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A
t the beginning of each month, I get 
an automatic email notification from 
FDA noting the latest drug shortages 

that exist in the US market. As of early 
June, there were about 130 product types 
listed on FDA’s drug-shortage webpage. 
Most of the affected products are cancer 
medications, anesthetics used for patients 
undergoing surgery, emergency medica-
tions, and intravenous electrolytes. Sterile 
injectables dominate the list and are prime 
targets for shortages because of limited 
production lines and capacity challenges, 
explains the FDA webpage. The reasons 
given for the various shortages include 
everything from manufacturing delays 
to increased market demand to material 
(API) shortage to product discontinuation.

FDA points out that shortage informa-
tion is provided “voluntarily by manu-
facturers” and that the agency “cannot 
require firms to report the reason for 
shortage or duration of the shortage or 
any other information about shortages.” 
This may soon change however. Earlier 
this year, FDA issued a draft guidance, 
Notification to FDA of Issues that May 
Result in a Prescription Drug or Biological 
Product Shortage. The guidance is meant 
to address growing concerns about drug 
shortages, which have tripled from 61 in 
2005 to 178 in 2011, states the draft guid-

ance. In 2011, FDA tracked over 250 drug 
shortages. These shortages can prevent pa-
tients from getting the crucial medications 
they need, when they need them. In addi-
tion, shortages can lead to larger problems. 
For example, in late May, FDA warned 
the public about a counterfeit version of 
Adderall being sold on the Internet—the 
counterfeit version contained the incorrect 
API. The drug just happens to be on the 
shortage list due to API supply issues.

Although the agency cannot do any-
thing to stop drugs from being discontin-
ued—that is the manufacturer’s choice—it 
can do something about supply and quality 
problems that lead to shortages and about 
the way shortages are reported and tracked. 
A goal of the guidance is therefore to in-
crease communication between industry 
and regulators in an effort to protect the 
public health. Reporting planned discon-
tinuations of life-saving drug products to 
the authorities has been a requirement of 
manufacturers since about 1997 under Sec-
tion 506C of the Food, Drug, and Cosmetic 
Act. However, the new draft guidance goes 
further by clarifying who has responsibil-
ity for such reporting: the “sole manufac-
turer,” defined by the draft guidance as 
“the only applicant currently supplying the 
US market with the drug product” where 
drug product includes specific strength, 
dosage form, and route of administra-
tion. The draft guidance also redefines 
the term “discontinuance” to include “any 
interruption of manufacturing of a drug 
product described in paragraph (b)(3)(iii)
(a) for sale in the United States that could 
lead to a potential disruption in supply of 
the drug product, whether the interruption 
is intended to be temporary or permanent.”

In October 2011, FDA reminded man-
ufacturers via letter of their mandatory 
reporting requirement and encouraging 
them to voluntarily report any disruptions 
in supply that could lead to a product short-
age. That same month, President Obama 
ordered FDA to “use all available adminis-
trative tools to expand the Agency’s efforts 
to combat the problem of drug shortages.” 
The new draft guidance aims to carry out 
that order and to further enforce Section 
506C. The draft document specifically 
calls out certain actions that may lead to 
a temporary or permanent drug supply 
problem, such as delays in acquiring ac-
tive or inactive ingredients, equipment 
failures, and manufacturing shutdowns, 
whether for maintenance or routine mat-
ters. Manufacturers will need to notify 
FDA of these issues if they could lead to a 
disruption in supply. The agency also asks 
industry in the draft guidance to notify it 
on a voluntary basis (the above items would 
be mandatory with the final guidance) 
when certain problems could “reasonably” 
be expected to lead to a drug shortage or 
disruption (e.g., stability concerns, facility 
transfer, etc.)

I have high hopes for the guidance. In 
2010, for example, 38 shortages were pre-
vented because companies notified the 
agency of potential problems. Just as we 
tell our children, it’s always best to tell the 
truth—even if it hurts a little to do so—
because in the end, it’s simply the right 
thing to do. PT

Comments on the FDA draft guidance 
were due at the end of May 2012. According 
to the FDA press office, 16 comments were 
submitted and a final guidance is expected 
to be issued promptly. In the meantime, 
companies and suppliers can send relevant 
shortage information to drugshortages@
fda.hhs.gov.

The Truth About 
Drug Shortages

Manufacturers willing to report the bad news 

about supply can help reverse the shortage trend.
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Healthcare Reform is Given 
the Go-Ahead: Now What?
Jill Wechsler

T
he main result of the Supreme 
Court decision in late June to 
uphold the Affordable Care Act 

(ACA) is that it ends all the rampant 
speculation and uncertainty about the 
future shape of the US healthcare 
system. Now healthcare providers, 
insurers, medical products makers, 
and government agencies can move 
forward with the complex process of 
establishing new programs and poli-
cies to expand coverage to millions of 
Americans. Patients can expect more 
coverage options and improved access 
to care, including prescription drugs.

The much-anticipated ruling produced 
an audible sigh of relief from the health-
care industry, even those parties that 
would have preferred to see much of the 
program disappear. For biopharmaceu-
tical and biotechnology companies, the 
decision means that FDA can continue 
to implement the new biosimilars pro-
gram and that industry will continue to 
pay higher Medicaid rebates and provide 
discounts to Medicare patients who reach 
the Part D doughnut hole.

In return, some 33 million more people 
will gain help in paying for drugs and med-
ical products over the next decade through 
health-insurance exchanges and expanded 
state Medicaid programs. It is this antici-
pated market increase that prompted the 

industry to support the Obama adminis-
tration’s healthcare reform initiative three 
years ago and agree to provide more than 
$80 billion in fees and rebates to support 
the program. Companies also have to 
pay hefty excise taxes, a requirement op-
posed by medical-device makers, who are 
pushing for repeal of a $30-billion tax on 
their sector over the decade. The decision 
also will encourage more comparative ef-
fectiveness research under the auspices of 
the Patient-Centered Outcomes Research 
Institute, which is authorized by the ACA.

Yet, biopharmaceutical companies and 
some providers continue to press for elim-
inating the Independent Payment Advi-
sory Board (IPAB), which they predict will 
lead to price controls. At a recent seminar 
on biomedical innovation sponsored by 
the Brookings Institution, Amgen Chair-
man Kevin Shearer described IPAB as “a 
really bad idea” that could derail biotech 
product development. Jim Greenwood, 
president of the Biotechnology Indus-
try Organization (BIO), said that IPAB 
“threatens patient access to needed cures 
and medical breakthroughs.”

With regard to Medicaid, although 
the High Court declared the individual 

mandate constitutional, it curbed the 
requirement that states expand Med-
icaid eligibility or face a loss of federal 
Medicaid funds. The Justices supported 
the program expansion, but limited 
the penalty for states that choose not 
to comply. States that decide not to ex-
pand eligibility would lose only the ad-
ditional payments for broader coverage, 
and not all federal Medicaid funding. It’s 
not clear how states will respond to this 
more flexible option. Even if they decide 
on expansion, legal experts believe that 
the Medicaid decision has the potential 
of imposing more long-term limits on 
the growth of federal social welfare pro-
grams, and may end up having a signifi-
cant impact on government initiatives 
and future court decisions. In addition, 
states face the enormous task of estab-
lishing insurance exchanges, overhauling 
health IT systems, and implementing a 
host of ACA provisions.

Overall, the decision to uphold the 
constitutionality of the ACA is a major 
political victory for the Obama admin-
istration. In ruling that the individual 
mandate is a legal tax and that individu-
als can decide to pay the tax instead of 
purchasing health insurance, Chief Jus-
tice John Roberts took a step that will in-
trigue legal scholars and Supreme Court 
experts for years. In rejecting the Com-
merce Clause as the basis for expanding 
health coverage, though, the ruling may 
place significant limits on future federal 
government expansion. 

The future of healthcare in the US 
now depends on who controls the White 
House and Congress after the Novem-
ber elections. Republicans have pledged 
to dismantle Obamacare if they win in 
November, and health reform will be a 
prime campaign issue. Reform advo-
cates won a major battle, but the war over 
healthcare will continue. PT

No matter the upside or downside to the 

Affordable Care Act, there’s work to be done.
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After a series of government reforms that 
are appealing to both domestic and for-
eign players, the Japanese pharma market 
is making a comeback.

In March 2012, Pfizer Japan, a subsidiary of Pfizer US, set up a 
Rare Disease Division with the objective of becoming a global 
leader in treating rare diseases. China’s Beijing Genomics Insti-
tute (BGI) in the Yantian District of Shenzhen, formed BGI Japan 
in Kobe, in September 2011, to increase its range of partners and 
to conduct joint research with Japanese companies. Golden Bio-
technology Corporation in Taipei, Taiwan, established a Tokyo-
based subsidiary in April 2011 to push out its proprietary health 
supplements. And the list goes on. 

Report from: 

Japan
Jane Wan

contin. on page 18
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IN THE FIELD

The well-established Japanese pharmaceutical market con-
tinues to attract extensive foreign interest and investment. Alan 
Thomas, director of business planning and analytics at IMS 
Japan K.K., says: “An increase in chronic disease, such as dia-
betes and cardiovascular related, and the number of treated pa-
tients within these diseases continues to see expanded access to 
pharmaceuticals. Additionally, an increase in specialty-related 
disease areas, such as oncology and osteoporosis, drives growth 
with increased use of biologics and specialty pharmaceuticals. 
With these emerging and expanding disease areas, the number 
of innovative treatment options available is also improving.” 

Japan’s stagnating economy and aging population have urged 
the government to reshape healthcare policies that favor the entry 
of foreign firms. The agency has taken steps to shorten the drug-
approval process and facilitate easy access to better treatment op-
tions. The median drug approval has fallen from 22 to 15 months 
in the past two years; and the approval time for products under 
priority review has dropped from 15 to 9 months. 

The government is considering “a compassionate use” system 
that allows seriously ill patients to use drugs yet to be approved 
for use in Japan. This program is meant for patients who have not 
responded to standard treatments and where domestic options 
are unavailable. The government is also looking to allow health 
insurers to shoulder some of the costs incurred by patients under 
this system. Japan has spent time examining the sector’s clinical 
trials and pricing as well, and under new initiatives, the increased 
acceptance and use of global clinical-trial data has reduced cost 
and sped timelines. The so-called “clinical triangle” comprising of 
China, Korea, and Japan, also helps to reduce development time in 
Japan because of the additional trial data available. In addition, the 
extension of Japan’s “premium for development of new drugs and 
elimination of off-label use” is applicable to the National Health 
Insurance (NHI) price revisions established in April 2010. Under 
this system, manufacturers are encouraged to develop new drugs 
and provide additional information for existing ones when prod-
ucts are eligible for a lower NHI price revision.

Recently, the government shifted its focus to generic drugs 
with the goal of increasing market share to 30% by 2013 in a bid to 
address to the country’s overburdened healthcare system. To dis-
pel the common public perception that generic drugs are inferior, 
generic drugs and their active ingredients are placed under rigor-
ous quality control. Generic-drug manufacturers are required 
to supply all of the strengths and dosage forms of the branded 
version. The Ministry of Health, Labor, and Welfare (MHLW) 
also requires manufacturers to supply strengths of the same dos-
age form as those of the branded products, and that the generic 
versions be a perfect match to the branded products. 

Ranjith Gopinathan, program manager of life sciences and 
healthcare practice at Frost & Sullivan, adds, “Strongly backed by 
the government, the generics market is encouraged by initiatives 
such as relaxing registration procedures and providing incentives 
to doctors prescribing them over branded drugs.”

Interestingly, foreign presence has reshaped the business strate-
gies of domestic players. Jamie Davies, head of pharmaceuticals 
and healthcare at Business Monitor International, says, “Typically, 
Japanese pharmaceutical companies are conservative in nature 
and focus primarily on the domestic market and have limited 
exposure in less developed states. However, the dual effect of pat-
ent expiries and reduced research productivity has forced them to 
increasingly look abroad for sales growth. As a result, several are 
looking to emerging markets to generate new growth.”

Japan’s stagnating economy 

and aging population have 

urged policies that favor the 

entry of foreign firms. 

Domestic companies have started to forge strong links with 
international firms and foreign markets. All the leading Japanese 
firms derive around 40% of their revenue from overseas markets, 
mainly the US, although exposure to emerging markets is in-
creasing, adds Davies. In October 2010, Takeda Pharmaceutical 
in Tokyo announced plans to form alliances with Indian compa-
nies to sell its patented drugs and to offer basic business services. 

The M&A quest has also gained momentum in Japan with 
Takeda’s acquisition of Nycomed, based in Zurich, Switzerland, 
for $13.7 billion in September 2011. Takeda Farmacêutica Brasil 
has signed an agreement to acquire Multilab Indústria e Comér-
cio de Produtos Farmacêuticos, based in Rio Grande do Sul, Bra-
zil, by the end of the second quarter of 2012. 

Of course, there are exceptions. Recently, Eisai, based in 
Tokyo, has shifted its focus back to East Asia, citing the region’s 
enormous potential, especially now that the Japanese market 
is becoming attractive again thanks to government initiatives. 
Likewise, Sawai Pharmaceutical in Osaka is concentrating on the 
Japanese market and exploring partnerships with larger pharma-
ceutical companies to expand its therapeutic range.

Thomas adds, “From a portfolio perspective, Japanese phar-
maceutical companies will put their focus on speciality pharma, 
oncology, and biological platforms. This acquisition activity will 
gain momentum as a strategy for market entry and portfolio ex-
pansion.” Although domestic firms control 66% of the Japanese 
pharmaceutical market share, the market remains attractive 
to foreign big players for its lower risk and exposure compared 
with other markets. In fact, a Bloomberg source indicates that 
the prominent companies are doing quite well. Pfizer grew Japa-
nese sales to $7.3 billion last year and GlaxoSmithKline figures 
were up by 28% in the same year. Large-scale companies are well-
positioned due to their strong late-stage pipelines and aggressive 
launch objectives to continue to grow over the next two to three 
years. On the other hand, smaller-scale players with no presence 
in Japan may have to opt for out-licensing or partnering to main-
tain growth.   Jane Wan is a freelancer writer based in Singapore

contin. from page 16
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Cautionary Tales from the Files of “Control,” 

a Senior Compliance Officer

Gold standard
“We used a single-use specialized nanofil-
ter for decades,” began our GMP Agent-In-
Place. “We were an innovator in our par-
ticular use, and during the FDA-approval 
process we had to develop a unique integ-
rity test for the filter. Our supplier noted 
the filter was difficult to make and expe-
rienced many rejects. Some filters failed 
during integrity testing. We were the last 
customer they had for this specific nanofil-
ter as they had convinced their other cus-
tomer to change over to a new filter. The 
suggested replacement for our older filter 
was $700. The filter was a new technol-
ogy filter priced at $5000—still single-use. 
However, we did not make the replacement 
filter pass qualification testing in our pro-
cess. Because the supplier was insistent on 
canceling production, we looked at other 
suppliers. We finally found a filter that 
would fit in our process (at $3000 each). 
However, the integrity test required use 
of suspended and standardized gold par-
ticles which added several thousand dollars 
to each use. People wonder why pharma-
ceuticals cost so much, well, our costs went 
up a half-million dollars a year because the 
supplier discontinued its product.”

Caustic quality
“When your bioburden trend goes out of 
control, you need to take action,” our GMP 
Agent-In-Place noted. “We had a nonster-
ile process in which the bioburden was 
increasing, and the manufacturing staff 
was not finding the source. The Quality 
team spent time on the manufacturing 
floor during all shifts to watch the activi-
ties. While we were there, the bioburden 
went back to historic levels, although no 

new activities had been instituted. It was 
only when the investigation team started 
reviewing equipment log books that they 
realize that during the bioburden excur-
sions, the standard operating procedure 
that required caustic soak of the vessels 
had been forgotten.”

Confusing configuration
“We had just switched from distributing 
our product directly from the manufactur-
ing site to using a third-party logistics (3PL) 
partner,” said our stunned GMP Agent-In-
Place. “Our release computer system was 
linked to the 3PL’s computer system, which 
used a two-step release process. Step one 
involved the manufacturing site release 
information and step two focused on the 
transit temperature review. When these 
requirements were met, the computer sys-
tem would automatically release the batch. 
After our usual validation testing and ap-
proval, we turned the process on. Unfortu-
nately, there was a bug in the configuration 
of the live system and some batches were 
released without the proper prerequisites. 
Luckily, we were carefully watching the 
system during the first couple of days from 
two different sites and caught the issue be-
fore unreleased product was distributed. 
We quickly tweaked the configuration and 

now the system works as desired. Lesson 
learned: the test system isn’t always com-
pletely identical as the live system.”

Spring cleaning
“We had two manufacturing sites located 
in the same city,” said our GMP Agent-
In-Place as he began his complaint. “The 
sites shared the Quality department. 
Also, the supplier-qualification process 
included testing and auditing. Both sites 
performed extensive remodeling, which 
required several automated cleaning pro-
cesses, and each site had new procedures 
for cleaning and disinfection. The proj-
ects were run by separate groups, so each 
picked its own new clean-in-place agents 
and disinfectants. Each group needed ex-
tensive laboratory characterization and 
test development as well as numerous sup-
plier audits. And each team insisted that 
its different equipment vendors ‘required’ 
these new and unique materials. Yes, we 
did get all the necessary laboratory work 
completed and did successfully perform 
the audits. But a little coordination up 
front would have saved several hundred-
thousand dollars.” PT

Meticulous system configuration can prevent the 

machines from taking over your product batches.

Technology Fights Back

Pharmaceutical Technology’s month-

ly “Agent-in-Place” column distills 

true-life cautionary tales from the 

files of Control, a senior compli-

ance officer. If you have a story to 

share, please email it to Control at 

AgentinPlace@advanstar.com. We 

won’t use any names, but if we do 

use your experience in the column, 

you’ll receive a Pharmaceutical 

Technology t-shirt.

Unfortunately, 

there was a bug in 

the configuration of 

the live system.
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We push your product to its limits.  BilcareOptima’s sensitivity profiling 
will identify degradation causes and effects to determine the protection needed 
for various climate conditions. This allows you to select the most affordable 
and effective packaging option.
 
We’ll get you in shape in about 6 weeks.  After just 45 days, you will head 
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the added expense of over packaging.
 
You’ll get to market faster.  The majority of BilcareOptima’s global customers 
receive regulatory approval on the very first try...no sweat. 
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IN THE SPOTLIGHT:      ANALYTICAL INSTRUMENTATION

Total organic carbon analyzer 
tests pharmaceutical water
Swan Analytical’s AMI Line total 

organic carbon (TOC) analyzer is 

designed for continuous, accurate 

measurement of TOC in pure and 

ultrapure water in the pharmaceuti-

cal industry. The instrument has a 

range of 0.1–1000 ppb TOC and a 

resolution of +/− O.1 ppb. TOC is 

measured using UV oxidation and 

differential conductivity detection, 

with results in less than two min-

utes. The analyzer is designed for 

ease of performing a system suit-

ability test (SST). Standard sucrose 

or benzoquinone solutions are auto-

matically added, and grab samples 

can be taken by pushing a button. In 

addition, automatic sensor verifica-

tion uses less expensive, durable, 

concentrated standards that are 

automatically diluted, which allows 

the user to verify the accuracy of the 

measurement without performing 

a SST. The analyzer’s electronic drift 

stabilization provides long term, 

stable analysis results.

System reduces sample preparation 
for mass spectrometry
PerkinElmer’s AxION Direct Sample 
Analysis (DSA) system is designed to 
introduce liquid, solid, and gas samples 
directly to PerkinElmer’s AxION Time-
of-Flight (TOF) mass spectrometer. The 
DSA system eliminates sample prepara-
tion steps and removes the need for front-
end gas or liquid chromatography separa-
tion because samples can be directly in-
troduced to the mass spectrometer. Using 
the DSA system reduces sample prepara-
tion time from a typical 25 min. down 
to 25 s. The integrated DSA system is 
entirely enclosed to prevent atmospheric 
contamination of samples and fully auto-
mated for fast data acquisition.

AMI Line TOC analyzer

Swan Analytical

www.swan-analytical-usa.com

AxION Direct Sample Analyzer and 

AxION TOF Mass Spectrometer System

PerkinElmer

www.perkinelmer.com

Faster testing can improve efficiency of both the laboratory and the 

overall manufacturing process. This month’s featured products are 

designed to be easier to use and to produce results faster while main-

taining accuracy. A total organic carbon (TOC) analyzer from Swan 

Analytical measures TOC in pure and ultrapure water. A direct sample 

analysis system from Perkin Elmer eliminates sample preparation 

steps. A light-weight, portable particle counter from Kanomax has an 

increased flow rate. 

Portable particle counter 
is easy to transport
The Kanomax Model 3910 50LPM Portable Particle 

Counter can simultaneously measure six particle 

sizes in tasks such as cleanroom verification, clean 

bench verification, filter testing, and facility certifi-

cation. The model is designed to be small and light 

so that it is easy to transport and manage in the 

field. This model has an increased, 50 L/min flow 

rate, which increases testing speed. The unit has a 

stainless steel enclosure and is compliant with ISO 

21501-4 and 21 CFR Part 11. The instrument fea-

tures an intuitive, LCD touch screen and preprogrammed standards, and stores 

up to 10,000 measurements. An optional Climomaster probe measures air veloc-

ity, temperature, and humidity.  

Model 3910 50LPM 

Portable Particle Counter

Kanomax

www.kanomax-usa.com 

Editors’ Picks of Pharmaceutical
Science & Technology Innovations



The Parenteral Drug Association presents the...

The Universe of
Pre-fi lled Syringes

and Injection Devices
Integrating the Unmet Market Needs:

Bringing it All Together for Tomorrow’s Success

October 15-17, 2012 
Red Rock Resort and Spa | Las Vegas, Nevada

Our industry is entering a challenging phase for the next decade. Costs and regulatory demands exert 

downward pressure on our ability to introduce devices that are safe and effective. To address challenges we are facing, 

it is crucial to continue on the path of innovation as we have been on for many years.

The Universe of Pre-fi lled Syringes & Injection Devices will bring together industry and regulatory experts to share their 

experiences, new developments, regulatory considerations, challenges and industry trends in this exciting area.

Highlights of this meeting include:

0 Opening Keynote Address by

W. Bradley Fain, PhD, Georgia Tech 

Research Institute (Sponsored 

by West Pharmaceuticals) on 

Addressing the Needs of the Patient

0 Numerous plenary, concurrent, 

interest group and breakfast sessions

0 Closing plenary session on

Global Market Assessments and 

Panel Discussion featuring:

0 Brigitte Reutter-Haerle, Vetter 

Pharma International

0 Ian Thompson, Ypsomed

0 Sheldon Moberg, Amgen, Inc.

0 Kingman Ng, PhD, Novartis 

Vaccines & Diagnostics 

0 Thomas Schoenknecht, PhD, 

SCHOTT

0 Klaus Schreiber, Robert Bosch

0 FDA Representatives Invited 

Immediately following the conference, PDA’s Training and Research Institute (PDA TRI) will be hosting

three courses onsite October 18-19.

Visit www.pda.org/prefi lled2012

for more information and to register.

Exhibition: October 15-16  |  Courses: October 18-19

Save big when 

you register early! 

Early registration 

discounts apply!
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REGULATORY WATCH
Insight into FDA, EMA, the Hill, and More

T
here was much celebrating on 
Capitol Hill in late June, as lead-
ing legislators reached across party 

lines to approve the Food and Drug 
Administration Safety and Innovation 
Act (FDASIA) in record speed. The 
bill (S. 3187) enables FDA to collect ap-
proximately $6 billion in fees over the
next five years from pharmaceutical and 
medical device companies. These fees 
are crucial to maintaining an efficient
prescription drug regulatory system.
At the same time, the Supreme Court 
upheld the constitutionality of the Af-
fordable Care Act. The decision ended 
speculation that FDA might lose au-
thority to establish a pathway for devel-
oping new biosimilars [see Roundup].

Now the hard work begins to imple-
ment new policies and prepare the mul-
tiple guidance documents and reports 
required by FDASIA. As with most 
300-page bills, the FDA legislation has 
something for everyone: patient advo-
cates gained added incentives for devel-
oping crucial medicines; providers ap-
plauded policies to curb drug shortages;
and manufacturers may benefit from 
speedier approvals and stiffer penalties
for counterfeiters.

The basic user-fee program for drugs 
and biologics hashed out by manufac-

turers and FDA officials over the previ-
ous 18 months remained intact during 
the legislative process. Generic-drug 
makers agreed to pay almost $300 mil-
lion annually to accelerate approvals, 
clear up an immense application back-
log, and support timely inspections of 
foreign manufacturers. In addition, 
f irms developing new biosimilars
agreed to provide upfront fees to cover 
some of FDA’s cost in providing guid-
ance to sponsors, a program expected to 
raise $128 million over five years. 

Supply chain security
As the analysts and lawyers continue
to pore over the fine print in FDASIA, 
some questioned whether policymakers
should have taken more time to resolve
some contentious issues, such as how to 
establish a national track-and-trace sys-
tem for prescription drugs. Policymak-
ers were stalemated by industry’s sup-
port for tracking based on lot number, 
instead of individual vials and bottles,
as FDA preferred. Manufacturers thus 
face multiple state tracking require-
ments, starting with a California law 
that goes into effect in 2015.

Still, the final law contains a wealth 
of provisions designed to help FDA de-
tect and block adulterated and illegal 
medical products. All drug manufactur-

ers and foreign suppliers have to register 
with FDA, using a unique facility iden-
tifier. Importers face a number of spe-
cific registration requirements, includ-
ing electronic information submission. 
FDA can block the import of products 
from manufacturers that deny access to 
inspectors or fail to submit requested re-
cords. FDA has also been given author-
ity to detain adulterated products at the 
border instead of having to send them 
back to the shipper, and in some situa-
tions to destroy violative imports.

Manufacturers are required to notify 
FDA if a drug may be stolen or counter-
feited, and intentional adulteration for 
economic gain carries stiff penalties, in-
cluding jail time. The consequences are 
even more serious for anyone who in-
tentionally traffics in counterfeit drugs. 

An important change overrides the 
established, but long unworkable two-
year plant inspection requirement 
and permits FDA to inspect drug-
manufacturing facilities on a sched-
ule that reflects risk factors. Another 
innovative provision specifies that 
meeting cGMPs requires manufactur-
ers to implement quality management 
systems and assure the quality of raw 
materials. FDA may share trade se-
cret information with trusted regula-
tory counterparts and gains leeway to 
consider inspection information from 
such regulators in evaluating the risk 
level of an establishment. The bill also 
specifies that US law governing drugs 
and medical products may be applied 
to extraterritorial violations, such as 
economically motivated adulteration 
of products like heparin.

Jill Wechsler 

is Pharmaceutical 

Technology’s Washington 

editor, 7715 Rocton Ave., 

Chevy Chase, MD 20815, 

tel. 301.656.4634, 

jwechsler@advanstar.com.

Import controls and risk strategies aim to promote 

quality and spur new drug development. 

Jill Wechsler

FDA User-Fee Legislation Sets 
Stage for Manufacturing Changes

Manufacturers 

face multiple 

state tracking 

requirements.
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Supreme Court upholds Obamacare 
Pharmaceutical and biotech manufactur-
ers can expect FDA to develop a pathway 
for testing and approving biosimilars as 
the Obama administration implements 
the multiple provisions of the Afford-
able Care Act following the landmark 
Supreme Court ruling. Industry also will 
continue paying higher Medicaid drug 
rebates and hefty excise taxes to the Trea-
sury, along with discounts on drugs pre-
scribed to Medicare patients in the “cover-
age gap” (see PharmTech Talk, page 14).

No overtime for sales reps
Another important Supreme Court deci-
sion for pharmaceutical companies re-
jected demands from sales representatives 
for overtime pay. A narrow conservative 
majority ruled that the detailers employed 
by GlaxoSmithKline are not protected by 
the Fair Labor Standards Act (FLSA) be-
cause they are “outside salesmen” that do 
not actually sell products, but provide in-
formation to physicians designed to stim-
ulate prescribing. The ruling is regarded 
as a rebuke to the Department of Labor 
and the Obama administration, and it is 
expected to halt the wave of lawsuits filed 
against manufacturers over recent years. 
But the decision may be good for sales rep-
resentatives, according to some analysts, 
because pharmaceutical companies oth-
erwise might lay off even more detailers 
than they already have. 

FDA promotes supply-chain pilot
Just as Congress approved FDA user-
fee legislation without any provision for 
establishing a national drug track-and-
trace system, the agency indicated it was 
moving forward with a long-planned 
pilot to test ways to ensure the quality 
and integrity of imported pharmaceuti-
cal ingredients and finished products. 
The Secure Supply Chain Pilot Program 
was originally proposed in 2009 but gen-
erated concerns about excessive red tape 
and oversight. Now FDA has revised the 
program and is seeking final approval 
from the Office of Management and 

Budget to move forward. FDA’s plan is to 
select up to 100 manufacturers and im-
porters that each submit information on 
how five drugs will be imported into the 
US. Applicants must maintain records 
documenting the product’s movement 
through their secure supply chain, meet 
customs requirements to guard against 
terrorism, and demonstrate that they 
comply with good importer practices 
proposed by FDA. 

Regulating apps
A fairly obscure provision in the FDA 
Safety and Innovation Act seeks to clar-
ify how FDA may—or may not—regulate 
medical applications for smart phones 
and other computer devices, a hot issue 
with manufacturers and health authori-
ties. The final bill stops short of prohibit-
ing FDA from finalizing a draft guidance 
document issued last year that proposed 
agency regulation of software that links 
to a device, but not low-risk applications 
such as calorie counters. Consequently, 
FDA officials are expected to hold off on 
drafting a final guidance until it forms a 
working group, as required by FDASIA, 
to quickly (in 18 months) develop a strat-
egy for an “appropriate, risk-based reg-
ulatory framework” on health IT “that 
promotes innovation, protects patient 
safety and avoids regulatory duplica-
tion.” FDA will consult with the National 
Coordinator for Health Information 
Technology and the Federal Communi-
cations Commission and include manu-
facturers, payers, venture capitalists, IT 
vendors, patients, providers, and others 
in the working group. 

The compromise measure reflects 
concerns of software and medical device 
companies that FDA will over-regulate 
this budding industry, squashing inno-
vation and promising health technology. 
There already are some 40,000 medical 
apps, some developed by pharmaceuti-
cal manufacturers looking to enhance 
patient use of treatments for diabetes 
and other medical conditions and to 
help manage clinical trials. FDA regu-

lates medical software that controls x-ray 
machines, infusion pumps, and certain 
implants and recently approved a medi-
cal app that displays radiological images. 
Some software developers support FDA 
regulation to gain more predictability in 
market requirements, despite the cost 
and time of compliance. 

Biomedical innovation in trouble?
The time and cost of developing new 
drugs are rising, venture capitalists 
make no return on investments in bio-
pharma R&D, and other countries are 
boosting support in this area while US 
policymakers propose funding cuts for 
the National Institutes of Health (NIH). 
Experts painted this bleak picture of 
the “state of biomedical innovation” at 
a June seminar sponsored by the Brook-
ings Institution. There is a “relentless 
decline” in biopharma R&D productiv-
ity, as measured by the number of new 
drugs approved compared with spend-
ing on R&D, pointed out Jonathan Leff 
of Warburg Pincus. NIH Director Fran-
cis Collins warned that the US faces a 
decline in its scientific leadership and 
competitiveness as visionary scientists 
find research funding increasingly dif-
ficult to obtain. FDA Commissioner 
Margaret Hamburg cited the impact 
that reimbursement and immigration 
policy have on innovation, and that 
FDA strives to serve as a gateway, and 
not a barrier, to advancing new product 
development. 

Amgen Chairman Kevin Shearer 
sounded a more optimistic tone, noting 
that the US biotech industry continues 
to “dominate the world,” and that no 
other country “is even close” to the US 
in providing the financial support and 
scientific infrastructure for biopharma-
ceutical innovation. If you develop an 
innovative medicine in America “you’ll 
be rewarded,” he noted. The main strat-
egy for the research community, said 
Shearer, is to continue investing in NIH, 
which he termed “a national treasure,” 
and to “leave FDA officials alone.”

Hot-Topic Roundup
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To curb shortages of critical drugs 
and biologics, the law extends report-
ing requirements for manufacturers 
anticipating short supply situations. 
FDA gains clear leeway to expedite es-
tablishment inspections and applica-
tion reviews to help mitigate or prevent 
a shortage, along with requirements to 
issue an annual report on drug short-
ages and to maintain a drug-shortage 
list that will help patients and provid-

ers keep informed of supply problems. 
The Drug Enforcement Administra-
tion has to provide timely approvals or 
denials of requests to increase quotas 
of controlled substances when needed 
to address a drug shortage. And a new 
Health and Human Services (HHS) 
task force will examine ways to en-
hance the federal response to shortages 
and create a strategic plan to address 
these problems. 

Accepting risk
This fifth version of the Prescription 
Drug User Fee Act (PDUFAV) offers 
additional assistance for research spon-
sors and greater transparency in the 
application review process to complete 
more first-cycle reviews. Patient advo-
cates played a prominent role in press-
ing for provisions to accelerate FDA 
approval of new treatments for serious 
and life-threatening conditions, along 
with articulation of an FDA risk-benefit 
framework to clarify that new drugs are 
never absolutely safe, and that patients 
accept a certain amount of risk in using 
new treatments. 

Specific provisions provide expedited 
review of fast-track products and clarifi-
cation of evidence and endpoints to sup-
port accelerated approval of drugs for 
serious or life-threatening conditions. 
Grants for developing orphan-drug prod-
ucts will continue, and revised conflict-
of-interest rules will make it easier to 
bring in knowledgeable experts to serve 
on advisory committees, especially those 
committees dealing with rare diseases. 

Infectious disease experts gained in-
centives for developing new antibiotics: an 
added five years exclusivity will apply to 
specific “qualified infectious disease prod-
ucts,” which FDA has to define and list. 

Other provisions encourage develop-
ment of new formulations and expand-
ing labels for drugs for children. The Best 
Pharmaceuticals for Children Act and the 
Pediatric Research Equity Act were made 
permanent, instead of requiring reautho-
rization every five years. A new pilot pro-
gram will test whether an offer of priority 
review vouchers, which can be redeemed 
for a speedy FDA review of another prod-
uct, will accelerate development of new 
therapies for rare childhood diseases. 

FDA may share 

trade secret 

information with 

trusted regulatory 

counterparts



A less-noticed but important provi-
sion requires electronic submission of 
applications for drugs, once FDA estab-
lishes policies and standards for doing 
so. In this part of the bill, the legislators 
take the unusual step of permitting FDA 
guidance to set requirements, a strategy 
that aims to move this policy forward 
without a lengthy rulemaking process. 
And the final bill aims to reduce dupli-
cative clinical studies by encouraging 
FDA to accept foreign clinical trial data 
to support new drug applications. 

FDASIA also makes it easier for manu-
facturers to make minor modifications in 
risk evaluation and mitigation strategy 
(REMS) programs.  Generic-drug mak-
ers, however, lost out in their campaign to 
prevent brand firms from using REMS to 
block access to products needed to test and 
develop new generic competitors, an issue 
that could affect biosimilar development 

down the road. However, other changes in 
generic exclusivity policy and procedures 
for handling citizens’ petitions promise to 
enhance access to generic drugs. 

Policymakers sought to add restric-
tions on the prescribing and sale of opi-
oid painkillers to rein in the rampant 
abuse of these prescription products, 
but pharmacists objected strenuously. So 
instead, FDA will hold a public meeting 
on the need to reschedule hydrocodone 
and seek ways to exchange prescribing 
information across state lines to help 
pharmacists detect multiple painkiller 
prescriptions. These discussion are likely 
to address FDA’s long-awaited REMS for 
extended-release opioids, which was is-
sued just after FDASIA was finalized. 
The REMS stops short of mandating 
education for opioid prescribers, opening 
the door to further debate and legislative 
proposals on controlling these drugs. PT

*Call for Papers* *Call for Papers* *Call for Papers*

Pharmaceutical Technology and 

Pharmaceutical Technology Europe 

cover all aspects of pharmaceutical 

drug development and manufacturing, 

including formulation development, 

process development and 

manufacturing of active pharmaceutical 

ingredients (both small molecule and 

large molecules) and finished drug-

products (solid dosage, semisolid, liquids, parenteral drugs and topical drugs), drug-

delivery technologies, analytical methods development, analytical testing, quality 

assurance/quality control, validation and advances in pharmaceutical equipment, 

machinery, instrumentation, facility design and plant operations.

