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Laboratory Medicine

CDC Report Hit the Mark, But Will It Drive Change?

BY PHIL KIBAK

he 200,000-plus CLIA-certified U.S. medical labo-
ratories conduct about 7 billion tests annually. This
significant contribution to healthcare, which accounts
for only 2.3% of annual U.S. healthcare costs, has an
enormous impact on clinical decision-making and
health outcomes. But with ever growing pressures on labs to do
more with less, a comprehensive analysis of key factors affecting
laboratory medicine—and the attendant identification of practices
that could reduce laboratory-related error rates or optimize use of
laboratory testing—was missing. Now, a 2-year effort by the CDC
Division of Laboratory Systems has given stakeholders, including
policymakers, a snapshot of where the field stands today. “Labora-
tory Medicine: A National Status Report” was unveiled in May and
describes the challenges and prospects that affect clinical labs in the
U.S. The purpose of the report, according to the CDC, is to lay the
groundwork for transforming laboratory medicine over the next
decade.

In the 384-page report, the Lewin Group, a health and human
services consulting firm based in Falls Church, Va., under subcontract to Battelle Memorial Institute, compiled
and analyzed data from published and unpublished literature, government databases and reports, market re-
search reports, and input from laboratory experts and government officials. While most lab leaders praise the
report as an accurate overview of key factors that affect laboratory medicine today, how the document will drive
improvements is uncertain.

See CDC Report, continued on page 3
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Saliva Tests: Ready to Spit?

Oral-based Tests Poised for Wider Array of Analytes

BY GINA ROLLINS

n Western culture, saliva has a distinctly unsavory connotation, but a wave of research involving cutting-

edge technologies is changing people’s opinions on the heretofore undervalued biofluid. In fact, some

experts believe that analysis of saliva may be equivalent, and in some instances superior, to assessment of

serum, urine, or other biofluids in diagnosing oral as well as systemic diseases. With none of the anxiety

and discomfort associated with needlesticks, coupled with the micro- and nanotechnologies employed
to amplify its diverse but comparatively low concentration of analytes, saliva has the potential to offer a revolu-
tionary change in medicine.

“It’s been the poor step-child of serum, yet the vast majority of proteins in serum are also present in saliva,
but in minute amounts. You simply have to look harder to reveal information that’s contained there,” explained
John McDevitt, PhD, professor of chemistry at the University of Texas
at Austin.

N?JNSPESSF'T;(G)EG' Two forces are driving saliva’s rising currency as a diagnostic tool.

PAID One is the development of mass spectrometry and other technologi-

GF?EENF'E'-DOH cal advances that enable high throughput analysis and detection of
ermit No.436

concentrations of analytes that are 1,000 to 10,000 times lower than
in serum. The many biological roles of saliva are well documented,
such as starting the digestive process through the release of enzymes
and the cleansing and diluting of detritus in the mouth. Pioneering
researchers like Irwin Mandel, DDS, professor emeritus of dentistry
at Columbia University, N.Y. have long maintained that saliva is a

See Oral-based Tests, continued on page 6
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Report Supports Value of Lab Tests

CDC Report, continued from page 1

The report is a welcome affirmation
of the struggle that lab professionals face
for recognition of their contributions and
value to the U.S. healthcare system, notes
AACC president Larry Broussard, PhD,
professor of clinical laboratory sciences at
Louisiana State University Health Sciences
Center in New Orleans. “The report sub-
stantiates what laboratorians have been
saying. But it really is a first step and needs
to be followed up with specific recommen-
dations to address the problems identified.
The critical thing is: how will the report be
followed up?”

Rodney Forsman, assistant professor of
laboratory medicine and pathology at the
Mayo Clinic College of Medicine in Roch-
ester, Minn. agrees and hopes that poli-
cymakers will use the data to make much
needed changes in reimbursement and
regulation of lab tests. “This report does
not break new ground, but it gives a cred-
ible snapshot of where we are today. The
relevance of the report is that we now have
a government-commissioned document
that supports what we in the field have been
saying. And as far as those responsible for
making policy, this gives them something
to turn to that highlights the right areas”

“It’s quite valuable as a resource,” added
Robert Murray, D, PhD, technical consul-
tant with Midwest Diagnostic Pathology in
Park Ridge, IIl. “The Lewin Group did its
homework, and the quantitative documen-
tation is excellent. And it appears to be very
supportive of the value of laboratory test-
ing and shows that it has a favorable cost-
benefit ratio within the healthcare system.”

A Comprehensive Scope

Concern that policymakers lack a firm
understanding of the field of labora-
tory medicine was one of the factors that
prompted the CDC to initiate a national
effort to identify and evaluate best practices
in lab medicine. “We have felt for some
time that there needed to be a document

that substantiates the scope of laboratory
medicine in the United States,” explained
D. Joe Boone, PhD, acting director of the
CDC Division of Laboratory Systems and
the administrator of the project. “Its pri-
mary focus is to help those who are not
laboratory professionals—policymakers, for
example—better understand the field as
well as the nature of the constraints that in-
fluence or affect laboratory operations and
practices. But we also hope that laboratori-
ans find it useful”

Boone noted that he was expecting
something quite a bit smaller. “It kind of
surprised me when I saw the actual magni-
tude of the document,” said Boone. “I was
expecting something that was significantly
less lengthy” He added that the Lewin
Group is still working on three additional
chapters (See Box, below). Final drafts of
these chapters are expected to be available
for comment after August 30. The com-
ment period for the previously finished
chapters ended on June 30 with comments
received from five organizations—the
American Clinical Laboratory Association,
the American Society of Microbiology, the
College of American Pathologists, Auburn
Strategies, and the Academy for Clinical
Laboratory Physicians and Scientists—and
two individuals. The entire report is expect-
ed to be finished by November 30.

More Specifics, Please

While many laboratorians are pleased with
the report, citing words like extensive and
comprehensive, others believe that there’s
a need for greater depth in some of the
conclusions it draws, as well as the need for
more concrete recommendations.

David Mongillo, vice president for policy
and medical affairs at the American Clini-
cal Laboratory Association in Washing-
ton, D.C., remarked that “the report really
touched upon a fully integrated landscape
of the very complex clinical lab industry,
but we view this as a first step toward
any additional considerations that might

Structure of
Laboratory Medicine:
A National Status Report

The posted report is divided into 14 sections that include eight

chapters:

» The Value of Laboratory Medicine to Health Care
» Market Profile of the Laboratory Medicine Sector

» Laboratory Medicine Workforce

» Quality and the Total Testing Process

» Quality Systems and Performance Measurement

» Laboratory Information Systems

» Federal Regulatory Oversight of Laboratory Medicine

» Reimbursement for Laboratory Medicine

Three chapters still under development are:

» Patient-Centered Care And Laboratory Medicine

» Innovative Applications in Testing Technologies

» Policy Issues and Their Implications for Stakeholders in Laboratory

Medicine

To view the full report of Laboratory Medicine: A National Status Report,

go to www.futurelabmedicine.org

Lab Medicine: The Numbers

» Approximately 6.8 billion lab tests are performed annually in the U.S.

» Lab testing revenues in 2007 were a projected $52 billion

» Hospital-based labs generate 54% of total testing revenue, projected

at $28.4 billion for 2007

» More than 4,000 lab tests are available for clinical use; of the 1,162
tests that are reimbursed by Medicare, about 500 are performed

regularly

» The number of CLIA-certified labs exceeded 200,000 in 2007; physi-
cian office labs represent 54% of clinical labs in this sector, 80% of
which are certified to perform only waived and/or provider-per-
formed microscopy tests, such as rapid streptococcal detection

Source: Laboratory Medicine: A National Status Report, May 2008

include recommendations.”

One example where more definition is
needed is the chapter that deals with regu-
latory oversight, Mongillo noted. “In a few
places in the report, a statement is made
that a recent FDA guidance document clar-
ifies its oversight of IVDMIAs. But what
really happened is that the FDA released a
draft document which, in our opinion, did
not really clarify the agency’s role regard-
ing oversight of IVDMIAs. Instead, what it
really did was provide an opportunity for
comment on the FDAs role in oversight of
IVDMIAs as laboratory-developed tests.”

Mongillo said that the report also states
that the FDA has statutory authority to fully
regulate all LDTs but has not done so be-
cause of resource constraints. “We think that
has to be fully considered. We know there are
some FDA officials who make the assertion
that the agency has full authority to regulate
all of these LDTS, but we don’t know if that
has ever been fully, legally determined. At the
ACLA, we think the FDA plays an important
and positive interagency role in this respect
but that the responsibility for oversight of
LDTs falls under CLIA and CMS.”

CDC Report, continued on page 4
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Reimbursement Changes Needed

Low reimbursement rates have plagued
labs for a number of years. In 2000, the In-
stitute of Medicine issued a report, “Medi-
care Laboratory Payment Policy: Now and
in the Future” It stated, “Existing mecha-
nisms for keeping payments up to date are
inadequate.” Today, 8 years after the IOM
report, the same issues still affect labs.

The IOM study took on the problem of
reimbursement directly, noted Murray. “It
created a flurry of interest within the lab
community, but I can’t think of any objec-
tive consequences that came from it.”

Forsman agreed. “There was a lot of
input from consultants, but what it came
down to was 12 points that pretty much
agreed with what everyone had been say-
ing. For example, the IOM report indi-
cated that the business of coding is flawed
—which also was a conclusion of the new
CDC report. The IOM report also said
that competitive bidding wouldn’t work
—which also was a finding in the new
CDC report. So now, we have a restate-
ment of things we’ve known but now can
point to.”

