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Overview
The contributions of clinical laboratory screening and diagnostic testsa to health care quality and
outcomes are substantial. These contributions were described in an earlier report from The
Lewin Group, The Value of Diagnostics Innovation, Adoption, and Diffusion in Health Care (2005).
This report updates key elements of that study, providing a current overview of the important
role of laboratory screening and diagnostic tests in our health care system, today’s means of
assessing value, and four case studies documenting value of specific tests to patient care.
Our overarching finding is that: Innovation, demonstrated clinical benefit, and appropriate use of
laboratory screening and diagnostic tests are essential for achieving the goals of health system reform.
Clinical laboratory testing is integral to evidence-based improvements in health care quality, patient
outcomes, efficiency, and accountability. This finding is substantiated, in part, by the four case
studies accompanying this report:



Rapid methicillin-resistant Staphylococcus aureus (MRSA) testing for identifying health
care-acquired infections



Hemoglobin A1c (HbA1c) testing for screening and diagnosis of prediabetes and
diabetes



KRASb gene mutation testing for targeted treatment of colorectal cancer



Human papillomavirus DNA (HPV) testing to screen and diagnose cervical cancer

Though each of these case studies represents a unique configuration of health problems, at-risk
patient populations, and testing technology, some common capabilities of laboratory testing
emerge. Examples of these common elements include ongoing innovation, evidence of clinical
benefit, early detection and treatment to control disease, better targeting and accuracy that
enable more effective management and decision-making, more efficient care, and cost-saving
opportunities. These case studies underscore the role of laboratory medicine in augmenting the
evidence base for health care, decision-support for clinicians and patients, prevention and
wellness, better patient outcomes, and better value.
Many of the benefits of laboratory testing are not being realized in the current system. The
main body of the report reviews the current processes for assessing the value of laboratory
screening and diagnostic tests and key policy issues that limit the realization of optimal value.
Among the hurdles to appropriate use of these services are: insufficient provider awareness
regarding when to use tests, challenges in generating evidence regarding the clinical utility of
tests for particular patient subgroups and indications, inconsistencies among clinical practice
guidelines regarding appropriate use of tests, inconsistent or inadequate coverage and payment
policies, and need to provide additional evidence of the favorable economic impact of
laboratory testing.

Depending on the patients’ needs and the level of technical and resource capabilities required to perform the test,
clinical laboratory screening and diagnostic tests may be conducted in laboratories (including independent
reference laboratories, hospital and academic medical center laboratories, physician office laboratories, nursing
home laboratories, and others) or at the point-of-care.
b v-Ki-ras2 Kirsten rat sarcoma viral oncogene
a
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I.

Introduction

Although the U.S. leads the world in per capita and total health care spending and is the
world’s greatest source of health care innovation, it ranks poorly among industrialized nations
in two gross indicators of health care quality: infant mortality and life expectancy.1 As
documented in recent landmark studies, only 55% of adults and 47% of children in 12
metropolitan areas across the U.S. received recommended care, contributing to the significant
shortfalls in overall care quality, patient safety, and health outcomes.2, 3 There are similar
deficits in adherence to recommendations for screening and follow-up care—only 62% of
recommended laboratory and radiology tests were provided for preventive, acute, and chronic
care. Aside from their implications for patient health, these shortfalls contribute to the sizable
unnecessary spending in health care in the U.S., amounting to as much as $0.30 or more of
every health care dollar.4 In the current health care environment, the needs and opportunities
to improve health care quality and efficiency are great and immediate.

A. Increasing Value is a National Priority
According to the Congressional Budget Office (CBO), continued escalation of health care costs is
the main long-term threat to the federal budget and the nation’s overall financial well-being.5
Increasing value in the health system and reducing unnecessary spending has become a
national priority. Since publication of the Institute of Medicine (IOM) report, Crossing the
Quality Chasm: A New Health Care System for the 21st Century (2000), stakeholders have been
directing reform efforts toward strategies that increase the value of our health care services and
produce better patient outcomes per dollar spent.6 The intent of this approach is to align how
value is created for patients across services and time, and to target medical conditions over the
cycle of care (episodes of care) and differing levels of care. Health care system stakeholders
(including payers, providers, patients, accreditation and quality improvement organizations,
health services researchers, policymakers, industry) agree that increasing value to patients can
be achieved by improving quality through the types of goals shown in Box 1.7 Laboratory
screening and diagnostic tests are essential for pursuing many of these goals.
Box 1
Health System Goals for Increasing Quality and Value
 Prevention

 Less invasive treatment methods

 Early detection

 Faster recovery

 Right diagnosis

 More complete recovery

 Early treatment

 Less disability

 Right treatment to the right patients

 Fewer relapses or acute episodes

 Treatment earlier in causal chain of disease

 Slower disease progression

 Fewer delays in the care delivery process

 Less need for long-term care6
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B. Value of Laboratory Medicine to Clinical Care
The contributions of clinical laboratory screening and diagnostic tests to the health system goals
(listed in Box 1) are substantial. As an essential component of high quality of care, laboratory
tests are used for much more than diagnosis of disease in symptomatic individuals. Laboratory
testing is an integral part of many medical decisions, providing clinicians with often pivotal
information necessary for prevention, diagnosis, treatment, and management of disease.8, 9
Despite the extensive role of laboratory medicine in informing medical decision-making, in 2007,
spending on Part B laboratory services was $6.8 billion or just 1.6% of total Medicare expendituresc
10, 11 and 2.3% of national health care spending. d 11, 12 Significant contributions of laboratory
medicine remain untapped.
The value of laboratory medicine is realized through
its many roles in patient care. These include screening
of asymptomatic individuals to identify risk for
developing disease, detecting disease at the earliest
stages before symptoms occur, selecting safe and
effective treatments, planning disease management
strategies, estimating treatment response throughout
the course of care, identifying threats to patient safety
and public health, such as hospital-acquired infections
(HAI), protecting the blood supply and transplant
recipients from harmful pathogens, and drugs of abuse
testing to support clinical care and assure public
safety. These aspects of value can be expressed along a
continuum of care such as is listed in Box 2.13

Box 2
Value of Laboratory Tests in
Clinical Decision-making
 Screen for disease
 Screen to determine risk for
developing disease
 ‘Rule in’ of a diagnosis
 ‘Rule out’ of a diagnosis
 Start an intervention
 Adjust an intervention
 Stop an intervention
 Assess efficacy of an intervention
 Assess compliance with an
intervention

Laboratory medicine also is important to clinical
 Assess prognosis
guidelines. As described in our 2005 report, a search
of clinical practice guidelines across 23 main condition/disease categories found that 37%
focused on or involved laboratory tests.14 Increasingly, the objective, scientific data produced
by clinical laboratory tests is used to measure provider performance (individual and
organizational) as well as to implement value-based purchasing that aims to optimize use of
health care resources and decrease short-, medium-, and long-term costs of care.15
Additionally, the recent major advances in science and technology, such as those associated
with molecular-level and genetic testing, are leading to changes in clinical practice. Genetic
tests are now available for more than 1,700 diseases, up from about 1,250 in 2005.16 New testing
techniques tend to be more sensitive and specific, allowing clinicians to detect, diagnose, and
manage disease more effectively. For example, technologies that rely on DNA, RNA, and
protein composition allow evaluation of disease states at the molecular level, supporting earlier
detection and a more personalized approach to patient care.17

c
d

Total Medicare expenditures were $433 billion in 2007.10
Total laboratory industry revenues were estimated at $51.7 billion in 2007; this is 2.3% of the $2.24 trillion in 2007
national health care expenditures estimated by the Centers for Medicare and Medicaid Services.12
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Other innovative rapid testing techniques, such as those for microbiology, make testing for
HAIs more cost-effective and less time-consuming, supporting real-time decision-making and
operational efficiency.18 Innovations in miniaturization have expanded the point-of-care testing
(POCT) menu, enabling laboratory testing at the hospital bedside, physician’s office, other
clinical settings, and, in some cases, patient self-testing at home. These new technologies are
demonstrating their value to improved patient outcomes and quality of life, fewer side effects of
treatment, and decreased costs of care.
Examples of specific laboratory screening and diagnostic tests that can contribute to health
system value are presented in Table 1.
Table 1. Examples of Screening/Diagnostic Tests and Services that
Support the Health System Goals for Improving Value and Quality
Health System Goal*

Examples of Screening and Diagnostics Tests
 HbA1c testing to screen for prediabetes to identify at-risk patients and prompt
interventions that can prevent onset of type 2 diabetes
 Factor V Leiden genetic variation to identify increased risk of blood clots.

