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In a proposed rule, the Centers for Medicare and Medicaid Services (CMS) has
laid out its plan to make significant updates to CLIA proficiency testing (PT)
requirements. These updates add dozens of new analytes to the list requiring
PT, including troponin, HbA1c, and 27 other nonmicrobiology tests. AACC has
provided comments to CMS supporting efforts to modernize PT regulations and
also recommended several changes.
In its comments, AACC supports including five additional analytes: cyclosporine,
everolimus, tacrolimus, sirolimus, and methotrexate. In addition, the association
suggests removing five analytes from the list: ethosuximide, LDH isoenzymes,
primidone, procainamide/NAPA, and quinidine.
AACC disagrees with several CMS recommendations. For example, CMS
recommends a target value of ± 20% for direct measurement of low-density
lipoprotein cholesterol. However, the National Cholesterol Education Program
advises laboratories to use methods with total error of ± 12%, which AACC
recommends CMS adopt for PT.
CMS also proposes an acceptable range for HbA1c of ± 10%, even though
the current quality goal of the College of American Pathologists is ± 6%. AACC
wrote that the association is “concerned that broadening the acceptable range
may have the effect of placing patients at risk of complications and an incorrect
diagnosis of diabetes.”
AACC also recommends that CMS set a target value of ± 20% for
cyclosporine, everolimus, tacrolimus, sirolimus, and methotrexate. The association
urges CMS to develop a process that ensures that future advancements in target
values are quickly adopted and implemented.
Finally, AACC objects to the CMS proposal to use percentage acceptable
limits (AL) for some analytes based on biological variability data. AACC
recommends that CMS conduct a pilot study that compares the existing AL
criteria for the new analytes with the AL criteria based on biological variation.

■

CMS LAUNCHES ARTIFICIAL
INTELLIGENCE HEALTH OUTCOMES
CHALLENGE

T

he Centers for Medicare and
Medicaid Services (CMS) launched
its first artificial intelligence (AI) health
outcomes challenge, a three-stage
competition aimed at accelerating AI
solutions to better predict health
outcomes such as unplanned hospital and
skilled nursing facility admissions. CMS is
partnering with the American Academy
of Family Physicians and the Laura and
John Arnold Foundation to award up to
$1.65 million to participants.
CMS wants innovators to demonstrate how AI tools, such as deep

learning and neural networks, can be
used to predict adverse events using
so-called explainable AI solutions. This
type of software would help frontline clinicians understand and trust
AI-driven data by making clear how
the software algorithms arrive at their
conclusions.
More information is available from a
new CMS website, ai.cms.gov.

■

PRIVATE HEALTH INSURANCE
REMAINS HIGHLY CONCENTRATED

A

report from the Government
Accountability Office (GAO)
underscores the paucity of choices most
consumers face when shopping for

private health insurance plans: Among
both group and individual markets, the
three largest issuers held 80% of the
market or more in at least 37 of 51
states. Such a high concentration of
providers means less competition and
higher premiums for individuals and
businesses, the report noted.
Moreover, the largest issuers
increased their market share in
about two-thirds of exchanges, GAO
found. Many individual exchanges
generally had a decreasing number of
participating issuers over time, and the
remaining issuers in each state often had
significantly smaller market shares—on
average, 12 of the 16 issuers in each
state held less than 5% market share.
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Federal Insider
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Advancing the Utility of
Laboratory Result Reporting:
Three Steps to Common Reference Intervals

Bench
Matters

Allison A. Venner,
PhD, FCACB

Jessica L. Gifford,
PhD, FCACB

linical laboratories
around the world see
the potential to improve
patient care by test standardization at the preanalytical, analytical, and
post-analytical stages.
Reference intervals (RIs)
are a fundamental
post-analytical tool used by
healthcare professionals to
interpret laboratory test
results. Ideally, RIs represent
the range of values present
in a healthy, nondiseased
population of the corresponding laboratory. Results
that fall outside of the RI
might be interpreted as
abnormal and indicate the
need for additional medical
follow-up.
Unfortunately when reporting test rules, many labs continue to depend on outdated, inappropriately determined,
and/or incomplete RIs. In addition, many patients visit
more than one laboratory during their clinical follow-up
for testing of the same analyte. Interpreting results for the
same analyte processed by different labs can be confusing
to clinicians and patients, leading to medical errors. The
clinical community broadly recognizes these problems,
thereby fueling interest in developing common RIs for use
over large geographic areas, even when the included labs
operate more than one type of analytical platform.

BASELINE DIVERSITY

In the western Canadian province of Alberta, clinical laboratory testing is offered at more than 110 sites,
including two high-volume community laboratories, and
many rapid response urban hospital laboratories and
rural hospital laboratories. These labs perform testing on
analytical platforms from several manufacturers, such
as Roche Diagnostics, Beckman Coulter, Ortho Clinical
Diagnostics, and Siemens Healthineers. A survey of currently employed RIs across Alberta revealed significant
discrepancies in RI boundaries, as well as in age and sex
partitions. This led our team of Alberta clinical biochemists
to begin developing common RIs for frequently ordered
laboratory tests.

The team employed a three-step
process to harmonize RIs across multiple laboratories and platforms. First,
we used an a posteriori indirect sampling approach to mine de-identified
patient results available in the
laboratory information systems of
the various sites. The large number
of tests performed in the province
at the two high-volume laboratories
(>40 million/year) enabled the
team to develop the adult RIs solely
from test values measured in community patients. When necessary,
we developed pediatric partitions
from a combination of community,
inpatient, or outpatient results, with
additional data filtering used when
possible to better ensure data came
from a nondiseased population. We
then organized this data according to
age and sex partitions determined by
group consensus and supported by
clinical relevance, literature, and, if
necessary, additional data analysis. The
data sets ranged from 3,400 to 25,000

Cultura Creative (RF) / Alamy Stock Photo
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individual test results, depending on
partition and analyte.
Second, we determined the
statistical RI through Bhattacharya
analysis of the partitioned data.
This statistical tool requires large
data sets (N>3,000) and excludes
outliers by sampling the central 95%
of a normal distribution. In addition,
Bhattacharya analysis can help determine if additional populations—such
as unidentified age- or sex-specific
populations or diseased populations—
are within the employed data
sets, thereby requiring additional
partitions.
Our third step involved taking
each Bhattacharya-derived RI and
building the clinically relevant RI.
We did so by assessing the clinical significance of the statistically
determined RI and through group
consensus. As part of this last step,
we could create a small buffer within
the RI to account for minor analytical

differences between platforms and to
increase clinical convenience for using
the RI. We followed the philosophy
of employing easy-to-remember
numbers, if doing so would not
compromise patient care.

only benefit the small rural hospitals
that often have minimal clinical
support but also provide significant
improvement to the care of all patients
within Alberta, who often have test
results from multiple laboratories.

ANALYTE-SPECIFIC CHALLENGES

Allison A. Venner, PhD, FCACB, is a
clinical biochemist and provincial
point-of-care testing medical lead at
Alberta Public Laboratories and a clinical
assistant professor in the Department of
Pathology and Lab Medicine at the
University of Calgary.
+EMAIL: allison.venner@alberta
publiclabs.ca

Despite our efforts, we could not fully
harmonize RIs for two of the analytes
reviewed: calcium and potassium.
In the case of calcium, we found
significant analytical bias between
methodologies, and with potassium,
we encountered preanalytical bias due
to differences in sample type.
Clinical biochemistry laboratories
in Alberta have now reached
consensus on common RIs for 12
tests, including albumin, alkaline
phosphatase, calcium, chloride,
creatinine, glucose, phosphorous,
potassium, sodium, total bilirubin,
total carbon dioxide, and total
protein. These common RIs will not

Jessica L. Gifford, PhD, FCACB, is a
clinical biochemist at Alberta Public
Laboratories and a clinical assistant
professor in the Department of
Pathology and Lab Medicine at the
University of Calgary.
+EMAIL: jessica.gifford@alberta
publiclabs.ca
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Strategies for Better Identifying Familial Hypercholesterolemia

The Sample

■

POINT-OF-CARE TEST OUTPERFORMS
STANDARD URINE, SERUM TESTS IN
PREDICTING PREECLAMPSIA

A

pilot project involving 346
consecutive pregnant women
being evaluated for preeclampsia (PE)
found that a paper-based point-of-care
test that provides results in 3 minutes
outperforms standard urine and
serum tests in predicting PE
(EClinicalMedicine 2019; doi.
org/10.1016/j.eclinm.2019.02.004).

This Congo Red Dye (CRD) Paper
Test “is uniquely positioned to increase
the effectiveness of the [PE] triage
process and possibly reduce healthcare
costs,” according to the Ohio State
University-based researchers, who also
created the test.
The CRD Paper Test builds on the
researchers’ prior investigations that
found the urine of women with PE
displays congophilia—the affinity of
misfolded proteins for the azo-dye CR.
Prior investigations had validated the

clinical usefulness of detecting congophilia in diagnosing PE via a research
laboratory protocol the investigators
developed that uses nitrocellulose.
CRD Paper Test kits include two
reaction papers and a visual colorimetric scale showing strong positive,
weak positive, and negative results, as
well as a syringe prefilled with CRD.
Operators mix 150 µL fresh urine
with the CRD from the syringe, then
after 1 minute place equal sized drops
on the reaction papers.