According to the CDC report, CMS is
proceeding with a competitive bidding
demonstration project for laboratory ser-
vices, with the expectation of substantial
cost savings. Supporters of the CMS com-
petitive bidding project believe that current
prices on the fee schedule have no substan-
tial relationship to actual costs. However,
the demonstration project model is highly
exclusive and could have significant detri-
mental effects on clinical labs that lose in
the bidding process, as many depend on
Medicare reimbursement for a sizable por-
tion of their revenues.

The CDC report also states that the
Medicare program exerts the strongest
influence on U.S. laboratory services pay-
ment. All public payers and approximately
67% of private payers use Medicare’s pay-
ment methodologies as the basis for their
own and as tools for negotiating discounts
with providers. Redesign of the current
Medicare payment system is needed to
meet the growing scientific, technical, clini-
cal, and economic challenges of the U.S.
healthcare system.

For example, the report concludes that
continued use of 56 different fee schedules
nationwide is inefficient and unnecessarily
complex. For certain commonly ordered
tests, the multiple schedules result in large
regional variations, while for other tests,
national limitation amounts results in in-
adequate Medicare payments. In addition,
the Medicare statute restricts payment for
screening and other preventive technolo-
gies and services, unless otherwise specified
by Congress. Adding these technologies
and services to Medicare benefits on a case-
by-case basis via legislation is cumbersome
and impedes access to certain proven, ben-
eficial tests.

“The chapter dealing with reimburse-
ment is a reasonably fair representation of
the current complexities of the payment
and reimbursement system,” remarked
ACLAs Mongillo. “We believe that, yes,
some reconsideration of payment for labo-
ratory services, especially those that are
new and sophisticated tests, may be neces-
sary. And I think that was what the report’s
overall conclusion was in this area—that
the fee schedule should be re-examined in
terms of how it could better accommodate
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Source: Laboratory Medicine: A National Status Report, May 2008

some of the new diagnostic, molecular, and
genetic tests that may not currently be ad-
equately reimbursed.”

Forsman noted that there seems to be
some uncertainty on the part of the lab
community as it looks to CMS on reim-
bursement issues. “A few years ago, there
were recommendations of this sort, and
members of the lab community said, ‘Oh,
they’ll never listen. But CMS did implement
an open door policy and contributions were
heard, and we did have the national limita-
tions set differently for the 23 top tests””

The problem, Forsman added, is that
the coding structure can be ambiguous.
“We all know that certain things are favor-
ably reimbursed. But others, like new and
emerging technologies, or testing for an
esoteric disease, may not be favorably re-
imbursed. That doesn’t make the tests any
less valuable. But they may not fit under
current coding guidelines.”

Some tests, Forsman maintained, have
no clinical validity or lead to other down-
stream costs associated with follow-up.
On the other hand, he said, there are other
codes that are highly useful and offer a tre-
mendous return on investment in terms of
avoiding inpatient stays and other proce-
dures. “If the reward system was built along
those lines, I think there would be enough
money in the system and we would end up
with more cost-effective health care and
better physician and patient satisfaction.”

Laboratory Information Systems

The report notes that laboratory informa-
tion systems (LIS) have evolved over the
past few decades from simple systems de-
signed to generate accurate reports to sys-
tems that can link laboratory data from one
end of the total testing process to the other.
However, the extent to which such systems
have been adopted and their capabilities
vary widely. Lack of harmonized data stan-
dards is the single greatest barrier to labo-
ratories’ ability to integrate data within the
lab as well as exchange information with
other health care computer systems.

These external systems may well be
driving changes within LIS. “My experi-

ence is that the needs of these other sys-
tems are making the LIS fit into the jigsaw
puzzle that is the electronic health record,
even though labs were far and away the
first to use computers,” explained Murray.
“Now, data from labs are reorganized by
other systems. 'm in favor of anything to
harmonize all these different systems, but
I think it’s out of our hands—it’s not a lab
issue now so much as an information pro-
cessing issue.”

Making the Transformation

The laboratorians who spoke with CLN
were cautiously optimistic about how the
report will affect a transformation in labo-
ratory medicine. “It will support change,
but that change will come very, very slowly,”
said Murray.

Boone noted that the vast amount of
material covered necessitated adoption of
broad conclusions as opposed to specific
recommendations. “A long-term objective
of the project is to see if there are particular
areas where significant problems exist and
how these should be addressed,” he said. He
added that the CDC will periodically up-
date the report depending on the need for
information, and as resources permit.

Broussard expressed his optimism that
labs may fare better in the future. “This
is an excellent document for presenting
the facts, which are now documented, to
people who are in decisionmaking capaci-
ties. For example, when people talk about
cutting healthcare costs, they always look
to the lab. But the report shows that the
amount of money spent on lab costs as a
percentage of healthcare expenditures is so
small that significant cuts to the lab will not
significantly affect healthcare costs overall”
(See Figure above).

Forsman agreed that the time spent de-
veloping the report was time well spent, but
noted that “the government will make deci-
sions without a report. The realities are that
if changes to the lab industry require statu-
tory remedies, we will need to continue to
have a presence on Capitol Hill, and this re-
port will be helpful in terms of providing us
with much needed ammunition.” (LN



Spit Shines as Diagnostic Medium

Oral-based Tests, continued from page 1

window to the body. But until recently,
analysis techniques were not sensitive
enough to detect nano-concentrations of
biomarkers in saliva.

The other factor contributing to saliva’s
rising star is crucial funding for two lines
of investigation by the National Institute of
Dental and Craniofacial Research (NIDCR)
in Bethesda, Md. In 2002, NIDCR awarded
grants to seven research teams to develop
salivary diagnostic platforms. All focused
on using microfluidics and microeletro-
mechanical systems to detect and analyze
the components of saliva, including pro-
teins, electrolytes, DNA, and mRNA, with
the goal of commercializing the products.
Four of these labs received a second round
of funding in 2005, and all are well on their
way to developing “lab on a chip” oral-
based detection systems using different
platforms. Since the initiative commenced,
NIDCR has funded $43.4 million, accord-
ing to a spokesperson.

On the heels of the salivary diagnostic
initiative, in 2003 NIDCR funded a com-
plementary undertaking to identify and
catalogue the entire salivary proteome. It

has subsequently awarded $24.1 million to
three labs. Efforts from both NIDCR initia-
tives are bearing fruit in 2008.

A Mouth Full

Saliva comes primarily from three pairs
of glands in the craniofacial structure: the
parotid glands, located between the back of
the jaw and each ear; the sublingual glands,
under the floor of the mouth; and the sub-
mandibular glands, just inside the back of
the jaw in the floor of the mouth. About
10% comes from minor glands clustered
in the oral mucosa. Each gland, encased in
a capsule of connective tissue, is composed
of individual lobules supplied by a fine
network of capillaries. The lobules, with
serous and/or mucous cells, depending on
the gland, actively take up substances from
serum, such as water and salt, passively
diffuse and filter others, blend them with
salivary proteins, then secrete the resulting
concoction—ranging from 500mL to 1.5L
per day—into ducts that transport saliva
to the mouth. As a result of this process of
diffusion, absorption, and secretion, saliva
reflects natural and artificial substances in
the body, albeit at micro levels.
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The Oral Fluid NanoSensor Test is a handheld, automated, integrated micro-
electromechanical system that will enable simultaneous and rapid detection
of multiple salivary protein and nucleic acid targets. The device was developed
by a team of researchers at the UCLA School of Dentistry led by David Wong,

DMD, DMSc.

Researchers distinguish between duc-
tal saliva, which comes directly from the
salivary glands, and whole saliva, which
includes the entire oral fluid mix, including
saliva, bacterial waste products, and serum
leaked from crevicular junctures around
the teeth. Ductal saliva is considered more
valuable as a biofluid, so collection tech-
niques typically use something like a Lash-
ley cup that adheres via mild suction to the
parotid duct orifices. The composition of
saliva is affected by numerous factors, so
some researchers also follow strict speci-
men protocols, such as collecting fasting
early morning samples.

“Protein levels in saliva change due to
medications, systemic diseases, the time of
day, and whether the patient has eaten or
drunk anything. There are so many vari-
ables that can impact the results,” explained
Brian Schmidt, DDS, MD, PhD, associate
professor and an oral and maxillofacial
surgeon at the University of California at
San Francisco. While these types of collec-
tion techniques are important as scientists
perfect their knowledge about saliva, any
commercial oral diagnostic devices likely
will feature simpler means of gathering
samples, such as oral swabs or spitting into
a tube, he said.

Saliva’s Utility as a Diagnostic Fluid

Some researchers view oral-based tests
as the Holy Grail of diagnostics, mainly
because samples can be obtained non-
invasively. Although this would appeal to
squeamish people, it would be of particu-
lar importance to children and elderly pa-
tients, who typically experience the most
discomfort in providing blood samples.
“If the consumer is presented a choice of
obtaining a sample through blood, urine,
saliva, or spinal fluid and the results are
equally accurate, that will drive adoption,”
said David Wong, DMD, DMSc, professor
and associate dean of research at the UCLA
School of Dentistry.

In addition, collecting saliva poses less
risk to healthcare workers. Saliva samples
arealso easier to handle in that saliva doesn’t
clotlike blood. In combination with micro-

and nano-technologies, oral-based diag-
nostics offer the possibility of condensing
the full processing power of flow cytom-
eters into low-cost, hand-held devices—an
ideal solution for developing countries that
lack resources and infrastructure.