We are currently seeking novel research articles for our peer-reviewed 

journal as well as manuscripts for our special issues. For peer-reviewed 

papers, members of the Editorial Advisory Board of Pharmaceutical 

Technology and Pharmaceutical Technology Europe and other industry 

experts review manuscripts on technical and regulatory topics. The review 

process is double-blind. Manuscripts are reviewed on a rolling basis.

Our single-themed issues, which include literature reviews and tutorials, 

address excipients and ingredients, analytical testing, outsourcing, solid 

dosage and more. 
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Drakulich at adrakulich@advanstar.com.
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We make
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feeding processes
work

PureFeed®

Pharmaceutical Feeders

For pharmaceutical feeding solutions, call:

(800) 558-0184

www.accuratefeeders.com

C O N T I N U O U S  M I X I N G

H O T  M E L T  E X T R U S I O N

C O N T I N U O U S  G R A N U L A T I O N

F E E D I N G  E X P E R I E N C E  I N :

Product Line Features:
' �eed rate range from .02 kg/hr to 150 kg/hr.

' Easy disassembly and cleaning in minutes.

' 316L stainless steel.

' Ceramic feed disc delivers pulse-free metering.

' Disposable, flexible hopper speeds cleaning 

and eliminates cross contamination.

See us at INTERPHEX NYC,

Booth 2443D
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T
he butterfly effect is a much cited 
phenomena where a small change  in a 
system can have a significant effect on 

the overall state of the system. In a similar 
way, relatively inexpensive elastomers can 
contribute disproportionately to the cost of 
running a biopharmaceutical manufactur-
ing operation. Elastomers and plastics play 
a vital role in the operation of a bioprocess-
ing plant, forming gaskets, “o”-rings, and 
diaphragms deep within the structure of 
the processing equipment. Their function 
is to prevent leaks and to separate fluids 
that should never come into contact. These  
rubber-like materials are useful because 
they are flexible, elastic, and can ensure 
tight seals between hard metal surfaces.

Over time, and with the harsh tem-
perature, chemical, and pressure cycles 
that they are subjected to, these materials 
can become brittle and deformed and  fail. 
They need to be exchanged well before 
there is a risk of failure, the consequence 
of which could be a contaminated product 
or a dangerous breach of a system. Many 
biopharmaceutical plants have a large in-
stalled base of valves for example, maybe 
5000 or more. Each one needs to be main-
tained correctly to avoid problems. Al-
though the cost of failure is high, the cost 
of exchange is also high. It is estimated 
that up to 50% of maintenance activity is 
consumed by soft parts changeout. Add 
this to the plant downtime, and there is 
a clear target for cost-saving scrutiny. So, 
what scope is there for improvement? Can 
current practice be challenged?

The currently accepted and common 
approach for elastomer changeout is 
temporal based (i.e., there is a fixed fre-

quency, perhaps annually or biannually, 
for scheduled maintenance to replace the 
component). Although this approach is 
acceptable, it does not take into account 
the conditions that the elastomer has been 
subjected to. In cases where the component 
has been lightly used, it may be exchanged 
even though continued use would be per-
fectly acceptable. At the opposite end of the 
spectrum, severe use could risk failure of 
the elastomer before its fixed time period 
had been reached.

Several engineering leaders in biophar-
maceutical operations are questioning 
this methodology. They are being driven 
by the unrelenting quest for operational 
excellence and more effective ways of 
working. As well as cost savings, there is 
the realization that their talented engineers 
could be better deployed working on high 
value-adding technical projects rather than 
routine maintenance. One such engineer 
got into the habit of collecting discarded 
soft parts from changeovers and visually 
inspecting them. His curiosity and dislike 
of waste led him to ask whether there was 
a better way to systemize the replacement 
of these items so that they were used for 
longer but without risking failure in opera-
tion. His involvement in a cross-industry 
benchmarking group and discussions with 
his like-minded peers showed that better 
practices did exist. This knowledge spurred 
him to implement a new way of working, 
leading to significant cost savings.

By following simple scientific and 
risk-based approaches, some companies 
are now extending the life of elastomers 
by three, four, or five times. The previ-
ous time-based maintenance cycles have 
been replaced with condition-based cycles 
whereby the wear and tear on the compo-
nents are carefully analyzed and graded so 

that the life of the components can be accu-
rately predicted. The factors affecting wear 
and tear, such as the numbers of cleaning 
cycles, temperatures and chemicals used, 
are recorded to provide a rational basis for 
analysis and later, measurement.

Operational data showing variations 
from predicted results are further sources 
of insight, shedding light on unknown fac-
tors that lead to variability reduction and 
greater confidence levels predicting com-
ponent condition. One such root-cause 
analysis revealed that correct or incorrect 
assembly of diaphragm valves can contrib-
ute significantly to performance of the soft 
parts. Correct lubrication of fixing bolts 
and accurate torque setting for instance 
was discovered to be a contributory factor 
in the life of diaphragms.

The question of conformance to speci-
fication was another target-rich area with 
lack of clear standards and nonexistent or 
inconsistent industry wide test methods. 
Elastomer suppliers have a long way to go 
to meet the exacting needs of the biophar-
maceutical environment. Performance has 
historically been the customer problem. 
Lack of control around changes being a 
particular concern where the supply chain 
of suppliers and suppliers’ suppliers is not 
rigorously managed.

The same industry best-practice shar-
ing group is now advancing the cause by 
proposing customer-centric standards 
covering generic-test sequences, visual in-
spection criteria, and better change control. 
With agreement by the various stakehold-
ers, these standards will be written into 
globally recognized codes that set the scene 
for better industry compliance.

In this example of a drive for best prac-
tice in biopharmaceutical manufacturing, 
one can trace a direct line from one engi-
neer examining the disassembled parts of a 
butterfly valve to a new industry system of 
standards and quality performance levels 
previously not experienced. PT

Simon Chalk (simon@biophorum.com) 

and Steve Jones are both directors of the 

BioPhorum Operations Group. 

A look at elastomer changeout times shows how 

industry knowledge improves operations and cost.

Simon Chalk and Steve Jones
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System-Wide Impact 
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Q
uality control requires constant at-
tention on pharmaceutical packag-
ing lines, but it doesn’t have to cause 

sleepless nights for operators and man-
agers. Today, faster and more sensitive 
quality-control equipment provides con-
tinuous online vigilance. Data-collection 
capabilities are more robust too, which 
increases automation of record-keeping 
and validation. Vendors also are provid-
ing tools to help match quality-control 
systems to applications. Quality-control 
machines, introduced in the past year or 
so, are indicative of the technology avail-
able today and include systems for visual 
inspection, leak detection/seal integrity 
confirmation, checkweighing, and con-
taminant detection.

Visual-inspection systems
Visual-inspection systems, such as vision 
sensors, smart cameras, and camera-
based vision systems, confirm the pres-
ence and position of caps, lids, and labels 
and check for particulates, label accuracy, 
and surface imperfections. 

For the most demanding applications, 
full-scale machine-vision systems pro-
vide the highest level of programming 
f lexibility. Although machine-vision 
systems are still the most complex to set 
up and configure, software and operator 
interfaces streamline configuration and 
simplify operation. 

In the mid-range of functionality and 
ease of use, smart cameras combine a cam-
era with onboard intelligence and an array 
of software tools that offer considerable 
flexibility for application programming. 

The simplest and easiest to implement 
system, the vision sensor, also combines a 
camera with onboard intelligence and is 
optimized for optical-inspection tasks. A 
vision sensor can be taught to compare a 
captured image to a good sample and/or 
check for specific defects. Its capabilities 
are sufficient for many packaging-line in-
spection tasks (1). 

Software is designed to be intuitive even 
for users who are not vision experts, said 
Jim Anderson, product manager for ma-
chine vision at SICK, in a company publi-
cation (1) (vision sensors, smart cameras, 
vision systems, SICK). 

For pharmaceutical packaging appli-
cations, one robot-supported inspection 
machine handles almost any cylindrical 
container with a volume between 1 mL 
and 100 mL, including vials, syringes, am-
puls, cartridges, cylindrical blow–fill–seal 
containers, and inhalers. The six-axis robot 
arm moves up to 15 containers per minute 
through three machine-vision inspection 
stations equipped with different camera, 
lighting, and container positioning options. 
In some cases, more than one inspection is 
performed at a single station. The system 
can check for the following: particles from 
a bottom or side view; proper cap applica-
tion; dirt or cracks at the shoulder of the 
container; scratches, cracks, or chips on 
the neck, shoulder, or sidewall; cracks at 
the heel; flaws on the bottom of the con-
tainer or heavy particles in suspension; and 
particle or cosmetic defects. The compact 
system is compatible with isolator enclo-
sures and particularly well-suited for toxic 

or highly potent products (Seidenader RIM 
inspector with robot arm from Stäubli 
Group, Körber Medipack).  

Another multiple-camera, machine-
vision system examines tablets from six 
angles to confirm surface quality. Laser-slit 
lighting and three-dimensional images im-
prove identification of chips and emboss-
ing flaws, while color cameras and filters 
detect subtle color variations. Simulation 
modes shorten set-up time, and fewer, 
lighter change parts reduce changeover 
time. The system runs up to about 5800 
tablets per min (Viswill TVIS-EX3-CD 
visual inspection system for tablets, Daiichi 
Jitsugyo America). 

A print quality inspection and barcode 
verifier for thermal and thermal-transfer 
printed labels performs a variety of in-
spections. Functions include master-to-
label comparison (i.e., blemish detection), 
one- and two-dimensional barcode veri-
fication and validation, optical character 
recognition, optical character verification, 
field matching, and number/data valida-
tion. Additionally, the software includes 
automatic setup for quick label and field 
identification, job retrieval for recall of pre-
vious runs, and a robust alarm matrix for 
user-defined input/output interaction with 
peripheral devices. The rugged design of 
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the read head and mounting plate simplify 
integration with thermal label printers and 
other slow-speed roll printing applications. 
The system is 21 CFR Part 11 compliant-
ready, offering multiple security levels and 
comprehensive data management and re-
porting options (LVS 7500 inspection sys-
tem, Label Vision Systems). 

Leak detection/seal integrity
A high-speed, vacuum-based system pro-
vides 100% inspection of prefilled syringes 
for leaks at up to 600 syringes per min. The 
patented system positions the syringe so its 
entire surface can be checked without al-
tering the position of the stopper or affect-
ing the product. (Wilcomat R 36 MC/LFC 
high-speed leak tester, Wilco AG). 

An inspection system based on infra-
red technology confirms seal integrity in 
flexible packaging and between thermo-
formed trays and lidstock (see Figure 1). A 
high-definition infrared camera captures 
an image of each seal immediately after 
sealing. Software analyzes the image, de-
tects any abnormality in the seal, and re-
jects leakers. The equipment also monitors 
sealer function and can provide an alert if 
maintenance is needed (infrared seal in-
spector, Qipack BVBA). 

High-voltage leak detection (HVLD) 
finds flaws in prefilled syringes, liquid-
filled vials, blow–fill–seal containers, am-
puls, and liquid-filled pouches. The off-line 
laboratory instrument nondestructively 
tests container/closure integrity and locates 
pinholes, microcracks, and other defects as 
small as 1 micron. Seamless migration to 
production-scale systems simplifies valida-
tion of 100% inline testing (Nikka Densok 
E-Scan 625 HVLD micro leak detection 
system, PTI Inspection Systems). 

Checkweighing
Checkweighing improves product qual-
ity, meets regulatory requirements, and 
reduces production costs, according to a 
downloadable guide that helps drug pack-
agers establish a checkweighing program 
and covers checkweigher design features, 
equipment accuracy and statistical process 
control (2). The document also defines op-
erating goals, total cost of ownership, and 
metrological regulations and guidelines 
while supporting installation, verification, 

and limit setting to maximize efficiency 
and minimize costs (Principles of Check-
weighing Guide, Mettler-Toledo Hi-Speed). 

A family of mid-range, servo-driven 
checkweighers measures up to 7500 g at 
250 per min and features a touch-screen 
operator interface, a 100-recipe memory, 
four password-protected user levels, vali-
dation support, and an extended event log. 
Product transport belt changes require no 
tools, and a variety of reject devices are 
offered. High ground clearance simplifies 
cleaning (HC-M-WD washdown IP69K 
checkweigher, HC-M-VA stainless steel 
design IP65 checkweigher, and HC-M-
MDi checkweigher/metal detector com-
bination, OCS Checkweighers). 

Contaminant detection
Today’s metal detectors can locate smaller 
metal fragments. One system detects 
ferrous fragments as small as 0.25 mm 
with a 95 × 22 mm head. The machine 
is capable of checking up to 30,000 solid 
dosage forms per min and successfully 
locating metal fragments in difficult-to-
inspect liquid gels or iron-containing tab-
lets by filtering out the signal emitted by 
the product itself. A slightly less sensitive 
95 × 38 mm head also is available (Insight 
PH pharmaceutical metal detector, Lock 
Inspection Systems).  

Contaminant-detection systems with 
X-ray technology can “see” a wide range 
of foreign objects. One family of advanced 
X-ray detectors offers mixed product and 
multilane inspection and count, seal, and 
weight confirmation. Other features in-
clude toolless disassembly for cleaning, 
compact 60-in overall length, low-profile 
design, and auto-learn mode for easy setup. 
One model is shown in Figure 2 (E-Z Tec 
XR-Pack X-Ray detector, Eriez). One of the 
latest models checks upright packages and 
containers from the side with a side-shoot 
beam rather than the up-shoot beam that is 
standard in other models in the group (E-Z 
Tec XR-SS X-ray detector, Eriez). 

Another X-ray system detects sub-
visual foreign particles in lyo cakes and 
suspensions in vials, ampuls, or syringes 
with a substantially lower false reject rate 
than traditional camera-based inspec-
tion systems. Detectable particle sizes 
include 20 microns for metal, 50 microns 

for glass and 90–100 microns for plastic 
or rubber. Capable of checking 200–400 
products per min, the inline or stand-
alone X-ray system can be integrated 
with modules devoted to headspace 
analysis and near infrared-based lyo cake 
moisture detection. Bubbles, which can 
be problematic for some inspection sys-
tems, are virtually invisible to the X-ray 
beam, which also can confirm proper 
needle alignment and check for missing 
stopper material or splintered glass, de-
fects that would ordinarily be concealed 
by the crimp cap (Wilcomat X-Ray par-
ticle detector, Wilco AG). 

References
 1.   J. Anderson, Easily Solve Three Common 

Quality Control Problems in Packaging with 
Vision Sensors, (SICK, Minneapolis, MN, 
2012), p. 2. 

 2. Mettler-Toledo, Principles of Checkweighing 
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Figure 1. A seal inspector is based 

on infrared technology (infrared seal 

inspector, Qipack).

Figure 2. An X-ray detector looks  

for foreign objects and checks  

package integrity (E-Z Tec XR-Pack  

X-ray detector, Eriez).
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T
he International Conference on 
Harmonization ICH Q10 guideline, 
Pharmaceutical Quality System, and 

its two companion guidelines Q8 Phar-
maceutical Development and Q9 Quality 
Risk Management, have been readily ac-
cepted if not fully implemented by the 
pharmaceutical industry  over the past few 
years (1–3). Discussions of the statistical 
implications of Q8 and Q9 have appeared 
since theguidelines were harmonized (4). 
Little has been said, however, about the 
statistical content of the Q10 model, prob-
ably because it is perceived to be focused 
only on the management of the quality 
system. There are many Q10 recommen-
dations that affect statistical issues facing 
the pharmaceutical industry, however, the 
guideline states that it is not “intended to 
create any new expectations beyond cur-
rent regulatory requirements” (1). 

Although no new statistics or sampling 
plans are explicitly required by Q10, it goes 
without saying that current regulatory re-
quirements are, in fact, mandatory. In ad-
dition, cGMPs continue to improve over 
time and according to Q10, “Implementa-
tion of ICH Q10 throughout the product 
lifecycle should facilitate innovation and 
continual improvement and strengthen 
the link between pharmaceutical devel-

opment and manufacturing activities” 
(1). That link should include the results 
of statistically designed experiments and 
related statistical and risk analysis.

While not explicitly requesting these 
approaches, ICH clearly implies that 
companies need to be proactive when it 
comes to corrective and preventive ac-
tion (CAPA) programs. In today’s envi-
ronment, it is not sufficient to be reactive 
alone when problems occur. The Quality 
department must routinely seek out po-
tential problems and prevent them before 
they result in rejects or recalls. For exam-
ple, Q10 notes that companies should “Es-
tablish and Maintain a State of Control. 
To develop and use effective monitoring 
and control systems for process perfor-
mance and product quality, thereby pro-
viding assurance of continued suitability 
and capability of processes” (1).

Having control over one’s product 
and process is not a new expectation, al-
though there is still confusion as to what 
a proper “state of control” means (4). It is 
not enough to ask for a state of control; the 
industry must provide and define addi-
tional modifiers. There are several ways in 
which a process can be in a state of control 
or, conversely, in a “state of out of control.”

A process can be in control, for in-
stance, for financial and accounting, for 
regulatory compliance, and for organi-
zational and managerial control. These 
forms of control are usually assumed to 
be in place. There are two other states 
of control that are germane to statistics: 
engineering and statistical. 

A process is said to be in a state of en-
gineering control when the process can 

be changed and adjusted using control 
knobs and/or by setting the critical pro-
cess parameters (independent variables) 
that affect the dependent responses (5). 
When in control, the product always 
meets its specifications even if inconsis-
tent and erratic. Time plots with speci-
fication lines are used to monitor the 
process. A process is said to be out of 
engineering control when it fails to meet 
its specifications.

A process is said to be in a state of 
statistical control when the process has 
been designed, developed, and adjusted 
to produce product that, while still con-
taining some variability in the critical 
quality attributes (dependent variables), 
is predictable in that variability over 
time. Statistical control charts are used 
to monitor the process. A process is 
said to be out of statistical control when 
it fails one or more of the eight West-
ern Electric control chart rules (6). As 
Q10 notes, “The pharmaceutical quality 
system should include the following ele-
ments, process performance and prod-
uct quality monitoring, corrective and 
preventive action, change management, 
and management review” (1).

Product quality monitoring can be 
interpreted as trending the critical qual-
ity attributes. Again, proactive CAPA is 
preferred to reactive CAPA. As Q10 high-
lights: “Advocate continual improvement” 
(1). This continual improvement should 
include proactive variability reduction.

Also recommended in Q10 is: “… a 
written agreement between the con-
tract giver and contract acceptor.” This 
agreement should include the acceptable 

Applying the recommendations of ICH Q10 to 

statistical analysis can help prevent product recalls.
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quality limit (AQL) and limited quan-
tity (LQ) limits for incoming sampling 
plans as well as the usual specification 
methods and acceptance criteria. Data 
collected in-coming and in-process can 
be used to determine compliance with a 
contract agreement. Per Q10, “Through-
out the product lifecycle, companies are 
encouraged to evaluate opportunities for 
innovative approached to improve prod-
uct quality” (1).

There are many ways, statistically, to 
achieve this goal. Trending, designed 
experiments, variability reduction, and 
design space are just some of the tools 
that can be used to make process im-
provements.

Many of the terms in ICH Q10 imply 
trending of critical parameters and at-
tributes. It is a given that this must be 
done. Q10 states: “An effective moni-
toring system provides assurance of 
the continued capability of processes 
and controls to produce a product of 
desired quality and to identify areas for 
continual improvement” (1).

Process capability is measured by 
comparing the variability of the prod-
uct/process to the width of the specifi-
cation range. This comparison can best 
be achieved using statistical tolerance 
intervals because they take into account 
the sample size where Cpk and Ppk do 
not.  Per Q10, “Identify sources of varia-
tion affecting process performance and 
product quality for potential continual 
improvement activity to reduce or con-
trol variation” (1).

Some Six Sigma programs have got-
ten a poor reputation in certain circles 
because of a single-minded focus on 
saving money as opposed to giving 
equal consideration to improving qual-
ity and reducing variation. It is the au-
thor’s opinion that management needs 
to give equal attention and resources 
to both. As Q10 calls for, “Proposed 
changes should be evaluated by expert 
teams contributing the appropriate ex-
pertise and knowledge from relevant 
areas (e.g., Pharmaceutical Develop-
ment, Manufacturing, Quality, Regu-
latory Affairs and Medical), to ensure 
the change is technically justified” (1). 
The company’s statistics department 

or a statistician should be included in 
the team.

Many statements in  ICH Q10 have im-
portant implications for the correct and 
consistent use of statistics in the day-to-
day implementation of pharmaceutical 
quality systems. Addressing these har-
monized recommendations proactively 
and in context can help to strengthen 
one’s quality system and  thereby reduce 
rejects and recalls.

References and notes
 1. ICH, Q10 Pharmaceutical Quality System 

(2008).
 2. ICH, Q8 Pharmaceutical Development (2009).
 3. ICH, Q9 Quality Risk Management (2005).
 4. L. Torbeck, Pharm. Technol. 35 (10) 46–47 

(2011).
 5. Note: Other definitions of Engineering Con-

trol exist in other industries.
 6. Note: It is common practice to use only one 

to three of the eight Western Electric rules for 
a given control chart. It is counterproductive 
to use more than three rules at a time. PT
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M
easured growth. That is the best 
way to sum up the manufacturing 
investment activity of the pharma-

ceutical majors during the past year. Com-
panies continue to implement restructur-
ing programs as a way to reduce costs and 
optimize their manufacturing and supply 
networks. Investment, when it is made, is 
primarily in biologic-based manufacturing 
and emerging markets, with a few select 
projects proceeding in established product 
and geographic markets.

Company investment
Pfizer: Pfizer continues with plans to re-
structure its manufacturing network fol-
lowing its $68-billion acquisition of Wyeth 
in 2009. Following the acquisition, Pfizer’s 
manufacturing sites totaled 81, and other 
acquisitions added 20 manufacturing sites. 
Pfizer subsequently exited nine sites and 

operated 90 plants as of the end of 2011, 
with major manufacturing facilities in 
Belgium, China, Germany, Ireland, Italy, 
Japan, Philippines, Puerto Rico, Singapore, 
and the United States. It plans to exit a fur-
ther 10 sites during the next several years. 

After the acquisition of Wyeth in 2009, 
Pfizer operated 20 R&D sites and has re-
structured its R&D operations, which in-
volved several site closures, including its 
R&D facility in Sandwich, United King-
dom, except for a small presence there.  
In 2011, Pfizer rationalized several other 
R&D sites. It disposed of its toxicology site 
in Catania, Italy; exited its R&D sites in Ab-
erdeen and Gosport, UK; and disposed of 
a vacant site in St. Louis, Missouri. Pfizer 
also shifted its cardiovascular, metabolic 
and endocrine disease and neuroscience 
research units from its site in Groton, 
Connecticut, to Cambridge, Massachu-

setts, where it signed a lease with the Mas-
sachusetts Institute of Technology, with 
occupancy anticipated in early 2014. In 
2011, Pfizer opened Centers for Therapeu-
tic Innovation laboratories in Boston, New 
York, and South San Francisco. 

Novartis. In 2010, Novartis initiated a 
company-wide program to review its man-
ufacturing footprint, which progressed in 
2011, with major goals to create manufac-
turing centers of excellence, reduce its cost 
structure, and enhance utilization rates at 
strategic sites to 80% of capacity. To these 
ends, the company has announced the exit 
or partial exit of 14 sites since the program 
started in 2010. In Liverpool, UK, and 
Marburg, Germany, Novartis discontin-
ued certain manufacturing activities to 
consolidate its influenza-vaccine platforms. 
Novartis also divested the pharmaceuticals 
division’s sites in Casablanca, Morocco, 
and Huningue, France, and Sandoz (the 
generic-drug business of Novartis) sites 
in Jena, Germany,  and Buenos Aires, Ar-
gentina. The company also discontinued 
pharmaceuticals manufacturing at sites 
in Tlalpan, Mexico, and Horsham, UK, 
and exited CIBA Vision production sites 
in Cidra, Puerto Rico, and Farnham, UK. 
Additionally, the company announced the 
discontinuation of certain manufacturing 
activities at its CIBA Vision site in Atlanta, 
Georgia, and the consolidation of phar-
maceutical chemical operations in Swit-
zerland, as well as closure of its chemical 
operations in Torre, Italy.

Novartis continues to make prog-
ress in the long-term redevelopment 
of its St. Johann headquarters site in 
Basel, Switzerland. This project, called 
“Campus,” started in 2001 with the 
aim of transforming the site from one 
of primarily pharmaceutical produc-
tion into a center of knowledge with 
a primary emphasis on international 
corporate functions and research ac-
tivities. Through Dec. 31, 2011, the 
total amount paid and committed to 
be paid on the Campus Project was 
$2.1 billion. The company expects that 
through 2015, it will spend more than 
$2.5 billion and transfer production fa-
cilities to other sites in the Basel region. 

Novartis continues to expand in emerg-
ing markets. In June 2011, Novartis began 
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Pharmaceutical Technology’s annual 
manufacturing investment update 
shows slight gains in biopharmaceutical 
manufacturing and emerging markets and 
continued restructuring of supply networks.
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construction on a new $140-million man-
ufacturing plant for pharmaceuticals and 
generic drugs in St. Petersburg, Russia. The 
plant is expected to produce approximately 
1.5 billion units per year (oral solid dosage 
forms). In China, in 2007, Novartis opened 
a start-up facility for a new R&D center in 
Shanghai, China, and broke ground in 
2008 on Phase 1 of a new facility that was 
originally to be home to approximately 
400 R&D scientists and approximately 
400 other pharmaceuticals division per-
sonnel. In 2009, it expanded the scope of 
the site with plans to invest $1 billion dur-
ing the next five years to increase the size 
of its operations in Shanghai. Based on a 

re-evaluation of the site conducted in 2010, 
the current Phase 1 has been extended by 
two buildings. The cross-divisional Shang-
hai campus will house 800 offices and 400 
laboratory workplaces. 

In October 2010, Novartis announced 
plans to invest $600 million during the 
next five years to build new laboratory 
and office space for research activities in 
Cambridge, Massachusetts. In 2011, the 
company finalized design plans for the 
new buildings, received necessary zoning 
changes from the city of Cambridge, and 
began preparing the site for construction.  
In late 2010, Novartis began a construction 
project on the campus of Novartis in East 

Hanover, New Jersey, which will continue 
through 2013. The company expects that 
through 2013, it will spend more than $545 
million to complete the construction and 
consolidate operations there.  

In other recent investments, in June 
2008, Novartis broke ground on a new 
$330-million rabies and tick-borne enceph-
alitis manufacturing facility in Marburg, 
Germany. Construction is complete, and 
the facility is in the process of executing 
the necessary validation activities. Regu-
latory approvals for products are planned 
for 2012 and 2013. In November 2009, 
Novartis opened a new cell culture-based 
influenza vaccine manufacturing site in 
Holly Springs, North Carolina. As of De-
cember 31, 2011, the total amount spent 
on the project was $463 million, net of 
grants reimbursed by the US government. 
The total investment in this new facility is 
expected to be at least $900 million, partly 
supported by grants from the US govern-
ment and prior investments in influenza 
cell- culture technologies at the Novartis 
vaccines site in Marburg, Germany. Novar-
tis also began a project for a new $305-mil-
lion vaccine-manufacturing facility in Re-
cife, Brazil, with technical start-up of the 
facility planned for 2015. In 2011, Novartis’ 
eye-care business, Alcon, completed the 
construction of a new $134-million man-
ufacturing and R&D plant in Singapore; 
the plant is scheduled to produce saleable 
product after regulatory approval in 2012.

Novartis said it is making progress for 
resolving quality-control issues at its con-
sumer healthcare operations in Lincoln, 
Nebraska, and at three facilities of Sandoz. 
In December 2011, Novartis suspended 
production at is Lincoln manufacturing 
site in conjunction with a voluntary recall 
of all lots of select, bottle-packaged con-
figurations of certain over-the-counter 
products. In December 2011, FDA cited 
quality-control issues at three Sandoz 
manufacturing facilities in Broomfield, 
Colorado; Wilson, North Carolina; and 
Boucherville, Canada. In an Apr. 24, 2012, 
first-quarter earnings release, Novartis said 
that it is making progress in remediating 
the quality issues at the Lincoln site and the  
three Sandoz production sites.

Merck. Merck & Co. continues to move 
forward with restructuring. In Febru-

Table I: Top 50 pharmaceutical companies (Rankings 1–25).

Rank Company 2011 global  

pharmaceutical sales*

2011 R&D spending

1 Pfizer $57.7 B $9.112 B

2 Novartis $54.0 B $9.100 B

3 Merck & Co. $41.3 B $8.467 B

4 Sanofi $37.0 B $6.007 B

5 Roche $34.9 B $7.862 B

6 GlaxoSmithKline $34.4 B $5.822 B

7 AstraZeneca $33.6 B $5.033 B

8 Johnson & Johnson $24.4 B $5.138 B

9 Abbott $22.4 B $4.129 B

10 Eli Lilly $21.9 B $5.020 B

11 Bristol-Myers Squibb $21.2 B $3.800 B

12 Teva $16.7 B $1.080 B

13 Amgen $15.3 B $3.167 B

14 Takeda $15.2 B $3.466 B

15 Boehringer Ingelheim $13.8 B N/A

16 Bayer $12.8 B $1.979 B

17 Daiichi Sanyko $11.6 B $2.332 B

18 Novo Nordisk $11.5 B $1.662 B

19 Astellas $11.4 B $2.607 B

20 Gilead Sciences $8.1 B $1.229 B

21 Otsuka $7.4 B $1.974 B

22 Merck KGaA $7.2 B $1.577 B

23 Baxter International $6.1 B $946 M

24 Mylan $5.5 B $294 M

25 Servier $5.0 B $1.255 B

*Sales figures are global human prescription drug sales, inclusive of generic drugs and vaccines as far as company 
documentation provides. In most cases, numbers are taken from annual or SEC filings for the fiscal year ended 
in 2011, generally Dec. 31, 2011, for US and European companies and Mar. 31, 2011, for Japanese companies. In 
certain instances, estimates are used. For companies reporting in curencies other than US dollars, numbers are 
based on the average midpoint interbank rate for the month following the end of the fiscal year. Note: B is billion. M 
is million. R&D is research and development. N/A is not available. Source: The Pharm Exec 50, Pharmaceutical 

Executive, May 2012.
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ary 2010, subsequent to the Merck and  
Schering-Plough merger, Merck began a 
global restructuring program in conjunc-
tion with the integration of the two com-
panies. In July 2011, the Merck announced 
the latest phase of the restructuring pro-
gram, which included a further reduction 
of its workforce of 12–13% company world-
wide. A majority of the workforce reduc-
tions in this phase relate to manufacturing 
(including animal health), administrative, 
and headquarters organizations. Previ-
ously announced workforce reductions of 
of 17% in the earlier phases of the program 
primarily reflected the elimination of po-
sitions in sales, administrative and head-

quarters organizations, as well as from the 
sale or closure of certain manufacturing 
and R&D sites and the consolidation of 
office facilities. 

Sanofi. Sanofi’s subsidiary Genzyme 
began production of the enzyme- 
replacement therapy Fabrazyme (agalsidase 
beta) at its new facility in Framingham, 
Massachusetts, following approval of the fa-
cility by FDA and EMA in January 2012. In 
May 2012, EMA and FDA approved a sec-
ond operation for fill–finish at Genyzme’s 
Waterford, Ireland, manufacturing plant, 
which nearly doubled capacity for fill– 
finish for Myozyme and Lumizyme (al-
glucosidase alfa) at the 4000-L scale. These 

developments follow a 2010 consent decree 
issued by FDA to Genzyme for manufac-
turing violations at its Allston, Massachu-
setts, facility and resulting requirements to 
transfer fill–finish production out of that 
facility. Other investments by Genzyme 
include expansion of Myozyme produc-
tion capacity in Geel, Belgium, Fabrazyme 
in Framingham, Massachusetts, Thymo-
globulin (anti-thymocyte globulin (rabbit)) 
in Lyon, France, and the filling operations 
in Waterford, Ireland. 

Other recent investments by Sanofi are 
in two new Lantus production lines in 
Frankfurt, which complemented an earlier 
acquisition of the Diabel manufacturing 
site from Pfizer, to expand insulin produc-
tion. Sanofi invested in its Brindisi, Italy, 
site to expand production of spiramycin, 
the API in the antibiotic Rovamcyin. The 
company also is investing in the launch 
of epiCard, a gas-powdered single-dose, 
single-use, auto-injector for epinephrine. 

Sanofi is continuing with its Biolaunch 
project, which is designed to converts 
its chemical facilities to biotechnology-
based production. It is on track to create a 
monoclonal antibody production facility 
at its site in Vitry-sur-Seine, France, and is 
investing in new biosynthetic processes as 
its sites in Saint-Aubin-Les Elbeuf and Ver-
taolaye, France. In May 2009, Sanofi began 
construction of a new EUR 300 million  
($364 million) manufacturing center in 
Neuville-dur Saône, with the the goal to 
progressively transition existing chemical 
production to vaccine production begin-
ning in 2013. Sanofi Pasteur, the vaccine 
arm of Sanofi, is scheduled to begin com-
mercial production of a new antigen pro-
duction unit in Mexico for seasonal and 
pandemic influenza vaccines in 2012, once 
the necessary production and marketing 
approvals have been obtained from Mexi-
can regulatory authorities. 

In emerging markets, in May 2012, 
Sanofi inaugurated a new assembling and 
packaging line for producing its prefilled 
insulin injection pen Lantus SoloStar at 
its facility in Beijing. The company an-
nounced a second phase $90-million proj-
ect to install a cartridge aseptic product line 
at the facility. The facility has a designed 
capacity of 48 million units. Sanofi is build-
ing a new manufacturing site in Hangzhou, 
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Table II: Top 50 pharmaceutical companies (Rankings 26–50).

Rank Company 2011 global pharma-

ceutical sales*

2011 R&D spending

26 Mitsubishi Tanabe $4.7 B $788 M

27 Celgene $4.7 B $1.600 B

28 CSL $4.5 B $349 M

29 Allergan $4.4 B $902 M

30 Forest Laboratories $4.2 B $715 M

31 Dainippon Sumitomo $4.0 B $817 M

32 Shire $4.0 B $770 M

33 Menarini $3.9 B N/A

34 Biogen Idec $3.8 B $1.219 B

35 Eisai $3.7 B $1.740 B

36 UCB $3.7 B $1.004 B

37 Watson Pharmaceuticals $3.7 B $295 M

38 Purdue $2.9 B N/A

39 Lundbeck $2.7 B $620 M

40 Warner Chilcott $2.7 B $107 M

41 Kyowa Hakko Kirin $2.7 B $543 M

42 Shionogi $2.6 B $611 M

43 Hospira $2.6 B $358 M

44 Valeant Pharmaceuticals $2.4 B $65 M

45 Endo Pharmaceuticals $2.2 B $182 M

46 Actavis $2.0 B N/A

47 Griflos $1.9 B $98 M

48 Actelion $1.8 B $486 M

49 Galderma $1.8 B $363 M

50 Aspen $1.7 B $1.3 M

Sales figures are global human prescription drug sales, inclusive of generic drugs and vaccines as far as company 
documentation provides. In most cases, numbers are taken from annual or SEC filings for the fiscal year ended 
in 2011, generally Dec. 31, 2011, for US and European companies and Mar. 31, 2011, for Japanese companies. In 
certain instances, estimates are used. For companies reporting in curencies other than US dollars, numbers are 
based on the average midpoint interbank rate for the month following the end of the fiscal year. Note: B is billion. M 
is million. R&D is research and development. N/A is not available. Source: The Pharm Exec 50, Pharmaceutical 

Executive, May 2012.
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China, to replace an existing manufactur-
ing site there, which is scheduled to be 
completed in 2012. The company reached 
an agreement with the King Abdulah Eco-
nomic City to build a manufacturing facil-
ity for solid-dosage forms in Saudi Arabia. 

Roche. In 2011, Roche executed 25 
major engineering projects. Key proj-
ects included transforming its manu-
facturing facility for solid dosage forms 
in Shanghai from a local to a global 
supply operation. In early 2011, the fa-
cility received FDA and EMA approv-
als to produce Xeloda (capecitabine )
for the US and EU markets. 

