inorganic molecules metals, inor-
ganic salts, catalysts, cleavage re-
agents, and counterions typically 
quantified by inductively coupled 
plasma (ICP), MS, or OES.

Conclusion 
In support of continued quality con-
trol of oligonucleotide therapeutics, a 
vast array of analytics is required to 
comprehensively control structural, 
physiochemical composition, as well 
as the purity and impurities of the test 
material. Looking forward, some of 
the challenges facing the resurgence 
in these therapies and the growing 
pipeline of oligonucleotides can be 
effectively addressed through applica-
tion of these sophisticated analytical 
approaches and continued advance-
ments in analytical technology. 
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A Statistical Decision System 

for Out-of-Trend Evaluation
Niels Væver Hartvig and Liselotte Kamper

The authors present a set of statistical decision 

rules based on linear regression models that can be 

implemented in an automated trend system to assist 

stability studies. The models combine historical 

stability and analytical method data with data 

from stability studies, and allow the responsible 

person to routinely evaluate stability results based 

on statistical tools, without the need for expert 

statistical assistance. The system provides a 

fast and standardized framework for evaluating 

parameters that approximately follow a linear 

degradation path or are constant.

Evaluation of data from stability studies is a central part 

of the control strategy of pharmaceutical products and 

is a GMP requirement (1). The purpose is to ensure the 

safety and efficacy of the product by confirming that the 

stability is as expected and that it will continue to meet 

quality specifications until expiry. Stability studies can 

be part of the development program for new products or 

the ongoing stability program for marketed products. The 

studies are typically conducted both at long-term storage 

conditions and at accelerated conditions.

For stability studies on marketed products, the objective 

is to confirm that the stability profile follows the trend of 

earlier batches. Unexpected results may either indicate 

that the batch is out-of-trend or that the result is out-of-

trend (OOT). A typical approach to evaluate the data is to 

consider the following three questions (2):

t� Is the latest result within the expected range, or is the 

result substantially different from what is expected? The 

latter is known as an analytical alert and would usually 

be related to the analytical procedure or the handling of 

the stability sample, and more rarely to the actual sta-

bility of the product. 

t� Does the stability of the batch follow the expected trend 

compared to historical stability data? Or are there indica-

tions that the batch degrades in a different manner than 

observed earlier, which could indicate a special cause 

event has occurred in the production of the batch? This 

is known as a process control alert and will often lead to 

the conclusion that the batch is OOT. 

t� Will the product comply with specifications throughout 

the shelf life? In the event of a process control alert, 

the batch is known to deviate from the historical 

expectations. The stability should be examined and 

evaluated to ensure that the batch stays within the 

specifications. When this stability is questionable, a 

compliance alert is raised.

The evaluation can be performed subjectively by an 

analyst, but it requires long experience with the analytical 

method and the product and its distinct properties. Also, 

different analysts or different laboratories may conduct 

the trending; they may have different experience and 

evaluate the data differently as a result. However, an 
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objective evaluation requires data from different sources 

to be combined, namely the precision of the analytical 

method and the stability trend of historical batches and 

their associated uncertainty, and this is a burden both 

practically and statistically. 

Statistical tools can control the risks of false alarms, 

when the product and result are actually within the 

expected range, and the risk of overlooking an OOT. The 

factors of uncertainty that need to be considered are:

t� How much historical data is available—how well is the 

expected slope determined?

t� Are there historical batch-to-batch variations in the slope?

t� What is the intermediate precision of the analytical 

method and how well is this determined?

t� Is the variation in the current stability study comparable 

to historical intermediate precision, and if so, what is 

the combined estimated precision?

t� How much data are available in the current study?

t� How much confidence is there in the predicted value of 

the batch when extrapolating to end-of-shelf life?

Unless a system is in p lace that faci l i tates the 

combination and statistical evaluation of data in an 

automated and standardized manner, the evaluation of 

stability data will be laborious and may require expert 

statistical assistance, which is usually not readily available 

at all the facilities where data are generated and evaluated. 

A number of dif ferent approaches for evaluating 

stability data from a statistical perspective have been 

proposed in recent years (2–5). In this paper, the authors 

consider only parameters that follow a linear stability 

trend (or are constant). In this approach, the analysis 

is based on linear regression models that combine the 

eff iciency of a parametric statistical model with the 

practical aspect of being relatively simple and intuitive. 

From the authors’ experience, the vast majority of 

parameters that are followed in stability are approximated 

well by zero or first-order kinetic reactions, which lend 

themselves to linear regression analyses. Parameters that 

do not develop linearly must be evaluated, for instance, by 

tolerance interval methods by time point (3), or by more 

advanced kinetic models of the stability profile. These 

methods will not be considered here. 

An overview of the system is provided in the following 

sections. Statistical details are deferred to the appendix.

System setup 

The system is illustrated in Figure 1. The system supports 

a work flow where the stability responsible person rou-

tinely evaluates and releases results in a stability study as 

they are available. Stability data is stored in a laboratory 

information management system (LIMS). To evaluate the 

trend questions discussed in the previous section, his-

torical data and data on the analytical variability of the 

method are needed. These data are stored in a database 

with tables for each product.

The combination of the two data sources and the 

stat ist ical  analysis and presentat ion of results is 

implemented in a computer program (JMP, SAS Institute) (6), 

but other systems for data analysis and visualization can 

be used. The evaluation of results and alerts is conducted 

on a computer screen. 

The parameter table with historical data

Historical stability data is summarized in a parameter table 

(see Table I) for each product. The table should be based 

on batches and results that are representative of the cur-

rent product and analytical methods. 

The parameter table should be established based on 

statistical analysis of historical stability data that are 

representative of the current product. For new products, 

typically data from the new drug application (NDA) stability 

studies and other development stability studies will 

be used. For marketed products, the body of historical 

routine stability data can be used. 

The analysis of the historical data should be based on a 

regression analysis, in which the average stability trend 

is determined. In the model, each batch should have its 

own intercept to account for batch-to-batch variation in 

the starting level. If the stability slope varies slightly from 

batch-to-batch due to random variations, for instance in 

raw materials or input factors, a mixed model with random 

slopes can be used (5).

The intermediate precision of the analytical method 

should preferably be estimated as the residual variation in 

historical stability data, because this estimate will cover 

long-term variation in the method and also any other 

variation in stability studies, for instance, due to sampling 

and handling of the samples. Alternatively, method 

validation data or variation in control samples can be used. 

The construction of the parameter table is typically a 

large task and may require a cross-functional team 

Ongoing stability
data

(LIMS)

Automatic pre-
processing of data

with statistical results
(JMP)

Evaluation of alerts by
stability responsible

person

Parameter table
with historical data

(JMP)

Figure 1: Illustration of the trend system. LIMS is 

laboratory information management system, JMP is the 

computer program by SAS Institute.
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of analytical chemists, product responsible chemists, 

and statist icians. I t is advisable to ensure careful 

documentation and control of the parameter table because 

it is the cornerstone of the stability trend evaluation.

Generally, the parameter table need only be established 

once for each product, but it may be necessary to update 

the table over time if there are changes to the stability 

profile of the product or to the analytical methods, or if 

the initial parameter table is based on a relatively small 

body of stability data and more precise estimates are 

obtained over time. 

The parameter table summarizes all the historical 

knowledge of the product and the analytical methods 

in a single table. Thus, there is a wealth of information 

in the table, and the creation of the table ensures that 

the expectation of the stability study is clear across the 

organization. By using the same parameter table for 

trending, consistency in the evaluation of the data across 

persons, departments, and sites is ensured, which is an 

important benefit of the system. 

Routine trend evaluation

When conducting routine trending, stability data are 

retrieved from the LIMS and combined with the param-

eter table. The system processes the data and presents 

a graph for each parameter, batch, and storage condition. 

The graphs illustrate the data and summarize the statistical 

evaluation of the three trend questions.

Is the latest result comparable with the results 

previously seen for the same batch in the study?

This trend is evaluated by a prediction interval based on 

the stability results for each batch, excluding the latest 

result. If the latest result falls within the prediction 

interval, it can be concluded that it follows the trend seen 

so far, within the expected uncertainty range. 

Typically, a 99% prediction interval will be used to have 

a reasonably low risk (1%) of a false alarm. This interval 

corresponds approximately to ±3 standard deviations 

around the expected value.

The historical stability slope in the parameter table is 

not used in this evaluation, but the historical intermediate 

precision of the method is used to calculate the variance 

of the result.

The result of the analysis is indicated graphically by 

plotting the data with the regression line, calculated with 

the latest result excluded, and by overlaying ±3 standard 

deviation error bars on the latest result. This approach 

provides a simple visual check for whether the result is 

within the expected range. The conclusion of the statistical 

analysis is illustrated visually by plotting the latest 

Table I: Information on specifications and historical data contained in the parameter table. The information is 

provided for each parameter and storage condition.

LSL Lower specification limit

USL Upper specification limit

Shelf life Expected shelf life (months)

Expected slope
Expected stability slope in absolute units per month. This value is the estimated average slope from 

historical stability data from representative batches.

Std. err. slope
Standard deviation of the expected slope (in units per month). This value represents the uncertainty of 

the estimated slope and optionally also historical batch-to-batch variation in the slope.

Intermediate precision

Intermediate precision of the analytical methods in absolute units. This can be estimated as the 

residual variation in historical stability data, or alternatively, the analytical method validation study can 

be used.

D.f.
Degrees of freedom of the intermediate precision estimate. This depends on the number of results 

used to determine the intermediate precision.

110

105

100

95

90
0 3 6 9 12 15 18 21 24 27 30

C
o

m
p

o
n

e
n

t 
A

 (
%

)

Time Point (Months)

Linear Fit

Latest time point excl.

Expected Slope

Figure 2: Example of the graphical illustration of an 

analytical alert. The latest result is marked with a 

red triangle, because it, with high confidence (99%), 

does not follow the trend of the five previous results 

(marked with a dashed grey line). The vertical bar 

at the latest result indicates ±3 times the standard 

deviation of the analytical method
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result with a red symbol, if the result is outside the 99% 

prediction interval. An example is provided in Figure 2. 

Is the development of the parameter comparable to the 

development of the same parameter in historical studies?

This trend is addressed by a regression analysis, in which 

the estimated slope of the current batch is compared with 

the expected slope from the parameter table. Based on a 

t-test, the statistical significance of any difference can be 

assessed, accounting for the uncertainty of both the cur-

rent estimated slope and the expected slope. The uncer-

tainty of the expected slope can express both estimation 

uncertainty and, if relevant, random batch-to-batch varia-

tion in the slope (5). Typically, a significance level of 1% will 

be used to avoid too many false alarms, corresponding to 

the 99% intervals used above.

The result of the analysis is indicated graphically by 

plotting the regression line for the batch (the green line in 

Figure 3) as well as a line with the expected slope (dotted 

line in Figure 3). If a statistically significant difference is 

observed, all points can be plotted with a separate color 

to provide the stability responsible person with a clear 

visual indication that this statistically significant difference 

needs to be evaluated and possibly investigated further.

Can compliance with the specification limits be 

expected to be maintained until the end of study?

This analysis is conducted following the principles  

in (7) by evaluating if the 95% confidence interval for the 

batch intersects the specification limit before the end of 

shelf life. A one- or two-sided confidence interval is used 

depending on whether the specification is one- or two-

sided, respectively. 

If the batch is confirmed to be OOT and there is less than 

95% confidence that it will comply with the specification 

during shelf life, a compliance alert is raised (see Figure 4). 

The evaluation of criticality is not only a statistical exercise, 

but the statistical result may be used to evaluate the effect 

of reducing shelf life or other mitigations. 