Prevention of disease

 Malignant hyperthermia genetic test to identify individuals who will react to general
anesthesia (see GeneTests for reference)
 Familial adenomatous polyposis genetic test to identify individuals who will develop
colon cancer and allow prophylactic colectomy or other surgical procedure

Right diagnosis

 Cardiac enzyme marker tests, e.g., for troponin, myoglobin, creatinine phosphokinase
(CPK), which are released after a heart attack and identify heart damage
 Fragile X syndrome test for a form of inherited mental retardation and developmental
delay, to determine appropriate management and risk of familial recurrence.
 BRCA1 and BRCA2 test to identify increased risk of breast cancer and ovarian cancer
in the absence of tumor

Early detection and
treatment

 Prenatal and newborn screening for inherited disorders, to enable initiation of
treatment and to reduce adverse effects
 (Intra-amniotic infection/inflammation) IAI test, a non-invasive cervical-vaginal fluid
(CVF) proteomic biomarker test, to diagnose intra-amniotic infection in preterm
labor, a condition that is 80-90% asymptomatic
 HER-2/neu (human epidermal growth factor receptor 2, also known as ErbB-2, ERBB2)
protein testing for patients with breast cancer identifies those who will benefit from
targeted treatment with trastuzumab (Herceptin)

Right treatment to the
right patients

 KRAS gene mutation testing for patients with metastatic colorectal cancer
distinguishes between patients who are most unlikely to benefit from, and those who
are more likely to benefit from, the drug cetuximab
 BCR/ABL oncogene testing for patients with chronic myelogenous leukemia who will
benefit from treatment with imatinib (Gleevec)

Fewer mistakes and
repeats in treatment

Fewer delays in the
care delivery process

 HIV viral load test to determine disease progression and whether the drug is working
 Emphysema gene test to identify likelihood of liver disease in emphysema patients
without biopsy and allows early intervention
 Rapid molecular MRSA testing for mecA gene markers to identify, within two hours,
patients with antibiotic-resistant S. aureus infections to guide drug selection and
timely implementation of control measures
 Point-of-care tests
 Developmental delay/mental retardation tests, such as chromosome analysis, array
comparative genomic hybridization (aCGH), biochemical genetic tests to help
determine cause and appropriate therapies
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Health System Goal*

Less invasive
treatment methods

Examples of Screening and Diagnostics Tests
 Gene expression profiling of RNA isolated from peripheral blood mononuclear cells
for noninvasive identification of heart transplant recipients with low probability of
organ rejection
 Hereditary hemochromatosis gene test to identify individuals who have the disease
and decrease need for liver biopsy
 Cytochrome 2C19 gene test for clopidogrel to identify heart attack or stroke
patients who may not respond to therapy so that other therapies can be prescribed

Faster and more
complete recovery

Less disability

 Breast cancer gene marker assays to assess the aggressiveness of the tumor, help
tailor treatment and predict risk of recurrence
 Hereditary hemochromatosis gene test to identify individuals at risk for excess iron
absorption and potential accompanying morbidity; test can replace liver biopsies in
some patients
 Estimated glomerular filtration rate for early detection of chronic kidney disease
and monitoring of kidney function, reducing disability
 Lead screening for early detection of elevated blood levels in children reduces risk
of central nervous system damage
 Sickle cell anemia testing to reduce risk of sickle cell anemia crisis by early detection

Fewer relapses or
acute episodes

 Cytochrome P450 testing to identify individual rate of drug metabolism thus
reducing risk of adverse drug reactions
 International Normalized Ratio (INR)/prothrombin time testing to monitor patients
who are on warfarin therapy to prevent blood clots or severe internal bleeding
 C-reactive protein testing to detect individuals at high risk for serious cardiovascular
events and candidates for statin therapy

Slower disease
progression

 Prostate specific antigen testing to screen at-risk men and monitor increases in
year-to-year PSA values, which can identify prostate cancer that needs specific
clinical intervention as opposed to watchful waiting
 Cytochrome P450 2D6 testing to identify breast cancer patients who may not
respond to tamoxifen therapy so that other therapies such as aromatase inhibitors
can be prescribed
 HIV genotyping to determine which antiviral drug combination is best

Less need for longterm care

 Antinuclear antibody test to detect lupus erythematosus, rheumatoid arthritis and
other autoimmune disorders and help to determine appropriately targeted therapy
 Maternal serum screening to identify pregnancies that could benefit from prenatal
testing for spina bifida, Down syndrome and certain other birth defects

*Health system goals adapted from Porter (2007)
Sources
1. Marchant J. Innovations in diagnostics: next generation molecular and point-of-care diagnostics driving
personalized healthcare. London, England: Business Insights Limited, 2005.
2. Business strategies for molecular diagnostics in the lab, including state of the market report 2007. Terry M,
Murg S, ed. New York, NY: Washington G-2 Reports, 2007.
3. A purchaser's guide to clinical preventive services: moving science into coverage. National Business Group on
Health and Centers for Disease Control and Prevention, 2009.
4. GeneTests. National Center for Biotechnology Information, National Institutes of Health, 2009. (Accessed
July 20, 2009, at http://www.ncbi.nlm.nih.gov/sites/GeneTests/.)
5. LabTests Online. American Association of Clinical Chemistry, 2009. (Accessed July 20, 2009, at
http://www.labtestsonline.org/.)
6. National Guideline Clearinghouse. Agency for Healthcare Research and Quality, 2009. (Accessed July 20,
2009, at http://www.guideline.gov/.)
7. Terry M. Lab industry strategic outlook: market trends and analysis 2007. New York, NY: Washington G-2
Reports, 2007.
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C. Differentiating Screening and Diagnostic Tests
Clinical laboratory tests serve two overarching functions—screening and diagnosis:



Laboratory tests used for screening assess the likelihood of the presence of a disease or
condition in apparently healthy or asymptomatic individuals who are at sufficient risk
for a condition to benefit from further investigation or preventive action. Screening
may be targeted to a broad group (e.g., newborn screening) or subgroups at increased
risk due to some combination of age, sex, family or personal history, race/ethnicity,
disease state, or other factors.



Laboratory tests used for diagnosis are performed to determine the presence or absence of
a specific disease or condition in symptomatic individuals. Diagnostic tests also may be
used for prognosis, enabling selection of clinical care alternatives and treatments, and for
monitoring treatment effectiveness and guiding treatment modifications.19

The regulatory policies applied to screening and diagnostic tests are similar; either may take
one of two pathways to gain access to the market in the U.S.: clearance and approval by the
Food and Drug Administration (FDA) or introduction under the Clinical Laboratory
Improvement Amendments (CLIA). The pathway chosen typically depends on whether a test
is to be marketed by a manufacturer as a product (such as in the form of a test kit) or as a
laboratory developed test for use solely by the developing laboratory.
There are some key differences in the way that other policies and requirements related to
clinical practice, clinical guideline development, and reimbursement (coverage and payment
decisions), are applied to screening and diagnostic tests. These differences are discussed in
subsequent sections of this report.

Relationship of Screening and Diagnostic Tests to Prevention
Preventive medicine has had an integral role in the growing movement toward explicit,
evidence-based practice guidelines. Even so, the health system remains largely oriented to
treating disease than preventing it. As such, the health and economic benefits that could accrue
from wellness, prevention, and screening are far from being realized.
Three main types of prevention are primary, secondary, and tertiary. Screening and diagnostic
tests contribute significantly to all three.20 Primary prevention is aimed at preventing the onset
of disease and typically involves managing risk factors in healthy people that may lead to
disease (e.g., high-sensitivity C-reactive protein to detect individuals at high risk for
cardiovascular events). Secondary prevention is aimed at treating disease after its onset but
before serious complications occur (e.g., Pap test to detect and enable treatment of cervical
cancer in its earliest stages). Tertiary prevention is used in the later or final states of a disease
with the aim of minimizing the degree of disability caused by the disease (e.g., blood tests to
estimate the glomerular filtration rate to monitor the severity of chronic kidney disease and
manage its complications).
Many serious medical conditions can be prevented or detected early with screening and
effective treatment. Evidence-based screening and preventive services have contributed to
sizable reductions in morbidity and mortality in heart disease, stroke, cancer, and other major
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sources of national disease burden in recent years.21, 22 For example, routine screenings for
cervical and colorectal cancer contributed to 14% decline in overall mortality from cancer (the
second leading cause of death overall) during this same period.23
The growing body of evidence demonstrating the ability to prevent disease by screening for risk
factors and adopting early intervention strategies is leading to increased use of testing for
primary prevention in asymptomatic individuals. Advances in genetic and molecular testing
may increasingly support the role of such tests in primary prevention through identification of
individuals with predispositions for disease.24 To date, however, clinical guidelines and payer
coverage policies have focused largely on laboratory testing in secondary and tertiary
prevention.25, 26

II. Validity and Utility of Screening and Diagnostic Tests
The development, adoption, and diffusion of laboratory tests are influenced by a widening
group of stakeholders that seek well-founded evidence to support decisions about whether or
how to develop technology, allow it on the market, acquire it, use it, pay for its uses, and
more.27 These stakeholders include regulators, clinicians, patients, laboratory directors, hospital
managers, payers, and government policymakers, as well as manufacturers and laboratories.
Value may be assessed through clinical trials and other studies, as well as health technology
assessments and other systematic appraisals of evidence that examine safety, efficacy,
feasibility, effectiveness, appropriateness, and cost of tests, as well as other clinical, social,
economic, and ethical implications related to their use.28, 29 Such assessments contribute to the
knowledge base for improving the quality of health care, including the development and
updating of various standards and guidelines.
Assessing the value of tests may involve multiple determinations grouped into three main
concepts: analytic validity, clinical validity, and clinical utility, as shown in Figure 1. While
these concepts are useful in all laboratory testing, they are gaining increased attention and
further definition in the realm of genetic and genomic testing. In addition to these components,
cost-related assessments are of growing interest among clinicians, health care institutions, public
and private sector payers, and policymakers seeking to improve value per health expenditure.30, 31
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Figure 1. Chain of inquiry for valuation of laboratory tests
Analytic Validity
Definition:

Clinical Validity
Definition:

A laboratory test’s ability to
measure the analyte (or genotype,
in the case of genetic testing) of
interest accurately and reliably
(i.e., the quality of the
measurement)

A laboratory test’s ability
to detect and predict the disorder
that is associated with an analyte
measurement; a test’s value to
clinical decision making.