But there are also advantages for indus-
trialized countries. Oral-based diagnostics
could enable speedy, low-cost POC devices
that do not depend on trained phleboto-
mists for sample collection. And saliva-based
tests could provide rapid, perhaps even
field-based, results. “You can’t be slower and
more expensive with new diagnostics and
expect economies. That’s where electronics
has a powerful impact for our country;” said
McDevitt. “We have taken advantage of the
microfabrication methodologies popular-
ized by the electronics industry to make en
masse our new nano-bio-chip sensors. The

See Oral-based Tests, continued on page 8




Saliva-Based Tests Target Cancer

Oral-based Tests, from page 6

electronics industry has provided our soci-
ety with so many examples of powerful yet
affordable tools, from computers, to televi-
sions, to cell phones. The marriage of elec-
tronics and in vitro diagnostics has the po-
tential to change the practice of medicine by
creating powerful yet affordable diagnostic
aids. These devices may be mini-sized, but
[could] exceed performance of refrigerator-
sized instruments.”

A few oral-based diagnostics are al-
ready available commercially. Most notably,
OraQuick (OraSure Technologies, Bethle-
hem, Pa.) was approved by the FDA in 2004
as an oral-based qualitative immunoassay
for HIV-1 and HIV-2. It is a screening test
only and requires a confirmatory reactive
test. The same test using blood samples was
approved in November 2002. There are a
number of breath analyzers to detect blood
alcohol concentrations using infrared spec-
trophotometer or electrochemical fuel cell
technologies. Specimens for DNA testing
used in forensics, paternity, and genealogi-
cal investigations are now commonly col-
lected via buccal swabs. Steroid hormones,
hepatitis A, B and C, and substances of
abuse such as marijuana and methamphet-
amine also can be detected through salivary
analysis.

On the Cutting Edge

Recent research seems likely to expand this
relatively modest group of oral diagnostics
to encompass a host of systemic and oral
diseases. In addition, three NIDCR-funded

research teams from five universities are
working to categorize the salivary pro-
teome. In April 2008, the group reported
that they had used different separation and
fractionation technologies, along with mass
spectrometry, to identify 1,166 proteins in
saliva collected from 23 adults of several
races and both sexes. Researchers matched
their results against the plasma and tear
proteomes and found that 650 salivary
proteins also are in plasma and 259 are in
tears. The proteome is significant in that re-
searchers are now “empowered with a more
extensive parts list than they’ve ever had be-
fore,” according to Lawrence Tabak, DDS,
PhD, director of NIDCR. This initial chart
of the salivary proteome will open wide
the doors for further discovery, he predicts.
“The challenge and exciting part is figuring
out what all the parts do. I think, as with
other similar efforts, how proteins work in
concert will be more important than what
they do individually”

Oral-based diagnostics are being in-
vestigated actively for a number of high-
impact diseases, including oral, breast,
pancreatic, and lung cancer; HIV (as a
combined screening and confirmatory
test); as well as tuberculosis, malaria, heart
disease, Sjogren’s syndrome, asthma, type 2
diabetes, COPD, and pre-eclampsia, among
others.

Spotlight on Oral Cancer

Wong’s laboratory used oral cancer as a first
proof-of-principle disease for salivary tran-
scriptome diagnostics. His team found that
four genes—IL-8, ornithine decarboxylase,

spermidine acetyltransferase, and IL-18—
could discriminate and predict whether
a saliva sample was from a patient with
cancer or a healthy individual, with both
sensitivity and specificity of 91% (ROC
0.95). The biomarkers were validated in ap-
proximately 200 subjects, and found to be
consistently higher in people with oral can-
cer than in matched control subjects. Wong
and colleagues went a step further and com-
pared the accuracy of the salivary biomark-
ers with four serum RNA biomarkers for
oral cancer detection and found the serum
biomarkers had a sensitivity and specificity
of 91% and 71%, respectively (ROC 0.88).
“This demonstrates clearly that for oral
cancer detection, salivary transcriptome
diagnostics have a slight edge over serum,”
Wong noted. “We can’t just say how good
saliva is; we have to benchmark it against
the gold standard—serum.”

Concurrent with its analysis of salivary
biomarkers and participation in the salivary
proteome project, Wong’s lab is developing
an Oral Fluid NanoSensor Test (OFNA-
SET), a handheld, automated, integrated
microelectromechanical system that will
enable simultaneous and rapid detection of
multiple salivary protein and nucleic acid
targets. The team is investigating the poten-
tial of using OFNASET in several diseases,
including Sjogren’s syndrome and pancre-
atic and lung cancers.

Schmidt is pursuing another avenue
of investigation: saliva as an indicator of
oral cancer. His early work testing levels of
salivary endothelin-1 (ET-1), a vasoactive
peptide normally synthesized by human
keratinocytes but over-produced by sev-
eral cancers, found that the concentration

of ET-1 in saliva from oral cancer patients
was significantly higher than in that of
healthy controls. He also discovered that
ET-1 mRNA was overexpressed in 80%
of oral squamous cell carcinoma (OSCC)
specimens. The study shows the potential
of ET-1 as a discriminate marker for OSCC.
In follow-up research, Schmidt is compar-
ing pre- and post-operative ET-1 levels in
patients with OSCC. “It’s very promising.
We hope it might turn out to be like PSA
level in prostate cancer,” he said.

Another line of investigation related
to oral cancer that Schmidt is pursuing
involves analyzing saliva to detect hyper-
methylation in the promoter region of five
genes as an early indicator of the disease.

Infectious Diseases and More

Saliva-based diagnostics also have applica-
tions in infectious diseases. HIV and the
viral and bacterial diseases that create op-
portunistic infections in HIV/AIDS pa-
tients are the research focus of a team led
by Daniel Malamud, PhD, professor of ba-
sic sciences and craniofacial biology at the
New York University College of Dentistry.
Malamud and colleagues are developing
a single microfluidic chip that will detect
HIV, malaria, and tuberculosis using a
detection system based on up-converting
phosphor technology. In the case of HIV,
the research team already has developed a
chip that tests for antibodies, antigens, or
nucleic acid as independent pathways on
the chip, making it both a screening and
confirmatory diagnostic tool. Plans are for
the TB assay to detect antibodies in saliva,
while the malaria test will identify nucleic
acid as well as antigens.
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Malamud’s team is working with other
labs that have already developed reagents
for TB and malaria to accelerate the process
of converting benchtop tests to microflu-
idic systems. Eventually the separate path-
ways will be combined into a single ana-
lytical system. “The potential is incredible,”
said Malamud. “No one dies of HIV; but it
suppresses the immune system and makes
it possible for TB and malaria to develop.
If clinicians knew an HIV patient also had
TB, they could start treatment right away
and improve the patient’s survival and
quality of life”

A saliva-based test for heart disease is
one of several areas of focus in McDevitt’s
lab at the University of Texas. The lab is
adapting a miniaturized sensor based on a
micro-bead array for several analyte classes.
Chemically sensitized bead “micro-reac-
tors” are populated in micro-etched pits
inside a silicon wafer. When new molecular
reagents are attached to the micro-reactors,
they can detect different array platforms.

Thelab’s early efforts related to heart dis-
ease involved establishing the lowest limit of
detection of CRP reported thus far, defining
the physiological range of CRP in healthy,
edentulous and periodontitis patients, and
developing a dual platform to detect CRP
and total white blood cell count. More re-
cently it has developed a system to detect
in saliva a panel of four important cardiac
biomarkers: BNP, troponin I, CK-MB, and
myoglobin. In a study comparing levels of
the biomarkers in control subjects to those
of patients with acute coronary syndrome,
researchers found for the first time that all
were detectable in both unstimulated and
stimulated saliva samples, but the rate of

detection varied for each enzyme based
on sample stimulation status. The findings
suggest that salivary samples could be used
to detect a standard battery of cardiac bio-
markers. McDevitt envisions that the panel
will help clinicians identify patients with
non-ST-elevated myocardial infarction
(non-STEMI) earlier and fast-track treat-
ment for them, given that non-STEMI car-
diac events often are not detected via EKG.

McDevitt’s lab also has adapted a lab-
on-a-chip platform to detect, from whole
saliva,12 biomarkers associated with car-
diovascular disease. He hopes that one day
it may be used to track patients at risk of
recurrent heart attack and death after an
initial coronary event. “By looking at early
indicators, we think we can capture [a sec-
ond event] before it happens. We project
there is a unique signature here,” explained
McDevitt. “It’s not practical or convenient
for patients to give blood every day, but
they can spit. That’s where saliva has such
a strong potential to make the transition to
wellness and health promotion rather than
reactive medicine.”

Another area of focus for the McDe-
vitt lab is oral-based detection systems for
breast, ovarian, and cervical cancer. In addi-
tion, it has already developed a serum-based
lab-on-a-chip platform for measuring CD4
lymphocyte counts (licensed to LabNow in
Austin, Texas), which is being tested clini-
cally in Africa, India, and the U.S.

Oral-based microarrays for diagnosing
pulmonary diseases such as asthma, chron-
ic obstructive pulmonary disease, and acute
pneumonia are the focus of a consortium
led by David Walt, PhD, professor of chem-
istry at Tufts University in Medford, Mass.

Walt’s multi-institution team is developing
a complete diagnostic system including a
microfluidic chip coupled to an optical fiber
microarray for detecting multiple analytes.
The results will be read optically, processed
using data mining and pattern recognition
techniques, and reported both through a
liquid crystal display and over a wireless
network. In the case of asthma and COPD,
“our hope is that within half an hour clini-
cians will be able to identify both the na-
ture of the inflammation and the causative
agents,” Walt noted. For instance, patterns
of protein-based inflammatory response
could pinpoint whether an asthmatic exac-
erbation was caused by a bacterial infection
or exposure to pet dander. The Walt labora-
tory also is exploring the use of saliva-based
biomarkers to detect the onset of end-stage
renal disease.