Practical use of the system

In the practical use of the system, all data for a given time 

point are evaluated and a graphical overview of the dif-

ferent parameters, batches, and storage conditions pre-

sented. The graphical illustrations of alerts make it easy to 

get an overview of the data. In case one or more alerts are 

identified, summary tables with estimates and statistical 

details are available to interpret the findings.

When evaluating alerts, the trend responsible person 

should be aware of a number of pitfalls and understand 

the limitations of the methods used: 

t� Rounded and truncated results: The trend analysis 

requires data with sufficient resolution. In particular, 

impurity data are often rounded to one decimal and 

truncated when they are below the limit of quantifica-

tion. It is important that a database with the unrounded 

results is available for the trend analysis; if not, the 

trend system may not analyze impurity data correctly.

t� Non-linear trend: The system assumes a linear trend 

over time (or no trend). This approach is typically rea-

sonable, but complex biological reactions or physical 

parameters are not necessarily linear. In this case, the 

results of the system should be interpreted with much 

care, and trending may need to be conducted by other 

methods, for instance, the by-time-point method (2).

t� Multiplicity: A number of statistical tests are con-

ducted for each time point. For instance, if three 

batches are followed at three different storage condi-

tions and five parameters are evaluated for each, a total 

of 45 tests are conducted. With a significance level of 

1% for each test, there is a risk of 1-0.9945=36% of at 

least one false alert. Because there is no correction for 

this risk, it is important that the stability responsible 

person is aware of the risk of a false alert and uses good 

judgement when evaluating alerts.

t� Independent results: It is an assumption in the analysis 

that all results are independent. When this is not the 

case, for instance, if two determinations are obtained 

in the same analytical run, there is a risk of over-inter-

preting findings and getting too many false alarms. The 

correlation between multiple results can be handled sta-

tistically using random effects models, but this method 

is difficult to automate in a system like this. 

110

105

100

95

90
0 3 6 9 12 15 18 21 24 27 30

C
o

m
p

o
n

e
n

t 
A

 (
%

)

Time Point (Months)

Linear Fit

Latest time point excl.

Expected Slope

Figure 3: Example of a graphical illustration of a 

process control alert. The results of the batch are 

indicated with open red triangles to indicate that 

the slope of the batch is statistically significantly 

lower than the slope of historical batches at a 1% 

significance level (indicated with the dotted grey line). 

The statistical significance evaluation includes both the 

uncertainty of the slope of the current batch and the 

standard deviation of the historical slope estimate.
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t� Only the latest result is evaluated: Previous OOT 

results in the same study should be excluded before 

the analysis; otherwise, these previous OOT results may 

mask new OOT results. The system supports a work 

flow where the OOT evaluation is conducted routinely 

after each result, and, therefore, only the latest result is 

evaluated.

t� Patterns across batches: The system analyzes each 

batch, parameter, and storage condition separately, 

giving a relatively simple framework, but it means that 

patterns across similar batches or storage conditions 

are not discovered. These patterns must be evaluated 

subjectively or by more advanced statistical analyses in 

specific cases. 

t� Number of results available. The system can, in principle, 

estimate the stability slope based on two results, using the 

historical standard deviation as an estimate of the residual 

variation in the data. But clearly, the analysis will have low 

sensitivity until more time points are available. 

The computer system should be validated for GMP-use. 

However, by building the system on existing validated 

computer systems, the validation effort is relatively 

smaller than if the system was built from scratch. 

Comparison with other methods

As discussed, the methods presented rely on linear trend 

models with normally distributed errors. They are, there-

fore, less general than OOT methods that do not rely on 

these assumptions, such as the ”change-from-previous” 

type methods and by-time-point methods presented in 

references 2 and 3, but they provide a simpler and more 

efficient setup when the assumptions are fulfilled. 

The methods can be compared with other published 

regression methods as follows:

t� Analytical alert: The method presented here is very sim-

ilar to the regression control chart method (3–5) based 

on a prediction interval. A difference, however, is that the 

authors’ method uses a pooled variance based on the 

historical variance and the variance in the present study. 

This approach will increase the power of detecting an OOT, 

provided that the variation in the historical data is compa-

rable to that of the current study. If the historical variance 

is not entered in the parameter table, the authors’ test 

simplifies to the regression control chart method. 

t� Process control alert: The method presented compares 

the slope of the current batch with the average slope of 

historical batches by a t-test, allowing for uncertainty in 

the estimated slopes and random batch-to-batch varia-

tion in the historical slopes. As such, the interpretation of 

the test is similar to the slope-control chart method (3),  

though the statistical framework is slightly different.  

If the standard error of the historical slope accounts for 

uncertainty in the slope only, the method is similar to the 

test for poolability of batches (7), except for the fact that 

all the historical batches are pooled before comparison 

with the current batch and the fact that a pooled vari-

ance is used in the test. If the standard error of the his-

torical slope includes random variation between batches, 

the framework is similar to the random coefficient  

regression (6), where the model is used to set limits for 

individual results.

t� Compliance alert: The method presented is the same as 

used in reference 7, where batches are not pooled and 

each batch is thus considered individually. 

Conclusions and further development

The trend analysis system provides the trend responsible 

person with exact and reproducible results for evaluating 

stability data. It makes the evaluation of data objective 

and standardized, and provides greater flexibility in terms 

of who does the trending.

The system provides valuable summary measures for 

each batch, such as the estimated slope with confidence 

l imits,  a stat is t ical  test for whether the batch is 

comparable with historical batches, and the expected 

shelf life based on extrapolation of confidence intervals. 

The system makes it easy to account for the different 

sources of uncertainty in the evaluation of the data and 

thus provides control over the risk of false alarms and the 

risk of overlooking an OOT. 

The system is relatively simple to implement, validate, 

and maintain, and can be based on a statistical software 
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Figure 4: Example of a graphical illustration of a 

compliance alert. The trend line and 95% confidence 

region is colored red to indicate a process control alert, 

because the slope of the batch is significantly different 

from historical batches, and a compliance alert is 

issued because the confidence interval intersects the 

specification limit of 95% before end-of-shelf life (here 

30 months). The confidence region for the slope is 

based on the data from the actual batch only.
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package such as JMP and existing database solutions, 

such as LIMS. The statistical methods strike a reasonable 

compromise between being relatively simple, based on 

linear regression model for each batch, yet sufficiently 

complex to handle, for instance, mixed effect models with 

random variation in the slope between batches. 

Generating the database of parameter tables for all 

products requires analyses of historical data. Though this 

effort is a prerequisite for conducting a trend analysis, 

whether a trend system is used or not, the practical 

work of establishing, documenting, and maintaining the 

parameter tables in a system such as this should not be 

underestimated. 

The system is not designed to encompass all parameters, 

and some level of “manual” trending should, therefore, 

be expected even with this system. Parameters that do 

not follow a linear pattern or ordinal responses cannot be 

analyzed by the system currently. Also, impurity data that 

are truncated below limit of quantification may need to be 

trended by other methods. One could extend the system, 

for instance, by including functionality for transforming 

responses to linearize the trend, or to include tolerance 

intervals methods. Still, it is important that the results of the 

analyses are intuitive and easy to interpret, and this feature 

should be a cardinal point when extending the system. 
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Appendix: Statistical details

The following section contains the statistical details. 

Consider data from a single parameter, a s ingle 

batch at a single storage condition. Let Y
1
,...,Y

n
 be the 

results available for analysis and let x
1
,...,x

n
 denote the 

corresponding storage time in months. For simplicity, it 

is first assumed that only a single result is obtained per 

time-point, and that x
n 
is the latest time point.

The underlying statistical model is a linear regression 

model,

Y
i 
= α  + β x

i 
+ ε

i 
, ε

i
 ~ N(0, σ 2), i = 1,...,n

with all observations independent. Let x  and Y  denote 

the averages, 
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and the residual variance m2 is estimated by
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Evaluation of shelf life

The (1-_)-confidence limit for the regression line at time 

point x is given by

x

n
SSD

xx

n
stx

2

2,2/1

)(1ˆˆ
−

+±+ −−αβα
,

where t
p,f

 is the upper p-quantile of the t-distribution with 

f degrees of freedom, and s is the square-root of the esti-

mated residual variance s2.

The estimated shelf-life is established by looping over 

values of x and determining the largest x where both the 

upper and the lower 95% confidence limits are within the 

specification limits. 

If the specif ication is two-sided a two-sided 95% 

confidence interval is considered by setting _ = 0.05. If 

the specification is one-sided, a one-sided 95% confidence 

interval is calculated by setting _�= 0.1.
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Pooling of variances

For the OOT-tests a pooled variance is used, 

pool

ipip

pool
f

sfsn
s

22

2
)2( +−

=

,

ippool fnf +−= 2
.

Here s2
ip
 is the intermediate precision variance and f

ip
 is 

the degrees of freedom, both provided in the parameter 

table. 

For early t ime points, n-2 will be small, and the 

intermediate precision variance provided in the parameter 

table has to be used to conduct tests for OOT. In this case, 

s2
pool

 will primarily be given by s2
ip
. On the other hand, 

for late results, the residual variance contains valuable 

information on the precision of the analytical method 

in practice. As n becomes larger, the residual variance 

will weigh increasingly more in the pooled variance. A 

prerequisite for pooling the variances is that the provided 

intermediate precision represents the current variation in 

the method. 

When f
ip
 is set to missing in the parameter table, it is 

interpreted as f
ip 

= ∞ and therefore s2
pool 

= s2
ip
. If s2

ip
 is 

missing in the parameter table, only the residual variance 

is used, i.e. s2
pool 

= s2.

OOT test for slope

The test for whether the batch is OOT is based on the 

expected slope 0

ˆ̀  and the standard error of this, s
0
, both 

provided in the parameter table. It is assumed that the 

expected slope follows a normal distribution, ),(~ˆ 2

000
m`` N , 

where the normal distribution expresses the uncertainty 

of the expected slope and/or an expected batch-to-batch  

variation in the slope.

In the parameter table, the degrees of freedom f
0
 for 

the standard error s
0
 could be entered if relevant. It was 

found that in practice, this parameter was often difficult 

to obtain, and the degrees of freedom are, therefore, by 

default set to missing, which is interpreted as f
0 
= ∞.

The OOT test for the slope is a t-test for the hypothesis:  

H
0
: 0

`` = . The t-test is given by
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Notice that when one or both of the degrees of freedom 

are infinite, some of the terms in the denominator will be 

0. If both degrees of freedom are infinite, f will also be infi-

nite, and t follows a normal distribution. 

The p-value is calculated as

( )|(|

(

12 )( tFp ft−=
,

where F is the cumulative distribution function of a t-distri-

bution with f degrees of freedom.

OOT test for latest result

The OOT test for the latest result is conducted by first fit-

ting the above model, but with the latest time point ),(
nn
Yx  

excluded. Let )(
ˆ
n

_ ,
)(

ˆ
n

` , 2

)(, npool
s

 etc. denote the estimates thus 

obtained. If the latest result deviates significantly from the 

predicted value based on the previous data, 
nnn
x

)()(

ˆˆ `_ + , it is 

an indication that the result is out-of-trend; either because 

of a laboratory error, an error in the handling of the sample, 

or for other reasons. 

It is initially assumed that ),(~
2m+

nn
NY  and the test for 

OOT is then a t-test for the hypothesis H
0
: 
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t-statistic is given by
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which follows a t-distribution with )(, npool
f -degrees of 

freedom.

Multiple results at each time point

When multiple results are given for one or more time 

points, it is assumed that all observations are independent. 

The analysis is conducted as described above, and an OOT 

test for the time point is conducted for each individual 

result. PT
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n the pharmaceutical industry, con-
siderable effort is made to develop 
products that are stable and have 

a long shelf life. It is well known that 
moisture uptake is the most common 
cause for a product failing to meet its 
specification (1), and during develop-
ment particular attention is, therefore, 
paid to moisture. Uptake of moisture 
by oral solid-dosage forms, such as 
tablets or capsules, is well known to in-
crease the mobility of chemical species, 
which causes an increase in the rate of 
degradation of the drug substance and 
an increase in the rate of production of 
undesired byproducts (2). Moisture can 
also have an effect on the physical at-

tributes of the product, such as its drug 
release rate or appearance.