Key measurements:

Key measurements:

• Accuracy

•
•
•
•

• Analytic sensitivity
• Analytic specificity

• Precision
• Robustness

Clinical sensitivity
Clinical specificity
Positive predictive value
Negative predictive value

Clinical Utility
Definition:
Clinical effectiveness; the balance
of risks and benefits associated with
use of a test in routine clinical
practice; usefulness and value of
information, positive or
negative, to person being tested

Key measurements:
• Intermediate/surrogate outcomes
• Health outcomes (mortality,
morbidity, quality of life)
• Adverse effects of diagnostic use
• Adverse effects of treatment

Economic outcomes
Types of economic outcomes measurements:
• Estimates of the economic value relative to investment and may include analyses such as cost per test, patient,
treatment and episode of care
• Estimates of the budget impact of a test on a provider, provider organization, health system
• Estimates the tradeoff value between costs and benefits to health are, including cost-effectiveness, cost-utility, and
cost-benefit analysis

A. Analytic Validity
The overarching value of laboratory testing is the generation of objective, scientific data about
patient health to inform clinical decision-making. High levels of technical performance are required
to ensure quality of test results. Regarding analytic validity, laboratory test systems are designed to
ensure test-to-test accuracy, precision, and robustness. Measurements aim to determine whether
the test performs reliably to specifications and delivers accurate information in a laboratory setting.
Accuracy, which is the degree of closeness of a measured or calculated quantity to its actual (true)
value as compared to a reference “gold standard,” includes analytic sensitivity and analytic
specificity. Analytic sensitivity is the probability that a test will detect a specific analyte (e.g., a
biomarker or genotype) when it is truly present in a specimen. Analytic specificity is the
probability that a test will be negative when a specific analyte is truly absent in a specimen.
Precision (or reliability, reproducibility or repeatability) is the degree to which further
measurements show the same or similar results. Robustness refers to the resistance of test results to
small changes in preanalytic or analytic variables associated with testing.32,93

B. Clinical Validity
Clinical validity refers to the ability of a test to detect the condition (disease or disorder) that is
associated with an analyte measurement and predict the probability of having the condition
based on the test result. It includes clinical sensitivity, clinical specificity (incorporating
analytical validity), and positive and negative predictive values. In genetic testing, clinical
validity may also be affected by factors that confound the association between a genotype and a
phenotype, such as reduced penetrance (i.e., the proportion of individuals with a diseaserelated genotype or mutation who develop disease), variable expressivity of the disease among
individuals with the same genotype, and other genetic or environmental factors.93
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Clinical sensitivity refers to the proportion of individuals with a specified condition whose test
results indicate that the condition is present, e.g., how often the genetic mutation (genotype)
that is associated with the condition (phenotype) is identified in people who truly have the
condition). Tests with high clinical sensitivity are useful for “ruling out” a condition if an
individual tests negative. Clinical specificity refers to the proportion of individuals who do
not have a specified condition whose test results indicate that the condition is not present. Tests
with high specificity are useful for “ruling in” a condition if a person tests positive.
Positive predictive value (PPV) refers to the probability that an individual with a positive test
has, or will develop, the specified condition that the test is designed to detect. Negative
predictive value (NPV) refers to the probability that an individual a negative test result actually
does not have the specified condition. Cutoff values for a test (defining presence or absence of a
condition by level of the test result) represent a compromise between clinical sensitivity and
clinical specificity. PPV and NPV depend not only on sensitivity and specificity but on the
prevalence of a condition within the population being tested and changes in disease patterns
over time. As such, PPV and NPV are not constant performance characteristics of a test. For
example, if a disease is very rare in the population, even tests with high sensitivity and high
specificity can have low PPV, generating more false-positive than false-negative results.27 In
these instances, without educational efforts, some providers may not fully understand the limits
of a test’s predictive value and may overestimate the probability of disease in patients with a
positive result.33, 34 The example of rapid testing for the influenza virus (Box 3) demonstrates
the fluctuations in PPV and NPV according to prevalence in the population.
Box 3
Example: Rapid Testing for Influenza
An example of the inter-relationships between sensitivity, specificity, and predictive values can be
demonstrated with rapid testing for influenza virus as disease patterns fluctuate from low- to midprevalence periods to peak flu season, then tapering back down to mid- and low-prevalence periods.
Influenza viral pathogens cause significant mortality and morbidity; the recent re-emergence of a novel
human influenza A virus (H1N1) posed a serious personal and public health threat.35 Several types of
rapid molecular tests have helped to detect the virus, including point-of-care tests used by physicians in
clinical practice and conventional and real-time polymerase chain reaction (PCR) assays that usually have
high specificity.36 One study estimated PPV and NPV using six-year averages of weekly influenza activity
reported via CDC surveillance data and a rapid molecular test with sensitivity of 70% and specificity of
90%. During a typical flu season, PPV fluctuated from 17% during low prevalence to 71% at peak while the
NPV decreased from 99% during non-flu periods to 89% during flu season.37

The following two examples of screening for fragile X syndrome and KRAS gene mutation
support the clinical validity of a genetic test (Box 4) and a pharmacogenomic test (Box 5) for
clinical decision-making.
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Box 4
Example: Fragile X Genetic Testing
Fragile X syndrome is one of the most common inherited causes of mental impairment ranging from
learning disabilities to autism and severe mental retardation.38 Because of the lack of definitive
clinical diagnostic criteria, molecular tests are important for detection of individuals with fragile X.39
The standard screening/diagnostic test is Southern blot analysis although there is increasing interest
and evidence to support use of PCR-based methods. Diagnostic tests can ‘rule in’ or ‘rule out’ disease
in children with developmental, speech, language, or motor delay. Individuals with a family history of
fragile X can be tested to determine if they may be asymptomatic carriers of the disorder. Individuals
known to be carriers also can use screening tests to determine a prenatal diagnosis of the fragile X
mutation. While there is no cure for fragile X syndrome, early diagnosis facilitates clinical decisionmaking and therapeutic planning of interventions for speech and language, behavior, cognitive and
gross motor development, sensory integration, and daily living activities, in order to improve quality of
life for those with the disease.

Box 5
Example: KRAS Mutation Testing for Patients with Metastatic Colorectal Cancer
Colorectal cancer is the third most commonly diagnosed cancer and third-highest cause of cancer death
for men and women in the U.S.40 Up to 20% of patients with colorectal cancer will present with
metastases, with a 5-year survival of less than 10%. Cetuximab (Erbitux) and panitumumab
(Vectibix) are monoclonal antibodies that bind to the epidermal growth factor receptor (EGFR),
inhibiting growth of metastatic colorectal cancer. However, these drugs have considerable adverse
effects. Moreover, a proportion of patients with colorectal cancer have tumors with a somatic KRAS
mutation that affects tumor response to EGFR inhibitors. Diagnostic testing for KRAS gene mutational
status is an important predictor of non-response to EGFR-targeted therapy, with great value to clinical
decision-making.41 Retrospective analyses of data from several randomized controlled trials involving
patients receiving combination cetuximab and chemotherapy demonstrated that individuals with
normal (or wild-type) KRAS had significant improvements in tumor response and that few or none of
those with mutated–type KRAS responded to cetuximab.42, 43 In July 2009, the FDA announced revisions
to the prescribing information for EGFR inhibitors and colorectal cancer, requiring inclusion of
information on variations in the KRAS gene that may affect patient response to the drugs.