In June 2011, Roche completed a 
CHF 191-million ($193 million) ex-
pansion at it facility in Penzberg, Ger-
many, which upgraded and expanded 
the site’s therapeutic protein develop-
ment and production capacity. In No-
vember 2011, Roche completed con-
struction of a new CHF 250 million 
($252 million) technical R&D facil-
ity in Basel, Swizterland. The facility 
houses laboratories, offices, and small-
scale production lines. In late 2010, 
Roche divested technical development 
and small-molecule manufacturing 
operations in Boulder, Colorado, to 
Corden Pharma. Corden will continue 
to supply Roche with commercial-scale 
peptides and chemical APIs. Roche 
also sold its clinical plant in Oceanside, 
California to Gilead Sciences.

GlaxoSmithKline. In March 2012, 
SmithKline (GSK) announced plans 
to invest more than £500 million  
($798 million) in the UK across its 
manufacturing sites, which included 
selecting Ulverston in Cumbria as the 
location for the first new GSK manu-
facturing facility to be built in the UK 
in almost 40 years. The company also 
will invest in sites in Montrose and Ir-
vine, Scotland. 

GSK’s announcement followed plans by 
the UK government to implement a “patent 
box” to encourage investment in R&D and 
related manufacturing in the UK by intro-
ducing a lower rate of corporation tax on 
profits generated from UK-owned intellec-
tual property. Following a feasibility study 
conducted through 2011, GSK said it will 
locate a new £350 million ($559 million) 

biopharmaceutical manufacturing facility 
in Ulverston, Cumbria. Detailed planning 
and design of the new facility is underway 
with an anticipated start date for construc-
tion of 2014–2015, dependent on portfolio 
timing and obtaining necessary planning 
and related consents. Once construction 
starts, it is likely to take at least six years 

before the plant is fully operational.
GSK also reported in March 2012 that 

it is considering additional manufactur-
ing investment at Ulverston, which could 
double the total investment at the site to 
approximately £700 million ($1.1 billion). 
GSK will invest more than £100 million 
($160 million) in its two manufacturing 
sites in Scotland: an expansion at Mon-
trose for key materials for its respiratory 
drug and aluminum adjuvants for vac-
cines and expanded antibiotic production 
capacity at Irvine. GSK will also invest in 
sustainable green-energy production and 
environmentally friendly manufacturing 
technologies at both sites. The company 
is making other investments totaling £80 
million ($128 million) at its sites in Ware 
in Hertfordshire to increase manufactur-
ing capacity for its respiratory-inhalation 
device and at Barnard Castle in County 
Durham to establish a dermatology-man-
ufacturing center of excellence.

As GSK proceeds with new manufac-
turing investment, it continues to restruc-
ture. In 2011, GSK met its original target 
of £2.2 billion ($3.4 billion) in annual cost-
savings and identified additional annual 
savings of approximately £600 million 
($931 million), bringing expected total an-
nual savings of  £2.8 billion ($4.3 billion) by 
2014. GSK has cut its pharmaceutical R&D 
footprint by more than 45% during the past 

three years from 494,000 m2 to 295,000 m2. 
During the same period, its manufacturing 
organization has achieved annual savings 
of approximately £600 million ($931 mil-
lion) . Since 2006, GSK has exited 19 manu-
facturing sites, including selling or closing 
four factories in 2011, thereby reducing its 
total number of manufacturing sites to 74.

AstraZeneca. In February 2012, Astra-
Zeneca announced new restructuring 
initiatives aimed at delivering annual 
cost-savings of $1.6 billion by the end of 
2014. The restructuring will reduce head-
count by 7300. The job cuts include 1350 
positions in supply-chain and manufac-
turing operations and 2220 positions in 
R&D, including ending R&D activity at 
sites in Sodertalje, Sweden, and Montreal.

Overall, AstraZeneca’s capital ex-
penditures on supply and manufac-
turing facilities were approximately 
$388 million in 2011 (2010: $333 mil-
lion; 2009: $360 million). At the end 
of 2011, approximately 9600 people 
at 23 sites in 16 countries were work-
ing on the manufacturing and supply 
of products. In October 2011, Astra-
Zeneca announced an investment of  
$200 million to build a manufacturing 
facility in China Medical City in Tai-
zhou, Jiangsu province, China, to meet 
growing local demand. 

Bristol-Myers Squibb. In May 2012, FDA 
approved Bristol-Myers Squibb’s biologics 
manufacturing facility in Devens, Mas-
sachusetts, for commercial production 
of the company’s arthritis drug Orencia 
(abatacept). The $750-million multiprod-
uct bulk biologics manufacturing facility 
in Devens represented the largest capital 
project in the company’s history. PT

“The introduction of the patent box has 

transformed the way in which we view 

the UK as a location for new investments, 

ensuring that the medicines of the future 

will not only be discovered, but can also 

continue to be made here in Britain”.

—GSK’s CEO Andrew Witty, Mar. 22, 2012.
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Technical Forum: Solubility
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Choosing the right technique
PharmTech: One tool for bioavailability enhancement is to create 
amorphous solid dispersions through such processes as hot-melt 
extrusion (HME) or spray drying. What factors come into play 
when deciding whether to produce the amorphous solid disper-
sions through HME or spray drying?  

Bend Research: Both spray drying and HME can be used to pro-
duce amorphous dispersions that enhance the bioavailability of 
poorly soluble compounds. There are a number of factors that 
come into play when deciding to progress an amorphous disper-
sion. These include performance, projected dose, stability, and 
manufacturability. When choosing which technology to employ 
for optimizing the amorphous dispersion formulation’s perfor-
mance, two key factors are: the physical-chemical properties of the 
API and the phase of development, which influences the amount 
of API available for formulation development.

Important physical–chemical properties include the solubil-
ity of the API in either a solvent (for spray drying) or polymer 
(for HME), the melting temperature of the API, and the LogP 
value of the API. For spray drying, the solubility of the API 
in the solvent is crucial to ensure a readily scalable and viable 
process, whereas for HME, the solubility of the API in the poly-
mer is crucial to ensure a thermodynamically stable system. The 
particle size of the API, which influences the dissolution rate 
during processing, can also be crucial for complete dissolution 
into the polymer melt.

The processing temperature is important for HME be-
cause the API must either melt to form a dispersion or dissolve 

through high shear forces into the molten polymer. If the pro-
cessing temperature is too high, the compound or the polymer 
used in the formulation can degrade. Typically, 200 °C to 225 °C  
is regarded as the upper processing-temperature limit for an 
effective HME process. Although compounds can be extruded 
at higher processing temperatures, this physical situation often 
produces a partially crystalline formulation instead of an amor-
phous dispersion.

The phase of development is also an important factor in pro-
cess selection. For example, for early-stage or discovery-support 
activities, API availability is often limited. This limited API avail-
ability tends to make spray drying the preferable process because 
its feasibility can be determined with as little as 50 to 100 mg of 
API, whereas several grams of API are typically required to de-
velop an initial HME process. For APIs that are amenable to HME, 
typically after proof-of-concept clinical studies, when hundreds of 
grams of API are available, an initial spray-drying process can be 
converted from spray drying to HME.

Advantages and disadvantages of each technique
PharmTech: What are the advantages and disadvantages of using 
HME compared with spray drying to produce the amorphous 
solid dispersion? 

Bend Research: HME has two primary advantages. First, no 
solvents are used, so solvent cost and recovery are not a factor in 
cost-of-goods or environmental health and safety considerations. 
Second, the equipment footprint for HME is relatively small when 
the process is scaled up.

The primary disadvantage of HME is that the compound 
must be melted or dissolved in molten polymer at high 
temperatures. Thus, it is less applicable to compounds with 
higher melting temperatures or those that are thermally la-
bile. This disadvantage can be partially remedied by includ-
ing nonvolatile and volatile plasticizers in the formulation, 
which lower the temperatures required to produce an amor-
phous dispersion. Because an ideal amorphous dispersion is 
homogeneous at the molecular level, a second disadvantage 
is that the homogeneity of the final dispersion can be af-
fected by process parameters such as temperature, screw 
configuration, screw speed, and feed rates; this aspect, com-
bined with the relatively large minimum batch size, results 
in cost and risk during early development.

Bioavailability Enhancement: 
When to Use Hot-Melt Extrusion 
versus Spray Drying 
A Q&A with Bend Research

Enhancing bioavailability can be achieved through 

hot-melt extrusion (HME) or spray drying. The drug 

product’s API properties and stage of development 

are important factors to consider when deciding 

which technique to use.  There are also considerations 

to be made with regard to process, time, and cost. 

To gain perspective on these issues as well as insight 

into more recent advances in HME and spray drying, 

Pharmaceutical Technology spoke to Bend Research, 

an independent drug-formulation development and 

manufacturing company based in Bend, Oregon.
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PharmTech: What are the advantages/
disadvantages of using spray drying 
compared with HME to the amorphous 
solid dispersion? 

Bend Research: Spray drying offers the 
following advantages: it is applicable to a 
broader chemical space for the API and 
types of dispersion polymers that can be 
used (due to dissolution of the API in a vol-
atile organic solvent); it does not expose the 
API to excessive heat during manufacture 
of the amorphous dispersion; and it can be 
scaled down, requiring smaller quantities 
of API during formulation screening.

Spray drying has a few disadvantages 
as well: solvents are used and must be re-
covered, equipment footprints are larger, 
and capital and operating costs are higher. 
These considerations must be taken into 
account when designing later-stage or com-
mercial processes and facilities, but they 
are not insurmountable—as evidenced by 
successful operation of Hovione’s PSD-4 
and PSD-5 spray-drying facilities and the 
fact that spray drying is used extensively 
outside of the pharmaceutical industry at 
large scales. 

Achieving desired bioavailability
PharmTech: Can you be specific in terms of 
achieving desired bioavailability/solubility 
of the resulting product, stability of the re-
sulting product, the ease and/or scalability 
of the manufacturing process, and other 
process conditions that are important in 
deciding which approach to use?

Bend Research: As mentioned previously, 
both spray drying and HME can be used 
effectively to manufacture amorphous 
dispersions. A formulation produced 
by either process would be expected to 
yield similar bioavailability and physical 
stability as long as both processes yield 
a homogeneous amorphous dispersion 
with appropriate final-powder particle 
size, which generally requires milling 
for HME. If either of the processes fails 
to produce a homogeneous amorphous 
dispersion, the resulting formulation 
will likely underperform. This situation 
is most common when a compound fails 
to completely dissolve during the HME 
process due to either the high melting 
temperature of the compound, or the low 
solubility of the compound in the molten 

polymer, resulting in crystallization or 
phase separation when the melt cools.

Spray drying and HME are readily 
scaled. Commercial-scale equipment is 
available at many pharmaceutical orga-
nizations and several contract research 
organizations.

Recent advances
PharmTech: On an industry level, can you 
highlight recent advances in HME with 
respect to improvements in the manufac-
turing process and its application to differ-
ent types of APIs? 

Bend Research: HME is a technology that 
has been widely used in pharmaceutical 
and nonpharmaceutical industries for de-
cades. Recent advances in HME include ef-
forts to reduce processing temperatures by 
including plasticizers and reduce the resi-
dence time of the compound and polymer 
during processing. Numerous research 
groups are looking at nonvolatile plasticiz-
ers, such as vitamin E or triethyl citrate, to 
reduce processing temperatures. Others 
have reported the use of volatile excipi-
ents, such as supercritical carbon dioxide, 
to avoid decreases in the final dispersion’s 
glass-transition temperature that occur 
with traditional plasticizers. 

There have also been recent reports of 
the use of equipment that has significantly 
reduced residence time. Professor Mc-
Ginity’s research group at the University 
of Texas has developed a process called  
Kinetisol to make amorphous dispersions. 
It is based on equipment that was devel-
oped to recycle plastics, which can reduce 
the residence time of the API and polymer 
at processing temperatures from minutes 
to tens of seconds.

PharmTech: Can you highlight recent indus-
try advances in spray drying with respect 
to improvements in the manufacturing 
process and its application to different 
types of APIs? 

Bend Research: Although spray drying 
is a well-established process, innovations 
in formulation approaches and process 
equipment are occurring. In formula-
tion, there is an increasing need for a third 
component in the dispersions to help de-
liver challenging compounds aimed at 
novel biological targets. Often, a surfac-

tant is added to help increase the dissolu-
tion rate or dispersion-particle wetting or 
to provide an alternate micelle source to 
enhance drug solubility in vivo. 

Equipment advances include novel 
spray-dryer and cyclone designs to collect 
the dispersion particles more efficiently. 
This is especially significant for particle-en-
gineering applications such as inhalation, 
which requires the manufacture and col-
lection of particles with a narrow particle- 
size distribution for delivery to the lung. 

As part of the effort to formulate com-
pounds with low solubility in organic sol-
vents, Bend Research has developed a “hot 
process,” which allows a drug suspension 
to be heated to high temperatures—often 
well above the ambient-pressure boiling 
point of the solvent—in a heat exchanger 
to dissolve the drug immediately before it 
is introduced into the spray dryer. This de-
creases solvent use and can result in a more 
scalable process.

PharmTech: One specific technology of Bend 
Research is the spray-dried nanoadsorbate 
technology. Can you explain this technol-
ogy and how it differs from conventional 
spray drying? 

Bend Research: Two physical situations 
are dose-limiting when formulating amor-
phous dispersions: low dissolution rates for 
compounds that are highly lipophilic and 
recrystallization for compounds that have 
high melting temperatures. To formulate 
highly lipophilic compounds, we have 
developed the spray-dried nanoadsorbate 
technology as an extension of spray-dried 
dispersions. This technology is based on 
spray drying an amorphous dispersion 
onto a high-surface-area inorganic sup-
port such as Cab-O-Sil (fumed silica). The 
increased surface area promotes faster 
dissolution of the dispersion and is par-
ticularly well suited for highly lipophilic 
compounds (e.g., compounds that have 
LogP values greater than 6 to 7). Simi-
larly, to formulate compounds with high 
melting temperatures, we have developed 
a technology that is based on intention-
ally recrystallizing the compounds in the 
dispersion polymer in nanometer-sized 
domains. This formulation type also is a 
high-energy form of the API that contains 
a concentration-enhancing polymer. PT
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P
rocess chemists face the challenge of 
developing cost-effective and ef-
ficient commercial manufacturing 

routes for APIs. They encounter the 
challenges of increasing product yield, 
achieving greater stereoselectivity and 
regioselectivity, and improving process 
conditions, such as temperature and 
pressure, all in a means to produce 
a high-quality pharmaceutical com-
pound in a safe manner. A variety of 
tools may be used in this effort, includ-
ing the application of green-chemistry 
approaches, such as biocatalysis, sol-
vent replacement, and continuous-flow 
chemistry, to help achieve more effi-
cient chemical transformations under 
improved reaction conditions.  

Biocatalytic route to simvastatin
In June 2012, Codexis, a company 
specializing in biocatalysis, and Yi 
Tang, professor in the Department of 
Chemical and Biomolecular Engineer-

ing at the University of California at 
Los Angeles (UCLA), were awarded 
the “2012 Greener Synthetic Pathways 
Award” as part of the Environmental 
Protection Agency’s (EPA) Presidential 
Green Chemistry Challenge Awards for 
developing a biocatalytic route for mak-
ing simvastatin, the active ingredient 
in Merck & Co.’s anticholesterol drug 
Zocor, which is now off patent (1). Co-
dexis and Tang won the award this year 
after having made prior submissions of 
the new process in 2010 and 2011 (2–4). 

For the simvastatin route, Codexis 
licensed technology from Tang. The 
previous synthetic routes to simvastatin 
involved converting lovastatin into sim-
vastatin by adding a methyl group that 
required protecting and then deprotect-
ing other functionalities in the lovastatin 
molecule in a multistep synthesis. In the 
first route, lovastatin was hydrolyzed to 
the triol, monacolin J, followed by pro-
tection with selective silylation, esterifica-
tion with dimethyl butyryl chloride, and 
deprotection. The second route involved 
protecting the carboxylic acid and alcohol 
functionalities, methylating the C2’ car-
bon with methyl iodide, and deprotecting 
the product. These routes were inefficient 
because they produced less than 70% 
overall yield and were mass-intensive 
due to protection and deprotection (1–4). D
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Approaches center on ways to optimize 
process conditions and operability.
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Patricia Van Arnum 

is executive editor of 

Pharmaceutical Technology, 

485 Route One South, 

Bldg F, First Floor, 

Iselin, NJ 08830

tel. 732.346.3072, 

pvanarnum@advanstar.com.

The route developed by Tang and his 
group circumvented protection and de-
protection and resulted in greater atom 
economy, reduced waste, and overall less 
hazardous reaction conditions. First, they 
cloned LovD, a natural acyltransferase 
produced by Aspergillus terreus that is 
involved in synthesizing lovastatin and 
that can accept nonnatural acyl donors. 
Recognizing that LovD might be a type 
of simvastatin synthase and a starting 
point for creating a new biocatalytic 
process, they evolved the enzyme to-
ward commercial utility (1–5). Codexis 
licensed Tang’s technology, engineered 
the enzyme further, and optimized the 
simvastatin manufacture.

The biocatalyst LovD selectively 
transferred the 2-methylbutyryl side 
chain to the C8 alcohol of monacolin 
J sodium or ammonium salt. The acyl 
donor, dimethylbutyryl-S-methyl-
mercaptopropionate (DMB-SMMP), 
is efficient for the LovD-catalyzed 
reaction, is safer than traditional al-
ternatives, and is prepared in a single 
step from inexpensive precursors, 
according to the awards summary 
report (1). Codexis licensed this pro-
cess from UCLA and subsequently 
optimized the enzyme and the chemi-
cal process for commercial manu-
facture. Codexis carried out nine 
iterations of in vitro evolution, creat-
ing 216 libraries and screening 61,779 
variants to develop a LovD variant 
with improved activity, in-process 
stability, and tolerance to product 
inhibition (1). The approximately 1000-
fold improved enzyme and the new 
process pushed the reaction to com-
pletion at high substrate loading and 
minimized the amounts of acyl donor 
and of solvents for extraction and 
product separation. In the new route, 
lovastatin is hydrolyzed and converted 
to the water-soluble ammonium salt of 
monacolin J (1–5).

As specified in the Presidential Green 
Chemistry Challenge Awards summary 
report, the genetically evolved variant of 
LovD acyltransferase from Escherichia  
coli uses DMB-SMMP as the acyl donor 
to make the water-insoluble ammonium 
salt of simvastatin. The only coproduct of 
simvastatin synthesis is methyl 3-mercap-
topropionic acid, which is recycled. The 

Patricia Van Arnum
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final yield of simvastatin ammonium salt 
is more than 97% at a loading of 75 g/L of 
monacolin J. It avoids the use of several 
hazardous chemicals, including tert-butyl 
dimethyl silane chloride, methyl iodide, 
and n-butyl lithium. More than 10 metric 
tons of simvastatin have been manufac-
tured using this new process (1). 

Biocatalytic route to atorvastatin
Pfizer also employed a more environ-
mentally approach in developing a bio-
catalytic route to making atorvastatin, 
the active ingredient of Lipitor and sub-
mitted the process as an entry for con-
sideration to the EPA’s Presidential Green 
Chemistry Challenge Awards (1). The 
new process incorporated a water-based  
2-deoxyribose-5-phosphate aldolase 
(DERA) enzyme at the beginning of the 
route to make a lactol from an amino al-
dehyde (i.e., 3-phthalimidopropionalde-
hyde; PPA) and acetaldehyde (1). 

The synthesis eliminated the use of cya-
nide or azide moieties to introduce nitro-
gen because it is already present in the lac-
tol. In contrast to the original synthesis, the 
DERA enzyme set both stereocenters with 

high selectivity in water at room tempera-
ture. Converting the resulting lactol into 
isopropyl acetonide atorvastatin (IAA) in-
volved only four high-yield chemical steps 
(oxidation, esterification, deprotection, 
Paal Knorr). The IAA product was isolated 
as a solid, and IAA was converted to ator-
vastatin (1). The new synthesis eliminated 
the previous high-pressure hydrogenation 
step with its associated metal catalysts. It 
also avoided pyrophoric n-butyl lithium 
and its associated butane waste gas. FDA 
approved the new manufacturing process 
in April 2010, and Pfizer manufactured 
commercial-scale validation batches in 
2011 and is currently transitioning to full-
scale commercial manufacture, according 
to the EPA’s Presidential Green Chemistry 
Challenge Awards report (1).

Eli Lilly’s Grignard chemistry
The Grignard reaction is a well- 
established reaction in organic chem-
istry but it poses some challenges 
in scaling up to commercial scale:  
strongly exothermic activation and re-
action steps; heterogeneous reactions 
with potential problems suspending 

An ongoing challenge for scientists involved in 

drug development is to develop methods that 

allow them to identify drugs of clinical efficacy 

with minimal side effects. A team of researchers 

at the Novartis Institutes for Biomedical Research, 

the University of California San Francisco (UCSF), 

and Sea Change Pharmaceuticals, a start-up 

company from UCSF and the QB3 California 

Institute for Quantitative Biosciences, recently 

developed a new set of computer models to 

help researchers identify drug candidates that 

are most likely to have adverse side effects. The 

models enable a computational approach to 

drug-safety assessments. 

Specifically, the researchers used a 

computational approach to predict the activity of 

656 marketed drugs on 73 unintended so-called 

side-effect targets (1). They evaluated which 

of the 656 drugs were most likely to bind to 73 

target proteins that appear on Novartis’ safety 

panel for testing drugs for side effects, according 

to June 11, 2012, UCSF press materials (2). The 

computer model identified 1241 possible side-

effect targets for the 656 drugs, of which 348 were 

confirmed by the Novartis proprietary database 

of drug interactions and another 151 were hits for 

other side effects that had not been previously 

identified for these drugs but which were later 

confirmed with additional laboratory testing (2). 

Overall, approximately half of the predictions 

were confirmed, either from proprietary 

databases unknown to the method or by new 

experimental assays. The researchers developed 

an association metric to prioritize new off-

targets that explained side effects better than 

any known target of a given drug, thereby 

creating a drug–target–adverse drug reaction 

network (1). This computational approach for 

identifying drug interactions is important to 

identify drugs of greater risk and eliminate 

them in the drug-development process and 

also provides the potential of developing new 

indications or uses of existing drugs (2). 

Sources
 1. L. Urban et al., “Large-scale Prediction and Test-
ing of Drug Activity on Side-effect Targets,” Nature 
online, DOI:10.1038/nature11159, June 10, 2012.
 2.  K. Bole, “Computer Model Successful Predicts 
Drug Side Effects,” Univ. California San Francisco 
press materials, June 11, 2012. 
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and mixing the reaction mixture; and 
operational hazards posed by ethe-
real solvents such as diethyl ether (1).  
Eli Lilly developed safer Grignard 
chemistry using a continuous stirred 
tank reactor (CSTR) that allows con-
tinuous formation of Grignard reagents 
with continuous coupling and quench-
ing operations, a process in which the 
company submitted an entry to the 
2012 EPA Presidential Green Chemis-
try Challenge Awards (1). According to 

the entry, the CSTR approach mitigated 
hazards by operating at a small reaction 
volumes, performed metal activation 
only once for each campaign, and used 
2-methyltetrahydrofuran as a Grignard 
reagent and reaction solvent, resulting 
in products with enhanced chemo- and 
stereoselectivity. Relative to batch pro-
cessing, the continuous approach al-
lowed steady-state control and overall 
reductions up to 43% in magnesium, 
10% in Grignard reagent stoichiometry, 
and 30% in process mass intensity (1).  

Improved solvents 
for making diaryl aldimines
Imines are intermediates used in many 
pharmaceutical syntheses. Diaryl al-
dimines, for example, are used in the 
synthesis of the anticancer drug Taxol 
(paclitaxel) and the anticholesterol 
drug Zetia (ezetimibe) (1). Traditional 
syntheses of diaryl aldimines often re-
quire hazardous solvents and include 
energy-intensive, multihour ref lux 
steps. Although some imine syntheses 
use more benign solvents or conditions, 
they still require long reaction times, 
recrystallization, or other environ-
mentally harsher procedures. Jacque-
line Bennett, professor in the Depart-
ment of Chemistry and Biochemistry, 
State University of New York (SUNY) 
Oneonta and the SUNY Research Foun-
dation, developed a process that used 

ethyl L-lactate as a solvent to synthe-
size imines. The process was submitted 
as an entry to the 2012 US EPA’s Presi-
dential Green Chemistry Challenge  
Awards (1). According to the awards 
summary report, the method was 
ef f ic ient under ambient condi-
tions, required less solvent than 
other methods, had a median yield 
of more than 92%, and had a me-
dian react ion t ime of less than  
10 min (1). The resulting imines were 
generally sufficiently pure without re-
crystallization as the polarity of ethyl 
L-lactate was modulated by adding 
water. The starting materials remained 
dissolved, but the imine crystallized out 
of solution as it formed (1). Although 
traditional methods often drive reac-
tions forward by removing water, this 
method drove the reaction forward by 
removing the product through crystal-
lization, according to the summary re-
port (1). Bennett and her research team 
have synthesized nearly 200 imines 
using this method and filed a US pat-
ent for the process (1, 6).

Ethylene in fine-chemical synthesis
Another interesting entry to the US 
EPA’s Presidential Green Chemistry 
Challenge Awards involved the use 
of ethylene in fine-chemical synthesis 
developed by T. V. RajanBabu, profes-
sor in the Department of Chemistry, 
Ohio State University (1). According 
to the awards summary report, prac-
tical methods using carbon feedstock 
sources as starting materials to form 
enantioselective carbon–carbon bonds 
are not common. A broadly applicable 
reaction using ethylene to install vinyl 
groups enantiomerically, as developed 
by RajanBabu, could have significant 
impact in fine-chemical synthesis. 

RajanBabu and his team devel-
oped highly catalytic (substrate–cata-
lyst ratio up to 7,412:1) protocols for 
nearly quantitative (isolated yields of 
more than 99% and highly selective 
(approximately 100% regioselectiv-
ity; enantiomeric ratios of more than 
99:1) codimerization of ethylene and 
various functionalized vinylarenes,  
1,3-dienes, and strained alkenes. These 
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reactions proceeded under mild condi-
tions (–52 °C to 25 °C; 1 atmosphere of 
ethylene) to produce intermediates, such 
as 3-arylbutenes, which can be trans-
formed to nonsteroidal anti-inf lam-
matory drugs (NSAIDs) in two steps. 
These reactions consume both starting 
materials, leaving no side products. Suc-
cesses include highly enantioselective 
syntheses of common NSAIDs, such as 
ibuprofen, naproxen, flurbiprofen, and 
fenoprofen, from the corresponding sty-
renes and ethylene (1). 

Cyclic and acyclic 1,3-dienes also 
underwent eff icient enantioselec-
tive addition of ethylene. Syntheses 
of several 1-vinylcycloalkenes and  
1-substituted-1,3-butadienes achieved 
yields up to 99% (1). The approach has 
also been applied to other biologically 
relevant classes of compounds, including 
bisabolanes, herbindoles, trikentrins, 
steroid D-ring 20S- or 20R-derivatives, 
(–)-desoxyeseroline, pseudopterosin 
A–F, G–J, and K–L aglycones, and 
helioporins (1). 

Impurity scavengers
Chemicals, intermediates, and reagents as 
well as byproducts of synthetic processes 
can have toxic properties and be present as 
impurities at low levels in an API or final 
drug formulation. The detection and re-
moval of these impurities are of crucial im-
portance to process chemists, particularly 
in the case of genotoxic impurities. One 
of the potentially genotoxic impurities 
based on structural alerts is acrolein, an  
α, β-unsaturated aldehyde that is used as a 
building block in the production of phar-
maceuticals (7).  

Researchers at MIP Technologies, 
a subsidiary of Biotage, and the Uni-
versität Dortmund in Germany re-
cently reported on an approach for se-
lective removal of acrolein from APIs 
using iodixanol as a model API. The 
acrolein scavenging performance of  
polystyrene- and silica- based aldehyde 
scavengers in organic media in the pres-
ence of the API iodixanol was tested. Sev-
eral scavengers were tested, and the resins 
that the showed highest binding efficiency 

and selectivity were further evaluated. The 
most effective and selective scavenging was 
obtained with polystryene–amine, which 
removed up to 97.8% of acrolein and only 
2.0% of iodixanol within 20 min using a 
batch-mode extraction procedure (7).
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Improving protein purification through high-performance membranes

As pharmaceutical companies intensify their product-development efforts 

in biologic-based drugs, strategies to improve upstream and downstream 

processing are crucial. Researchers at Michigan State University (MSU) 

recently developed new high-performance membranes to facilitate 

protein purification. The researchers were trying to resolve some of 

the challenges in column-based affinity separations by using porous 

membranes but waned to mitigate the problem of low binding capacities 

comparative to traditional columns (1). 

“The membrane devices that we’ve manufactured can simplify protein 

purification by rapidly capturing the desired protein as it flows through 

membrane pores,” said Merlin Bruening, in an Apr. 30, 2012, MSU press 

release, who has patented the process and is working to scale up his 

invention. “Our membranes have two to three times more capacity than 

existing commercial devices, and they should reduce the purification 

process time substantially. Typically, our procedures are complete in 30 

minutes or less.”

Bruening and his team were trying to grow extended polymer chains 

in the membranes in a multistep, oxygen-free process. In doing so, they 

found that direct adsorption of acidic polymers at low pH was much simpler 

yet accomplished the same task of creating extended polymer in the pores, 

according to the MSU release, as the purification used adsorption to attract 

contaminants to the surface rather than absorption. “Once our findings began 

steering us toward the simpler solution, we began developing simple processes 

to modify membranes by simply flowing polymer solutions through the 

membranes,” Bruening said in the MSU press release. 

Specifically, the researchers found that layer-by-layer polyelectrolyte 

adsorption was a simple, convenient method for introducing ion-

exchange sites in porous membranes. The researchers showed that 

adsorption of poly(acrylic acid) (PAA)-containing films at pH of 3 

rather than pH of 5 increased the protein-binding capacity of such 

polyelectrolyte-modified membranes three- to six-fold (1). The low 

adsorption pH generated a high density of −COOH groups that functioned 

as either ion-exchange sites or points for covalent immobilization of 

metal-ion complexes that selectively bind tagged proteins. Derivatization 

of the free −COOH groups by reaction with aminobutyl nitrilotriacetate 

(NTA) yielded metal ion complexes that selectively bound tagged 

proteins. Although modification with polyelectrolyte films occurred by 

simply passing polyelectrolyte solutions through the membrane for as 

low as 5 min, with low-pH deposition, the protein-binding capacities of 

such membranes were as high as for membranes modified with polymer 

brushes and two to three-fold higher than for commercially available 

immobilized metal affinity chromatography resins (1). The researchers 

concluded that polyelectrolyte adsorption at low pH is much simpler than 

growth of polymer brushes in membranes, and the binding capacities that 

result from the two modification methods are similar. They reported that 

derivatization of PAA/polyethyleniminePAA-modified membranes with 

NTA-Ni2+ complexes yields materials that selectively capture His-tagged 

protein with > 90% recovery (1).

Source 
 1. M. L. Bruening et al., Langmuir 28 (17), 6885–6892 (2012).



Remember your  
first chemistry set?

We do. Over the last 35 years we’ve been keeping an eye on you, proudly 

watching you grow into the most powerful and influential readership in the industry.   

We hope that by providing the insights and information you need to achieve your 

goals we might have something to do with that success.

C E L E B R A T I N G           Y E A R S35

�		���
���������	�������	������ ������������������



52    Pharmaceutical Technology AUGUST 2012  PharmTech .com

Cleaning validation provides assurance that the 

quantity of residual substances collected from 

equipment surfaces are within permissible limits, 

helping to ensure quality control and safety in 

pharmaceutical manufacturing facilities.   Three 

different cleaning validation methods for 

measuring the carbon in residual samples of various 

pharmaceutical substances were compared. 
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Cleaning Methods

T
he challenges of conducting cleaning validation are doc-
umented in the literature. R. Baffi et al., for example, 
described the diverse analytical challenges arising in 
validating cleaning procedures for biopharmaceutical 

products produced by recombinant DNA, in which a broad 
range of potential residual cellular components and trace lev-
els of detergents must be quantified (1).  M.A. Strege et al. 
described the total organic carbon (TOC) analysis of swab 
samples for cleaning validation of bioprocess fermentation 
equipment and discussed accuracy, limits of detection, limit 
of quantitation, linearity, and precision (2). K.M. Jenkins et al. 
compared the advantages and disadvantages of multiple meth-
ods for cleaning validation, including high-performance liquid 
chromatography (HPLC), thin-layer chromatography (TLC), 
spectrometry, TOC, and conductivity (3). A.J. Holmes et al. 
described the TOC method for measuring residual aspirin on 
aluminum, stainless steel, painted carbon steel, and Plexiglas 
(4). The latter two authors describe the swab challenge as noted 
in the FDA guide to inspections of cleaning surfaces.

For cleaning validation using a TOC analyzer, the follow-
ing types of sampling methods are available:
t�rinse sampling 
t�swab sampling with aqueous extraction
t�swab sampling with direct combustion. 
These methods were compared using a total organic car-

bon analyzer (TOC-LCPH, Shimadzu) to measure residual 
pharmaceutical products and their constituent substances. 

Preparation of residue samples
Residue samples were prepared by applying various types of 
pharmaceutical products and their constituents to stainless 
steel pots. Compounds with varying levels of water solubility 
(i.e., soluble, insoluble, and very insoluble) were evaluated to 
determine how each method performed. The water-soluble 
substances were dissolved in water and the water-insoluble 
substances were dissolved in ethanol or acetone, as shown 
in Table I. Solution concentrations were adjusted to 2,000 
mgC/L (i.e., carbon concentration of 2000 mg/L).  

Carbon Measurement  
Methods for Cleaning Validation
Comparing Direct Combustion with  
Rinse and Swab Sampling Methods.
Robert Clifford and Minako Tanka
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The carbon contents of tranexamic acid (C
8
H

15
NO

2
), anhydrous 

caffeine (C
8
H

10
N

4
O

2
), isopropylantipyrine (C

14
H

18
N

2
O), and nife-

dipine (C
17
H

18
N

2
O

6
) were estimated by molecular formula.  Car-

bon contents of Gentashin ointment (aminoglycoside antibiotic) 
and Rinderon ointment (corticosteroid) were determined with the 
TOC analyzer by adding samples of the ointments directly into 
a solid-sample combustion unit (SSM-5000A, Shimadzu) since 
molecular formula for these compounds are unknown.

Each residue sample consisted of a 5-cm2 area on the surface of a 
pot to which 100 μL of each solution was applied and dried. Thus, 
there were 200 μg carbon in the sample at each application site.  

Rinse-sampling method
In rinse sampling, the final rinse water from the cleaning 
of a production-equipment unit is used as the TOC mea-
surement sample. This method is suitable for systems that 
cannot easily be disassembled, such as clean-in-place (CIP) 
equipment and narrow tubing. Sampling is considered to be 
difficult if the residues are not soluble in water.

To evaluate recovery of the various substances using this 
method, 100 mL of pure water was stirred for 15 min in the 
stainless steel pot that contained a patch of dried sample. 
TOC measurement was conducted on the rinse solution 
using a TOC analyzer (TOC-LCPH, Shimadzu) with a high-
sensitivity catalyst.  The analysis of TOC was by acidify and 
sparge method. The calibration curve was a 2-point curve 
using 0–3 mgC/L potassium hydrogen phthalate aqueous 
solution. A 500-μL injection volume was used. Because the 
carbon content in each of the residue measurement samples 
was 200 μg, the theoretical TOC concentration (i.e., if all 
carbon were to dissolve in rinse water) would be 2 mgC/L.  
Figure 1 shows the measured TOC concentrations for rep-
resentatives of water-soluble samples (a, tranexamic acid), 
water-insoluble samples (b, isopropylantipyrine), and wa-
ter-insoluble ointments (c, Gentashin ointment). The other 
samples (i.e., anhydrous caffeine, nifedipine, and Rinderon 
ointment) have similar profiles to the samples with corre-
sponding solubility.

For the blank, measurement was conducted in the same 
way using water in a stainless steel pot without dried sample 
applied to its surface. The measured blank concentration 
was subtracted from each TOC concentration and divided 
by the theoretical value of 2 mgC/L (i.e., the theoretical con-
centration if all of the sample were to dissolve in the water) 
to determine the rate of recovery, as shown in Equation 1.

 Eq. 1Recovery Rate (%) =
TOC

Substance
 – TOC

Blank

×100(            )TOC
Theoretical  

All samples were run in triplicate, and the coefficient of 
variation values (CV) are shown in Table II along with the 
TOC concentrations and the recovery rates.

