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ABSTRACT

In the current healthcare climate, pressures for cost control
are extreme. Every sector is required to justify activities
and expenditures through demonstrated value to patient
outcomes and/or the system as a whole. This review of
recent literature, with particular attention to studies pub-
lished in 2000–2017, was undertaken to reveal what is
known about the value of laboratory medicine in terms
of patient health outcomes, but limited evidence was
available on this topic. Instead, laboratory value was
described in more qualitative ways, organized around four
themes: 1) providing test results, 2) test consultation,
3) financial value, and 4) knowledge development. This lit-
erature review outlines what is currently published with
respect to medical laboratory value. This review suggests
research opportunities to clarify the quantitative value of
laboratory medicine to healthcare.

ABBEVIATIONS: ASP - antimicrobial stewardship pro-
grams, CDC - Centers for Disease Control and
Prevention, CML - chronic myelogenous leukemia, CMS -
Centers for Medicare and Medicaid Services, DCLS -
Doctorate of Clinical Laboratory Science, DMT -
Diagnostic Management Team, DST - drug susceptibility
testing, ED - emergency department, EHR - electronic
health record, FDA - Food and Drug Administration, HAI
- healthcare-associated infection, HCV - hepatitis C virus,
K - potassium, LOS - length of stay, POCT - point-of-care
testing, TAT - turnaround time.

INDEX TERMS: laboratory medicine, value, diagnostic
testing, pathology, Clinical Laboratory Services.
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INTRODUCTION

Laboratory scientists, like other healthcare professionals, are
being pressured to demonstrate the value of laboratory
medicine, yet data are lacking on improved patient out-
comes tied unequivocally to clinical laboratory services
except in very specific instances, such as the superiority
of serum troponin in the definition of myocardial infarc-
tion.1 Clinicians who strive for positive patient outcomes
are key stakeholders who are well positioned to assess
the valuable contributions of the laboratory. However, iden-
tifying and validatingmeasures thatwould potentially tease
apart the value of laboratory medicine from other health-
care services in achieving desired patient outcomes remain
elusive.

This narrative literature review was conducted with a
concentration on studies published between 2000 and
2017 regarding the value of laboratory medicine based
on the perspective of the various key stakeholders includ-
ing: patients and family members, clinicians, parent organ-
izations (licensed entities that provide healthcare services)
and healthcare systems, the Centers for Medicare &
Medicaid Services (CMS), pharmaceutical industry, and pub-
lic health. In this narrative review, the working definition for
the value of laboratory medicine was considered as patient
health outcomes achieved per dollar spent.2 Authors uti-
lized PubMed, Google Science, and Web of Science to con-
duct the literature search. For the search strategy, we
used search terms including, “Value of Laboratory” and
“Pathology, Clinical” OR “Pathology Department, Hospital”
OR “Clinical Laboratory Services”[Mesh] OR “Laboratories,
Hospital” and “Diagnostic Tests, Routine” and “Outcome
and Process Assessment (Health Care)”. Although numer-
ous publications addressed the need to identify strategies
for defining the value of laboratory medicine, the literature
is sparse concerning the application of this definition and
did not adequately assess the overall impact of the labora-
tory within the continuum of healthcare delivery. The
search produced the following number of publications rel-
ative to the stakeholder of interest: clinicians (69), parent
organizations and healthcare systems (27), public health
(26), CMS and pharmaceutical industry (25), and patients
and family members (22). Therefore, the following narrative
is organized based on four common themes across the per-
spective of key stakeholders as determinedby the literature.
Selected studies published prior to 2000 were included in
this report for historical context. It is anticipated that the
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information presented in this review will assist the stake-
holders in identifying meaningful measures/metrics for
determining the value of laboratory medicine testing and
services.