Ariel Skelley / The Image Bank / Getty Images

Three abstracts presented at the American College of Cardiology annual scientific
session underscore the pervasive underdiagnosis and undertreatment of familial
hypercholesterolemia (FH) but also point to strategies for better identifying and
implementing therapies for this disease.
Researchers at Kaiser Permanente Northern California used an algorithm based
on Make Early Diagnosis to Prevent Early Deaths (MEDPED) diagnostic criteria to
screen 1.6 million individuals who had at least one low-density lipoprotein
cholesterol (LDL-C) value and to identify those with a high likelihood of FH
(https://www.abstractsonline.com/pp8/#!/5758 search 1134-442). The researchers
calculated an overall prevalence of 0.45% (1:222) in this population. Of 64 patients
evaluated in a specialty clinic, just 5% had previously been diagnosed with FH, 73%
were younger than age 45, and 54% were not on lipid-lowering therapy. Cascade
testing identified nine relatives with FH.
The investigators concluded that their approach was “highly effective for
population-level identification and management of patients with FH.”
Researchers in Denmark used Dutch Lipid Clinic Network (DLCN) criteria for
FH to screen from six general medical practices 9,669 patients with at least one
elevated LDL-C level (1232-420). In all, 34 individuals with DLCN scores ≥5 were
determined to have probable or definitive FH; a prevalence of 1:284. Just three
individuals already had been diagnosed and treated.
These findings demonstrate “massive underdiagnosis of FH in general practice,”
according to the researchers.
A research team in Belgium investigated a pilot project to implement cascade
screening among relatives of patients with FH who met inclusion criteria for LDL-C
levels >250 mg/dL or LDL-C levels >190 mg/dL plus one other criterion and
DLCN score ≥6 (1232-421). These criteria identified 132 index patients, of whom
91 were diagnosed definitively with FH, and 41 identified as having probable FH.
Two field nurses subsequently visited 276 relatives of these FH patients to collect
clinical data and blood specimens. Among these relatives, 96 were determined to
have definitive or probable FH based on MEDPED criteria or DLCN score.
Based on this pilot and the suspected number of individuals with FH in Belgium,
the researchers concluded “this strategy…will require the sustained and extended
collaboration of all stakeholders to achieve a nearly complete identification of
suspected FH patients in a relatively reasonable period of 10 years.”
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Two board-certified maternal fetal
medicine specialists adjudicated each
case; patients’ clinical care occurred
separately from the research protocol.
The researchers compared CRD Paper
Test in confirming and ruling-out PE
against the reference standard of the
physician-adjudicated cases.
The CRD Paper Test area under
the receiver operating characteristic
for predicting PE was 0.85 compared
with 0.723, 0.678, and 0.765 for urine
soluble fms-like tyrosine kinase-1
(sFlt-1), urine placental growth factor
(PlGF), and urine sFlt-1/PlGF, respectively, and 0.809, 0.747, and 0.820 for
serum sFlt-1, serum PlGF, and serum
sFlt-1/PlGF, respectively.

■

PAIRED, APPROPRIATELY TIMED IFA
IGG TESTS CRUCIAL FOR IMPROVED
SPOTTED FEVER RICKETTSIOSES
SURVEILLANCE

O

f 16,807 case reports of spotted
fever rickettsioses (SFR)
submitted to the Centers for Disease
Control and Prevention (CDC)

between 2010 and 2015, just 1% met
the criteria for confirmed SFR
(MMWR Morb Mortal Wkly Rep
2019;18:243-6). The remaining 99%
met the probable case definition,
mostly because they involved only a
single indirect immunofluorescence
assay (IFA) result or did not use any
type of molecular diagnostic test.
“Increased use of molecular assays and
use of paired and appropriately timed
IFA [immunoglobulin G] IgG testing
practices could improve understanding
of SFR epidemiology and increase the
accuracy of disease incidence estimates,” wrote the investigators.
Council of State and Territorial
Epidemiologist laboratory criteria for
confirmed SFR include four methods:
1) seroconversion by IFA—defined
as fourfold change in anti-SFR IgG
antibody titers from paired serum
specimens taken during the first
week of illness and 2-4 weeks later;
2) polymerase chain reaction (PCR);
3) immunohistochemistry (IHC);
or 4) culture. Of the 167 confirmed
cases, 102 reported seroconversion, 66

involved PCR, IHC, or culture, and one
reported both seroconversion and PCR.
Having a second (convalescent) IFA
result is crucial to confirming an SFR,
the researchers emphasized, because
“antibodies to spotted fever group
Rickettsia can persist for months or
years following infection, making a
single antibody titer unreliable for diagnosing incident disease.”
Probable SFR criteria include detection of anti-SFR IgG antibody by IFA,
enzyme-linked immunosorbent assay
(ELISA), dot-ELISA, or latex agglutination. Of the 16,640 probable cases,
the majority (81.5%) provided only a
single positive IFA IgG titer, or provided
paired IFA IgG tests but without evidence of seroconversion (1.3%) or not
within the recommended date range
(7.6%). Another 9.6% provided only
IFA IgM, ELISA, dot-ELISA, or latex
agglutination results, all of which offer
“insufficient evidence to confirm a new
SFR illness; use of such tests hinders full
understanding of SFR epidemiology and
the incidence of disease in the [U.S.],”
according to the investigators.
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The
search for
noninvasive
biomarkers
intensifies
as cases of
NAFLD,
NASH rise

N
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MIC

onalcoholic fatty liver
disease (NAFLD), the
most common chronic
liver condition, is on
the rise. Consequently, so is the
number of people progressing to the
next, more aggressive stage—
nonalcoholic steatohepatitis (NASH).
With NASH in particular a setup for
cirrhosis and liver cancer, there’s a
paramount need for methods that
quickly identify individuals most at
risk for these complications.
Worldwide, NAFLD affects approximately 25% of adults. But, according
to the National Institute of Diabetes
and Digestive and Kidney Diseases, the
prevalence is more significant in the
U.S. NAFLD affects between 30% and
40% of American adults and up to 10%
of children. Approximately 12% of
adults have developed NASH, characterized by scarring and fibrosis.
Currently, liver biopsy is the routine
method for diagnosing NAFLD and
NASH, but it’s suboptimal. Not only
invasive with associated pain and bleeding, this approach also is expensive,
carrying a price tag between $1,500
and $2,700. Additionally, biopsy is
merely a pixel in a snapshot of the diseased organ, said Scott Friedman, MD,
professor of medicine, liver diseases,
and pharmacological sciences at Icahn
School of Medicine at Mount Sinai in
New York City.
“Liver biopsy, itself, isn’t a gold
standard. It’s a tin standard,” explained
Friedman, who also serves as Icahn’s
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dean for therapeutic discovery. “You’re
only capturing a tiny piece of a very
large organ, so you get significant sampling variability.”
Replacing liver biopsy hasn’t been
easy, though. To address the need for
less invasive, less costly, and more accurate diagnostics, several imaging and
serum biomarker tests have come to
market. Others are under development.
However, there’s still no consensus on
which method is most effective and
efficient at identifying individuals with
either NAFLD or NASH.

THE CASE FOR BETTER
DIAGNOSTICS

NASH is an especially challenging
condition, Friedman said, because the
hierarchy of disease is unclear. Several
factors, such as fat accumulation,
inflammation, and changes to the gut
microbiome caused by high sugar and
antibiotic-laden diets, make diagnosing disease progression difficult. This

lack of understanding is concerning, he
said, because up to 50% of liver cancers
appear before NASH patients even
learn they have cirrhosis.
Unfortunately, existing noninvasive
tests are more effective in pinpointing NAFLD patients than those with
NASH. And, without a diagnostic that
specifically targets NASH, millions of
people will lose out on life-saving therapies in earlier disease stages, said Mary
Rinella, MD, professor of medicine
at Northwestern Feinberg School of
Medicine in Chicago.
“These patients are the ones that
are the low-hanging fruit that we really
need to capture,” she said. “If we can
identify them, hopefully, we can reverse
their trajectory.”