As noted above, clinical validity can vary with the prevalence of a condition within the
population being tested, changes in disease patterns over time, and other factors, e.g., age,
race/ethnicity, family history, severity of disease, and comorbidities. For many conditions,
patients with severe disease are more likely to have positive tests than those with mild or earlystage disease, and healthy patients are more likely to have negative tests than those with
significant comorbidities.44, 45 For example, C-reactive protein (CRP), a sensitive marker of the
acute-phase response, has been associated with future cardiovascular endpoints independently
of other risk factors. A recent study of myocardial infarction survivors receiving regular highsensitivity CRP (hsCRP) monitoring tests examined the effect of comorbidities and
environmental factors on diagnostic value.46 There were larger variations in hsCRP values for
males, smokers, and patients with increased HbA1c levels >6.5%. As a result, one or two hsCRP
measurements may not be sufficient to adequately characterize cardiac risk in different patient
groups after myocardial infarction.
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A complicating factor in examining the effect of individual patient characteristics on clinical
validity is the lack of information available for these stratifications. Several reports in the
literature state that, often, researchers do not consistently, or in some cases adequately, report
on important patient characteristics and study design features associated with their
investigations of test accuracy and predictive value.47 Improvements in the reporting on patient
characteristics could augment clinical research and guideline development for screening and
diagnostic tests as well as facilitate tailored recommendations to specific patient subgroups.

C. Clinical Utility
Clinical utility refers to the evidence that use of a test is associated with improved clinical
outcomes and its usefulness to patient and clinician decision-making. It encompasses
effectiveness (utility in real clinical settings) or efficacy (utility in controlled settings such as
clinical trials) and the net balance of risks and benefits associated with using a test in clinical
practice. A test with clinical utility yields results, whether positive or negative, that provide
information of value to the patient, clinician, or others involved in making decisions about
management of a patient with a given condition.48,93 In some instances in which there are no
interventions or treatments available to prevent or treat disease, a test result can have clinical
utility for life-planning purposes.
The specific outcomes for which tests can provide clinical utility vary by condition, but include
the categories of mortality, morbidity, adverse events, and quality of life. Some biomarkers are
used as intermediate or surrogate outcomes, in that they are known to be predictive of long-term
health outcomes. Patient functional status, patient satisfaction, and other patient-reported
outcomes, sometimes known as humanistic outcomes, are of increasing importance in patientcentered care.
One of the challenges of demonstrating clinical utility of testing is generating direct evidence of
the impact of a test on health outcomes, which can require long follow-up times and is subject
to the various intervening decisions and other environmental factors that can influence ultimate
patient outcomes. Still, there are notable examples of such direct evidence, including that of
FOBT screening for colorectal cancer, described in Box 6.
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Box 6
Example: FOBT Screening for Colorectal Cancer
A 2008 systematic review conducted for the USPSTF of long-term follow-up of four RCTs of guaiac fecal
occult blood tests (FOBTs) and endoscopic follow-up of positive test results found that colorectal cancer
mortality was reduced 13-21% after 8-13 years of screening in two trials and that another two trials did
not show mortality benefit until after 15-18 years of screening.49 A 2007 systematic review conducted by
the Cochrane Collaboration that identified reports of four RCTs and two other controlled trials
involving more than 320,000 participants with follow-up ranging from 8 to 18 years concluded, based
on the RCT evidence, that participants allocated to screening had a 16% reduction in the relative risk
of colorectal cancer mortality.50 Among those RCTs was one involving more than 46,000 patients, which
found that cumulative mortality over an 18-year period was reduced 33% with annual testing and 21% in
biennial testing.51 In its 2008 recommendation, the USPSTF stated that “There is convincing evidence
that screening with any of the 3 recommended tests [fecal occult blood testing, sigmoidoscopy, or
colonoscopy] reduces colorectal cancer mortality in adults age 50 to 75 years.” The USPSTF noted the
importance of considering the lag time between testing and being able to demonstrate changes in
outcomes: “There is adequate evidence that the benefits of detection and early intervention decline
after age 75 years. The lead time between the detection and treatment of colorectal neoplasia and a
mortality benefit is substantial, and competing causes of mortality make it progressively less likely that
this benefit will be realized with advancing age.52

In many instances, the impact of laboratory testing on health outcomes is inferred through
linkages between the tests and intermediate outcomes (or endpoints) or surrogate outcomes that
are known to be strongly associated with long-term health outcomes.e Surrogate outcomes, such
as HbA1c for diabetes morbidity and CD4 cell counts and viral RNA levels for progression of
AIDS, are generally easier to measure than the long-term health outcomes with which they are
associated and, thus, are used more commonly to determine the effects of testing and other health
care interventions.8 These associations must be validated in appropriately long-term natural
history studies or other appropriate study designs. Some surrogate outcomes are better
predictors of patient outcomes than others. Examples of other validated ones include: cardiac
troponin for identifying and predicting outcome of acute coronary syndrome, prostate-specific
antigen (PSA) levels for predicting the incidence and course of prostate cancer, INR/prothrombin
time for predicting thrombolytic events, and HER-2/neu for predicting response to treatment with
trastuzumab (Herceptin) in women with breast cancer.

1. Comparative Effectiveness Research
Recent efforts to augment the national capacity for conducting and using comparative
effectiveness research (CER) will increase the interest in such research, particularly for clinical
utility, of clinical laboratory testing. As is clear in recent reports by the IOM and the Federal
Coordinating Council for Comparative Effectiveness Research on recommended national
priorities for CER, this research will address the full range of interventions, including drugs,

e

A biological marker (biomarker) is an objectively measured characteristic that is used as an indicator of normal
biological processes, natural history of disease, or effect of a therapy. A clinical endpoint is a characteristic or
variable that reflects how a patient feels, functions, or survives. An intermediate (nonultimate) endpoint is a true
clinical endpoint (e.g., a symptom or measure of function, such as symptoms of angina frequency or exercise
tolerance) but not the ultimate outcome of the disease (e.g., survival or the rate of other serious and irreversible
morbid events). A surrogate endpoint is intended to substitute for or predict a clinical endpoint on the basis of
epidemiological, therapeutic, pathophysiologic, or other scientific evidence.53
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biologics, tests, imaging, and medical and surgical procedures, as well as health care delivery
system organization, delivery, and financing.
While there is no standard definition of CER, most address a combination of the following
attributes or emphases:



Direct comparisons of alternative interventions (as opposed to comparison with
placebo or indirect comparisons)



Effectiveness (in realistic health care settings) rather than efficacy (in ideal
circumstances)



Health care outcomes (e.g., morbidity, mortality, QoL, adverse events, and symptoms)
rather than intermediate or surrogates endpoints



Use of primary and secondary data collection, with emphasis on head-to-head
comparisons in RCTs and practical/pragmatic clinical trials as well as observational
studies (using registries, claims data, electronic health records) and systematic reviews

The definition used by the IOM is:
[T]he generation and synthesis of evidence that compares the benefits and harms of alternative
methods to prevent, diagnose, treat, and monitor a clinical condition or to improve the delivery of
care. The purpose of CER is to assist consumers, clinicians, purchasers, and policy makers to make
informed decisions that will improve health care at both the individual and population levels.
CER’s distinguishing characteristics include informing a specific clinical or policy decision,
comparing at least two approaches or interventions, describing results at the subgroup level,
measuring benefits in real-world populations, and applying appropriate methods and data
sources. ― Institute of Medicine54
Two main ways in which laboratory testing will be involved in CER are as an indicator of
intermediate and long-term health outcomes in comparisons of other interventions and as the
index (focal) intervention in a direct comparison with alternatives (Box 7). Pursuant to
involvement as index interventions, among the top tier of 25 CER priorities recommended by
the IOM in its June 2009 report were:



Compare the effectiveness of various screening, prophylaxis, and treatment
interventions in eradicating methicillin resistant Staphylococcus aureus (MRSA) in
communities, institutions, and hospitals.



Compare the effectiveness of genetic and biomarker testing and usual care in
preventing and treating breast, colorectal, prostate, lung, and ovarian cancer, and
possibly other clinical conditions for which promising biomarkers exist.
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Box 7
Main Roles of Clinical Laboratory Tests in CER
 As an indicator of patient intermediate and long-term outcomes in comparisons of other
treatments/interventions, particularly those related to priority health conditions, such as diabetes,
obesity, heart disease, stroke, kidney disease, HIV/AIDS, mental health/substance abuse, pneumonia,
cervical and colon cancer, and pregnancy. For example, HbA1c could be used as one indicator to
evaluate the effectiveness of alternative oral medication regimens (e.g., sulfonylureas, biguanides,
dipeptidyl peptidase IV inhibitors, or combination therapy) to treat type 2 diabetes. Laboratory values
can be useful in quantifying baseline characteristics, assessing intermediate outcomes, conducting
subgroup analysis, and more.
 As the subject of analysis for head-to-head comparisons of alternative laboratory tests or
comparisons of a laboratory test to another test intervention for a particular health care
condition. For example, a CER study may compare a new molecular test assessing the gene
expression profile of RNA from the peripheral blood of heart transplant recipients (i.e., AlloMap HTx
based on blood draws) to the current standard of care assessing RNA from invasive endomyocardial
(heart tissue) biopsy procedures.55 Another CER study might evaluate the effectiveness of HPV
testing for cervical cancer compared to conventional Pap smear testing.56