In cases where moisture causes an 
increased rate of degradation, it is pos-
sible to model the rate of reaction using 
an Arrhenius-like expression that also 
includes moisture (as shown, for exam-
ple, by He et al. [3]). The parameters in 
this model can be determined using ac-
celerated stability tests, as described by 
Waterman et al. (4, 5), and the amount 
of degradant can then be predicted 
provided that the temperature and the 
moisture content of the product or the 
relative humidity to which it is exposed 
are known. In this article, however, only 
moisture is considered, with the implicit 
assumption that this factor can be used 
to predict degradation.

The product may absorb moisture dur-
ing handling and storage, and the fact that 
the product has adequate stability during 
its shelf life is demonstrated experimen-

tally for a number of different packaging 
configurations at selected environmental 
conditions. Tablets in bottles can also ab-
sorb moisture during use by the patient, be-
cause bottles with a broken seal can have a 
much higher moisture permeability than 
sealed bottles and because the repeated 
opening and closing of a bottle to remove 
tablets may increase the rate of moisture 
transport into the bottle relative to a closed 
bottle. Figure 1 shows how the moisture 
content of the product can change from 
the point of manufacture to the point of 
administration by the patient. Two cases 
are shown in Figure 1: one where the mois-
ture content starts at a low value and then 
gradually increases during packaging, 
handling, storage, and use; and one where 
it is packaged in a consumer bottle with a 
desiccant so that it starts at a higher value 
but decreases almost immediately after it is 
packaged. As Figure 1 shows, the moisture 
content of the product when it is adminis-
tered by the patient can be controlled either 
by selecting the packaging components so 
as to include a desiccant in the container 
or by introducing a drying or conditioning 
step in the manufacturing process so that a 
desiccant is not required. To develop a sup-
ply chain that is cost effective and guaran-
teed to deliver a high-quality product to the 
patient, it is therefore of interest to consider 
moisture uptake during the entire lifetime 
of the product.

Outlining the constraints on the sup-
ply chain from the point of view of stabil-
ity is not straightforward because there 
are a number of unknowns. Fortunately, 
by examining the overall process and by 
introducing predictive models for each 
stage, it is easier to understand what 
parameters are important and to what 
extent they can be expected to affect the 
quality of the product. In this article, it 
is shown how simple experiments along 
with simple modeling tools can be used 
to help define requirements for storage 
and handling in the end-to-end manu-
facturing process and supply chain.

Using predictive tools to define
the packing and handling process
As shown in Figure 1, the product may 
absorb moisture during packing, during 
storage in bulk and consumer containers, 
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and during use by the patient. Moisture 
uptake by the product during these stages 
can be predicted using simple models.

Predictive model for water uptake 
due to exposure during packing
A simple and useful model for the mois-
ture uptake of a product due to exposure 
during packing can be obtained by as-

suming that the rate of moisture uptake is 
proportional to the driving force for mois-
ture uptake. The tablet moisture content, 
X

T
, can thus be modeled using an ordinary 

differential equation (Equation 1):

( ) ( )
TT

T

TTT

T XXXXk
dt

dX
−=−= ** 1

τ  
[Eq.1]

where τ
T
 is the time constant for mois-

ture uptake, which is closely related to 
the mass transfer coefficient k, and *

T
X  

is the equilibrium moisture content. 
The solution to Equation 1 is given by 
Equation 2:

( ) Tt

TTTT eXXXtX
τ/0**)( −

−−=  
[Eq.2]

where 0

T
X  is the moisture content of 

the tablets before exposure. To deter-
mine the time constant for moisture 
uptake, a simple experiment may be 
performed that takes into account how 
the tablets are exposed. For example, in 
many cases tablets become exposed ap-
preciably only when the packaging line 
has to be stopped during packing. If the 
tablets during this period have already 
been filled into bottles, the time con-
stant for this mode of exposure may be 
characterized by measuring the weight 
increase of tablets in uncapped bottles 
in an environment with a known rela-
tive humidity. The experimental data 
can then be used to determine the time 
constant by fitting Equation 2 to the data, 
as shown in Figure 2. Packing into blis-
ters can be handled in a similar fashion.

To model moisture uptake in a climate 
with a different relative humidity, it is rea-
sonable to assume that the major effect 
is a change in the equilibrium moisture 
content, and that a change in the relative 
humidity has a much smaller effect on 
the time constant. The dependence of 
the equilibrium tablet moisture content 
on the relative humidity can be obtained 
by performing a separate experiment to 
measure the moisture sorption isotherm. 
The model in Equation 2 can then be em-
ployed to make predictions for any cli-
mate, as also indicated in Figure 2, and to 
construct a look-up table that shows the 
maximum exposure time that can be al-
lowed for the moisture content not to ex-
ceed a critical value. Table I is an example 
of a look-up table for a case in which the 
initial moisture content of the tablet is 2% 
and the maximum allowed value is 4%.

As discussed previously, the experi-
ment to determine the time constant 
should take into account the mode of 
exposure, and it can then be used to 

Figure 1: Example of moisture content in a product during its lifetime. 1: Storage in 

internal bulk container, 2: Bulk packing process, 3: Storage in bulk packaging, 4: 

Primary packing process, 5: Storage in consumer container, 6: During use by end 

consumer. Solid line: the product has been dried in a final manufacturing step before 

any packing. Dotted line: desiccant dries product in the primary consumer container. 

Figure 2: Measured and predicted moisture uptake of tablets during exposure. 

RH is relative humidity.
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model a similar situation. The rate of 
moisture uptake by the tablet is deter-
mined by the rate of transport inside 
the tablet as well as the rate of trans-
port in the air surrounding the tablet. 
Ideally, one should determine these 
rates independently and then employ 
a model to predict the combined ef-
fect. In the experiment outlined pre-
viously, the rate of moisture transport 
in the tablet can be expected to be 
much slower than the rate of trans-
port to the tablet via diffusion in air. 
The result obtained from this simple 
experiment may thus serve as a useful 
approximation in describing the rate 
of moisture uptake in other situations, 
such as in the models for the mois-
ture uptake of tablets in bottles or in 
bulk packages that are described in 
the following section. It is important 
to consider that the temperature can 
be expected to have an effect on this 
time constant.

Predictive model for  
moisture uptake during storage
Models for moisture uptake by pack-
aged tablets during storage have been 
described by Chen and Li (6), Vaczek (7), 
Possumato (8), and Waterman and Mac-
Donald (9). These models rely mainly on 
the sorption isotherm of the product and 
the moisture permeability. In one model, 
the relative humidity of the headspace, 

H
  , and the moisture content of the tab-

lets and the desiccant, X
T
 and X

D
, respec-

tively, are described using three ordinary 
differential equations (Equations 3–5):

( )
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dt
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T

T XX
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−= *1

τ  [Eq.4]

and

( )
DD

D

D XX
dt

dX
−= *1

τ  [Eq.5]

In Equations 3–5, M
W

 is the molar 
mass of water, V

H
 is the headspace vol-

ume, p
SAT

 is the saturation pressure, R is 
the gas constant, T is the temperature, 
P is the moisture permeability of the 
container, m

T
 is the mass of tablets, and 

m
D
 is the mass of the desiccant. In ad-

dition, *

T
X  and *

D
X  represent the equilib-

rium moisture contents of the tablets 
and the desiccant, while τ

T
 and τ

D
 rep-

resent the time constants for moisture 
uptake by the tablet and the desiccant.

In the context of this model, it may be 
noted that the time constants for mois-
ture uptake by the tablets and the des-
iccant may be determined as described 

previously. It is not always necessary 
to include this detail because moisture 
uptake by the tablets is almost always 
much faster than moisture transport 
into the container. In addition, it is usu-
ally also possible to neglect moisture in 
the headspace of the container because 
the amount of moisture in the headspace 
is usually negligible compared to the 
amount of moisture in the tablets. 

Along with appropriate parameters 
and initial conditions, Equations 3–5 can 
be used to predict the moisture content 
of the tablets. One example of such 
prediction is given in Figure 3, which 
shows the moisture content of tablets 
packaged in a high-density polyethyl-
ene bottle with desiccant. The results 
show that the desiccant dries the tablets 
initially and that there is then a slow 
increase in the moisture content of 
the tablets due to the permeability of 
the bottle. In this context, it should be 
pointed out that the short-term predic-
tions may not be entirely accurate be-
cause the model assumes quasi-steady 
moisture transport into the container; 
it is well known that there is an initial 
induction period during which this 
quasi-steady state is established.

Predictive model for bulk storage
Bulk storage differs from storage in 
consumer bott les main ly because 
the number of tablets per container 
is much larger in a bulk package, the 

Figure 3: Moisture uptake of tablets stored in a high-density polyethylene bottle with desiccant.
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Table I: Look-up table for the 
allowed exposure time for a case in 
which the initial moisture content 
is 2% and the maximum allowed 
moisture content is 4%.

RH [%]
Max. exposure 
time [min]

45 1360

50 870

55 650

60 520

65 420

70 360

75 300
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type of packaging material differs, 
and the bulk package is larger than 
a consumer bottle. Because the time 
required to transport moisture a dis-
tance L by diffusion is proportional to 
L2, moisture equilibration inside a bulk 
container is slower than in a small bot-
tle. For bulk storage, it is therefore not 
always appropriate to assume that the 
tablets have the same moisture content 
throughout the container.

Fortunately, it is possible to develop 
models to predict moisture transport 

in bulk packages as well. In such a 
model, the bulk package can be con-
sidered to be a bed of tablets. Moisture 
transport can then be modeled as a 
diffusive process with volumetrically 
distributed sources/sinks to represent 
moisture uptake or loss by the tab-
lets. A desiccant can also be included. 
Since diffusion of moisture in the air 
between the tablets is modeled explic-
itly, it is, in this case, important that 
the rate constants for moisture uptake 
by the tablets and the desiccant include 

only the transport resistance in the 
tablet/desiccant. An example of such a 
prediction is shown in Figure 4, which 
shows a contour plot of the tablet mois-
ture content in a cross-section of a bulk 
container some time after the tablets 
have been placed in the container 
along with a desiccant pouch.

Predictive model for  
in-use moisture uptake
It is also possible to employ predictive 
tools for moisture uptake during use. 
One such model is described by Simo-
nutti et al. and Remmelgas et al. (10, 11). 
The main feature of this model is to ac-
count for moisture that enters the bottle 
each time it is opened and the subsequent 
moisture uptake of the tablets between 
openings. This model requires infor-
mation about the amount of air that is 
exchanged with the environment every 
time the bottle is opened and about the 
permeability of a bottle with a breached 
seal (which may be much higher than 
a for a sealed bottle). Beyond these two 
pieces of information, however, this 
model does not require any experimental 
data that has not already been discussed.

A likely scenario for this process is 
sketched in Figure 5, which shows that 
the relative humidity in the headspace 
f luctuates significantly due to open-
ing and closing the bottle, whereas 
the moisture content of the tablets 
increases slowly (albeit more quickly 
than for a closed bottle). In this context, 
it is of interest to note that the rate at 
which the tablets absorb moisture in-
creases as tablets are removed from the 
bottle because fewer and fewer tablets 
are left to absorb the incoming mois-
ture (which also increases due to the 
increased headspace).