At Walt’s lab, like others developing
oral-based micro-diagnostics, part of the
challenge in transitioning from the bench
to the bedside is harnessing the passion and
intelligence of a diverse team of scientists,
from oral biologists and analytical chemists
to engineers and computer scientists. “We
have an energetic group of people with a
common goal, but getting them all speak-
ing the same language and figuring out
how to work together has been challeng-
ing,” he said.

How Far Off?

Just how long it will take for oral-based
microfluidic diagnostic systems to be used
in patient care remains to be seen. The
NIDCR-funded consortia are working
diligently and have had success in demon-
strating proof of concept and in developing

first-generation prototypes. But as they add
analytes to the platforms, integrate them
into a single process, and move into larger
trials, challenges are no doubt in the offing.
Many of the teams are aiming for commer-
cialization within 3 years, but whether that
goal will be realized remains to be seen. “It’s
hard to predict, because even if the technol-
ogy works, it needs to be validated in a clin-
ical setting,” said Walt. What is clear is that
the emerging science of saliva-based testing
is an area that laboratorians will want to
keep an eye on. N
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ROC Curves

Uncovering the Pearls and Avoiding the Pitfalls

BY DAVID PLAUT

mation from the lab.

hen clinicians order blood tests for patients, in essence they are asking for help in
making a diagnosis. Their training tells them to request particular tests based on what
they observe and what patients describe. However, this information often indicates sev-
eral possible disorders or a cluster of similar diseases.To decide what to do next—another
lab test, a radiology test, a biopsy, or even make a diagnosis—clinicians rely upon infor-

It goes without saying that clinicians expect lab results to be accurate and precise; otherwise, the diagnosis

could be wrong. Accuracy and precision are analytical aspects of lab tests. But frequently, these qualities are con-

fused with the clinical efficacy of a test, which is how well the test identifies patients with a particular disease or

set of diseases that share common signs and symptoms.

Many diagnostic tests performed by
clinical labs are quantitative and use a cut-
point to distinguish a normal from an ab-
normal result. But to establish the cutpoint,
researchers determine the extent to which
the test results vary among people who do
or do not have the diagnosis of interest. This
is not a trivial exercise and requires statisti-
cal analysis. The receiver operating charac-
teristic (ROC) curve is one such statistical
analysis method that was developed in the

1950s for evaluating radar signal detection.
Today, ROC curves now are used routinely
in medicine to evaluate diagnostic tests.

This article will describe how ROC
curves are obtained, what they mean, and
what laboratorians should understand
about them.

In the Beginning

Before becoming a part of any diagnostic
protocol, researchers often evaluate new
tests in blinded clinical trials. However,
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whether the study is blinded or not, it is
at this evaluation phase that ROC curves
come into play. Think of ROC curves as a
trade-off between the rates of false-negative
results and false-positive results—there be-
ing no “perfect test.”

In a research setting, ROC curves begin
with two pieces of data on each of a series
of patients; one of these is a lab result, and
the other is a diagnosis provided by the cli-
nician without regard for the result of the

test being evaluated. It is in this sense that
a test is referred to as blinded. The clinician
can use other tests from the lab, radiology,
or a biopsy, as well as the signs and symp-
toms she sees, but not the data from the test
being evaluated as a diagnostic tool. Clearly,
developing ROC curves for a lab test de-
pends on the cooperative efforts of multi-
ple disciplines, and laboratorians should be
included when the data are reviewed and
decisions are made about the test’s clinical
efficacy.

While a research study of a new lab test
is necessary to validate its utility, most labs
accept the data cleared by the FDA, as well
as data published in journals, rather than
doing a ROC curve study for each test add-
ed to the menu. Take, for example, a serum
glucose test or a hemoglobin method. Most
hospital labs would not perform ROC
curve analysis of these analytes unless their
population significantly differed from that
in the validation study.

The Basics of ROC Curves

To understand how ROC curves are de-
rived and how they are used, it’s helpful to
work through an example. Table 1A shows
what a data collection worksheet for the
ROC curve analysis might look like. In a re-
search study, the number of patients tested
could run into the hundreds, but in a com-
munity hospital, data may be collected on
only a few dozen patients. There is no ideal
number for the sample size, although the
six data points in our example are not suf-
ficient to determine a ROC curve.

From these data points, a 2 x 2 grid is
prepared (Table 1B). In this example, a
cutpoint, also referred to as a cutoff, of 15
was selected to label a test result as positive.
Any value below 15 would be considered
a negative result. It is important to recog-
nize, however, that any value can be chosen
as the cutoff value. In essence, the cutoff
value represents a compromise between
the total number of positive and negative
results. If the cutoff value were set at 16 in
this example, there would be no false
positives.

Collecting data from dozens to hun-
dreds of patients and varying the cutoff
value allows certain test characteristics—
sensitivity, specificity, positive and negative
predictive value, and efficiency (Table 1)—
to be determined and plotted in a variety
of ways. For example, Figure 1A is the plot
of some hypothetical data for the cutoff
on the x-axis vs. specificity and sensitivity
on the y-axis. Note that as the cutoff value
increases, fewer patients with a positive di-
agnosis will have a positive lab result, while
more patients with a negative diagnosis will
yield a negative result. In other words, as
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sensitivity increases, specificity decreases
and vice versa.

A second popular version of the graph
in Figure 1B plots 1-specificity vs. sensitiv-
ity. In this case, each cutoff value is a point
on the curve. This graphical representation
of the data also allows the area under the
curve to be calculated (discussed below),
but some people think it is more difficult
to use as a means to determine the appro-
priate cutoff. With currently available soft-
ware, both of these types of plots are easy
to produce.

Easier Said Than Done

All this seems quite straightforward. But
don’t be lulled into believing this is the case.
While ROC curves are visually appealing
and simple to read, there are many caveats
that need to be considered. It is to those I
wish to draw your attention and ask that
you keep in mind as you read the literature,
package inserts, or look at ROC curves on
slides at a meeting.

Let’s first look at the lab. In the example,
at a cutoff value of 15, patient 436 is posi-
tive in the lab but negative to the clinician.
This is considered a false-positive result. You
might ask, “What went wrong?” Among the
many possible answers are incorrect patient
ID, analytical interference in the test, or the
test simply is not specific for the disease.

To better understand the specificity of
the test, it’s instructive to look at its impreci-
sion. If the test has a 5% coefficient of varia-
tion (%CV) at a level of 16, the result could

have been as low as 14.4 or as high as 17.6
(16 x0.05=0.8;0.8 x 2 = 1.6 or 2 SDs). In
other words, there’s a good possibility that
retesting the same sample would produce a
“negative” result. This is not a trivial issue
when only a handful of patient samples
are tested. In this example, the specificity
is 67% when the cutoff value is set at 15.
However, taking into account the impreci-
sion of the method, if the result was 14.5,
the test would have a specificity of 100%.

Bear in mind that in studies of this type,
the test is being performed on patients who
have met certain criteria. In the emergen-
cy department, the criteria for ordering a
test for troponin may include shortness of
breath, chest pain, and being younger than
44 years. This is to say that the patients are
selected before the test is ordered. Clearly,
patient selection can have an effect on the
both the diagnosis and laboratory parts of
the ROC curve data sheet.

When reading a package insert or an ar-
ticle in a journal, make certain you under-
stand the criteria used to select the patients
studied. Then ask yourself: Is my patient
population similar? Or do my physicians
use other criteria to select the patients for
whom they request this test? Are they per-
haps looking for a different disease? It is
these questions that may prompt a labora-
tory not engaged in a research study to do its
own ROC curve study with fewer patients.

In addition to the imprecision inherent
in any test are various non-analytical fac-
tors. One of these is timing. It is possible

Table 1
A.Data Collection Table
for ROC Curve Study

Patient ID Lab result
123 9
254 10
436 16
764 22
325 34
654 36

Comment

B. A 2 x 2 Grid of the Data

Diagnosis

Neg

Lab Result

Pos

Definitions
Five statistics can be calculated from these diagnoses and the

corresponding laboratory results.

Sensitivity = Positive result with Positive Dx/All Positive Dx

Specificity = Negative result with Negative Dx/All Negative Dx

Positive predictive value =

Positive result with Positive Dx/All Positive Results

Negative predictive value =

Negative result with Negative Dx/All Negative Results

Efficiency = Number of correct results
(Pos lab-Pos Dx) + (Neg lab—Neg Dx)/total patients

that the physician made the correct diagno-
sis, but the patient presented earlier, or later,
in the disease continuum than the test can
detect. Some examples are: a heart attack
patient presenting within 30 minutes of the
occurrence, a pregnant woman presenting
the morning after conception, or a patient
who had a thrombus in her leg a week ago
and now has a negative d-Dimer result.
Another reason that the lab result and
the diagnosis may differ comes down to the
individual clinician. One possibility is that
the clinician’s diagnosis is incorrect. There
are many ways for this to happen. First, the
patient may not give the clinician all the
information about her symptoms or the

patient may be vague about the symptoms
or even evasive. In addition, many disease
states have signs and symptoms—such as
shortness of breath or abdominal pain—
that are present in more than one disease.
Incorrect diagnosis can also be attrib-
uted to human error, and there are many
opportunities for this. The clinician must
interpret the patient’s symptoms from vi-
sual, tactile, olfactory, and auditory input.
Moreover, clinicians are frequently rushed
and must establish a diagnosis within a
short time, and patients are often anxious
to have an immediate decision. There are
any number of other explanations of how
the clinician could diagnose a patient as

Table 2
Comparing Tests:
Which One is Better?