THEME 1: PROVIDING TEST RESULTS

The 2015 Institute of Medicine’s report on improving diag-
nosis in healthcare notes that over the past 100 years, diag-
nostic testing has become a critical feature of standard
medical practice.3 This report notes that in many cases,
diagnostic testing can identify a condition before it is clin-
ically apparent. Laboratory medicine and pathology have
been described as “essential element[s] of the health care
system,” meaning that these disciplines are “integral to
many clinical decisions, providing physicians, nurses,
and other health care providers with often pivotal informa-
tion for the prevention, diagnosis, treatment, andmanage-
ment of disease.”4

Reviews of the numbers of conditions and tests used
in the diagnostic process further support clinician reliance
on laboratory medicine for diagnosis, prognosis, interven-
tions, and ongoing treatment of a patient. In an attempt to
quantify the range of conditions managed by clinicians,
a 2008 study of a large multispecialty practice in
Massachusetts found that the practice managed patients
with more than 5600 unique primary diagnoses and 6400
unique secondary diagnoses. Each clinician in this practice
managed a median of approximately 130 unique labora-
tory test orders, 250 unique primary diagnoses, and 280
unique medications. These numbers were even higher
for those clinicians in internal medicine.5 These findings
highlight the increasing complexity of managing patient
care, including the utilization of clinical laboratory diag-
nostic testing.6

Laboratory professionals have traditionally focused on
assuring analytical accuracy in the testing process. For
physicians, quality and reliability of results have become
an assumed integral component of laboratory testing, “a
given” in the process.7 This perspective may also explain
the findings in a study of nursing satisfaction with clinical
laboratory services, with accuracy of test results generat-
ing the highest level of satisfaction despite the fact that
it was listed as the secondmost important service category
after stat test turnaround times (TATs).8

Research on the overall diagnostic accuracy of medi-
cal laboratory testing is limited; most literature focuses on
particular analytes and diseases. One project with a
broader focus identified an error rate in stat laboratory
testing in a 1750-bed university hospital of only 0.3% with
a distribution of 61.9% preanalytical, 15% analytical, and
23.1% postanalytical errors.9 Existing evidence shows that
themajority of laboratory errors occur outside of analytical
laboratory testing (i.e., occur during the preanalytical and
postanalytical phases).10 This demonstrates that patient
safety may likely be compromised during preanalytical

and postanalytical phases of the Total Testing Process.
Thus, significant value to quality improvement systems
can be achieved by integrating clinical laboratory
professionals into risk management of patient safety.11

The need for faster test TAT has been a common
theme in the literature for the past 30 years and is cited
as the preference for clinician satisfaction that has driven
much of the proliferation of point-of-care testing (POCT).12

Conclusions in one literature review were that laboratory
TAT continues to be a cause of customer dissatisfaction
despite advances in technology and information
systems.13 Comparable findings were reported in a 7-year
time frame in two physician and nursing satisfaction stud-
ies performed by the College of American Pathologists.7,14

Despite this ongoing “need for speed,” the evidence
of improved outcomes thatmay result from a faster testing
process has been contradictory. For example, Steindel et al
examined the timeliness of early morning routine clinical
laboratory tests for inpatients in 653 institutions and found
little evidence that longer routine test TAT affects patient
length of stay (LOS).15 In contrast, physicians reported
unacceptable delays in treatment due to TAT for hemoglo-
bin and potassium tests in an emergency department (ED)
setting.16 Though the POCT is reported to be more expen-
sive and challenging with regard to regulatory manage-
ment compared with central laboratory testing, its rapid
TAT is considered to be the main contributor to improve-
ment in patient outcomes. Specifically, cardiac markers,
the D-dimer test, and rapid urine drugs-of-abuse test have
led to decreased ED LOS.17,18 In one study in which POCT
afforded a modest benefit in the ED, an 87% decrease in
TAT through POCT translated to a 41-minute decrease in
the LOS for patients who received rapid testing for HCG,
urine dipstick, and cardiac markers with high clinician sat-
isfaction with test accuracy.19 In a more recent analysis of
POCT process design in the ED, POCT was associated with
statistically significant improvements in three measures:
service time, waiting time, and quality of care provided
to patients, as defined by number of patients who
returned within 72 hours.20 It is important to note, how-
ever, that these studies focused on the value of speed
but did not suggest that POCT results were more accurate.