Simulating moisture uptake  
during the entire supply chain
These models can be put together to 
simulate moisture uptake by the prod-
uct from the point of manufacture to 
the point when it is administered by 
a patient. This approach to modeling 
moisture uptake in the end-to-end 
manufacturing and supply chain may 
be used to specify requirements on the 

Figure 4: Computational fluid dynamics (CFD) model for prediction of moisture 

transport and uptake during bulk storage with a desiccant.  The contour plot shows 

that the moisture content is lower near the desiccant pouch at this point in time.

Figure 5: Example showing one possible scenario for the relative humidity in the 

headspace and the moisture content of the tablets during use.
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manufacturing process, any condition-
ing steps, the packing process, and the 
packaging configuration. For example, 
there is frequently a specification on 
the end-point moisture content, and 
this specification can be used to back-
calculate the requirements on the sup-
ply chain, as discussed in the following 
paragraphs.

The dark blue curve in Figure 6 shows 
a hypothetical example of a process 
for which the tablet moisture content 
is not within the specification limit 
after storage in a bottle. This situation 
will result in a substantial decrease in 
the shelf-life of the product unless a 
desiccant is included in the bottle, as 
indicated by the dashed red curve in 
Figure 6. It is straightforward to use 
prediction tools to select the amount 
of desiccant that will keep the mois-
ture content below the specification 
limit. Such a predictive ability may be 
even more valuable for formulations in 
gelatin capsules because it is then nec-
essary to also keep the moisture level 
above a certain lower limit to keep the 
capsule shells from becoming brittle. 

The dark blue curve in Figure 6 rep-
resents tablets manufactured and pack-
aged in one facility. However, tablets are 
frequently manufactured at one site 
and packaged at another, and not all 
facilities have the same ability to con-
trol environmental conditions during 
packaging. The dashed light blue curve 
in Figure 6 thus shows the moisture 
content of tablets that are packaged at a 
facility where exposure to a humid en-
vironment during the packing process 
increases the tablet moisture content 
beyond the specification limit. One so-
lution to this problem is to simply not 
consider this site for packaging into 
consumer bottles. If tablets are, never-
theless, to be packaged at this facility, 
the tablets either have to be manufac-
tured with a lower moisture content, as 
indicated by the solid light blue curve in 
Figure 6, or somehow conditioned so that 
their moisture content is lower before 
the packing process, as indicated by the 
green curve in Figure 6.

Although in the vast majority of cases, 
it is more practical and less expensive to 

manufacture tablets with a lower mois-
ture content, it is not always possible. 
For example, tablets may not always be 
able to withstand the added handling 
that an extra drying step would imply. 
The green curve in Figure 6 thus repre-
sents a conditioning step in which the 
tablets are packaged into bulk alumi-
num bags with a desiccant. In this case, 
it is important that all tablets have an 
acceptable and approximately the same 
moisture content after conditioning. A 
predictive model can be valuable in de-
termining and justifying the necessary 
conditioning time and the required 
amount of desiccant. Conditioning 
using a desiccant is not a method of 
choice, but that is precisely the point: 
by considering moisture uptake and 
degradation during the entire supply 
chain one can design a process that is 
cost effective and guaranteed to deliver 
a high-quality product.

Conclusion
It has been shown how predictive tools 
can be used to simulate the moisture up-
take of oral solid-dosage forms from the 
point of manufacture to the point when 
it is administered by a patient. The model 
for moisture uptake can be coupled with 
a model for degradation in order to pre-
dict chemical degradation. By consider-
ing moisture uptake of the product in the 
end-to-end manufacturing and supply 
chain it is thus possible to select the most 

appropriate measures to ensure that the 
product meets its specification when it is 
administered by the patient.
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Single-Use Manufacturing
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ingle-use technologies have trans-
formed biopharmaceutical manu-
facturing by providing opportunities 

to reduce costs, improve flexibility, and 
shorten cycle times. Manufacturers of bi-
opharmaceuticals want to maximize the 
benefits they can derive from single-use 
technologies and are becoming increas-
ingly confident when integrating single-
use assemblies into processing steps that 
have a greater impact on product quality. 
Today, the expansion of such technologies 
into more critical applications, such as 
drug substance and drug product storage, 
has naturally raised new challenges for 
the industry to address. Industry surveys 
show that these challenges include quality 
assurance, supply chain reliability, sup-
plier change control, raw material trans-

parency, and maintaining the integrity of 
assemblies (1, 2). “A lack of robustness can 
lead to contamination of process fluids or 
drug products and, subsequently, loss of 
time and materials,” Weibing Ding, PhD, 
principcal scientist, Process Development 
at Amgen said in a statement. The cost of 
bag failures could be between $100,000 to 
$1 million per bag.

To avoid these costs, established 
suppliers of single-use bags provide 
assurance of container-closure integ-
rity across the entire product lifecycle. 
They do this by applying quality-by-
design principles, performing process 
validation, and ensuring process con-
trol. Quality control policies ensure the 
integrity of the film, the welds, and the 
bag chamber.

As part of their quality risk manage-
ment strategy and in accordance with 
International Council for Harmoni-
sation of Technical Requirements for 
Pharmaceuticals for Human Use Q9 
biomanufacturers can reduce the risk 
of losing high-value product and en-

hance patient and operator safety by 
performing a non-destructive point-
of-use leak test on all single-use bags 
used in critical process steps (3). This 
ensures no damage occurred to the 
single-use bags during shipping, stor-
age, and handling at the user site.

In this article, a leak test method 
was validated to detect leaks by means 
of pressure decay for 2D storage bags 
(Flexboy 2D, Sartorius Stedim Biotech). 
This article describes the validation of 
a pressure decay test method used for 
the point-of-use leak test at the user 
site of Flexboy bags from 50 mL to  
50 L with the FlexAct BT and the 
Sartocheck 4 plus Bag tester. A pre-
liminary parameter study was first 
performed to pre-determine the test 
pressure, stabilization time, and test 
time. A complete validation study was 
then carried out to validate the param-
eters, the maximum allowable pressure 
decay, and the leak detection limit. 

Materials and methods
Bag Integrity test hardware and instrument. 
Test method development and valida-
tion were performed using the FlexAct 
BT system with Sartocheck 4 Plus Bag 
tester. The bag tester was equipped with 
two bag holders, each consisting of two 
metal plates with porous spacers. By 
using porous spacers, the film surface 
of the bag is not in direct contact with 
the stainless steel holder during the test. 
Any potential masking effect is elimi-
nated and environmental heat transfer is 
reduced. The holders allow performance 
of the leak test with a small and reproduc-
ible inflating bag volume and at a higher 
test pressure. This is critical for achieving 
the test sensitivity and reliability required. 
Furthermore, the holders protect the bag 
from mechanical stress during the test.

2D bags from 50 mL to 50 L. The designs 
of 50 mL to 50 L Flexboy 2D bags for 
pre-use have been adapted to meet 
the specific requirements of critical 
process applications and pre-use leak 
testing. This requires the installation 
of a sterile vent filter line to permit the 
performance of the test under condi-
tions that maintain the integrity and 
the sterility of the system (Figure 1).

Validating a Method for 
Point-of-Use Leak Testing of 
Single-Use Bag Assemblies 
Carole Langlois, Marc Hogreve, and Jean Marc Cappia

The authors describe the development 

and validation of a highly sensitive 

point-of-use pressure decay test.

Carole Langlois is senior product manager, 

Fluid Management Technologies; Marc 

Hogreve is senior engineer Integrity Testing 

Solutions; and Jean Marc Cappia is group 

VP Marketing & Product Management Fluid 

Management Technologies all at Sartorius 
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Pressure decay test method. The test 
method was derived from ASTM 
F2095-01: Standard Leak Test for 
Pressure Decay Leak Test for Non-
porous Flexible Packages with and 
without Restraining Plates (4). Once 
the test pressure has been set and al-
lowed to stabilize, the system mea-
sures the pressure decay and com-
pares the result to an acceptance 
criteria determined during the devel-
opment and validation of the method  
(Figure 2). The pressure decay test 
method developed detects defects 
according to the leak-rate specifica-
tion on the film, welds, and ports of 
the bags. Because the validated test 
method is non-destructive, it is com-
patible with performing pre-use leak 
tests on 100% of bags used at a biolog-
ics production facility.

Results
Test method development. The aim of the 
initial phase of the study was to pre-
determine the stabilization time and 
test time parameters necessary to de-
tect a defect reliably over the volume 
range of the bag configurations. The 
range contains bags with 10 different 
volumes from 50 mL to 50 L. For each 
of the 10 bag sizes, three non-defective 
test samples, and three defective test 
samples were prepared. Defects were 
introduced into film samples with a 
laser drill and flow calibrated hole. 

All 60 samples were tested at a fixed 
300-mbar test pressure. For each test 
run, four different stabilization times 
of 60 seconds, 120 seconds, 180 sec-
onds, and 240 seconds were used. The 
pressure drops were continuously 
measured and reported every second 
across the entire test time from 0 to 
240 seconds during the four different 
stabilization time test runs.

The minimum, the mean, the maxi-
mum, and the standard deviations (σ) 
of the measured pressure drops were 
calculated for the four different sta-
bilization times separately, with non-
defective and defective test samples for 
each different bag volume. The opti-
mum stabilization time and test time 
were chosen to provide a selective test 

method capable of differentiating de-
fective bags form non-defective bags 
(i.e., the points where the error bars [± 
3 σ] from the defect is distinguished 
from the error bars [± 3 σ] from the 
non-defective measurements). Ini-
tial results showed that, for tests per-
formed with a 120-second stabilization 
time and 90-second test time, a differ-
ence between the observed pressure 
drops of defective and non-defective 

test samples could be detected with a 
probability of 99.9%. A safety margin 
was then applied by doubling the sta-
bilization and test times to avoid false 
positive and false negative results dur-
ing normal operations. These timings 
were selected for the subsequent vali-
dation study.

Test method validation. The purpose 
of the validation study was to verify 
the ability of the pre-established test 

Figure 2: Pressure decay test.

Figure 1: Flexboy 2D standard bag design for pre-use leak test.
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method and test parameters to detect 
a defect reproducibly and accurately 
over the volume range of the bags. The 
validation study was performed with a 
statistically significant number of bags 
from different routine production lots 
to provide a robust validation and test 
method. For each of the 10-bag vol-
umes, 32 non-defective test samples 
from production with representative 
raw material and process variability, 
and 32 test samples with a defect were 
used. This represented a total of 640 
samples tested during the validation 
study. Every defect film sample was 
checked for its calibrated hole size be-
fore it was used. Tests were performed 
using the pre-determined test pressure 
of 300 mbar, stabilization time of 240 
seconds, test time of 180 seconds, and a 
defect size. 

This study allowed the validation of the 
pre-established test parameters and the 
setting of a maximum allowable pressure 
decay specification at 3.1 mbar. The vali-
dated pressure decay method was capable 
of reliably detecting defective bags from 
non-defective bags with a given leak detec-
tion limit in less than 10 minutes including 
installation and testing.

The 3.1 mbar maximum pressure decay 
specification was established with a 6σ in-
terval of confidence for the full range of 
bags from 50 mL to 50 L to avoid false 
positive or false negative results under real 
testing conditions (Figure 3). The final test 
parameters established during these stud-
ies are provided in Table I.

Conclusion
The authors developed and successfully 
validated a pressure-decay leak test for 2D 

bags using commercially available equip-
ment and proved that it is a robust and pre-
dictive method for the reliable detection 
of leaks. Using the method, non-defective 
bags gave results below the maximum 
pressure drop specification. The bags into 
which a defect was deliberately introduced 
gave results above the maximum pressure 
drop specification and failed the test. The 
method is, to the authors’ knowledge, the 
first point-of-use leak test capable of de-
tecting down to 10 μm defects in 2D bags, 
irrespective of their volume. The sensitiv-
ity of the test is independent of 2D bag size.
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Figure 3: Pressure drop intervals of ± 3 σ around the mean values for defective and non-defective test samples at 240 second 

stabilization and 180 seconds test time.
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Table I: Final test parameters from the validation study. 