Table I: Substances used for residue measurements.

Substance name Solubility in water
Solvent use in 

solution preparation

Tranexamic acid Soluble Water

Anhydrous caffeine Soluble Water

Isopropylantipyrine Insoluble Ethanol

Nifedipine Insoluble Acetone

Gentashin ointment Very insoluble Ethanol

Rinderon ointment Very insoluble Acetone

Table II: Measurements using rinse sampling.

Substance name

TOC 

concentration 

(mgC/L)

Recovery rate 

(%)

Coefficient of 

variation (%)

Blank 0.030 - -

Tranexamic acid 2.14 105 1.26

Anhydrous caffeine 2.19 108 1.86

Isopropylantipyrine 2.20 109 1.97

Nifedipine 2.17 107 1.97

Gentashin ointment 0.117 4.35 16.73

Rinderon ointment 0.333 15.2 58.60

Figure 1: Total organic carbon (TOC) concentrations for (a) tranexamic acid, (b) isopropylantirine, and (c) Gentashin ointment using 

rinse sampling.
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Water-soluble tranexamic acid and water-insoluble anhy-
drous caffeine had high recovery rates, as expected. More-
over, water-insoluble isopropylantipyrine and nifedipine had 
high recovery rates. However, recovery rates of Gentashin 
ointment and Rinderon ointment were both low, at less than 
20%. Consequently, the TOC rinse method, while acceptable 
for some substances, is unsuitable for ointments and other 
similar substances.

Swab-sampling with water-extraction method
Swab sampling with water extraction consists of wiping the 
inside surface of the production apparatus with a fibrous 
swab material, extracting the adhering material with water, 
and conducting TOC measurement of the extract solution. 
Since the residue is physically wiped off from a fixed area 
of the surface, sampling efficiency is high. Residues that 
are insoluble in water, however, are difficult to extract with 
water. Accordingly, evaluating water-insoluble residues with 
this method may present similar difficulties to the rinse-
sampling method.

To evaluate the recovery of the various substances using 
swab sampling with water extraction, the sample applied 
to the stainless-steel pot was wiped off with a 5-cm2 piece 
of fibrous swab material, which was placed in a glass jar 

containing 100 mL of pure water. The fibrous swab material 
(Texwipe Alpha 10 swab washed in pure water and dried) 
consists of polyester so that very little organic material is 
extracted from the swab itself. The residue was extracted by 
stirring for 1 h, and TOC measurement was conducted using 
the same equipment and conditions used for the rinse-sam-
pling method.  Three replicates of each sample were run. As 
in the rinse-sampling method, because the carbon content 
in each of the residue measurement samples is 200 μg, the 
TOC concentration (i.e., theoretical TOC) in the extraction 
solution would be 2 mgC/L if all of the sample were wiped 
off. Representative data are shown in Figure 2. For the blank, 
measurement was conducted in the same way by wiping the 
stainless pot, which had no sample applied before conduct-
ing extraction. Recovery rate was determined using Equation 

1. The results are shown in Table III.
Water-soluble tranexamic acid and anhydrous caffeine 

had high recovery rates as expected. Moreover, water-in-
soluble isopropylantipyrine and nifedipine had high recov-
ery rates of approximately 90%. However, recovery rates of 
Gentashin ointment and Rinderon ointment were both low, 
at less than 10%. These results show that the TOC water-
extraction rinse method is reliable and accurate for some 
substances, but unsuitable for ointments and perhaps other 
such substances due to the low recovery rates.

Swab-sampling with direct-combustion method
Swab sampling with direct combustion consists of wiping 
the inside surface of the production apparatus with a piece 
of quartz filter-paper swab material, and then conducting 
measurement using a direct-combustion carbon-measure-
ment system. The swab material with adhering residue is 
measured directly (i.e., without first extracting with water) 
in a TOC analyzer using a connected solid-sample combus-
tion unit or module (SSM). 

To evaluate the rate of recovery of the different types of 
substances using this method, paper swab material (45-mm 
diameter Advantec quartz glass paper QR-100, heat treated 
at 600 °C for 15 min) was used to wipe the sample adher-
ing to the stainless steel pot and placed in the sample boat, 
which is then placed in the SSM (SSM-5000A, Shimadzu) 

Table III: Measurements using swab sampling with water 
extraction. 

Substance name

TOC 

concentration 

(mgC/L)

Recovery 

rate (%)

Coefficient of 

variation (%)

Blank 0.059 - -

Tranexamic acid 2.19 107 0.94

Anhydrous caffeine 2.23 109 0.91

Isopropylantipyrine 1.90 92.2 1.34

Nifedipine 1.86 89.9 0.36

Gentashin ointment 0.093 1.70 20.15

Rinderon ointment 0.208 7.45 10.72

Cleaning Methods

Figure 2: Total organic carbon (TOC) concentrations for (a) tranexamic acid, (b)isopropylantirine, and (c) Gentashin ointment using swab 

sampling with water extraction.
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connected to the TOC analyzer (TOC-LCPH, Shimadzu).  
Three replicates of each sample were run. The SSM uses 400 
mL/min oxygen as a carrier gas.  The calibration curve is 
a 1-point calibration using 1% C glucose aqueous solution. 
The total carbon (TC) content on the swab was measured 
directly by the TOC analyzer. Selected measurement data 
are shown in Figure 3. 

Since the carbon content in each of the residue measure-
ment samples is 200 μg, the TC value would be 200 μg if all 
of the sample were wiped off. For the blank, measurement 
was conducted in the same way by wiping the stainless pot, 
which had no sample applied. The measured blank value 
was subtracted from each TC value, and then divided by 
the theoretical value of 200 μg using Equation 1 to determine 
the rate of recovery. The results are shown in Table IV. A high 
recovery rate of about 100% was obtained for all the sub-
stances, regardless of whether they were water soluble or 
water insoluble.

Conclusion
The measurement methods used here and their respective 
recovery rates are summarized in Table V. When using the 
rinse- and swab-sampling methods, some of the water-
insoluble substances had high recovery rates while others 
had low recovery rates. It is thought that this may be due to 
differences in the affinity with which the substances adhere 
to the stainless steel pot. Accordingly, it is possible that resi-
due evaluation using these methods would be difficult for 
substances with low recovery rates. 

In contrast, high recovery rates were obtained for all the 
substances when using the swab sampling with direct-com-
bustion method, regardless of whether the substances were 
water soluble or water insoluble. Therefore, this method is 
considered to be the most versatile measurement method 
for conducting cleaning validation, especially when mul-
tiple compounds are being manufactured in the same vat, if 
the compounds are unknown, or if there is a possibility the 
known compounds will decompose into other compounds.
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Table IV: Measurements using swab sampling with direct 
combustion.

Substance name TOC value [μC]
Recovery 

rate (%)

Coefficient of 

variation (%)

Blank 0.00 - -

Tranexamic acid 202 101 1.50

Anhydrous caffeine 201 100 2.43

Isopropylantipyrine 210 105 3.66

Nifedipine 212 106 0.80

Gentashin 

ointment
200 100 1.38

Rinderon ointment 209 104 1.31

Table V: Summary of measurement results.
Recovery rate (%)

Substance name
Solubility 

in water

Rinse 

sampling 

Swab 

sampling 

with water 

extraction 

Swab 

sampling 

with direct 

combustion 

Tranexamic acid Soluble 105 107 101

Anhydrous caffeine Soluble 108 109 100

Isopropylantipyrine Insoluble 109 92.2 105

Nifedipine Insoluble 107 89.9 106

Gentashin ointment Insoluble 4.35 1.70 100

Rinderon ointment Insoluble 15.2 7.45 104

Figure 3: Total organic carbon (TOC) concentrations for (a) tranexamic acid, (b) isopropylantirine, and (c) Gentashin ointment using 

swab sampling with direct combustion.
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Position Paper: Early Phase GMPs

T
he International Consortium on Innovation and Quality in 
Pharmaceutical Development (IQ) formed in 2010, and is 
an association of more than 25 pharmaceutical and biotech-
nology companies with a mission to advance science-based 

and scientifically driven standards and regulations for medicinal 
products worldwide. In the June 2012 issue of Pharmaceutical 
Technology, a paper written by the IQ Consortium’s GMPs in Early 
Development Working Group described the desire and rationale 
for more clear and consolidated recommendations for GMPs in 
early development (Phase 1 through Phase 2a) (1). A consequence 
of the absence of clarity surrounding early phase GMP guidances 
has been varied interpretation and application of existing GMP 
guidances within different companies according to its own culture 
and risk tolerance. Internal debates often result in conservative 
“one-size-fits-all” interpretations that rely on International Confer-
ence on Harmonization (ICH) guidelines that are mostly relevant 
to commercial product development and do not distinguish differ-
ences in requirements between early development and later stage 
development (Phase 2b and beyond). A key driver of this working 
group (WG), therefore, has been to collectively define the mini-
mum acceptable practices within the industry regarding GMP 
expectations in early development that allow for added flexibility, 
are consistent with existing guidance and statutes, and which as-
sure product quality and patient safety (2–4). 

The second paper in this series addressed recommendations 
for analytical method validation of both drug substances (DS) 
and drug products (DP) (5). In this third article of the series, the 
authors address the application of GMPs in early development as 
they pertain to drug-product manufacturing.

Background
As noted previously in the introduction to the paper series, due to 
high attrition in early development, most companies try to mini-
mize the resource required to advance compounds into human 
clinical trials by employing simple formulations and manufac-
turing processes (1). For example, drug substance filled in bottle, 

Early Development GMPs  
for Drug-Product Manufacturing 
of Small Molecules 
An Industry Perspective (Part III)
Richard Creekmore, Eleni Dokou, Amnon Eylath, Dennis Joiner,  

Michael Lovdahl, Jackson Pellett, Eric Schmitt, and John W. Skoug
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drug in capsule, or simple powder blends filled in capsule are fre-
quently used. Even for more challenging molecules, for example, 
those with low aqueous solubility, prototype formulations designed 
to investigate bioavailability enhancement (e.g., amorphous solid 
dispersions, lipid-based drug delivery systems, nanosuspensions) 
are evaluated in as simple a manner as possible. For example, on-
site preparation at the clinic site of an amorphous solid dispersion 
by weighing into a capsule, or by suspension in a suitable vehicle 
may be utilized instead of a finished tablet or capsule dosage form. 
Whatever approach to formulation/process is taken, there is a need 
for flexibility in manufacturing due to limited product and process 
understanding in early development.

Based on the collective industry experience of the members 
of this working group, the authors believe that pharmaceutical 
companies could be making better use of available guidances as 
they pertain to drug-product manufacturing in early development. 
This belief was reflected by the mixed responses to a survey of IQ 
member companies conducted in late 2011 (see Table I). Accord-
ingly, in this article, the authors provide pragmatic recommen-
dations related to GMP drug-product manufacturing focusing 
on those areas where it is believed there is opportunity for added 
clarity and flexibility, without added risk to product quality and 
patient safety. 

Following a brief explanation of the role and importance of 
quality systems, the areas highlighted in this paper include facili-
ties, equipment, materials (receipt and approval for use), and batch 
documentation. Not covered is cleaning verification/validation, 
as this is a topic that is addressed in detail in the industry (6). The 

scope of this position paper has purposely been limited to tradi-
tional small molecules that are formulated into solid oral dosage 
forms intended for US regulatory filings with the desire to build 
consistency across all worldwide regulatory regions. However, it is 
believed that the concepts presented can be easily adapted to other 
dosage forms and routes of administration. Although designed as 
an industry position, it is recognized that each company needs to 
evaluate these recommendations for drug-product manufactur-
ing practices based on individual business needs and risk culture.

Quality systems 
GMP quality system. In early development, relationships between ma-
terial attributes, process parameters and product quality attributes 
are typically not well understood. It should be anticipated that even 
during GMP manufacture, there will likely be a need to deviate 
from the process conditions specified in a batch record. Quality 
systems should have the flexibility to allow these changes to be 
documented in batch records without formal prior approval from 
the Quality department. However, these changes should be re-
viewed by Quality after production, to assess the potential impact 
to product quality and patient safety. It is crucial to summarize 
and track process changes because much of this information will 
be used to develop process understanding and may be included 
in development history reports. In a similar manner, unplanned 
deviations from the written manufacturing procedures should be 
documented and justified, but may not need to be addressed in a 
formal corrective and preventive action (CAPA) system, because 
the process is changing continuously as part of the development 

Table I.  Survey results of IQ member companies related to drug-product manufacturing in early development.  A total of 
10 companies responded.

% Response

Question Never Sometimes Routinely

In early development, does your company manufacture GMP clinical trial supplies (CTS) 

prior to full release of the API?

40% 50% 10%

In early development, does your company manufacture CTS prior to completion of full 

release testing of excipients?

40% 30% 30%

In early development, does your company repeat vendor testing for excipients used in

CTS manufactures?

10% 70% 20%

Question Yes No

In early development, does your company require a vendor laboratory audit to accept

materials on vendor CoA?

30%** 40%

Does the quality unit pre-approve CTS batch records? 100% 0%

Do you feel your company’s approach to handle deviations that occur during early

development CTS manufacturing provides adequate flexibility?

60% 40%

Is a corrective and preventive action (CAPA) program applied to all early phase 

manufacturing exceptions?

55% 45%

Are the quality system/requirements for R&D different than what is used in commercial production? 90% 10%

Are the quality system/requirements for early development CTS different than later stage

(Phase 2b and beyond) development?

50% 50%

** The remaining 30% indicated their company does not allow acceptance of 
materials based on vendor COA.
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process. Unplanned deviations that are likely to impact product 
quality and patient safety, such as cleaning failures, contamina-
tions, and certain equipment failures must be investigated and 
corrective actions put in place to prevent recurrence.

 Risk management in early development. To assist in the application 
of risk-based decision making in the development and manufac-
turing of drug product, the authors recommend that companies 
apply a scientific and risk-based approach, similar in principle to 
that of the ICH Q9 Quality Risk Management guideline (7). Annex 
I of the guideline describes various methods and tools that can be 
useful to determine the relative risks related to system risks, such as 
facility and people; organizations (including quality systems); pro-
cess risks and product risks (safety and efficacy). There are many 
ways of identifying, qualifying, and mitigating operational and 
quality risks. Regardless of the methodology used, a documented 
strategy and good records of risk-based decisions are important in 
ensuring that the appropriate factors are considered for the protec-
tion of patients and product quality.

Facilities and equipment
Regardless of the scale of manufacturing, the facility used for 
manufacturing clinical trial supplies must meet the basic GMP 
requirements as described in the regulations and guidance docu-
ments. Below are three scenarios for early development and the 
advantages of each as pertaining to early development. The first 
involves a pilot plant facility designed and equipped for routine 
GMP operations. The second scenario aims to establish a GMP 
area within a laboratory environment. The third example focuses 
on conducting GMP manufacturing or leveraging the practice of 
pharmacy in close proximity to the clinical site. 
 GMP facility for drug-product manufacture. The traditional ap-
proach in GMP drug-product manufacture is to use a dedicated 
facility (often called a pilot plant) for early phase clinical trials. 
Advantages of this approach include that the quality systems 
for the facility (i.e., maintenance, calibration, cleaning, change 
management, CAPA, and documentation) are well defined, and 
that training and other activities required for maintaining GMP 
compliance are centralized. Other drivers to use a pilot plant in 
early development may be the need for specialized equipment, 
or larger batch sizes in special situations. 
 GMP area within a laboratory setting. In some cases, it may be ad-
vantageous to establish a GMP area within a “laboratory setting” 
(i.e., a drug-development facility not dedicated to the produc-
tion of clinical supplies) for the manufacture of drug product in 
early development. The rationale for this approach might be to 
avoid the significant investment in setting up a dedicated facil-
ity and to create simpler, more flexible systems that meet GMP 
requirements but are tailored for the specific activity envisioned. 
Examples where this approach might be considered include the 
need for special containment not available in the pilot-plant; the 
need to work with radioactive or hazardous materials, use of con-
trolled substances and the production of “one-off manufactured” 
product used for proof of concept. The business rationale should 
be documented and approved by the manufacturing and Quality 
groups. As long as the appropriate GMP controls are maintained, 

especially as related to operator safety, cleaning, and prevention 
of cross-contamination, there is no compliance barrier to using 
“lab-type” facilities for the manufacturing of early phase clinical 
batches. Before GMP manufacturing is initiated, however, a risk 
assessment should be conducted and documented. Inclusion of 
representatives from Quality, analytical, clinical manufacturing, 
product development, and environmental health and safety would 
be prudent. When selecting/designing an early development clini-
cal manufacturing facility, consideration should be made for the 
receipt, storage, dispensing, and movement of materials. The 
manufacturing processes in the nondedicated area must protect 
the product, patient, and the manufacturing operators.

Additionally, companies should consider what items are ap-
propriate for the manufacture. For example, the use of a certified 
laminar flow hood may be a better choice for manufacturing than 
a fume hood, because the former is designed to prevent contami-
nation of the product, protect the operator, and the laboratory en-
vironment. In addition, with the appropriate cleaning, a laminar 
flow hood can more easily be used for multiple products. Small 
scale/manual equipment or procedures may be the best approach 
because the space is likely to be limited. With a small batch size, the 
use of small scale or manual equipment/procedures will minimize 
yield loss. Additional measures to be assessed include appropri-
ate gowning and operator personal protection devices, area and 
operator monitoring for potent or radiolabeled drug exposure, 
and so forth.

Documentation of the facility preparation, product manu-
facture, and the return of the facility to the previous state, if 
needed, is recommended. This documentation should describe 
the rationale for the manufacture in the nondedicated area, risk 
assessment, preparation of the area, cleaning procedures, and list 
of responsible persons. This documentation can reference exist-
ing procedures or standard operating procedures (SOPs) along 
with documents associated with the meetings and preparation 
for the manufacture of the batch. Batch records and cleaning 
records should be part of the documentation and should follow 
the company’s data-retention policy. 
 Preparation at the clinical site. On-site preparation of formulations, 
sometimes referred to as “extemporaneous preparation” or “com-
pounding,” is not considered manufacturing, but is an effective 
method to prepare early clinical supplies using the local laws gov-
erning the practice of pharmacy. The processes used for on-site 
preparation can be as simple as preparing and diluting solutions 
or filling capsules with API to more complicated processes such 
as blending and compression of tablets. An IQ working group 
addressing current practices in extemporaneous preparation has 
conducted a survey to be communicated at a later date, which con-
firms that only a few companies have adopted practices to take 
advantage of more advanced formulation approaches at the clinic 
site (8). This is a missed opportunity, because on-site preparation 
of formulations has the potential to dramatically speed industry’s 
ability to answer critical questions related to pharmacokinetic pa-
rameters, absolute or relative bioavailability, feasibility of extended 
release and bioavailability enhancement approaches for difficult to 
deliver molecules. Currently, each company must develop its own 
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best practices to assure product quality and patient safety; often, 
these practices are based on compendial or professional associa-
tion publications (9–11). The authors believe this topic warrants 
further discussion between the industry and regulatory authori-
ties to determine when dose preparation at the clinical site is ap-
propriate and the level of quality controls required. The results of 
such a discussion could help to increase the utilization of on-site 
preparation of clinical trial materials to facilitate quick answers to 
critical questions in early drug development and ultimately bring 
the best possible products to patients in the shortest time. 
 Equipment. Most equipment used to manufacture early GMP 
drug product is be managed under a qualification, preventive 
maintenance, and calibration program for the GMP facility. 
However, in early development, there may occasionally be a need 
to use equipment that is not part of such a program. Rather than 
performing a comprehensive qualification for a piece of equipment 
not expected to be frequently used, an organization may choose to 
qualify it for a single step or campaign. Documentation from an 
installation qualification/operational qualification (IQ/OQ) and 
or performance verification at the proposed operating condition 
is sufficient. For example, if solution preparation needs a mixer 
with a rotation speed of 75 rpm, then documentation in the batch 
record using a calibrated tachometer to verify that the mixer was 
operating at 75 rpm will suffice.

The use of dedicated or disposable equipment or product 
contact parts may be preferable to following standard cleaning 
procedures to ensure equipment is clean and acceptable for use. 
However, not all equipment or equipment parts are disposable or 
may have a substantial cost that makes disposal prohibitive. In 
that case, the product contact parts could be dedicated to a specific 
drug substance for use in drug product manufacture. Dedicating 
product contact parts to a compound may be costly and may be 
avoided in some cases by carefully considering product changeover 
and effective cleaning methods when purchasing equipment.

Another item to consider with respect to equipment, is that the 
more complicated the equipment is to run or maintain, the less 
desirable it might be for early GMP batches. In most cases, simple 
equipment is adequate and will uses less material and consume 
less total time for preparation, operation, and cleaning activities.

Raw materials
Buildings and facilities. GMPs under the 21 Code of Federal Regula-
tions (CFR) Part 211.42 state that buildings or areas used in the 
receiving, storage, and handling of raw materials should be of suit-
able size, construction and location to allow for the proper clean-
ing, maintenance, and operation (7). The common theme for this 
section of CFR Parts 210 and 211 is the prevention of errors and 
contamination. In principle, the requirements for buildings and 
facilities used in early phase manufacturing are not significantly 
different than those for later phases or even commercial produc-
tion. However, there are some areas that are unique to early clinical 
trial manufacturing.
 Control of materials. The CFR regulations under Part 211.80 pro-
vide good direction with respect to lot identification, inventory, re-
ceipt, storage, and destruction of materials (7). The clear intent is to 

ensure patient safety by establishing controls that prevent errors or 
cross-contamination and ensure traceability of components from 
receipt through clinical use. In general, the requirements for the 
control of materials are identical across all phases of development, 
so it is important to consider these requirements when designing 
a GMP facility within a laboratory setting.

For example, all materials must be assigned a unique lot number 
and have proper labeling. An inventory system must provide for 
tracking each lot of each component with a record for each use. 
Upon receipt, each lot should be visually examined for appropriate 
labeling and for evidence of tampering or contamination. Materi-
als should be placed into quarantine or in the approved area or 
reject area with proper labeling to identify the material and prevent 
mix-ups with other materials in the storage area. Provision should 
be made for materials with special storage requirements (e.g., re-
frigeration, high security). The storage labeling should match the 
actual conditions that the material is being stored and should in-
clude expiry/retest dates for approved materials. Although such 
labeling is inconvenient for new materials where the expiration or 
retest date may change as more information is known, this enables 
personnel to be able to determine quickly whether a particular lot 
of a material is nearing or exceeding the expiration or retest date. 
General expiry/retest dates for common materials should be based 
on manufacturer’s recommendation or the literature. 

Finally, there are clear regulatory and environmental require-
ments for the destruction of expired or rejected materials. It is 
important to observe regional and international requirements 
regarding the use of animal sourced materials (12). It is recom-
mended to use materials that are not animal sourced and that there 
be available certification by the raw material manufacturers that 
they contain no animal sourced materials. If animal sourced raw 
materials must be used, then certifications by the raw material 
manufacturers that they either originate from certified and ap-
proved (by regulatory bodies) sources for use in human pharma-
ceuticals, or that the material has been tested to the level required 
for acceptance by regulatory agencies (following US, EU, or Japa-
nese guidelines, as applicable) is required.

Receipt and approval 
Specifications. It is a GMP requirement that all raw materials for the 
manufacture of drug product have appropriate specifications to 
ensure quality. The compendial requirements should be used for 
setting specifications provided the material is listed in at least one 
pharmaceutical compendium (e.g., US, European, and Japanese 
Pharmacopeias). It is important that the use of materials meeting 
the requirements of a single compendium is acceptable for use 
in early phase clinical studies conducted in the US, Europe, and 
Japan. For example, a material that meets USP criteria and is used 
in the manufacture of a drug product should be acceptable for use 
in early clinical studies in the European Union. In the absence of a 
pharmaceutical compendium monograph, the vendor specifica-
tion and/or alternative compendial specifications such as USP’s 
Food Chemical Codex should guide specification setting. In any 
case, the sponsor is responsible for the establishment of appropriate 
specifications. Therefore, it is the authors’ position that good prac-
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tice is to have at least a basic understanding of the manufacture, 
chemistry, and toxicology of the materials to guide appropriate 
specification setting. 
 Material testing and evaluation. The minimum testing required for 
incoming materials is visual inspection and identification. How-
ever, as mentioned above, the appropriate tests should be deter-
mined for the material based on the knowledge of the manufac-
ture, chemistry, and toxicology. If the vendor is qualified, then the 
certificate of analysis may be acceptable in conjunction with the 
visual inspection and identification testing (see “Vendor Qualifica-
tion” section below).
 Approval for use. Ideally, manufacture of a bulk drug product 
should begin with approved material specifications and with 
materials that are fully tested and released. However, there are 
circumstances where it may not be feasible to start manufacture 
with approved specifications and fully tested and released mate-
rials, including API. Manufacturing prior to final release (some-
times called manufacturing “at risk”) may be acceptable, however, 
because the quality system ensures that all specifications are ap-
proved, test results are within specifications, and all relevant docu-
ments are in place before the product is released for administration 
to humans. The “risk” must lie fully with the manufacturer and 
not with the patient.
 Vendor qualification. Vendors supplying excipients, raw materials, 
or API must be qualified by the sponsor. Appropriate qualification 
should depend on the stage of development and an internal risk 
assessment. For, example if a vendor has a history of supplying the 
pharmaceutical industry and the material is to be used in early 
development, a paper assessment (e.g., a questionnaire) should be 
sufficient. If a supplier does not have a history of supplying the 
pharmaceutical industry, a risk assessment should be performed 
and depending on the outcome a site audit may be required prior 
to accepting material for use.

Ideally, vendors should be qualified prior to using raw materi-
als for manufacture. However, it is acceptable for qualification to 
proceed in parallel as long as documentation/risk assessments are 
available prior to product release and as in the previous section all 
risk lies with the manufacturer and not the patient.

Batch documentation and execution
Batch record documentation preparation. Manufacturing docu-
mentation is a basic requirement for all phases of clinical de-
velopment. 21 CFR Parts 211.186 and 211.188 describe master 
production and batch production records, respectively (7). The 
stated purpose of the master production record is to “assure 
uniformity from batch to batch.” Although the record assur-
ance is important for a commercial validated manufacturing 
process, it does not necessarily apply to clinical-development 
batches. Material properties, manufacturing scale, and quality 
target product profile frequently change from batch to batch. 
Therefore, batch production records are the appropriate docu-
mentation for clinical trial supplies. Batch production records 
for Phase 1 materials should minimally include:
t�/BNF
�TUSFOHUI
�BOE�EFTDSJQUJPO�PG�UIF�EPTBHF�GPSN
t��"�DPNQMFUF�MJTU�PG�BDUJWF�BOE�JOBDUJWF�JOHSFEJFOUT
�JODMVE-

ing weight or measure per dosage unit and total weight or 
measure per unit
t�5IFPSFUJDBM�CBUDI�TJ[F�	OVNCFS�PG�VOJUT

t�.BOVGBDUVSJOH�BOE�DPOUSPM�JOTUSVDUJPOT�

These minimum requirements are consistent with the FDA 
Guidance for Industry: cGMP for Early Phase Investigational 
Drugs, which requires a record of manufacturing that details 
the materials, equipment, procedures used and any problems 
encountered during manufacturing (2). The records should 
allow for the replication of the process. On this basis, there is 
flexibility in the manner for which documentation of batch 
activities can occur, provided that the documentation allows 
for the post execution review by the quality unit and for the 
retention of these records.

Batch documentation approvals. Review and approval of executed 
batch records by the Quality unit is required per 21 CFR Part 
211.192 (7). This review and approval is required for all stages of 
clinical manufacturing. Pre-approvals of batch records should 
be governed by internal procedures as there is no requirement 
in CFR 21 that the Quality unit pre-approves the batch record 
(though this is highly recommended in order to minimize the 
chance of errors). Indeed, Table I shows that pre-approval of batch 
records by the Quality Unit is practiced by all 10 companies that 
participated in the IQ Consortium’s drug-product manufactur-
ing survey related to early development. Batch records must be 
retained for at least 1 year after the expiration of the batch ac-
cording to CFR Part 211.180, but many companies keep their 
GMP records archived for longer terms.

Room clearance. 21 CFR Part 211.130 requires inspection of 
packaging and labeling facilities immediately before use to en-
sure that all drug products from previous operations have been 
removed. This inspection should be documented and can be 
performed by any qualified individual.

Although line clearance for bulk manufacture is not specifi-
cally mentioned in the CFR, it is expected that a room clearance 
be performed. At a minimum, this clearance should be per-
formed prior to the initiation of a new batch (i.e., prior to batch 
materials entering a processing room).

Hold time. During the early stages of development, final dosage 
form release testing confirms product quality and support estab-
lishment of hold times later in the clinical development. There 
is no requirement to establish hold times for work in process 
in early development. Specific formulation and stability experi-
ence, which is usually limited at this stage of development, should 
be leveraged to assess any substantial variations from expected 
batch processing times. The data gathered from these batches 
and subsequent development can be used to help establish hold 
times for future batches. (Exceptions to this approach may in-
clude solution or suspension preparations used in solid dosage 
form manufacturing, where procedures typically govern allow-
able hold times to ensure the absence of microbial contamination 
in the final product.)
 Change control. Changes to raw materials, processes, and 
products during early development are inevitable. It is not re-
quired that these changes be controlled by a central system but 
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rather may be appropriately documented in technical reports 
and manufacturing batch records. Any changes in manufac-
turing process from a previous batch should be captured as 
part of the batch record documentation and communicated 
to affected areas. The rationale for these changes should also 
be documented as this serves as a source for development his-
tory reports and for updating regulatory filings. The authors 
recommend that those changes that could affect a regulatory 
filing be captured in a formal system. 
 Process changes. Process parameters should be recorded but 
do not need to be predetermined because processes may not be 
fixed or established in early development. Given the limited API 
availability in early development, a clinical batch is often the first 
time a product is manufactured at a particular scale or using 
a particular process train. Therefore, process changes should 
be expected. Process trains and operating parameters must be 
documented in the batch record but changes should not trigger 
an exception report or CAPA. Changes should be documented 
as an operational note or modification to the batch record in real 
time. Such changes driven by technical observations should not 
require prior approval by the Quality unit, but should have the 
appropriate scientific justification (via formulator/scientist) or 
the appropriate flexibility built into the batch record to allow for 
the changes. This documentation should be available for Quality 
review prior to product disposition.
 Calculation of yield. Actual yields should be calculated for major 
processing steps to further process understanding and enable 
optimization of processes. Expected yield tolerances are not al-
ways applicable to early development manufacture. At this stage 
of early development, when formulation and process knowledge 
is extremely limited, there may be no technical basis for setting 
yield tolerances and, therefore, this yield may not be an indicator 
of the quality of the final product.
 In-process controls and R&D sampling. In-process tests and controls 
should follow basic requirements of GMPS to document consis-
tency of the batch. For capsule products, these requirements may 
include capsule weights and physical inspection. For tablet prod-
ucts, compression force or tablet hardness and weights should be 
monitored together with appearance. R&D sampling, defined as 
samples taken for purposes of furthering process understand-
ing but not utilized for batch disposition decisions, is a normal 
part of all phases of clinical manufacturing. In early development 
manufacturing, a sampling plan is required for in-process con-
trol tests, but not for R&D samples. However, for the purpose of 
material accountability, R&D sampling should be documented 
as part of batch execution. For these samples, testing results may 
be managed separately, and are not required to be included in 
regulatory documentation. 

Conclusion
Organizations involved in manufacture of Phase 1 and 2a clinical 
supplies should recognize that process understanding is very lim-
ited in early development. Quality systems must be robust enough 
to ensure patient safety, but should also be flexible enough to ac-
commodate accelerated timelines and process changes in real time. 

The special needs of small scale GMP manufacturing should also 
be considered when designing facilities, purchasing equipment, 
and selecting the type of dosage forms to use in early clinical stud-
ies. Companies are encouraged to apply quality risk management 
principles to support these risk-based decisions.

The authors also believe that underutilized approaches exist 
(e.g., on-site preparation of more complex dosage forms) for 
quickly and efficiently answering formulation related questions 
about bioavailability, pharmacokinetics, and target release rates for 
controlled-release formulations. The potential benefits and risks of 
these approaches warrant further discussion. Finally, documenta-
tion of manufacturing operations should be risk-based. Manu-
facturing instructions in early development should not be overly 
prescriptive as to restrict process changes or discourage sampling 
for further process understanding. Changes should be expected, 
and able to be quickly reviewed and approved by the Quality de-
partment, or a qualified delegate.

To further stimulate discussions on these approaches within 
the industry and with worldwide health authorities, the IQ Con-
sortium’s GMPs in Early Development Working Group is plan-
ning on conducting a workshop in the near future to promote 
robust debate and discussion on these recommended approaches 
to GMPs in early development. The group strongly believes that 
such dialogue will improve alignment between development, 
quality assurance, and chemistry/manufacturing/controls (CMC) 
regulatory groups within the pharmaceutical industry. In addition, 
agreement between the industry and drug regulatory authorities 
regarding acceptable approaches to applying GMPs in early phases 
of drug development would allow for a more nimble and flexible 
approach in early development, while still providing appropriate 
controls to ensure patient safety.
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The United States Pharmacopeia (USP) has revised 

its elemental impurities limits and procedureal 

chapters with implementation set for May 2014. 

The author explains the need for these revisions 

and provides a look at some of USP’s proposed 

techniques for  elemental impurity detection and 

identification.
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Position Paper: Elemental Impurities

R
evisions to US Pharmacopeia General Chapter <231> Heavy 
Metals have been mooted and proposed for more than a 
decade, and it has long been known that the current meth-
ods are highly subjective and likely to prove inaccurate, at 

least for certain metals. The road to reform has been somewhat 
stuttering, but after a long period of review and commentary, on 
Dec. 1, 2012, General Chapter <232> Elemental Impurities—Lim-
its and Chapter <233> Elemental Impurities—Procedures will be 
published in the second supplement of the US Pharmacopeia 35–
National Forumulary 30 (USP–NF). 

On May 1, 2014, when USP 37–NF 32 becomes official, all ref-
erences to Chapter <231> will cease to exist, and conformance to 
Chapter <232> and Chapter <233> within the General Notices 
will be required. The acceptance of these chapters will open the 
door for laboratories to use a wider range of methods for analyzing 
heavy metal contaminants. Of course, these methods will still need 
to be validated, and there may still be room for debate about which 
methods are best for any given situation, but at least the dubious 
methods of Chapter <231> will cease to be available for medicines 
marketed in the United States. (For the time being, the comparable 
methods used in the European and Japanese pharmacopoeias will 
continue to be available.) This paper addresses the need for new 
compendial requirements, with a focus on elemental impurity 
detection and identification.

The need for change
Testing for heavy metals is actually one of the most established 
ideas contained within the national pharmacopeias around the 
world. In fact, USP has included a general test for heavy metals 
since 1905 in the eighth volume of the pharmacopeia, which used 
sulphide precipitation to detect antimony, arsenic, cadmium, 
copper, iron, lead, and zinc. As it happens, the purpose of the 
test had more to do with prevention of mislabeling than pre-
vention of contamination, because heavy metal salts were often 
used in therapy and one had to know which salts were present 
in a treatment. The need to detect residual contamination was 
established in 1942, with the introduction of USP volume XII, in 
which a lead-containing standard was included in the test. The 
goal was to detect potentially poisonous heavy metal residuals, 
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such as lead and copper, because these metals were widely used 
in production equipment at the time. Interestingly, metals such 
as iron, chromium, and nickel were not revealed by the test (1). 
Ultimately, it is the inapplicability of a “standard” test (such as 
that defined by Chapter <231>) that has led to its demise and the 
need for more flexibility. 

Industry knowledge of common metal contaminants. Metal impurities 
are rightly a cause for concern in pharmaceutical products and 
there are many means by which a product might become contami-
nated. There are many inorganic impurities that are deliberately 
added to the pharmaceutical processes (e.g., catalysts). There are 
other impurities that can arise as undetected contaminants from 
starting materials or reagents, or that come from the process itself 
(e.g., leaching from pipes and other equipment). Then, of course, 
there are metal ions that occur naturally within the plant or min-
eral sources that are used to produce the active ingredients of phar-
maceuticals and herbal medicines.

Regardless of how metals may get into a product, or previous 
certification of these metals, pharmaceutical producers must carry 
out tests to demonstrate the absence of impurities before using 
materials in a pharmaceutical product.