IMAGING: AN IMPERFECT
MODALITY

Despite offering noninvasive views
of the liver and being good clinical
options for diagnosing steatosis and

Candidate Biomarkers for Diagnosing and Monitoring NAFLD
and NASH

With nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH) conservatively
affecting at least one-quarter of the adult population worldwide, a vibrant quest is underway to find
sensitive and specific noninvasive tests to diagnose and monitor these diseases. Many candidate
biomarkers have been proposed and continue to be investigated. Some of the more useful and
promising include:
AST/ALT ratio: The aspartate aminotransferase (AST)/alanine aminotransferase (ALT) ratio helps
distinguish alcoholic hepatitis from NAFLD and NASH. An AST/ALT ratio greater than 2 indicates
alcoholic hepatitis. However, ALT levels higher than AST levels—without the presence of cirrhosis—
point to NASH. AST levels are higher in NASH with cirrhosis.
However, in some cases elevated ALT levels are reported erroneously as normal because
laboratory reference populations don’t exclude obese patients, according to Brent NeuschwanderTetri, MD, director of the division of gastroenterology and hepatology at Saint Louis University
School of Medicine in St. Louis. Appropriate ALT levels for men and women are <30 IU/L and <9 IU/L
respectively, he suggested.
Fibrosis-4 index: This scoring system combines age, AST, ALT, and platelet count. It has a
negative predictive value of more than 90% for advanced liver fibrosis, according to experts. Results
can be subject to rapid AST and ALT changes, though.
BARD score: Calculated from body mass index, the ALT/AST ratio, and the presence of diabetes,
this score, reported on a 0-4 scale, is routinely used to predict liver fibrosis in NAFLD patients. Scores
less than 2 have a strong negative predictive value for advanced liver fibrosis associated with NAFLD.
Enhanced Liver Fibrosis (ELF) test: Though not yet approved by the Food and Drug
Administration and not sensitive to early-stage fibrosis, this panel is an algorithm comprised of three
fibrosis markers—amino-terminal propeptide of type III procollagen, hyaluronic acid, and tissue
inhibitor of metalloproteinase 1. It detects advanced fibrosis with high accuracy in both adult and
pediatric patients. U.K. National Institute for Health and Care Excellence guidelines recommend
retesting every 3 years for adults and every 2 years for children with ELF scores less than 10.51.
Cytokeratin-18: One of the most scrutinized analytes in assessing NAFLD and NASH, this protein
accumulates in the bloodstream as liver cells die. High levels could indicate NASH, but elevated
levels are possible without disease, making the test only moderately accurate, according to Lawrence
de Koning, PhD, DABCC, FACB, FCACB, a clinical biochemist at Calgary Laboratory Services in
Calgary, Alberta, Canada.

liver stiffness, imaging modalities,
such as ultrasound and magnetic
resonance imaging (MRI), fall short
in identifying NASH, advised Rohit
Loomba, MD, MHSc, director for
the NAFLD Research Center at the
University of California at San Diego
School of Medicine.
Diagnosis can be particularly
difficult in obese patients, he added.
“The problem with ultrasound comes
when a patient is overweight or obese
with a [body mass index] of 35 to 40,”
Loomba explained. “These tests don’t
perform as well because of the fat
content in the liver, and the penetration
of the ultrasonic waves into the liver is
also affected by fibrosis.”
Alongside lower sensitivity, imaging
modalities can cost more than blood
tests, and some are difficult to access,
such as the MRI-estimated proton
density fat fraction (MRI-PDFF).
While MRI-PDFF maps the entire liver
in seconds, it’s time consuming and
requires special instrument coils and
staff training.

EXISTING TESTS

Given imaging tests’ shortcomings,
the search continues for an optimal
noninvasive serum biomarker
test to quickly and accurately
identify patients with NASH,
said Brent Neuschwander-Tetri,
MD, director of the division of
gastroenterology and hepatology
at Saint Louis University School of
Medicine in St. Louis.
“The ideal test must have a good
negative predictive value of at least
90 percent,” Neuschwander-Tetri said.
“We want a blood test that can tell us
a patient doesn’t have the disease. That
way, they don’t have to spend more
money for unnecessary testing.”
To date, many blood biomarker
and panel tests are moving toward
greater sensitivity and specificity. Used
to assess a variety of liver conditions,
the aspartate aminotransferase (AST)/
alanine aminotransferase (ALT) ratio
also has clinical utility in workups
for NAFLD and NASH. Some of the
more promising biomarkers already
used to some extent for this purpose
or on the horizon as diagnostic tools
include Fibrosis-4 index, the BARD
score, Enhanced Liver Fibrosis test,
and cytokeratin-18 (CK-18) (See Box
on the left). Of these, CK-18 is the
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“METABOLOMICS IS WHERE THE REAL GAINS WILL BE MADE. IT
ALLOWS FOR RESEARCH INTO MULTIPLE DIFFERENT MARKERS
OF DIFFERENT PATHWAYS SIMULTANEOUSLY. RESEARCHERS
CAN MEASURE BIOMARKER LEVELS AND BE AGNOSTIC ABOUT
WHETHER THEY’RE PREDICTORS OF NAFLD OR NASH.”
—Lawrence de Koning
most extensively evaluated analyte
for NASH diagnosis, according to
Lawrence de Koning, PhD, DABCC,
FACB, FCACB, a clinical biochemist at
Calgary Laboratory Services in Calgary,
Alberta, Canada.

Sebastian Kaulitzki / Alamy Stock Photo

ON THE HORIZON

Even with myriad test options, experts
agree much more work remains
to identify efficacious and practical NAFLD and NASH diagnostics.
Consequently, the pipeline is stocked
with burgeoning work in lipidomics,
metabolomics, and genetics.
Recent research combined
genetics, lipidomics, metabolomics,
and clinical data to create the NASH
ClinLipMet score, unaffected by statin
medications or obesity, to identify
with high accuracy patients with
NASH (Clin Gastroenterol Hepatol
2016;14:1463-72).
Other investigations also used
meta-genomic sequencing of stool
microbiota from NAFLD patients to
identify, with high accuracy, 37 species present in the gut microbiome
associated with advanced fibrosis (Cell
Metab 2017;25:1054-62). Recently,
Loomba’s lab developed a test using
gene sequencing to analyze gut bacteria
from stool samples to identify individuals with some level of NAFLD (Nat
Commun 2019; 10:1406).
These types of multiomic investigations hold the most promise, de Koning
offered. “Metabolomics is where the
real gains will be made,” he said. “It
allows for research into multiple different markers of different pathways
simultaneously. Researchers can measure biomarker levels and be agnostic
about whether they’re predictors of
NAFLD or NASH.”
Ultimately, he said, improving
the specificity and sensitivity
of existing biomarker tests and
cultivating new diagnostic tools is
critical to addressing the growing
menace of NAFLD and NASH.

“Early detection means early
treatment and better patient
outcomes. It means people will be
more responsive to treatment,” de
Koning concluded. “Having biomarkers
can tell us how well a patient is doing
in terms of the treatment we’re giving
them, possibly replacing the need for
other diagnostics.”
Whitney J. Palmer is a freelance journalist
in Holly Springs, North Carolina.
+EMAIL: whitneyljhowell@gmail.com

Disclosures:
A complete list of disclosures is available
online for Neuschwander-Tetri, Friedman,
and Rinella. Loomba is a consultant for
Siemens.
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Devices

BY JEN A. MILLER

A NEW
GENERATION OF
DIAGNOSTICS WILL
EXIST AS PURE
SOFTWARE CODE.
HOW CLINICAL
LABORATORIANS,
AND REGULATORS,
WILL TACKLE THIS
NEW DATA STREAM
IS AN OPEN
QUESTION.

W

hen the Food and Drug Administration (FDA)
blessed Apple’s electrocardiogram app on its
Apple Watch Series 4 in September 2018, it
was a big step for a growing area in medicine:
software as a medical device (SaMD). SaMD is a “product
without a body in the sense that it is pure software that
operates on a platform,” said Bill Greenrose, managing
director of regulatory and operational risk for Deloitte.
The concept itself isn’t totally new. A patient portal could
be considered an SaMD because it essentially is software
running on a platform that collects patient data. But when
the first portals asked patients to log in to a website to fill
out their medical history, the possibility of having software
do things like adjust medication doses based on biofeedback
or detect and diagnose stroke by analyzing magnetic resonance images, was a far-off dream.
Now, SaMD is about to become much more pervasive
in the world of medicine, and especially diagnostics, as
technology moves at rocket speed. SaMD will provide “a lot
more data because, at the end of the day, that is what this is
all about and why everybody is getting so excited,” Greenrose
said. “The more information [diagnostics manufacturers] can
collect about actions and activities of patients, the better they
can help shape the use of those products,” which not only
will improve patient care, he said, but also make developers
more profitable because their devices will work better.
Results released in March from a study using Apple
Watch software is encouraging others to pursue the SaMD
strategy, but it is not likely to assuage critics of emerging
direct-to-consumer (DTC) SaMD products. The Applesponsored study, launched in November 2017, looked at
whether the app could identify atrial fibrillation. While
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investigators found that 84% of
participants with irregular pulse
notifications from the app were in
atrial fibrillation at the time of the
notification, false-positives remain
a concern for software built into a
device used by millions of consumers.

