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Pipettes are not 
always found to be 
within a laboratory’s 
specifi cations at 
the time of service. 
This leads to a very 
important question: 
What impact did the 
inaccurate pipettes 
have on testing?
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■
CMS WALKS BACK COVERAGE 
DECISION ON LABORATORY 
DEVELOPED TESTS

After strong resistance from 
AACC and other lab groups, 

the Centers for Medicare and 
Medicaid Services (CMS) said it 
would not limit payment for next-
generation sequencing (NGS) tests 
only to those approved by the Food 
and Drug Administration (FDA). 
AACC had warned CMS that setting 
such a precedent would risk reim-
bursement for NGS tests, most of 
which are performed as laboratory 
developed tests (LDTs). An initial 
CMS proposal limiting payment to 
FDA-approved tests followed the 
parallel review with FDA of the 
FoundationOne CDx test that assesses 
alterations in 324 genes across 
multiple common cancers. 

In its � nal decision, CMS said it 
would cover NGS cancer diagnostic 
tests approved or cleared by FDA and 
permit local Medicare Administrative 
Contractors to continue making deci-
sions about paying for LDTs. This 
decision is also good news for future 
companion diagnostics. The policy 
will automatically give full coverage 
to FDA-approved or cleared compan-
ion in vitro diagnostics when the test 
has an FDA-approved or cleared indi-
cation for a patient’s cancer and test 
results follow a template that speci� es 
treatment options.

■
MEDICAID CUTS DEEPER 
AFTER PAMA

AACC is criticizing state 
Medicaid agencies that are 

reducing their payment rates for 
clinical laboratory testing even further 

than the recent cuts to the Medicare 
clinical laboratory fee schedule 
implemented under the Protecting 
Access to Medicare Act (PAMA).

The Medicaid payment cuts “are 
drastic, unnecessary, and may threaten 
access to critical laboratory services 
used in the prevention, diagnosis, and 
monitoring of disease,” according to a 
letter from AACC and other profes-
sional organizations. 

The letter urges Centers for 
Medicare and Medicaid Services 
Secretary Seema Verma to issue a 
bulletin that reminds Medicaid direc-
tors of their obligation to “provide 
Medicaid reimbursement for labo-
ratory services that is suf� cient to 
ensure access to those services.” The 
letter also asks Verma to reject any 
proposals from states proposing to 
reduce payment rates below those in 
the Medicare fee schedule. 

Congress Funds AACC-Led Harmonization Initiative
The $1.3 trillion omnibus spending bill passed by Congress in March will fund efforts 
to harmonize laboratory tests, the culmination of more than a decade of AACC 
advocacy efforts. AACC worked closely with Rep. Kevin Yoder (R-Kan.) and other 
lawmakers, as well as a partnership of 17 clinical associations. The bill provides $2 
million to the Centers for Disease Control and Prevention (CDC). The agency plans to 
use the new funding for materials and monitoring that will enable harmonization of 
tests for free testosterone, thyroid stimulating hormone, and estrogen.

The goal of harmonization is to achieve uniform test results across different 
laboratories and instruments and ensure the best treatment decisions possible for 
patients. While some laboratory tests can be standardized by making sure they align 
with a gold standard reference method, for most laboratory tests no such standard 

exists. This means testing can differ among labs, leading to fragmented 
patient health records, misinterpreted results, and a moving target for 
clinical practice guidelines. Harmonization � lls the gap by creating an 
agreed-upon benchmark that all labs can use for such tests, making 
results consistent. AACC plans to continue working with legislators 
and other stakeholders to make this an annual appropriation and will 
also give input to CDC on the tests most in need of harmonization.

In addition to harmonization, the bill also ensures critical funding 
for other scienti� c programs, such as a $3 billion boost for the National 
Institutes of Health, the largest increase in 15 years. This includes a 
$60 million increase for the All of Us precision medicine initiative that 
plans to compile genomic and other data on 1 million subjects. 

Congress must return to the budget debate this fall, as the government’s 2018 
� scal year ends on September 30. By March 2019, Congress will have to deal once 
again with the debt limit that was suspended in February.
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Maria Elena 
Gauthreaux, 
MSHSA, BS, 
MT (ASCP) 

Sepsis—a life-threatening organ dysfunction in 
response to systemic infection—affects more than 26 

million people worldwide each year. Nearly all cases 
(approximately 92%) start in the community, underscoring 
the role of emergency departments (ED) in identifying and 
promptly treating this high-mortality condition. Early 
detection offers the possibility of better outcomes, but 
de� nitive diagnostic biomarkers are lacking. 

Despite its imperfections, lactate testing has been advo-
cated for a long time, and recently procalcitonin (PCT) has 
emerged as a promising tool to improve sepsis diagnosis and 
management. Unfortunately, PCT testing has not been imple-
mented effectively in many organizations due to costs, dif-
� culties synchronizing efforts among care teams, and concerns 
over whether PCT results actually affect care outcomes. 

THE COLLABORATION QUOTIENT
At our health system, the path to embracing and integrat-
ing PCT testing to improve sepsis care was a collaborative 
journey. We worked closely with stakeholders system-wide 
to keep processes standardized and get buy-in on how to 
implement and utilize PCT testing. 

Our review of the scienti� c literature found many 
advantages of PCT testing, including ef� cient turnaround 
times, rapid increases in levels after an infectious challenge, 
and a direct correlation between high concentrations and 
the severity of infection. These � ndings only increased our 
interest in offering PCT testing. 

Despite this strong interest, however, we faced chal-
lenges on the road to effectively implementing PCT testing. 

These included harmonizing our 
approach system-wide, standardizing 
equipment and PCT reference ranges, 
justifying implementation costs, and 
educating staff about the test’s avail-
ability and appropriate utilization. 

Our � rst step was to identify key 
stakeholders whose collaboration 
we needed to make change possible, 
including lab workgroups, hospi-
tal- and system-level physician and 
nursing groups, and the system sepsis 
accelerated change team (ACT). Our 
collaborative approach paid off by 
identifying problems early on as we 
began implementing PCT testing. For 
example, our medical staff wanted criti-
cal value criteria for PCT results, but 
we encountered dif� culties in achieving 
system-wide consensus as neither our 
community nor the scienti� c literature 
had concrete agreement on this issue.

The interdisciplinary system-wide 
sepsis ACT team played a vital role in 
implementing new standardized pro-
cesses. Collaboration through sepsis 
ACT led to consensus on PCT critical 
values as well as development of 
sepsis treatment algorithms and order 
protocols, including laboratory tests. 

Procalcitonin in Practice: Chronicle 
of a Health System’s Journey to 
Better Sepsis Care
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Our criteria for PCT results included 
an abnormal high >0.50 ng/mL and a 
critical value >2.0 ng/mL. 

CHANGING THE RULES
While a big part of our sepsis initiative 
involved implementing PCT testing, 
we also sought to tighten procedures 
on lactate testing, including improving 
the percent compliance with repeat-
ing this test within 6 hours after initial 
results  >2.0 mmol/L. Since this thresh-
old did not fall under our critical value 
criteria, we needed to work closely 
with our information technology 
team to develop alert rules for what 
we called “notifiable results,” as well 
as reflex rules to automatically order 
repeat lactate testing within 6 hours. 

Considering the complexity of this 
testing, we coordinated a 1-month pilot 
study at our hospital to assess how both 
these new rules and our noti� cation 
process worked in operation. Through 
the pilot we tested a lactate alert that 
noti� ed technologists to call ED about 
results >2.0  mmol/L. We  developed a 

re� ex rule to automatically order repeat 
lactate testing within 6 hours of an 
initial result >2.0 mmol/L. However, 
to avoid a continuous cycle of re� ex-
ing any result >2.0 mmol/L, we built a 
separate test in our laboratory infor-
mation system called “lactate re� ex.” 
Physicians must order any additional 
lactate testing after the re� ex test.

 In our pilot we gathered suf� cient 
data to identify challenges and make 
necessary changes prior to imple-
menting these alerts system-wide. 
During this time, we learned how 
important it was to educate both phy-
sicians and staff about the new re� ex 
process to avoid duplicate orders.  We 
also adjusted the lactate re� ex rule so 
that the second test would be ordered 
within 3 hours after the initial >2.0 
mmol/L value. This would ensure that 
the second test would be completed 
with the 6-hour timeline. 

In addition to the pilot, our hospi-
tal’s ED and laboratory conducted a 
study to compare the sensitivity and 
speci� city of lactate and PCT testing. 

We found that PCT values had a higher 
predictive utility for ED patients than 
lactate results. In addition, the receiver 
operating characteristic curve for PCT 
results at � rst presentation was signi� -
cantly larger and the validity coef� cients 
generally better than those of lactate. 
Moreover, the suggested lactate cutoff 
>2.0 mmol/L did not seem to be appro-
priate when a patient � rst presents at 
the ED. We found a cutoff >1.4 mmol/L 
more clinically relevant for emergency 
physicians ruling out sepsis. 

Our study also showed a signi� cant 
decrease in hospital costs not directly 
related to length of stay after we 
implemented the PCT protocol. We 
hope our experience will inform other 
organizations as they consider imple-
menting PCT testing in the workup of 
suspected sepsis. 

Maria Elena Gauthreaux, MSHSA, BS, 
MT (ASCP), is laboratory director at West 
Kendall Baptist Hospital in Miami, part of 
the Baptist Health South Florida system.
+EMAIL: MariaGau@baptisthealth.net

NEXT GENERATION ASSAYS

OH

H

NH2
O N

N

N

N

NH 2

H2N

N
H3C

O

N
H

O

OH

OHO

ARK introduces its homogeneous enzyme immunoassay 
technology for the next generation of clinical laboratory testing.

ARK assays are in liquid, stable, ready-to-use formulations that deliver 
convenience for routine use.

ARK produces assays of high-quality that yield rapid and reliable results on 
automated clinical chemistry analyzers.

THERAPEUTIC DRUG MONITORING ASSAYS & URINE DRUG TESTS

48089 Fremont Blvd, Fremont, CA 94538   
877.869.2320

customersupport@ark-tdm.com
www.ark-tdm.com

Levetiracetam

Lamotrigine

Gabapentin

Topiramate

Zonisamide

Oxcarbazepine Metabolite

EPILEPSY

CE Mark, FDA de novo granted

Lacosamide

Methotrexate

CANCER
FDA Cleared

Lopinavir

Nevirapine

ANTIRETROVIRAL

Voriconazole II

CE Mark, Not FDA Cleared

Efavirenz

ANTIFUNGAL

FDA Cleared

Linezolid

ANTIBIOTIC

Pregabalin

Fentanyl

URINE DRUG TESTS
CE Mark, Forensic Use Only

EtG

NEW

Tramadol

Meperidine

Ketamine

Methylphenidate Metabolite

Zolpidem

Zopiclone

Gabapentin

In Development

In Development

In Development

NEW
NEW

CE Mark, Not FDA Cleared

CE Mark, Not FDA Cleared



6 MAY 2018

SThe Sample

iS
to

ck
.c

om
 /

 M
ar

kB
ra

zi
er■

TYPE OF HPV SCREENING TEST 
LINKED TO CHANGES IN PATIENT 
MANAGEMENT

Discordant results between HPV 
DNA tests and HPV mRNA 

tests could have changed follow-up 

for 71.7% of patients who had one 
previous high-risk (hr) HPV-positive 
result, and 60% of patients who had at 
least two hrHPV-positive results 
(Obstet Gynecol 2018;0:1-7). The 
data expose the need for labs to 
specify the type of assay used in HPV 

screening, according to the authors, 
who also expressed hope that their 
� ndings “will start conversations 
between gynecologists and patholo-
gists to be sure the HPV DNA test is 
used for primary screening to identify 
those at potential long-term risk.”

American College of Physicians Recommends Less 
Restrictive HbA1c Targets
In a controversial new clinical guideline, the American College of Physicians 
(ACP) recommends less restrictive HbA1c targets for glycemic control in most 
patients with type 2 diabetes; between 7% and 8% rather than 6.5% or 7% as 
recommended by other groups (Ann Intern Med 2018; doi:10.7326/M17-0939). 