General Chapter <232>: New limits
USP General Chapter <232> Elemental Impurities—Limits sets 
out the acceptable levels of 15 elements in final drug products. 
These limits have been evaluated from toxicological data and are 
expressed in terms of a daily permissible exposure (DPE) limit. 
The DPE also takes into consideration the route of administra-
tion (e.g., oral, parenteral, or inhalable) with orally administered 
drugs having a higher permissible limit than parenteral or in-
haled drug products. Where elements on the list are known to be 
present or have the potential to be present then compliance with 
the specifications must be assessed. The 15 elements addressed in 
Chapter <232> are based on the International Conference on Har-
monization’s (ICH) Q3D Elemental Impurities Working Group 
pre-Stage 2 draft guideline (2). 

Chapter <232> covers arsenic, cadmium, mercury, and lead— 
all elements that are considered ubiquitous and therefore must 
be assessed in all cases. In addition, the chapter covers iridium, 
osmium, palladium, platinum, rhodium, ruthenium, chromium, 
molybdenum, and nickel. The second group of elements may be 
present in products as a result of being added deliberately, for in-
stance, in the form of a catalyst or through interactions with metal 
components through the manufacturing process.

Because the ICH Q3D guideline is still being reviewed and is 
likely to expand to cover more elements, it has been decided that 
a review of Chapter <232> will happen after the deliberations on 
ICH Q3D guidelines have been completed. At this stage, the scope 
of Chapter <232> may be expanded to cover more elements, or an 
informational chapter may be incorporated to cover elements of 
low toxicity.

The outdating of long-standing tests
It is fair to point out that the methods of USP General Chapter 
<231> were developed before the introduction of modern analyti-

cal instruments. These methods were easily transferable from one 
laboratory to another and did not require sophisticated instrumen-
tation or specialized expertise. Hence, a competent laboratory staff 
member could perform the same techniques with relative ease. 
The problem was that the methods themselves were flawed, no 
matter how competent the analyst.

For example, Chapter <231> methods involved subjective visual 
examination and comparison of the sample solution with a lead 
standard. Similar to the method of 1905, the compendial meth-
ods used a reaction to form the sulphide of any metal ions present 
and the total metal content was reported against the lead standard 
response as a limit test. 

The validity of this comparison relied on several assumptions, 
all of which can be questioned. For example, the compendial 
method assumed that each of the heavy metals in the sample ma-
trix would react in a like manner to lead to form a sulphide species. 
This assumption applied despite many sulphides being known to 
be insoluble and despite some elements being known to have a far 
more intensely colored sulphide than the lead standard against 
which it was being assessed. Similarly, the compendial method 
assumed that the reaction kinetics for lead sulphide would be very 
similar to that of the other metal sulphides and that reaction kinet-
ics were not greatly affected by the sample matrix. A final major 
and unsafe assumption was that the heating and/or ashing step of 
the method would have no impact on volatile metals (3). 

Work has been carried out that suggests that recovery of mer-
cury can be as little as 2% using the <231> compendial method, 
which clearly introduces a massive error in the final result (2). 
Other laboratories have reported similar poor recovery of metals 
such as tin, selenium, and antimony. These examples are by no 
means the only reasons to challenge the validity, applicability, and 
reliability of the compendial methods. In fact, additional chapters 
for the control of specific metals and other inorganic impurities 
have been added to USP over the years. Significant among these 
additions has been USP Chapter <730> Plasma Spectrochemistry, 
which gave laboratories the opportunity to use techniques such 
as inductively coupled plasma with either mass spectrometry or 
atomic emission spectroscopy (ICP–MS and ICP–AES). 

The advantage of ICP methods is that they can provide specific 
detection and quantification for each of the elements specified in 
Chapter <232>. The subjectivity of the semiquantitative compari-
son that is required by the compendial methods is eliminated with 
ICP. The ICP techniques are also quicker in most cases, requiring 
a smaller sample size and giving a better detection limit for all the 
elements of interest. The sample preparation method for ICP, for 
example, is less likely to lead to the loss of the volatile elements. 

Chapter <233>: New techniques
USP General Chapter <233> Elemental Impurities—Procedures 
sets out the general conditions for testing, covering preparation, 
analysis, and the parameters for validation. The preparation meth-
ods referred to above are neat, direct aqueous solution, direct or-
ganic solution and indirect solution.

Neat samples are in such a state that they can be used without 
further preparation. More commonly used solutions will need to 



64    Pharmaceutical Technology AUGUST 2012  PharmTech .com

be prepared prior to analysis, and the simplest of these procedures 
is preparation of a direct solution whereby a product is dissolved 
or diluted with water/dilute acid or an organic solvent to give a 
solution for analysis. 

In many cases, it may be desirable to treat the sample by break-
ing down any organic material contained within it; such a step 
typically reduces the ffect of the matrix effect which might other-
wise give rise to false positive/negative results. If a sample is pre-
pared in this way, then it is referred to as an indirect solution. These 
solutions are generally prepared using a microwave digester. In this 
technique, a small amount of sample is weighed into a vessel and 
acid is added. The vessel is sealed and placed into a microwave. 
In the microwave, the sample is heated to temperatures of up to 
250 °C and pressures of up to 55 bar. Under these conditions, the 
sample matrix is effectively destroyed and the metal atoms are 
released into solution. After the sample is cooled, it is made up to 
a suitable volume with water ready for analysis. 

ICP–MS and ICP–AES. As noted above, Chapter <233> sets out two 
procedures for analysis, ICP–MS and ICP–AES. The latter is also 
sometimes referred to as ICP–OES, which stands for optical emis-
sion spectrometry. In this technique, the sample solution is fed 
into an argon plasma which has a temperature of approximately 
10,000 °C. The sample matrix is destroyed under these conditions, 
and individual atoms are released. These atoms are then excited 
to a higher energy state. As the excited atoms cool, they return to 
a “ground state.” The process releases energy in the form of light, 
the wavelength of which is specific to a particular element. When 
this light falls on a detector, it can be quantitated and the amount 
of analyte can be  evaluated.

ICP–MS is the second procedure specified in Chapter <223>. 
This technique also uses a plasma, but with this technique, the 
plasma is used to ionize the metal atoms which are then fed into a 
quadrapole which separates the ions according to their mass-to-
charge ratio. Following separation, the ions fall onto a detector and 
the sample can be quantified.

Differentiating the new techniques. Both ICP–AES and ICP–MS 
are able to analyze several elements simultaneously. As a result, 
sample throughput can be very quick, typically 2–3 minutes per 
sample. Generally, it is fair to say that ICP–AES instrumentation is 
cheaper than ICP–MS, but both instruments have relatively high 
running costs due to the consumption of argon in the plasma. 
The key difference between the instruments is the detection limit. 
The ICP–MS typically has detection limits 100–10,000 times lower 
than that of ICP–AES. Both techniques are capable of analyzing 
to the levels required by USP, but ICP–MS can offer a much lower 
detection limit. Chapter <233> states that for both techniques, 
steps can be taken to remove matrix interferences. For ICP–AES, 
these interferences can occur from overlapping wavelengths. In 
this case, alternative wavelengths can be used for analysis. Also, 
many instrument manufacturers have correction techniques built 
into the operating software.

In the case of ICP–MS, the sources of matrix interferences come 
from the fact that different species can have the same mass/charge 
ratio. For example, argon chloride appears at the same mass as 
arsenic, giving false positive results. To remove these interferences, 

many instrument manufactures use special cells within the instru-
ment that can add gases to the ions and mitigate the interferences.

Alternative methods
Other techniques can be used in the analysis of elemental impuri-
ties, but each must be validated to ensure that it is suitable and able 
to detect the analytes at the required level. Below are a few options:

Flame atomic absorption spectrometry (FAAS): This simple and relatively 
cheap technique has relatively high detection limits, especially for 
elements such as mercury and arsenic. FAAS can only analyze 
one element at a time.

Vapor generation atomic absorption spectrometry (VG–AAS): This tech-
nique involves a chemical reaction to release metals in the form 
of gaseous hydrides. It has improved detection limits compared 
with FAAS but can only be used for arsenic, bismuth, germanium, 
lead, antimony, selenium, tin, and tellurium. Only one element can 
be analyzed at a time. Reagents are used to generate the hydride 
therefore generating a higher cost than traditional AAS.

Graphite furnace atomic absorption spectrometry (GFAAS): In this tech-
nique, a small amount of sample is slowly heated to first dry then 
ash the sample. Thereafter, the temperature is raised very rapidly to 
volatilize the metal of interest. This technique has very good sensi-
tivity and can be used to look at very low levels of analyte similar to 
those achieved by ICP–AES, but is prone to chemical interferences 
affecting the results. Also the analysis is slow and can be costly. 

The demise of Chapter <231> means that modern techniques 
referred to above, and others, will now come become more com-
mon, and the old wet chemistry results will cease to be valid. 

Conclusion 
One can only sympathize with the scientists at USP that have 
responsibility for the standard pharmacopoeial methods in-
volving heavy metals. Of the 4000-plus monographs in the 
USP–NF, there are approximately 1000 that specify a limit of 
heavy metals, in either a drug substance, excipient, or drug 
product (4). December 2012 marks the beginning of the end 
for Chapter <231>  and the introduction of Chapters <232> 
and <233>. By May 2014, <231> will cease to exist, and by this 
point, validated procedures need to be in place to cover the 
removal of Chapter <231>. The 18 months between these dates 
may seem like a long time, but considering the number of ex-
isting monographs that contain the limit of heavy metals test, 
this timeframe seems very short. Overall, the USP changes, 
although daunting, can lead to improvements for the industry, 
including by better protecting the public through effectively 
tested medicines. Manufacturers will have peace of mind that 
they are providing clean and safe products to the market.

 References
 1. O. Pedersoen, Pharmaceutical Chemical Analysis: Methods for Identi-

fication and Limit Tests (Taylor & Francis, 2006).
 2.   N. Lewen et al., J. of Pharm. and Biomedical Anal. 35 (4) 739–752 (2004). 
 3.  ICH, Q3D Impurities: Guideline for Metal Impurities, Final Concept 

Paper (2009).
 4.  D.R. Abernethy, Chief Science Officer, USP, presentation online at www.

usp.org. PT

Position Paper: Elemental Impurities



LIVE WEBCAST: Tuesday, August 21, 2012, 11:00 am EDT 

Register free at www.pharmtech.com/landfill 

EVENT OVERVIEW:

This event will address the partnership between KIMBERLY-

CLARK PROFESSIONAL, Life Technologies Corporation and 

Terracycle and how they have worked together to create a 

successful recycling program in cleanrooms and laborato-

ries. Since the program’s launch last Fall, Life Technologies 

Corporation is on pace to recycle over 5 tons of garments 

and gloves into plastic products such as park benches and 

picnic tables.

 

Learn how these global companies created a recycling 

platform and are making great strides in their path to zero 

landfill.

Key Learning Objectives:

■ Learn how to improve your profile in sustainability 

indexes

■ Find out how you can have an exceptional workplace 

that is safe, clean and sustainable

■ Understand the sustainability advantages of using 

KIMBERLY-CLARK PROFESSIONAL* garment and gloves

For questions, contact Sara Barschdorf at sbarschdorf@advanstar.com

PRESENTER

Eve Nichelini,

Global Real Estate 

Contracts Manager,

Life Technologies

Who Should Attend:

■ Cleanroom Specialists

■ Laboratory Professionals

■ Lab Researchers

■ Production Professionals

■ Sustainability Professionals

■ Quality Professionals

■ CEO

■ Environmental Health and 

Safety Professionals

Presented by Sponsored by

PATH TO ZERO LANDFILL:  
Learn How One Company
is Leading the Way



66    Pharmaceutical Technology AUGUST 2012  PharmTech .com

A rise in the incidence of cargo thefts in the 

pharmaceutical industry requires a cross-

functional response from indvidual companies, 

the industry, law-enforcement organizations, 

and other stakeholders. The author discusses 

strategies for an proactive cargo security and 

antitheft program, including best practices used 

by Pfizer. 

Brad Elrod is director of global conveyance security for  

Pfizer Global Logistics Compliance at Pfizer. 
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Supply Chain

C
argo theft, for many years, was a problem that largely 
plagued the electronics industry, but criminals have re-
cently shifted more attention to the far more lucrative 
pharmaceutical trade.  In March 2010, thieves master-

minded a heist of $75 million worth of cancer, psychiatric 
and blood-thinning drugs from a Connecticut warehouse by 
cutting a hole in the ceiling and dismantling alarms during 
a severe storm that masked their activities from the local au-
thorities (1). To curb future cargo theft, it is imperative that 
pharmaceutical companies develop solid, globally applicable 
conveyance security programs.

A clear and present danger 
The Connecticut incident drew a lot of attention to the level 
of sophistication used by organized crime when targeting 
pharmaceutical cargo. Soon afterwards, FDA issued a letter 
expressing its concern over the growing frequency of cargo 
and warehouse theft, the threat these activities pose to pa-
tient safety, and the need for manufacturers and others in 
the supply chain to take proactive, preventative measures (2).  
More important than the loss of property, when criminals 
reintroduce to the supply chain stolen medication that was 
not stored, refrigerated, or distributed as required to maintain 
product quality, unknowing consumers can receive tainted or 
ineffective drugs that could hurt or even kill them.

The rise in cargo theft is largely being fueled by the fact 
that penalties for stealing and distributing stolen pharma-
ceuticals are far less than dealing in illicit drugs, and the 
value of a single pharmaceutical shipment can be far greater 
than electronics, cigarettes, alcohol, or even firearms ship-
ments. Surprisingly, in many cases, cargo theft is reported as 
“vehicular theft,” a crime that carries a relatively low bond, 
which allows thieves to be quickly released to return to their 
work. Furthermore, a charge of vehicular theft also does not 
take into account the full value of the cargo. A top-of-the-line 
refrigerated truck costs about $500,000, but a pharmaceutical 
shipment could easily contain $20 million of product. The 
truck is most often recovered, but empty of its cargo.  

Until criminal penalties are increased to reflect the cargo’s 
real value and the potential risk to public safety, it is unlikely 
that this growing illegal activity will subside any time soon.  
Attention is growing in this area, with the FDA’s Office of 

Pharmaceutical-Based Cargo 
Security and Theft Prevention
Brad Elrod
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Drug Security, Integrity and Recalls (ODSIR) targeted to 
specifically deal with counterfeiting, cargo thefts, and sup-
ply-chain threats in 2012 and legislation proposals such as 
the Safe Doses Act.  For example, amendments introduced to 
the Safe Doses Act in May 2011 specifically addressed penal-
ties, proposing increases of up to 20 years for pharmaceutical 
thefts.  

Developing a cargo security and antitheft program
To develop a proactive cargo security and antitheft program, 
the first step is to understand how criminals work today, so 
newly installed systems are not protecting against yester-
day’s threat. Criminals are not restricted by corporate or 
governmental processes and are quick to adapt to changing 
preventative strategies. Recent trends observed in Brazil, 
for example, include the use of fake police checkpoints to 
intercept shipments (3). 

The factors for cargo in transit vary, depending on the lo-
cation around the world.  Most cargo-jackings in the United 
State are nonviolent in nature and often occur when the driver 
goes into a rest stop and returns to find the truck gone. In 
other parts of the world, such as Latin America, cargo theft 
is more prevalent and can be more violent.  Drivers are often 
kidnapped at gunpoint and later dumped in an isolated place. 
To complicate the situation, local police are sometimes com-
plicit in the crime. Such conditions require out-of-the-box 
but potentially simple solutions. For example, to protect its 
employees and products, Pfizer sends only smaller shipments 
into these high-risk regions to make each cargo shipment less 
valuable and less desirable to potential thieves.

Freightwatch provides a succinct summary to the state of 
cargo theft globally in its 2011 report. “The volume of cargo 
theft grew throughout the Western hemisphere, with the United 
States, Mexico, Brazil, and other South American countries re-
porting substantial increases in theft,” said the report. “By con-
trast in Europe, overall reporting of cargo theft rates were down 
while the average value per loss rose sharply, most notably in the 
United Kingdom, France and Germany” (4). 

Despite appearances, these are not crimes of opportunity.  
Organized crime rings stake out facilities over time to gather 
information about the types and timings of shipments. Un-
fortunately, large-scale distributions systems cannot easily 
avoid routine schedules. There are other means of protecting 
cargo, however, some of them as simple as backing up a truck 
closer to the loading deck so those surveying the site  cannot 
see what is being loaded and patrolling property perimeters 
to discourage unwanted observers.

Prescription medications are not the only target. Over-the-
counter drugs and baby formula are at risk as well because they are 
relatively easy to resell. In general, most consumers do not think 
twice about buying a brand-name product at a flea market as long 
as the seal is intact. Few people stop to think about why the price is 
so low or consider that the product was probably stolen. If they did, 
they might also realize that the product was probably not handled 
in a manner designed to preserve quality or ingredient integrity. 

Systems, relationships, and improved awareness
Cargo theft is committed by criminals that also poison the 
supply chain with counterfeiting, diversion, and economi-
cally motivated adulteration. Pfizer addresses these threats 
holistically through a comprehensive supply-chain security 
program. Conveyance security is one of the key pillars of the 
overall program. When a logistics or transportation system 
is strengthened against cargo theft, the touchpoints across 
quality, security, procurement, and other functions also are 
strengthened. Cross-functional systems linkages will pre-
vent and detect more than one system alone.

As with most security systems, layered defenses are re-
quired to prevent cargo theft, and no single device or ap-
proach can be effective against all potential threats. Each 
situation is unique, and the level of security should result 
from a comprehensive risk assessment of all factors involved. 
Lower risk solutions include options, such as panic buttons, 
specially designed trailer and truck locks, satellite tracking, 
documentation controls, and background investigations and 
probationary periods for drivers. As the level of risk exposure 
increases, other techniques, such as door alarms, remote tem-
perature monitoring, roof markings on trucks that can be 
identified from the air, and using two drivers, can be added 
to (not used in lieu of) the lower-risk prevention methods.  

Focusing effectively on cargo theft requires a detailed and 
organized set of protocols. For example, Pfizer created and 
implemented global, regional. and site conveyance security 
policies and standards called Conveyance Product Care Re-
quirements (CPCR) to ensure the safe and secure transport 
of its products. These requirements are clear and concise 
and acknowledge that transporting pharmaceutical prod-
ucts and materials throughout the manufacturing, packag-
ing, storage, and distribution processes from raw-material 
acquisition through delivery to the customer is an integral 
aspect of supply-chain security.  

Transporting processes must also be in compliance with 
all applicable regulations and be performed in a manner 
that ensures the safety, identity, strength, purity and quality 
of products during all transit activities.  To this end, Pfizer 
has a designated Conveyance Security Council that oversees 
the following:
t�CPCR management, implementation, and deployment 
t�Global tracking device application and deployment review 
t�Transportation risk analysis and threat matrix development 
t�Carrier-security rating processes and approvals 
t� Cargo-security protection methodology and decision matrix 
t� Incident tracking and reporting programs 
t� Seal use, application, and review
t� Regional conveyance security variance reviews and approval.
Conveyance activities are coordinated externally and 

across any in-house function that touches cargo convey-
ance, including global security, import compliance, legal, 
quality, risk management, business continuity, and other

contin. on page 70
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P
lanning and decision-making for the 
manufacture of biopharmaceuticals 
are becoming more complex as com-

panies continue to implement cost-saving 
efforts, including outsourcing many sup-
port and even critical tasks. Companies 
must make difficult strategic decisions 
about commercial manufacture earlier in 
product development. A recent BioPlan 
Associates analysis found that essentially 
all biopharmaceutical developers use out-
sourcing services of some kind for the 
manufacture of clinical or commercial 
supplies, process development, R&D, assay 
services, fill–finish, or other activities (1).

Cost-cutting not a factor 
The BioPlan survey, which included re-
sponses from 302 representatives from bio-
pharmaceutical companies and CMOs in 
29 countries, evaluated 23 key outsourcing 
areas in biomanufacturing (1). The study 
showed that companies are incorporating 
outsourcing as a manufacturing strategy 
rather than as an ad hoc method of add-
ing flexible capacity or to simply eliminate 
overhead costs associated with lower value 
production activities. Data also show a 
spike in the percentage of biopharmaceu-
tical companies projecting outsourcing of 
analytical testing, validation services, and 
fill–finish activities.

The BioPlan study further evaluated 
how companies are addressing cost is-
sues in biopharmaceutical manufac-

turing. The survey identified activities 
biomanufacturers undertake to reduce 
costs. The study showed that outsourc-
ing activities ranked in the bottom quar-
ter of measured factors to reduce costs 
although outsourcing increased slightly 
for certain functions as a strategy for cost-
containment during the past 12 months 
(see Figure 1). There was an increase in 
respondents using outsourcing of jobs 
in manufacturing to cut costs: 14.5% in 
2012, up from 11.8% in 2011. Approxi-
mately 13% of respondents outsourced 
jobs in process development and 8.8% did 
in R&D. An equal number of respondents 
(9.4%) reported outsourcing manufactur-
ing activities to domestic and nondomes-
tic service providers. (see Figure 1).

Outsourcing budgets flat
The survey showed clear evidence that 
budgets are bouncing back in all areas in 
2012, except outsourced manufacturing. 

The uptick in areas other than outsourc-
ing represents a change from two years ago 
when budgets decreased in areas ranging 
from production, hiring new scientific 
staff, and new facility construction. 

The survey also separately asked re-
spondents to indicate how their out-
sourcing in R&D and manufacturing 
will change during the next 12 months. 
On average, future outsourcing at individ-
ual facilities will see moderate overall in-
creases for all types of outsourcing not just 
manufacturing (9.3% during the next 12 
months). These increases are more heav-
ily distributed on key outsourcing areas 
(see Figure 2) rather than broadly seen as 
increases across all operations. 

Projections
The survey evaluated 24 different areas as-
sociated with outsourced operations and 
asked respondents which activities will be 
outsourced “more often” during the next 

Gauging Biopharm Outsourcing

Budgets for biopharma activities are gaining

in select functional areas, except outsourcing. 

Eric Langer

Eric Langer is 

president of BioPlan 

Associates, tel. 

301.921.5979, elanger@

bioplanassociates.com,

and a periodic 

contributor to 

Outsourcing Outlook.

Figure 1: Outsourcing actions taken by biomanufacturers to reduce costs at facilities 

during the past 12 months.

Outsourced jobs in manufacturing
14.4%
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13.2%
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9.0%
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Percentage of respondents

Source: BioPlan Associates (1).
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Outsourcing Outlook

24 months. More than one-third (35.4%) 
expect to increase outsourcing of analytical 
testing/bioassays. BioPlan believes much of 
this increase relates to product character-
ization, including for biosimilars.  

Validation services was the area where 
respondents predicted the highest rate 
of increase (32.3% indicated high rates 
in outsourcing in 2012, compared with 
22.1% in 2011 and 23.8% in 2010). Also, 
26.2% of biomanufacturers predict they 
will outsource significantly more fill–fin-
ish operations during the next 24 months 
compared with 23% in 2011, and 25% in 

2010. Other areas of outsourcing growth 
include: API biologics manufacturing,cell-
line development, testing for lot release,and 
toxicity testing. Some recent decreases in 
predictions for outsourcing growth are in: 
downstream production operations, test-
ing/product characterization, media opti-
mization; upstream production operations, 
regulatory services, upstream process de-
velopment; and testing cell-line stability.

Looking ahead 
The biopharmaceutical industry contin-
ues to focus on productivity, efficiency, 

getting more out of existing internal re-
sources, and maximizing performance 
from their provider relationships. Al-
though outsourcing can improve overall 
efficiency and reduce costs, the man-
agement of relationships continues to 
be challenging and necessitates CMO/
CRO flexibility to meet clients’ shifting 
needs. Data from this study shows that 
CMOs are expanding their manufactur-
ing competence through the use of novel 
technologies, single-use/disposable bio-
reactors, and other differentiated biopro-
cessing services. Improved services are 
resulting in increased adaptability, lower 
costs, faster turnaround, and higher 
yields, thereby offering more choice for 
biopharmaceutical companies. At the 
same time, the costs for using CMOs for 
product manufacturing are becoming 
slightly more competitive.  

Reference
 1. BioPlan Associates, 9th Annual Report and 

Survey of Biopharmaceutical Manufactur-

ers (Rockville, MD, April 2012), www.

bioplanassociates.com. PT

key functions. In addition to the 
CPCR, Pfizer functions work together 
to tighten security for warehouse stan-
dards and ensure the safe distribution 
of products to consumers in the mar-
ketplace. These processes are designed 
to protect the integrity of the legitimate 
supply chain against counterfeit goods 
getting in and to prevent legitimate 
product from being diverted or stolen.  

Site and conveyance security also 
requires that companies develop close 
relationships with governmental agen-
cies sponsoring supply chain secu-
rity programs, such as the Customs-
Trade Partnership Against Terrorism  
(C-TPAT) and Transportation Security 
Administration (TSA), to ensure com-
pliance with regulations and to lever-
age current thinking and guidelines. 

In addition, industry organizations 
such as the Technology Asset Protec-
tion Association (TAPA), the Phar-
maceutical Cargo Security Coalition 

(PCSC), and Rx-360, the international 
supply-chain consortium, are impor-
tant sources of practical information 
and best practices. At the local level, 
intelligence networks and a regional 
knowledge base need to be nurtured 
so reliable information can be shared 
with logistics managers, allowing them 
to better plan and improve transit and 
logistics operations.

Regardless of where in the supply 
chain a theft occurs, it is ultimately the 
manufacturer’s responsibility–if not 
legally, then certainly in the equally 
important arenas of ethics and public 
opinion–for assuring that all parties 
fulfill their duties for delivering safe 
and effective medicines to customers. 

A large part of the solution lies in 
raising awareness of the problem and 
currently available solutions. Much has 
already been published and discussed 
about counterfeiting, but little has been 
said publicly about cargo theft. Crimi-
nals tend to aim for the weakest link 
in a supply chain; once a crime such 

as cargo theft has been committed, 
the security system has already gone 
wrong. In today’s environment, the 
pharmaceutical industry cannot afford 
to be complacent.  Manufacturers need 
to stay one step ahead of organized 
crime by developing and coordinating 
top-notch conveyance and logistical 
security practices throughout their 
organizations  to assure product and 
patient safety worldwide.  
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Figure 2: Select outsourcing activities projected to be done at significantly higher levels.
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Q&Awith
FDA Approves 
Generic Antitussive/
Antihistamine Product 
Developed by Three-
Party Collaboration
Cornerstone Therapeutics, 

a specialty pharmaceutical 

company focused on acquiring, 

developing, and commercial-

izing proprietary products, has 

announced FDA’s approval of 

its abbreviated new drug ap-

plication for CRTX 067, a generic 

hydrocodone polistirex and 

chlorpheniramine polistirex 

extended-release suspension.

CRTX 067 was developed 

through a collaboration includ-

ing Cornerstone Therapeutics, 

Coating Place, and Neos Thera-

peutics. Cornerstone will market 

the product through its wholly 

owned generic-drug subsid-

iary, Aristos Pharmaceuticals. 

Coating Place will manufacture 

and supply the APIs, including 

a patent-protected version of 

time released hydrocodone and 

chlorpheniramine polistirex 

drug resin complex. The active 

substances will be manufac-

tured at commercial scale in 

Coating Place’s facilities. Neos 

developed the CRTX 067 drug-

product formulation using its 

proprietary suspension formula-

tion technology, Dynamic Time 

Release Suspension. 

BMS Begins 
Tender Offer to 
Acquire Amylin
Bristol-Myers Squibb (BMS) has 

begun a cash tender offer to 

purchase all outstanding shares 

of common stock of Amylin 

Pharmaceuticals. Upon the 

successful closing of the tender 

offer, stockholders of Amylin will 

receive $31.00 in cash for each 

share of Amylin common stock 

validly tendered and not validly 

withdrawn in the offer, without 

interest and less any applicable 

withholding taxes. Following 

the purchase of shares in the 

tender offer, Amylin will be-

come a subsidiary of BMS. BMS 

had previously announced its 

intention to acquire Amylin on 

June 29, 2012.

Seven Pharmaceutical 
Companies Join 
Academic Researchers 
for TB Drug Discovery
Seven pharmaceutical com-

panies (Abbott, AstraZeneca, 

Bayer, Eli Lilly, GlaxoSmithKline, 

Merck & Co., and Sanofi) and 

four research institutions (the 

Infectious Disease Research In-

stitute; the National Institute of 

Allergy and Infectious Diseases, 

part of the National Institutes 

of Health; Texas A&M Univer-

sity; and Weill Cornell Medical 

College), working with the Bill 

& Melinda Gates Foundation, 

have launched a partnership 

that aims to expedite the dis-

covery of new treatments for 

tuberculosis (TB). The partner-

ship, known as the TB Drug 

Accelerator (TBDA), will target 

the discovery of new TB drugs 

by collaborating on early-stage 

research. The goal of TBDA is 

to create a TB drug regimen 

that cures patients in only one 

month. Existing drugs, all at 

least 50 years old, require six 

months to cure the disease—a 

lengthy process that contributes 

to 20–30% of patients dropping 

out before completion. Aided 

by nearly $20 million from the 

Gates Foundation, the partners 

launched the TBDA in April 

2012, and have begun the first 

round of screening for new TB 

drug candidates. The TBDA aims 

to develop five new preclinical 

drug candidates with treatment-

shortening potential within five 

years and proof-of-concept for 

a one-month, three-drug regi-

men within 10 years.

Babu Padmanabhan, Managing Director and 

Chief Knowledge Officer of STEER Engineering

PharmTech:
How has the increasing focus 

on biopharmaceuticals af-

fected your business?

Padmanabhan:
Our organization supports the 

bio/pharmaceutical industry 

by improving the effective-

ness of the oral, skin, and 

intramuscular drug-delivery 

systems. We build the tools 

for engineering sustained and controlled release of drugs, 

enhanced bioavailability, drug-eluting stents, and implant-

based, innovative drug-release systems. These methods 

are recent developments and have potential in both small-

molecule drugs and biopharmaceuticals.

PharmTech:
How is your company responding to regulators’ intensifying 

emphasis on inspections and product quality?

Padmanabhan:
Because we build tools for developing and manufacturing 

drug products, our equipment is built with full range of 

instrumentation and analytical systems that are compliant 

with current global regulatory requirements. We provide 

support in meeting the requirements of the design-, 

installation-, operational-, and performance-qualification 

protocols of various companies. Because of our exposure to 

many such protocols, our support to companies move them 

towards a better set of requirements (i.e., exceeding current 

requirements and preparing for the future).

PharmTech:
Do you see a new industry trend emerging?

Padmanabhan:
Continuous manufacturing is gaining significant attention 

among the pharmaceutical industry. Life-cycle manage-

ment of existing drugs has been one of the current areas of 

focus. There is growing interest in equipment that supports 

the manufacturing of potent compounds with containment.

PHARMA CAPSULES



The world's leading pharmaceutical event is ready for business
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Co-located with

Are you ready to meet the global pharma industry? 
CPhI Worldwide, the leading pharmaceutical exhibition, is re-

turning once again, offering pharma executives an opportunity 

to source new suppliers, network and learn more about the 

industry. CPhI Worldwide is being held at Feria de Madrid, 

Spain,  from 9–11 October 2012. The show is an opportunity 

for pharma executives to find new suppliers, build their pro-

fessional networks and learn more about the key trends in 

pharma today. 

CPhI Worldwide has a genuinely global focus, attracting 

visitors and exhibitors from all over the world with everything 

available under one roof. Last year’s event, held in Frankfurt, 

attracted over 2,200 exhibitors from over 140 countries and 

more than 30,000 attendees.

Entire pharma value chain under one roof
CPhI Worldwide actually comprises four co-located shows. In 

addition to CPhI, which focuses on Pharma Ingredients, there 

is ICSE for Pharma Contract Services, P–MEC Europe for 

Pharma Technology, Equipment and Machinery and InnoPack 

for Pharma Packaging. 

Together, the shows cover every stage of the pharma value 

chain and cater to the specific needs of a diverse range of 

pharma stakeholders, with exhibitors in every area from ingre-

dients, excipients and formulation through to finished dosage, 

technology and packaging. 

CPhI’s unique structure has been developed to reflect the 

interdisciplinary synergy that characterizes pharma today. 

For example, bringing a successful OTC medicine to market 

means getting every element just right: not just the formula-

tion, but also the manufacturing process, the packaging or 

delivery system and the contributions made by contracted 

service providers. 

The structure also allows visitors to shape their own experi-

ence of the event, focusing on the suppliers and technologies 

that interest them most while also exploring related areas of 

the industry. 

New zones and global pavilions for 2012
All four shows within CPhI are subdivided into zones, each 

dedicated to a different area of expertise within the sector and 

designed to showcase its distinct qualities. Zoning has been 

warmly received by attendees because it makes the event eas-

ier to navigate and enables quicker movement between areas. 

This year, the event features two specialized areas devoted 

to biopharmaceutical development resources: the Biophar-

maceuticals and Bio Services Zones. 

The Biopharmaceuticals Zone focuses on biopharmaceuti-

cal ingredients and products such as Bio Clusters, Biophar-

maceuticals, Bio-similars, Bio process technologies, Biotech-

nology and related specialities, Platform Technologies and 

Therapeutics. 

The Bio Services Zone is devoted to companies offering bio 

services and technology to the pharma industry. 

Other zones at the show focus on a diverse range of spe-

cialist disciplines and product areas. CPhI features zones for 

APIs, Generic APIs, Custom Manufacturing, Fine Chemicals, 

Intermediates, Finished Dosage, Excipients/Formulation, a 

General zone and the new Biopharmaceuticals zone. ICSE 

includes the Bio Services zone, plus zones devoted to Logis-

tics and Supply Chain, Analytical and Lab Services, Clinical 

Trials (including Pre-Clinical Trials, Clinical Trials Stages 1–4, 

CRO and Clinical Data Management), and a General Floor. 

P–MEC Europe features LABWorld, which focuses on labora-

tory, analytical and biotechnology instrumentation. Finally, Inno-

Pack’s two zones are dedicated to Labeling and Track & Trace.

ADVERTORIAL
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Co-located with Pharmaceutical

Ingredients

Packaging
Machinery Technology

Equipment

Contract Services

CPhI is a truly global event, attracting exhibitors and visi-

tors from around the world. Recognising that some visitors 

have an interest in a particular geographical area as well 

as a particular sector, the event includes 16 Global 

Pavilions that allow people to find suppliers from a 

specific region quickly and easily. This year, new 

Global Pavilions have been added for Russia 

and Malaysia, reflecting the rapid growth of 

the pharmaceutical industry in these mar-

kets. The other Pavilions focus on Argentina, 

Brazil, China, Egypt, France, India, Ireland, 

Korea, Morocco, Portugal, Scotland, the 

UK and North America, which now fea-

tures SOCMA. 

The choice of the senior executive
CPhI is renowned within the pharma in-

dustry for the audience it attracts, even in 

comparison to other pharma-specific events. 

Many C-level executives attend the show; 

in 2011, 6 out of 10 visitors had sole or joint 

purchasing responsibility for the types of prod-

ucts and services at the show, and 80% of visitors 

planned to purchase products or services from an ex-

hibiting company. Because of this strong commercial focus, 

the event attracts many exhibitors who return year after 

year; many have put CPhI Worldwide at the heart of their 

new-business efforts. 

Time and again, exhibitors report that having a stand at 

CPhI Worldwide puts them in front of senior commercial 

decision-makers, allowing them to forge highly productive, 

long-lasting business rela-

tionships face to face. Many 

find that their attendance 

unlocks new business op-

portunities that would have 

been difficult or impossible 

to realise through other mar-

keting channels. 

In 2011, 94% of visitors 

were somewhat to very satisfied with their experience of the 

show, and 83% agreed that CPhI is a “must attend” event. 

Rewarding achievement
For the last few years, CPhI has hosted the Innovation Awards, 

which recognize outstanding innovation among the event’s 

exhibitors. This year, the scope of the awards has been broad-

ened, and they’ve been re-

named accordingly, becom-

ing the CPhI Pharma Awards. 

The awards aim to honour 

companies who turn inspi-

ration into innovation—the 

thinkers and creators break-

ing new ground in manufac-

turing, drug delivery, sustain-

able packaging and stand design. Success in the awards 

delivers exposure on the international stage, as award win-

ners are unveiled to the global trade press during the event. 

Naturally, winners take advantage of a major commercial op-

Together, the shows cover every stage 

of the pharma value chain and cater to 

the specific needs of a diverse range of 

pharma stakeholders.

ADVERTORIAL
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portunity, as their newly developed products and services are 

directly promoted to the many ‘movers and shakers’ present 

at the show. 