Test Pressure [mbar] 300

Stabilization Time [sec] 240

Test Time [sec] 180

Max. Pressure Drop [mbar] 3.1
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hallenges associated with using 
paper-based processes to man-
age pharmaceutical manufactur-

ing are leading pharma companies 
to adopt technology solutions. The 
following is a practical guide to mi-
grating from paper-based records to 
electronic batch records (EBRs) in 
pharmaceutical manufacturing. The 
author considers factors that are driv-
ing the adoption of technology and 
outlines a four-stage process to suc-
cessfully make the switch. 

A changing landscape
The transition from paper-based pro-
cesses to the use of technology to man-

age operations is becoming more and 
more common within the pharma-
ceutical manufacturing industry. The 
increased adoption of manufacturing 
execution system (MES) technology 
can be attributed to the limitations 
and challenges associated with using 
paper-based systems. Paper-based re-
cording is a lengthy process. Data needs 
to be located manually and transcribed 
into a system before being analyzed; in 
some cases, the information is no lon-
ger relevant by the time it is recorded. 

Lack of information visibility can 
cause problems in planning produc-
tion activities. Paper-based systems 
can also lead to documentation errors, 
which affect regulatory compliance 
and can be costly to the business, both 
in time and in money. 

With paper-based systems, data are 
not recorded and reported in real-time, 
which can increase product waste and the 
time spent investigating deviations. Po-
tential issues are also not identified and 
recorded as they happen, meaning a delay 
in resolving these issues.

The time lag between using materials 
and updating the system can also cause 
issues as the inventory is not always up-
to-date. Operations teams may have to 
manually count items due to inaccurate 
recording or late reporting of important 
information such as materials issues and 
materials receipts transactions. Further-
more, paper-based systems can delay 
production if, for example, production 
operators are left waiting for materials 
and quality approvals. 

MES technology can help eradicate 
many of these issues. Electronic data cap-
ture allows for real-time visibility of in-
formation, which saves time at all stages 
of the process. 

Regulatory compliance is also dra-
matically increased as EBRs raise any 
issues as they occur, so that they can be 
dealt with promptly and effectively.  MES 
technology helps ensure that information 
can flow smoothly around a manufac-
turing plant. This flow produces quality 
products and ensures ‘right-first-time’ 
production.

To ensure smooth integration of this 
technology, there are four key stages to 
success. The migration from paper to 
electronic reporting may seem daunting, 
but there are steps that can be taken to 
simplify the process. 

Stage one: Establish a business case
The transition to an electronic system 
affects all aspects of production, from 
planning and execution, through to con-
trol, monitoring, and documentation. 
The deployment of the technology can 
disrupt the organization in critical ways, 
meaning that if this is not handled prop-
erly there can be negative consequences. 
One must think ahead to how the new 
systems and processes may affect staff-
ing, training, and organizational roles 
and plan how to make necessary changes.

The first step is to have a champion 
within the organization to take a lead 
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and help socialize the new project to its 
stakeholders. This person will drive the 
process to develop the business case in 
the beginning but will also take responsi-
bility for ensuing that each future project 
stage is handled properly.

A valid business case will help con-
vince all stakeholders (e.g., finance, op-
erations, quality, IT, engineering) that the 
investment is worthwhile and will bring 
the desired benefits to the organization, 
such as improving documentation com-
pliance or reducing operational costs.

Return on investment (ROI), which 
helps to quantify the value of the busi-
ness case in a meaningful way, should 
also be determined. In the author’s 
experience, cloud-based systems, for 
example, prove to be cost effective 
as they can be scaled up or down to 
meet customer requirements, typically 
generating ROI in 12–18 months. Fur-
thermore, MES technology has been 
proven to improve productivity by 25% 
in some cases.

Although EBR is the typical function-
ality used to justify investments in MES 
systems, their broad functional cover-
age makes them quite attractive. Euro-
pean regulatory agencies, for example, 
require the submission of a Summary 
of Product Characteristics before any 
medicinal product is authorized for 
marketing. The data collection and re-
porting capabilities of MES make it easy 
to achieve this. The savings achieved in 
that area become one more component 
of building the business case for the 
entire solution. The functionality to 
track overall equipment effectiveness 
(OEE) is another example where a small 
increase in investment can lead to sig-
nificant returns. 

Finally, improving process compli-
ance is another factor when companies 
are establishing their business case. 
MES technology can be used to issue 
electronic work instructions and track 
process performance.

Stage two: Plan your course of action
The next stage is to review best prac-
tices for planning and identify the cor-
rect course of action for implementation. 
Once the decision to move to using MES 

technology has been made, the key is to 
approach the project in a well-informed 
and well-planned manner.

To ensure success, goals should be put 
in place and a project charter developed. 
This will allow all parties involved in the 
MES integration process to fully under-
stand the project objectives. Key perfor-
mance indicators (KPI) should also be 
established to allow for specific measure-
ments and establish accountability to the 
entire team.

For the new system to be effectively 
integrated, the entire organization needs 
to work together. An effective way to do 
this is through a concept of operations 
(COO), which establishes production 
policies. This document outlines how 
daily operations will be managed and 
by whom, identifies any benefit that will 
be gained from the migration to an MES 
system, and defines the role of each orga-
nizational department.

With the COO and project charter 
in place, all key stakeholders must be 
introduced into the process. Involv-
ing management, planning, produc-
tion, quality, and IT staff will ensure 
that they are prepared for the upcom-
ing changes. This process allows for 
the communication of the benefits to 
the organization as well as explaining 
how the changes will shape their roles. 
There are many ways to do this, for 
example through training and inter-
nal communications. Employees need 
to fully understand their new role and 
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responsibilities to allow them to focus 
on making products ‘right first time’.

It is within this planning stage that 
it is important to also create a detailed 
IT strategy. This strategy must con-
sider how the new system will integrate 
with any peripheral systems, including 
automation systems, so that communi-
cation flows are minimized.

This cohesive approach to planning 
is key to eliminating any potential neg-
ative side effects and reducing the proj-
ect implementation timeline. There 
will be some unavoidable disruption 
when implementing new systems, but 
with effective planning many issues 
can be avoided.

Stage three: Implementation
The next step is to implement the MES, 
and the success of this will depend on 
the project plan and IT strategy. An 
analysis phase is advised here, as this 
will allow existing business processes 
to be converted into workf lows and 
the necessary software functions and 
configurations to be established. At 
this stage, interfaces with other sys-
tems can be developed against formal 
specifications.

After the configuration process, the 
software must be qualified in accor-
dance with the International Society 
for Pharmaceutical Engineering (ISPE) 
GAMP-5 validation model, an estab-
lished industry standard (1). This pro-
cess includes factory acceptance testing 
(FAT), installation qualification (IQ), 
and site acceptance testing (SAT). De-
pending on the type of software con-
figuration, the level of qualification 
documentation and cooperation be-
tween the organization and vendor will 
vary. This is typically described in the 
master validation plan for the project. 

Once the MES solution is available, 
it needs to be configured to migrate 
paper records to electronic format. 
This task is a significant opportunity 
to harmonize business processes and 
establish corporate standards, partic-
ularly if the system is expected to be 
deployed in multiple locations.

Next, the organization must validate 
the solution against its user require-

ments and business use. This is the 
stage at which the functionality of the 
software is tested, known as the opera-
tional qualification (OQ).

Standard operating procedures (SOP) 
must be updated to allow for the fact that 
paper systems are no longer being used. 
Here, the company must decide what in-
formation should be included in its SOPs 
versus what should be included in a batch 
record. For example, the EBR may include 
GMP and patient-related data, while 
SOPs may be more suited to information 
for operators (i.e., equipment assembly 
instructions).

The final stage of implementation is for 
training to be delivered to operators. All 
those that will be affected by the new sys-
tem (i.e., electronic record designers, qual-
ity supervisors, production operators, and 
IT administrators) must be fully educated 
on their new role and responsibilities.

As can be seen, there are many facets 
to designing and configuring an EBR 
solution; the more planning you can do 
beforehand, the better.

Stage four: Launch and evaluation
Before the project can go live, master and 
inventory data need to be loaded into the 
production system. This loading may in-
volve a fair amount of preparation to clean 
up master data and start the MES system 
with accurate inventory information. Any 
data loading tool that is used will need to 
be validated ahead of time. It is important 
to remember that there may initially be 
lower production output when a system 
first becomes operational. The organiza-
tion may take some time to adapt to the 
new ways of working and employees will 
be settling into their changed roles. Tak-
ing this into account, consider increasing 
production in the run up to the change-
over to counteract the diminished per-
formance during the learning period. It 
is also essential to manage any customer 
expectations during this time.

Monitoring that the MES is perform-
ing as expected is important at this stage 
to create accountability and a true success 
story. This is the time when KPIs defined 
during the early planning phase of the 
project are measured and published to 
the organization.

Software upgrades are the next step to 
consider now that the system is live. Its 
lifecycle has only just started so one may 
want to take advantage of new features 
or functionality that may be introduced. 
Vendors must be very clear on the process 
that is required to upgrade the MES. It 
is important to determine the impact of 
any upgrade upon the exiting solution 
and the dependence on the vendor to 
perform the upgrade. Ideally, one should 
require as little support from the vendor 
as possible. 

Consider allowing the vendor to ac-
cess data remotely so that problems or 
investigations can be handled quickly 
and efficiently. An online ticket submis-
sion system is now the preferred option 
to obtain system support.

Conclusion
Before making the transition from pa-
per-based reporting to EBRs with the 
implementation of an MES, it is impor-
tant to think about the impact that the 
technology will have across the entire 
organization. Changes will affect all as-
pects of the company’s operations (e.g., 
change management, operations, qual-
ity, IT, engineering, training, validation, 
SOPs), as well as having an impact on its 
people. The success of the project will rely 
on a holistic approach to planning, with 
potential issues considered ahead of time.

Perhaps surprisingly, the actual imple-
mentation of an MES system represents 
approximately 25% of the total project 
costs. The remainder of the project con-
sists of:
t� IT infrastructure (10%)  
t� Process engineering and paper batch 

record migration (30%)
t� Change management (communica-

tion, training, SOPs) (10%)  
t� Validation activities (25%).
Each of the stages outlined here will 

help to efficiently and successfully migrate 
from paper-based records to a more effec-
tive MES system, improving compliance 
and ensuring ‘right-first-time’ production. 

Reference
 1. ISPE, Gamp 5: Compliant GxP Computer-

ized Systems (ISPE, February 2008), www.

ispe.org/gamp-5 PT
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alorimetry is the science of mea-
suring heat changes that result 
from chemical reactions or physi-

cal events. The “micro” in microcalo-
rimetry refers to the extremely small 
scale at which experiments can be 
conducted, because of its ultrasensi-
tive technology. The ability to make 
highly precise, information-rich mea-
surements using as little as 10 μg of 
protein/drug substance (depending on 
the properties of the sample) makes 
microcalorimetry a powerful tech-
nique for investigating the biochemical 
interactions that underpin drug effi-
cacy and safety. This article provides 

an overview of how microcalorimetry 
works, and the value and application of 
the data this technique produces.

How does it work?
Microcalorimetry can be subdivided 
into isothermal titration calorimetry 
(ITC) and differential scanning calo-
rimetry (DSC), both of which are valu-
able for pharmaceutical/biopharma-
ceutical applications. These techniques 
share similar principles of operation 
but differ in terms of instrumentation 
and experimental setup, and as a result, 
offer different but complementary ana-
lytical capabilities.