2. Challenges of Demonstrating Causal Effect of Testing on Outcomes
The size of the literature documenting clinical utility of laboratory testing, including patient
outcomes, is small relative to the corresponding literature on analytical validity and clinical
validity. Typically, there are substantial difficulties in establishing direct causal links between
ordering a test and changes in mortality, morbidity, quality of life, and other major patient
health outcomes, as a test is likely to be just one of many interventions and environmental and
behavioral determinants of patient outcomes.57 In order to influence outcomes, a laboratory test
must be ordered, conducted, returned with results on a timely basis, appropriately interpreted,
and affect a decision for further diagnosis or treatment that results in changes in outcomes. This
includes instances in which laboratory testing is used to monitor intermediate outcomes of
treatment in order to guide the next treatment decision toward desirable outcomes.
As part of the larger clinical process, laboratory testing can affect other aspects of patient care,
such as timing, efficiency, and patient and provider satisfaction.58, 59 Providers may interpret
and act on laboratory test results differently and unpredictably, which can affect patient
outcomes.60 Providers and patients may ignore positive results or proceed with a clinical
intervention despite a negative test.
Several factors can confound the ability to conduct population-based laboratory outcomes studies.
These include the lack of standardization of data collection and reporting methods, lack of
agreement regarding appropriate analysis of data (e.g., whether or not to risk-adjust data), and
the high cost of collecting outcomes data. Outcomes measurement can be severely constrained by
sample size, missing or incomplete test results in patients’ medical records, limited ability to
perform risk adjustment with data abstracted from administrative records, and higher cost to
abstract data from medical records.61 Other challenges can include the inability to conceal the
identity of tested versus non-tested patients (in blinded RCTs), the number of patients or
volunteers required for a study to achieve statistical significance, and what can be long periods of
time between a test and a patient outcome of interest, as suggested by the example of screening
for colorectal cancer noted above.58, 60, 62, 63 For these reasons, the assessment of the impact of

14
PCDocs #: 492520

The Value of Laboratory Screening and Diagnostic Tests for Prevention and Health Care Improvement

laboratory tests on health outcomes has relied more often on intermediate or surrogate
outcomes, computer simulations (modeling), and use of observational studies and other nonexperimental study designs. However, several trends should improve the capacity for
conducting outcomes studies of clinical laboratory testing. These include the current emphasis
on evidence-based decision-making, advances in data mining and other techniques for
analyzing claims data and other administrative and observational data sets, expansion of
electronic health records systems and networks, and the increase in funding for CER and
related methods and infrastructure development.

D. Economic Outcomes and Impact
Interest in cost-effectiveness analyses and related studies of the economic impact of health care
technologies continues to increase among stakeholders. In screening and diagnostic testing, the
body of such evidence is small, though growing.30, 31 Recent debate about whether savings can
be realized from greater federal investment in preventive and wellness services and their costeffectiveness relative to other types of health care highlights the importance of rigorous, policyrelevant demonstrations of the economic impact of laboratory testing used in screening and
diagnosis.64 The main types of analysis and their application to testing are summarized below.
While these analyses are used more widely and various expert groups and journals are working
to improve their quality, considerable variation persists in the methods, results, and reporting
of these analyses.
Cost-of-illness analysis is a determination of the economic impact of an illness or condition
(typically on a given population, region, or country) e.g., of heart disease, diabetes, or cancer,
including associated treatment costs. Cost-of-illness studies are used to estimate the burden of
disease and provide an economic context for opportunities to lowering such burdens with health
care interventions. For example, Box 8 describes how cost-of-illness provides the context for
potential savings from MRSA testing.
Box 8
Example: Cost-of-Illness Analysis of Rapid MRSA Testing
The economic burden of health care-acquired infections is substantial. Adjusted to 2007 dollars, CDC
estimates that the direct cost per case for all HAIs ranges from $20,549 to $25,903, for a total of
roughly $36 to 45 billion in annual costs.65 Of these costs, $3.5 to 10 billion are associated with
surgical site infections; $670 million to $2.7 billion to central venous line associated bloodstream
infection, $1 to $1.5 billion in ventilator-associated pneumonia, and $1.2 to $1.6 billion catheterassociated urinary tract infections. Approximately 50% of all HAIs are MRSA-related.66, 67
A nine-year study at Brigham and Women’s Hospital (Boston) found that routine surveillance cultures
and subsequent contact precautions decreased incidence of bacteremia by 75% in ICUs, 40% in non-ICU
areas, and 67% hospital-wide.68 After issuing a mandate for MRSA testing in all high-risk units, the VA
reduced infection rates in ICUs by 79% at their Palo Alto site.69, 69 This large reduction in rates of MRSA
infection rates at a major facility suggests the potential for broader-scale dramatic reductions in the
prevalence of MRSA and the morbidity, mortality, and costs associated with that pathogen.

Cost-minimization analysis is a determination of the least costly among alternative interventions
that are assumed to produce equivalent outcomes. Several studies have examined the cost of POCT
relative to central laboratory testing using metrics such as cost-per-test (including estimates for the
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cost of equipment, supplies, labor, and other variables) and laboratory test turnaround time.70, 71
Box 9 provides an example of cost-minimization analysis for bedside glucose testing.
Box 9
Example: Cost-Minimization Analysis of Bedside Glucose Testing
A study reported in 2004 compared the analytical costs of central laboratory glucose testing and semiautomated bedside glucose testing (BGT) among 445 hospitals enrolled in the College of American
Pathologists’ Q-Probes quality assurance program. Results showed different distributions of costs across
three main types of sites. The median (10th-90th percentile range) analytical costs per glucose test were
$1.18 dollars ($0.36-$5.59) for central laboratories, $1.96 ($0.77-$9.51) for high-volume BGT sites, and
$4.66 ($1.02-$27.54) for low-volume BGT sites.72 In addition to being higher than costs for central
laboratories, costs for BGT were highly variable and dependent on volume. In this instance, the cost-pertest for central laboratories was the lowest, although ranges of medians showed considerable overlap. Of
further consideration is the potential clinical value to the provider and patient in having an instantaneous
(bedside) result, which could lead to cost savings if it avoids helps to avoid unnecessary care.

Cost-effectiveness analysis (CEA) compares costs in monetary units with outcomes in
quantitative non-monetary units, e.g., reduced mortality or morbidity. CEA aims to weigh the
health and economic tradeoffs of alternative health interventions. It calculates the incremental
(marginal) cost per incremental unit of effectiveness achieved through use of an intervention
versus the standard of care or other alternative. Results are presented as net cost per health
outcome, such as cost per case prevented or cost per life saved; this is also known as an
incremental cost-effectiveness ratio (ICER).73, 74 One type of cost-effectiveness analysis,
sometimes referred to as cost-utility analysis (CUA), compares costs in monetary units with
outcomes in terms of their utility, usually to the patient, measured, e.g., in quality-adjusted life
years (QALYs), a unit combining quality of life and length of life.74 Although U.S. payers use no
formal threshold for an acceptable cost per QALY, incremental cost-effectiveness ratios of
$50,000-$100,000 or less per QALY are generally regarded as acceptable value.75 CEA/CUA can
be conducted from different economic perspectives, e.g., of the clinician, payer, patient, or
society at large. Various types of cost-effectiveness analyses have been conducted in such areas
as prenatal genetic screening, screening for Chlamydia trachomatis, FOBT for colon cancer, HER-2
/neu testing of breast cancer, HIV screening, and nucleic acid testing for safety of donated
blood.76-81 An example is highlighted in Box 10.
Cost-benefit analysis (CBA) compares costs and benefits, both of which are quantified in
common monetary units. Two basic approaches for cost-benefit analysis (CBA) are ratio
approach and the net benefit approach. The ratio approach indicates the amount of benefits (or
outcomes) that can be realized per unit expenditure on a technology vs. a comparator. In the
ratio approach, a technology is cost beneficial vs. a comparator if the ratio of the change in costs
to the change in benefits is less than one. The net benefits approach indicates the absolute
amount of money saved or lost due to a use of a technology vs. a comparator. In the net
benefits formulation, a technology is cost-beneficial vs. a comparator if the net change in
benefits exceeds the net change in costs. Due largely to the difficulty associated with assigning
monetary values to years of life or health outcomes, few true CBAs have been conducted for
health care technologies, including for laboratory testing.
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Budget impact analysis (BIA) provides an estimate of the financial impact on capital and
operating budgets (and may include analysis of cost offsets) of the adoption and use of a health
care intervention in a given patient population, health care setting, or other context of the
introduction of a technology or service. BIA often includes analysis of cost offsets. CEA and
BIA can provide complementary analyses for evaluating technology acquisition and use
decisions by health care providers, policy makers, and others.
Box 10
Example: Cost-effectiveness Analysis of Factor V Leiden Test for Thrombophilia
Thrombophilia is the propensity to develop potentially venous thromboembolism (VTE) caused by
hereditary defects in one or more of the clotting factors. The most common mutation is factor V Leiden
associated with activated protein C (APC) resistance (an anticoagulation enzyme). The factor V Leiden
mutation has a relatively high prevalence in the general population, including 5% in Caucasians, and
accounts for 85-95% of APC resistance cases. Patients at high-risk for VTEs include those using oral
estrogen preparations, who are pregnant, or having major surgery. Increased screening for the factor V
Leiden mutation has been suggested as a strategy for preventing VTEs. The factor V Leiden test is a
genetic test for detecting the presence of the mutation.
A recent systematic review and CEA conducted in the U.K. examined the cost effectiveness of
screening regimens for four types of high-risk individuals.82 The cost-effectiveness ratio was expressed
as costs per adverse clinical complication prevented when comparing universal screening and selected
screening to no screening for each of the four risk groups. The study was based on a hypothetical
model of 10,000 patients in each of group. The results for universal screening versus selective
screening for each of the four groups were as follows. Shown are the number of complications
prevented by each strategy and the ICER, i.e., the ratio of the incremental cost for each strategy to
the number of complications prevented.82
Universal Screening
Complications
Prevented