AN EVOLVING
REGULATORY PICTURE

While software already plays a role in
medical care, it’s usually at the service
of hardware doing the work, such as
the case of insulin pumps that patients
program themselves. “Medical
devices have had software in
them probably as long as there
have been medical devices,”
said Aaron L. Josephson, senior
director of the government
relations consulting group, ML
Strategies, who also worked at
FDA for 10 years, including as a
senior policy advisor in the Center
for Devices and Radiological Health,
which regulates medical devices. “The
challenge is that the software now
has become a lot more complex and
a lot more integrated into healthcare
delivery,” he said.
Moreover, SaMDs are unlike
anything FDA has regulated before.
“When you evaluate a hardware
device, you’re looking at whether it
would withstand a certain amount of
stress and if it meets certain criteria,”
Josephson said. “With software, you’re
looking at a bunch of code. The question is, how does looking at that code
really tell you if it's safe and effective?
The answer is, it doesn’t. You have
to look at what the output of the
software is.”
In 2017, FDA introduced a
Digital Health Action Plan that
included hiring more digital staff,
releasing new guidance documents,
and launching a digital health
software pre-certification pilot
program (Pre-Cert) with Apple,
FitBit, Johnson & Johnson, PEAR
Therapeutics, Phosphorus, Roche,
Samsung, Tidepool, and Verily as
early participants.
The goal of a Pre-Cert program is
deciding “if the software developer
has what they’re calling a culture
of quality and organizational excellence,” Josephson said. “Are you an
organization that values quality? Are
you an organization that does other

THE
QUESTION IS,
HOW DOES
LOOKING AT
THAT CODE
REALLY TELL
YOU IF IT'S
SAFE AND
EFFECTIVE?

things that FDA considers to be
showing that you’re a good steward
of public health in the way that you
develop your products?” After being
pre-certified, a developer will need to
have that certification renewed after
a certain period of time, most likely 2
years, Josephson said.
Josephson doesn’t think FDA
is getting in the way of innovation
because of how the agency is working
with industry on its pilot program.
“FDA is kind of admitting [it doesn’t]
have the resources [the agency] would
need to review the skyrocketing
volume of software devices,” an
important first step in finding a
new model, he said. “Pre-Cert
does allow you to certify a
developer who can then make
countless numbers of SaMD
and distribute them legally
without FDA having to check in
on every one of them,” he said.
Greenrose agrees. FDA is “actively
trying to work with industry and the
American public to allow these technologies to mature,” he said. In many
ways, this kind of Pre-Cert is not that
different from the way Transportation
Security Administration PreCheck
works for airline passengers, he added.

THE DTC DILEMMA

FDA’s eagerness to work with
industry is not necessarily easing
concerns about releasing SaMD data
directly to patients, especially it’s
without parameters to explain that
data’s limitations. Recently, FDA has
been allowing DTC genetic testing
to expand, in what amounts to a test
case for how regulators think companies should handle vast amounts of
patient data.
A. Cecile J.W. Janssens, PhD, a
research professor of epidemiology at
the Rollins School of Public Health
at Emory University in Atlanta, has
written extensively about DTC
testing issues, especially surrounding 23andMe, a personal genomics
company that sells its genetic testing
kits online. In 2018, FDA permitted
23andMe to market certain genetic
health risk tests and required a warning statement that consumers should
not use these test results to stop or
change any medications.
“I’m not against direct-toconsumer testing. We live in a free

world, so if people want to offer
that, and other people want to use
it, they should be able to do that,”
said Janssens. “They should present it
in such a way that the limitations of
everything are also clear.” 23andMe
tests over 600,000 single nucleotide
polymorphisms, which might sound
impressive, she said, until put into the
context that “we have about 3 billion
letters, and they only do 600,000. It’s
only really a snapshot.”
If a company puts a warning label
next to data it shares directly with
consumers, saying it shouldn’t be
used to make medical decisions, will
consumers really follow that advice?
FDA, Janssens said, is “basically saying
that all this risk information is OK
as long as those tests do not diagnose
you. They didn’t tell anything about
whether the predictive algorithms
need to be predictive. They don’t
regulate any of that, so it’s really
opened the market to a lot of junk,”
Janssens said.

PUSHING INTO
HIGHER-RISK AREAS

Right now, SaMDs are used more
often in clinical trials than for routine
patient care, and they are mostly
a low risk—Class I, as FDA calls
them—category, said Greenrose.
He sees that changing in the next 5
years, both as regulatory processes are
cemented, and as technology continues to develop and move into Class II
(moderate-risk) and Class III (highrisk) assessments that will “inform the
clinician after the fact that it made an
adjustment,” he said.
Greenrose said that as devices and
software proliferate, clinical laboratorians should prepare to see data
coming in from these sources. These
data will supplement traditional
inputs labs are used to and include
information such as where a patient
was during and right before a sample
was taken. “We’re almost getting
into real-time medicine,” Greenrose
said. “There’s a lot more information
becoming available that can help create a better picture of what the test
results really mean within the larger
context of the patient’s condition.”
Jen A. Miller is a freelance journalist who
lives in Audubon, New Jersey. Follow her
on Twitter: @byJenAMiller
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THE ROLE OF

SURFACE PLASMON
RESONANCE
IN CLINICAL LABORATORIES

An evolving platform has the potential to make biosensors more integrated into clinical care
BY KATIE THOREN, PHD

C

onsider this scenario: A
clinician is giving a new
monoclonal antibody
drug to her patients and
wants to measure anti-drug antibodies
in serum. There are no Food and Drug
Administration (FDA)-approved assays
or research-use only kits available for
this application, and no reference
laboratory offers this test. If you had to
develop an assay from scratch, what
technique would you choose?
If you were in a clinical laboratory,
you might consider making your
own enzyme-linked immunosorbent
assay (ELISA). But if you were in an
academic setting or pharmaceutical
company, you might consider as an
option surface plasmon resonance
(SPR). SPR can be automated, requires
few biological reagents for method
development, and generates results
in just a few minutes. So, if SPR has
so many advantages, why aren’t more
clinical laboratories using it?

WHAT IS SPR?

SPR is an optical technique that uses
refractive index changes at a metal
surface to monitor binding interactions in real time and in a label-free
manner. In the most common instrument setup (Figure 1), biomolecules
such as proteins, antibodies, DNA, or

RNA, are immobilized to a metal surface and buffer constantly flows across
the surface. Polarized, single wavelength light is directed through a glass
prism to the bottom of a metal surface
and is reflected back to the detector.
The magic happens when, at
a very specific angle, called the
resonance angle, electrons in the
metal absorb the light and cause an
intensity minimum at the detector.
These electrons, also known as surface
plasmons, are very sensitive to the
environment at the metal surface. Any
changes at the surface affect how the
light is absorbed and cause a shift in
the angle of the intensity minimum.
Thus, when an analyte binds to
the immobilized molecule at the
surface, a signal change occurs which
allows interactions to be measured
without labels. The surface can then
be washed to remove bound analyte
and make binding sites available
for subsequent reactions. The data
generated from the experiment, called
a sensogram, is the SPR signal plotted
versus time (Figure 2).
SPR is a very versatile platform
in terms of the types of interactions
that can be studied and the data they
generate. A variety of biomolecules
can be immobilized to the surface
using different chemistries. Proteins

are often covalently immobilized to the
surface through amine coupling, while
DNA is often covalently immobilized
after modification with a thiol group. A
variety of molecules also can be attached
using streptavidin/biotin.
Although researchers most
commonly use SPR to study proteinprotein or protein-antibody interactions,
SPR has also been used to study
DNA-DNA interactions, DNA-protein
interactions, and to detect viruses, whole
cells, and extracellular vesicles (1,2).
SPR offers several types of data,
including kinetic and thermodynamic
information about binding (i.e. on- and
off-rates, and affinity constants). SPR
also can measure analyte concentration or provide qualitative information
about whether an analyte interacts with
another biomolecule.

VARIATIONS OF SPR AND
SIMILAR BIOSENSORS

There are some variations on the common SPR technique described above. For
example, SPR imaging (SPRi) monitors
SPR signals at specific locations on a
surface. Laboratories often use SPRi in
multiplexing applications to monitor
multiple reaction spots at the same time.
Another variation, localized SPR, generates a signal from metal nanoparticles
rather than at a flat surface.

Andrew Brookes, National Physical Laboratory/Science Source
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Biolayer interferometry (BLI) is
also an optical, label-free technique
similar to SPR. The physics of signal generation are slightly different,
but the measurement process is the
same. This technique immobilizes
biomolecules to the sensor surface,
monitors binding in real time, and can
regenerate the sensors. The biggest
difference between BLI and SPR is
that BLI uses sensor tips rather than
a surface: The sensor is dipped into a
sample during measurement rather
than the sample being flowed over
a surface. The advantages of this
approach are that there are no fluidics
to clog and less buffer is used during
experiments.

(4,5), and measuring a patient’s
antibody response to antigen, often in
the setting of autoimmune diseases
(6,7). There are also many examples
in the literature of SPR methods to
measure clinically relevant proteins,
including C-reactive protein, prostatespecific antigen, brain natriuretic
peptide, cytokines, myoglobin, and
troponin (2). However, most of these
protein analytes can be measured by
FDA-approved, automated immunoassays, and it does not make sense
for a clinical lab to develop an SPR
method instead of using one of these
commercially available assays.
However, SPR can play a role in
clinical laboratories when commercial assays are not available, as in the
example given at the beginning of this
APPLICATIONS IN CLINICAL
article. Consider developing an ELISA
LABORATORIES
or sandwich immunoassay from
With relative ease, laboratories can
scratch—a time-consuming and expendevelop SPR methods that measure
sive endeavor because of the need for
the concentration of protein analytes,
two antibodies specific to the analyte
and there are many examples in
but directed to different epitopes. One
the literature for clinically relevant
of these antibodies also needs to have
analytes (2,3). SPR is particularly
a label, which sometimes can interfere
well suited for measuring antibodies,
with analyte binding or affect the
as an SPR signal is proportional to
stability of the antibody. If a suitable
the amount of mass binding to the
antibody pair is not commercially
surface. Applications relevant to cliniavailable, clinical labs are unlikely to
cal laboratories include measuring the
make their own ELISA. Yet, developconcentration of therapeutic monoing an SPR method is much more
clonal antibody drugs (4), detecting
accessible since the technique requires
the presence of anti-drug antibodies
fewer biological
reagents. SPR is
attractive in this
F1 Principle of surface plasmon resonance
setting because
method development is simplified.
Another advantage of SPR is that
it does not require
Analyte
significant sample
Biomolecule
preparation or
sample volume.
Plasmon wave
Typically, laboraMetal surface
tories diluted and
injected samples
Glass prism
directly onto the
SPR instrument.
Laboratories also
can easily multiplex SPR by
arranging different
Shift in
Intensity
surfaces in series
Light source
Detector
Minimum
or through the use
of SPRi, in which
At a certain angle, called the resonance angle, electrons in the metal absorb light resulting in an intensity minimum
at the detector. When biomolecules bind to the surface, it causes a shift in the angle at which the light is absorbed.
biomolecules
This shift in the intensity minimum is the basis of SPR signal.
are immobilized