A
Statistic TestA Test B
Sensitivity 82 93
Specificity 94 80

Here the cutoff value for A was selected to be highly specific for the
disease, and B’s cutoff value was selected to be highly sensitive for the

diagnosis.
B
Statistic TestA TestB
Sensitivity 920 920
Specificity 84 85

Here data are presented for test A and B at 90% sensitivity. The tests
appear to have roughly equal specificity for the diagnosis.
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negative, when in fact, the patient is posi-
tive. In the data collection, only a yes or no
answer is recorded, but in reality, many fac-
tors go into making diagnostic decisions.
The process is not black and white.

Which Test Is Better?

ROC curve data appear in many journal
articles, and sometimes only a part of the
ROC curve data is published when two
methods are being compared. For example,
imagine two tests, A and B, are being com-
pared for their ability to detect a given dis-
ease. The authors present the data shown in
Table 2A.

Which test is better? The data do not
make it easy to answer this question. Look
back at Figure 1A and you will see part of
the problem: as sensitivity increases, speci-
ficity decreases and vice versa. It is possible
that these two tests are quite similar in their
ability to detect the disease. The problem
here is that it appears that the cutoff for test
A selected specificity over sensitivity, where-
as the cutoff for test B chose sensitivity over
specificity. Had the researcher first chosen
a sensitivity of, say, 90%, and then looked
at the corresponding value for specificity of
test A and B, the data might have appeared
more like those in Table 2B.

When the authors also present the ac-
tual graph of the data, even though only

a finite number of points are plotted as in
Figure 1A, more information is available to
the reader. It is also helpful when authors
include information about the selection of
a value for either sensitivity or specificity.
Then the reader can make a more informed
judgment about which test is better.

Demystifying Area Under the Curve

One more aspect of the ROC curve—the
area under the ROC curve (AUC)—is fre-
quently used to describe a test’s validity.
Figure 1C shows two variations of AUC. In
the ideal world, the data would go from 0.0
instantly up to a sensitivity of 1.00 and then
horizontally across at 1.00 to a point on the
specificity scale of 1.00. This gives an AUC
of 1.0. On the other hand, any value less
than 1.00 is less than ideal.

Figure 1C also shows a line with a 45°
slope, which is an AUC of 0.5. In some re-
spects, a diagnosis based on a test with an
AUC of 0.5 is equivalent to flipping a coin.
Generally, such data signify that the test is
useless for diagnosing the disease or condi-
tion.

Published studies often include an esti-
mated AUC when comparing two or more
tests. Let’s look at an example from a recent
article on cardiac markers. “Diagnostic ef-
ficiency was compared...by AUC for three
strategies: 6-h post-pain CK-MB measure-
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ment; Delta CK-MB; and 6-h post-pain
cInT measurement. At 6-h post pain the
respective values were: CK-MB 0.939; Delta
CK-MB 0.948; and cTnT 0.989.” The authors
conclude that cTnT at 6 hours has high diag-
nostic sensitivity for AMI and is superior to
CK-MB mass and Delta CK-MB even using
a low cut-off value. However, one might ask
if 0.989 is statistically different from 0.948.

Because most tests use only a single
cutoff value and the AUC is obtained from
multiple cutoffs, you may sometimes won-
der about the value of the AUC. The AUC
has one direct interpretation: If you sample
a randomly selected healthy patient and
obtain a result of x and sample a randomly
selected diseased patient and obtain a value
of'y, the AUC is an estimate of the probabil-
ity that y is greater than x, assuming that
large values indicate disease.

The Take-Home Message

In general, ROC curve analysis is a set of
statistical tools that helps select optimal
tests and similarly helps discard suboptimal
ones. The ROC curves are also helpful for
selecting optimal cutoffs for a test and have
become a common tool in medicine to de-
termine the clinical accuracy of lab tests.
When you look ata ROC curve, remem-
ber there is more to the simple lines on a
graph. All ROC curves are good representa-
tions of the data; it is the other factors—the
lab test, the other diagnostic tests, the pa-
tients, and the clinicians—that are all im-
perfect. These details can explain why your
clinician does not like a test or why you
field callers wondering why a test is positive
when it “it shouldn’t be” There are many
pearls in a ROC curve, but be aware of the
possible pitfalls! (LN
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(DC Cholesterol Standardization Program Celebrates 50 Years of Service

From Modest Beginnings to Landmark Improvements in Healthcare

BY GERALD R. COOPER, MD, PHD

n September, the CDC will mark the

50th anniversary of its cholesterol

standardization program. Through

the efforts of many investigators,

this program has developed tools to
insure accuracy and has earned recogni-
tion as a quality approach to improve lab
testing. Here is a look back on how this
program evolved, as well as a look into the
future.

From Modest Beginnings

The need for a cholesterol reference labo-
ratory originally stemmed from the 1957
Conference on Longitudinal Cardiovascu-
lar Studies. Cardiovascular researchers had
exchanged serum specimens and found
disagreement among the cholesterol mea-
surements performed in each investigator’s
respective laboratory. As a result, clinicians
and laboratorians agreed that cholesterol
measurements had to be standardized
to obtain measurement results that were
reproducible within and comparable be-
tween laboratories. CDC was asked to
develop a cholesterol reference laboratory
and serve as a neutral party to help stan-
dardize cholesterol measurements among
cardiovascular epidemiologic laboratories.

By the end of that year, CDC had estab-
lished a Cholesterol Methodology Devel-
opment Laboratory and Standardization
Office staffed by: Eloise Eavenson, PhD,
chemist; A. John Schneider, MD, medical
officer; Myron Willis, PhD, statistician; and
Gerald R. Cooper, PhD, medical director.
Their plan was to develop suitable serum-
based reference materials for cholesterol
and then design a program that would
focus on standardizing cardiovascular epi-
demiologic laboratories. Among the pro-
gram’s major objectives were: determining
whether lyophilized human serum could
be used as a standard reference material for
total cholesterol analyses; preparing highly
purified cholesterol for use as the primary
standard; and measuring and assessing
the significance of differences among labs
that determined total cholesterol measure-
ments. To accomplish these objectives, the
group prepared and distributed lyophilized
serum specimens of different cholesterol
content so that they could collect and eval-
uate analytical data for various labs.

The First Cooperative Cholesterol
Standardization Program

In 1958, the agency initiated the first Co-
operative Cholesterol Standardization Pro-
gram (CCSP) with seven cardiovascular
epidemiologic laboratories. The CCSP was
organized in three phases for participating
laboratories. During the first phase, partici-
pating laboratories used blind, randomized
duplicates to measure within-laboratory
precision. In phase two, a lab’s techniques
had to be deemed acceptable, and the lab
had to produce comparable coefficients
of variation (CVs). The third phase mea-
sured variability in cholesterol concentra-
tions reported on human serum pools.
Since a cholesterol reference method was
not yet available, the goal was to assist the
labs in maintaining their cholesterol serum

levels as determined on quality-control se-
rum pools and on the pools of the CCSP.
The average standard deviation of the first
CCSP reported results was 10.6 mg/dL
(0.27 mmol/L) for pools in the 150-225
mg/dL (3.88-5.82 mmol/L) range. Six of
the seven laboratories used modifications
of the Abell-Kendall (A-K) method. The
seventh laboratory used an alcohol-ether
extraction and ferric chloride-acetic acid-
sulfuric acid color-developing reagent pro-
cedure.

After an extensive evaluation and com-
parison of five cholesterol methods was
conducted, CDC selected the A-K proce-
dure as the cholesterol reference method
for the CCSP on the basis that a CV of 1%
was demonstrated, the procedure and re-
agents appeared valid, and fewer problems
were encountered in daily use.

National Heart Institute Collaboration

CDC’s program got another boost when
Jim Watt, MD, Director of the National
Heart Institute, attributed the failure of
heart disease studies to questionable cho-
lesterol measurements. In 1961, he initiated
a collaboration with CDC to expand the
CCSP standardization services to all epide-
miologic lipid labs supported by NHI. By
1965, the CCSP provided services to at least
65 participating cardiovascular labs in the
U.S. and 18 labs in other countries.

(DCBecomes a WHO Collaborating Center

Another landmark in the cholesterol stan-
dardization program occurred in 1962
when WHO appointed CDC as a Collabo-
rating Center for Reference and Research
in Blood Lipids. The objective was to offer
cholesterol standardization assistance to in-
ternational research labs supporting WHO
studies of CVD. This designation opened
the door for CDC to broaden its standard-
ization influence around the globe.

The Program Grows

From 1966 through 1968, CDC imple-
mented an Experimental Triglyceride Stan-
dardization Program with 19 laboratories.
The program goal was to determine the
precision and accuracy that participating
labs attained using different methods for
measuring triglyceride concentrations. The
first reference method, developed in coop-
eration with Hugh Lofland, MD, of Wake
Forest University School of Medicine, was
a method that used silicic acid-chloroform
extraction, chemical hydrolysis, and color
development by metaperiodate-arsenite-
chromotropic acid reagent. All results were
to be reported in mmol/L to prevent errors
resulting from different primary standards.
From the reported triglyceride values, the
researchers estimated that the maximum
allowable limit for reported means should
be £0.1 mmol/L and 5% for reported ana-
lytical CV. The initial Cooperative Trig-
lyceride Standardization Program in 1968
had 105 participating laboratories and was
modeled after the CCSP. By 1974, the cho-
lesterol and triglyceride standardization
efforts were combined into a Cooperative
Cholesterol and Triglyceride Standard-
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Identifying CVD Risk

Today, the CDC-NHLBI Lipid Standardization Program enrolls about 100
domestic and international laboratories every year.These laboratories
have supported some of the most important clinical investigations in
cardiovascular medicine, including the Lipid Research Clinics-Coronary
Primary Prevention Trial, the Multiple Risk Factor Intervention Trial, the
Specialized Centers of Research in Atherosclerosis, the Atherosclerosis
Risk in Communities Study, the US Women'’s Health Initiative, the West
of Scotland Coronary Prevention Study, and the US National Health and
Nutrition Examination Survey, to name only a few. Such studies have
established a medical database that has permitted the development of
public health interventions designed to identify people at increased risk
for cardiovascular disease and its complications.

ization Program (CCTSP), and the same
human serum pools were used for both
analyses.