The thermal core of a microcalorim-
eter consists of two cells: a reference cell 
and a sample cell (see Figure 1). When a 

reaction or binding event takes place in 
the sample cell, heat is either released 
or absorbed, inducing a temperature 
differential (ΔT) between the two cells. 
This differential is eliminated through 
automatic control of the energy input to 
the sample cell. The magnitude of the 
resulting change in energy input cor-
relates directly with the enthalpy (ΔH) 
of the interaction that has taken place 
and can be used to determine a range of 
parameters, depending on the specific 
technique applied and the experimen-
tal setup.

In an ITC system, the reference cell 
and sample cell are set to the desired 
temperature, with one reactant, in so-
lution, loaded into the sample cell. The 
experiment is performed at constant 
temperature by titrating the second 
binding partner or reactant into the so-
lution in the sample cell using an auto-
mated syringe capable of injecting pre-
cisely metered aliquots. As binding or 
reaction occurs, temperature changes of 
a few millionths of a degree Celsius are 
detected and measured, to determine 
the heat released or absorbed. Injection 
continues until the binding or reaction 
has reached equilibrium, to generate a 
complete thermodynamic profile for 
the reaction, including information 
about binding affinity (i.e., the strength 
of interaction between the first and sec-
ond binding partner or reactant). 

In a DSC experiment, the reference 
cell is typically filled with buffer, and 
the sample cell is filled with a solu-
tion of the entity under investigation; 
both cells are then heated at a constant 
known rate. Here, it is the sample un-
dergoing a thermally-induced change 
that creates the temperature difference 
between the cells. Enthalpy values and 
changes in specific heat capacity are 
directly determined from the power 
drawn to correct this imbalance. 

What can ITC measure?
ITC enables a robust, label-free 
evaluation of the mechanisms of in-
termolecular interactions between a 
drug candidate and a target molecule. 
These interactions are an indicator of 
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bioactivity, a critical determinant of 
drug efficacy. Quantifying binding af-
finity is, therefore, an important way 
of ranking bioactivity. In addition, by 
providing a complete thermodynamic 
profile of a molecular interaction, ITC 
more broadly supports the optimiza-
tion of a drug candidate(s). Specifi-
cally, it can be used to quantify the 
following parameters: 
t� Equilibrium dissociation constant 

(KD): a measure of the strength 
of bimolecular interactions, with 
smaller values indicating a stron-
ger affinity between a ligand and 
a target molecule

t� Reaction stoichiometry (n): the 
ratio of biomolecule to ligand in-
volved in a binding interaction/re-
action; this parameter quantifies 
how many drug molecules can be 
attached to the target site before 
saturation is achieved

t� Enthalpy (ΔH): the energy released 
or absorbed per mole of ligand as 
bonds are broken and created; a 
measure of the type and strength 
of bond changes during binding, 
especially changes in hydrogen 
and van der Waals bonding

t� Entropy (ΔS): the change in de-
grees of freedom of the interact-

ing species relative to the complex; 
most usefully indicative of hydro-
phobic interactions and conforma-
tional changes.

What about DSC measurements?
DSC measurements directly address a 
different but equally important aspect 
of drug performance: stability, specifi-
cally thermal stability, which is a major 
concern for biopharmaceuticals. DSC 
is especially useful for the measure-
ment of the following: 
t� Melting point (T

m
): In a protein solu-

tion, a native (folded) protein that ex-
hibits two-state reversible unfolding 
behavior is present in equilibrium 
with the analogous unfolded pro-
tein. T

m
 is the temperature at which 

the size of these two populations is 
identical. A higher T

m
 is, therefore, 

indicative of higher stability
t� Onset temperature (T

onset
): This 

is the temperature at which sub-
stantial unfolding of the protein 
begins to occur, so as with T

m
, a 

higher value is associated with 
greater stability 

t� ΔH of unfolding: This is the en-
thalpy change associated with 
breakage of the non-covalent 
bonds that stabilize the protein 

and can, therefore, provide insight 
into unfolding mechanisms.

Via measurement of these param-
eters (see Figure 2), DSC can elucidate 
the factors that contribute to the fold-
ing and stability of native biomolecules, 
including hydrophobic interactions, 
hydrogen bonding, conformational 
entropy, and the nature of the physi-
cal environment, for example, pH or 
exposure to oxidation. 

Applications in drug development
Drug candidate choice is often guided 
from the outset by the affinity between 
a therapeutic and target molecule, with 
high bioactivity maximizing efficacy 
and/or minimizing the amount of drug 
required to achieve the desired thera-
peutic effect. While advantageous for 
all pharmaceuticals, high bioactivity 
is particularly important for biophar-

Analytics: Protein Characterization

Figure 1: An isothermal titration microcalorimeter with an example of the raw data output for a binding experiment,  

and its conversion to detailed information about the binding reaction. 
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maceuticals because of its ability to al-
leviate the difficulties associated with 
high-concentration drug delivery via 
injection or infusion. Stability is also 
a crucial early screen for biopharma-
ceutical molecules because of the risk 
of reduced efficacy and/or immunoge-
nicity associated with a compromised 
protein being delivered to the patient.

Such requirements make the infor-
mational output of microcalorimetry 
closely aligned to the early stages of drug 
development, to candidate validation, 
and to early formulation development. 
The practicalities of the techniques are 
equally well matched to this stage of the 
pipeline, with modern systems offering:
t� Fully automated operation with the 

capacity for unattended running of 
industry standard 4 x 96-well plates

t� High signal-to-noise ratios for ex-
cellent data quality with minimal 
sample volume required

t� Automated washing for high re-
producibility

t� Compatibility with a broad range 
of sample types, solvents and buf-
fers, including systems that are 
highly concentration, colored, 
and/or turbid

t� Simple assay development.
In terms of specific applications, 

ITC has become the gold standard 
technology for studying intermolec-
ular interactions, and its attributes 
make for a highly efficient screening 
tool. The level of hydrogen bonding 
between a drug candidate molecule 
and its target molecule is directly 
quantified by ΔH, which can con-
sequently be an effective predictor 
of efficacy, more so than the hydro-
phobic interactions quantified by ΔS. 
Optimizing ΔH is a strategy applied 
to an increasing extent in candidate 
validation and early stage formulation.

However, the application of ITC can 
begin even earlier—in drug discovery—
and extend into processing and manu-
facturing support. At these stages, ITC 
helps to: 
t� Quantify binding affinity to sup-

port initial candidate selection 
and optimization

t� Confirm intended binding tar-
gets in smal l molecule drug  
discovery

t� Validate IC
50

 (drug concentra-
tion causing 50% inhibition of the 
desired activity) and EC

50
 (drug 

concentration causing 50% of the 
maximum of a measured biologi-
cal effect) values during hit-to-lead 

t� Confirm the bioactivity of an 
as-manufactured product and/or 
equivalence in a biosimilar.

The application of DSC to detect 
and study changes in protein structure, 
and determine pre-folding events is 
focused on the early stages of the bio-
pharmaceutical drug pipeline, and for 
biosimilars, in the area of biocompa-
rability studies. In all of these applica-
tions, the ability to study formulations 
without dilution to realistically explore 
the mechanisms of oligomerization 
and aggregation is particularly valu-
able. However, the use of DSC also 
extends into process development and 
manufacturing support, where it may 
be applied:
t� To optimize purification and man-

ufacturing conditions
t� For lot release and/or to compare 

the consistency of lots produced 
at, for example, different manu-
facturing sites.

Conclusion
Microcalorimetry technology has de-
veloped considerably in recent years, 
and the resulting instrumentation is 
particularly valuable in the early stages 
of drug development. By providing a 
complete thermodynamic profile of 
a molecular interaction, ITC goes 
beyond binding affinities to provide 
elucidation of the mechanisms respon-
sible for the interactions that underpin 
drug activity. Such insight supports 
the rational design and optimization 
of both small and large candidate mol-
ecules, to ensure a highly efficacious 
product. DSC is an efficient tool for 
stability detection and elucidation, 
an important activity in biopharma-
ceutical candidate validation, and is 
similarly useful during manufacturing 
support for lot release. Powerful and 
easy-to-use, both techniques boost 
the analytical capability accessible to 
drug developers helping to accelerate 
their work to a commercially success-
ful conclusion. PT

Figure 2: Differential scanning calorimetry measures the temperature  

at which conformational changes occur, directly supporting assessments  

of protein stability.
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or the past few years, to help phar-
maceutical manufacturers improve 
and sustain better product quality, 

FDA has been working with industry 
to define the metrics and key perfor-
mance indicators that are most critical 
to product quality (1). This work actu-
ally began in 2008, with the release of 
the International Council for Harmo-
nization of Technical Requirements 
of Pharmaceuticals for Human Use’s  
(ICH) Q10 (2), which articulated the 
need for a systemic approach to quality 
that would get beyond the case-by-case 
approach of current good manufac-
turing practices (cGMPs) and final 
product testing. 

After FDA released initial guidance 
on quality metrics in 2015 (3), there 
were complaints about its broad scope. 
FDA had asked that manufacturers col-
lect data for 10 metrics. In November 

2016, FDA released a second version of 
the guidance (4), which focuses on the 
following three main metrics:
t� Lot acceptance rate, or the num-

ber of accepted lots within a time-
frame divided by the total number 
of lots started, for primary and 
secondary distribution and pack-
aging, during a given timeframe. 
Included will be number of lots 
started, released, and rejected. 

t� Product quality complaint rate, or 
the number of complaints received 
divided by the total number of 
dosage units of that product dis-
tributed during that time frame.

t� Invalidated out-of-specification 
(OOS) rate, or the number of OOS 
batch-release test results and long-
term stability test results that were 
invalidated due to measurement 
process issues at the facility, di-

vided by the total number of such 
tests performed at the facility dur-
ing the time frame. Every OOS 
result will trigger an investigation, 
and the guidance specifies best 
practices.

Long term, the agency’s goal is to 
furnish metrics that will help process 
operations and manufacturing teams, 
quality control departments, and regu-
lators (especially plant inspectors) focus 
on key principles that determine prod-
uct quality.  These principles should 
drive, not only day-to-day operations, 
but also investment in new technology. 
In addition, they should help regulators 
prioritize inspections to focus on facili-
ties and companies that are at the high-
est risk of quality or compliance failure.

In July 2016, FDA began to fund 
research that aims to analyze existing 
quality metrics, and to see whether new 
measurements that incorporate more 
of the language of the manufacturing 
plant floor and the principles of opera-
tional excellence might help achieve 
better results in the future (5).  

Working on this project is a team at 
the University of St. Gallen in Switzer-
land, led by Thomas Friedli, who has 
spent the past 15 years studying the 
application of continuous improvement 
techniques across different industries. 
Collaborating with Friedli is a team 
from the Dublin Institute of Technol-
ogy, led by Nuala Calnan, and, based 
in the United States, pharmaceutical 
industry consultant Prabir Basu, who, 
for more than 10 years, was head of the 
National Institute for Pharmaceutical 
Technology and Education (NIPTE).

Friedli’s team has been analyzing 
pharmaceutical manufacturing for well 
over a decade, based on the universal 
metrics used in automotive, aerospace, 
and other industries, which include 

“on-time delivery” and inventory levels.  
St. Gallen’s surveys of pharmaceuti-
cal manufacturing operations look at 
such things as whether the facility or 
company uses total predictive mainte-
nance, or how effectively the workforce 
is engaged in, or how strongly senior 
management supports, total quality 
improvement.

Defining Quality: 
Joining the Quality Lab 
and the Plant Floor
Agnes Shanley

As pharmaceutical quality metrics evolve,  they 

will need to incorporate more of the principles of 

operational excellence, says consultant Prabir Basu.
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Some pharmaceutical companies have 
been reluctant to embrace such universal 
manufacturing excellence metrics, with 
some insisting that “pharma is different,” 
due to the special requirements for prod-
uct safety and testing. There has been 
debate over this topic for decades, and, 
even today, one sees uneven acceptance 
of such concepts as “process capability 
analysis” or process analytical technol-
ogy (PAT) among drug manufacturers. 