An area of significant value to clinicians occurs post-
analytically with the communication of laboratory test
results and test information, evaluation, and interpretive
information from the laboratory to the clinician using
multiplemodes of transit (i.e., electronic, verbal, hard copy,
etc). Providing laboratory results within an electronic
health record (EHR) has significant potential to provide cli-
nicians with critical information in a timely manner that
can contribute to improvements in the care process.
However, the large amounts of data currently available
within EHRs increase the probability for a clinician to miss
a review of relatively important information.21 The findings
of a review by the Australian Clinical Excellence
Commission indicated that failures in processes associated
with obtaining and using the results of diagnostic testing
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have the potential to compromise patient safety.22 Sittig
and Singh also suggest that, even with the best informa-
tion systems (including those that contain advanced noti-
fication features), patients with abnormal diagnostic tests
are vulnerable to failures in follow-up and tracking follow-
up in electronic systems.23 Furthermore, the interpretation
of laboratory results in the clinical context by an expert lab-
oratory-based practitioner renders a significant difference
to clinical outcomes for individual patients.24

Rapid communication of critical results by the labora-
tory in immediately life-threatening or life-altering clinical
situations is perceived to be of significant value to the cli-
nician and patient outcomes.25 Identified as one of the
highest priority patient safety issues, critical value report-
ing was incorporated in The Joint Commission National
Patient Safety Goals (NPSG.02.03.01) utilized in hospital
accreditation programs.26 However, processes for commu-
nicating and acting upon critical results vary widely and
are often developed without employing evidence-based
practice.27

An inarguable source of value in the postanalytic
phase of laboratory testing is “reflex” testing, additional
testing automatically performed on a specimen sub-
sequent to an initial test result that is inconclusive and
meets pre-established criteria. This type of testing reduces
overall healthcare costs by increasing efficiency and time
to diagnosis as well as improving patient satisfaction with
laboratory services, particularly through fewer specimen
collections. Verboeket-van de Venne et al propose a more
advanced form of reflex testing called “reflective testing”
to further improve the process of diagnosing and treating
a patient, thus enhancing the value of clinical laboratory
testing.28 Reflective testing is defined as add-on tests
based on clinical judgment of a laboratory specialist after
careful interpretation of laboratory testing results and is
more applicable to complex diagnoses. Paterson et al
assessed patient opinion of reflective tests and found that
73% of outpatients and 90% of general practice patients
studied were in favor of reflective testing for their own
specimens.29 In another survey, clinicians highly favored
the support received from a laboratory specialist in the
postanalytic phase with 75% of respondents indicating
that interpretive comments “either help or influence
patientmanagement” and 100% of respondents regarding
reflective testing as appropriate and valuable.30

THEME 2: TEST CONSULTATION

Selecting the right test has become an increasingly diffi-
cult challenge given the complexity of patient manage-
ment, increase in laboratory testing options, bundling of
multiple tests, and advancements in technology. In a
2008 survey of junior physicians in the United Kingdom,
only 18% of respondents were confident about requesting
12 common chemistry tests. There was a similar lack of
confidence in interpreting the results. For example, only

18% of respondents were confident that they could cor-
rectly interpret a hemolyzed sample.31 A national survey
of family medicine and general internal medicine physi-
cians revealed that clinical laboratory tests are ordered
in 31.4% of primary care visits; however, the clinicians
report uncertainty when ordering tests 14.7% of the time
and confusion about interpreting results in 8.3% of the
cases in which they ordered tests.32 In the last 20 years,
the number of laboratory tests available to clinicians has
doubled to at least 3500 tests without a proportionate
increase inmedical school curricula. This means that junior
physicians are often uncertain over the best use of labora-
tory tests and may be using them incorrectly on many
occasions. Access to consultations from clinical laboratory
professionals was cited as one means of reducing this
uncertainty.32 A 2009 report from the Centers for
Disease Control and Prevention (CDC) on laboratory medi-
cine noted that there is inadequate attention and empha-
sis on laboratory testing in the medical school curriculum
even though it plays a central role in medical practice.33