ACP based this advice on evidence about the bene� ts and harms of lower 
HbA1c targets from clinical trials considered by the other groups in setting their 
HbA1c targets. “ACP’s analysis of the evidence behind existing guidelines found 
that treatment with drugs to targets of seven percent or less compared to targets 
of about eight percent did not reduce deaths or microvascular complications 
such as heart attack or stroke but did result in substantial harms,” said Jack 
Ende, MD, president of ACP.

ACP emphasized that glycemic control should be individualized based on 
discussions about the bene� ts and harms of pharmacotherapy, patients’ 

preferences and general health and life expectancy, as well as the 
burden of treatments and costs. The association also advised 
physicians to consider deintensifying treatments in patients who have 
achieved HbA1c levels below 6.5%. Finally, ACP suggested that 
doctors focus treatments to minimize hyperglycemic symptoms but 
not target HbA1c levels in patients with type 2 diabetes expected to 
live less than 10 more years due to age or other medical conditions.

ACP arrived at these recommendations after reviewing guidelines 
from six other organizations: the National Institute for Health and Care 
Excellence, the Institute for Clinical Systems Improvement, the 
American Association of Clinical Endocrinologists (AACE)/American 
College of Endocrinology, the American Diabetes Association (ADA), 
the Scottish Intercollegiate Guidelines Network, and the Department of 
Veterans Affairs and Department of Defense. ACP evaluated these 
guidelines based on the Appraisal of Guidelines for Research and 

Evaluation II instrument, which asks questions about factors like scope and purpose, 
stakeholder involvement, rigor of development, and editorial independence.  

AACE, ADA, the American Association of Diabetes Educators, and the 
Endocrine Society issued a joint statement indicating that they “strongly disagree” 
with ACP’s recommendations. While noting that ACP’s HbA1c recommendation 
is just 1% higher than that of other guidelines, “this equates to a difference of 
nearly 30 points when blood glucose is measured in mg/dL ... blood glucose 
targets from 154 to 183 mg/dL is potentially harmful and not in the best interest 
of patients,” the statement averred. 
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The researchers conducted a 
retrospective quality improvement 
study to assess the consistency 
between HPV mRNA and HPV 
DNA test results in women previ-
ously diagnosed with HPV infec-
tions based on HPV DNA testing. 
HPV DNA testing detects presence 
or absence of HPV infection but 
does not distinguish between active 
or latent infection. HPV mRNA 
testing detects E6 and E7 mRNA 
from E6/E7 oncoproteins neces-
sary for cervical epithelial cells to 
become malignant. Presence of E6/
E7 mRNA not only indicates active 
HPV infection but also correlates 
with histologic and cytologic abnor-
malities. However, HPV mRNA 
testing is less sensitive in detecting 
HPV infection. 

Clinical guidelines recommend 
HPV DNA testing as a primary 
screening test, but “many pathology 
laboratories have shifted to using 
[this] assay without clear discussion 
with gynecologists about the effects 
on patient follow-up,” according to 
the authors.

Negative HPV mRNA results 
following positive HPV DNA results 
might have changed clinical man-
agement for 289 of 425 women 
age 30 or older whose test results 
were included in the study. Many 
women clear HPV infections without 
intervention within 6 to 18 months. 
However, among women with two 
prior positive HPV DNA results and 
a negative HPV mRNA result, 75% 
had at least one abnormal Pap test 
and 36.5% had at least one abnor-
mal colposcopy. “This points to the 
strong possibility that these patients 
still have infection and need closer 
screening to prevent development of 
cancer,” the authors explained. 

■
SERUM BIOMARKERS IMPROVE 
PREECLAMPSIA SCREENING

Ascreening method for predicting 
preeclampsia based on the 

mother’s risk factors and biomarker 
measurements outperforms a standard 
method based only on maternal 
characteristics and medical history 
(Ultrasound Obstet Gynecol 2018; 
doi:10.1002/uog.19039). 

The screening programme for 
preeclampsia (SPREE) study com-
pared the standard preeclampsia 
screening method recommended by 
the U.K. National Institute for Health 
and Care Excellence (NICE) based 
only on maternal characteristics and 
medical history with a method that 
combines maternal risk factors and 
biomarker results. SPREE involved 
16,747 women between 11 and 13 
weeks’ gestation who were assessed at 
seven U.K. National Health Service 
maternity hospitals and in whom 
outcomes data were available. In all, 
2.8% of participants developed 
preeclampsia; just 0.8% developed 
preterm preeclampsia, de� ned as 
requiring delivery before 37 weeks.

The new screening method being 
evaluated in SPREE included not only 
maternal characteristics but also mea-
surement of different combinations of 
mean arterial pressure (MAP), uterine 
artery pulsatility index (UtA-PI), 
serum placental growth factor (PlGF), 

and serum pregnancy-associated 
plasma protein-A (PAPP-A). 

The standard NICE-recommended 
method screened positive for 30.4% 
and 40.8% of all preeclampsia and 
preterm preeclampsia cases, respec-
tively. In contrast, the new method 
combining maternal characteristics, 
MAP, and PAPP-A screened positive 
for 42.5% of all preeclampsia cases. 
Including PlGF and UtA-PI screened 
positive for 82.4% of all preterm 
preeclampsia cases. 

“The SPREE study has provided 
de� nitive proof to support risk-based 
screening for preterm-[preeclampsia] 
using various biomarkers. It is now 
time to revise the professional guide-
lines and to move away from using a 
checklist-based method for screen-
ing,” said co-author Liona Poon, 
MD, clinical senior lecturer at King’s 
College London. 

An online risk calculator using the 
SPREE screening method is available 
at www.fetalmedicine.org
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I
mmunotherapy has 
ushered in a new age of 
cancer care. The Food 
and Drug 

Administration (FDA) has approved 
six checkpoint inhibitors and two 
CAR T cell therapies in recent years, 
and the American Society of Clinical 
Oncology has named immunotherapy 
“the advance of the year” for the past 
3 years running. Checkpoint inhibi-
tors act on cancer-mediated cell 
surface proteins that otherwise keep 
protective T cells from mounting a 
response against an invading cancer. 
CAR T cell therapies focus on T cells 
themselves, engineering patient or 
donor T cells so that they target 
antigens on the surface of cancer cells. 

Despite their promise, however, 
these new therapies are far from 
perfect. More than half of patients 
treated with checkpoint inhibitor 
monotherapy do not respond to treat-
ment, and immunotherapy causes 
devastating side effects in some 
patients. Clinicians and patients are 
eager for tests that not only identify 
who will bene� t from treatment 
but also who is at risk for adverse 
events—and researchers are busy 
trying to develop such tests. In the 
meantime, clinical labs are on the 
forefront of deploying currently avail-
able tests that help determine which 
immunotherapies patients should 

CHECKPOINT INHIBITORS, CAR T CELL 
THERAPIES TRANSFORM CANCER CARE, 
CHALLENGE LABS TO SUPPORT TESTING 
REQUIREMENTS

IMMUNOTHERAPYIMMUNOTHERAPY
receive, and help monitor their treat-
ment response. 

Treatment Gatekeepers
PD-L1 testing to help identify which 
patients are most likely to respond 
to anti-PD-1/PD-L1 checkpoint 
inhibitor therapy is widespread, 
according to experts.  David Rimm, 
MD, PhD, director of pathology 
tissue services at Yale University in 
New Haven, Connecticut, said that 
his lab tests PD-L1 levels in all lung 
cancer patients, and that oncologists 
sometimes also order off-label PD-L1 
testing to aid therapeutic decisions. 

To date, FDA has approved four 
immunohistochemistry (IHC)-based 
PD-L1 assays: one as a companion 
diagnostic and three as complemen-
tary diagnostics for their associated 
checkpoint inhibitors (See Table, 
p. 10). Unlike companion diagnostics, 
which are necessary before a patient 
is prescribed a drug, “complemen-
tary diagnostics are a new category 
that FDA is still de� ning for us,” 
explained Christina Lockwood, 
PhD, DABMGG, DABCC, FAACC, 
director of the Genetics and Solid 
Tumor Diagnostics Laboratory at the 
University of Washington in Seattle. 
Rather than being the sole input, 
“overexpression of PD-L1 is one 
piece of information that is used in 
conjunction with clinical information Ro
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� rst, Rimm added. “If any of the mark-
ers is clearly missing, then you have 
an MMR defect and don’t need to do 
the MSI test.” However, he noted that 
because the MSI test has historically 
been popular for colon and endo-
metrial cancers, his lab sometimes 
performs both tests for these tumors. 
In these cases, “it’s not clear to me that 
one test is better than the other, and 
there aren’t really guidelines.” 

Tumor mutational burden (TMB) 
is also being investigated as a predic-
tor of response to checkpoint inhibi-
tor therapy. However, Lockwood indi-
cated that only a few labs nationwide 
offer such testing at this time, due to 
its expense and the length of time it 
takes to perform. “You have to do a 
large sequencing-based test to get a 
good estimate of what the TMB is,” 
she observed.

Tsongalis said that his lab is one of 
many looking at how TMB should be 
used as a biomarker, if at all. His lab is 
using a new next-generation sequenc-
ing panel to measure TMB. 

Rimm said his lab is holding off 
until TMB testing is shown to offer an 

to determine whether or not to treat 
with a drug.” 

Given the number of PD-L1 assays 
available, clinical labs face a choice. 
“Many have elected to go the route 
of offering all of the tests, because 
clinicians are interested in the test 
that goes with the drug that they 
might be prescribing for the patient,” 
said Lockwood. However, others only 
offer one test, due to cost and logisti-
cal constraints. Dartmouth Hitchcock 
Medical Center in Hanover, New 
Hampshire is one such example. The 
Laboratory for Clinical Genomics 
and Advanced Technology offers one 
PD-L1 test, the Dako PD-L1 IHC 
28-8, due to the expense and opera-
tional challenges of offering more than 
one test, according to the lab’s director, 
Gregory Tsongalis, PhD, FAACC. He 
added that the lab went with this test 
because it was the � rst PD-L1 assay 
approved by FDA.

Rimm indicated that his lab 
recently switched to a lab-developed 
E1L3N version of the test, as it is less 
expensive to perform and equally reli-
able as the FDA-approved tests. 

Which Test Is Best?
Given FDA’s unprecedented 2017 
approval of the checkpoint inhibitor 
pembrolizumab to treat any microsatel-
lite instability (MSI)-high or mismatch 
repair (MMR)-de� cient tumor, interest 
in MSI and MMR testing has grown 
dramatically, said experts. “What FDA 
didn’t tell us is how you measure 
MSI—there are no FDA-approved 
assays to evaluate this,” explained 
Lockwood. Her lab measures MSI via 
next-generation sequencing to analyze 
different areas of the genome for dif-
ferent types of tumor, as she and her 
colleagues have found that the most 
informative regions differ across can-
cers. However, most clinical labs cur-
rently use a polymerase chain reaction-
based commercial kit that analyzes � ve 
genomic markers selected for colorectal 
and endometrial cancer, according to 
Lockwood. This poses a problem when 
clinicians need to analyze MSI in a dif-
ferent type of tumor.  