Combined oral estrogen:

3

Hormone replacement therapy

42

Pregnancy
Orthopedic surgery

ICER*

£200,402 ($323,230)
6,824

Selective Screening
Complications
Prevented

1

(11,010)

15

59

81,554 (131,540)

7

88

14,129

(22,790)

26

ICER

£79,085 ($127,560)
2,446

(3,950)

81,250 (131,030)
9,136

(14,740)

*ICER: Cost in UK£ (and US$) per complication prevented

The analysis offers important tradeoffs for consideration. First, for all four risk groups, universal
screening led to prevention of more complications than did selective screening, e.g., 42 vs. 15 in the
hormone replacement therapy risk group. Second, for all four risk groups, selective screening yielded
lower ICERs than universal screening, demonstrating better cost-effectiveness for that strategy in
general. The greatest improvements in cost-effectiveness resulting from selective screening were in the
combined oral estrogen risk group (61% decrease) and the hormone replacement therapy risk group (64%
decrease). Third, despite their relative magnitudes, the ICERs of both universal and selective screening
of the hormone replacement therapy group were the lowest among the full set of eight strategies.

In its August 2009 letter to Congress about the potential economic impact of greater federal
spending on preventive and wellness services, the CBO focused on how it would “score” such
spending. Scoring by the CBO for determining the net impact of proposals to expand
governmental support for a designated program is a form of BIA. CBO stated that, although
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particular types of preventive care would have different effects on costs, available evidence
suggests that expanded use of most preventive services results in higher, not lower, overall
spending.f CBO also distinguished its scoring from determinations of the cost-effectiveness of
spending on such services, noting that, while most would add to spending, many would be
cost-effective, i.e., their benefits to health would be justified by the additional net costs.64
Further deliberations on these matters in the context of national health reform and other
proposals to improve the U.S. health care system should address how to assess the economic
impact of these services. This should include, for example, the extent to which CBO
scorekeeping rules and procedure are limited with respect to the broader costs and benefits (i.e.,
beyond federal budgetary effects) that would accrue to the nation, how some preventive
services (or selective use of them in certain high-risk populations) are more likely to be cost
saving or cost effective than others, and various methodological aspects such as the time
horizon of analysis and inclusion of direct and indirect costs.
As is so for many other types of health care technology, greater investment is needed to build
the body of evidence on the economic impact of laboratory testing. Findings about laboratory
tests that are truly cost-saving or highly cost-effective, such as colorectal cancer screening in
adults aged 50-75 and screening young women for chlamydial infection,22, 83 should be broadly
recognized and used as models for further work. Among key considerations in such analyses
are that the economic impacts of specific tests can vary significantly depending on the
populations targeted (with testing of high-risk populations more likely to be cost-effective) and
tradeoffs between the cost of greater testing frequency and yield of cases detected.

III. Analytic Frameworks to Appraise Evidence of Clinical Value
Health care decision-makers increasingly rely on health technology assessments (HTAs),
systematic reviews, and other evidence reports to support decisions and policies related to
clinical care, practice guidelines, coverage policies, public health services, and other purposes.27
Usually, these evidence reports are prepared after clinical laboratory tests have received
regulatory approval by the FDA or met specifications of CLIA, as appropriate. Stakeholder
organizations may undertake or sponsor their own HTAs for various reasons, such as to
support decisions regarding health plan benefits, clinical practice guidelines, technology
acquisition, public health services, coverage and payment, and investment in technology.27
HTAs pertaining to testing are often organized according to analytic frameworks such as the one
shown in Figure 2. These analytic frameworks map the linkages between the populations to be
tested, test results, interventions (performance of a test, treatment), change in intermediate
outcomes, and change in patient outcomes.84 A set of specific key questions are developed to
provide the conceptual context for the study and guide retrieval of the available scientific evidence
to assess these linkages.

f

Among the points made by CBO with regard to cost offsets is that some of the proposed additional federal spending
on these services would only substitute for existing spending on these services from other sources, resulting only
in a cost shift to the federal government with no additional benefits.
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A. Organizations that Conduct Evidence Appraisals
Many different organizations conduct HTAs or other evidence reports of health technologies.
Some organizations evaluate technologies for the spectrum of clinical applications, including
screening, diagnosis, treatment, and monitoring, whereas others limit their evaluations to
certain types of interventions or services.
The U.S. Preventive Services Task Force (USPSTF) is an independent, non-federal advisory
group sponsored by the Agency for Healthcare Research and Quality (AHRQ) that conducts
evidence reviews of screening and preventive services used in primary care.84, 85 The panel of
experts that serve on the USPSTF evaluates the strength of the scientific evidence and makes
recommendations for use of preventive services based on its findings.25 The type of clinical
analytic framework used by the USPSTF is recognized as a standard approach for mapping
linkages between patient populations, interventions and outcomes, shown in Figure 2.
The Evaluation of Genomic Application in Practice and Prevention (EGAPP) initiative,
sponsored by CDC, conducts rigorous evaluations of genetic tests and other genomic applications
for clinical and public health practice in the U.S.86 An independent, non-federal advisory group,
EGAPP currently focuses on evaluation of tests with wide population application (e.g., high
disorder prevalence, higher frequency of test use), those with potential to affect clinical and public
health practice (e.g., emerging prognostic and pharmacogenomic tests), and those for which there is
significant demand for information. EGAPP has an evidence grading system that is based on
hierarchies for each of analytical validity, clinical validity, and clinical utility (described below).
The Community Services Task Force, sponsored by the Centers for Disease Control and
Prevention (CDC), conducts evidence reviews to develop guidelines for screening and prevention
for services related to infectious diseases and other public health concerns, e.g., health care-acquired
infections such as S. aureus (staph infection), sexually transmitted diseases such as Chlamydia
trachomatis and HIV/AIDS, and potential epidemic and pandemic diseases such as influenza.
Through its Effective Health Care Program, including its 14 Evidence-based Practice Centers
(EPCs), located primary at academic health centers, and other programs, AHRQ funds systematic
evidence reviews of relevant scientific literature on clinical, behavioral, and organizational topics.
These are used by a wide array of stakeholders to inform the development of educational
materials and tools, quality measures, guidelines, coverage decisions, and research agendas. In
particular, the Oregon EPC, based at Oregon Health & Science University, supports the work of
the USPSTF, and the EPCs also support EGAPP. Although these particular EPC evidence reviews
are prepared initially for USPSTF and EGAPP, they are placed in the public domain and are used
by others. In addition to biomedical research that supports the development and validation of
many and diverse tests, the National Institutes of Health, including the National Heart, Lung,
and Blood Institute and the National Cancer Institute, undertake studies to support development
of clinical guidelines on use of screening and diagnostic tests.
Health professional societies, particularly those associated with medical specialty areas, have
guideline development committees and other expert advisory groups and panels that conduct
independent evaluations of scientific evidence and make recommendations. Examples of the
many such organizations engaged in these activities are the American Academy of Family
Physicians, American Academy of Pediatrics, American College of Cardiology, American
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College of Physicians, and American Society of Clinical Oncology. Non-profit associations
devoted to certain health problems, such as the American Cancer Society, American Diabetes
Association, and American Heart Association, are also active in sponsoring advisory groups
and expert panels that evaluate evidence and develop guidelines related to testing. Nearly 300
health professional organizations have clinical guidelines included in the National Guideline
Clearinghouse, managed by AHRQ.g
Many private sector payers have internal research arms that undertake assessments to determine
coverage and reimbursement. Examples of major commercial health plans that conduct formal
reviews of new technologies include Aetna, CIGNA, UnitedHealthcare, and WellPoint.14 HTA
vendors such as the Cochrane Collaboration, BlueCross BlueShield Association Technology
Evaluation Center (TEC), ECRI Institute, and Hayes, Inc.,h produce HTAs of tests using in screening
and diagnosis.87, 88 BlueCross BlueShield TEC and ECRI Institute are also EPCs.
Figure 2. Generic Clinical Analytic Framework for Screening and Diagnostic Tests
Screening