The CPhI Pharma Awards feature three categories: Best 

Innovation, Best Sustainable Packaging and Best Sustain-

able Stand Design. Best Innovation recognizes outstanding 

achievement in pharmaceu-

tical R&D, highlighting pio-

neers in new, commercially 

scalable technologies. 

Best Sustainable Pack-

aging, newly introduced for 

2012, rewards Pharma pack-

aging companies who have 

created a specific material, 

machine or service that allows pharma companies to achieve 

a more sustainable packaging, or packaging process. The 

creation of this award reflects the industry-wide move towards 

more sustainable materials and processes. 

The Best Sustainable Stand Design award celebrates ex-

hibitors who have taken positive steps towards sustainability in 

the design and construction of their stands—using green 

materials, reusing, recycling and so on. 

The Best Sustainable Stand Design award is just one 

of a range of sustainability initiatives being undertaken 

by UBM Live, the organizers of CPhI Worldwide. 

UBM Live was the first major event organizer to 

achieve self-certification under BS 8901, with the 

Amsterdam office being accredited in November 

2011. Soon afterwards, the standard was rolled 

out to events organized by UBM Live. Now the 

company is working towards ISO certification, 

which will take its commitment to sustainability 

to the next level. A dedicated Sustainable Fea-

ture area will also be available at CPhI. 

Entry for the CPhI Pharma Awards is open 

to exhibitors at CPhI Worldwide, ICSE, P-MEC 

Europe and InnoPack. The deadline for Best Inno-

vation and Best Sustainable Packaging is 10 August 

2012, while Sustainable Stand Design is open until 31 

August. The shortlist will be announced on 7 September, 

with presentations being held by shortlisted exhibitors at the 

CPhI Speakers Corner on 9 October. Details of how to enter can 

be found online at www.cphi.com/pharma-awards.

CPhI Global Meetings
The commercial opportunities available at CPhI are signifi-

cant: the average visitor holds a departmental budget of 

over €3.7m and makes eight new business contacts while 

at the show. With so many potentially relevant stands and 

just three days to see them all, there’s always a risk that ex-

hibitors and visitors will fail 

to connect with their ideal 

commercial partner.

Anxious to avoid th is, 

many attendees have taken 

to pre-arranging their meet-

ings with exhibitors; the 

average visitor attends 16 

meetings at the show, of 

which nine are pre-arranged. The success of this depends 

on visitors carrying out proactive research in order to identify 

who they should see. This year, for the first time, the event’s 

T h e  a v e r a g e  v i s i t o r  h o l d s  a 

d e p a r t m e n t a l  b u d g e t  o f  ove r 

€3.7m and makes eight new business 

contacts while at the show.

ADVERTORIAL
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Contract Services

organizers are offering an official ‘Match and Meet’ service—a 

sort of matchmaking service for attendees. 

CPhI Global Meetings give exhibitors direct access to senior-

level executives such as procurement managers, contract manag-

ers and business development managers from across the entire 

pharma industry. It allows them to meet pre-qualified buyers who 

are actively looking for new partnerships, products and services. 

The service is fully tailored around the needs of exhibitors 

and visitors, who can simply request meetings based on their 

areas of specialization. They are then carefully matched up 

with hand-picked buyers, using the buyers’ purchasing re-

quirements as a guide. One week before the event, a list of 

matched meetings is submitted for the exhibitor’s approval. 

The system typically delivers four or five meetings per sup-

plier, each scheduled to last around 20 minutes and held at the 

exhibitor’s own stand or in a dedicated meeting area. 

Conferences and seminars
Another reason to attend CPhI Worldwide is the impressive 

array of conferences, talks and seminars, which allow visitors 

and exhibitors to develop their industry knowledge and keep 

up to speed with emerging trends. 

The Pre-Connect Conference will be held on October 8, the 

day before the main event opens for business. Visitors willing 

to invest an extra day can take advantage of a programme split 

into two halves on Development and partnering and Manufac-

turing—or mix and match modules between the programmes. 

Development and partnering features modules on Generics 

and super-generics, Biosimilars and biobetters and Strategic 

partnerships, while Manufacturing covers Drug delivery sys-

tems, API sourcing in emerging markets and Biomanufacturing. 

Both programmes run from 8:30 am to 8 pm, including breaks 

for networking and tapas and an evening drinks reception. 

Once CPhI Worldwide opens the following day, attendees 

can take advantage of a wide range of lunchtime education 

sessions, each focusing on a key topic in pharma today. The 

full programme has yet to be confirmed, but based on previ-

ous years the sessions are sure to be relevant, authoritative 

and hugely popular with visitors. 

For those with less time to spare who want to get up to 

speed with some recently launched innovations, the Speak-

er’s Corner areas provide the facility for exhibitors to deliver 

20-minute ‘bite-sized’ speeches on their new launches. 

Speaker’s Corners are situated in CPhI, ICSE and InnoPack. 

Enjoying Madrid 
When not at the event itself, attendees can enjoy the many 

attractions of Madrid, from the Puerta del Sol, Royal Palace 

and Almudena Cathedral to the world-famous Prado Museum. 

Visitors can also enjoy the city’s famous nightlife, café culture 

and shopping opportunities. 

More information
t  A custom-built Mobile App is in development that will offer 

quick, easy access to key information about the CPhI event. 

More details will be published at the CPhI website 

(www.cphi.com) and via the event’s social media channels. 

t��*OUFSFTUFE�JO�WJTJUJOH �

   Choose one of our 4 visitor packages: www.cphi.com/events
t�1SFGFS�UP�FYIJCJU �

   Email for options and availability: cphi@ubm.com 

t�3FHJTUFS�GPS�ZPVS�GSFF�FYQP�QBTT�BU�www.cphi.com/register 

ADVERTORIAL
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BioPharma Solutions

Manufacturing Services Provider

BioPharma Solutions, a business unit of  

Baxter, works with pharmaceutical compa-

nies to support their commercialization objec-

tives by providing scientific expertise, sterile 

manufacturing solutions, parenteral delivery 

systems, and customized support services 

needed to meet the unique challenges that 

parenteral products face.

Meeting Parenteral Manufac-

turing Challenges

Parenteral manufacturing can be a complex 

process. Cytotoxics, antibody-drug con-

jugates (ADCs), highly potent compounds, 

biologics, and lyophilized products require 

specialized under-

standing.  BioPharma 

Solutions offers a 

dedicated facility that 

utilizes experienced 

operators, sophisti-

cated equipment and 

systems, and robust 

standard operating 

procedures, training 

and risk assessments. 

Our contract manu-

facturing services 

provide customers 

access to world-class 

scientific expertise, 

state-of-the-art fa-

cilities, and processes 

designed to help en-

sure a reliable supply 

of quality product to 

the market.  

Baxter is the only 

company worldwide with facilities certified by 

SafeBridge doing both parenteral drug sub-

stance synthesis and parenteral drug product 

manufacturing and testing. 

Sterile Manufacturing Solutions

As a parenterals specialist, BioPharma Solu-

tions offers unique delivery systems and a 

variety of manufacturing solutions to meet 

complex and traditional manufacturing chal-

lenges.  Areas of expertise include:

t� 4UFSJMF�.BOVGBDUVSJOH�4PMVUJPOT�

 o Prefilled Syringes

 o Liquid Vials

 o Lyophilized Vials

 o Cartridges

 o Diluents for Reconstitution

 o Ampoules

 o Powder Filled Vials

 o Sterile Crystallization

t� 1BSFOUFSBM�%FMJWFSZ�4ZTUFNT�

 o Frozen Premix System 

 o Liquid Premix System 

 o BIO-SET Luer System 

t� %SVH�$BUFHPSJFT�

 o Small Molecules

 o Biologics 

 o Vaccines 

 o Cytotoxics

 o Antibody-Drug Conjugates (ADCs) 

 o Highly Potent Compounds

 o Cephalosporins / Penicillins 

*OEVTUSZ�-FBEFS�XJUI�(MPCBM�

Presence

Baxter has more than 80 years of paren-

teral contract manufacturing experience 

with over 50 manufacturing facilities 

across six continents. BioPharma Solu-

tions is a leading contract manufacturer 

of prefilled syringes in North America and 

has more than 25 years of successful col-

laborations working with pharmaceutical 

companies in developing and launching 

their product.  We were named the “Best 

Contract Manufacturing Organization” at 

the Vaccine Industry Excellence Awards, 

third year in a row.

More information is available at:  

http://www.baxterbiopharmasolutions.com. 
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1389 School House Road

Delaware City, DE  19706

tel. 302.838.4000

fax 302.838.3222

www.bilcaresolutions.com

ECOmply™ is an eco-friendly blister combining 

biodegradability with product protection stabil-

ity. ECOmply™ blends standard PVC film with 

a special additive that makes it biodegradable. 

ECOmply Film has been tested for biodegrad-

ability as per ASTM D5511. Initial results have 

shown 18.7% biodegradation in 45 days.  For 

low-sensitivity products, ECOmply™ can be 

paired with Bilcare Nova®, a specialized paper-

based lidding solution.

Bilcare Protect™ blister film fights counterfeit-

ing via embedded images nearly impossible to 

duplicate. Bilcare Protect’s effectiveness stems 

from its precise amount of metal deposition 

embedded with images and patterns, creat-

ing a unique differential grating methodology. 

The result is a non-replicable blister package 

pattern that remains permanent even through 

high-temperature or high-pressure applications, 

or during post-packaging storage.

Bilcare’s nonClonableID™ security technology en-

ables products to be authenticated as they move 

through the supply chain, thereby protecting 

brands and preventing misuse.  The nonClon-

ableID™ fingerprint can be seamlessly integrated 

into any supply chain system, providing secure 

and irrefutable real-time product identification 

and authentication. It also provides a reliable 

means for track-and-trace and e-pedigree of 

products from manufacturer to consumer.

Bilcare Research is one of the world’s leading 

manufacturers of pharmaceutical and medical 

blister films and foils, supplying a full range of 

thermoforming films, Alu-lid foils, and cold form 

foils.  The company’s three business areas–

Pharmaceutical Packaging Innovations, Global 

Clinical Services and Bilcare Technologies for 

brand authentication and security–combine to 

address the industry’s five C’s: counterfeiting, 

compliance, communication, convenience and 

cost.

Bilcare Research employs more than 2,000 

people and has a global footprint with modern 

manufacturing and R&D plants across the 

United States, Europe, India and Singapore. Its 

U.S. headquarters is located in Delaware City, 

DE, and offers 180,000 square feet of space, 

including the new BilcareOptima™ R&D lab.

BilcareOptima™ is the first scientific method for 

developing optimum packaging for pharma-

ceutical products. BilcareOptima determines 

packaging needs of drug formulations through 

studies such as forced degradation analyses–

which take into account the effects of environ-

mental factors such as temperature, humidity 

and light–and dimensional sensitivities in the 

formulation. Once an optimal protection level 

is recommended, Bilcare Research can then 

develop product-specific packaging based on 

barrier requirements.
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Catalent Pharma Solutions

14 Schoolhouse Rd.

Somerset, NJ 08873

tel. + 1 888 SOLUTION (765 8846)

solution@catalent.com

www.catalent.com

4VQQMZ� As a seamless extension of your supply 

chain, we have the technology and expertise to 

offer global, integrated supply chain solutions. We 

manufacture oral, sterile and inhaled dose forms, 

produce biologics for preclinical and clinical stud-

ies, and are a recognized leader in clinical product 

packaging. We help ensure the highest quality of 

product as well as speed your time to market. With 

our expertise and capacity across every phase 

of development, we offer you the peace of mind 

that comes from having one company manage 

your supply chain throughout your product’s entire 

lifecycle.

8IZ�$BUBMFOU  We have the unrivaled ex-

perience, deepest expertise, and track record of 

global market success to:

t� Serve 49 of the top 50 pharmaceutical 

and 36 of the top 50 biotech companies

t� Operate 20+ global sites across 100+ markets

t� Support 40% of recent new U.S. drug approvals

t� Manufacture or package 100 

billion units annually

0VS�1SPNJTF� Whether you are looking for 

a single, tailored solution or multiple answers 

throughout your product’s lifecycle, we will im-

prove the total value of your treatments—from 

discovery to market and beyond.

More products. Better treatments. Reliably supplied.™

$BUBMZTU���5BMFOU� Our name combines 

these ideas. From drug and biologic develop-

ment to delivery technologies and supply solu-

tions, we are the catalyst for your success. 

With over 75 years of experience, we have the 

deepest expertise, the broadest offerings and 

the most innovative technologies in brand and 

generic pharmaceuticals, veterinary medicine, 

consumer health, and biologics.

%FWFMPQNFOU� With our broad range of expert 

services we drive more efficient development 

timelines to help you bring more products to mar-

ket faster. We have the deep expertise and exten-

sive formulation capabilities to solve even the most 

complex bioavailability, solubility, and permeability 

challenges. BIOLOGICS, PRE-FORMULATION 

& FORMULATION, PHARMACEUTICAL & BIO-

PHARMACEUTICAL LAB SERVICES, REGULA-

TORY CONSULTING

%FMJWFSZ� We are a world leader in drug delivery 

solutions with a proven track record of helping 

our customers create better treatments, faster. 

Whether your challenge is enhancing bioavailabil-

ity, improving ease and route of administration, or 

increasing patient compliance, we can help. SOFT-

GEL TECHNOLOGIES, ZYDIS® & LYOPAN® FAST-

DISSOLVE TECHNOLOGIES, CONTROLLED 

RELEASE TECHNOLOGIES, INHALATION, INJECT-

ABLES, CONSUMER HEALTH
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Croda Inc

300-A Columbus Circle

Edison, NJ  08837

tel. 732.417.0800

fax 732.417.0804

www.croda.com/healthcare

Super Refined® Castor Oil is a 

high purity version of naturally derived castor 

oil.  It is a very useful excipient due to its 

high degree of functionality and is an ideal 

emulsifying and solubilizing agent for inject-

able, oral and ophthalmic dosage forms.  The 

Super Refined oil provides improved oxidative 

stability as well as reduced peroxide levels.

Super Refined®�1PMZTPSCBUF�

range offers the highest purity polysorbate 

20, 60 and 80 available.  Excellent solubiliz-

ers, nonionic emulsifiers, stabilizers, wetting 

and dispersant agents, these high purity 

polysorbates are ideal for various dosage 

forms.  The Super Refined polysorbates have 

been tested to show reduction of cellular irri-

tation, as well as improved oxidative stability.

Super Refined®�1&(�����is a highly 

purified PEG 400 that is multi-compendial 

and an ideal solvent, solubilizer, formula-

tion base and plasticizer for multiple dosage 

forms.  Super Refined PEG 400 has been 

shown to improve API stability, to reduce 

gelatin cross-linking and to improve oxidative 

stability.

Super Refined®�"SMBTPMWF™�%.*�

is a topical delivery enhancer that boosts the 

penetration of actives into the deeper layers 

of the epidermis.  It is an excellent solubilizer 

of hydrophilic and lipophilic actives.  Super 

Refined Arlasolve DMI increases the ef-

fectiveness of the active ingredients, enabling 

targeted delivery for topical and transdermal 

applications.

Super Refined® Oils are various 

naturally derived oils which have been highly 

purified to remove polar and oxidative impuri-

ties.  Super Refining improves the oxidative 

stability of the triglyceride without altering 

the natural fatty acid composition.  This 

reduces the potential for adverse interactions 

between the excipient and the API, enhanc-

ing the stability and performance of the 

drug.  Super Refining also decreases the total 

nitrogen levels, a value associated with the 

levels of protein residue within an excipient.  

Oils in the Super Refined range include corn, 

cottonseed, olive, peanut, safflower, sesame 

and soybean.
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DCI, Inc.

600 North 54th Avenue

St Cloud, MN  56303

tel. 320.252.8200

fax 320.252.0866

www.dciinc.com

PharMix® Agitators

PharMix® 1000, 3000, 4000, D-Series and Mini Series top-entering 

agitators.  These mixers are specifically designed for demanding industry 

applications.  They have the industry’s best performance and clean-ability 

features including:  All Stainless Steel Drives – inverter duty motor, reduc-

tion gear and pedestal;  Versatile drive motor mounting configurations;  

Product Contact Material  is 316LSS (S31600/S31603) standard or avail-

able in any higher alloy’s such as Hastelloy®, Duplex or AL6XN®; Unlimited 

Impeller Designs; Wide range of hygienic shaft seals; Robust shaft design; 

Advanced in-vessel hygienic couplings;  Integrated Agitation Controls;  

Complete Pre-Validation documentation package provided with each unit.

PharMix®�4$�4ZTUFN

The PharMix SC (Single Campaign) System is the next generation of qual-

ity and performance for any application requiring aseptic processing.  Our 

advanced patented agitation technology provides rapid, efficient mixing 

for reduced batch times in a scalable, single-use poly film mixing BioCon-

tainer (50-1000L).

Save time, improve efficiency, and streamline cleaning with the PharMix 

SC System.  From complex to simple, we’ll design a system for your spe-

cific application.  The SC System improves costs by reducing the need for 

capital equipment and also reduces your costs on labor, validation, manu-

facturing, and utilities; virtually eliminates equipment cleaning.
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The Elizabeth Companies

601 Linden St.

McKeesport, PA 15132

tel. 412.751.3000

fax 412.751.2390

www.eliz.com

*OUFSDIBOHFBCMF�UVSSFU�UBCMFU

press

The press’s removable turret and “Easy Clean” 

design facilitate part removal and changeover be-

tween product runs. Its interior is easily

accessed, and there is less weight on heavier 

press components.  Single-sided models are de-

signed to achieve turret speeds of 100 rpm,

and double-sided models also are

available for high-volume production.

Eliza-Press

Elizabeth is offering a new line of tablet presses, 

the Eliza-Press Series.  The Eliza-Press 200 model 

is the new R&D size with both single and bi-layer 

versions.  This new series is designed as a semi-

automatic tablet press engineered with quality, 

performance, and value.  Fully GMP compliant 

with a simple user-friendly touchscreen interface.

)BUB���-BZFS�$PSF�1SFTT

The New Hata 3-Layer Tableting Press System with an 

interchangeable turret design has the production capa-

bilities of single-layer, bi-layer, tri-layer, and a custom 

core-tableting application.  All of this production flexibility 

in one Hata Tableting Press.  Mechanical design features 

on the Hata Press aid in consistent weight control of 

the individual tablet layers.  Along with Hata’s patented 

sealed feeding system, a special vacuum design also 

assists with the reduction of cross-contamination for 

accurate multi-layer production.

5PUBM�UBCMFUJOH�TPMVUJPOT

The Elizabeth Companies, a leading manufacturer 

of tooling, presses, and parts for the pharma-

ceutical industry, is a source for total tableting 

solutions.  From tablet tooling, presses, and parts 

to blisterpackaging tooling, the company offers 

high-quality products combined with a strong 

commitment to service.  With more than 50 years 

of tableting expertise, the company is committed 

to helping customers meet their tableting needs.

5BCMFU�UPPMJOH

When making tablet tooling, the Elizabeth Com-

panies starts with high-quality tool steel, carbide, 

and ceramic, then incorporates skilled

tool- and tablet-design engineering, the latest in 

computerized machine tools, expert craftsman-

ship, and scrupulous quality control.

1SFTT�SFQMBDFNFOU�

QBSUT�BOE�SFCVJME�TFSWJDFT

Tableting-press replacement parts and press 

refurbishing services are offered through Elizabeth 

Scheu & Kniss, a supplier of tablet-press turrets 

and parts.  A line of high-quality turrets and a wide 

variety of replacement parts for various makes and 

models of presses are in stock and ready to ship.
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&U2�GPS�1IBSNBDFVUJDBMT

EtQ is an integrated Quality and Compliance 

Management system that has been pre-con-

figured to specifically address the needs of the 

Pharmaceutical industry. EtQ’s unique modular 

approach provides unparalleled flexibility and 

automation, delivering a best in class solution. 

Key modules include Change Management, 

Complaint Handling, Risk Management, and 

Audits.

$IBOHF�.BOBHFNFOU

EtQ’s Change Management module is designed 

to manage all aspects of the Change Manage-

ment process. Change Management integrates 

with other key modules such as Risk Register to 

analyze the impact of change, and Complaints 

Handling to identify adverse events, analyze 

change feedback, and collect customer require-

ments for future changes.

EtQ’s Electronic Signature and 

Record

EtQ’s FDA Compliance Management Software 

automatically and securely binds the authenti-

cated user’s electronic signature. EtQ ensures 

that the user has signed onto the system and 

exposed their signature via the forced authenti-

cation process, as required by 21 CFR Part 11. 

Authentication is required each time a docu-

ment is processed.

$PNQMBJOU�)BOEMJOH

Complaint Handling Management Software 

manages complaint handling in compliance 

with FDA guidelines. It records all complaints 

reported by customers or consumers to in-

vestigate the problems and keeps records of 

these complaints. Complaint Handling Software 

also provides an eMDR form, for adverse event 

reporting.

EtQ eValidator

For companies regulated by the FDA, systems 

validation is a necessary requirement to ensure 

a secure environment. EtQ’s eValidator utility is 

designed to automate the PQ process. Using the 

eValidator to run validation scripts can automate 

the validation process by as much as 400%.

EtQ Risk Register

EtQ’s Risk Register tool calculates risk using a 

variety of techniques, updates risk at multiple 

points in the process, and displays risk mitiga-

tion history by event. Users can identify risk 

scores and related actions, view risk charts, 

build risk histories, and use configurable views 

to determine top risks in the quality system.

EtQ, Inc.

399 Conklin St.

Farmingdale, NY 11735

tel. 516.293.0949

www.etq.com

info@etq.com
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Fette Compacting America

400 Forge Way

Rockaway, NJ  07866

tel. 973.586.8722

fax 973.586.0450

www.fetteamerica.com

sales@fetteamerica.com

'FUUF�$PNQBDUJOH�"NFSJDB�

*OUSPEVDFT�'&���5BCMFU�1SFTT
�

0GGFSJOH�'BTUFTU�$IBOHFPWFS�

5JNF�JO�$MBTT

Fette Compacting America, the leading sup-

plier of tablet press equipment for pharma-

ceutical and nutritional applications, now of-

fers the FE35 Tablet Press, whose attributes 

include unprecedented levels of productivity 

and the fastest changeover time in its class.  

The new machine offers unmatched flexibility 

and equipment availability – important con-

sidering the pharma industry’s rapid growth 

in new markets, shorter product lifetimes and 

rising cost pressures.

The FE35 is a single rotary tablet press that 

can be fitted with up to 51 stations to produce 

up to 367,000 tablets per hour.  The machine 

is clad in easily-detachable, FDA-certified 

high-performance polymer panels and offers 

360-degree access, and its geometrically 

optimized surfaces offer easiest-possible han-

dling and fast cleaning.  Other highlights:

� t� �*OOPWBUJWF�GJMMJOH�TZTUFN�GPS�FBTZ
�SFMJ-

able feeding and increased product 

output

� t� �/FX�SPUPS�EFTJHO�GPS�NBYJNVN�ZJFMET
�

minimum product loss and easy 

changeover

� t� �/FX�DPNQSFTTJPO�TUBUJPOT�GPS�GBTU�

format and product changeover 

� t� �/PWFM�JOUFSOBM�UBCMFU�EJTDIBSHF�GPS�

guaranteed uninterrupted production

� t� �/FX�GMFYJCMF�WBDVVN�DMFBOJOH�TZTUFN�

for short cleaning cycles

� t� �5VSSFU�SFNPWBM�JO����NJOVUFT�JOWPMWJOH�

only 10 components and zero tools

/FX�$PNQSFTTJPO�4UBUJPOT

For shorter refitting time, the FE35 is the only 

machine in its class with upper and lower 

compression rollers that can be adjusted au-

tomatically, as well as pressure measurement 

cells with integrated measuring amplifiers 

and drive units with a new position measure-

ment system.

/FX�%SJWF
�5VSSFU�BOE�%JTDIBSHF

The FE35’s direct torque drive offers energy-

efficient, zero-maintenance operation.  For 

maximum flexibility, a switch cabinet can be 

positioned externally or internally, and the 

machine’s power cabinet features an innova-

tive cooling design.  Turret changeover set-up 

includes cams and punches and is seg-

mented to permit expedient refitting.  Other 

turret features include a coded tablet scraper 

and coded filling cam detection, as well as a 

central, multi-function connector for oil, air 

and electricity.

Ease of Operation

� t� �6OQSFDFEFOUFE�FBTF�PG�PQFSBUJPO
�

changeover and maintenance

� t� �'FUUF�T�)VNBO�.BDIJOF�*OUFSGBDF�

(HMI) offers uncomplicated, intuitive 

operation for maximum efficiency and 

security.  Highlights:

  -  Key electronic data, including CPU, 

I/O and amplifier status, can be 

monitored on the HMI in real time

  -  An SQL server database

  -  Swift access to the machine’s 

most important functions via 12 

pictogram buttons
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GEMÜ Valves

3800 Camp Creek Parkway

Bldg. 2600, Suite 120

Atlanta, Georgia 30331

tel. 678.553.3400, fax 678.553.3459

www.gemu.com

5IF�/&8�(FNV������$PNCJ�4XJUDI-

CPY Innovative continuous sensing with micro-

processor controlled set point determination offers 

unprecedented repeatability and reliability in valve 

position feedback. Features include highly visible 

GLOWTOP indicator, self setting without cover 

removal and local or remote programming. The 

integrated 3/2 pilot valve with manual override is 

included in a common stainless steel enclosure. 

Fieldbus options include AS-I and DeviceNet.

.����.VMUJQPSU�4BOJUBSZ�#MPDL�

7BMWFT provide solutions to piping challenges, 

retained volume limits, drainability issues and 

space constraints while providing enhanced ef-

ficiency and simplified validation. A broad range 

of porting configurations facilitates modeling in 

complex piping systems.

5IF�(FNV�����4BOJUBSZ�%JBQISBHN�

7BMWF provides two-stage flow with an inter-

mediate setting that is mechanically adjustable 

from 0 – 100%. Fast and precise filling rates 

with reduced foaming or frothing are attained in 

a single valve for dribble control without a costly 

modulating control system.

5IF�(FNV���� unitized valve / actua-

tor / pilot valve / position indicator, offers a 

unique solution in confined areas, particularly 

for fractional sized valves and small multiport 

configurations. The control top segment is 

interchangeable with a 4-20 electro-pneumatic 

positioner module.

5IF�(FNV������1PTJUJPO�*OEJDBUPS 

features highly visible luminous indication, 

self setting switch points and local or remote 

programming. Continuous analogue sensing 

with microprocessor controlled setting offers en-

hanced repeatability and reliability. Optional AS-I 

interface or IO-LINK enabled communication.

5IF�(FNV������&MFDUSP�QOFVNBUJD�

7BMWF�1PTJUJPOFS is smart but not superflu-

ous. It offers a plug and play, auto-initializing 

positioner for linear valves up to 25 mm stroke 

in a stainless steel economical NEMA 4X enclo-

sure. Remote mounting is optional.
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Parenteral Contract Manufacturing Service of Hospira

Hospira One 2 One®

275 North Field Dr.

Lake Forest, IL 60045

tel. 224.212.2267 

tel. +44 (0) 1926 835 554

one2one@hospira.com

www.one2onecmo.com

%SVH�%FMJWFSZ�4ZTUFNT

One 2 One provides a wide variety of delivery op-

tions, from vials, bottles, and prefilled syringes, 

to proprietary products such as the VisIV™ 

flexible container.  It’s about developing simple 

solutions to streamline administration, improve 

accuracy, and decrease waste and costs. One 

2 One meets your unique product needs for a 

distinct advantage in the marketplace.

J4FDVSF��1SFGJMMFE�4ZSJOHF

As a prefilled, unit-dose disposable injection 

syringe, iSecure™ delivers efficiency and 

simplicity to ensure accuracy and lower costs. 

iSecure™ utilizes a 1 to 2.5 mL cartridge and 

is designed for compatibility with intravenous 

administration sets and has the flexibility to be 

used for intramuscular injections.

0ODP�5BJO��7JBM

Our proprietary Onco-Tain™ vial packaging op-

tion was designed to contain cytotoxic material 

by providing shatter resistance with a PVC bot-

tom, surface protection with a shrink-wrapped 

sleeve and clarity of glass for easy inspection. 

We highly recommend this vial packaging option 

for your cytotoxic products.

Hospira’s One 2 One® business is a world 

leader in the custom development and 

manufacture of injectable products pack-

aged in vials, prefilled syringes, cartridges, 

and ampoules.  Hospira has over 80 years of 

know-how in parenteral drug commercializa-

tion, and One 2 One has over 20 years of 

contract manufacturing experience serv-

ing the bio/pharmaceutical companies.

By centralizing management, One 2 One can 

thoroughly integrate five state-of-the-art 

manufacturing facilities around the world.  Our 

global network of facilities offers a wide range 

of development, drug delivery, and manufactur-

ing capabilities and services.  One 2 One has 

a wealth of history and experience in global 

injectable product commercialization.

#SPBE�4UFSJMF�.BOVGBDUVSJOH�

Experience

t��4UFSJMF�GJMMJOH�BOE�MZPQIJMJ[BUJPO�JO�UIF�6�4�
�*UBMZ
�
Australia and India.
t��.BOVGBDUVSFE�PWFS����EJGGFSFOU�NPOP-

clonal antibodies, proteins, peptides 
and recombinant vaccines.
t��&YUFOTJWF�FYQFSJFODF�NBOVGBDUVSJOH�FNVMTJPOT
�

cytotoxic products and beta-lactam products. 
t��1SBDUJDBM�LOPXMFEHF�PG����NBSLFUT
�JODMVEJOH�

expert regulatory filing strategies for the Ameri-
cas, Europe, Asia Pacific regions.
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International Centre for Diffraction Data

12 Campus Boulevard

Newtown Square, PA  19073

tel. 610.325.9814

fax 610.325.9823

www.icdd.com

%FOWFS�9�SBZ�$POGFSFODF

DXC is the world’s largest annual conference 

dedicated to the fields of X-ray analysis. Ex-

perts in the field of X-ray diffraction and X-ray 

fluorescence gather for a week of workshops, 

technical sessions, and manufacturers’ exhibits. 

For information on the conference please visit 

www.dxcicdd.com.

1PXEFS�%JGGSBDUJPO�+PVSOBM

ICDD’s quarterly international journal focuses 

on materials characterization employing X-ray 

powder diffraction and related techniques. With 

feature articles covering a wide range of appli-

cations, from crystal-structure determination of 

polycrystalline materials to advances in applica-

tion software and hardware, this journal offers a 

wide range of practical applications.

*$%%�$MJOJDT

ICDD offers a variety of educational products des-

ignated to teach both the new and experienced 

user. ICDD Clinics boast a high instructor to stu-

dent ratio. Our group of experienced instructors 

with diverse scientific backgrounds enables the 

attendees to receive a blend of both theory and 

results-oriented practical experience. The week-

long format provides in-depth training, not offered 

in most other workshops and symposia. 

1%'���0SHBOJDT

Our materials identification database provides 

comprehensive coverage as the world’s largest 

X-ray powder diffraction database for organics 

and organometallics. PDF-4/Organics is designed 

for a multitude of applications in pharmaceutical, 

regulatory, specialty chemical, biomaterials, and 

forensic fields. PDF-4/Organics is produced by 

combining drug active compounds with polymers 

(including starches and celluloses), common inor-

ganic salts, excipients, and pharmaceuticals.

1%'���

PDF-4+ is an advanced database designed for 

both phase identification and quantitative analysis. 

The comprehensive collection of inorganic 

materials, produced in a standardized format can 

be rapidly searched for unknown identification. It 

contains numerous features such as digitized pat-

terns, molecular graphics, and atomic parameters. 

Many new features have been incorporated into 

PDF-4+ to enhance the ability to do quantita-

tive analysis by any of three methods: Rietveld 

Analysis, Reference Intensity Ratio (RIR) method, 

or Total Pattern Analysis.

1IBSNBDFVUJDBM�1PXEFS� 

9�SBZ�%JGGSBDUJPO�4ZNQPTJVN

This annual symposium is designed to create a 

forum for the exchange of knowledge and cutting-

edge ideas among those interested in the com-

bined fields of XRD and pharmaceutical sciences. 

PPXRD presents topics on patent and regulatory 

issues, formulation, product development, drug 

delivery, polymorphs, amorphous and nanomateri-

als, and complimentary techniques.
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#JPQIBSNBDFVUJDBM�4FSWJDFT

Lancaster Laboratories provides a broad range 

of laboratory services supporting the biopharma-

ceutical industry.  These services include cell and 

molecular biology (cell-based assays, ELISA assays, 

nucleic-acid analysis, PCR, cell-line testing), virology 

(viral safety and viral clearance), biochemistry (bio-

chromatography, electrophoresis, mass spectrome-

try, protein quantitation and characterization), and 

support for facility and process validation.

.FUIPE�%FWFMPQNFOU�7BMJEBUJPO

Our staff of scientists offers extensive method 

development and validation services. Methods 

for stability and release testing, as well as, pro-

cess and cleaning validation, in support of large 

and small molecules drug products, drug sub-

stances, comparator products, excipients and 

raw materials are offered. Method qualification/

validation can be conducted using protocols  

developed by Lancaster Laboratories or the client.

4UBCJMJUZ�4FSWJDFT

We specialize in supporting stability studies, with 

services ranging from protocol writing to storage 

and testing through tracking and trending of data. 

The company is experienced in testing solid-

dosage forms, liquids, suspensions, transdermals, 

aerosols, and comparator products. Stability 

storage consists of 26 different temperature and 

humidity conditions with more than 30,000 ft3 of 

storage space.

3BX�.BUFSJBMT�4FSWJDFT

Lancaster Laboratories provides extensive 

capabilities in Raw Materials testing. Testing is 

conducted using compendia (USP, EP, JP, BP, 

FCC, ACS) and client/vendor supplied methodol-

ogy. A multiple shift operation with extensive 

laboratory capacity provides exemplary service 

and meets delivery needs. Expedited and 

customized programs are also available upon 

request.

.JDSPCJPMPHZ

In a 9000-ft2 suite of laboratories designed for 

efficiency and contamination control, Lancaster 

Laboratories performs a full array of microbio-

logical testing in support of sterile and nonsterile 

products and environmental monitoring and 

control. Services include sterility testing using 

isolator-barrier technology, mycoplasma testing, 

endotoxin and preservative-effectiveness testing, 

microbial limits testing and organism identification, 

and laboratory support for facility validation.

*OOPWBUJWF�4DJFOUJGJD� 

Staffing Solutions

Our innovative Professional Scientific Staffing ser-

vices solve pharmaceutical and biopharmaceutical 

clients’ co-employment challenges. Professional 

Scientific Staffing provides our full-time scientists at 

the client’s facilities; while Full Time Equivalent offers 

dedicated analysts for clients’ projects at our facility. 

Award winning HR best practices, IRS 20-Factor 

indemnified and 50-year outstanding laboratory 

services reputation available at your site or ours.

Lancaster Laboratories

2425 New Holland Pike

PO Box 12425

Lancaster, PA 17605-2425

tel. 717.656.2300, fax 717.656.3772

www.lancasterlabspharm.com
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Meissner Filtration Products

4181 Calle Tesoro

Camarillo, CA  93012

tel. 800.391.9458

+1.805.388.9911  (International)

www.meissner.com

UltraCap®�)�%��$BQTVMF�'JMUFST

High Capacity UltraCap® H.D. capsules provide 

single-use convenience for critical filtration 

applications requiring high-flow/throughput. 

UltraCap® H.D. is available in T-style and Inline 

versions, and can be selected in 10”, 20”, 30”, 

40” and 50” lengths. Robust in design, the 

UltraCap® H.D. performs well in demanding 

environments.

5FQP'MFY® & FluoroFlex® 

#JPDPOUBJOFST

Meissner drives innovation with industry firsts - 

TepoFlex® - the industry’s first PE based biocon-

tainer without slip agents - and FluoroFlex® - the 

industry’s first multilayer PVDF biocontainer. 

TepoFlex® 2D & 3D biocontainer assemblies are 

available in standard configurations (50 mL – 

1,000 L). FluoroFlex® is available in standard 2D 

configurations (50 mL – 20 L).