to different regions of the surface. In
addition, because signal is generated
in real time, results are available much
faster compared with ELISA, which is
performed in batches and has several
incubation and wash steps.
Collecting data in real time also
means that SPR provides kinetic
information about binding that cannot
be determined by ELISA or other
equilibrium end-point measurement
techniques. This information may have
value in diagnostic testing. For instance,
the affinity (how much analyte binds
at equilibrium) and the on- and
off-rates (how fast an analyte binds
and dissociates from the immobilized
ligand) could serve as signatures of a
particular ligand–analyte combination and may be able to distinguish
between different analytes.
Investigators have used the
additional information generated by
SPR to evaluate vaccine efficacy (8),
detect biomarkers in autoimmune
diseases (6,9), and distinguish between
inhibitory and noninhibitory factor
VIII antibodies (10), for example. This
information may also be helpful in
distinguishing interferences from true
analyte interactions in commercial
immunoassays. However, it is unclear
if any of these assays are being used in
clinical labs, or if this additional information will have more widespread
diagnostic application.

CHALLENGES TO USING SPR IN
CLINICAL LABS

Clinical laboratories face several barriers in adopting SPR. Analytically,
one of the major challenges with SPR
is nonspecific binding, which can
reduce the sensitivity of the assay.
Nonspecific binding is especially
important to consider when working
with complex biological samples like
serum. However, there are several
ways to minimize or correct for this.
As in commercial immunoassays,
labs often add detergents to both the
buffer and samples in order to reduce
unwanted interactions with the
surface. Adding bovine serum to albumin can help “precoat” the surface
and prevent proteins in the sample
from binding. Finally, labs can dilute
samples before measurement.
Labs can also correct for nonspecific
binding during the data processing
step. Typically, a blank reference

If your fentanyl assay is not detecting norfentanyl...
True positive samples could be
slipping through your fingers.

The opioid epidemic is a serious global crisis affecting public
health as well as social and economic welfare. Fentanyl abuse,
misuse and diversion is a major contributor to this crisis.
Fentanyl is a potent synthetic opioid used in pain management,
that can produce euphoric effects with rapid onset but short
duration. While it is a useful prescription pain medication, it is
also made illegally and used recreationally, often with heroin
and cocaine.
Fentanyl is metabolized to norfentanyl and other metabolites.
About 90% of the dose is excreted in urine as norfentanyl,
while parent fentanyl accounts for less than 7%. Detection of
both parent and this major metabolite is essential to determine
fentanyl use and is an integral part of combating the opioid
depidemic.

ARK Diagnostics, Inc. now offers an FDA 510(k) cleared,
CE-marked immunoassay that detects fentanyl in urine.
Exceptional analytical sensitivity at a 1ng/mL cutoff level
Detection of both the parent and major metabolite to identify
more true positives
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Application protocols for most general chemistry analyzers
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Schematic of an SPR sensorgram

Association

Response Units

Dissociation

there is currently
not a strong need
to measure the
kinetics of a binding interaction,
which is a unique
feature of SPR.
The other advantages—simplified
method development, automation,
fast time to result,
and others—
may also not be
crucial, except in
limited cases.

2017;63:1633-41.
2. Mariani S, Minunni M. Surface

3.

4.

5.

Analyte injection

CONCLUSION

At least in the
literature, there
has been a lot of
Regeneration
interest in the use
of SPR for clinical
Time
applications. There
are a number of
The SPR signal is measured over time to generate a plot called a sensorgram. During an experiment, analyte
proof-of-principle
is injected over the surface. The SPR signal increases as analyte molecules bind to their binding partners
papers, and several
which have been immobilized to the surface. Next, buffer is injected and the analyte dissociates. The surface
can be washed, or regenerated, and reused in subsequent experiments.
reviews published
about the use of
SPR for clinically relevant applicasurface (a surface without immobilized
tions (2,3). But so far, advantages
biomolecules) and a blank sample (a
of SPR such as kinetic information,
sample without analyte) are used to
automation, fewer biological reagents,
test for nonspecific binding to both the
simplified method development, and
surface and the immobilized biomolfast time-to-result have not been sufecule. The raw lab can then subtract
ficient driving forces for widespread
the raw sensogram observed from
adoption, and the use of SPR is still
these controls from that of the sample
rare in clinical laboratories.
to correct for nonspecific binding.
SPR does, however, play a role, parIn addition to analytical challenges,
ticularly for measuring antibodies and
clinical labs face several practical
analytes that do not have commercially
challenges in adopting SPR. First, SPR
available assays. Will we see it being
instrumentation is expensive, ranging
used more in the future? Perhaps. But
anywhere from $50,000-$300,000
this will require work on the part of
depending on the throughput or numclinical laboratorians and scientists to
ber of channels in the instrument. In
continue to improve the technique and
addition, only a handful of companies
explore how to best use it in a clinical
make SPR instruments. Several firms
laboratory setting.
supply SPR and BLI instruments, and
these companies primarily design and
market their instruments for acaKatie Thoren, PhD, DABCC, FAACC is
demic and pharmaceutical laboratoan assistant attending clinical chemist at
ries. Vendors’ focus on research and
Memorial Sloan Kettering Cancer Center
pharmaceutical applications partly
in New York City.
explains why clinical laboratorians are
E M A I L : thorenk@mskcc.org
not very familiar with SPR and may
have the perception that the techREFERENCES
nique is too complex for their needs.
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SUP P OR T ED BY

MASS SPECTROMETRY

BY YAN VICTORIA ZHANG, PHD, DABCC, FAACC,
AND STEVEN COTTEN, PHD, DABCC, FAACC

FOCUS
ON

New Tests, New Metrics for Success
How Labs in Multidisciplinary Teams Enhance Mass Spectrometry’s Institutionwide Value

O

ne of the motivations to
bring mass spectrometry
(MS) assays in-house is
to reduce send out costs.
Examples include vitamin D testing, urine drug analysis, and tests
for other high-volume analytes. The
expenses associated with setting up
an MS system and assays can be offset
easily by the immediate savings recognized from bringing this high-volume
workload in-house. These are relatively straightforward business cases
with readily quantifiable economic
benefits attributed directly to labs,
and they are low-hanging fruit when
it comes to integrating new clinical
applications of MS.
But once these straightforward cases
have been implemented, labs often face
challenges expanding MS applications,
despite the technology’s capability to
uniquely address crucial clinical needs.
Laboratory directors quite understandably can find it frustrating when there
is a clear clinical case for bringing a test
in-house using MS, but the business
case is not compelling.
Most often the problem boils
down to limited financial return
on a cost per reportable basis for
low-volume testing. While there
is truth to this argument when
narrowly focusing on laboratory
costs in isolation, many times big
picture considerations tell a different
story: If an analysis does not consider
institutional-level costs, significant
opportunities may be missed.
In this article, we share two
examples that demonstrate how clinical laboratories led efforts to establish

MS assays that were not supported
by traditional department-centric
financial models. The first example
is from the University of Rochester
Medical Center for a busulfan assay,
and the second is from the Ohio State
University Wexner Medical Center for
neonatal drug testing. Both cases demonstrate the value of breaking outside
the walls of clinical labs to bring multiple stakeholders into the discussion.
Many benefits accrue when
clinical and administrative partners
fully appreciate the value that MS
platforms deliver to an overall health
system—not just the laboratory.
We hope, through these cases, to
shed some light on less traditional
pathways for justifying MS testing,
with the goal of seeing it expanded
further to the benefit of patient care.