Molecular and genetic tests are often misunderstood,
expensive, and sometimes controversial but play a key role
in precision medicine. The technology and prices evolve
rapidly, making it difficult for busy clinicians to stay current
with the costs and benefits of any particular test.
Physicians who are not geneticists or do not have a strong
background in genomics struggle with appropriate
ordering and interpretation without guidance from the
laboratory.34 Laboratory professionals clearly have an
opportunity to intervene, adding value in the professional
development process of clinicians by assisting with educa-
tion and guidance regarding appropriate laboratory
testing.35

Inappropriate use of laboratory testing includes both
overutilization and underutilization.36 Overtesting has
introduced unnecessary delays in patient care because
of the requirement for follow-up of slightly abnormal tests,
and increased testing leads to an increase in clinical inter-
ventions.37 A systematic review of studies published in a
15-year period revealed overutilization and underutiliza-
tion testing rates of 21% and 45%, respectively. Indeed,
the overutilization rate was six times higher during initial
testing compared with repeat testing.36 Inappropriate test
selection leading to further testing may not only exact a
severe financial cost but also have unintended adverse
consequences, such as potential infection from invasive
biopsies and exposure to unnecessary irradiation from
inappropriate imaging when tumor marker levels are
not appropriately interpreted.

Selection of the “right test” by a provider as well as the
correct interpretation of test results can be improved
through consultation with the appropriate laboratory pro-
fessional.38 The use of diagnostic management teams
(DMTs) comprising a group of experts (eg, pathologists, cli-
nicians, and laboratory professionals) can provide consul-
tations on diagnostic testing, such as selecting the
appropriate tests and understanding these results.39 In
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addition to assisting with the selection of the “right test,”
these teams integrate a patient’s clinical information to
provide a context for the test result while ensuring that
a clinically valuable interpretation is included in the test
result report. Clinicians who participate with laboratory
professionals in this process report a favorable view of
DMTs, and although perceived high initial costs are a
potential barrier, evidence exists that DMTs can lower
overall costs.40

An unexplored avenue of laboratory value is the addi-
tion of the Doctorate of Clinical Laboratory Science (DCLS)
practitioner to the profession either as a solo consultant or
member of a DMT. After several years of needs assessment,
the consensus of the medical laboratory community was
that “the DCLS will assume roles as consultants, educators,
and/or administrators to contribute to the common goals
of decreasing medical errors, reducing health care costs,
and improving patient outcomes.”41 The National
Accrediting Agency for Clinical Laboratory Science estab-
lished standards for DCLS programs,42 and the first DCLS
graduated in 2018. It will be a few years before the effects
of DCLS professionals can be quantified, but the hope is
that marked improvements will be reported in laboratory
test utilization when DCLSs participate more directly in
patient care.

Treatment planning conferences for oncology cases
(also referred to as tumor boards or molecular tumor
boards) are another way laboratory professionals can
add value to the provider through selection of the correct
tests, interpretation of test results, and participation in care
decisions. These conferences serve as a form of case
review by a multidisciplinary team of healthcare
professionals to identify best treatment options based
on the medical condition. The evidence on whether treat-
ment planning conferences improve patient outcomes
has been somewhat contradictory with some studies dem-
onstrating a positive influence,43 whereas others report no
significant improvements on the quality of patient care.44

As a generic form of test consultation, many labora-
tory professional societies have established clinical prac-
tice guidelines.45,46 Other professional groups have
established dozens of clinical practice guidelines, and
many feature laboratory testing prominently.47,48 For
example, the British Society of Gastroenterology published
guidelines on the management of abnormal liver tests,
and the American Diabetes Association adopted guide-
lines for the use of laboratory analysis for the diagnosis
and management of diabetes mellitus patients as recom-
mended by the National Academy of Clinical Biochemistry.
Therefore, clinical practice guidelines can be interpreted as
direct evidence of laboratory value.