During the 1970s, medical interest in
the role of HDL-C as a risk factor for CVD
skyrocketed and the need for accurate
measurement of HDL-C became apparent.
In 1981, CDC added standardization for
HDL-C and instituted a reference method
for it. To reflect the broader emphasis on
total cholesterol, triglycerides, and HDL-C,
as well as the close collaboration between
CDC and NHLBI, the name of the pro-
gram was changed in 1984 to the CDC-
NHLBI Lipid Standardization Program.

The First Reference System

In Clinical Chemistry

Another milestone in the program’s his-
tory occurred in 1975. That year, AACC
formed a Cholesterol Reference Method
Study Group to select and evaluate po-
tential reference methods for cholesterol
measurement. The group recommended
that CDC study the A-K method and an
enzymatic method as two candidate ref-
erence methods and that NIST develop a
definitive method. After extensive studies
were completed, the A-K method was se-
lected as the reference method and isotope
dilution-mass spectrometry was chosen
as the definitive method. The CDC A-K
reference method, the NIST ID-MS defini-
tive method, the NIST SRM 911 pure cho-
lesterol primary standard, and the serum
reference materials prepared by CDC and

offered by NIST, became the components
of the National Reference System for Cho-
lesterol, the first officially recognized refer-
ence system in clinical chemistry.

Where to from Here?

In recent years, the number of candidate
risk factors for CVD and its complications
has grown considerably. These biomarkers
are termed emerging or novel risk factors
because they are associated with an in-
creased risk for CVD, but their causative,
independent, quantitative contributions to
the disease are not yet fully documented,
nor have standardized methods for mea-
surement been developed.

Today, CDC s focusing its efforts on bio-
markers that have been identified by experts
as important to cardiovascular laboratory
medicine. Among the leading candidates
are cIn I, BNP, urine albumin, cystatin C,
CRP, apo AJ, and apo B. Building on a 50-
year history of successful accomplishments
that have made it a global leader in clini-
cal laboratory standardization, CDC plans
to pursue collaborative efforts with other
agencies and organizations to develop stan-
dardization programs for these important
biomarkers of the future. N

Gerald Cooper is Medical
Research Officer in the
Clinical Chemistry Branch
in the CDC’s Division of
Laboratory Sciences.
Email: grel@cdc.gov

Upcoming AACC Events

Critical and Point of Care Testing:
Managing Technology for the Benefit
of All Populations
Thursday, September 18 in Barcelona, Spain

Audioconference: Appropriate Laboratory Usage:
10 Ways to Reduce Unnecessary Testing
Wednesday, September 24

Linking Automation and Informatics in the
Next Generation Clinical Laboratory: AACC’s 10th
Anniversary Lab Automation Conference
Monday, October 27 in Kansas City, Mo.

Visit AACC.org and click on “Events” for more details.




Safety Holder for Blood Collection

The VACUETTE QUICKSHIELD Complete
Plus is a completely assembled safety holder
with the VISO PLUS Multi-Sample needle
for blood collection. The holder features a

‘flash’ window that provides a visual confir-
mation of a successful vein penetration. The
QUICKSHIELD Complete Plus can help
eliminate needle manipulation in the vein
similar to butterflies, but at a reduced cost.
www.vacuette.com
GREINER BIO-ONE
Circle No. 142 on the Reader Service Card.

Pipette Calibration Software
The Pipette Tracker and Pipette Tracker Pro
software automate the scheduling, recording,
and reporting of pipette calibrations. This
new release features enhanced performance
speed, an option that defaults variable
volume calibrations to run from highest
volume to lowest volume, upgraded balance
interfacing, and features that simplify adding
or editing pipettes in the system. The Pro
version includes a security system, audit
trail system, and electronic signatures. The
software includes a preconfigured library of
1,100 pipettes with the accuracy and preci-
sion limits for each.
www.labtronics.com
LABTRONICS
Circle No. 143 on the Reader Service Card.

Urine Collection and Transport

Urine Monovette tubes allow for hygienic
urine collection and testing without needles,
adapters, or cups. A short 8.5-mL version

is available for improved fit on front-end
automation systems, while the standard 10-
mL size is now available in white to protect
light-sensitive analytes. Other features
include printed graduations, a barcode label
placement line, a writing block, and a leak-
resistant screw cap for safe handling and
transport.
www.sarstedt.com
SARSTEDT, INC
Circle No. 144 on the Reader Service Card.

Mechanical Pipettors
The Proline Plus pipettors are fully autocla-
vable and available in single-channel, multi-
channel, and fixed-volume models to cover
all applications across a wide volume range
from 0.1 pL to 10 mL. Multi-channel units
provide the proprietary Optiload design fea-
ture for easy tip loading and ejection, while
all models with a nominal volume greater
than 10 pL use the Biohit Safe-Cone filters.
All mechanical pipettors carry a 3-year war-
ranty, are manufactured per IVD/CE direc-
tives, and can be easily calibrated in the lab.
www.biohit.com
BIOHIT
Circle No. 145 on the Reader Service Card.

NEW PRODUCTS

Important Erratum

The description of the ONLINE TDM
Tobamycin assay marketed by
Roche Diagnostics that appeared

in our July New Products Review
section was incorrect. CLN sincerely
regrets this error. The correct descrip-
tion is provided here.

Introducing ONLINE TDM Tobramycin 100
test cobas ¢ pack for cobas c 501 analyzers
The ONLINE TDM Tobramycin assay is
based on a homogeneous enzyme immu-

noassay technique used for the quantitative
analysis of tobramycin in human serum

or plasma. The assay is based on compe-
tition between drug in the sample and
drug labeled with the enzyme glucose-6-
phospahte dehydrogenase (G6PDH) for
antibody binding sites. Enzyme activity
decreases upon binding to the antibody, so
the drug concentration in the sample can
be measured in terms of enzyme activity.
The 12-week, onboard stability of the cobas  tobramycin in serum, K2 or K3 EDTA or

¢ pack along with calibration stability allow  sodium or lithium heparin plasma, sodium
for a convenient and economical method citrate or fluoride oxalate plasma.

for therapeutic drug measurement of
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Congress Overrides Veto,

Repeals Competitive Bidding,

Makes Medicare Bill Law

On July 15 the laboratory commu-
nity achieved a major victory when

members of Congress overrode a President

Bush’s veto of HR 6331, the Medicare Im-

provements for Patients and Providers Act,

effectively repealing the CMS’s authority to

EnRITE |

ATORY

conduct a competitive bidding demonstra-
tion project for laboratory services.

The competitive bidding demonstra-
tion project sought to force laboratories to
bid competitively against one another for
Medicare contracts in an effort to lower
Medicare costs. Opponents of competitive
bidding, such as the AACC, had concerns it
would stifle laboratory innovation, reduce
investment in newer technologies, and

force smaller laboratories out of business.
In December 2007, CMS invited 66 labs
in the San Diego area to participate in a bid-
ders conference and would announce par-
ticipating labs in April. But in January three
labs—Internist Laboratory, Sharp Health-
care, and Scripps Healthcare—filed suit in
federal court to halt the project, saying it
would have a negative impact on the inte-
grated delivery of care. A federal judge at first
dismissed the lawsuit and denied a tempo-
rary restraining order based on government
arguments that any challenge to the project
was premature because no winners or los-
ers had been selected so none of the labs
had suffered any harm. But the judge later
granted an injunction that prevented CMS

AACC Presents

OCTOBER 27-28, 2008

€3 Apply middleware solutions to st

Don’t miss this opportunity to learn a
in lab automation and informatics, inc

management strategies. You can also take advantage of BREAKOUT
SESSIONS with leading companies and hear how they have
approached automation projects in a variety of case studies.

Linking Automation and Informatics in the
Next Generation Clinical Laboratory

AACC'’s 10th Anniversary Laboratory Automation Conference

THE DOWNTOWN MARRIOTT

The future of laboratory medicine is data management and automated platforms. Even the smallest labs are likely to have
some level of automation, and lab professionals need to continually update their skill sets in order to survive and thrive.

Attend this conference and know how automation is changing the lab environment, as well as how you can position
yourself and your lab to take advantages of the opportunities ahead.

Learn from top automation experts how to:
£3 Optimize your laboratory systems through innovative software solutions
£3 Use automation and data management to maximize your workforce resources and increase lab efficiency
€3 Amplify lab ROI through strategic implementation of quality techniques

rengthen process control

bout the latest developments
luding the most successful

{®
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KANSAS CITY, MO.

U YES! Register me for AACC’s “Laboratory Automation 2008” Conference (PID 5052)
FULL payment of all fees must accompany this form for registration to be processed. (We do not accept purchase orders.)

Please PRINT or TYPE all requested information.