Given these issues with MSI 
testing, and that the standard IHC-
based test for MMR is faster and less 
expensive, most labs test for MMR 

Checkpoint Inhibitors Approved to Treat
Companion (COM) or 
Complementary (COMP) Diagnostic

Ipilimumab (Yervoy) Melanoma

Pembrolizumab (Keytruda)

Melanoma, non-small cell lung cancer (NSCLC) non-squamous cell 
lung cancer, head and neck squamous cell carcinoma (SCCHN) 
classical hodgkin lymphoma (cHL) urothelial carcinoma; microsatellite 
instability-high (MSI-H) or mismatch-repair de� cient (dMMR) cancers, 
gastric or gastroesophageal junction (GEJ) adenocarcinoma

PD-L1 IHC 22C3 pharmDx (COM)

Nivolumab (Opdivo) Melanoma, NSCLC, renal cell carcinoma, SCCHN, cHL, urothelial 
carcinoma, MSI-H or dMMR colorectal cancer, hepatocellular carcinoma PD-L1 IHC 28-8 pharmDx (COMP)

Atezolizumab (Tecentriq) urothelial carcinoma, NSCLC VENTANA PD-L1 (SP142) (COMP)

Avelumab (Bavencio) Merkel cell carcinoma, urothelial carcinoma

Durvalumab (Im� nzi) urothelial carcinoma, NSCLC VENTANA PD-L1 (SP263) (COMP

CAR T Cell Therapies 

Axicabtagene ciloleucel (Yescarta) B-cell non-Hodgkin lymphoma

Tisagenlecleucel-T (Kymriah) Pediatric acute lymphoblastic leukemia

T1 Food and Drug Administration-Approved Cancer Immunotherapies

Sources:
https://www.drugs.com/slideshow/immune-checkpoint-inhibitors-1249 (Accessed March 19, 2018)
https://medi-paper.com/approved-immunotherapies/ (Accessed March 19, 2018) 
https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm555930.htm (Accessed March 19, 2018)
Ther Drug Monit 2018;40:9-16
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Software’s POCT management and integration tool, Orchard® Trellis™, can simplify management of complex 
and diverse POCT situations.

Real-time POCT Connectivity Enhances Patient Satisfaction & Analytics
Trellis eliminates transcription errors and gives providers immediate access to POCT results via the EHR 
to make faster clinical decisions and enable inclusion of POCT results in analytics for population health 
management. Additionally, the rapid turnaround time of integrated POCT enhances both provider and 

patient satisfaction. Trellis is � exible enough to meet 
the unique POCT scenarios in today’s healthcare 
facilities regardless of size and scope; this includes 
working with your existing LIS, managing bedside 
testing, or managing near-patient testing in a clinic 
setting.

Ease the Task of POCT Management 
Across Locations
Trellis can ease the workload for POC coordinators 
by tracking training and competency assessments 
for a multitude of operators, devices, and locations, 
helping ensure quality of testing and aiding in meeting 
inspection requirements. Trellis o� ers remote handling 
of QC, automated billing, and decision-support rules 
to make POCT oversight easy to manage from a 
central location.

If you are looking for a cost-e� ective way to electronically bridge the POCT gap, 
call us today for a demonstration of how Orchard Trellis provides the necessary tools 

to expertly integrate and administer your POCT.

(800) 856-1948  • www.orchardsoft.com   © 2018 Orchard Software Corporation

Orchard Trellis software 
helps you simplify the 

management, 
administration, and 
EHR integration of 

point-of-care testing.
Integrates near-patient or remote 
results into your EHR

Eases POCT oversight for POC 
coordinators

Information dashboard keeps you 
informed of POCT status

Tracks training and certi� cation dates 
for all testing personnel 

Provides tools for managing your 
POCT QC

Graphs linearity and calibration 
veri� cation values

Enables bar code label printing at 
your POCT locations

Decision-support rules enhance 
and automate performance

Integrated POCT improves billing 
accuracy

Flexible solution o� ers many 
deployment options
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advantage over much less expensive 
MMR testing, as many MMR-de� cient 
tumors also have a high mutational 
burden. He would also like to see 
more evidence that TMB testing 
improves patient outcomes. “If patients 
have mutationally unstable tumors 
that generate a lot of mutations, 
they’re also likely to generate muta-
tions that ultimately lead to resistance 
to immunotherapy,” he explained. 
Thus, the increases in progression-
free survival reported among patients 
treated with checkpoint inhibitor 
therapies who have high TMB levels 
may not ultimately translate into the 
increases in survival that patients and 
clinicians care about. 

Monitoring Adverse Events
Qing Meng, MD, PhD, DABCC, direc-
tor of clinical chemistry and special 
chemistry laboratories at the MD 
Anderson Cancer Center in Houston, 
noted that studies suggest cytokine test-
ing should be performed for patients 
receiving CAR T cell therapy. The 

concept in doing so is to 
promptly detect cytokine 
release syndrome—the 
most common and severe 
adverse effect after CAR 
T cell infusion—so that 
it can be managed. Labs 
measure interleukin 6, 
tumor necrosis factor 
alpha, and interferon 
gamma levels at baseline 
and daily for the � rst 1 to 2 
weeks after the infusion of CAR 
T cells. C-reactive protein and fer-
ritin levels are often measured as well, 
to better identify systemic in� ammation. 

Testing of these molecules is also 
typically performed prior to initiating 
other immunotherapies, such as 
checkpoint inhibitors, to serve as a 
baseline for patients who experience 
toxicities, added Meng. 

Research, Reports, 
Recommendations
Clinical lab directors emphasize the role 
of lab reports in communicating with 

oncologists about immunotherapy 
testing. Rimm made a point of work-
ing with oncologists to design his lab’s 
reports to be easy to use. A typical 
report might include a statement such 
as “this tumor tests positive for � rst-
line treatment with pembrolizumab,” 
for example. 

At the University of Washington, 
Lockwood and her colleagues often 
will also call or email an oncologist 
the same day an important result is 
delivered, to make sure that the � nd-
ings are clear and that treatment can 
begin as soon as possible. Finally, many 
labs work with oncologists via one-
on-one sessions and tumor boards as 
well. “While some cases have straight-
forward interpretations, many are 
complex—and the more data we have, 
the more decisions need to be made,” 
said Tsongalis. 

Given the pace of immunotherapy 
research, a major part of lab directors’ 
jobs is deciding which new tests to 
offer. Tsongalis explained that when 
considering a new test, clinical labs like 
his typically evaluate how important 
the test is to patients (based on clinical 
trial data), the technology needed to 
perform it, staf� ng and lab logistics, 
and the cost of and reimbursement for 
the test. 

“It’s an exciting time to be a labora-
tory director,” said Lockwood. “The chal-
lenge is to separate out which tests and 
areas of research are going to be most 
signi� cant for improving clinical care.” 

Kristin Harper is a freelance writer in 
Seattle, Washington.
+EMAIL: kristin.nicole.harper@gmail.com
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being treated with the P2Y12 inhibitor 
clopidogrel have the status of “high on-
treatment platelet reactivity” (HPR) 
and are at increased risk for throm-
botic events despite being compliant 
with their treatment regimen (3,5). 
More potent P2Y12 receptor inhibitors, 
like prasugrel and ticagrelor, are avail-
able, but they come with an increased 
risk of bleeding (3). Notably, aspirin 
typically produces more reliable and 
predictable effects because it delivers 
a high level of COX-1 inhibition even 
at low doses, so monitoring response is 
usually not essential (1). 

To balance the risks and bene� ts 
of these medications, several platelet 
function tests are aimed at establish-
ing a therapeutic window for platelet 
inhibition with the intent of tailoring 
antiplatelet therapy in the treatment 
of ACS (3).  

Several unique technologies 
have been devised to assess platelet 

function by measuring platelet activa-
tion and aggregation in response to 
a variety of agonists (1). This review 
summarizes different methods of 
platelet function testing in the setting 
of antiplatelet therapy.

Methods for Assessing Platelet 
Function

VerifyNow
The VerifyNow P2Y12 assay is the 
simplest and most reliable method of 
evaluating response to P2Y12 inhibi-
tors as well as sensitivity to aspirin. 
However, evidence is lacking that 
demonstrates this assay supports 
improved clinical outcomes when it is 
used for therapy guidance (1).

VerifyNow uses anticoagulated 
whole blood for turbidometric detec-
tion of platelet aggregation. A single-
use cartridge with separate wells 
contains a chrome-plated mixing ball, 
� brinogen-coated beads, and a platelet 

I
n keeping with the rising 
incidence of athero-
thrombotic disease, 
reliable platelet function 

testing has become more important. In 
acute coronary syndromes (ACS), 
platelets often play a starring role in the 
pathogenesis of disease and are a critical 
target for pharmacotherapy (1,2). In 
particular, percutaneous coronary 
intervention (PCI) with coronary artery 
stents—a widely used intervention to 
manage ischemic heart disease—
requires dual antiplatelet therapy with 
aspirin and platelet P2Y12 inhibitors to 
prevent stent thrombosis (3).

Dual antiplatelet therapy has also 
signi� cantly reduced major cardiac 
events in patients with ACS. In these 
cases, platelet function testing helps 
determine drug ef� cacy and/or sensi-
tivity, patients’ compliance with medi-
cation regimens, and optimal timing of 
urgent surgery after oral antiplatelet 
therapy ends (1).

Platelet function assays also have 
become more important owing to 
their role in minimizing the side 
effects of over- or under-treatment. For 
example, some patients 
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BY MAGGIE YELL, MD, AND JEFFREY A. VOS, MD

PLATELET FUNCTION 

Advantages and 
Limitations of Current 
Technologies

in Patients on 
Anti-Platelet Therapies

agonist. Activated platelets bind to 
nearby platelets via the � brinogen-
coated beads, thereby aggregating both 
platelets and beads with subsequent 
reduction in turbidity (and increase in 
light transmittance). VerifyNow assays 
are available for aspirin, P2Y12 inhibi-
tor, and GIIb/IIIa inhibitors (1,3,6). 

Several studies have assessed 
the prognostic and clinical uses of 
VerifyNow on clopidogrel, with the 
speci� c intent of establishing numeric 
thresholds for adequate and inade-
quate platelet inhibition (1). Marcucci 
et al. de� ned HPR while on clopido-
grel as P2Y12 reaction units (PRU) 
≥240 for patients (n=683) undergoing 
PCI with bare metal stents and found 
that value to be a 

signi� cant and independent predictor 
of cardiovascular death and nonfatal 
myocardial infarction (MI) (1).

Similarly, Price et al. used PRU 
≥235 as a cutoff for HPR on clopi-
dogrel and found that value to be 
predictive of stent thrombosis. The 
ARMYDA-PRO group looked at 
major adverse cardiovascular events for 
30 days in each quartile distribution 
for PRU and found that adverse events 
occurred more frequently in patients 
with PRU levels in the upper quartile 
than compared with those in the lower 
quartile. The GRAVITAS study, which 
involved standard versus high-dose 
clopidogrel based on platelet function 
testing after PCI, assessed the ef� cacy 
of tailoring clopidogrel dose in a large 
group of patients (n=5429) with HPR 

determined by the 
VerifyNow P2Y12

assay with 

a PRU >230 cutoff (1). This study 
found a PRU <208 was associated 
with signi� cantly lower risk of reach-
ing adverse events at 60 days.

Finally, the ADAPT-DES study 
exploring platelet reactivity and clinical 
outcomes after coronary artery implan-
tation of drug-eluting stents also inves-
tigated a large cohort (n=8665) that 
used PRU cutoffs of >208 and >230 
with the endpoint of clinically relevant 
bleeding, stent thrombosis, and MI. The 
investigators found HPR an indepen-
dent predictor of stent thrombosis and/
or MI in the � rst 12 months but not a 
predictor of death.

In contrast to patients with HPR, 
patients with low platelet reactivity 
(LPR) have a high risk of signi� cant 
bleeding events, especially in the 
setting of PCI. To delineate these 
risks, clinicians use platelet function 
testing to target a therapeutic window 
of platelet reactivity (5). This has 
been referred to as the optimal level 
of platelet reactivity (OPR) which 
is � anked by LPR and HPR cutoffs 

to prevent bleeding and throm-
botic events, respectively. The 
ARMYDA-PROVE study, 
which assessed platelet reactiv-
ity in response to clopidogrel 
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aperture (1,6). Gianetti et al. found 
increased platelet activation to be an 
independent predictor of recurrent 
ischemic events.  

Light Transmittance Aggregometry
Light transmittance aggregometry for 
many years has been the gold standard 
in platelet function testing. However, it 
is no longer used in daily clinical prac-
tice for monitoring antiplatelet therapy 
due to lack of standardization, prob-
lems with spurious platelet activation 
secondary to centrifugation, and the 
high complexity of the test precluding 
its use as a point-of-care system (1,3).

This method uses turbidometric 
optical detection to assess pharmacody-
namic response to various agonists. As 
platelet aggregation occurs in response 
to the addition of the agonist, the 
sample becomes more translucent and 
light transmittance increases. Common 
agonists include ADP, epinephrine, 
collagen, thrombin receptor-activating 
peptide, arachidonic acid, and ristocetin.