0OF�5PVDI®�4JOHMF�6TF�4ZTUFNT

Meissner’s One-Touch® single-use systems 

portfolio optimizes fluid handling for the bio-

pharmaceutical industry. Designed to offer 

unprecedented fluid integrity performance, 

TepoFlex® biocontainers can be deployed in 

FlexStation® rigid outer containers for shipping 

and storage needs, or in QuaDrum™ containers 

for intra-facility mobility and storage. Visit www.

meissner.com/onetouch for more information.

#JP'MFY™�5VCJOH�"TTFNCMJFT

BioFlex™ tubing assemblies are designed for 

secure fluid transfer in critical biopharmaceuti-

cal processing applications. These single-use 

tubing and filter/tubing assemblies offer maxi-

mum convenience and flexibility in single-use 

systems. They can also be used in conventional 

or hybrid facilities to connect single-use and 

stainless steel processing equipment.

.FNCSBOF�'JMUFST

Membrane filters (0.04 μm - 1.0 μm absolute) 

are available in SteriLUX® and Steridyne® PVDF, 

EverLUX® and STyLUX® PES, Chemdyne® PP, 

and Ultradyne® PTFE. Configurations range 

from syringe and disc filters, to capsules and 

high capacity capsules and cartridge filters. 

(Microfiber prefilters to 99 μm are also available 

in PP, glass fiber and depth media.)

UltraSnap™�'JMUFS�"TTFNCMZ

The UltraSnap™ filter assembly eliminates the 

time and expense associated with change-out 

of filters from stainless steel housings and as-

sociated cleaning/reassembly of the filter/hous-

ing unit(s). Time saved from cleaning operations 

results in less downtime between filtration runs, 

and improved productivity. Its very low hold-up 

volume minimizes product loss during change-

outs and ensures maximum product recovery.
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$PNQBOZ�0WFSWJFX

Metrics Inc., a fast-growing CDMO, occupies a 

92,000-ft2 state-of-the-art analytical testing, phar-

maceutical development and manufacturing facility. 

Our veteran formulation development staff averages 

more than 17 years’ career experience in pharma-

ceutical development and is supported by a team of 

130+ analytical chemists. Services include oral dose 

formulation development, analytical method develop-

ment and validation, microbiological testing, stability 

storage and testing, raw material release, trace ele-

ment testing, and routine analysis of dosage forms.

$5.�1IBTF�*
�**
�***

Metrics’ expanded CTM capabilities offer 

greater capacity with all clinical trial phases. 

Our new flexible manufacturing facility and 

equipment can handle up to 450-kilo batch 

sizes. Metrics also offers expertise in over-

encapsulation for comparator studies, as well 

as potent drug handling capabilities. CTM pack-

aging and labeling is also available.

$PNNFSDJBM�.BOVGBDUVSJOH

Seven large-scale manufacturing and packag-

ing rooms for Phase III clinical trial and com-

mercial manufacturing ensure high-quality 

manufacturing of solid oral dose formulations, 

including DEA II-V controlled products. Full 

analytical support is available – release testing, 

stability, microbiology testing, and custom ana-

lytical development and validation.

'BTU�5SBDL�'JSTU�5JNF� 

In-Man Studies

Metrics has successfully delivered material for 

more than 130 critical FTIM studies. Our pro-

cess ensures speed and accuracy, with a 16-24 

week timeline from receipt of well-characterized 

NCE to shipment. Services include handling 

of potent products, stability studies, analytical 

methods development and validation. Choose 

blended powder in capsule or pure API in a 

labeled bottle.

Potent Products

Metrics’ segregated potent facility provides total 

engineered containment through customized, 

hard-wall isolation technologies. Containment 

is achieved at 30 nanograms pcm of room air; 

equipment and change parts are dedicated 

exclusively to potent use. The facility features 

independent entry, exit and equipment double 

airlocks, decontamination showers, dedicated 

washroom, dedicated equipment storage and 

pass thru for product/waste.

1IBSNBDFVUJDBM�'PSNVMBUJPO�

%FWFMPQNFOU

Services include: Tableting, instant 

release, controlled/matrix release, bi-layer, 

sustained release, capsule filling, over-

encapsulation, milling, micronizing, enteric 

coating and liquids. Metrics’ processes 

included handling of potent products. 

Metrics’ SOPs are geared toward all 

phases of the FDA submission process.

Metrics, Inc.

1240 Sugg Pkwy.

Greenville, NC 27834

tel. 252.752.3800

marketing@metricsinc.com

www.MetricsInc.com
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Mettler Toledo

1900 Polaris Pkwy.

Columbus OH  43240

tel. 800.638.8537

www.mt.com

%FOTJUZ�BOE�3FGSBDUJWF�*OEFY

LiquiPhysics Excellence systems measure 

Density, Refractive Index and related values 

with precision and ease. Modularity provides 

the ultimate in flexibility by allowing standalone 

instruments to be upgraded by addition of mod-

ules to increase throughput through automation 

or enhance measuring parameters as your 

needs change. Go to www.mt.com/liquiphysics 

for more information.

(FOFSBM�5JUSBUJPO

Titration Excellence line features One Click Titra-

tion™, a milestone in solutions for simple, efficient 

and secure titration. The modular Excellence line 

is tailored exactly to your needs and is intuitive 

and easy to understand. With improved efficiency 

through intelligence and automation, you have 

the control every successful company requires. 

Learn more: www.mt.com/one-click-titration

,BSM�'JTDIFS�5JUSBUJPO

With the METTLER TOLEDO Karl Fischer titra-

tors, your operators need to only press one 

button for accurate and precise results within 

minutes! Safety is no longer a concern with our 

Solvent Manager reagent handler, along with 

the security your expect from us with LabX® 

titration software. Learn more: 

www.mt.com/one-click-titration

pH

Mettler Toledo offers a wide range of quality 

pH meters and superior sensor technology, so 

whatever your measurement challenge, we 

have the tools to meet your needs. Our focus is 

on quality products with simple, intuitive opera-

tion. To learn more about our comprehensive 

product portfolio, visit us at www.mt.com/ph

%SPQQJOH�1PJOU

Dropping and softening point determination has 

never been so simple, secure or reproducible. 

The all-new, innovative METTLER TOLEDO 

dropping point systems provide automatic, 

objective and video-recorded analysis for 

unparalleled certainty of results. One Click™

shortcuts, standard-compliant methods and 

built-in user management ensure peace of 

mind. Visit www.mt.com/one-click-dropping 

for more information.

Melting Point

Melting Point Excellence delivers simultaneous, 

straightforward and automatic determination of 

melting point or range of up to six samples. So-

phisticated, yet intuitive software simplifies statis-

tical evaluations, provides user management and 

ensures compliance. Color video playback with 6X 

magnification allows investigation of unexpected 

results. Qualification support is available. 

Learn more: www.mt.com/one-click-melting.
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Natoli Engineering Company, Inc.

28 Research Park Circle

St. Charles, MO  63304

tel. 636.926.8900

fax 636.926.8910

www.natoli.com

5BCMFU�$PNQSFTTJPO�5PPMJOH

For over 35 years, Natoli has provided their 

customers with the highest quality tooling 

in a variety of options, including carbide-tip, 

multiple-tip, micro-tab, rotating heads/tips, 

IMA Comprima, Kilian-type, 3-D exotics, die 

segments, and more. Natoli also offers a large 

selection of steel types and coatings to meet 

your specific needs.

5BCMFU�1SFTTFT

Natoli offers a diverse line of tablet presses to 

meet specific tableting needs. The NP-RD10A 

single-station laboratory press is ideal for R&D 

when only small samples are available. The 

NP-500 series is a double-sided, rotary press 

designed to compress tablets requiring extra 

deep fill and extended dwell time.

5BCMFU�1SFTT�3FQMBDFNFOU�

1BSUT�BOE�5VSSFUT

Natoli stocks over 300,000 quality replace-

ment parts for nearly every tablet press on the 

market, making it possible to receive the part 

you need the very next day. Natoli also offers 

refurbishing services for a wide range of tablet 

presses.

5PPM�*OTQFDUJPO�BOE� 

$POUSPM�4ZTUFN

The LVS inspection device features modern dual 

laser technology to ensure accurate measure-

ments, which are automatically recorded in 

the powerful TM-II database. Designed to help 

tablet manufacturers improve tablet quality and 

consistency, the LVS/TM-II control system mea-

sures and organizes critical punch inspection 

dimensions through a user-friendly, comprehen-

sive tooling database.

5BCMFU�$PNQSFTTJPO� 

Accessories Catalog

The newly redesigned catalog now features 

two additional sections – Tablet Press Parts and 

Encapsulator Parts – and dozens of innovative 

new products. Printed catalogs are available by 

request at no charge and the interactive digital 

version is now available on the Natoli website.

5FDIOJDBM�4FSWJDFT

Natoli provides technical support, trouble-

shooting, training, and laboratory services to 

help customers overcome common tableting 

problems such as sticking and picking. Natoli 

experts evaluate tablet and tooling designs and 

experiment with dozens of combinations of steel 

types and coatings to determine the most ef-

ficient and effective solution to the customer’s 

specific issues.
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Our mission at the PDA Training and Research Institute (PDA 

TRI) is to establish and provide unprecendented worldwide 

education, training and research opportunities in pharmaceutical 

and biopharmaceutical sciences and associated technologies.  

We provide hands-on, intensive, job-focused training you 

can bring home and apply immediately on the job.

Our broad curriculum is designed for you to enhance your profes-

sional development in aseptic processing, biotechnology, envi-

ronmental monitoring, filtration, microbiology, quality/regulatory 

affairs, training, validation and more.  Training courses are held 

at the PDA TRI facility in Bethesda, Maryland, throughout the 

United States, and around the world.  Courses can also be tailored 

and brought directly to your organization for on-site training.

Our state-of-the-art training facility includes:

� t�"O�BTFQUJD�QSPDFTTJOH�TVJUF�DPOUBJOJOH

  ż Component prep lab

  ż Gowning/degowning areas

  ż Clean staging area

  ż Filling room

� t�#JPUFDI�MBC

� t�$MFBO�JO�QMBDF�MBC

� t�.JDSPCJPMPHZ�MBC

� t�$MBTTSPPNT�BOE�TUVEFOU�XPSL�BSFBT�

We have a well-equipped training facility which includes:

� t�"�'FEFHBSJ�BJS�PWFSQSFTTVSF�TBUVSBUFE�TUFBN�BVUPDMBWF

� t�'JMMJOH�MJOF

� t�#JPSFBDUPST�GFSNFOUFST

� t�$*1�TLJE

� t�$POUJOVPVT�QBSUJDMF�NPOJUPSJOH�TZTUFN�WJBCMF�BJS�NPOJUPSJOH

� t�-BNJOBS�GMPX�IPPET

� t�#JPTBGFUZ�DBCJOFUT

� t�7JTVBM�JOTQFDUJPO�CPPUIT

� t�*ODVCBUPST

� t�4ZSJOHF�GJMMFS

Our facility is available for your use.  TRI makes its training facility avail-

able for your use for customized research projects.  In addition, we can 

custom develop any of our training courses to meet your specific needs, 

either at the Bethesda, MD facility or at your site.

At PDA TRI, we provide skills that can be applied the next day!

Parenteral Drug Association  Training and Research Institute
(PDA TRI)

Bethesda Towers, Ste. 150

4350 East-West Hwy.

Bethesda, MD 20814

tel. 301.656.5900

fax 240.482.1659

www.pdatraining.org
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Patheon Inc.

4721 Emperor Blvd, Suite 200

Durham, NC  27703-8580

tel. 866.Patheon (866.728.4366), 919.226.3200

fax 919.474.2269

www.patheon.com

Patheon Inc. (TSX: PTI) is a leading global 

provider of contract development and manu-

facturing services to the global pharmaceutical 

industry. The company provides the highest 

quality products and services to approximately 

300 of the world’s leading pharmaceutical and 

biotechnology companies. Patheon’s services 

range from preclinical development through 

commercial manufacturing of a full array of 

dosage forms including parenteral, solid, and 

liquid forms. Patheon uses many innovative 

technologies including single-use disposables, 

Liquid-Filled Hard Capsules and a variety of 

modified release technologies.

Patheon’s comprehensive range of fully inte-

grated Pharmaceutical Development Services 

includes preformulation, formulation, complex 

formulation, analytical development, clinical 

manufacturing, scale-up and commercialization.

The company recently started offering a new 

line of softgel development and manufactur-

ing services, P-Gels, which is a partnership 

between Patheon, the world’s leading provider 

of contract development and manufacturing 

services, and Softigel, part of the Procaps 

Group, one of the world’s largest manufacturers 

of softgel products.

Patheon’s integrated development and manu-

facturing network of 10 facilities, nine develop-

ment centers and one clinical trial packaging fa-

cility across North America and Europe, ensures 

that customer products can be launched with 

confidence anywhere in the world.
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5SV$-&"/��1SP

The TruCLEAN™ Pro captures and isolates 

contaminants, ensuring delivery of unadulter-

ated cleaning and sanitizing agents.  No more 

re-applying dirty water or weakened solutions, 

experienced with old-style mopping supplies. 

TruCLEAN™ Pro is compatible with gamma, 

ETO and autoclave sterilization.  Available in 

double or triple-bucket design.

5SV$-&"/��**

Our unique bucket-in-bucket concept works to 

isolate soiled contaminants from cleaning and 

disinfecting agents.  Avoid high costs and risk 

of run-off contaminants common with steam-

sterilizers.  TruCLEAN™ Components are 

constructed of high-grade stainless steel, easy 

to maintain and guaranteed to deliver reliable 

cleaning results time after time.  Clean floors, 

walls and ceilings with this efficient, compact 

mopping system.  Compatible with gamma, 

ETO autoclave sterilization.

5SV$-&"/��4QPOHF�.PQT

Designed specifically for use in cleanroom 

and sterile environments, the TruCLEAN™ 

Sponge Mop is ideal for applying disin-

fectants and sterilants.  This specially for-

mulated polyurethane foam has excellent 

chemical, microbial and abrasion resistance.  

TruCLEAN™ Sponge will not release liq-

uids until pressure is applied. Sponge can 

hold up to 5 times its weight in liquids.

5SV$-&"/��.JDSPGJCFS�.PQT

Introducing our line of TruCLEAN™ Microfiber 

Mops, the most environmentally friendly, non-

chemical tool on the market for today’s cleaning 

industry.  Our Microfiber Mops can absorb up 

to 7 times their weight in liquids and can be re-

used up to 500 times.  Compatible with gamma, 

ETO autoclave sterilization, also launderable.

1&3'&9�4RVFFHFFT

Our Twin-Blade and Quick-Dry Foam Squee-

gees are chemically resistant and non-sparking, 

will not rust or corrode.  Quickly wipe surfaces 

dry and nearly streak-free. Ideal for floor chemi-

cal application.  The squeegees 100% polymer 

construction will resist water, oil, grease, deter-

gents, sanitizers and solvents. Wash and rinse 

with warm water, dries quickly.

1&3'&9�1VTI�#SPPNT

Polypropylene fibers are fused onto high-impact 

resistant polymer block, eliminating fiber fallout. 

Perfex color-coded brooms, brushes and han-

dles will not absorb bacteria, liquids or odors 

and are unaffected by water, grease, petroleum 

products, detergents, sanitizers and solvents. 

Help avoid cross-contamination in your facility 

by using Perfex brooms, brushes and handles.

Perfex Corp.

32 Case St.

Poland, NY 13431

tel. 315.826.3600

fax 315.826.7471

www.perfexonline.com
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Pfizer CentreSource

7000 Portage Road

Kalamazoo, MI  49001

tel. 269.833.5844

fax 269.833.3604

www.pfizercentresource.com

-FBEFS�JO�4UFSPJE�*OUFSNFEJ-

BUFT�BOE�"DUJWF�1IBSNBDFVUJDBM�

Ingredients

Pfizer CentreSource has a history of innovative 

steroid technology stretching back to 1949. 

Our continued focus on product and process 

development underscores PCS’ long-term 

commitment to quality steroid APIs and steroid 

intermediates.

PCS offers customers a reliable supply source 

for corticosteroids, hormonal steroids, pros-

taglandin intermediates and other selected 

chemical products that meet the most exacting 

quality standards – all with Pfizer’s innovative 

manufacturing technology. 

8F�QSPWJEF�

� t� �$PNQSFIFOTJWF�SFTPVSDFT�GPS�BOBMZUJDBM
�

regulatory, and technical support

� t� �0VUTUBOEJOH�DIFNJDBM�BOE�CJPQSPDFTT�

expertise and infrastructure

� t� �*O�QSPDFTT�BOE�GJOJTIFE�"1*�BOBMZUJDBM�

methods development

� t� �$PNQSFIFOTJWF�SFHVMBUPSZ�SFHJTUSBUJPO�

file preparation

5IFSBQFVUJD�1SPUFJOTo$MJOJDBM�

BOE�$PNNFSDJBM�.BOVGBDUVSJOH

PCS delivers innovative, high quality services 

that leverage Pfizer’s leadership in biologics de-

velopment and manufacturing across microbial 

and eukaryotic expression platforms. Among 

the capabilities available to PCS customers are:

� t� 3BQJE�UFDIOPMPHZ�USBOTGFS�BOE�TDBMF�VQ

� t� �&YQFSUJTF�JO�CJPMPHJDBM�QSPEVDU�DIBSBD-

terization

� t� �$MJOJDBM�TDJFOUJGJD�BOE�SFHVMBUPSZ�EFWFM-

opment know-how

� t� �#JPMPHJDT�NBOVGBDUVSJOH�BOE�TVQQMZ�

chain experience

� t� �&YUFOTJWF�ESVH�QSPEVDU�BOE�DPME�DIBJO�

operations

Some important differences you’ll find in work-

ing with Pfizer’s bioprocessing and development 

experts:

� t� �"QQMJDBUJPO�PG�0QFSBUJPOBM�&YDFMMFODF�UP�

manufacturing therapeutic proteins

� t� �3FHVMBUPSZ�SFMBUJPOTIJQT�BOE�TVDDFTTGVM�

track record second to none

� t� �)JHIMZ�FYQFSJFODFE�CJPUIFSBQFVUJDT�QSP-

fessionals

� t� �&NQIBTJT�PO�TVQFSJPS�TDJFODF�JODMVEJOH�

new platforms, state of the art facilities 

and technical expertise.

1FPQMF
�1SPDFTT
�BOE�1BDLBHJOH

Development, manufacturing and packaging 

for highly-potent drug product just got a little 

easier, with a complete, end-to-end suite of 

High Containment Services from Pfizer Centre-

Source. With advanced facilities that span the 

range from our award-winning engineered con-

tainment models to segregation-based models, 

Pfizer CentreSource applies its intensive project 

management protocols to help get your suc-

cessful product to market faster. Our solutions 

run from development support and advanced 

manufacturing to the point of product use with 

our unique Cytosafe© packaging

With access to Pfizer’s advanced manufacturing 

infrastructure, PCS offers various technologies 

and capabilities for high-containment oral solid 

manufacturing.

� t� 4JFWJOH�.JMMJOH�#MFOEJOH

� t� )JHI�4IFBS�8FU�(SBOVMBUJPO

� t� "RVFPVT�'JMN�$PBUJOH

� t� �$MJOJDBM�4DBMF�UP�$PNNFSDJBM�4DBMF�	VQ�

to 700kg)

� t� $PNQMFY�1BDLBHJOH�$BQBCJMJUJFT

� t� �#MJTUFS
�#PUUMF
�BOE�$BSEJOH�8BMMFU�

Packaging

� t� #SFBL�SFTJTUBOU�$ZUPTBGF�7JBMT

� t� %SZ�(SBOVMBUJPO

� t� $PSF�$PNQSFTTJPO

� t� &ODBQTVMBUJPO
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Pharma Tech Industries

545 Old Elbert Rd.

Royston, GA  30662

tel. 706.246.3555

fax 706.246.3330

www.pharma-tech.com

%FTDSJQUJPO

The largest pharmaceutical contract manufac-

turer and packager of powder products in the 

world, Pharma Tech Industries (PTI) has been 

serving the needs of leading global pharmaceuti-

cal and personal-care companies with product 

development, manufacturing, and packaging 

services for more than 35 years. PTI currently 

serves more than a dozen clients in two facilities 

and produces more than 300 SKU’s of powders, 

effervescent, and solid-dose products, as well as 

cotton swabs and injection-molded components.

Facilities

With strategically located, fully integrated facili-

ties in Royston, GA and Union, MO, Pharma 

Tech Industries has more than 360,000 square 

feet of combined cGMP development, manufac-

turing and packaging space. This includes nine 

ISO 8 Design clean rooms for the manufacturing 

and packaging of Rx and NDA products, full 

analytical and microbial laboratories for on-site 

testing, and a dedicated machine tool shop.

4FSWJDFT

Pharma Tech Industries controls the supply 

chain process of pharmaceutical products

through turnkey services:

t� Contract manufacturing, including 

powder blending, solid-dose 

compression, effervescent products, 

and cotton swab manufacturing

t� Contract packaging, including bottle filling, 

stick packs, pouch (unit dose) filling, 

cartoning, labeling and custom packaging

t� Contract molding of caps, bottles, 

components and devices through injection 

molding, single- and bi-component 

injection molding, compression 

molding and profile extrusion

t� Technology transfer, including transfer of late 

stage R&D, transfer of dedicated large- and 

small-scale operations, transfer of niche 

processes, and transfer of PTI’s turnkey 

approach through vertical integration

t� On-site, full-scale testing with both 

microbial and analytical capabilities

3FDFOU�%FWFMPQNFOUT

t� PTI stood out among 67 CMOs to be 

named Best Overall Supplier by one of 

the world’s five largest pharmaceutical 

companies. Criteria included quality, 

customer service, supplier collaboration, 

responsiveness to client needs, inventory 

management and financial collaboration.

t� PTI completed its ninth ISO 8 Level (Class 

100,000) clean room. The specially 

engineered rooms have highly-sensitive 

control features to closely regulate and 

monitor both temperature and humidity. 

PTI services using clean rooms include 

unit dose/pouch filling, compounding, and 

blending of powder-based products.

t� PTI has broadened its list of contract 

molding capabilities. PTI can mold bottles, 

caps, healthcare packaging components, 

and medical devices spanning a range of 

contract molding assignments–from simple 

to complex, and from low- to high-volume.  

Comprehensive projects through PTI can 

drastically reduce lead times and speed to 

market while reducing costs associated with 

supply chain coordination and transport.
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Sartorius Stedim North America

5 Orville Drive

Bohemia, NY  11716

tel. 800.368.7178

fax 631-254-4253

www.sartorius-stedim.com

#JPXFMEFS�5$

The BioWelder® TC is a fully automated device 

for connecting thermoplastic tubing in a sterile 

welding operation. This new, innovative technol-

ogy allows sterile connection of liquid filled tub-

ing from 5/8’’ up to 1’’ outer diameter. Safe and 

robust, the BioWelder® TC has been intensively 

qualified and is supported by a Validation Pack-

age upon request.

4BSUPCJOE�45*$

Sartobind® STIC membranes are a new group 

of Salt Tolerant Interaction Chromatography 

membrane adsorbers. They bind negatively 

charged impurities such as viruses, DNA and 

HCP at much higher salt concentrations than Q 

matrices. The single-use product reduces vali-

dation cost, consumption of buffers, footprint, 

and speeds up time to market.

$0/'*%&/$&®

7BMJEBUJPO�4FSWJDFT

Sartorius Stedim Biotech’s Validation Services 

provides extractable and leachable testing that 

is designed to meet current regulatory require-

ments. Our recommended approach includes 

the use of at least two orthogonal analytical 

techniques—for example, GC-MS in addition 

to HPLC-UV. Let us help you implement a suc-

cessful test strategy. Contact us today!

'MFY.P4ZT™

Sartorius Stedim Biotech’s single-use and reus-

able product portfolio and G-Con Manufactur-

ing’s modular and mobile cleanroom “pods” 

combine to provide an unparalleled set of cost-

effective, “plug and play” tools for next-genera-

tion biomanufacturing. Its production capacity is 

fast, fully integrated and ready-to-use.

Sartopore®�1MBUJOVN

Sartopore® Platinum represents a new class 

of Sterile Filtration offering exceptional total 

throughput performance with minimal protein 

binding, easy wettability prior to Integrity 

Testing, and dry and reverse steambility for 

cartridges. The overall Cost of Ownership for 

filtration is reduced for many challenging ap-

plications due to its unique nature.

#*045"5�#

BIOSTAT® B is the most successful autoclavable 

laboratory fermentor system in its class, now 

available in a third generation. Configurations 

support cell culture plus microbial fermentation.  

One or two reactors can be controlled indepen-

dent of each other. The unit can be combined 

with our stirred-glass (1–10L) or single-use (2L) 

vessels.
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Schenck AccuRate

746 E. Milwaukee Street

Whitewater, WI  53190

tel. 262.473.2441

fax 262.473.4384

www.accuratefeeders.com

PureFeed®�%1���'FFEFS

The PureFeed® DP-4 is a highly innovative 

gravimetric feeder that can accurately meter dry 

pharmaceutical, nutraceutical, and cosmetic 

powders at feed rates as low as 20 grams / 

hour. Jet milling, continuous blending, medical-

grade plastics compounding, packaging, coat-

ing, and ingredient weighing are applications 

ideally suited for the DP-4.

A key feature of the PureFeed® DP-4 is a speed 

controlled, inert ceramic feed disc. Positioned at 

the base of a cylindrical, electropolished stain-

less steel material storage chamber, the disc 

rotates to precisely discharge tiny amounts of 

material, continuously and pulsation free over a 

20 to 2,000 gram feed rate range.

The PureFeed® DP-4 is currently installed in 

pharmaceutical processing applications for 

feeding SAP, Mannitol, Naproxen, Maltrin-

Maltodextrin, and others.

PureFeed®�"1�����'FFEFS

The Schenck AccuRate PureFeed® AP-300 

feeder was designed specifically for pharma-

ceutical processes that include the following 

customer driven features; quick and easy 

disassembly, a dual arm agitation system for 

maximizing material handling versatility, and 

an FDA compliant EPDM feed hopper that is 

disposable and recyclable. That means simpler, 

shorter cleaning cycles and virtually, no chance 

of cross contamination when moving from one 

material to another.

The PureFeed® AP-300 is available in volumet-

ric and gravimetric configurations for pharma-

ceutical and nutraceutical applications involving 

feed rates from 0.5 to approximately 150 Kg / 

hour.

%&"�4BOJUBSZ�0QFO�'SBNF�

8FJHICFMU

The DEA Open Frame Weighbelt Feeder is 

designed specifically for sanitary process ap-

plications.  Unique features include tool-less, 

rapid belt removal for frequent cleaning cycles, 

an IP69K stainless steel load cell manufac-

tured to withstand high pressure spray, a shaft 

mounted, wash-down drive system for simple 

power transmission, and product contact sur-

faces with 316 stainless steel.

The DEA Open Frame Weighbelt Feeder pro-

vides weight controlled feeding, weight indica-

tion and totalization for fragile materials like 

tablets or capsules. Like other Schenck Accu-

Rate DEA Weighbelt Feeders the sanitary open 

frame is offered in models with 12” and 24” belt 

widths, BIC (belt weight influence compensa-

tion), and accuracies of ± 0.25% to 1% of set 

rate sigma.
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Shimadzu Scientific Instruments

7102 Riverwood Drive

Columbia, MD  21046

tel. 800.477.1227

fax 410.381.1222

www.ssi.shimadzu.com

67������67�7JT� 

4QFDUSPQIPUPNFUFS

In addition to the highest resolution (1 nm) 

and smallest footprint of all standalone UVs 

in its class, Shimadzu’s UV-1800 features a 

wavelength range of 190 to 1100 nm, enhanced 

instrument validation, security, & maintenance 

functions, reduced stray light & noise levels, 

and a variety of measurement modes.

4"-%������1BSUJDMF�4J[F�"OBMZ[FS

The SALD-2300 provides continuous measure-

ment in real time, at minimum one-second 

intervals, and its measurement range spans 

particle sizes from 17 nm to 2,500 μm. It comes 

with WingSALD II software, the world’s first to 

automatically calculate an appropriate refractive 

index based on the light intensity distribution 

reproduction method.

"OBMZUJDBM�#BMBODFT

Shimadzu balances deliver the performance, 

functionality, and value scientists need. The 

unique UniBloc one-piece manufacturing as-

sembly assures stable temperature characteris-

tics, excellent response, and a long operational 

life, while Windows® Direct Communication 

enables easy integration of weighing results 

with laboratory software.

/FYFSB�.1�6)1-$

The Nexera MP UHPLC is ideally suited as a 

front end for all LCMS platforms. It utilizes the 

SIL-30ACMP Multiplate Autosampler, which fea-

tures a high-speed injection (7 seconds), near-

zero carryover (0.0015% or less), and enables 

up to 6 microtiter plates to be loaded at once.

-$.4������5SJQMF�2VBESVQPMF�

-$�.4�.4

Utilizing proprietary high-speed technologies, 

with enhanced sensitivity even at faster scan 

speeds, Shimadzu’s LCMS-8040 maximizes 

throughput. Newly improved ion optics maintain 

signal intensity and suppress crosstalk, even for 

high-speed or simultaneous multi-component 

analysis. This increases sensitivity for MRM 

and scan mode measurements, expanding the 

application range & ensuring high-throughput 

analysis at lower levels of detection.

-BCPSBUPSZ�50$�"OBMZ[FST

From inspections of the water used in drug 

manufacture to cleaning validation, Shimadzu’s 

TOC analyzers are ideally suited for the mea-

surement of residual pharmaceutical products 

and their constituent substances. They feature 

ultra-wide measurement range, patented 680°C 

Combustion Catalytic Oxidation/NDIR detection 

method, fully automated sample pretreatment, 

and multiple autosampler options.
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/FX�4UFSJDMFBO�3PCPU

Thanks to its experience in the field of Life 

Science and the requirements of a leader 

in the Pharmaceutical industry, Stäubli has 

adapted its range of well known CLEAN-

ROOM industrial robots to meet the strin-

gent requirements of the Vapor Hydrogen 

Peroxide decontamination process.

4UFSJDMFBO�3PCPU�)JHIMJHIUT�

· Fully hydrogen peroxide (H2O2) resistant robot

·  Robot arm suitable for decontamination pro-

cess in VHP environments

·  Human arm like automated operator in isolator 

environment (glove box)

·  Reliability proven by the leaders in life science 

and Cleanroom

4UFSJDMFBO�3PCPU�5FDIOJDBM�

GFBUVSFT�

·  Special surface treatments of the 

TX 60 Stericlean robot arm

· Critical parts in stainless steel

· Specific lip seals

·  System and user connections pro-

tected under the base of the robot

· Small footprint with large work envelope

·  GMP (Good Manufacturing Processes) qualified

4UFSJDMFBO�BQQMJDBUJPOT�

·  Pharmaceutical Industry, Life Science, and 

Medical Technology industries

· Lab operations

· Batch testing

· Production

· Drug discovery

TX Stericlean was born from a strong relation-

ship between Stäubli, a system integrator and 

our end user.  These committed partners share 

the same strategies and bring to the table ex-

perience in robotics, automation processes and 

“clean room” environments.

Whether in industrial production, cell culture or 

medical preparation, this new technology has 

demonstrated its ability to simulate human mo-

tion and meet productivity goals, significantly 

raising the rate at which syringes can be filled 

on a high-speed line.

Stäubli Robotics

201 Parkway West

Duncan, SC 29334

tel. 864.430.1980

fax 864.486.5497

www.staublirobotics.com
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Veltek Associates, Inc.

15 Lee Blvd.

Malvern, PA 19355-1234

tel. 610.644.8335, fax 610.644.8336

vai@sterile.com

www.sterile.com

&BTZ�(PXO�4ZTUFN

Veltek Associates, Inc.’s Easy2Gown garments 

offer an innovative fold which allows the gown 

to be easily donned with virtually no operator

contact with the outside of the gown.  All Easy-

2Gown garments are packaged using a unique 

patented fold which was developed to minimize

operator error and personal contact from 

the outside of the gown during the gowning 

process.  Operators have fewer manipulations 

while donning the Easy2Gown garments.

$BHF�8BTI®

Cage2Wash products have been specifically

designed for critical animal facility component 

and animal cage washing applications.  In this 

venue, the appropriate use of a cleaning

agent to remove animal waste and

animal by products is critical.

1SPDFTT�$MFBO®

Process2Clean products have been specifically 

designed for critical clean in place applications.  In 

this venue, the appropriate use of clean in place 

cleaners warrants two concerns.  The first con-

cern relates to the ability of the specific detergent 

to remove existent product residues that may exist 

in either open or closed processes manufacturing 

equipment and vessels.  The second concern is 

the ability to rinse free the product residue, P2C 

addresses both concerns with ease.

4JNQMF.*9�TZTUFN

The “SimpleMIX System” eliminates filter

sterilizing of disinfectants and sporicides.

A sealed multichamber container mixes

both solutions.  The top part contains the

sterile concentrated disinfectant, and the

bottom section accommodates the sterile

USP water-for-injection-quality water.

This system ensures the appropriate dilution

is made in a closed sterile system each time.

Peracetic acid

Veltek offers the “DECON SPORE 200

Plus” peracetic acid–hydrogen peroxide

solution for the sterilization of manufacturing,

packaging, and filling equipment.

The product has less odor than ready-to-

use sterilants and requires 80% less

storage space.  It is available in 1-gal

containers, unit-dose bottles, and in the

“SimpleMix” system.

)BOET�GSFF�EJTQFOTJOH�TZTUFN

Veltek offers the “Asepti Cleanse Hands-

Free” dispensing system to dispense

sterile alcohol and hand sanitizer.  The

Asepti Cleanse system is a sealed,

water-resistant unit designed to meet the

requirements of cleanroom operations.

The unit can be powered by either four

D-cell batteries or connected directly to

a 110-V power source.
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Watson-Marlow Pumps Group

37 Upton Technology Park
Wilmington, MA  01887

tel. 800.282.8823
fax 978.658.0041

support@wmpg.us
www.wmpg.com

8BUTPO�.BSMPX����

Watson-Marlow’s 120 laboratory peristaltic 

pumps are ideal for biopharm, science, re-

search, and OEM applications. Features and 

benefits include a compact footprint that saves 

bench space, exceptional speed control and 

accuracy, a new flip-top 114 pumphead, and 

simple intuitive operations.

Flexicon Filling and  

$BQQJOH�4ZTUFN

Flexicon offers a new high-throughput peristal-

tic filling and capping system. Using high preci-

sion peristaltic filling technology and Flexicon’s 

asepticsu single-use fluid path, Flexicon’s filling 

and capping system ensures purity and simpli-

fies validation. Featuring fully automated setup, 

changeover for different vials is quick, safe and 

achievable within 10 minutes.

Flexicon PF6 Peristaltic Filling 

Machine

Flexicon benchtop peristaltic fillers are designed 

for use in cleanrooms for production processes 

complying with cGMP. Batch set up is achieved in 

one minute with fill volumes from 5 ml to 5 liters 

and precise ±0.5 dosing accuracy. Offering a 

contamination-free single-use flowpath, Flexicon’s 

peristaltic technology simplifies cleaning validation 

and enhances the integrity of high purity upstream 

processes, purification, and fill/finish applications.

'MFYJDPO�''���'JMMJOH�4ZTUFN

Flexicon’s FF15 peristaltic filling system is 

compact enough to fit in the tight space of a 

biosafety cabinet. The vial filling system uses 

new Flexicon asepticsu single use fluid path 

technology to simplify validation and deliver ef-

fortless changeover for a variety of fills.

1VSF8FME�5VCJOH

PureWeld XL tubing is designed for high purity 

and secure peristaltic pumping. A high-quality 

weldable tube capable of completely secure 

welding, PureWeld XL allows for connector-free 

fluid paths to be assembled in just minutes. 

Test results show that PureWeld allows for the 

least internal spallation when compared to other 

weldable tubing.

8BUTPO�.BSMPX�1VNQT�GPS�

%PXOTUSFBN�1SPDFTT�BOE� 

Purification

Whether selecting equipment for R&D, process 

development, or manufacturing, engineers 

around the world recognize Watson-Marlow 

pumps for our high quality, reliability, and per-

formance. Offering contamination-free pumping 

with a sterile single-use flow path, Watson-

Marlow’s peristaltic technology simplifies 

cleaning validation and enhances the integrity of 

downstream processes and purification.
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8FJMFS�&OHJOFFSJOH
�*OD�

The corporate focus of Weiler Engineering, Inc. 

is to provide the most advanced aseptic liquid 

processing technology available through the 

application of customized ASEP-TECH® Blow/

Fill/Seal machinery and integrated services.  