The next logical step is to establish that improved
outcomes follow implementation of the guidelines.
However, some authors have noted that this is a challenge.
The American College of Cardiology/American Heart
Association Task Force published a thoughtful paper on
how to establish outcomes when practice guidelines are

used but noted that these studies have not been con-
ducted because of a lack of consensus on how to measure
outcomes.49 Misra et al reached a similar conclusion in
their discussion of implementing and assessing laboratory
practice guidelines but also emphasized that the useful-
ness of the information generated is dependent on the
inclusion of the laboratory professional in the develop-
ment of the guidelines.50

Despite the paucity of studies regarding the outcomes
of clinical practice guidelines after implementation, it is
logical to assume that the value of these guidelines is dem-
onstrated. First, most practice guidelines are based on evi-
dence from outcomes of previous studies, and the
strength of that evidence is evaluated by experts prior
to a recommendation being adopted. For example, to
establish “Molecular Biomarkers for the Evaluation of
Colorectal Cancer” guidelines, Sepulveda et al reviewed
more than 4000 articles.51 In another study, Kim et al per-
formed outcome modeling on a large population data set
and demonstrated that the adherence to the new cervical
cancer screening guidelines would improve healthcare
and add value.52 Although indirect proof of potential
value, this does constitute evidence of the value derived
from practice guidelines related to laboratory testing,
and more robust evidence is likely to come when there
is consensus on valid evaluation models. Despite the data-
and evidence-driven nature of practice guidelines, they
are essentially passive in nature, thus requiring physicians
to both read and actively incorporate their recommenda-
tions into practice. A more aggressive use of practice
guidelines, however, is through incorporation into clinical
decision support within EHRs. Using the capabilities of the
EHRs and associated analytics to measure outcomes
related to actions, the potential exists for quantifying
the impact and value of practice guidelines on the care
process.

THEME 3: FINANCIAL VALUE

Laboratories affect value through the decisions that influ-
ence both outcomes and costs. Unfortunately, most stud-
ies on diagnostic tests focus on analytical or clinical
performance. Very few studies have produced data on
patient outcomes. Teasing out just the laboratory’s contri-
bution is difficult because the patient’s outcome is a prod-
uct of many factors. As a result, it is difficult to evaluate
potential interventions. For example, a recent study
showed how laboratory monitoring could improve the fol-
low-up of patients with potential chronic kidney disease.53

Although one can infer that such practice leads to an
improvement in outcomes, the study did not explicitly
measure them.

Traditionally, the value of the laboratory has been
viewed in terms of efficiency in response to test requests,
minimizing the cost required to respond to test requests
with acceptable levels of quality, delivery, and flexibility.
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However, a focus on just operational efficiency obscures
the total value of the laboratory. To be effective, clinicians
must order the correct test, interpret the test correctly, and
take the appropriate action.54 These complex tasks are
subject to error that has two consequences. First, inappro-
priate testing directly increases costs, especially if it results
in wasteful follow-up testing. Second, inappropriate test-
ing can delay diagnosis and therapy, resulting in down-
stream negative effects on patient outcomes, including
clinically unimportant incidental findings and harm that
ensues from inappropriate follow-up testing. Thus, labora-
tory professionals can play a substantive role in enhancing
value by providing timely services that improve test utiliza-
tion, such as monitoring test order requests for consulta-
tion to identify opportunities for improvement.55

Similar to manufacturing and service operations, the
effectiveness of a laboratory depends on the alignment
between the competitive priorities (i.e., low cost, high
quality, fast delivery, flexibility, and ancillary services)
and the operation strategies of the parent organization.56

Laboratory professionals make explicit choices (technol-
ogy selection, capacity, range of services) that can directly
influence the organization’s operating capabilities and,
hence, may affect the overall functions of the laboratories.
Existing literature suggests that laboratory testing has
become a commodity,57 particularly since POCT results
are perceived to be as reliable in some cases as those com-
ing from a central laboratory. In other words, test results
generated by different sources may be perceived to have
equivalent quality and value to clinicians. For example, a
blood glucose result from a POCT device used in the home
is seen as the same as one generated from a central labo-
ratory. In a commodity business, the outputs are standard,
affording little opportunity for management to differenti-
ate by positioning the organization along these competi-
tive priorities since all outputs are considered to be of
equal quality. Studies that refute this notion are sparse;
therefore, this is prime territory for further research.