Light transmittance aggregometry 
allows quanti� cation of the � nal com-
mon pathway of platelet aggregation 
via GPIIb/IIIa-dependent bridging 
(1,3,6). Several studies have shown 
a relationship between HPR and risk 
of future atherothrombotic events. 
Despite its limitations, the method may 
still provide prognostic information, 
especially in patients taking clopidogrel.  

Vasodilator-Stimulated 
Phosphoprotein Phosphorylation 
Assay
The vasodilator-stimulated phospho-
protein (VASP) assay is a � ow cyto-
metric test that indirectly measures 
P2Y12 receptor inhibition. The assay 
uses intracellular � uorescently labeled 
antibodies against phosphorylated 
vasodilator-stimulated phosphoprotein. 
VASP is an intracellular actin regula-
tory protein that is normally unphos-
phorylated in resting conditions, and 
its phosphorylation is regulated by 
the cyclic adenosine monophosphate 
(cAMP) cascade. Stimulation of the 
P2Y12 receptor by ADP leads to inhibi-
tion of adenylate cyclase and reduc-
tion in cAMP levels via prostaglandin 
E1 (PGE1) activation. Persistence of 
PGE1-stimulated VASP phosphoryla-
tion in the presence of ADP correlates 
with P2Y12 receptor inhibition (1).

before elective PCI (n=732), identi� ed 
more adverse bleeding events at an 
LPR cutoff of <178 and signi� cantly 
more ischemic events at an HPR cut-
off of >239 (3).

VerifyNow has been used simi-
larly for aspirin therapy, where again, 
patients with HPR, despite being 
on standard aspirin treatment, have 
been identi� ed. These patients have 
signi� cantly more frequent nonfatal 
acute MI and ischemic stroke com-
pared with those showing optimal 
platelet inhibition (5).

Platelet Function Analyzer-100
The Platelet Function Analyzer-100 
(PFA-100) is a sensitive screening tool 
for qualitative platelet defects but 
is not recommended for monitoring 

antiplatelet therapy due to the lack of 
sensitivity and speci� city for the effects 
of aspirin and P2Y12 inhibitors (1).

PFA-100 is a rapid point-of-care 
test that uses small quantities of whole 
blood and is reproducible and stan-
dardized (1,5). This cartridge-based 
system includes a capillary, sample res-
ervoir, and aperture containing a mem-
brane coated with either collagen and 
epinephrine or collagen and adenosine 
diphosphate (ADP). Citrated blood is 
aspirated at high shear rates through 
a disposable cartridge. Functional 
platelets in whole blood that meet the 
membrane are activated and aggregate 
at the aperture.

The PFA-100 endpoint, known as 
the closure time, is the duration from 
the start of the test to occlusion of the 

T1 Summary of platelet function testing devices.

Test Characteristics Indications Limitations

VerifyNow

(Accumetrics, San Diego, CA)
FDA-cleared

Optical/turbidometric detection of 
platelet aggregation.

Evaluating response to 
aspirin, P2Y12 inhibitors, 
and GIIb/IIIa inhibitors.

Lack of evidence supporting 
improved clinical outcomes when 
used for therapy guidance.

The Platelet Function 
Analyzer-100 (PFA-100)

(Siemens Healthcare 
Diagnostics, Tarrytown, NY)
FDA-cleared

Cartridge-based system containing 
collagen and epinephrine or collagen 
and ADP.  Activates and aggregates 
platelets at the aperture. Measures 
closure time (occlusion of the aperture). 

Sensitive screening tool 
for qualitative platelet 
defects. 

Not recommended for monitoring 
antiplatelet therapy. 

Light transmittance 
aggregometry

(PAP-8E, Bio/DATA 
Corporation, Horsham, PA)
FDA-cleared

Gold standard. Optical/turbidometric 
detection to assess response to 
various agonists. Quanti� cation of 
� nal common pathway of platelet 
aggregation via GPIIb/IIIa-dependent 
bridging.

Prognostic information, 
especially in clopidogrel 
treated patients.  

Lack of standardization between 
laboratories, problems with 
spurious platelet activation and 
the high complexity of the test. 
Not used in daily clinical practice 
to monitor antiplatelet therapy.

Vasodilator-stimulated 
phosphoprotein assay

(Biocytex, Marseille, France)
Not FDA-cleared

Flow cytometric test that indirectly 
measures P2Y12 receptor inhibition 
using � uorescently labeled antibodies 
against phosphorylated vasodilator-
stimulated phosphoprotein. 

Demonstrates the 
association between 
clopidogrel resistance and 
increased major adverse 
cardiac events.

Insensitive to low levels of P2Y12 
receptor inhibition, need for 
skilled personnel and specialized 
equipment in addition to 
variability in assay results.

Whole blood impedance 
aggregometry (Multiplate® 
device)

(Roche Diagnostics USA, 
Indianapolis, IN)
Not FDA-cleared

Measures increases in electrical 
impedance as activated platelets attach 
and coat electrodes.

The Multiplate analyzer 
with ADP is recommended 
for monitoring platelet 
inhibition during P2Y12 
inhibitor therapy.

Lack of evidence for improved 
clinical outcomes when used for 
guiding therapy.

Thromboelastography 
(TEG) and rotational 
thromboelastometry (ROTEM)

(Haemonetics, Braintree, MA)
FDA-cleared

TEG: the cup oscillates during clot 
formation and this movement detects 
increased resistance. ROTEM: detects 
resistance during clot formation 
measured by an oscillating pin. 

Bleeding due to 
antiplatelet therapy 
and to assess platelet 
inhibition to assess 
drug ef� cacy/sensitivity. 
PlateletMapping tests 
platelet function in the 
presence of antiplatelet 
therapy.

Varying ability to predict bleeding 
tendency in the setting of anti-
platelet therapy.
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The VASP assay uses whole blood 
mixed with PGE1 or PGE1 and ADP 
incubated at room temperature. The 
specimen is then � xed with a para-
formaldehyde solution and the cells 
permeabilized. Following incubation 
with � uorescently labeled antibodies, 
the amount of phosphorylated VASP is 
measured by � ow cytometric detec-
tion of the bound � uorophore.

Of note, this assay is insensitive to 
low levels of P2Y12 receptor inhibition 
and can lead to an inappropriately 
high number of patients classi� ed as 
HPR (1). Bonello et al. used VASP 
phosphorylation analysis to demon-
strate the association between clopi-
dogrel resistance and increased major 
adverse cardiac events. This method 
requires skilled personnel and special-
ized equipment and has variability in 
its results (1).

Whole Blood Impedance 
Aggregometry
Whole blood impedance aggregometry 
using the Multiplate analyzer with ADP 
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is one of the recom-
mended near-patient 
devices for monitoring platelet inhibi-
tion during P2Y12 inhibitor therapy (5). 
The Multiplate device uses citrated 
whole blood and measures increases 
in electrical impedance in aggregation 
units as activated platelets attach and 
coat electrodes (1,3,4,6). This rapid 
and comprehensive platelet function 
test involves adding platelet agonists 
manually and is prognostically useful in 
clopidogrel-treated patients undergoing 
PCI. However, evidence is lacking that 
shows it improves clinical outcomes 
when used for guiding therapy (1). 

Thromboelastography/
Thromboelastometry
Thromboelastography (TEG) and 
rotational thromboelastometry 
(ROTEM) technologies use whole 

blood to measure 
dynamic hemostatic 
changes in clot forma-
tion. Whole blood is 
placed in a cup with a 
suspended pin that is connected to a 
computer (7). ROTEM uses an 
oscillating pin to measure resistance 
during clot formation. This resistance 
is interpreted as a curve that describes 
the viscoelastic properties during clot 
initiation to clot termination. In TEG, 
the cup oscillates during clot forma-
tion and this movement detects 
increased resistance. TEG and 
ROTEM may be used as rapid tests to 
assess patients’ bleeding due to 
antiplatelet therapy. Both tests also 

 inhibitor therapy (5). 

is one of the recom-
mended near-patient 
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assess 
platelet 

inhibition in 
the context of 

evaluating drug 
ef� cacy or sensitivity (7).

PlateletMapping is an addi-
tional technology in the TEG system 
that measures platelet function in the 
presence of antiplatelet therapy. This 
assay uses arachidonic acid and ADP 
as agonists. TEG PlateletMapping 

compares standard TEG results in fully 
activated blood—where thrombin 
causes full platelet activation—with 
TEG results from blood activated with 
a combination of snake venom and a 
weak platelet agonist such as ADP or 
arachidonic acid (the venom converts 
� brinogen to � brin) (8). Studies evalu-
ating TEG in the setting of anti-plate-
let therapy have shown varying ability 
to predict bleeding tendency (8).

Conclusion
With the standard use of dual anti-
platelet therapy in atherothrombotic 
disease and speci� cally ACS, labo-
ratories have developed numerous 
methods for assessing platelet func-
tion (see Table 1). While the effects 
of aspirin are typically reliable and 
the need to monitor its response less 
signi� cant, platelet function test-
ing may help assess adherence to 
therapy. Conversely, patients’ variable 
responses to clopidogrel is one of this 
therapy’s limitations. HPR while on 
this drug is associated with major 
adverse cardiovascular events.

The best assays to monitor clopi-
dogrel therapy include VerifyNow 
and Multiplate ADP test. However, 
due to the lack of support by clinical 

trials, these tests are not currently 
recommended for routine use in cer-
tain situations, such as in low-risk PCI 
patients and in higher risk patients 
transitioning from clopidogrel to 
potent drugs such as ticagrelor and 
prasugrel. These studies detected no 
differences regarding hard clinical 
end points.

Furthermore, randomized studies 
on individualized antiplatelet therapy 
based on platelet function testing 
have many limitations, including 
enrollment of only low- to interme-
diate-risk cohorts and limited use of 
potent antiplatelet agents.

Tailoring antiplatelet therapy 
in stable (low-risk) PCI patients is 
dif� cult as this cohort already has a 
low frequency of atherothrombotic 
events. However, there is a great need 
for studies that focus on high-risk 
populations, including patients who 
may need to replace clopidogrel with 
more potent drugs.

Overall, the prognostic value 
of platelet function testing for risk 
prediction of ischemic and bleeding 
events when using P2Y12 receptor 
inhibitors is well established. 
Determining a therapeutic window 
of platelet inhibition should be the 
primary goal of these assays to help 
guide the choice of antiplatelet 
therapy and prevent complications. 

Maggie Yell, MD, is the 
hematopathology fellow at West Virginia 
University in Morgantown. 
+EMAIL: myell@hsc.wvu.edu

Jeffrey A. Vos, MD, is the program 
director for the hematopathology 
fellowship and pathology residency 
programs at West Virginia University in 
Morgantown. 
+EMAIL: jvos@hsc.wvu.edu
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W
hile a relatively small 
number of clinical 
laboratories have 
achieved ISO 15189 

accreditation, industry experts predict 
this number will continue to increase as 
healthcare executives understand not 
only the competitive advantage the 
accreditation confers but also the 
potential cost savings that labs can 
achieve through quality improvement 
(See Sidebar).

The College of American 
Pathologists (CAP) has accredited 
54 laboratories under its ISO 15189 
program since it launched in 2008. The 
American Association for Laboratory 
Accreditation (A2LA) has accredited 
11. A few other organizations also offer 
accreditation.

“ISO 15189 accreditation is still cut-
ting edge, with a relatively small num-
ber of laboratories getting it, although 
it has been picking up in recent years,” 
said David Wolfe, a lead assessor for the 
CAP 15189 program. “I see a lot more 
market awareness of it now, and more 
laboratories are expressing interest in 
pursuing it.”

Why is accreditation to the ISO 
15189 standard signi� cant? Jennifer 
Dawson, MHA, DLM(ASCP)SLS, 
QIHC, senior director of quality for 
Human Longevity Clinical Laboratories 
in San Diego and a laboratory quality 
thought leader, says the accreditation 
shows that a laboratory has elevated 
its quality program to a higher level. 
“Complying to CLIA is the minimum 
standard,” Dawson said. “That’s not 
good enough. Labs need to start think-
ing about better quality and holding 
themselves to a higher standard. It’s 
really a step above CLIA certi� cation 
and CAP accreditation.”