1
Asymptomatic
patient

6

2

3

Initial or early
detection of
target condition

Treatment
alternatives
- medication
- surgical
- other

4

Intermediate
outcomes

5

Patient outcomes
- mortality
- morbidity
- quality of life

Diagnostic
Symptomatic
patient with
target condition
or disease
indicators

7

Adverse effects
of diagnostic use

8

Adverse effects
of treatment
alternatives

Key questions correspond to numbers above.
(1) Is there direct evidence that the test reduces morbidity, morbidity, and/or quality of life?
(2) What is the prevalence of disease in the target group? Can a high-risk group be reliably identified?
(3) Can the test accurately detect the target condition? (a) What are the sensitivity and specificity of the test?
(b) Is there significant variation between examiners in how the test is performed? (c) In actual testing
programs, how much earlier are patients identified and treated?
(4) Does treatment reduce the incidence of the intermediate outcome? (a) Does treatment work under ideal, clinical
trial conditions? (b) How do the efficacy and effectiveness of treatments compare in community settings?
(5) Is the intermediate outcome reliably associated with reduced morbidity and/or mortality?
(6) Does treatment improve health outcomes for people diagnosed clinically? (a) How similar are people
diagnosed clinically to those diagnosed by screening? (b) Are there reasons to expect people diagnosed by
screening to have even better health outcomes than those diagnosed clinically?
(7) Does testing result in adverse effects? (a) Is the test acceptable to patients? (b) What are the potential
harms, and how often do they occur?
(8) Does treatment result in adverse effects?

A complete listing of the organizations can be found on the National Guideline Clearinghouse website at
http://www.guidelines.gov/browse/browseorgsbyLtr.aspx?Letter=*.
h Hayes, Inc., provides technology assessment reports for health plans, managed care companies, hospitals, and
health networks and offers training programs to facilitate participants’ understanding of the HTA process.
g

20
PCDocs #: 492520

The Value of Laboratory Screening and Diagnostic Tests for Prevention and Health Care Improvement

B. Direct and Indirect Evidence of Test Impact on Outcomes
The analytic framework of the type shown in Figure 2 and used by such groups as the USPSTF
and EGAPP provides routes for evaluating direct and indirect evidence of the impact of testing
on patient outcomes. The direct route (#1 in Figure 2) follows a population that has been tested
long enough to determine whether the test had any ultimate impact on specified patient
outcomes, e.g., of improvements in mortality, morbidity, or quality of life. Prospective
experimental study designs, particularly RCTs, are the most rigorous for assessing test impact
along this direct route. As discussed below, generating direct evidence in this manner can be
challenging in many instances, and such studies often are not available.
When direct evidence of the impact of testing on patient outcomes using RCTs or similarly rigorous
methods is unavailable, impact on outcomes may be established through a chain of indirect
evidence, also shown in Figure 2. This would include assembling evidence from separate studies
establishing the ability of the test to detect a target condition (#3) and a treatment choice that affects
intermediate outcomes (#4) or patient outcomes directly (#5), and evidence that these intermediate
outcomes are strongly associated with patient outcomes (#6). Separate studies can be used to assess
adverse effects of the test (#7) or of the treatments (#8). Often at issue is whether such indirect
chains of evidence are sufficient to provide expert panels enough confidence to conclude that a test
has an impact on outcomes and can be recommended for clinical use.

C. Evidence Hierarchies Used for Screening and Diagnostic Testing
HTAs and other evidence reports appraise different types of studies in the available bodies of
evidence pertaining to the interventions being assessed. The various study designs offer
characteristic strengths and limitations for answering evidence questions.84, 85 In most instances,
whether for evidence reports sponsored by government, private non-profit, or commercial
programs, determinations of the methodological quality of the available studies are based on
evidence hierarchies and related quality criteria. Most of these hierarchies are arranged according
to the relative rigor of various study designs to account for the internal validity of the causal effect
of an intervention on specified outcomes. Typically, these hierarchies rank RCTs, or systematic
reviews of RCTs or meta-analyses of RCTs, as the highest form of evidence.89 Although
systematic reviews (some of which include meta-analyses) and meta-analyses do not themselves
constitute primary evidence, they are compilations or syntheses of evidence that may hold greater
weight than the individual RCTs (or other primary studies) of which they are comprised.
Two evidence hierarchies of particular importance for laboratory tests used in screening and
diagnosis are those of the USPSTF and EGAPP, shown in Table 2 and Table 3, respectively. The
USPSTF and EGAPP account not only for study design but for the quality of study execution, e.g.,
“properly powered and conducted RCTs” and “well-designed longitudinal cohort studies.” In
appraising the strength of evidence for clinical preventive services, the USPSTF places RCTs and
systematic reviews or meta-analyses of RCTs at the top level. EGAPP has evidence hierarchies for
each of analytic validity, clinical validity, and clinical utility. EGAPP places meta-analysis of
RCTs at the highest level, followed by single RCTs. In addition to its evidence hierarchies, the
USPSTF has a grading system for its recommendations, shown in Table 4 and Table 5. EGAPP
has a similar system (not included here).
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Table 2. USPSTF Hierarchy of Research Design
Level
I

Evidence Type
Properly powered and conducted randomized controlled trial (RCT); well-conducted systematic review
or meta-analysis of homogeneous RCTs

II-1

Well-designed controlled trial without randomization

II-2

Well-designed cohort or case-control analytic study

II-3

Multiple time series with or without the intervention; dramatic results from uncontrolled Experiments

III

Opinions of respected authorities, based on clinical experience; descriptive studies or case reports;
reports of expert committees

Source: U.S. Preventive Services Task Force Procedure Manual. AHRQ Publication No. 08-05118-EF. July 2008.

Despite its traditional emphasis on evidence from RCTs, the USPSTF has become somewhat more
flexible in its approach to grading of evidence and recommendations, as described in its methods
revisions made during 2007-08. The USPSTF’s approach may benefit further by continuing to
consider alternative evolving methods for evidence appraisal, including those described below. In
formulating their recommendations, both USPSTF and EGAPP rely not only on strength or quality
of evidence but on the anticipated magnitude of net benefit. Weighing both enables providing
favorable recommendations even when the evidence is not of the highest level. For example, as is
apparent in Table 4, the certainty of net benefit (i.e., benefit minus harms based on available
evidence) of a preventive intervention may be only moderate, due, for instance, to having level II-2
or II-3 evidence rather than level I evidence. However, if the expected magnitude of net benefit is
high or moderate, USPSTF can assign a “B” grade recommendation, meaning that the USPSTF
recommends offering or providing the intervention, as indicated in Table 4.
Table 3. EGAPP Hierarchies of Data Sources and Study Designs
for Components of Evaluation
Level

Analytic Validity

1
(highest)

Collaborative study using a large panel of
well-characterized samples
Summary data from well-designed
external proficiency testing schemes or
interlaboratory comparison programs
Other data from proficiency testing
schemes
Well-designed peer-reviewed studies
(e.g., method comparisons, validation
studies)
Expert panel reviewed FDA summaries
Less well designed peer-reviewed studies

2

3

4

Unpublished and/or non-peer-reviewed
research, clinical laboratory, or
manufacturer data
Studies on performance of the same basic
methodology, but used to test for a
different target

Clinical Validity

Clinical Utility

Well-designed longitudinal cohort
studies
Validated clinical decision rule

Meta-analysis of RCT

Well-designed case-control studies

A single RCT

Lower quality case-control and
cross sectional studies
Unvalidated clinical decision rule
Case series

Controlled trial without
randomization
Cohort or case-control study
Case series

Unpublished and/or non-peerreviewed research, clinical
laboratory, or manufacturer data
Consensus guidelines
Expert opinion

Unpublished and/or peerreviewed studies
Clinical laboratory or
manufacturer data
Consensus guidelines
Expert opinion

Source: Teutsch SM, Bradley LA, Palomaki GE, et al. The Evaluation of Genomic Application in Practice and
Prevention (EGAPP) initiative: methods of the EGAPP Working Group. Genet Med 2009;11(1):3-14.
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Table 4. USPSTF Recommendation Grid: Letter Grade of Recommendation
Certainty of
Net Benefit

Magnitude of Net Benefit
Substantial

Moderate

Small

Zero/Negative

High

A

B

C

D

Moderate

B

B

C

D

Low

Insufficient

Grade A indicates that the certainty of evidence is high that the magnitude of net benefits is substantial.
Grade B indicates that the certainty of evidence is moderate that the magnitude of net benefits is either moderate or
substantial, or that the certainty of evidence is high that the magnitude of net benefits is moderate.
Grade C indicates that the certainty of the evidence is either high or moderate that the magnitude of net benefits is
small.
Grade D indicates that the certainty of the evidence is high or moderate that the magnitude of net benefits is either
zero or negative.
Grade I indicates that the evidence is insufficient to determine the relationship between benefits and harms (ie, net
benefit).
Source: U.S. Preventive Services Task Force Procedure Manual. AHRQ Publication No. 08-05118-EF. July 2008.