Weiler’s 140,000 ft², state-of-the-art manu-

facturing and corporate facility is conveniently 

located near O’Hare International Airport in 

Chicago, IL USA.

"4&1�5&$)®�.PEFM�����#MPX�

'JMM�4FBM�.BDIJOF

The Asep-Tech® Model 624 Blow/Fill/Seal 

machine is designed as an entry level machine 

to meet flexible manufacturing or research and 

development requirements. Featuring easy 

maintenance and low operating cost, the versa-

tile Model 624 can produce sterile, liquid filled, 

tamper-evident containers ranging in size from 

0.5mL up to 500mL.

"4&1�5&$)®�.PEFM�����"MM�

&MFDUSJD�#MPX�'JMM�4FBM�.BDIJOF

Weiler Engineering, Inc. introduces the new all-

electric version of the popular Model 628 Blow/

Fill/Seal machine. The all-electric model offers 

the ultimate in clean, green processing, mini-

mizing the carbon footprint and enhancing the 

quality of the processing environment through 

highly reduced particulate generation. The 

all-electric option is ideal for injectable product 

applications.

"4&1�5&$)®�.PEFM�����#MPX�

'JMM�4FBM�.BDIJOF

The high output Model 640 machine is designed 

for maximum flexibility to meet today’s de-

manding FDA and EU processing requirements. 

It features a two-piece stepped base to facilitate 

easy maintenance and comes with an elec-

tronic fill system and digital controls to enable 

performance to tight fill tolerances in critical 

applications.

"4&1�5&$)®�.PEFM�����#MPX�

'JMM�4FBM�.BDIJOF

The Asep-Tech® Model 603 Blow/Fill/Seal 

machine is designed for production of Large 

Volume Parenteral products (LVPs). It features a 

two-piece stepped base design for easy mainte-

nance and convenient product discharge and is 

designed to produce sterile, liquid filled, tamper-

evident containers ranging in size from 200mL 

up to 1000mL, in full-scale production quantities.

"4&1�5&$)®�.PEFM�����#MPX�

'JMM�4FBM�.BDIJOF

The Asep-Tech® Model 660 Blow/Fill/Seal 

machine is the latest addition to a proven line 

of sterile liquid pharmaceutical packaging 

machines from Weiler. The Model 660 is a high-

output machine, designed to produce sterile, 

liquid filled, tamper-evident containers ranging 

in size from 200mL up to 1000mL.

Weiler Engineering, Inc.

1395 Gateway Drive

Elgin, IL 60124

tel. 847.697.4900

www.weilerengineering.com
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WireCrafters, LLC

6208 Strawberry Lane

Louisville, KY  40214

tel. 800.626.1816

fax 502.361.3857

www.wirecrafters.com

%&"�"QQSPWFE�%SVH�4UPSBHF�$BHFT

When properly installed, WireCrafters’ Style 840 Partitions meet the US Drug Enforcement Administration’s (DEA) requirements for physical security of 

Schedule III through V controlled substances as outlined in Title 21 CFR Sections 1301:72-1301.76 physical security controls. This drug storage applica-

tion of WireCrafters wire partitions is ideally suited for pharmacies, pharmaceutical companies, medical facilities, distribution centers, record storage, 

drug warehouses, and much more.
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INDUSTRY PIPELINE
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MANUFACTURING EQUIPMENT & SUPPLIES

MANUFACTURING EQUIPMENT & SUPPLIES

Double plan-

etary mixers

Ross has introduced 

new double plan-

etary mixers with 

a slightly tilted 

configuration for 

more effective and 

complete discharge 

of flowable prod-

ucts. The mixers 

are intended for 

use in the preparation of pastes and gels, as 

well as granulations and free-flowing dried 

powder blends. Ross, Charles & Son Company, 

Hauppauge, NY t www.mixers.com t tel. 

800.243.ROSS

Visual-observation tool

The APK visual-observation tool is suitable for 

random-sampling manual inspection. Users 

can program spin speed according to liquid 

viscosity or container diameter, thus provid-

ing repeatable rotation speed and duration 

for inspected containers. The APK allows the 

human eye to detect foreign particles easily.

Eisai Machinery USA, Allendale, NJ t 

www.eisaiusa.com t tel. 201.746.2111

Fluid-bed dryer bags 

Kavon provides custom replacement fluid-

bed dryer bags for US and European equip-

ment models. The bags are appropriate for 

wet granulation, dry filtration, and wet and 

dry coating applications. The company offers 

flexible 1–4-bag systems in various fabrics 

choices and also repairs bags. 

Kavon Filter Products, Wall Township, NJ t 

www.kavonfilter.com t tel. 732.938.3135

Pharmaceutical 

feeder

The Schenck Ac-

cuRate PureFeed 

AP-300 feeder was 

designed specifi-

cally for pharmaceu-

tical processes. The 

feeder is designed for quick and easy disas-

sembly. Each unit incorporates a dual-arm 

agitation system for maximizing material 

handling versatility and a disposable, FDA-

accepted EPDM feed hopper. Feed rates 

range from 0.5 to 150 kg/h. Schenck AccuRate, 

Camarillo, CA t www.accuratefeeders.com t 

tel. 800.558.0184

Top-entering

agitators

The PharMix Series 

3000 and 4000 top-

entering agitators are 

specifically designed 

for demanding pharma-

ceutical and biotech-

nology mixing applica-

tions. The units’ robust 

shaft designs run in free 

air for cleaning in place 

and eliminate the need 

for stabilizing rings. 

Each agitator comes 

with a complete prevalidation documenta-

tion package. DCI, St. Cloud, MN t www.dciinc.

com t tel. 320.252.8200

Weigh pan

The SmartGrid 

weigh pan is 

designed for 

Mettler Toledo’s 

Excellence bal-

ances. The weigh 

pan is designed to minimize the effects of 

air turbulence for faster stabilization. Users 

can secure fastening and direct weighing 

into tare containers with Ergoclips. The unit 

is intended to provide quality and durability. 

Mettler Toledo, Columbus, OH t www.mt.com t 

tel. 800.METTLER

Single-use sys-

tems brochure

Meissner has 

released its new 

capabilities bro-

chure featuring 

fluid-handling 

and management 

solutions delivered by the One-Touch single-

use systems portfolio. The brochure gives an 

overview of each of the primary products within 

the single-use portfolio, including TepoFlex PE 

and FluoroFlex PVDF biocontainer assemblies. 

The brochure also discusses the documentation 

available for the One-Touch portfolio including 

the biocontainer assembly “Standards Guides.” 

Meissner Filtration Products, Camarillo, CA t 

www.meissner.com t tel. 805.388.9911

Tablet-compression accessories 

catalog

Natoli’s new tablet-compression accessories 

catalog allows the functionality to browse 

products and quickly request quotes online. 

The catalog offers customers the capability to 

flip through the pages of the digital catalog, 

click items to add to a virtual “Quote Cart” 

feature, and checkout upon completion. Visit 

natoli.com/catalog.html. Natoli Engineering 

Company,  St. Charles, MO t www.natoli.com t 

tel. 636.926.8900

Weldable 

tubing

Watson-Mar-

low’s PureWeld 

XL is a thermo-

plastic elastomer 

tubing intended 

for use in 

sanitary environments in pharmaceutical and 

biotechnology processing applications, from 

research to production including cell media and 

fermentation, sterile filling and dispensing, high-

purity water transfer, vaccine production, fluid 

transfer, and filtration. PureWeld XL meets full 

biopharmaceutical testing standards, including 

FDA requirements and USP Class VI certification. 

Watson-Marlow Tubing,  Wilmington, MA t

 www.wmtubing.com t tel. 800.282.8823
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Tablet press

The new model of 

the Hata CVX Core 

Press enables preci-

sion core alignment 

and multilayer core 

tableting. The custom 

mechanical assembly, 

an addition to Hata’s 

Three-Layer Tablet-

ing Press, is specific to customers’ core tablet 

sizes and shapes. The CVX-Series is suitable 

for multilayer and custom core-tableting 

technology. Elizabeth-Hata, McKeesport, PA t 

www.eliz.com t tel. 412.751.3000

Rheometer

Brookfield’s R/S Plus 

rheometer with 

direct-yield stress 

measurement is 

designed for quality 

control and research 

applications. The R/S 

unit has high flow-

measurement capabil-

ity, an increased speed range (i.e., 0.1 to 1000 

rpm), control solution, and measurement 

sensitivity. The encoder is designed to pro-

vide control at low torque and shear rates, a 

precise static yield test capability, and more 

information for creep testing. Brookfield Engi-

neering Laboratories, Middleboro, MA t www.

brookfieldengineering.com t tel. 800.628.8139

Filter-

integrity tester 

Thirty years of 

design refinements 

have resulted in 

the Sartocheck 

4 plus advanced 

filter-integrity tester. The unit incorporates 

productivity- enhancing features and is built 

to be durable. The device also was designed 

for the operator’s ease of use. Sartorius Stedim 

North America, Bohemia, NY t www.sartorius.

com t tel. 631.254.4249

Pharmaceuti-

cal robot

The Stericlean 

robot automates 

processes in isola-

tor and cleanroom 

environments. De-

signed to protect 

staff and products, 

the robot fully 

withstands decon-

tamination with vapor hydrogen peroxide. 

Stäubli Robotics offers various solutions for 

aseptic automation. Stäubli Robotics, Duncan, 

SC t www.staubli.com t

tel. 800.257.8235

Aseptic liquid-

sampling system 

GEMÜ offers a fully 

automatic aseptic 

sampling system for 

liquids and pure steam. 

The system is appropri-

ate for mobile or fixed 

installation. It features 

sterile sampling and 

transport and program-

mable automation for 

customer-specific variables. The closed sys-

tem protects personnel and uses compressed 

air as cooling and condensing media. 

GEMÜ Valves and Instrumentation, Atlanta, GA t 

www.gemu.com t tel. 404.344.8970

Automated 

sampling 

system

Allegheny 

Bradford 

designed its 

Automated 

Sampling Sys-

tem to be easy 

to install, 

operate, and maintain. The system’s contin-

uous-flow design ensures constant sterility 

that supports cleaning and steaming in place. 

The unit includes a double-tubesheet heat 

exchanger for leak detection and Pitot–

Venturi tube design. Allegheny Bradford, 

Lewis Run, PA t www.alleghenybradford.com t 

tel. 800.542.0650

Contract-manufacturing services

Hospira’s One 2 One business specializes in 

contract manufacturing of injectable prod-

ucts packaged in vials, prefilled syringes, 

cartridges, flexible containers, and ampoules. 

Additional offerings include product devel-

opment and fill–finish of clinical trial materi-

als, registration, and commercial batches. The 

company’s range of capabilities spans biolog-

ics, potent drugs, vaccines, cytotoxics, con-

trolled substances, and lyophilization. Hospira 

One 2 One, Lake Forest, IL t www.one2onecmo.

com t tel. 224.212.2267

Cytotoxic contract 

manufacturing

An eight-page brochure 

describes Baxter’s 

cytotoxic manufacturing 

facility in Halle, Germany. 

It includes information 

about cytotoxic contract 

manufacturing using bar-

rier-isolator technology and services such as 

lyophilization, liquid-vial filling, dry-powder 

filling, and sterile crystallization. The facility 

manufactures for distribution markets, in-

cluding the United States, Europe, and Japan. 

Baxter BioPharma Solutions, Round Lake, IL t 

www.baxterbiopharmasolutions.com t 

tel. 800.422.9837

Contract services

Metrics is a respected contract pharmaceuti-

cal research, formulation, development, and 

manufacturing company. Offering first-in-

man (FTIM) development and Phase I–III 

clinical-trial materials (CTM), Metrics has 

conducted more than 120 FTIM studies for 

various chemical entities in the past five years 

while producing more than 700 batches of 

CTM. Metrics, Greenville, NC t www.metricsinc.

com t tel. 252.752.3800

Parenteral Contract Manufacturing Service of Hospira
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Laboratory services

Lancaster Laboratories, a global leader in 

comprehensive laboratory services, enables 

pharmaceutical and biopharmaceutical 

companies to advance candidates from 

development through commercialization 

and ensures regulatory compliance, cost 

effectiveness, and the achievement of time-

lines. The company offers five service models, 

including fee-for-service, full-time-employee, 

and Professional Scientific Staffing. 

Lancaster Laboratories, Lancaster, PA t www.

lancasterlabs.com t tel. 717.656.2300

Contract 

services

Patheon is a leading 

provider of contract 

development and 

manufacturing ser-

vices to the global 

pharmaceutical 

industry. The company supplies products and 

services to approximately 300 of the world’s 

leading pharmaceutical and biotechnical 

companies. Patheon’s fully integrated world-

wide network helps ensure that customer 

products can be launched anywhere in the 

world. Patheon, Research Triangle Park, NC t 

www.patheon.com t tel. 905.821.4001

Job-focused 

training

PDA’s Training 

and Research 

Institute pro-

vides intensive, 

job-focused 

training that clients can apply immediately. 

The curriculum is designed to foster profes-

sional development in areas such as aseptic 

processing, biotechnology, environmental 

monitoring, filtration, microbiology, quality, 

regulatory affairs, training, and validation. 

Courses can be customized and provided at 

the client’s location. Parenteral Drug 

Association, Bethesda, MD t www.pda.org t 

tel. 301.656.5900

Outsourced 

services

Pfizer CentreSource 

provides solutions 

for sterile manufac-

turing, high-con-

tainment manufac-

turing, and oral and 

solid dosage forms. 

Its capabilities draw 

upon Pfizer’s global 

network of facilities, 

technologies, and expertise to fulfill a broad 

range of sourcing and outsourcing require-

ments, regardless of dosage form, batch size, 

or the complexity of the process. Pfizer 

CentreSource (PCS), Kalamazoo, MI t www.

pfizercentresource.com t�tel. 269.833.5844

Manufactur-

ing and pack-

aging services

Pharma Tech 

Industries offers a 

brochure that de-

scribes its pharma-

ceutical manufac-

turing and packag-

ing services, its 

facilities in Georgia 

and Missouri, and its technical capabilities. 

The brochure also includes  customer testi-

monials from global pharmaceutical leaders 

and photos of its facilities, machinery, and 

dedicated employees. Pharma Tech 

Industries, Royston, GA t www.pharma-tech.

com t tel. 706.246.3555

Sterile wipes

Veltek offers 

sodium-

hypochlorite 

and hydrogen-

peroxide wipes 

that are Class 

10 laundered, 

filtered at 0.2 μm, and formulated with 

US Pharmacopeia water-for-injection. 

The products have laser-cut edges and 

are guaranteed sterile with lot-specific 

documentation. Veltek, Malvern, PA t

www.sterile.com t tel. 610.644.8335

Microfiber 

mops

Perfex of-

fers a line of 

TruCLEAN 

microfiber 

mops, which are 

nonchemical 

cleaning tools 

designed to 

be environmentally friendly. The microfiber 

mops can absorb as much as seven times 

their weight in liquids and can be reused as 

many as 500 times. The washable products 

are compatible with gamma irradiation, 

ethylene oxide, and autoclave sterilization. 

Perfex, Poland, NY t www.perfexonline.com t 

tel. 800.848.8483

Blow–fill–seal machine

The Asep-Tech Model 628 blow–fill–seal 

machine from Weiler features a two-piece 

stepped base design to facilitate mainte-

nance and product discharge. Model 624 

tooling can be used on the Model 628 

machine. The Model 628 unit produces ster-

ile, liquid-filled, tamper-evident containers 

ranging in size from 0.5 mL to 250 mL. 

Weiler Engineering, Elgin, IL t www.

weilerengineering.com t tel. 847.697.4900

Transfer 

packaging for 

prefillable syringes

BD TSCF packaging en-

sures the secure transfer 

of sterile prefillable 

syringe components 

into the pharmaceutical filling environment. 

The packaging is compatible with IDC Biosafe 

doors for aseptic filling machines within isola-

tor or barrier systems. This packaging is part of 

the BD SCF global offer, which features exper-

tise in sterile processing of preservative-free 

drugs;  secure, reliable, easy-to-use systems; 

and drug master files and technical dossiers. 

BD Medical–Pharmaceutical Systems, 

Franklin Lakes, NJ t www.bdpharma.com t 

tel. 800.225.3310
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Packaging 

solution 

The NextBottle 

package from 

Catalent and 

One World De-

sign and Manu-

facturing Group 

is designed to 

improve patient 

compliance. The product’s dial mechanism 

dispenses one pill at a time and automatically 

reminds patients of the last day that a pill was 

taken. Catalent Pharma Solutions, Somerset, NJ t 

www.catalent.com t�tel. 866.720.3148

On-line TOC 

analysis

To help phar-

maceutical 

companies 

improve qual-

ity and reduce 

costs, GE Analytical Instruments offers a sci-

ence- and risk-based program for achieving 

real-time release of pharmaceutical water. 

The program streamlines a complex process 

and helps companies move total organic car-

bon testing from the laboratory to the pro-

duction floor in approximately six months. 

GE Analytical Instruments, Boulder, CO t 

www.geinstruments.com t tel. 800.255.6964

Laboratory blenders 

MaxiBlend and MiniBlend laboratory blend-

ers are available in sizes from 0.5 to 16 qt. The 

units are made of 316-L stainless steel and 

supplied with V-shells, bins, or double cones. 

The units feature a tabletop design and 

include programmable logic controls and 

safety-interlocked guards. GlobePharma, New 

Brunswick, NJ t www.globepharma.com t 

tel. 732.819.0381

Drug-storage 

system

WireCrafters’s 

Drug Enforce-

ment Agency 

(DEA)-Approved 

Storage Brochure 

shows how Wire-

Crafters Style 840 

Partitions meet 

or exceed DEA 

special require-

ments for storage of Schedule III–V controlled 

substances. Its secured-storage system is 

designed to be cost-effective. WireCrafters, 

Louisville, KY t www.wirecrafters.com t tel. 

800.626.1816

Handheld 

analyzer

Thermo Scientific’s 

TruScan RM unit is a 

handheld analyzer 

designed for rapid 

identification of 

raw materials and 

finished-product 

inspection. The in-

strument weighs less than 2 lb. and delivers 

results five times faster than the previous 

model. A new optical platform enables the 

TruScan RM unit to identify a broader range 

of chemical compounds. Thermo Scientific, 

Wilmington, MA t www.thermoscientific.com 

t tel. 978.642.1132

Process-analysis 

system

FOSS NIRSystems’s 

ProFoss is available 

with Vision software for 

pharmaceutical- and 

chemical-process ap-

plications. ProFoss is a 

process-analysis system 

based on high-resolu-

tion diode array tech-

nology. It provides nondestructive analysis of 

pharmaceutical and chemical products directly 

in the process line without bypass. The solution 

helps to optimize the use of raw materials and 

to consistently run production closer to target 

specifications. FOSS NIRSystems, Laurel, MD t 

www.foss-nirsystems.com t tel. 301.680.9600

Analytical 

system

The amaZon 

PowerPack liquid 

chromatogra-

phy–mass spec-

trometry system 

combines the performance and reliability of 

the amaZon SL ion-trap mass spectrometer 

with a state-of-the-art Dionex UltiMate 3000 

ultrahigh-performance liquid chromatog-

raphy system. The instrument is designed 

to enhance the analytical capabilities and 

productivity of laboratories that analyze the 

structure of various molecules. 

Bruker Daltonics, Billerica, MA t www.bdal.com t 

tel. 978.663.3660

Compliance 

software

EtQ’s FDA Compli-

ance Management 

software is an 

integrated quality- 

and compliance-

management 

system designed to 

maintain compli-

ance to various regulatory requirements and 

adapt to business processes. EtQ’s modules 

are tightly integrated to deliver a high-quality 

FDA-compliance solution and include Med-

Watch Plus, Complaint Handling, Corrective 

And Preventive Action, Document Control, 

and Change Management. EtQ, Farmingdale, 

NY t www.etq.com t tel. 800.354.4476

Materials-

identification 

database

The PDF-4/Organics 

2011 database, featur-

ing 436,901 entries, is 

designed for rapid materials identification 

and targeted to the pharmaceutical and 

specialty-chemical industries. Its design al-

lows for easy interface with diffractometers 

and data-analysis systems of leading soft-

ware developers and manufacturers of X-ray 

equipment. The database is useful for scien-

tists working in consumer products, catalysis, 

forensic science, analytical laboratories, and 

production. International Centre for Diffraction 

Data, Newtown Square, PA t www.icdd.com t 

tel. 610.325.9814
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broader scaling capabilities for chemistries not suitable to batch scale-up. 

This scalability feature of CFRs is appealing for circumventing nonscaling 

problematic chemistries in a timely fashion. It is not uncommon for there to 

be one or more steps in an initial discovery synthesis that is not amenable 

to batch processing. When this occurs, significant time, effort, and money 

have to be invested in process research and/or development to resolve the 

chemistry or retool the synthesis. CFR technology, on the other hand, offers 

the potential to scale the existing problematic chemistry to overcome the 

bottleneck. For example, Johnson and Johnson (New Brunswick, NJ) dem-

onstrated the utility of CFR technology for rapidly scaling gram to kilogram 

quantities of early-stage clinical trial API where batch processing was a 

concern (4). Several classes of reactions that presented safety or hazardous 

concerns for batch manufacturing were shown to scale efficiently, safely, 

and with shorter process research times. The reaction classes reported by 

the Johnson and Johnson group included exothermic reactions, reactions 

at elevated temperatures, reactions with unstable intermediates, and reac-

tions involving hazardous reagents (4). Implementing CFR technology in an 

otherwise batch process to resolve early scalable issues provides an attrac-

tive strategy for expediting early-stage process development. Under this 

mixed “batch-CFR” paradigm, the problematic step(s) can be optimized to a 

CFR early on in the process allowing the chemistry to be readily scaled from 

grams to kilograms. Manufacturers of continuous CFRs such as Corning 

(Corning, NY) make smaller scale reactors that can be used for optimiz-

ing the continuous-flow chemistry on a small scale and employing the 

smaller reactor to make the desired product on a scale of grams to about a 

kilogram. When larger-scale production is required, the chemistry is readily 

transferred to an identical larger reactor simplifying the technology transfer 

process from laboratory scale to plant scale. Consequently, the “Batch-CFR” 

approach has the potential to be more expedient and cost effective as it 

takes advantage of CFR technology’s ability to scale existing chemistry that 

is not suitable or safe for larger-scale batch processing. CFR technology may 

also allow the CMO to scale reactions beyond the capacity of their fixed 

reactors as an alternative to doing a technology transfer to another facility 

with larger fixed reactors.The contract manufacturer will still likely use fixed equipment to process 

the continuous-flow reaction maelstrom. Although significant gains have 

been made in in-process monitoring and continuous crystallization, at the 

present time, it is more expedient for early-stage continuous flow reactions 

to be worked-up using traditional methodology such as filtration, extraction, 

solvent removal, and crystallization in fixed equipment. If the project moves 

to commercialization, particularly in the hands of a large pharmaceutical 

company, the process is more likely to become a fully optimized continu-

ous process from start to finish. With a “Batch-CFR” process, this transition 

should be facilitated since the more challenging chemistry has already been 

adapted to CFR technology.The decision by a CMO to implement CFR technology to resolve a 

process scale-up issue is a critical risk decision requiring buy-in from the 

sponsor client. The technology holds significant promise for efficient and 

cost-effective development of early-stage cGMP processes. The “Batch-CFR” 

approach provides a much greater probability for scaling the initial discov-

ery synthesis directly, thereby requiring significantly less process research 

and development work. CFR technology, however, requires different strate-

gic thinking and technical expertise compared with classical batch manu-

facturing. Because most drug-development professionals are classically 

trained, there is likely to be some natural resistance to implementing CFR 

technology in early-drug development. This mindset has been referred to 

as “batch mentality (5). However, with FDA and the pharmaceutical industry 

encouraging the shift to CFR technology, contract manufacturers are likely 

to follow suit.  
Sources

 1. A. Pellek and P. Van Arnum, Pharm. Technol. 9 (32), 

     52–58 (2008). 2.  B. Trout and W. Bisson, “Continuous Manufacturing 

     of Small Molecule Pharmaceuticals: The Ultra-Lean Way  

     of Manufacturing,” 2009 MIT Global Operations

     Conference, Dec. 2, 2009, http://ilp-www.mit.edu/

     images/conferencemedia/trout.pdf, accessed 

     Aug. 16, 2010.  3. “Chemisty in Flow Systems” in Beilstein J. Org. Chem.

     Thematic Series 4, 5 (15), A. Kirschning, Guest Ed., 

     Apr. 29, 2009, www.beilstein-journals.org/bjoc/

     browse/singleSeries.htm?sn=4, accessed Aug. 16, 2010.

 4. X. Zhang, S. Stefanick, and Frank J. Villani, Org. Proc. Res.

     Dev. 8 (3), 455–460 (2004).
 5.  P. Thomas, Pharm. Manuf., www. pharmamanufacturing.

     com/articles/2010/088.html,  accessed Aug. 16, 2010. 
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1144, jhamby@ashstevens.com.
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The current trend in the pharmaceutical industry for the manufacture of 

small-molecule therapeutic agents is moving toward continuous flow pro-

cesses. In 2007, the Novartis–MIT Center for Continuous Manufacturing was 

established with $65 million in funding from the drug company. The center 

is proposing a “Blue Sky” concept where there is a continuous process from 

the start of a chemical synthesis through final pharmaceutical dosage form 

(1, 2). The Blue Sky program is an ambitious goal but is gaining ground rap-

idly among thought leaders in the pharmaceutical industry and US Food 

and Drug Administration. Consequently, the momentum for this concept is 

likely to have a trickle-down effect for contract manufacturers (CMOs) that 

design and develop early-stage manufacturing processes for clients devel-

oping innovator small-molecule drugs. 

Continuous-flow technology

Continuous-flow technology involves the continuous introduction of a 

stream of chemical reactants into a flow or microreactor to yield a desired 

reaction product on a continuous basis. The versatility and usefulness of 

continuous-flow reactor (CFR) technology is expanding rapidly with an 

ever broadening scope of applicable chemistries and the development 

of new flow technologies (3). Champions of continuous-flow technology 

cite a wide range of potential advantages compared with traditional batch 

manufacturing of pharmaceuticals.  In general, the greater optimization 

and control achievable with CFR technology can translate to significant sav-

ings in time and costs and can have a favorable safety and environmental 

impact. Furthermore, the small-reaction volume, broad operating pressure 

and temperature ranges, and mixing efficiencies of flow reactors extends 

the repertoire of chemistries beyond that of the safety and technical limita-

tions of batch reactors. The capital investment for CFR technology is also 

substantially less, as is the footprint required in the plant than a similar 

capacity batch-reactor system. However, even though the potential advan-

tages of CFR technology can be significant, the technology is currently not 

applicable or practical in all situations.

Early-stage development

Adapting CFR technology to early-stage development projects has sig-

nificant merit, but also significant challenges. CMOs work with numerous 

sponsor clients, diverse chemistries, and projects in all stages of develop-

ment. Many of the projects CMOs encounter are very early stage with the 

development candidate being licensed out of an academic laboratory 

or coming directly from the sponsor company’s discovery laboratories. 

These early-stage projects more often than not require various degrees 

of process research and/or process development to make the discovery 

synthesis amenable to current good manufacturing practice (cGMP) scale-

up. Also, to receive additional funding or secure a development partner, 

the sponsor company has a strong sense of urgency to enter the clinic and 

achieve proof-of-concept as soon as possible. This puts pressure on the 

CMO to rapidly develop a scalable process to meet the near-term active 

pharmaceutical ingredient (API) goals of the sponsor company and at the 

same time enable the process to further scale-up to meet later stage API 

demands.  

Small-molecule drug development processes are typically in the 

range of six to eight synthetic steps. Given the time constraints and level 

of technical challenge, the design of an initial six to eight step totally 

continuous-flow process for an early-stage drug development project is 

generally not practical and is typically reserved for established commercial 

processes. CFR technology, however, does offer the distinct advantage of 
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another heparin-like tragedy. Improv-
ing the safety of drugs throughout the 
supply chain will come at great expense 
and will only succeed through the dil-
igence of all stakeholders. FDA must 
be attentive with its drug approval 
and inspection procedures, and drug 
producers must remain committed to 
manufacturing drug ingredients gov-
erned by cGMPs. The pharmaceutical 
industry becomes more global each 
day, and it becomes increasingly clear 
that all manufacturers must work to 
implement quality programs.  

As the law is implemented in stages 
over the next few years, the hope is that 
the industry will see results from these 
major steps taken to safeguard the drug 
supply. The ongoing dialogue between 
drug manufacturers and FDA has led 
to a path forward that can hopefully 
ease the minds of consumers. How-
ever, there is more work to be done. 
Currently, foreign over-the-counter 
(OTC) drug manufacturing is not 

being inspected, nor is their inspec-
tion included in the passage of the FDA 
Reform Act.  Hopefully, a risk-based 
inspection approach will be applied to 
OTC products as well in the future. 
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John DiLoreto, SOCMA 

T
he bipartisan enactment of the Food 
and Drug Safety and Innovation Act, 
signed into law on July 9, 2012, is an 

important achievement in FDA’s objec-
tive to ensure the efficiency and quality 
of drugs manufactured and distributed 
in the US and abroad. For generic drugs, 
the legislation makes it possible for the 
federal government to increase foreign 
facility inspections, speed approval of 
lifesaving medicines, reduce drug short-
ages, and improve the quality and avail-
ability of drug ingredients.

A risky market
In the past, the US drug supply has 
been susceptible to sub-par quality 
drugs due to the lack of enforcement 
of basic drug quality inspections of 
foreign facilities—leading to lax qual-
ity compliance standards. According to 
FDA, approximately 80% of APIs are 
imported, primarily from high-risk 
regions, such as Asia (1, 2). FDA has 
been unable to accurately identify all 
foreign facilities manufacturing drugs 
entering the US, and the agency does 
not have the resources or systems in 
place to track such foreign facilities 
for the purpose of quality inspections. 

Although domestic pharmaceuti-
cal companies can expect an FDA 

inspection every two to three years, 
most of their foreign counterparts 
have never been inspected by FDA. 
According to a 2010 GAO report (3), 
it would take FDA, with current re-
sources, more than nine years to in-
spect all foreign facilities just once. 
The lack of routine risk-based inspec-
tion of foreign facilities endangers the 
safety of the global drug supply chain, 
encourages non-domestic job growth, 
and has the potential of becoming a 
national security issue.

FDA gains resources
With the passage of the FDA reform 
bill, the agency indicated in negotia-
tions with stakeholders that it will have 
the resources it needs to inspect all for-
eign and domestic generic-drug pro-
duction facilities with regularity (4). 

Inspections will be performed on 
a risk basis, focusing on the facilities 
posing the greatest risk to the supply 
chain. This will provide greater con-
fidence in the safety of generic drugs 
imported from developing countries. 

Members of the Bulk Pharmaceu-
ticals Task Force (BPTF), an industry 
trade organization of drug ingredient 
makers within the Society of Chemical 

Manufacturers and Affiliates, will be 
among those paying FDA nearly $1.5 
billion over the course of five years to 
accomplish these goals. The Generic 
Drug User Fee Act (GDUFA), which 
was negotiated last year by BPTF mem-
bers and other industry trade groups, 
is included in the FDA Reform Act. 
GDUFA will expedite the availability 
of more affordable, high-quality ge-
neric drugs; enhance FDA’s ability to 
prevent substandard and misbranded 
drugs from entering the supply chain; 
and level the playing field between for-
eign and domestic firms. 

Significantly, the legislation also au-
thorizes FDA to confiscate and destroy 
counterfeit, adulterated, or misbranded 
drugs that enter the US rather than 
returning them to foreign manufac-
turers. Past practices forced FDA to 
send the drugs back to their country 
of origin, where they were ultimately 
returned to the drug supply chain in 
other countries.

Industry and FDA collaborate
Among the most significant but least-
known developments contributing to 
this legislative success is the fact that, 
at a time when company budgets are 
tight and economic uncertainty runs 
high, generic-drug producers volun-
tarily agreed to pay these fees to avoid 

New law provides FDA with the resources

it needs to safeguard drug supply chain.

Enactment of FDA Reform Act 
Improves Drug Safety

John DiLoreto is 

executive director of the 

Bulk Pharmaceuticals 

Task Force, an affiliate 

organization of the Society 

of Chemical Manufacturers 

and Affiliates (SOCMA).

The ongoing 

dialogue between 

drug manufacturers 

and FDA has led to 

a path forward. 

Your opinion matters.

To contribute to this column, 

send your proposal to 

adrakulich@advanstar.com.

contin. on page 113



Want your marketing 
messages to reach the right 

audience…every time?

*Publishers Data

**All duplicate records have been subtracted from these totals

Now you can drive demand and market 

growth faster than ever before...

Meet CASTTM. The all new, highly targeted, data 

driven, Custom Audience Segmentation Tool from 

Advanstar’s Pharmaceutical Science Group.

CASTTM contains over 1.3 million unduplicated decision 

makers from global pharmaceutical companies served 

by our leading publications and conference brands.

With CASTTM we can help you…

5� �)� -./�)��/# �.$4 ��)��.�*+ �*!�3*0-�+*/ )/$�'�

target markets 

5� �- �/ �) 2�+�/#2�3.�/*�+*/ )/$�'��0./*( -.�2$/#�

*0-��0./*($4 ��+-*�0�/.

5� �$- �/�3*0-�(�-& /$)"�( ..�" .�/*�#$"#'3�/�-" / ��

global audiences

5� �-$1 �,0�'$7� ��2 ��.$/ �/-�!7���

5� �*�0.�3*0-�.�' .� !!*-/.�*)�#$"#�,0�'$/3�' ��.

CAST TM will help you create more effective 

and innovative marketing campaigns that 

4 -*�$)�*)�/# �-$"#/�(�-& /.�2$/#�/# �-$"#/�

�0./*($4 ��+-*�0�/.��$)�'0�$)"��

5� � 2.' // -.�5� �**&.�5�2 ��.$/ .

5���)) -���(+�$").�5�+-*+-$ /�-3�- . �-�#�

5�1$� *.�5�2 ���./.�5�+*���./.

�''�� .$") ��/*���#$ 1 �3*0-�.+ �$7���

marketing objectives.

Find out how CASTTM can work for you by 

contacting Mike Tracey at 732-346-3027 

or mtracey@advanstar.com

www.pharmtech.com

Integrated Database Reach

Print Magazine

Universe

eNewsletter

Universe

Both

CASTTM Audience Summary*

�-$)/���"�4$) ��)$1 -. ������������������������������������������
	

 � 2.' // -��)$1 -. ���������������������������������������������
����

�*/�'��-$)/���"�4$) ��)�� � 2.' // -��)$1 -.  ......��������

Pharmaceutical Science Conference Attendees������	�����

Pharmaceutical Science Webinar Attendees������������	��
��

Total Pharmaceutical Science Conference and 

� �$)�-��// )�  .��������������������������������������������������
���

�*/�'��)�0+'$��/ ���-$)/���"�4$) �� � 2.' // -��

Conference and Webinar ....................................203,812**

Conference 

and Webinar 

Attendees

Print and 

eNewsletter 

Subscribers

1.3 million 

unduplicated 

decision makers

Target Highly-Selective CASTTM Audience



rp scherer softgel 

©
 2

0
12

 C
a

ta
le

n
t 

P
h

a
rm

a
 S

o
lu

ti
o

n
s

. 
A

ll
 r

ig
h

ts
 r

e
s

e
rv

e
d

.

Every molecule has a challenge. We have a softgel solution.

Call: + 1 888 SOLUTION (765 8846)  Email: solutions@catalent.com  Visit: www.catalent.com

robert pauli scherer

inventors then.
In 1933, R.P. Scherer’s rotary die revolutionized 

encapsulation and positioned Catalent RP Scherer 

Softgel to become the undisputed industry leader.

 Over 75 years of development expertise 

and manufacturing experience

 200+ active Rx and 1,000+ active consumer 

softgel products on the market

 9 global softgel sites ensuring  

reliable supply worldwide 

innovators now.
Today, we lead the industry in cutting-edge drug  

delivery innovations, with unique technologies,  

unrivaled expertise and unmatched global capacity.

 Unique technologies for Omega-3s, Vitamin D 

analogs, hormones and retinoids 

 Expertise with enteric coating, cytotoxic compounds  

encapsulation and abuse-deterrence formulations

 Breakthrough macromolecule  

encapsulation technologies



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /None
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'ACE_PDFX-1a'] [Based on '[PDF/X-1a:2001]'] Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