According to CAP, the ISO 15189 
program complements CAP’s labora-
tory accreditation program: ISO 15189 
focuses more on laboratory manage-
ment systems and processes whereas 
the laboratory accreditation program 
focuses more on technical procedures 
involved in testing. 

Wolfe likes to use an altitude 
metaphor in describing the differences 

between the two programs. “The labora-
tory accreditation program looks at a 
great amount of detail at a low altitude, 
say 500 feet,” he explained. “CAP 
15189 is looking at the same system 
from 20,000 feet. At a lower altitude, 
you see a lot of detail but not a broad 
view. CAP 15189 takes a broader 
view—we’re not looking at the dots but 
how you connect the dots.”

There are other key differences 
between the two programs at CAP. For 
example, the laboratory accreditation 
program uses volunteer peer assessors 
while ISO 15189 has full-time assessors 
with backgrounds in quality manage-
ment. Also, the laboratory accreditation 
program operates on a 2-year inspection 
cycle while ISO 15189 is on a 3-year 
cycle.

Achieving Return on Investment
While achieving ISO 15189 accredita-
tion can be costly—well over $100,000 
in some cases—the resulting cost 
savings from improved quality will 
more than offset these costs, maintained 
Dawson, who has developed a calcula-
tor for laboratories to estimate the cost 
of poor quality in their laboratories 
and potential savings (available at 
http://lableaders.com/copq/tool).

“There can be signi� cant � nancial 
bene� ts associated with ISO 15189 
accreditation,” Dawson said. “Financial 
decision-makers often struggle to see 
past the short-term costs and recog-
nize the long-term � nancial bene� ts of 
a quality program, but the long-term 
bene� ts are de� nitely there.” Dawson 
encourages laboratory leadership to 
capture the cost of poor quality and 
quantitate the � nancial bene� t of quality 
initiatives. “Approaching executive man-
agement armed not only with quality 
and patient safety bene� ts, but also with 
an indication of � nancial bene� t, will 
allow the lab to sell proposed quality ini-
tiatives effectively. Assigning a monetary 
value to that waste provides the motiva-
tion to eliminate it,” she added.

Taking It to the Next Level
Since achieving ISO 15189 accredita-
tion in May 2015, Lancaster General 

Labs Increasingly See Benefits 
of ISO 15189 Accreditation
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We probably didn’t need to be as 
stressed as we were.”

Encouraging a 
Collaborative Process
The ISO 15189 accreditation process 
is very collaborative, Wolfe said, 
noting that assessors work closely 
with laboratory personnel to ensure 
the proper processes are developed 
and implemented. “We want to 
make sure that when we set an 
accreditation date, the laboratory 
has a good chance of success,” he 
said. “The time frame is completely 
� exible. Some laboratories can 
achieve accreditation in a matter of 
months, but some take longer. Most 
do it in about a year, but we’ve had 
some take up to 24 months.”

Why don’t more laboratories 
pursue accreditation to the ISO 
15189 standard? One reason may 
be the cost, but according to Wolfe, 
many laboratories feel they can’t 
achieve the accreditation, that it is 
just too overwhelming. However, he 
believes that most can achieve ISO 
accreditation if they are willing to 
commit to the effort it will take.

“The mountain is tall, but you 
do it one step at a time,” he said. 
“We have a number of laboratories 
that have been able to climb the 
mountain. But you want to make 
sure you’re doing it for the right 
reason. You don’t want to do it 
just to get a certi� cate on the wall. 
You want to do it to make your 
laboratory better and improve 
patient service.” 

Kimberly Scott is a freelance writer 
who lives in Lewes, Delaware. 
+EMAIL: kmscott2@verizon.net

Health’s (LGH) two laboratories in 
Lancaster, Pennsylvania, have seen 
signi� cant improvement in qual-
ity processes, emphasized Brian 
Stambaugh, MPA, MT(ASCP)SBB, the 
labs’ enterprise diagnostics manager. 
“Before ISO, we thought we did qual-
ity well,” he explained. “But what we 
were doing was just remedial action. 
If something was missed, we would 
call the patient back and take care of it 
that way. We needed to go to the next 
level. What we needed to do was root 
cause analysis, so we could put effec-
tive corrective action in place. ISO got 
us to that next level.”

The entire process took about 3 
years to implement with an initial 
5-year project cost between $150,000 
and $200,000, but the cost was well 
worth it, he believes. “By eliminating 
errors, by eliminating rework, we have 
been able to break even,” he explained. 
“I think we’re at a point now where we 
can actually begin to quantify the cost 
savings, but we are still on our journey.”

As LGH worked on improving 
processes, the organization was also 
implementing lean Six Sigma. Lean 
is more concerned with creating a 
continuous improvement culture and 
improving ef� ciencies and reducing 
waste, while ISO is more focused on 
eliminating errors. However, ulti-
mately the two process improvement 
systems complement each other, 
Stambaugh said. 

“I think the systems we have put in 
place will help drive better outcomes 
and results,” he noted. “We have better 
corrective action processes in place 
now. It helps us add additional value to 
our services, which is becoming more 
important to customers and payers. It’s 
a real feather in our cap.”

Setting Reasonable Expectations
At ARUP Laboratories in Salt Lake 
City, the accreditation process 

took about 1½ years, noted Janice 
Pinterics, quality manager for the lab. 
One of the biggest changes ARUP 
made was in its nonconformance 
investigation process. “We increased 
the robustness of the process,” 
Pinterics explained. “We trained 
people on how to do a root cause 
analysis. Now we have minor and 
major nonconformance investigations. 
It de� nitely has improved the quality 
of the services we offer.”

The most dif� cult part of achiev-
ing ISO 15189 accreditation was stan-
dardizing processes across the entire 
laboratory, which is quite large. “Size 
was an issue in our case,” she said. 
“Our labs are so busy, and we were 
asking our employees to take on the 
process of standardizing. We had to 
get staff buy-in for the process, which 
is critical to making this work.”

For labs considering pursuing 
ISO 15189 accreditation, Pinterics 
advises giving the lab enough time 
to put processes in place and not 
being overly aggressive in pursuit of 
accreditation.

“Keep expectations reasonable for 
your organization,” she commented. 
“The assessors don’t expect perfec-
tion—they just want to see that you 
are putting systems in place. The CAP 
assessment team was very reasonable. 

“The time frame is completely fl exible. Some 
laboratories can achieve accreditation in a matter 

of months, but some take longer. Most do it in about 
a year, but we’ve had some take up to 24 months.”

– DAVID WOLFE

What Is ISO 15189?
The ISO 15189 standard prescribes a comprehensive and highly 
structured approach to quality management that experts describe as 
more advanced and comprehensive than CLIA regulations. Developed 
by the International Organization for Standardization, ISO 15189 
requires strict document control in which every process and procedure 
in a lab must be properly recorded, organized, and followed to the 
letter. The standard also emphasizes overall process improvement, 
including continuous quality improvement and documenting correc-
tive and preventive actions based on root cause analysis. A preview of 
the standard is available on the ISO website, www.iso.org.
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N ow that 29 states have passed 
medical marijuana laws and 
nine have legalized cannabis 
for recreational use, there is 

growing concern about the potential 
for more impaired drivers on the road. 
Already states that have legalized can-
nabis have experienced more traffic 
accidents and fatalities with cannabis 
detected (1). However, epidemiologi-
cal data review of fatal traffic accidents 
has found only a small increase in the 
risk of a fatal crash when only cannabis 
was present. More alarming was the 
significant positive synergistic effect for 
the risk of a fatal crash when cannabis 
was combined with alcohol (2).

A natural expectation is that whole 
blood testing for driving under the 
in� uence (DUI) of cannabinoids, along 
with per se legislation like that for 
ethanol, would be implemented when 
cannabis is legalized. Yet cannabis DUI 
testing has proven to be much more 
complex than ethanol. As a result, 
laboratorians’ expertise is essential to 
ensuring testing protocols that meet 
the needs of the moment while not 
repeating the mistakes of the past in 
testing for other drugs.

Advantages of Oral Fluid in
DUI Cases
Compared to whole blood, oral fluid 
has several advantages in DUI cases: 
Oral fluid is quicker and less invasive 
to collect at the roadside, and this easy 
collection means that the amount of 
drug measured more closely reflects a 
true snapshot of cannabis exposure at 
the time of suspected impairment. This 
is important because the average time 
for DUI suspects to have their blood 
drawn after a traffic stop is about 1½   
hours. But cannabinoids in whole blood 
can decrease by as much as 90% in 90 

minutes (3). The rapid disappearance of 
THC in whole blood, combined with 
the problems of obtaining this sample 
in an appropriate time frame, makes 
oral fluid testing attractive.

It is important to note that no 
research has established the minimum 
concentration of cannabinoids pres-
ent in any matrix that can be used to 
determine impaired driving, and any 
cutoff set in the future that de� nitively 
establishes impairment will likely be 
controversial. Moreover, a single sample, 
whether oral � uid or blood, is not able 
to determine chronic versus acute 
exposure nor recent versus remote use.

Published research on estab-
lishing an oral � uid concentration 
associated with impaired driving 
has identi� ed several cannabinoids 
as potential markers of recent use: 
cannabidiol (CBD), cannabinol 
(CBN), ∆9-tetrahydrocannabinol 
(THC), cannabigerol (CBG), 
∆9-tetrahydrocannabinolic acid 
(THCA-A), and tetrahydrocannabivarin 
(THCV). The following have been not 
detected or present below 1 ng/mL: 
11-hydroxy-∆9-THC (11-OH-THC), 
11-nor-9-carboxy-∆9-THC (THC-
COOH), 11-nor-9-carboxy-∆9-THC-
glucuronide (THC-COOH-gluc), and 
∆9-THC-glucuronide. While THC-
COOH has been detected in oral � uid 
using certain collection devices, the lev-
els have been in the ng/L range, making 
routine measurement dif� cult.

Remaining Limitations
Oral fluid is not a perfect solution. No 
published research has demonstrated 
a significant association between oral 
fluid and whole blood cannabinoid 
concentrations. This reinforces the 
need to establish separate limits for 
identifying impairment. The temporal, 

qualitative, and quantitative differences 
in cannabinoids found in oral fluid 
need to be established for each route of 
administration (i.e. smoking, vaporizing, 
and ingesting).

More studies also must tackle 
whether different routes of administra-
tion have effects on both concentration 
and type of cannabinoids present in oral 
� uid. Dutch coffee shop experiments 
have demonstrated passive contami-
nation of oral � uid from secondhand 
smoke above proposed cutoff guide-
lines (5 ng/mL THC) for up to 2 hours, 
but these studies did not test whether 
the non-smokers were impaired follow-
ing exposure (4).

Another concern is the lack of 
standardized collection protocols along 
with standardized analytical processes. 
The collection devices themselves have 
proprietary extraction/stabilization 
buffers that require matrix depletion 
and extraction of cannabinoids prior to 
analysis. In addition, collection pads and 
plastic tubes are known to absorb drug, 
which could result in falsely lowered 
results.

Stability of the compounds is also a 
concern. Certain cannabinoids require 
that samples be processed within 2 
months of collection (5). Oral � uid 
collected for DUI analysis includes a 
stabilization buffer, but the volume 
is low, usually <3 mL. Most analyti-
cal methods require 1 milliliter of this 
mixture, and if a retest is requested, the 
volume of sample and stability of the 
cannabinoids can become problematic.

Another drawback of oral � uid is 
the problem of short sample collected 
at the roadside. The collection devices 
themselves are fairly accurate and 
consistent in collecting the correct vol-
ume, but dry mouth is a common side 
effect of cannabis use. When samples 
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are collected shortly after smoking, 
the collection device may be unable to 
collect a suf� cient volume within 10 
minutes. These short samples are still 
valuable for testing, but cannabinoid 
concentrations will be elevated due 
to the concentration calculation being 
performed as if the correct (larger) 
volume had been collected. A potential 
workaround would be to determine 
how much sample was collected gravi-
metrically and provide results based on 
ng of THC per mass (g) of oral � uid 
collected, rather than a default volume.