Busulfan Testing to Improve
Management of Stem Cell
Transplant Patients

Busulfan is a chemotherapeutic
agent used as a component in a
myeloablative preconditioning
regime before hematological stem
cell transplantation. Therapeutic drug
monitoring (TDM) and timely plasma
concentration reporting is critical for
determining proper dosage. Busulfan
has a narrow therapeutic index, and
its pharmacokinetic (PK) profile,
liver metabolism, and clearance differ
greatly from patient to patient, so
the same dosage regimen could lead
to very different clinical outcomes in
different patients. Toxic drug levels
in blood are associated with harmful
side effects and even death, whereas

low exposures put patients at risk for
ineffective therapy potentially causing
graft rejection or disease relapse.
For several reasons, busulfan
testing had been a send-out at the
University of Rochester Medical
Center. First and foremost, low test
volumes—less than 30 patients per
year—didn’t support a good business
case to implement the test in-house,
in part because the lab would need
additional capital equipment.
The prospect of in-house busulfan
testing posed other challenges as well.
Busulfan in patient samples is not very
stable, presenting technical difficulties
in developing a reliable assay. In
addition, no traditional proficiency
testing (PT) for busulfan is available
from organizations like the College
of American Pathologists. That meant
that to fulfill regulatory requirements
the lab would have to establish unique
assay-based PT programs.
The equation changed, however,
when the pharmacy and bone marrow
transplant group approached the lab
a couple of years ago to discuss the
feasibility of moving this test in-house.
Leaders from the lab and these two
hospital units formed a brainstorming
group to evaluate the question from
a more holistic point-of-view. From
the lab perspective alone, all of the
challenges mentioned above did not
support the assay as an in-house
test on a cost per reportable basis.
However, with further input from
multiple groups, the lab discovered
that in-house testing for busulfan
would help not only the pharmacy
and the bone marrow transplant
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groups but also offer significant
benefits to the overall hospital.
The first major benefit was that
in-house testing enabled clinicians
to administer the drug in an
outpatient rather than an inpatient
setting. Patients received four doses
of busulfan as the preconditioning
regimen. The first dose provided
samples for PK estimates, which
involve calculating the area under
the receiver operating characteristic
curve to guide subsequent dose
adjustments. Four samples were taken
after administration of the first dose.
When the test was being sent-out,
in order to have time to adjust the
third and fourth dose, our lab had to
send out the PK samples overnight
to the reference lab. To meet the
reference lab sample processing
deadlines, the last PK sample had
to be drawn before 11 a.m.—9
hours after the start of the infusion.
Consequently, the busulfan dose had
to be started around 2 a.m. Due to
this time constraint, clinicians had to
administer busulfan on an inpatient
basis since the outpatient infusion
center is not open 24 hours.

Moving the assay in-house eliminated these timing and transportation
challenges. The dosing regimen and
lab sampling followed the same
schedule, but doses could be started
in the early morning in the outpatient
setting during normal business hours
while still allowing the pharmacy
team to adjust doses three and four in
a timely manner.
Changing from an inpatient to an
outpatient setting provided significant value to both patients and the
hospital. Importantly, it saved patients
4-5 days of being hospitalized. This
not only reduced patients’ costs but
also enabled the hospital to be more
efficient in utilizing its inpatient
space and in taking on other critical patients. Furthermore, research
has shown that patients have better
clinical outcomes when treated in
outpatient settings. Outpatient care
decreases the anxiety of staying in a
hospital, minimizes patient inconveniences, and reduces the prospect of
nosocomial infections.
In offering busulfan in an outpatient setting the hospital also was
able to bill the drug under the 340b

schedule under Medicare rather than
an inpatient schedule. Though a
seemingly small change, this resulted
in significant drug cost savings for
both patients and the hospital.
After collaborating with all related
stakeholders and evaluating the
benefits holistically as a healthcare
team, the lab was able to obtain
the instruments and other capital
equipment needed—as well as
proper staffing—to support busulfan
in-house testing. More importantly,
this collaborative effort provided
both economic and quality-of-care
improvements for the hospital and for
patients. The hospital would not have
realized these gains if the lab had
evaluated busulfan testing solely from
its own financial perspective.

Meeting Clinical Needs for
Neonatal Drug Testing

Neonatal drug testing has been
an overlooked service for clinical
laboratories. But a rise in substance
abuse during pregnancy as part of
the overall opioid misuse crisis makes
close attention to this area more
urgent. Clinical laboratories now play
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a key role in identifying newborns
who may have been exposed to drugs
in utero. The following case from
the clinical lab at the Ohio State
University illustrates how using MS
helped reshape the workflow to
better serve this patient population.
Clinical laboratories find neonatal
drug testing challenging for a variety
of reasons. For example, the specimens
available from newborns are generally
different than those used in adult
populations. This presents preanalytic
challenges in addition to the usual
analytic considerations: Neonatal
urine, meconium, or umbilical
cord have very specific collection
requirements to ensure optimal
results. These specimens often require
additional validation of the collection
by the laboratory as well as extraction
of the target compounds from the
specimen matrix.
Interpretation of neonatal drug test
results is also more complex for many
healthcare providers, including not
only physicians but also nursing, labor
and delivery, pediatrics, and social
work staff. Often these results are
integrated with two other sets of data,
namely maternal urine drug screen
results and historical accounts of
previous maternal drug use. Integrating
these discrete data streams into a
single data set that represents cumulative exposure during pregnancy is not
straightforward. Limitations related
to the specimens used, extraction
efficiency, and assay sensitivity can also
contribute to discrepancies.
At Ohio State University, the labor
and delivery nurse manager recognized
that the hospital’s workflow was ineffective for identifying and testing newborns at risk for drug exposure during
pregnancy. Calls for a better workflow
came from multiple providers who
spanned a variety of care teams, from
nurses in labor and delivery to providers in the neonatal intensive care unit
and social services. These staff members were concerned about poor handoff of information related to knowing
when testing should be ordered, as
well as slow test results turnaround
time by the lab, delays in discharging
patients waiting for results, and results
that were inconsistent or inadequate to
detect expected drugs.
To deal with these problems,
the hospital established an
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The lab found
it helpful
to separate
into discrete
components all
the processes
that typically
take place in a
single step.

interdisciplinary team with
representatives from pathology,
labor and delivery, obstetrics and
gynecology, pediatrics, and social
services to critically evaluate the
hospital’s process and to improve
the continuity of care. As part of this
process, the team evaluated switching
from meconium to umbilical cord
tissue as the default specimen for
evaluating drug exposures. This specimen type offered several advantages
for nursing, such as being able to
collect specimens at birth and being
easier to collect than meconium. The
group simultaneously identified both
of these issues as problems in the
current workflow that delayed results
and possible interventions.
To tackle this dilemma, the clinical
laboratory first set out to validate a
new specimen type staff had no prior
experience dealing with. The conventional approach to sample preparation for MS typically involves just a
single extraction step. However, the
laboratory quickly learned that the
consistency of umbilical cord tissue
required additional considerations to
go from specimen to MS instrumentready samples.
The lab found it helpful to separate into discrete components all the

processes that typically take place in
a single step. This included thinking
about tissue disruption, drug isolation, and sample cleanup as three
individual steps. The first step of
mechanical disruption of the tissue
ultimately required the purchase of
an unbudgeted piece of equipment.
Collectively, the team petitioned for
funding directly to executive leadership and were successful in moving
the project forward.
While the laboratory continued
research and development to establish this assay, the remaining clinical
teams worked on redesigning the
workflow around this test. The goal
was to develop a total testing process
that began with properly identifying
patients who need testing and ended
with acknowledging the umbilical cord
toxicology results—all within 24 hours.
The team ran into several
roadblocks at this stage: suboptimal
communication between care
providers, delays in ordering and
missed collections, extended
laboratory turnaround times, and
patient discharges prior to results
being available. The team dealt
with these issues by implementing
new processes or streamlining
existing ones. A focus on better
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communication between obstetrics
and gynecology and labor and delivery
decreased missed testing for at-risk
babies, while collecting samples
at delivery helped avoid missed
collections. It was also important to
clarify which physicians should place
the testing orders. This reduced the
number of patients who should have
been tested but were missed.
With improvements underway,
it was then up to the laboratory
to reduce turnaround times from
20-24 hours to achieve the target
goal. Months of development and a
method comparison with meconium
finally achieved an assay that met
current performance expectations
but with a much-reduced turnaround
time of approximately 9 hours. After
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implementing
this assay, the
lab continued to
closely monitor
test performance
to reveal areas for
improvement.
Notably,
one of the
most engaged
stakeholders
using neonatal
drug test results
is social services,
which must
follow up on
positive results.
This group has
the challenging
job of integrating
multiple streams
of data, including
mothers’
disclosed drug
use, prescribed
medications,
maternal urine
drug testing
results, and the umbilical cord
toxicology results. Discrepancies
between maternal and infant results
or the absence of expected results
make decisions related to social
interventions very difficult.
Detecting buprenorphine in umbilical cord tissues remains challenging in
some specimens. The laboratory and
social services rely on close communication between staff in both departments
to troubleshoot unexpected outcomes.
This project continues to bring together
individuals from multiple departments
to work toward a common goal of
improving patient care.
Crucially, the conventional quality
indicator of turnaround time was
insufficient in this case to capture the
complete impact of the redesigned
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workflow and test development.
Developing this new clinical MS assay
impacted multiple departments and care
teams, so the lab put careful consideration into measuring success.
In addition to monitoring collectto-receive and receive-to-result times
for the umbilical cord toxicology, the
team also monitored birth-to-order and
birth-to-collect times. These quality
indicators better evaluated preanalytical
delays and coordination between care
teams. The team also collected clinical
outcome data that compared opiatepositive results with a clinical diagnosis
of neonatal abstinence syndrome.
Together, the preanalytic, analytic,
and postanalytic metrics provide a
comprehensive view of the redesigned
clinical workflow that integrated the
performance of the new MS test.