THEME 4: CONTRIBUTIONS TO KNOWLEDGE
DEVELOPMENT AND CHANGE IN
HEALTHCARE

In addition to diagnostic and disease management informa-
tion, laboratory medicine affords value through providing
knowledge for research and development that impacts pub-
lic health, policy development, and management of and
direction for better therapy through precision medicine.
The evolution of technology, molecular epidemiology, pre-
cisionmedicine, and bioinformatics, collectively, has contrib-
uted to the increase in value of laboratory services, especially
in public health, since the 1960s.58 Considered the corner-
stone of public health practice, surveillance methods aimed
at healthcare-associated infections (HAI), multidrug-resistant
organisms, reporting of adverse events, natural disasters,
and biochemical/chemical threats have improved with

advances in information technology.4,59 Reduction in infec-
tions associated with healthcare devices, including surgical
site infections, ventilator-associated pneumonia, central
line–associated bloodstream infections, and catheter-associ-
ation urinary tract infections is a significant outcome of the
National Healthcare Safety Network population-based sur-
veillance program.60

Information generated from population-based surveil-
lance programs enables the CDC to develop practice guide-
lines for the prevention of antibiotic-resistant infections in
healthcare settings, in the community, and in food.60

Dissemination of these guidelines resulted in decreases in
HAI, such as methicillin-resistant Staphylococcus aureus.61

The CDC’s National Antimicrobial Resistance Monitoring
System for Enteric Bacteria supported by all 50 states in
the United States serves to protect populations from resist-
ant infections by providing information related to patterns
of emerging resistance in select bacteria transmitted
through food.60 Laboratory services play a key educational
role in proper usage of antibiotics through antimicrobial
stewardship programs (ASPs), a surveillance system imple-
mented at the institutional level. Beardsley et al reported
the financial impact of an 11-year ASP at an 880-bed
medical center as an average cost savings of $920,070 to
$2,064,441 per year.62

Advanced molecular testing has influenced HAI,
patient health outcomes, hospital LOS, number of days
in isolation, patient satisfaction, antibiotic stewardship,
and healthcare economics, all of which can be used as var-
iables to measure the value of laboratory medicine and
ultimately influence policy development affecting larger
population units.63 However, the value can also be
assessed by measuring the impact of new technology
on clinical decision-making. Since 2009, the CDC offers
its service for the molecular detection of drug-resistant
Mycobacterium tuberculosis to reduce TAT when testing
for this organism. Slower phenotypic methods were most
often used for drug susceptibility testing (DST) by Public
Health Laboratories (PHLs) prior to the initiation of this
program. Yakrus, Metchock, and Starks reported results
of a satisfaction survey of this service administered to
43 PHLs.64 Of the 81% PHLs that participated in the study,
97% were satisfied with the TAT for receiving test results.
However, 60% of PHLs reported clinicians seeking some
form of assistance in the interpretation of the molecular
testing results, indicating the importance laboratory’s con-
sultative role, especially with new technology.

The history of medical laboratory research shows con-
sistently improved healthcare over time, and this will likely
continue. Dowdle et al illustrate several examples of labo-
ratory medicine’s impact on public policy and regulations
in reducing the rate of infectious disease due to advances
in laboratory technology.58 Genomic sequencing identi-
fied the first outbreak of circulating vaccine-derived polio-
virus that led to the recommendation of replacing live with
inactivated virus in the vaccines. Identification of hepatitis
B surface antigen through advanced technology and
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subsequent development of a vaccine is another example
of reduction in disease rates because of laboratory ser-
vices. Standardization of methodology by PHLs enabled
the creation of the Lipid Standardization Program and
PulseNet for foodborne disease surveillance, cluster detec-
tion, and outbreak investigations. Referred to as one of the
most important achievements of PHLs, identification of
lead in gasoline as a major source of lead exposure using
atomic absorption analyses provided evidence for policy
to remove lead from gasoline in industrialized countries
throughout the world. Subsequently, this policy resulted
in a significant reduction in the percentage of children
with lead toxicity.65 The development of laboratory meth-
ods to quantify serum cotinine (major nicotine metabolite)
led to the regulation of tobacco products usage in public
areas.66 A decrease in cotinine levels in nonsmokers by
approximately 70% was cited as a result of implementing
the smoking restriction. State-mandated newborn screen-
ing programs developed and performed by PHLs have led
to early diagnosis and management of more than 50 dis-
eases. PHLs also assist in mitigating the adverse outcomes
related to natural disasters and biochemical threats by
ensuring access to laboratory testing and providing a
mechanism for communication among public and private
laboratories.4 For example, during the 2001 anthrax
attacks, the establishment of the Laboratory Response
Network and the use of sequencing and subtyping tech-
niques were instrumental in confirming organism identifi-
cation and differentiating cases of intentional attacks from
natural exposure.