Unfortunately, deuterium labeled 
internal standards are not commercially 
available for all the cannabinoids. These 
internal standards are essential for accu-
rate quanti� cation. For instance, THCV 
and THCA-A have been proposed as 
markers of recent use (6), but without 
deuterium labeled internal standards, 
these markers are more qualitative than 
quantitative. As more pure cannabinoid 
standards become available, they will be 
incorporated into testing methods, but 
accurate quantitative values will require 
analogous deuterated internal standards.

Sticky Problems in Practice
My experience working with oral 
fluid has been a result of an ongoing 
research project at the University of 
California, San Diego and the Center 
for Medicinal Cannabis Research. I 
established and validated a LC-MS/
MS procedure to quantify all the 
previously listed cannabinoids in 
oral fluid. One well-known problem 
with cannabinoids is that they are 
very “sticky” compounds. During the 
method development phase, we used 
a glass Hamilton syringe to aliquot 
calibrators and quality controls to 
minimize their exposure to plastic 
pipette tips. When validating this 
procedure, we encountered significant 
imprecision for THCA-A at the lower 
end of our analytical measurement 
range. Initial troubleshooting sug-
gested this was caused by carryover 
from a Hamilton syringe used to spike 
calibrators and controls.

We investigated the carryover by 
� rst pipetting a solution of 10 ng/mL 
standards in methanol with a Hamilton 
syringe according to our protocol. 
Second, we washed the Hamilton 
syringe � ve times with a (1:1:1:1) 
mixture of methanol, acetonitrile, iso-
propanol, and water. Third, we wiped 

the plunger with tissue paper and 
reassembled the syringe. Lastly, we ana-
lyzed a methanol fraction. This process, 
labeled as Fraction 1 in Figure 1, was 
repeated 11 times (55 total washes and 
11 plunger wipes of the syringe).

What was amazing to observe was 
that CBN and THC had returned back 
to baseline after the � rst wash cycle, yet 
for THCA-A in the � rst fraction, the 
carryover peak area was equivalent to 
roughly 0.8 ng/mL and only diminished 
roughly 13% for each subsequent wash 
with the last fraction containing a peak 
area equivalent to approximately 0.2 
ng/mL. Ultimately, the solution to this 
problem was simply to switch to dis-
posable pipette tips, which restored our 
linearity and precision for THCA-A. 
The takeaway message is that certain 
cannabinoids adhere to surfaces much 
more than others, and those differences 
can introduce a major and unexpected 
bias in your method.

Next Steps
If oral fluid is to supplant blood col-
lection, there needs to be harmoniza-
tion among states and testing centers 
on devices and testing methods. 
Laboratories also need for proficiency 
testing surveys and methods to be 
agreed upon prior to defending results 
in criminal cases.

Oral � uid does have the poten-
tial to be used by itself in DUI 
cases based on its ease of use, better 
temporal association, and reproduc-
ible results. The keys to success 
will be overcoming short sample 
collections, demonstrating a strong 
correlation between concentration 

and impairment, and harmonization 
among laboratories through pro� -
ciency testing, standard reference 
materials, and methods. 

Philip Sobolesky, PhD, is a clinical 
chemistry fellow in the Center for 
Advanced Laboratory Medicine at the 
University of California, San Diego.
EMAIL: psobolesky@ucsd.edu
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26 MAY 2018

M
A

S
S

 S
P

E
C

T
R

O
M

E
T

R
Y

FOCUS 
ON

SUPPORTED BY

BY STEPHANIE DIAZ, MA, AND BRIAN HOLSEY, BS

Challenges in Measuring Fentanyl Analogs: 
Advice From the Front Lines

T he opioid crisis in the United 
States remains a serious public 
health problem as the number 
of reported opioid overdose 

deaths continues to increase (1). 
Many chemical fentanyl derivatives 
have been introduced into the drug-
using community and distributed 
through the street heroin supply—a 
concern due to their high potency 
(2). Although these analogs are struc-
turally similar to fentanyl, they often 
go undetected since they are not part 
of routine testing (3). We have found 
that developing analytical methods 
for analyzing fentanyl analogs and 
derivatives is a difficult but necessary 
task due to their growing prevalence.

During our method develop-
ment, we did not experience many 
pre-analytical concerns. Overall, 
we encountered few problems with 
stability, extraction procedures, and 
in vitro breakdown. However, we 
observed many inactive metabo-
lites and impurities for many of the 
targeted analytes. We also wanted 
to differentiate stereoisomers (same 
chemical formula but different 
three-dimensional con� guration) 
since their analgesic potencies can 
differ. For example, the trans isomer 
of 3-methylfentanyl is approximately 
400 times as potent as morphine 
while the cis isomer is approximately 
6,000 times as potent (4).

Meeting Analytical Challenges
Fentanyl analogs present many 
analytical challenges. The structural 
similarities and isomeric nature of 
these compounds create the first 
limitation (5). Separation in a lab’s 
gas chromatography (GC) or liquid 
chromatography (LC) method is 
the only way to achieve specificity 

of isomers since they cannot be 
distinguished in a mass spectrom-
eter (MS) (6). However, chromato-
graphic separation can be difficult 
when adding these compounds 
to established broad screening 

assays. Fentanyl analogs typically 
elute within the same portion of 
the gradient or temperature pro-
gram, leading to chromatographic 
overlap. Even for high-resolution 
MS, accurately identifying isobaric 
compounds with identical masses 
remains problematic.

For GC-MS, automated mass 
spectral deconvolution and identi-
� cation system (AMDIS) software 
is paramount. Developed by the 
National Institute of Standards and 
Technology, AMDIS extracts clean 
mass spectra from complex matrix 
that laboratories can use to search a 
mass spectral library for compound 
identi� cation. When collecting 
spectra for the library, we try to 
encompass as many minor fragments 
as possible, as AMDIS will incorpo-
rate subtle retention time differences 
and associated fragments to help 
differentiate isomers and structurally 
similar compounds.

Using LC-tandem MS (MS/MS) 
with multiple reaction monitor-
ing (MRM) can be complicated 
for analyzing fentanyl analogs due 
to the resolution limits of a triple 

quadrupole instrument. Using chro-
matographic conditions that achieve 
baseline separation of true isobars 
is important as their precursor and 
product ions are often identical. 
Chromatographic separation of 

structural analogs with slight dif-
ferences in molecular mass is also 
important, since the [M+H]+ of one 
analyte may show interference due 
to contribution from other com-
pounds and their isotopes.

In LC-quadrupole time-of-� ight 
(QTOF) MS screening, the par-
ent ion is always present as the 
base peak. This can be advanta-
geous because it may be the only 
discerning ion, as most fentanyl-
related compounds have 188.14380 
and 105.06988 as fragment ions. 
However, this can become a disad-
vantage when differentiating isomers. 
In these instances, we recommend 
relying on retention time-based stan-
dard material rather than a library 
match for identi� cation.

As an added dimension of speci-
� city, we sometimes also re-inject on 
a different gradient using the same 
column and mobile phases as part 
of a broader screen. Although the 
fragment ions are usually the same 
mass-to-charge ratio (m/z), it is com-
mon for the quali� er ratios to differ 
signi� cantly. Be aware, some inactive 
fentanyl metabolites and fentanyl 

“Developing analytical methods for 
analyzing fentanyl analogs and 
derivatives is a diffi cult but necessary 
task due to their growing prevalence.”
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impurities also are isobars of novel 
fentanyl analogs.

Another major challenge in keep-
ing up with fentanyl derivatives is 
that when they � rst appear in the 
illicit drug community, not many 
isotopically labeled internal stan-
dards are available. Under reverse 
phase chromatographic conditions, 
labs have observed matrix effects for 
some of the more nonpolar com-
pounds. When the novel synthetic 
opioid compound library was small, 
laboratories could overcome these 
matrix effects with hydrophilic 
interaction chromatography (HILIC). 
The problematic matrix compo-
nents eluted prior to the analytes of 
interest, allowing a laboratory to use 
analog internal standards to achieve 
adequate quantitation.

However, as this class of fentanyl 
analogs increased, chromatographic 
separation of isomer pairs and other 
structurally similar compounds 
became a major challenge. Since 
HILIC columns tend to require 
longer equilibration times than 
reverse-phase columns (7), laborato-
ries could not implement the neces-
sary gradient for chromatographic 
separation. As a result, laboratories 
used reverse phase chromatography 
as more isotopically labeled internal 
standards became available.

Putting Result in Context
Once result validation is complete, 
laboratories should review his-
torical fentanyl-related data with 
the updated mass spectral libraries 
to identify potential false positives. 
In our laboratory, we reprocess 
previous LC-QTOF/MS data with 
a library containing the recently 
validated compounds. We decided 
to use LC-QTOF/MS because the 
data collected for each sample is full 

scan mass spectra. We investigate 
compounds with unexpectedly high 
positivity rates as potential fentanyl 
metabolites or impurities. The inves-
tigation includes cross-referencing 
against isobars that have been previ-
ously identified and looking further 
back in time if needed. We look for an 
emerging trend over time as opposed 
to a steady state of positive findings.

Preparing calibration and control 
material is also dif� cult. Because 
fentanyl derivatives are very potent, 
reporting limits are low (8). When 
preparing working stock standards 
in organic solvents at low concentra-
tions, we routinely experienced loss 
of analyte, most likely due to the 
adsorption to glass and/or plastic. To 
prevent this loss, we prepared a serial 
dilution curve in matrix at ten times 
the target standard concentrations, 
then diluted these intermediate stan-
dard tenfold in the preferred calibra-
tion matrix to achieve the required 
low concentration calibrators.

Remaining Relevant
Although pre-analytical issues have 
been associated with the detection 
of fentanyl analogs, most of the chal-
lenges that we observed fell into the 
analytical or post-analytical phases 
of testing. Due to the nature of these 
compounds, labs should carefully 
consider the limitations of the instru-
mentation and techniques when 
deciding on a platform for method 
development. The benefits of retro-
spective data analysis and the ability 
to update method scope rapidly are 
also of tremendous value.

The evolving opioid drug market 
is a significant challenge facing labo-
ratories in ensuring that their testing 
procedures keep pace. Dedicated 
resources, technical expertise, and 
close coordination between research 

and development teams and opera-
tional laboratory staff are essential 
to remain relevant and provide 
responsible and effective testing 
that truly helps efforts to curb the 
opioid epidemic. 
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■
BD RECALLS BLOOD COLLECTION 
TUBES THAT CONTRIBUTED TO 
INACCURATE LEAD TEST RESULTS

On March 22, Becton Dickinson 
(BD) issued a recall for more 

than 982 million venous blood 
collection tubes nationwide due to 

certain BD tubes chemically interfer-
ing with tests that use anodic 
stripping voltammetry (ASV). BD 
discovered this interference while 
working with the Food and Drug 
Administration (FDA) on the 
agency’s investigation into the cause 
of inaccurate results associated with 

Magellan’s LeadCare test systems, 
which are ASV-based tests. The 
speci� c tubes BD is recalling are the 
Vacutainer EDTA lavender, tan, and 
pink top tubes, as well as the 
Vacutainer lithium heparin green top 
tube. Studies conducted by BD found 
that the rubber stoppers of the 

23andMe’s DTC Test for Select BRCA Mutations 
Categorized as a Class II Medical Device
The Food and Drug Administration (FDA) has granted marketing 
authorization to 23andMe for its Personal Genome Service Genetic Health 
Risk (GHR) report for select variants of BRCA1 and BRCA2. The agency 
categorized 23andMe’s test as a class II device after reviewing it through the 
de novo premarket pathway, a regulatory pathway for novel, low-to-
moderate risk devices that the agency deems similar to previously cleared or 
approved devices. Along with this authorization, FDA is also now 
establishing special controls to provide reasonable assurance of safety and 
effectiveness for this test.

This is the � rst direct-to-consumer test to report on three speci� c 
BRCA1/BRCA2 gene mutations that are most common in 

people of Ashkenazi (Eastern European) Jewish descent. 
These three mutations are present in about 2% of 

Ashkenazi Jewish women, but they are not the 
most common BRCA1/BRCA2 mutations in the 

general population and rarely occur in other 
ethnic populations. 