Continuing to Add Value

MS has gained recognition as a technology that can uniquely support critical
patient needs. Yet challenges arise when
clinical laboratories attempt to expand
beyond the first line, obvious tests to
implement on these instruments.
The two successful cases in this
article examine how to approach implementing the next tier of MS testing,
even when at first glance, it wasn’t viable. Both demonstrate that success was
only possible by working with multiple
clinical teams in healthcare systems. We
hope these cases provide insights into
the justification process when labs are
considering creative applications of MS
to serve essential patient needs.
We believe that with a collaborative,
interdepartmental approach—one that
evaluates the costs and benefits beyond
the walls of clinical laboratories, we will
see more applications of MS that add
value to healthcare systems.
Yan Victoria Zhang, PhD, DABCC, FAACC,
is associate professor, director of the regional
toxicology lab, and vice chair of clinical
enterprise strategy at the University of
Rochester Medical Center in Rochester, NY.
+EMAIL: victoria_zhang@urmc.rochester.edu
Steven Cotten, PhD, DABCC, FAACC,
is assistant professor-clinical in the
department of pathology and laboratory
medicine at the University of North
Carolina at Chapel Hill in Chapel Hill,
North Carolina.
+EMAIL: steven.cotten@unchealth.unc.edu
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FDA Proposes 510(k) Exemption for Certain Flow
Cytometry Instruments

■

ANTHRAX TESTS SHOULD GO
THROUGH 510(K) REVIEW
PROCESS, FDA RULES

I

n response to device manufacturers
seeking advice on how the Food and
Drug Administration (FDA) reviews
tests for Bacillus anthracis—the
bacteria that causes anthrax—FDA has
issued a final rule classifying these tests
into class II (moderate-risk) with
special controls. This means the agency
will continue to require a 510(k)
premarket notification for these
devices. These devices were previously
unclassified and were considered part
of a group of devices known as
preamendment devices, because they
were in commercial distribution prior
to May 28, 1976, when the Medical

Device Amendments to the Federal
Food, Drug, and Cosmetic Act were
signed into law. Because of this, prior
to the final rule there had not been a
definitive agency determination about
the testing criteria required or the
regulatory pathway to use for this type
of device. FDA issued this rule to
provide a clear and predictable review
pathway for anthrax test developers
and also to help these manufacturers
address potential safety risks for lab
workers using these devices.

■

FDA GRANTS DE NOVO
AUTHORIZATION TO HEMOSONICS
POC COAGULATION TEST

H

emoSonics has received de novo
marketing authorization from

the Food and Drug Administration
(FDA) for the Quantra QPlus system,
which includes the fully automated
Quantra Hemostasis Analyzer platform
and QPlus cartridge. The Quantra
QPlus system provides actionable
information on coagulation status to
clinicians at the point of care. It uses
a fully sealed consumable cartridge
and a patented ultrasound technology
called sonic estimation of elasticity
via resonance (SEER) sonorheometry
to provide viscoelastic results in 15
minutes or less. SEER sonorheometry
works by sending ultrasound pulses
through a blood sample to induce resonance, causing the sample to oscillate.
As the blood coagulates and its stiffness
increases, the frequency of oscillation
also increases. Clot times and stiffness
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Regulatory
Roundup

The Food and Drug Administration (FDA) has issued a proposed order to
exempt certain class II flow cytometry instruments from 510(k) premarket
notification requirements, subject to certain limitations and conditions.
The proposed exemption applies only to cytometry instruments used for
counting or characterizing cells. These instruments use well-understood
and mature technology. The intent of this proposed order is to reduce the
regulatory burden by providing a more streamlined and efficient process
to bring these instruments to market, while also making flow cytometry
instruments used to count or characterize cells more accessible to healthcare
providers. To be considered exempt from premarket review, a flow
cytometry instrument’s performance must be
demonstrated with either fluorescent beads
or detection materials coupled with fresh,
fixed, stabilized cells that have been cleared,
approved, or exempted from the premarket
notification requirement.
FDA will continue to review the relevant
functionality of cytometry devices when they
are used clinically with an in vitro diagnostic
device reagent or test kit that is subject
to FDA premarket review. Additionally,
cytometry instruments used for sorting or
collecting cells, and instruments that are used
as automated hematology analyzers or that
perform automated differential cell counts,
will still require premarket notification
510(k) clearance.
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values are then measured from the
evolving shear modulus. The Quantra
system also assesses platelet contribution to clot stiffness and the likelihood
of there being residual heparin in a
sample. Studies have demonstrated
strong correlation between the Quantra
and both standard laboratory tests and
other viscoelastic hemostasis assays.

■

ORTHO GETS CE MARK FOR
MULTI-TEST MICROSLIDE
TECHNOLOGY

T

he CE mark has been granted
to Ortho Clinical Diagnostics
for the Vitros XT MicroSlide, a new
technology that enables labs to use a
single blood sample to run two tests
simultaneously that are commonly
ordered together. The postagestamp-sized slides include the Vitros
XT Urea-Crea slides for blood urea
nitrogen and creatinine testing,
Vitros XT Trig-Chol slides for
triglycerides and cholesterol, and
Vitros XT Glu-Ca slides for glucose
and calcium. They come with
spreading, masking, scavenger, and
reagent layers already combined on a
thin piece of film. This layered dry
slide technology is what enables
separate reaction domains. When
plasma, serum, urine, or cerebrospinal fluid come in contact with these
dry chemical layers, a spectral
reaction then occurs. To measure this
reaction, the Vitros XT MicroSlide
uses Ortho’s optics technology,
Digital Chemistry, which is designed
to work with a reduced patient
sample size of 3.8 µL. All slides run
on the Vitros XT 7600 Integrated
System. Ortho has also submitted
the slides to the Food and Drug
Administration for premarket review.

■

FDA CLEARS GENEPOC
STREP A TEST

G

enePOC, a member of
the Debiopharm Group,
has received Food and Drug
Administration clearance for the
GenePOC Strep A assay. This
qualitative assay detects group A
streptococcus nucleic acids from
throat swab specimens obtained from
patients with signs and symptoms of

pharyngitis. It provides results as early
as 42 minutes for positive specimens
and in approximately 70 minutes
for negative specimens, without the
need for culture confirmation, and
could serve as an alternative to throat
cultures and rapid antigen diagnostic
tests for group A streptococcus. The
GenePOC Strep A assay is designed
for use with the revogene platform,
an automated, standalone device that
performs fluorescence-based real-time
polymerase chain reaction testing on
single-use proprietary microfluidic
cartridges. The revogene has the ability to process eight clinical samples
simultaneously and detect up to 12
genetic targets per sample.

for Devices and Radiological
Health (CDRH) is beginning to
reorganize in order to enhance
communication among CDRH
staff and enable more efficient
activities across the total medical
device product life cycle from
premarket review to postmarket
surveillance. Specifically, the
reorganization will integrate
CDRH’s premarket and postmarket
program functions along product
lines, creating a new structure that
consolidates and integrates many
of the current aspects of product
review, quality, surveillance, and
enforcement into a new, team-based
approach. Implementation of the
reorganization began on March
18 of this year, and FDA aims to
complete it by September 30. While
the reorganization is underway,
individuals should continue to
communicate with their current
contacts in CDRH.

■

FDA STARTS REORGANIZATION OF
THE CENTER FOR DEVICES AND
RADIOLOGICAL HEALTH

T

he Food and Drug
Administration’s Center
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Q BioMed, Mannin Research, McMaster University Team
on Glaucoma Test

Industry
Playbook

■

CDC, GROUP K DIAGNOSTICS TO
DEVELOP POINT-OF-CARE ZIKA
TEST

G

roup K Diagnostics has
partnered with the Centers for
Disease Control and Prevention
(CDC) to design and evaluate a
prototype point-of-care (POC) assay
for Zika virus RNA that uses reverse
transcriptase loop-mediated

isothermal amplification (RT-LAMP).
The assay will be intended for
resource-limited areas where
real-time reverse transcription
polymerase chain reaction instrumentation is not available. The
partners will model the new assay
after a test-tube-based RT-LAMP
Zika assay developed by CDC and
will design it to run on Group K’s
microfluidic POC platform,

MultiNostic. Group K recently
submitted clinical trial data on
MultiNostic to the Food and Drug
Administration. The company will
also bring to the collaboration its
experience with meeting logistical
demands in resource-limited areas.
“The raw materials and scalable
manufacturing process we employ
enable a very low cost product,
making our solution an ideal choice

7activestudio / iStock / Getty Images Plus

Q BioMed and Mannin Research are collaborating with the Biointerfaces Institute
at McMaster University in Hamilton, Ontario to develop a point-of-care diagnostic
kit for monitoring glaucoma severity and progression. The kit will detect the
biomarker growth differentiation factor 15 (GDF-15)—which Q BioMed recently
licensed exclusively from Washington University in St. Louis—and will serve as a
companion diagnostic to Q BioMed’s MAN-01 small molecule therapeutic for the
treatment of primary open-angle glaucoma. As a first step in this project, Mannin
Research and the Biointerfaces Institute plan to create, assess, and apply DNA
aptamers for detecting GDF-15 in the aqueous humor of patients with different
severities of glaucoma. Building on this work, they subsequently expect to develop
prototype assays for GDF-15 that will be validated in a clinical setting.
“This diagnostic kit can be used both as a standalone in any ophthalmologist’s
office as well as being used as a companion diagnostic with our promising
MAN-01 glaucoma therapeutic candidate,” said Denis Corin, CEO of Q BioMed.
“Currently, no single examination or diagnostic test is able to accurately predict
disease progression, and we believe GDF-15 can help preserve visual function in
glaucoma patients through accurate monitoring of disease progression.”