At this point, FDA wants to see 
whether the language of operational 
excellence can further enrich the in-
dustry’s understanding of quality.  Re-
search is still in a preliminary stage, 
and could not be discussed for this 
article, but Prabir Basu shared some of 
his thoughts on what the industry will 
need if it is to redefine, and transform, 
pharmaceutical quality control. 

Operational excellence
PharmTech: Why is operational excel-
lence (OpEx) so important to improv-

ing both pharmaceutical manufactur-
ing and quality?

Basu:  Quality and operational excel-
lence cannot be separated. Operational 
excellence metrics show how motivated 
people within a company are to im-
prove overall performance, and qual-
ity with it.

FDA has, in the past, taken an ap-
proach that has separated the two, as 
if quality were not a part of operations. 
The point is, that if a company is not in-
vesting in quality, that will show up in 
the operational excellence parameters, 
and they will have quality problems too.

A great example is preventive main-
tenance. If you don’t have a corporate 
mandate and policy for this activity, 
you are very likely to have problems 
with product quality.

PharmTech:  How does all this affect 
regulators?

Basu: Having links to existing OpEx 
quality parameters would be very help-
ful in ensuring that FDA can get perti-

nent information underlying deviations 
or batch rejections.

Today, most manufacturing is tak-
ing place outside of the US, and FDA 
has limited ability to inspect all the 
facilities involved. Having indicators 
in place that are operations related and 
that suggest which facilities and com-
panies might pose a higher risk of non-
compliance or low quality will allow 
FDA to prioritize inspections. But it 
would be ideal if we could get to the 
stage where quality and operational ex-
cellence are considered as one. ICH Q10 
gives us indications of how to get there.  

So, we are beginning a journey that 
has much potential, and we can get to 
this goal of a unified definition of qual-
ity, if we continue for the next three to 
five years. 

At this point, we are collecting data 
using benchmarking questionnaires, 
correlating between existing opera-
tional excellence measurements and 
quality metrics. We hope to expand the 

Contact us now: www.trutags.com/on-product-authentication
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questionnaire to reflect on real quality 
information.

PharmTech:  In the past decade, we’ve 
heard more people in pharma talk 
about Deming’s approaches to excel-
lence, yet concepts as basic as process 
capability don’t seem to have been 
widely embraced. Why is that?

Basu:  Some companies are working 
with the concept of process capability, 
but they tend to be the larger compa-
nies, such as Amgen and Pfizer. And 
even the larger companies don’t employ 
this approach for all products.

We need to come up with metrics 
that will be attractive for all companies.

PharmTech:  How about cost of goods?
Basu:  That measure is too variable, 

because the cost of capital varies so dra-
matically depending on which country 
the facility or company is based in.

Quality metrics
PharmTech: How about the metrics that 
FDA is focusing on in its latest version 
of the draft guidance, including out of 
specification? Are these adequate?

Basu: The metrics are okay but they 
aren’t yet tied to processes so they won’t 
necessarily reflect what is going on in-
ternally. For example, lot acceptance 
rate seems okay, but what happens 
if lots have to be reworked? Will the 
figure then be a true reflection of the 
facilities’ processes?

PharmTech:  What are some concepts 
that might be more helpful?

Basu:  I think that Six Sigma value 
could provide a better indicator. In the 
early 2000s, a number of thinkers used 
to talk about doing this, but it hasn’t yet 
been fully accepted. 

Even if we were to use the lot accep-
tance rate as a quality metric, ideally 
some measure of accuracy could be 
factored in, for example, of the number 

of batches started, how many came out 
right the first time, without the need to 
rework them?

PharmTech:  What role should quality 
complaints play?

Basu:  This is an important metric, 
but first we need to define very clearly 
what the complaints are and where 

they are coming from. Are they com-
ing from the warehouse? From distrib-
utors? From patients? From regulators?

Some of the metrics that are cur-
rently being discussed may not ade-
quately reflect internal processes. The 
beauty of operational excellence met-
rics is that they measure how well pro-
cesses are performing, so they are much 
better reflections of the actual situation 
within a given facility or company.

Some of the important operational 
excellence metrics to consider are on-
time delivery and customer satisfaction. 
These measurements ref lect internal 
processes.

In addition, I believe that metrics 
must incorporate more of the spirit of 
ICH Q10, to determine the company’s 
quality culture, and such things as 
whether the firm has a continuous im-
provement program in place, whether 
its senior management is involved in 
quality, the degree of employee in-
volvement, and how the company pri-
oritizes projects for improvement (ie, 
whether it uses ICH Q9 and principles 
of risk assessment to help make those 
decisions). 

The most important question is 
whether the facility’s or company’s pro-
cesses are in a state of control.  Here, 
key indicators are measures of vari-
ability of the critical process attributes. 
Even if process capability information 
is not available, at a minimum, trend-
ing of critical process variables and 
data on process drift such as shifting 

of the averages or changes in slopes of 
the trend, degree of implementation of 
ICH-Q9, etc. We need metrics to mea-
sure these areas, and also to identify 
facilities and companies that are at the 
greatest risk of quality and compliance 
failure.

In the end, the number of rejected 
batches may be more important to 
screen than lot failures. In addition, 
relative numbers are more important 
than absolute numbers. For instance, 
the top 25% should have good systems 
in place, and the bottom 25% should 
receive more attention from FDA

It might be most beneficial to use 
the pillars that St. Gallen has been 
using to measure performance: total 
predictive maintenance, total quality 
management, and just-in-time inven-
tory levels.

Keeping a focus on process opera-
tions will ensure that companies and 
regulators are monitoring operational 
principles, looking at stabilizing sys-
tems, and developing frameworks for 
knowledge management and risk man-
agement. By definition, these efforts 
can only make any organization more 
focused on product quality. 
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“The most important question is whether 

the facility’s or company’s processes are 

in a state of control.  ”
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B
lister packaging, a common 
format for solid-dosage forms, 
continues to evolve. Equipment 

advances combine flexibility, servo 
controls, compact size, and integration 
with upstream and downstream equip-
ment. Material and quality-control 
innovations focus on protecting prod-
uct quality and maximizing shelf life. 
Pouch options wait in the wings to 
replace cartons.

A new entry in the North American 
market, the MHI Eagle blister packag-
ing machine from Maruho Hatsujyo 
Innovations (MHI), is an American 
version of its parent company’s best-
selling machine. Established in 2014, 
MHI provides US-based installation, 
maintenance, spare parts, and 24/7 
technical support. Parent company, 
Kyoto-based Maruho Hatsujyo Kogyo, 
ranks as the second largest pharmaceu-
tical packaging machinery company in 
Japan and has installed nearly 400 blis-
ter packaging machines there. “There 
is no child-resistant (CR) requirement 
in Japan, so we had to design sealing 
for CR lidding (push, peel/push, and 
peelable),” reports Gregory Zaic, presi-
dent and CEO of MHI.

The MHI Eagle blister packag-
ing machine (see Figure 1) operates at 

speeds up to 100 blisters per minute 
at a maximum index length of 90 mm 
and maximum index width of 130 
mm. Designed for lower volume runs, 
the compact, servo-driven machine 
with inline inspection and multi-zone 
preheating is especially well-suited 
to copackers and lines with frequent 
changeovers (1). With hand screws to 
expedite tooling changes, changeover 
takes less than 10 minutes and requires 
no tools. Other quick changeover fea-
tures include recipe-driven format 
change and a feeder station on wheels 
that plugs into the main unit. “We sell 
two feeder stations for the price of one-
and-a-half so feeders can be swapped at 
changeover,” says Zaic. Swapping units 
moves feeder cleaning off-line and 
minimizes downtime for cleaning. The 
Eagle blister packager accepts feeders 
from other manufacturers and is easily 
integrated with a printer or cartoner.

A fully integrated, modular line 
from Körber Medipak ’s Mediseal 
thermoforms, doses, seals, punches 
(perforates and embosses), diecuts, 
and feeds inserts and cartons. Direct 
product transfer eliminates fault-prone 
intermediate stacking units and mini-
mizes change parts. Cameras confirm 
an insert is placed on every other blis-
ter before pairs of blister cards are 
stacked for cartoning. A display at 
Pharma EXPO (Nov. 6–9, 2016) show-
cased an integrated line on its way to a 
factory acceptance test. The one-lane 
CP400 blister packager integrated with 
a P1600 cartoner featured hot-melt car-
ton sealing but also could accommo-
date tuck carton closure. Other poten-

tial variations include a P3200 cartoner 
with dual stacking devices, integration 
of a printer from HAPA for online 
printing of lidstock, various dosing 
systems (brush box, roller dosing, au-
tomatic spiral conveyor, or dedicated 
feeder) and choice of roller or platen 
sealing. Maximum speed of the servo-
driven line is 400 blisters per minute 
(2). A sophisticated human/machine 
interface (HMI) groups functions for 
ease of use and helps reduce change-
over time to less than 30 minutes. “All 
the information is in the HMI, which 
provides detailed instructions by sys-
tem for format changes,” Kai Trepte, 
area service manager at Mediseal, ex-
plains.

Blipack, a company based in Ar-
gentina, a lso supplies integrated 
blister forming and cartoning lines. 
The centerpiece, the Blistera 200-240 
blister packaging machine, combines 
heavy-duty construction with user-
friendly operation and quick and easy 
changeover and maintenance. The 
system can be electromechanical or 
driven by a programmable logic con-
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troller and is compatible with ther-
moforming or cold-forming and a 
wide range of accessories including 
printers and semiautomatic, auto-
matic, dedicated, and universal feed-
ers (3). Blipack’s integrated Estucha-
dora ACM 150 intermittent-motion 
cartoner loads cartons horizontally. 
Carton sizes range from approxi-
mately 0.6 x 0.5 x 2.0 in. to 3.5 x 2.8 
x 7.9 in. (4).

Another turnkey blister packaging 
line integrates the TF1e thermoformer 
and the TC1 cartoner from Pharma-
works. The unified system results in 
a compact footprint, operates from a 
single control system, and produces 
up to 100 blisters/80 cartons per min-
ute. A robotic pick-and-place module 
transfers blisters from die punch to 
cartoner f lights and eliminates the 
need for change parts. The number 
of blisters transferred to the cartoner 
flights is controlled from the operator 
interface (5).

Robotics also play an important 
role in the Integra 520 V integrated 
blister packaging line from Marche-
sini Group. The servo-driven system 
fits in 10 m of floor space and features 
a balcony design for the thermoform-
ing and cartoning sections. Capable 
of producing 520 blisters and up to 
500 cartons per minute, the Integra 
520 V line succeeds the Integra 320 
model and incorporates an innovative 
pusher, a drum-type carton-opening 
system to manage higher speeds, and 
a new leaf let pickup and insertion 
system. Separating product loading 
from electrical and mechanical zones 
ensures quick and straightforward 
cleaning and changeover. An enclosed 
oil bath system protects mechanicals 
from wear and tear and extends ser-
vice life. Maximum forming depth 
measures 9 mm, although a 12-mm 
option is available. Carton sizes range 
from 35 x 16 x 75 mm to 90 x 90 x 150 
mm (6).

Uhlmann Packaging Systems, which 
has offered integrated blister packag-
ing lines for some time, offers three 
models: the single-lane BEC 300 
model for up to 300 blisters/150–300 
cartons per minute; the dual-lane BEC 
500, rated at 500 blisters/300–500 car-
tons per minute; and the three-lane 
BEC 700, capable of outputting 700 
blisters/300–500 cartons per minute. 
Upgraded in 2015, the BEC 300 model 
features the latest control and drive 
technology, tool-free format change-
over, and smooth surfaces for faster 
line clearance (7).