The pharmaceutical industry is becoming increasingly
dependent on laboratory tests in the development of new
drugs and the salvage/repurposing of therapeutics that
had been abandoned prior to developments in pharmaco-
genomics.67 The Food and Drug Administration (FDA) uses
viral load test data as an evidence base for recommenda-
tions for therapeutic management of many infectious viral
diseases, including cytomegalovirus, hepatitis B virus, and
hepatitis C virus (HCV).68-70 One study estimated a single
HCV viral load test in a single medical management deci-
sion pathway was valued at over $2000 per patient.71 In
the field of companion diagnostics, in which tests deter-
mine the efficacy and dosage of a drug for a particular
patient, it is estimated that over 100 drugs are in clinical
trials with diagnostics listed as either part of primary or
secondary outcome measures or as inclusion or exclusion
criteria. Codevelopment of these tests with the drugs is so
important that the FDA has issued a guidance document
developed from all three device and drug centers: Center
for Drug Evaluation and Research, Center for Devices and
Radiological Health, and Center for Biologics Evaluation
and Research.72

A commonly cited example of the interplay between
patient laboratory data and pharmaceutical discovery/
implementation is the development of imatinib for treat-
ment of chronic myelogenous leukemia (CML), which
increased the 5-year survival rate for CML patients from

less than 50% to 89%.73 Imatinib therapy is now used in
treating other serious malignant disorders, based on tests
for kinase pathway mutations and modified by mutation
analysis of the patients’ constitutional cytochrome P450
metabolic genes.74 Instead of characterizing and treating
cancers only by anatomic site, genetic characterization
of tumors by clinical and research laboratories is directing
patients into more effective therapy. “Basket studies,”
wherein patients are cohorted into therapy groups based
on shared mutations regardless of anatomic site, are now
funded internationally, and encouraging results are begin-
ning to be published.75 Beyond just the pharmaceutical
industry, cooperation between the medical laboratory
and developers of new tests, new analytical platforms,
and other research studies continues to contribute signifi-
cantly to knowledge advancement and subsequently
improved patient outcomes and community health.

DISCUSSION

The quest to demonstrate value within healthcare is one
that will continue to grow as both developed and devel-
oping countries come face to face with the reality of the
increasing costs necessary to provide quality care and
maintain the health of their populations. The days of rely-
ing upon data-sparse narratives to describe a sector or ser-
vice’s value or contribution to the healthcare process are
quickly coming to an end. Despite an ever-changing land-
scape of healthcare policy both in the United States and
internationally, the concept of applying data-driven sci-
ence to the art of medicine in order to improve value will
likely continue to grow as countries seek to control costs.

Quantifying the actual contributions of laboratorymedi-
cine, however, remains somewhat elusive. Medical labora-
tory tests supply clinicians with actionable information
that is integral to aiding medical management decisions,
facilitating development of new therapies, steering infection
control, and guiding public health strategies. Although a lab-
oratory test may provide an accurate, timely, or even less
invasive diagnosis compared with other diagnostic meth-
ods, these attributes do not automatically translate to
value-improved therapeutic management, improved out-
come, or cost-effectiveness of care in general.76 Clinical util-
ity studies that document the degree towhich the actual use
of a test leads to improved treatment decisions and conse-
quently improved patient outcomes or, more generally,
cost-effectiveness of provided care are required. Sadly, there
are few published studies of this type. Advances in health-
care analytics that permit the examination of “big data”may
eventually permit reliable conclusions as to the value of the
laboratory. One author suggests that although directly con-
necting laboratory testing to patient outcomes and actual
dollars saved is ideal, it may be too ambitious given the
multitude of factors that contribute to outcomes.77 He
suggests evaluating easier-to-determine “intermediate” out-
comes, such as time to diagnosis, accuracy of diagnosis,
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completeness of diagnosis, and “missed opportunities.”
Whatever outcomes are selected for study, it is critically
important that laboratory professionals develop methods
to quantify and effectively communicate the relevant value
of laboratory services.