M AY 2019

for the CDC research collaboration,”
said Brianna Wronko, founder and
CEO of Group K.

■

BROAD INSTITUTE OPENS NEW
CENTER FOCUSED ON LIQUID
BIOPSIES

T

he Broad Institute of the
Massachusetts Institute of
Technology and Harvard has launched
the Gerstner Center for Cancer
Diagnostics at the Broad Institute, a
new center that aims to develop
liquid biopsies and other cancer
diagnostics. Specifically, the Gerstner
Center’s work will focus on improving
the sensitivity of liquid biopsy so that
this method can be used to monitor
patients’ response to cancer treatment. “Using blood biopsy to track
patient response will help us not only
determine if a tumor has gotten
smaller—something imaging technologies already do—but will help us
understand what is happening to the
molecular composition of the tumor,
something you can’t do with a
[computed tomography] scan or
[magnetic resonance imaging],” said
Viktor Adalsteinsson, PhD, associate
director of the Gerstner Center.
The center will also study patients
with minimal residual disease in order
to develop tests that identify small
numbers of cancer cells that remain
in patients who have undergone
treatment and which may result in
future relapse.

■

STANFORD, LUCENCE
COLLABORATE ON ARTIFICIAL
INTELLIGENCE FOR LIVER CANCER
DIAGNOSIS

T

he Stanford University School of
Medicine has teamed with the
Singapore-based firm Lucence
Diagnostics to develop artificial
intelligence algorithms for improving
the diagnosis and treatment of liver
cancer. Specifically, the partners will
develop diagnostic software tools that
incorporate ultrasound, computed
tomography, and magnetic resonance
imaging results with sequencing data
on oncogenic mutations and hepatitis
viral DNA. The project will evaluate a
dataset of more than 5,000 patients to

identify image changes and patterns
linked to diagnostic and treatment
outcomes in liver cancer. Lucence is
the developer of a liquid biopsy
next-generation sequencing test that
analyzes the DNA of cancer-causing
mutations and viruses and will
contribute its genomics experience and
proprietary sequencing technology to
the project. “By combining radiology
with our proprietary sequencing
technology and track record in liver
cancer data modeling, our artificial
intelligence algorithms will assist
physicians in making better treatment
decisions,” said Min-Han Tan, MBBS,
PhD, founder and CEO of Lucence
Diagnostics.

■

AMBRY GENETICS, MY GENE
COUNSEL START DTC GENETIC
TEST CONFIRMATION SERVICE

A

mbry Genetics has partnered
with the digital health company
My Gene Counsel to offer One-Stop
Solution, a service that will confirm
direct-to-consumer (DTC) genetic test
results through medical-grade testing
and also provide genetic counseling to
consumers. The program is specifically
intended for individuals who have a
personal or family history of cancer
and who have taken a DTC genetic
test for cancer risk but have unresolved
questions about their results. Ambry
based its decision to start this service in
part on a study the company published
in Genetics in Medicine in 2018. This
study examined gene variants reported
in the raw data of DTC genetic testing
and found a 40% false-positive rate
and also that 17% of variants were
misinterpreted as high risk. “Our
results demonstrate the importance of
confirming DTC raw data variants in a
clinical laboratory that is experienced
in both complex variant detection and
classification,” said Brigette Tippin
Davis, PhD, senior vice president of
research and development at Ambry
Genetics.

■

MAYO, ADVANCED BIOLOGICAL
LABORATORIES PARTNER ON CMV
ANTIVIRAL RESISTANCE TEST

M

ayo Clinic Laboratories
and the Luxembourg-based

31

diagnostics company, Advanced
Biological Laboratories, have joined
forces to develop a test that will
aid in the management of patients
infected with human cytomegalovirus
(CMV) that is potentially resistant
to antiviral drugs. The test detects
mutations associated with antiviral
resistance in the CMV genes UL54
and UL97 using a next-generation
sequencing-based polymerase
chain reaction method. The test
is also coupled with Advanced
Biological Laboratories’ software,
DeepChek-CMV, which analyzes
sequencing data and provides an
interpretation of potential drug
resistance in cytomegalovirus. “We
are extremely proud to support the
development of this lab-developed
test through the provision of our
DeepChek-CMV software and are
hoping to make CMV personalized
treatment adaptation a reality for these
patients suffering from CMV infection,”
said Chalom Sayada, MD, PhD, CEO of
Advanced Biological Laboratories.
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Ask The Expert

Reducing
Preanalytical
Variability of Bone
Turnover Markers

EXPERT

Jennifer L. Powers, PhD
Why are bone turnover markers still
not widely used?

A:

The plasma bone turnover
markers N-terminal
propeptide of procollagen type I (PINP)
and C-terminal telopeptide of collagen
type I (CTX-I) can help clinicians manage treatment for patients with osteoporosis and other bone turnover-related
diseases. The International Osteoporosis
Foundation and the International

Federation of Clinical Chemistry and
Laboratory Medicine have also identified PINP and CTX-I as the reference
markers for studies of bone turnover.
These markers have not been widely
adopted, however, due to within-subject
variability and lack of reproducibility
between labs. To address this issue, the
National Bone Health Alliance (NBHA)
recently released recommendations
for reducing preanalytical variability of
PINP and CTX-I via standardized sample handling and patient preparation.
What patient variables impact bone
turnover marker levels?

The effect of circadian rhythm is significant for CTX-I, with this marker’s peak
concentrations occurring between 2-5
a.m. and nadir occurring at midday. Food
intake also has a major effect on CTX-I
levels, to the point that overnight fasting
actually reduces circadian variation. For
PINP, on the other hand, the effects of
food and circadian rhythm are minimal.
Renal function influences clearance
rates of CTX-I, so this analyte should
be used with caution when a patient’s
estimated glomerular filtration rate is
<30 mL/min/1.73 m2. For PINP, the
effect of renal function is more complicated. Both monomeric and trimeric
forms of PINP exist in serum, and while
the monomeric form is cleared by the
kidneys, the trimeric form, referred to as
intact PINP, is metabolized by the liver.
Therefore, intact PINP is a better measurement for patients with kidney disease.
Other conditions or diseases can
significantly influence bone turnover rate.
These include intensive physical training,
immobilization, bone fracture or bone
disease, vitamin D deficiency, thyrotoxicosis, and primary hyperparathyroidism.
Certain drugs also have significant
effects on PINP and CTX-I. For example,
selective estrogen receptor modulators,
17 β-estradiol, bisphosphonates, denosumab, and cathepsin K inhibitors all
decrease levels of bone turnover markers,
while teriparatide increases levels.
Drugs with a more moderate effect
on bone turnover include hormonal
contraceptives, corticosteroids, thiazide
diuretics, and aromatase inhibitors.
Disease-modifying antirheumatic drugs
have been shown to decrease CTX-I, but
not PINP.

What are the NBHA recommendations
for patient preparation and acceptable
sample types?

Due to the effects of food and circadian
rhythm, NBHA recommends sample
collection between 7:30-10 a.m. after an
overnight fast. However, random sampling
is acceptable if only measuring PINP.
Providers should also instruct patients to
avoid vigorous exercise on the day prior to
the draw.
Labs may use either serum or plasma
samples for PINP and CTX-I. However,
CTX-I is more stable in EDTA plasma
than in Li heparin plasma or serum and
is preferred if a lab will not be able to
process a sample immediately.
What are the NBHA recommendations
for storing and handling of samples?

Labs should centrifuge samples and
separate serum or plasma from red
blood cells within 2 hours of collection,
avoiding hemolysis. CTX-I has limited
stability at room temperature and
when refrigerated at 4°C, so if labs
can’t process samples immediately,
NBHA recommends freezing at -20°C.
PINP, on the other hand, is more stable
than CTX-I and is useful for at least
24 hours at room temperature and 5
days at 4°C, with -20°C recommended
for short-term storage and -70°C
recommended for long-term storage.
Labs should mix any frozen samples
thoroughly after thawing them and
before analyzing them.
For improved within-subject results,
NBHA recommends using the same
sample type and handling conditions.
Batch analysis is also preferred for
serial samples from the same patient.
Overall, NBHA hopes that better
knowledge of and adherence to these
preanalytical recommendations will
lead to more reproducible results and
meaningful result interpretation for
PINP and CTX-I, as well as establishment of appropriate thresholds for
patient management.
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Serum Proteins

a-1 Acid Glycoprotein
a-1 Anti-Trypsin
a-1 Microglobulin
b-2 Microglobulin
Haptoglobin
IgA
IgG
Allergy
IgM
Total IgE

Nutrition
Ferritin
Prealbumin
Retinol Binding Protein
Transferrin

Stomach
H. pylori*

Diabetes
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Complement C3
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b-2 Microglobulin reagent for chemistry analyzers
H. pylori Test Reagent* for chemistry analyzers
KL-6 (Krebs von den Lungen-6)* reagent for chemistry analyzers
Microtransferrin* reagent for chemistry analyzers
Remnant Lipoprotein Cholesterol* reagent for chemistry analyzers
Retinol Binding Protein reagent for chemistry analyzers
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