FOUR WAYS TO REGISTER:
MAIL payment and registration form to:

202/857-0717 (credit cards only)
ONLINE registration is available at

Become an AACC Member and SAVE:

U Non-member regular fee (received a

Name

AACC, PO. Box 759230, Baltimore, MD 21275-9230
FAX registration form to 202/887-5093 (credit cards only)
PHONE AACC Customer Service at 800/892-1400 or

http://www.aacc.org/AACC/events/meetings/ (credit cards only)

 Yes, | wish to become a Full AACC Member ($185) or Affiliate ($110)
and register at the reduced member rate.

0 AACCmember early fee (received on or before Oct.6) $425

U AACCmember regular fee (received after Oct. 6)

O Non-member early fee (received on or before Oct.6)  $610

I enclose $
O Personal Check

Account# L | |

Or, charge my credit card: L American Express QMasterCard QVISA

(Please make check payable to AACC).
U0 Company Check

Name on Card

Expiration Date L1 1
SecurityCode L_| 1 | |

back of card; AmEx — 4 digits in small print on front of card)

(Visa, MC - last 3 digits on

3500 Signature

fterOct.6)  $685

Credit Card Billing Address Exactly as It Appears on Your Statement:

AACC Member ID

Title

Degree

Institution/Organization

Street Address (No P.O. Boxes)

e-mail (required field)

City/State/Zip Code/Country/Postal Code

Phone # Fax #

Q Yes, this is my new info. Please update my AACC profile.

O If you have a disability and require special assistance, please
check here. The AACC office will contact you. (We cannot
guarantee access on-site without prior notice.)

Cancellation Policy: All cancellations must be submitted in writing
to AACC Customer Service no later than Oct. 6, 2008, and are
subject to a $35 processing fee. Requests received after Oct. 6 will
not be eligible for a refund. However, a substitute will be acceptable
with written notice to AACC Customer Service.
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from announcing winners, otherwise imple-
menting and carrying out the project in San
Diego, and disclosing any information in the
bid applications. The court found that the
three labs had shown that the competitive
bidding measure would cause irreparable
harm, including substantial economic dam-
age to the labs, and danger to patients.

The House of Representatives had over-
whelmingly passed the bill in June and the
Senate passed it in July. The bill, introduced
by Rep. Peter Stark (D-Calif.), also replaces
the pending 10.6% cut in physician pay-
ments with a 1.1% increase.

To view the bill, go to www.thomas.gov.

HHS Selects 12 Communities
For EHR Demonstration
HS Secretary Mike Leavitt named 12
communities that will participate in
a 5-year, national Medicare demonstration
project that provides incentive payments
to physicians for using certified electronic
health records in patient care.

The communities range from multi-
county to state level and include Alabama;
Delaware; Jacksonville, Fla.; Georgia; Maine,
Louisiana; Maryland and Washington, DC;
Oklahoma; Pittsburgh, Pa.; South Dakota;
Virginia; and Madison, Wisc.

As many as 1,200 primary care physi-
cians in the selected communities will re-
ceive financial incentives. They also may
receive bonus payments based on results
of a survey measuring the number of EHR
functionalities a physician group has incor-
porated into its practice. According to the
HHS, total payments under the demonstra-
tion for all 5 years may be up to $58,000 per
physician or $290,000 per practice. Findings
from the project will help determine the role
of EHRs in delivering high-quality care and
reducing medical errors. For more informa-
tion go to www.cms.hhs.gov/DemoProjects
EvalRpts/downloads/2008_Electronic_
Health_Records_Demonstration.pdf.

NYC Launches Borough-wide
HIV Testing

he New York City Department of

Health has launched a project to have
all residents of the Bronx between the ages
of 18 and 64 learn their HIV status within
the next 3 years. The initiative, called The
Bronx Knows, is an effort that teams the
health department with community-based
organizations, hospitals, and community
health clinics. Bronx residents can go to any
one of 40 designated sites throughout the
borough for reliable testing.

City officials say that cumbersome con-
sent procedures required by state law have
deterred doctors from offering the tests.
Although officials estimate that close to
70% of Bronx adults have undergone test-
ing for HIV at some point in their lives,
about 250,000 have never been tested for
the virus. According to the Health Depart-
ment, Bronx residents account for nearly
one-fourth of New York City’s HIV infec-
tions and one-third of AIDS deaths annu-
ally. Officials also said that the Bronx’s large
number of AIDS deaths can be attributed
to people not getting tested until it is too
late to treat the virus effectively.
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Hologic Scoops Up
Third Wave Technologies
H ologic announced a $580 million deal
to acquire Third Wave Technologies, a
developer of molecular diagnostic reagents
for a wide variety of DNA and RNA analy-
sis applications based on its proprietary In-
vader chemistry system. Third Wave recently
submitted HPV tests for FDA approval, and
Hologic said it believes the global market for
HPV testing will increase to $800 million in
the next few years. “The combination of
Hologic and Third Wave brings together
two great companies that employ comple-
mentary technologies but share a common
mission: to help save the lives of women,”
said Jack Cumming, Hologic’s CEO.

Qiagen Gets Real-Time PCR Portfolio
With Corbett Acquisition

iagen announced a deal worth up to

$135 million to acquire Corbett Life
Science, a privately held developer, manu-
facturer, and distributor of life sciences in-
strumentation, headquartered in Sydney,
Australia. Corbett is known for developing
the world’s first rotary, real-time PCR cycler
system, used to detect real-time PCR reac-
tions that make specific sequences of DNA
and RNA targets visible. “We are pleased
to offer our customers the choice of supe-
rior platform of technologies for the entire
workflow process—from sample to result,”
said Peer Schatz, CEO of Qiagen. “Corbett
technologies are excellent complements to
our portfolio of current and future molec-
ular testing solutions. We expect this trans-
action to contribute significantly to our
leading positions in molecular diagnostics,
applied testing, pharmaceutical and clinical
research, as well as academic research.”

Micronics Receives NIH Grant
For Rapid HIV POC Test

icronics announced it received a

$100,000 Small Business Innovation
Research grant to develop its rapid, POC
diagnostic test for HIV. The Micronics
test system will use a droplet of blood and
small, disposable cassettes that contain all
necessary reagents and control to perform
a nucleic acid assay. “The overall objective
of the NIH grant is to determine whether
our test can provide the same kind of in-
formation as the current nucleic acid test
in use today,” said Karen Hedine, CEO of
Micronics. “If this can be proven, we believe
that our application will offer significant
human health benefits, given the fact that
it can be performed at reduced cost and in
minutes in a doctor’s office, public health
lab, remote field hospital, or hospital birth-
ing center.” Hedine noted that current POC
antibody-based tests for HIV cannot de-
termine the infectious status of a newborn
child for as long as 18 months, due to the
presence of maternal antibodies.
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J&J Unit Grabs Amic to
Boost POCT Portfolio
ohnson & Johnson’s Sollentuna, Swe-
den-based Nordic AB will acquire Amic,
a privately held Swedish developer of in
vitro diagnostics for POCT. Amic is devel-
oping a chip-based microfluidic platform
to enable fully quantitative immunoassays
in POC settings. “This acquisition is a stra-

AACC and the AACC CPOCT present

tegic opportunity to develop a point-of-
care channel,” said Mark Straley, worldwide
commercial president of Johnson & John-
son’s Ortho-Clinical Diagnostics. “We're
committed to bringing novel assays and
existing tests closer to the patient and deliv-
ering information to healthcare profession-
als when and where they need it.” Financial
terms of the deal were not disclosed.

Gentag, MacroArray Technologies
Collaborate on Cell Phone PSA Test
entag and MacroArray Technologies
announced a joint development pro-
gram to design a series of disposable, wire-
less diagnostic tests that send results via a

Point-of-Care Specialist Certificate Program

An online distance learning program for Point-of-Care specialists

POC Specialist Certificate Program: September 1, 2008 - August 31, 2009
Open Enrollment: July 1, 2008 - May 31, 2009

Designed for working professionals, this program covers the knowledge
and skills necessary for successful practice as a Point-of-Care Specialist.

e Learn best practices and how to implement them
* Develop proficiency in new areas

e Become part of a network of leaders in the field
e Leverage your knowledge for new career opportunities

Complete all 8 courses and pass an exam within 12 consecutive months
to receive the certificate; or

e Take individual courses and earn cost-effective continuing education credit

cell phone or PDA to the attending physi-
cian. The first will be a urine-based PSA
test that uses MacroArray’s proprietary re-
agents. Similar to pregnancy tests, the man
will place a urine sample on the test strip
that incorporates an embedded wireless
sensor tag. When antibodies in the test react
with antigens in the urine, data are sensed
by the embedded electronic tag and sent to
a cell phone or PDA that in turn transmits
results to the man’s physician. “The propri-
etary cell phone communication technol-
ogy from Gentag combined with MacroAr-
ray’s biomarkers will provide a significant
level of exclusivity in this market,” said John
Peeters, CEO of Gentag. Financial terms of
the agreement were not disclosed.