The test analyzes DNA from a self-
collected saliva sample, and the 
accompanying report describes if a 
woman is at increased risk of developing 
breast and ovarian cancer, and if a man is 
at increased risk of developing breast or 
prostate cancer. Because there are more 
than 1,000 known BRCA mutations, 
however, a negative result from this test 
does not rule out the possibility that an 

individual carries other BRCA mutations 
that increase cancer risk. FDA is requiring 

23andMe to educate consumers about the 
test and emphasize that consumers and 

healthcare professionals should also not use the 
test results to determine any treatments, including 

anti-hormone therapies and prophylactic removal of 
breasts or ovaries. Such decisions require con� rmatory 

testing and genetic counseling. 
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recalled tubes contain a chemical 
called thiuram that can release 
sulfur-containing gases that dissolve 
into blood samples and bind tightly 
to lead particles, making it dif� cult 
for ASV-based tests like Magellan’s to 
detect the correct amount of lead in 
a sample. FDA has identi� ed this as a 
class I recall, which means that use of 
these tubes may cause serious 
injuries or death. However, in FDA’s 
notice about the recall, the agency 
states that labs can continue to use 
the affected tubes with assays that do 
not use ASV methodology.

In addition, FDA continues to 
recommend against using Magellan 
lead tests with venous blood samples 
because other manufacturers may 
also use thiuram in their blood col-
lection tubes. FDA is following up 
with other blood collection tube 
manufacturers serving the U.S. mar-
ket to determine how widespread 
this problem might be. The agency 

is also continuing to evaluate other 
factors that may have contributed 
to inaccurate results observed with 
Magellan lead tests. 

■
OXFORD IMMUNOTEC TESTS 
APPROVED FOR SCREENING 
BLOOD DONORS FOR TICKBORNE 
PARASITE

The Food and Drug 
Administration (FDA) has 

approved Oxford Immunotec’s 
Imugen Babesia microti Arrayed 
Fluorescent Immunoassay for the 
detection of antibodies to Babesia 
microti (B. microti) in human 
plasma samples, and the Imugen 
Babesia microti Nucleic Acid Test 
for the detection of B. microti DNA 
in human whole blood samples. 
Babesiosis caused by the tickborne 
pathogen B. microti is the most 
frequently transfusion-transmitted 
parasitic infection in the U.S. Oxford 

Immunotec’s tests screen for this 
parasite in samples from individual 
human donors of whole blood and 
blood components, as well as living 
organ and tissue donors. 

The investigational use of Babesia
donor testing has been in place since 
August 2012 in selected Babesia
endemic areas. The data collected 
from this testing and additional stud-
ies performed by Oxford Immunotec 
supported the approval of both 
Imugen tests through FDA’s 6-month 
priority review. The agency now 
plans to issue draft guidance later 
this year with recommendations 
for reducing the risk of transfusion-
transmitted babesiosis.

■
FDA CLEARS PREMIER BIOTECH’S 
RAPID ORAL FLUID DRUG SCREEN

Premier Biotech was granted 
510(k) clearance by the Food 

and Drug Administration for 

888.664.8378  |  immunalysis.com

Concerned about the 

fentanyl crisis?

Immunalysis urine HEIA® or SEFRIA™ reagents: the following are for in vitro diagnostic use: 6-AM, amphetamine, barbiturates, benzodiazepines, benzoylecgonine (cocaine metabolite), buprenorphine, 
cannabinoids (THC), EDDP (methadone metabolite), fentanyl (SEFRIA), methamphetamine, opiates, oxycodone, phencyclidine (PCP), and tramadol. Other Immunalysis reagents are for forensic use only. 
© 2018 Immunalysis Corporation. All rights reserved. HEIA and Immunalysis are trademarks of the Alere group of companies. SEFRIA is a trademark of Advanced ImmunoAssays, LLC. MKT51088 REV1 3/18

For in vitro diagnostic use.

Urine SEFRIA™ Fentanyl Drug Screening Kit
• FDA 510(k) cleared for in vitro diagnostic use 

• High sensitivity

• Designed for qualitative testing at 1.0 ng/mL cutoff

• Liquid stable and ready to use; no pouring or reconstitution

• For use on open channel clinical chemistry analyzers

Fentanyl

Opiates
Codeine

Hydrocodone
Hydromorphone

Morphine

Oxycodone
Oxymorphone

Buprenorphine

Heroin
Metabolite 

(6-AM)

Methadone
Metabolite 

(EDDP)

Tramadol

Relevant tests to combat today’s prescription opioid misuse.
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70TH AACC ANNUAL

SCIENTIFIC
MEETING
& CLINICAL LAB EXPO

July 29–August 2, 2018 | Chicago, IL USA

Five days of scientific education, discovery and networking await 
you at the 70th AACC Annual Scientific Meeting & Clinical Lab 
Expo. Learn what the future of laboratory medicine and diagnostics 
holds and be prepared to address new challenges to propel you to 
the next level in your career. Your attendance gives you unparalleled 
access to the largest gathering of the global laboratory medicine 
community and an edge on the latest advances in new technologies 
and products for the clinical lab.

REGISTER TODAY! www.aacc.org/register
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OralTox, a rapid oral � uid drug 
screen device that detects amphet-
amine, cocaine, marijuana, metham-
phetamine, opiates, and phencycli-
dine. OralTox provides results in less 
than 2 hours and has a demonstrated 
overall accuracy of greater than 99% 
agreement with liquid chromatogra-
phy tandem-mass spectrometry 
(LC-MS/MS) results for each drug 
being tested. Premier Biotech’s lab 
also offers con� rmations of presump-
tive positive results via LC-MS/MS. 
By using oral � uid as a testing matrix, 
this test is designed to offer numer-
ous bene� ts over urine testing. The 
sample collection process is less 
invasive, can be fully observed 
without privacy concerns, and is 
resistant to adulteration, eliminating 
the need for specialized collection 
facilities. Another OralTox feature is 
a saturation indicator showing when 
suf� cient sample has been collected. 
Additionally, the device enables drug 
testing clinics to put together 
customized panels and screen for 
multiple drugs simultaneously.

■
QUIDEL GETS FDA NOD FOR LYME 
DISEASE TEST ON NEW 
INSTRUMENT

The Food and Drug 
Administration has cleared 

Quidel’s So� a Lyme FIA test for use 
with the So� a 2 Fluorescent 
Immunoassay analyzer to aid in the 
diagnosis of Lyme disease. The test 
rapidly detects and differentiates 
between human IgM and IgG 
antibodies to Borrelia burgdorferi 

DiaSorin Inc. | www.diasorin.com

DiaSorin has achieved certifi cation from the Vitamin D Standardization 
Certifi cation Program (VDSCP) for four years in a row (2014 - 2017). The 
VDSCP is an international collaborative initiative organized by the Offi ce of 
Dietary Supplements of the National Institutes of Health to help standardize 
25(OH) Vitamin D measurement across methods and manufacturers.*
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DiaSorin: The Innovation Leader in Vitamin D Testing.

For more information about DiaSorin’s 25 OH Vitamin D and 1,25 
Dihydroxyvitamin D assays, call 1-800-328-1482 or visit www.diasorin.com.

* The VDSCP also includes collaboration with the National Institute for Standards and Technology (NIST), the 
Centers for Disease Control and Prevention (CDC), the Vitamin D External Quality Assessment Scheme (DEQAS), 
the College of American Pathologists (CAP), the American Association for Clinical Chemistry (AACC), the 
International Federation of Clinical Chemistry and Laboratory Medicine (IFCC), along with national surveys and 
collaborators around the world.

The DiaSorin LIAISON® 25 OH Vitamin D TOTAL Assay met the VDSCP 
requirements for four consecutive years without changes to the assay or its 
calibration.

25 OH Vitamin D TOTAL Assay

4th Year in a Row!

Same Great Assay – Certifi ed Again!

from serum and plasma specimens 
taken from patients suspected of B. 
burgdorferi infection. The So� a 2 
Fluorescent Immunoassay analyzer 
on which the test runs is Quidel’s 
next-generation version of its So� a 
instrument system, for which the 

So� a Lyme FIA 
test previously 
received clear-
ance. The So� a 2 
uses the original 
So� a’s � uores-
cent chemistry 
design while 
improving upon 
the graphical 
user interface 
and optics system 
to provide results 
in as little as 3 
minutes. So� a 2 
also integrates 
wireless connec-

tivity and its bar-code scanner 
within a smaller footprint than the 
legacy So� a instrument, and comes 
connected to Virena, Quidel’s data 
management system that provides 
aggregated, de-identi� ed testing data 
in near real-time. 
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QIAGEN, NATERA TEAM ON CFDNA 
ASSAYS

Qiagen and Natera are 
collaborating to develop cell-free 

DNA (cfDNA) assays for use on 
Qiagen’s GeneReader NGS system, an 
integrated sample-to-result, next-
generation sequencing (NGS) solution. 
The partnership will build on Natera’s 
experience in reproductive genetics, 

including the company’s numerous 
broad-coverage solutions for non-
invasive prenatal testing (NIPT). Under 
the terms of the collaboration, the two 
companies will develop new NIPT 
assays that leverage Qiagen’s PAXgene 
blood cfDNA collection and sample 
processing technology. Natera’s 
Constellation software will also be 
available to users of these assays in 
combination with the Qiagen Clinical 

Insights bioinformatics solution. “We 
intend to make these assays available 
on the GeneReader NGS system to 
laboratories around the world that are 
very eager to bring in-house genetic 
testing across several applications, 
including prenatal screening,” said Peer 
M. Schatz, CEO of Qiagen. “The 
addition of these assays, along with 
Natera’s Constellation software, will 
substantially increase the system’s 

UT Arlington Teams With University of North Texas, 
Illumina to Open Genomic Center
The University of Texas at Arlington (UTA), in partnership with the University 
of North Texas Health Science Center, is bringing massive genome sequencing 
capabilities to North Texas through the launch of the North Texas Genome 
Center (NTGC) housed on the UTA campus. With five NovaSeq6000 gene 
sequencing systems from Illumina, the NTGC will support healthcare delivery 
in Texas and the surrounding six-state region, in addition to providing facilities 
intended to spur growth in the region’s rapidly expanding biotech sector. As one 
of only a few centers in the central U.S. featuring the NovaSeq6000, NTGC 
will serve as a hub for advancing collaborative medical research in the region 

focused on drug development, disease 
prevention, cancer treatments, and 
genetics. Working through UTA, the 
NTGC will also partner with hospitals 
and medical systems throughout the 
region to support the needs of clinicians 
for whole genome, whole exome, and 
other patient genomic data. The NTGC 
plans to make these services more 
accessible by offering lower costs and 
faster service for human whole genome 
sequencing compared to other genomic 
labs.

“The new North Texas Genome 
Center aligns with UTA’s strategic focus 
on both health and the human condition 
and data-driven discovery and will lead 
to future programs and partnerships in 
genomics, computational sciences, and 
genetic counseling,” said Vistasp 
Karbhari, UTA president. “The Center 
will also catalyze the university’s 
emergence as a leader in precision health 
and the transformation of the region into 
a high-tech science hub.”



Features of AACC’s Universal Sample Bank include:

> 700 healthy individuals

> Ethnically and geographically diverse adult population (18+)

> IRB-approved collection protocol

> Available in serum, EDTA plasma, or lithium heparin plasma 

> Comprehensive donor data with health screening information

> Results of HbA1c, Creatinine, and NT-proBNP screens

AACC
Universal 
Sample
Bank

AACC members who purchase the sample sets for academic research purposes  
will receive a signi�cant discount.