Existing BEC 300 systems can be 
retrofitted to shorten the forming 
cycle, simplify cleaning, and minimize 
abrasion marks on forming materials. 
Uhlmann’s Rebuild Packaging Sys-
tems Center performs electrical and 
mechanical retrofits using genuine 
Uhlmann parts to extend equipment 
lifespan and meet the latest GMP re-
quirements and legal regulations. Up-
graded equipment comes with detailed 
rebuild documentation, validation ser-
vices, and one-year warranty. Rebuild-
ing typically saves 30–70% compared 
to the cost of a new machine (8).

Carton alternatives
Cartons are the traditional secondary 
package for blisters, but CR pouches 
provide a lightweight, f lexible pack-
aging option. To simplify adoption 
of a CR pouch, the Child-Guard CR 
track and slider from Presto Products 
has a Drug Master File listing. In use, 
the caregiver moves the Child-Guard 
slider over a notch, pushes down on a 
tab and pulls back the slider to open 
the pouch (9). CR pouches from Impak 
meet ASTM (American Society for 
Testing and Materials) D3475 CR stan-
dards. Sliding tab or press-to-close CR 
designs require two-handed dexterity 
to open, making access difficult for 
toddlers but not for seniors (10).

Quality control
Quality control systems confirm blister 
packaging equipment is working prop-
erly. Systems, such as the camera-based 
IBIS inline blister inspection system 
from Pharmaworks, check product and 
print on sealed blisters. Installed inline 
or off-line, the vision system identifies 
f laws such as mis-shaped, damaged, 
missing, or rogue product, as well as 
incorrect color and foreign objects (11).

Seal integrity is checked on units 
such as the AMI 120 leak detector from 
Pfeiffer Vacuum (see Figure 2). The leak 
detector requires no tracer gas to non-
destructively detect holes as small as 
five microns, a sensitivity up to 1000 
times better than the traditional de-
structive blue dye dunk test. “Using 
helium as a tracer gas boosts sensitivity 
even more,” says Dennis Seibert, head 
of business development, Leak Detec-
tion, at Pfeiffer Vacuum. Time spans 
for the off line test range from 10–60 
seconds. Calibrated orifices quantify 
the leak rate and provide an alert if seal 
quality is deteriorating. Compatible 
with thermoformed or cold-formed 
blisters, testing a different blister only 
involves a simple fixture change.

The VeriPac UBV leak detection sys-
tem from PTI Packaging Technologies 
and Inspection combines vacuum with 
volumetric imaging to detect leaks in 
multi-cavity blister packs. The non-
destructive test involves three steps: 

Figure 1: A removable feeder module 

on the MHI Eagle blister packaging 

machine enables off-line cleaning and 

cuts downtime.

Figure 2: In a Pharma EXPO demon-

stration, the standalone AMI 120 leak 

detector from Pfeiffer Vacuum 

checked cold-formed foil blisters.
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input the number of blister cavities; 
place the blister pack on the inspection 
plate; press start. In seconds, the dis-
play shows pass or fail, the volumetric 
measurement reading, and the location 
of any defective cavity. The technology 
provides rapid detection of defects as 
small as 10 microns in a test cycle that 
lasts less than 15 seconds (12).

Innovative materials
Activ-Blister material from CSP Tech-
nologies heat-stakes absorbent material 
to the interior of blister cavities. Silica 
gel and molecular sieve technology ab-
sorb tailored amounts of water vapor, 
oxygen, or a combination of the two 
to control the internal atmosphere of 
each cavity and protect product shelf 
life. The active feature can be adopted 
without changing the footprint of the 
packaging line (13).

Another option for sensitive prod-
ucts, Pentapharm LiquiGuard film 
from Klöckner Pentaplast, offers pro-
tection from package leaching and 
moisture gain or loss. The crystal-clear, 
autoclavable laminate accommodates 
hot-fill liquids, gummies, and other 
emerging dosage forms. Features in-
clude a customizable moisture barrier, 

excellent deep-draw properties for 
complex blister geometries, high heat 
stability (the glass transition tempera-
ture of the contact layer is 120 ºC), high 
slip for quick release and increased 
productivity, and low leachability and 
extractability, with excellent odor and 
flavor retention. Applications include 
chewables, formulations sensitive 
to f lavor or odor loss, nutraceuticals, 
pharmaceuticals, unit-dose liquids, 
and veterinary products (14). 
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The Internat iona l Counci l for 
Harmonisation (ICH) has changed 
its name to ref lect expanded involve-
ment of health authorities from ad-
ditional regions and of manufactur-
ers representing additional industry 
components in its standards-setting 
activities. An important new qual-
ity guideline on lifecycle manage-
ment of pharmaceuticals (Q12) is 
moving forward slowly, and should 
complement the series of ICH qual-
ity standards developed to encourage 
manufacturer adoption of modern 
production methods. 

Expanded global sourcing of phar-
maceutical ingredients and products 
will continue to build support for 
regulatory mutual reliance initia-

tives able to streamline agency over-
sight while assuring quality drug 
production in multiple regions. A 
growing collaboration involves GMP 
inspections of APIs by FDA and reg-
ulatory authorities in Europe, Japan, 
Australia, Canada, and by the World 
Health Organization (WHO). FDA 
and the European Medicines Agency 
also seek to avoid duplicate inspec-
tions by expanding a program for 
information sharing on planned site 
visits and on inspection outcomes 
from pre-approval and routine GMP 
inspections of drug manufacturers 
in both regions. While increasing its 
own oversight of foreign drug manu-
facturers, FDA will continue to sup-
port reliance on other inspectorates 

and on policies that promote quality 
drug production globally.  
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GE Healthcare 
Looks to Boost 
Biopharmaceutical 
Production with 
Synpromics 
Partnership 
In an attempt to battle low 

production volumes of hard-to-

manufacture biopharmaceuti-

cals, GE Healthcare announced 

in January 2017 that it will 

partner with Synpromics on the 

development of synthetic pro-

motors. The goal of the collabo-

ration is to identify promoters 

that will work most effectively 

with GE’s existing expression 

system for optimal transcription.

GE will couple its cell line 

with a library of bar-coded 

synthetic promoters from Syn-

promics to improve platform 

performance. Promoters drive 

stronger expression levels of a 

desired protein, so the partner-

ship could help GE strengthen 

its platform for future manufac-

turing projects. Synthetic pro-

moters are said to be capable of 

driving higher expression levels 

than do naturally occurring 

promoters. 

“One of the attractive fea-

tures of our technology is that 

we can design synthetic pro-

moters to be active at the de-

sired expression strength ... our 

technology essentially allows us 

to find the optimal expression 

level for the particular protein 

of interest in the environment 

and cell type of interest,” David 

Venables, CEO of Synpromics, 

wrote via email.

In December 2016, Synprom-

ics announced a similar deal 

with Sartorius Stedim Cellca. 

Both the Sartorius and GE proj-

ects focus on the discovery of 

promoters in Chinese hamster 

ovary (CHO) cells, but Sartorius 

and GE each have their own 

proprietary platforms. Syn-

promics has also created pro-

moters specific to other human 

cell types, such as liver, skin, 

lung, cells of the eye, muscle, 

and cancerous cells.

Lonza to 
Acquire Capsugel
After a brief lull in contract 

services mergers and acquisi-

tions activity, 2016 closed with 

a major announcement from 

Lonza that it will acquire Cap-

sugel for $5.5 billion in cash, 

including refinancing of existing 

Capsugel debt of approximately 

$2 billion. The transaction has 

been approved by the boards 

of directors of both companies 

and is expected to close in 

the second quarter of 2017.

The integrated company 

will offer a portfolio of APIs, ex-

cipients, dosage forms, delivery 

technologies for both small- and 

large-molecule drugs. In a press 

statement announcing the ac-

quisition, Lonza noted that the 

transaction is “fully in line with 

Lonza’s stated strategy to accel-

erate growth and deliver value 

along the healthcare continuum 

by complementing its existing 

offerings and by opening up 

new market opportunities in the 

pharma and consumer health-

care and nutrition industries.”

The acquisition also will allow 

Lonza to expand the market 

reach of its contract develop-

ment and manufacturing orga-

nization (CDMO) and products 

businesses. The deal is expected 

to strengthen the company’s 

position in consumer healthcare 

and nutrition as an integrated 

service provider of active ingre-

dients, oral dosage forms, devel-

opment services, and delivery 

technologies.

The press statement noted 

that the acquisition of Capsugel 

“will allow cross-selling of exist-

ing products, combine manu-

facturing solutions and services, 

and create an integrated value 

offering that merges Lonza’s 

ingredients with Capsugel’s dos-

age forms.”

The initial focus of the trans-

action is to ensure a seamless 

integration while continuing the 

growth trajectory of the Capsu-

gel business. The transaction will 

be financed with a combination 

of debt and equity financing, 

Lonza reports. 
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ASK THE EXPERT

Siegfried Schmitt, PhD, principal consultant, PAREXEL, discusses 

how to handle audits and inspections during business expansion.

Q:Our quality unit is responsible for hosting audits and 

inspections for our manufacturing site. We are a con-

tract manufacturer and due to our expanding client base, we

are experiencing a growing number of customer audits and 

regulatory inspections. Can you provide advice for how to best

accommodate this increased workload? 

A:First, congratulations on your growing business. In terms 

of managing this rising number of audits and inspections, 

we would recommend developing procedures. Formalized 

processes, in addition to using the right tools, can help make 

the job more predictable, improve planning, and provide a

higher chance of success. You may call this a playbook, or 

simply “Good Guide to Audits/Inspections.” Being prepared and 

having a defined process helps reduce uncertainty and drives 

efficiency.

It is good practice to start putting together this document by 

getting input from all parties involved. We recommend starting 

at the moment an audit or inspection is announced, and then 

structuring it by phase, such as preparation/planning, hosting, 

follow up/post event, and close out.

The guide should include roles, rather than name-specific 

individuals, when explaining responsibilities involved in the 

inspection, as this eliminates the need for many updates 

or changes. For each role, it is beneficial to describe each 

person’s particular involvement in the inspection (e.g., active 

or stand by/back up), what and when they are needed, where 

(e.g., front office or back office “war room”), and any other 

pertinent information. Note that some roles may only be 

required occasionally, such as translators.

This playbook can be in any format suitable for your needs, 

but often it is in the form of a spreadsheet. A spreadsheet 

allows activities to easily be added into sequence and 

the ability to select tasks for individual roles or locations. 

Furthermore, completed tasks can be ticked off, together with 

any comments or feedback as required.

Information for auditors

A number of documents and data are typically requested by 

auditors and inspectors; including, but not limited to:

t� Number of deviations

t� Number of batches manufactured

t� Number of out-of-specification (OOS) results

t� List of standard operating procedures (SOP)

t� Organizational structures

t� Annual quality reports

t� Number of complaints

t� Number of recalls (if applicable).

Having a spreadsheet to refer back to, therefore, is crucial 

to staying organized and up to date with inspections. Having a 

running tally readily available in electronic format will greatly 

reduce the effort with preparations. It can also be beneficial

to keep a set of printed copies of all SOPs handy, making these 

available upon request, which reduces time and effort during

the audit or inspection. 

Being prepared is key

Ultimately, the key to being prepared for audits and 

inspections is to follow the old adage: preparation, preparation, 

preparation. Furthermore, with practice comes experience, 

and with experience comes per fect ion. Maintaining 

procedures and metrics will be helpful for any inspection, 

especially as you expect to experience more inspections due

to a growing client base. PT

Your opinion matters.

Have a common regulatory or compliance question? 
Send it to susan.haigney@ubm.com and it 

may appear in a future column.

Staffing and Preparation for Audits

Being prepared and having 
a defined process helps 
reduce uncertainty and 

drives efficiency.
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