CP®CT

Critical & Point of Care Testing Division

1850 K Street NW, Suite 625, Washington, DC 20006-2215

Learn more about this one-of-a-kind certificate for point-of-care specialists.
Visit WwWw.aacc.org and click on Events > Online Programs.

custserv@aacc.org

Www.aacc.org
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American Academy of Pediatrics

Updates Guidelines for

Lipids in Children

I n new guidelines published in the July is-
sue of the journal Pediatrics, the Ameri-

can Academy of Pediatrics issued and

updated several recommendations for hy-

percholesterolemia in children: a healthful

diet, including low-fat dairy products, for

GNOSTIC

children older than 2 years and, for obese
children younger than 2 years; nutritional
counseling and increased exercise for chil-
dren and adolescents with high LDL-cho-
lesterol; screening with a fasting lipid pro-
file for children with CVD risk factors and/
or high-risk or unknown family history;
weight management as the primary treat-
ment for obese children or those with high
LDL cholesterol or low HDL cholesterol;

AACC and the AACC CPOCT present

cost-effectively

September 17-20, 2008
Catalonia Barcelona Plaza Hotel | Barcelona, Spain

¢ JOIN the world’s leading clinicians, POCT
practitioners, and technology developers

e LEARN about POCT's role in reducing medical
errors and improving patient well-being

e EXPLORE a range of timely issues: patient
safety and outcomes, cost containment, testing
for special populations, infectious disease
testing, and emerging technology

¢ HEAR keynote presenter Professor Larry Kricka
of the University of Pennsylvania speaking
on the technological innovations of POCT
and the realities of implementation

e NETWORK with colleagues at our opening
reception and gala awards dinner, and enjoy
superb Catalan and Spanish cuisine

Critical and Point-of-Care Testing:
Managing Technology for the Benefit of All Populations

22nd International Symposium

and for such children 8 years or older and
whose LDL is 500 mg/dL or greater, con-
sidering pharmacologic therapy, with lower
LDL thresholds for children who are at least
10 years old, depending on other risk fac-
tors (Pediatrics 2008;122:198-208).

High Homocysteine, Fibrinogen
Levels Boost Risk for CKD

levated levels of homocysteine and

fibrinogen account for 38% of the
increased mortality risk associated with
chronic kidney disease (CKD), accord-
ing to a new report in the American Jour-
nal of Cardiology (2008;101:1741-46). The
investigators enrolled 4,680 consecutive

CP®CT

Crifical & Point of Care Testing Division

See the full program at: http://www.aacc.org/AACC/events/meetings/

Early registration discounts end July 15, 2008.

Cosponsored by SEQC, AEBM, and AEFA. Held under the auspices of IFCC.

This International Symposium is supported by educational grants from:

Major Contributors: Biosite, Genzyme, Instrumentation Laboratory, LifeScan, Medisense, Quidel, Radiometer Medical ApS,

and Roche Diagnostics

Corporate Supporters: 1TC, Medica Corporation, Medical Automation Systems, Nova Biomedical, Response Biomedical,

and Trinity Biotech

mc 1850 K Street, Suite 625, Washington, DC 20006-2213 e Email: custserv@aacc.org ¢ Web: www.aacc.org
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new patients over a 9-year period in the
observational cohort study and assessed
them for various serum values. They found
that CKD, defined by an eGFR of <60 mL/
min/1.73m?, was associated with a more
than doubled incidence of death. Dur-
ing 22 months’ follow-up, there were 278
deaths. Each patient’s eGFR was calculated
via the MDRD equation, which comprises
serum creatinine, body weight, age, and
race. There were 524 patients with an eGFR
of <60 and 5,156 whose eGFR was >60. The
investigators used a formula to account for
adjusted and unadjusted hazard ratios for
mortality. They also created several mod-
els including different clinical parameters.
They found that when eGFR was included,
the only clinical value that predicted mor-
tality was homocysteine (adjusted HR 1.92)
and fibrinogen (adjusted HR 2.99). Patients
with the lowest tertile of homocysteine level
also had the lowest mortality risk of all pa-
tients with CKD.

Diabetes Risk Increases Even
Within Healthy Glucose Range
nalarge cohort of HMO participants fol-
lowed over a 3-year period, the risk of in-
cident type 2 diabetes increased by 6% with
every increase of 1 mg/dL in plasma glu-
cose even when glucose was below the 110-
mg/dL threshold previously established
as impairment of fasting glucose, accord-
ing to findings published in the American
Journal of Medicine (2008;121:519-24). Of
46,578 participants, there were 1,854 who
developed type 2 diabetes. Mean follow-up
was 81 months for all subjects, average par-
ticipant age was 57.5 years, and 40% were
men. When those who developed diabetes
were categorized by baseline glucose level,
the portion of the total incident-diabetes
subgroup was larger with each larger glu-
cose range. Those with glucose < 85 mg/dL
made up 9.4% of new cases. Those whose
glucose was 65-89 mg/dL were 14.2%.
Those in the range of 90-94 mg/dL were
28.1% of new cases, and those with 95-99
mg/dL were nearly half of the new diabetes
cases, at 48.3%. Each increase of 1 mg/dL
had a hazard ratio for incident diabetes of
1.06 after confounding factors were con-
trolled for. Among the cohort at large, the
risk of developing diabetes was 4% among
participants with normal blood glucose lev-
els and 11.3% among those with impaired
fasting glucose.

Next Month
in CLN

Monitoring

MPA in Organ
Transplant
Patients




NEWS rromtHE FDA

FDA Approves New
Genetic Breast Cancer Test
Invitrogen announced the FDA ap-
proval of its SPOT-Light HER2 CISH
test kit that determines whether a patient
with breast cancer is a good candidate for
treatment with Herceptin. Current medi-
cal practice requires that all patients who
are considered for Herceptin treatment be
tested for HER2 amplification or overex-
pression. The test uses a DNA probe for the
HER?2 gene that’s amplified in 18%—30% of
breast cancers, helping predict whether a
breast cancer patient is a candidate for Her-
ceptin treatment. Results of the test, which
is based on chromogenic in situ hybridiza-
tion (CISH), are visualized under a stan-
dard bright-field microscope—as opposed
to FISH tests, where the results must be
visualized using a fluorescent microscope.

The HER2 CISH test results are quanti-
fiable, removing the subjectivity of tests
based on immunohistochemistry (IHC)
interpretation. And unlike other tests, the
SPOT-Light kit allows the lab to store the
tissue for future reference.

HemoCue’s Albumin 201
Gets CLIA Waiver
H emoCue AB announced that the FDA
granted a CLIA waiver for its Albumin
201 system, making it the first quantita-
tive, point-of-care waived test for screen-
ing for, diagnosing, and monitoring mi-
croalbuminuria. The urine-based system
is designed so that non-laboratory-trained
physicians and other healthcare profession-
als can screen patients for microalbuminu-
ria and begin treatment based on the test’s
results within a single office visit.

O
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Colorectal Cancer Monitoring
Test Cleared
DL announced FDA clearance of its
AMDL-ELISA DR-70 (CRC) blood
test for post-surgery monitoring of patients
who have been previously diagnosed with

the basis for the currently accepted moni-
toring test, can have normal values in some
patients who are biopsy-positive for can-
cer, oncologists need an additional test for
monitoring those patients who are CEA
negative yet have biopsy-confirmed col-
orectal cancer. ADLs test is the first FDA-

@ University Medical Center is a nonprofit, academic medical center that encompasses
a 613-bed hospital serving adults and children, the 61-bed Johnston R. Bowman Health Center
and Rush University. Rush University is home to one of the first medical colleges in the
Midwest and one of the nation’s top-ranked nursing colleges, as well as graduate programs
in allied health, health systems management and biomedical research. The Medical Center
also offers more than 70 highly selective residency and fellowship programs in medical and
surgical specialties and subspecialties.

Laboratory Director, Core Lab

The Director is responsible for development, monitoring, leadership and direction of the
technical, scientific and clinical services, policies and procedures of the Core Laboratory
(Chemistry, Hematology, Coagulation, and Urinalysis). This includes responsibility for the
validity and timeliness of laboratory results, selection of appropriate instrumentation and
methodologies, monitoring all aspects of the laboratory’s functions to ensure compliance
with regulatory and accrediting agencies, develop and monitor adherence to quality
initiatives and quality assurance programs. Educational responsibilities will include teaching
and presenting lectures to medical students, pathology residents, and clinical laboratory
scientist students. In discharging these responsibilities, the Director works closely with the
Chairman of Pathology, Administrative Director, Laboratory Manager the supervisory staff,
clinical laboratory scientists and other clinical specialists.

colorectal cancer. According to ADL, be-
cause carcinoembryonic antigen (CEA),

cleared monitoring test since the 1982 ap-
proval of CEA.
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Requires a Doctorate in a Laboratory Science discipline, PhD in Clinical Chemistry preferred.
Position is eligible for appointment to the medical staff of Rush University Medical Center
and to the faculty of Rush University. We offer excellent compensation, top benefits and
a very generous tuition assistance program for you or a family member at Rush University.

HOW NURSING

To be considered for this position, please apply online at www.jobsatrush.com, Job
Number 2008-0458.
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The Department of Pathology and Laboratory Medicine, David Geffen School of Medicine
at the University of California, Los Angeles has an opening for a full-time Assistant/Associate
Profisssor, 1o serve as Associate Director of Clinical Chemistry,

The candidate must have an M.D. and/or Ph.D. degree with American Board of Pathology
(CP or AP/CP) or American Board of Clinical Chemistry certification/eligibility. Eligibility
for licensure in the state of California and experience as a Clinical Chemistry director are also
desired. The faculty appointiment will be commensurate with training and experience.

The individual will share the technical and clinical responsibilities of a high-volume automated
clinical chemistry laboratory, and will also participate in teaching pathology and laboratory
medicine residents. The successful candidate will also be expected to conduct clinical
investigative research related to clinical chemistry or other related clinical services,

Salary and benefits packages are competitive, The David Geffen School of Medicine at UCLA
is an Equal Opportunity Employer. Interested persons should send their curriculum vital, a cover
letter describing clinical and research interests, and three references 1o

Anthony W, Butch, Ph.D., Chair

Clinical Chemistry Faculty Search Committee
David Geffen School of Medicine at UCLA
Mailroom A7-149 CHS

10833 Le Conte Avenue

Los Angeles, CA 90095-1732
abutchi@mmednet.ucla.edu
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