For more information visit 
www.aacc.org/samplebank

Disclaimer: AACC collected 60 mL of blood from volunteer donors attending the AACC Annual Meeting in Atlanta, GA in order to establish the 99th percentile 
for cardiac troponin in a healthy population. After collection, the blood was processed on site, divided into equal sample sizes and then transported to CDC 
for storage at -80°C. Samples were de-identi�ed and no test results will be provided to donors. Sets of donor samples are being offered to IVD manufacturers of 
cardiac troponin assays for purchase. AACC has undertaken this activity as part of its mission to further scienti�c research. THE DONOR SAMPLES ARE PROVIDED 
“AS IS”. AACC DISCLAIMS ALL WARRANTIES INCLUDING IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

AACC’s Universal Sample Bank offers pre-screened and  
well-characterized sample sets at a competitive price.

The sample set can be used in a variety of clinical studies, including  
clinical assay development, standardization, and reference range studies.
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agriculture, clinical diagnostics, and 
pharmaceutical development end 
markets. The company also manu-
factures products used in diagnostic 
tests for many forms of cancer and 
most inherited and infectious 
diseases. Danaher’s acquisition of 
IDT is expected to be complete by 
midyear 2018, after which IDT will 
function as a standalone operating 
company and brand within 

Danaher’s Life Sciences platform. 
“IDT expands our presence into the 
highly attractive genomics market 
and will help play a central role in 
accelerating our customers’ 
research and time to market as they 
develop critical diagnostic tests and 
potential life-saving therapies,” said 
Rainer Blair, executive vice presi-
dent of Danaher’s Life Sciences 
platform. 
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value and utility for a broader range of 
customers beyond the current menu 
focused on oncology.”   

■
DANAHER TO BUY 
MANUFACTURER OF NUCLEIC 
ACID PRODUCTS

Danaher has entered into a 
definitive agreement to 

acquire Integrated DNA 
Technologies (IDT), a privately 
held provider of 
consumables for 
genomics 
applications. IDT 
primarily 
manufactures 
custom DNA and 
RNA oligonucle-
otides serving 
more than 
100,000 global 
customers in the 
academic and 
biopharmaceuti-
cal research, 
biotechnology, 

Thomas M. Annesley, PhD, DABCC, 
FAACC, Chair of the 2018 Nominating 
Committee, has announced the slate of 
candidates selected by the Nominating 
Committee for the 2018 AACC elections. 
The online election process will begin on 
September 1, 2018, when AACC members 
will have the opportunity to vote for each 
candidate on the single candidate slate and 
to elect three members to the Nominating 
Committee through a plurality vote. Under 
the new governance approved by the AACC 
Board of Directors in November 2015, the 
Nominating Committee identi� es a single 
candidate for each open of� cer and Board 
position and more candidates than open 
positions for the Nominating Committee.

The candidates and positions are:

PRESIDENT-ELECT
David Grenache, PhD, MT(ASCP), DABCC, 
FAACC, chief scienti� c of� cer, TriCore 
Reference Laboratories, Albuquerque, New 
Mexico.

TREASURER
Steve Kazmierczak, PhD, DABCC, FAACC 
professor and scienti� c director, clinical 
chemistry and toxicology, Oregon Health & 
Science University, Portland, Oregon.

BOARD OF DIRECTORS
Mark Marzinke, PhD, DABCC, FAACC,
associate professor of pathology, the Johns 
Hopkins University School of Medicine, and 
director, pre-analytical chemistry and general 
chemistry, The Johns Hopkins Hospital, 
Baltimore, Maryland.

Octavia Peck Palmer, PhD, NRCC, FAACC,
associate professor of pathology, University 
of Pittsburgh School of Medicine, and 
medical director, UPMC Presbyterian, 
UPMC Shadyside, and Children’s Hospital of 
Pittsburgh automated testing laboratories, 
Pittsburgh, Pennsylvania. 

NOMINATING COMMITTEE
Jane Dickerson, PhD, DABCC, clinical 
assistant professor, University of 
Washington, and co-director, clinical 
chemistry and associate director, 
reference lab services, Seattle Children’s 
Hospital, Seattle, Washington.

Susan Evans, PhD, DABCC, FAACC,
founder and president, BioDecisions 
Consulting, Los Gatos, California.

Patricia M. (Patti) Jones, PhD, DABCC, 
FAACC, professor of pathology, University 
of Texas Southwestern Medical Center, 
and clinical director of chemistry and 
metabolic disease laboratories, Children’s 
Medical Center Dallas, Dallas, Texas.

Amy Saenger, PhD, DABCC, FAACC, 
associate professor of laboratory 
medicine and pathology, and scienti� c 
director, advanced research and 
diagnostic laboratory, University of 
Minnesota, Minneapolis, Minnesota. 

Joely Straseski, PhD, MT(ASCP), 
DABCC, FAACC, associate professor 
of pathology, University of Utah School 
of Medicine, and medical director, 
endocrinology and automated 
core laboratory, ARUP Laboratories, 
Salt Lake City, Utah.

AACC ANNOUNCES 2019 CANDIDATES
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■
COFACTOR GENOMICS, NCI 
COLLABORATE ON EVALUATION 
OF IMMUNE PROFILING ASSAY

Cofactor Genomics, a developer 
of advanced RNA analysis 

tools, has entered an agreement with 
the National Cancer Institute (NCI), 
along with agreements with research 
groups at three other academic and 
pharma institutions, to demonstrate 
the clinical utility of the immune-
pro� ling assay Cofactor Paragon. 
These research collaborations will 
use this RNA-based immune 
pro� ling technology to better 
understand the immune pro� les of 
patients with sarcoma, prostate 
cancer, lung cancer, breast cancer, 
and bladder cancer as initial case 
studies. Ultimately, the project 
strives to improve upon the tools 
currently available to pro� le the 
tumor microenvironment by 
delivering RNA-based data in an 
easy-to-interpret report. “New 
immunotherapies and combination 
therapies are moving into clinical 
studies very rapidly. There is a need 
for advanced assays which enable 
thorough molecular tumor pro� ling 
to better predict and interpret 
patient response,” said James Gulley, 
MD, PhD, head of the immunother-
apy section of the Genitourinary 
Malignancies Branch at the NCI 
Center for Cancer Research. 

■
CYTOX, CARDIFF UNIVERSITY TO 
DEVELOP PREDICTIVE GENETIC 
PANEL FOR ALZHEIMER’S

In partnership with Cardiff 
University, the U.K.-based 

company Cytox has been awarded 
funding by Innovate U.K. to evaluate 
and validate the clinical utility of a 
customized single nucleotide 
polymorphism (SNP) panel associ-
ated with the development of 
Alzheimer’s disease. As part of this 
project, the two organizations will 
develop, optimize, and test a set of 
polygenic risk score approaches and 
then implement them on Cytox’s 
proprietary software platform. 
Subsequently, the algorithms will be 
tested in large cohorts of patients 
with mild cognitive impairment and 

cognitively normal subjects, such as 
a recently well-characterized 500 
patient subset of a 1946 birth 
cohort, to demonstrate the validity 
of a panel of identi� ed at-risk 
Alzheimer’s biomarkers. Overall, the 
project aims to con� rm that a 
proprietary SNP panel and associ-
ated algorithm is an effective 
method for predicting the presence 
of Alzheimer’s pathology. The 
Innovate U.K. award provides 
£800,000 ($1.3 million) out of a 
total project value of £1 million 
($1.6 million) over 2 years.

■
EDICO, AUSTRALIAN GENETICS 
SERVICES PROVIDER TEAM TO 
REDUCE PEDIATRIC DIAGNOSIS 
TIME 

The San Diego-based company 
Edico Genome has joined 

forces with Victorian Clinical 
Genetics Services (VCGS) in 
Melbourne, Australia, with the aim 
of reducing the turnaround time of 

pediatric genomic testing from 
months to days. VCGS has deployed 
Edico’s Dragen Bio-IT platform as 
part of the Acute Care Genomics 
project, which is analyzing genomic 
data from 250 babies and children in 
neonatal intensive care units 
(NICUs) and pediatric intensive care 
units (PICUs) across Australia. 
Leveraging � eld-programmable gate 
array technology, Dragen rapidly 
accelerates analysis of next-genera-
tion sequencing (NGS) data, 
providing results in as little as 20 
minutes. “Diagnosing children and 
newborns in the NICU and PICU is 
a race against the clock. While NGS 
is known to be a rich diagnostic tool, 
lengthy turnaround times have 
prevented its use in this setting,” 
said Pieter van Rooyen, PhD, 
president and CEO at Edico 
Genome. “Shrinking NGS analysis 
times enables potentially life-alter-
ing results and corresponding 
treatments to be received as quickly 
as possible.” 
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QAsk The Expert

Pipettes are fundamental tools of 
clinical laboratories used to quan-
titatively dispense volumes during 
testing. Their precision and accuracy 
are essential to the quality of testing, 
making it critical to minimize pipette 
error through calibration and preven-
tative maintenance.

EXPERT

By James Fuller, PhD, DABCC, 
FAACC, DLM (ASCP)

Pipette Calibration 
and Corrective 
Actions

How do I know my pipettes are 
accurate?

A: Clinical labs should calibrate 
their pipettes before putting 

them into service, and calibrate and 
perform preventive maintenance on 
them periodically thereafter. Vendors 
calibrate pipettes before shipping them 
to laboratories, providing documenta-
tion at that time about a pipette’s bias 
and imprecision, as well as the method 
used to calibrate it. A pipette’s bias and 
imprecision must meet a laboratory’s 
requirements, and laboratories should 
archive vendors’ certi� cates with this 
information. Labs also need to docu-
ment their vendor’s shipping method 
to ensure the method had a low risk of 
impacting pipette calibration. 

If lab personnel have any doubt 
about a pipette’s accuracy, they should 
recalibrate the instrument before put-
ting it into use. Some labs go the route 
of calibrating pipettes themselves, but 
many others in the interest of quality 
use external vendors to calibrate and 
maintain their pipettes. An external 
pipette calibration vendor should be 
ISO 17025-accredited as a testing and 
calibration laboratory to ensure the 
calibration service performed is reliable. 

What services do pipette calibration 
vendors provide?
Calibration vendors service a 
wide range of laboratories includ-
ing academic, clinical, and forensic, 
as well as laboratories that follow 
Good Laboratory Practice and Good 
Manufacturing Practice regulations. 
Three of the common options in 
pipette calibration services are: the 
label, Found As values, and Left As 
values. The label is critical to clinical 
laboratories in documenting a pipette’s 
calibration and date of service. The 
Left As value tells a laboratory that a 
pipette was accurate after service. The 
Found As value, in turn, determines if 
a pipette was calibrated before service. 
These inputs tell anyone looking at 
the record that a pipette was accurate 
both before and after any servicing.

My pipette was not accurate. What 
should I do?
Pipettes are not always found to be 
within a laboratory’s specifications 
at the time of service. This leads to a 

very important question: What impact 
did the inaccurate pipettes have on 
testing? A pipette’s imprecision can 
be a source of error, and its affect on 
patient testing needs to be investigated 
and documented. 

The investigation should start 
with determining how a pipette was 
being used by tracing it to a speci� c 
process or step in a testing process. An 
example of this would be pinpointing 
that pipette X is located at a speci� c 
workspace in the laboratory where 
DNA extractions are processed. Next, 
the lab should assess the impact of the 
pipetting bias on that speci� c process. 
In some cases, this might be as simple 
as looking at quality control values 
for the process before and after the 
pipette’s calibration. In others, the lab 
might need to dive into a more thor-
ough assessment by retesting patient 
samples that were run with the pipette 
in question. The impact on testing 
can be assessed by looking at the bias 
introduced by the pipetting error. If the 
lab � nds that patient testing has been 
affected, then it may need to notify 
providers and/or issue corrected reports. 

Overall, pipettes are critical to 
quality results in clinical laboratories. 
A lab should not ignore their poten-
tial as a source of error when routine 
calibration services � nd pipettes that 
have not been performing to the lab’s 
required speci� cations.

James Fuller, PhD, DABCC, FAACC, 
DLM(ASCP), is the chief scienti� c 
of� cer of Lighthouse Lab Services and 
consults with clinical laboratories on 
quality and compliance. He also is the 
project manager for the development of 
new clinical laboratories across the 
United States. 
+EMAIL: jim@lighthouselabservices.com

A pipette’s imprecision 
can be a source of 
error, and its affect on 
patient testing needs 
to be investigated 
and documented.
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