Often when we depend on a product or service that
has been so readily obtainable that it may be considered
a commodity, its true value may not be realized until it is
no longer available. The intrinsic value of laboratory test-
ing is the pivotal information afforded to healthcare pro-
viders for improving prevention, diagnosis, treatment, and
management of a patient; evaluating a clinical trial; and
identifying or predicting an outbreak as well as the many
other contributions previously noted. Some professionals
and researchers have suggested we measure the value of
that information by building scenarios with and without
the laboratory test information.71 A common language
used is health economics, the study of the functioning
of healthcare systems and behaviors affecting health,
but few methodologies have been developed specifically
around the value of the laboratory information. Health
economic outcomes can bemeasured in lives/years saved,
money saved, or money invested per specific outcome.
Forward-thinking health economists have suggested that
decision theory and the value of information would be
useful for this conversation.78-80 Thework has been limited,
and the conversation is complex. However, as value of
information is becoming more useful in making decisions
about extending or ceasing clinical trials, the methods are
streamlining, and the vocabulary is becoming more famil-
iar.81 It is important that laboratory professionals adapt
and build on such work in order to raise the awareness
of laboratory medicine’s value so that the discussion of
the contributions of laboratory services and information
is relevant, effective, understandable, and recognized.

The laboratory sector is certainly no exception in having
to respond to healthcare’s quest to demonstrate value and
manage costs. The worldwide laboratory community has
started to recognize this struggle and the need to work
together to develop a new narrative to objectively demon-
strate the value the laboratory brings healthcare. A number
of laboratory organizations and groups have started to pro-
pose recommendations on how laboratory medicine can
collectively focus efforts on value to develop that narrative.

The International Federation of Clinical Chemistry and
Laboratory Medicine has developed recommendations on
how to maximize the value of laboratory medicine in five
areas including: improved utilization of existing and new
tests, definition of new roles for laboratory professionals
that are focused on optimizing patient outcomes, devel-
opment of standardized protocols for prospective
patient-centered studies, benchmarking of existing and
new tests with commonly accepted measures of effective-
ness, and agreed-upon definitions and validation of effec-
tiveness measures for articles submitted for publication.82

Progress in these areas is thought to be essential in help-
ing laboratory medicine enhance value.

The American Association of Clinical Chemistry pub-
lished a position paper echoing similar themes, including
increased use of evidence-based test protocols, the creation
of clinical decision support systems, and expanded clinician
education.83 The paper outlines recommendations on areas
to engage the US Congress and federal agencies as well as
actions the laboratory and clinical community can take to
“further streamline the healthcare delivery system and
result in better patient outcomes.” Ideally, this document
can be used as a model to create a more global position
paper representing a consensus from the entire medical
laboratory community that would drive additional studies.

Another group of laboratory professionals seeking to
provide laboratory guidance is Project Santa Fe. The
Project’s “Clinical Lab 2.0” seeks to help laboratories transi-
tion from volume-based to value-based healthcare bymov-
ing from a transactional to integrative model of laboratory
services.84 The intent is to address not only how laboratories
can impact quality and outcomes but also how those efforts
impact costs as part of the overall value equation of health
outcomes achieved per dollar spent. As part of the effort,
Project Santa Fe members have embarked on demonstra-
tion projects to support their recommendations.

In order for laboratories to maintain and further
improve upon past contributions to value-based health-
care, the laboratory community must work together to
objectively demonstrate the value of the laboratory and
share that information via the literature both within the
laboratory community and especially outside of it.
Laboratory organizations and groups have helped start
that process by proposing a course forward. It is up to lab-
oratory leadership to embrace and participate in those
efforts, develop new ones, and keep a data-driven, out-
comes-focused laboratory value narrative front and center
at all levels in the laboratory community.

DISCLAIMER

The findings and conclusions of this article are those of the
authors and do not necessarily represent the views of
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