Table 5. What the USPSTF Grades Mean and Suggestions for Practice
Grade

Grade Definitions

Suggestions for Practice

A

The USPSTF recommends the service. There is high
certainty that the net benefit is substantial.

Offer/provide this service.

B

The USPSTF recommends the service. There is high
certainty that the net benefit is moderate or there
is moderate certainty that the net benefit is
moderate to substantial.

Offer/provide this service.

C

The USPSTF recommends against routinely
providing the service. There may be considerations
that support providing the service in an individual
patient. There is moderate or high certainty that
the net benefit is small.

Offer/provide this service only if there
are other considerations in support of
the offering/providing the service in an
individual patient.

D

The USPSTF recommends against the service. There
is moderate or high certainty that the service has
no net benefit or that the harms outweigh the
benefits.

Discourage the use of this service.

I
Statement

The USPSTF concludes that the current evidence is
insufficient to assess the balance of benefits and
harms of the service. Evidence is lacking, of poor
quality or conflicting, and the balance of benefits
and harms cannot be determined.

Read “Clinical Considerations” section
of USPSTF Recommendation Statement.
If offered, patients should understand
the uncertainty about the balance of
benefits and harms.

Source: U.S. Preventive Services Task Force Procedure Manual. AHRQ Publication No. 08-05118-EF. July 2008.

In addition to periodic refinement of evidence hierarchies and grading systems used by the
USPSTF and EGAPP, other systems are being developed and adopted that have components
that are devoted in particular to interventions used in screening and diagnostics. Of particular
note are the Grading of Recommendations Assessment, Development and Evaluation (GRADE)
system90 and the Strength of Recommendation Taxonomy (SORT) system.91 These systems
provide explicit differentiation, including separate evidence hierarchies, of evidence
requirements for screening and diagnosis, and related guidance about using indirect evidence
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to make inferences about impact of these interventions on patient outcomes. GRADE is being
used (sometimes in adapted forms) by an increasing number of organizations, including AHRQ
EPCs, the Cochrane Collaboration, and certain medical professional societies and journals.
Developed by journal editors and other experts, SORT emphasizes a patient-centered approach
to appraising evidence.

D. Challenge of Relying on RCTs
The strength of RCTs is in their internal validity—how well the study design and execution
diminish the opportunity to introduce bias or inferential error that can affect results regarding
the true impact of interventions on outcomes under the particular conditions of the study.92 In
RCTs, randomization ensures that intervention groups (e.g., one getting a new intervention and
one getting standard care) differ only in their exposure to the intervention, so that differences in
observed impacts can be attributed to differences in the intervention.
Notwithstanding their strengths, there are disadvantages to RCTs in the context of evidence
appraisals, particularly for laboratory tests. Given the multiple intervening steps between
accurate diagnostic results and improved health outcomes, it can be time-consuming, complex,
costly, and, in certain instances, not feasible, to conduct RCTs on laboratory tests that yield
direct evidence on patient outcomes.27, 93 The time between the use of a laboratory test until the
time that patients experience a change in health outcomes that may have been influenced by
that test can be years or even decades. Blinding of patients (as well as clinicians and
investigators ) in an RCT, e.g., as to whether patients received one test vs. another, or a test vs.
no test, may be impractical. It may be difficult to account for all confounders that may affect
patient outcomes in an RCT (e.g., “washing out” previous or current other treatments that may
affect outcomes). The impact of a test may be difficult to isolate relative to the impacts of other
diagnostic and therapeutic interventions, as well as any relevant environmental and behavioral
factors experienced by a patient, between the time of the test and assessment of ultimate patient
outcomes.57 Results of the RCTs, typically conducted with carefully selected patients under
carefully controlled conditions, may not be generalizable to the broader patient population in
real-world clinical practice. RCTs may not be able to consider or account for patient
preferences, which may reflect on their relevance for patient-centered care.93, 94 To the extent
that a substantial body of evidence from other study designs has accumulated, it may be strong
enough to obviate the need for RCTs. Further, enrolling sufficient numbers of patients in RCTs
and identifying clinical investigators may be impractical under those circumstances.
Methods other than RCTs are better suited to answering certain questions about the clinical
impact or value of health care interventions, including screening and diagnostic testing. For
example, the best method for assessing prognosis of a condition (disease, disorder) may be a
patient cohort study of people with the condition with follow-up at uniform time intervals in
the clinical course of the condition. Case control studies can be used to identify risk factors for a
condition. Test accuracy (sensitivity, specificity, positive and negative predictive value) can be
assessed by a large cross-sectional study of patients known to have a condition. Registries and
surveillance studies can be used to monitor patient populations for the incidence of serious or
rare adverse effects that may not arise in RCTs that are too small, insufficiently representative of
target patient populations, or too short in duration to detect such adverse effects. Although
clinical trials that are not randomized and observational studies tend to be less rigorous (for
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minimizing sources of bias) than RCTs, a well-designed studies of these types can provide
evidence that is sufficiently strong for making clinical and policy decisions.23, 85, 27, 95
As noted above, evidence requirements and grading approaches that are applied to laboratory
testing are gradually changing and are being affected by trends in generation of primary data
and analyses of observational data. While RCTs will remain the preferred study design for
establishing causal effects of interventions on patient outcomes, strengthening of other study
designs and emergence of others are helping to supplement and, in some instances, substitute
for RCTs. Included are evolving variations in traditional clinical trial designs (e.g., practical
clinical trials and adaptive and Bayesian trial designs) and “mining” and other analyses of
clinical data sources (e.g., electronic medical records, patient registries) to evaluate populations,
interventions, and outcomes. New methods also may involve studies by clinical laboratories
that can link de-identified patient samples gathered for testing purposes to patient outcomes.
New methods and tools for developing and evaluating evidence are necessary to adequately
address the effectiveness of interventions on risks, the changing disease patterns of
comorbidities, and heterogeneity of treatment effects based on individuals’ genetic variations.96

E. Challenges Associated with Implementation of Screening in Clinical Practice
1. High Value Screening Tests Underused by Clinicians
There is substantial evidence that clinicians often fail to order appropriate clinical laboratory tests
to screen for, diagnose, and monitor patient health conditions, including those tests
recommended in clinical guidelines or incorporated into performance measures to evaluate
quality of care.97, 98 Underuse is a common problem for several laboratory tests that reduce
mortality by detecting disease early or that prompt interventions to control risk. For example, the
American Cancer Society recommends that, beginning at age 50, men and women at average risk
for developing colorectal cancer receive (depending on patient preference and other factors) one
of a set of tests that detect polyps and cancer (flexible sigmoidoscopy, colonoscopy, doublecontrast barium enema, or CT colonography) or that mainly find cancer (fecal occult blood test
[FOBT], fecal immunochemical test [FIT], or stool DNA test [sDNA]) at designated intervals,
including follow-up colonoscopy when certain of these tests are positive.99 Yet, the 2006 National
Healthcare Quality Report (NHQR) reported that only 52% of adults over age 50 had colorectal
cancer screening by any method in the previous 2 years, indicating that just under half of adults in
this population are not following the recommended screening schedule.100 Some tests are
overused relative to existing guidelines; one example concerns Pap smears. A study published in
2004 reported that half of all women who had undergone hysterectomy (or nearly 10 million
women) received unnecessary Pap smears within the three years leading up to 2002, excluding
those Pap smears that may have preceded a recent hysterectomy and hysterectomies that spared
the cervix or were performed for cervical neoplasia.101
Clinical laboratory tests also are important tools to control, manage, and monitor chronic
conditions. They can detect complications of care and prevent the development of additional
comorbidities. Underuse also is prevalent in this regard. For example, elevated blood
cholesterol (i.e., LDL and total cholesterol) is an especially important risk factor for heart
disease and contributes to the management of diabetes. Significant progress has been made in
raising patients’ awareness of the importance of cholesterol screening. However, according to
an analysis by the National Center for Health Statistics, only 65% of men and 70% of women 20
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years or older have had their cholesterol level checked in the last five years.102 According to the
NHQR, the lack of adequate screening contributes to overall poor control of high cholesterol in
the population.103 Of course, measurement alone does not assure desired outcomes; rather,
patients must receive needed therapeutic adjustments and counseling from clinicians for
effective metabolic control.104 Nevertheless, without reliable test results, the clinician cannot
make appropriate adjustments or give informed medical advice.
Inadequate use of certain types of testing contributes to the great disparities in health care
services in the U.S.105 For example, living in a low socioeconomic area has been a key
determinant in late-stage diagnosis of colorectal cancer, more so than age, race, gender, and
source of care. Poor African-Americans are at increased risk for both occurrence of and
mortality from colorectal cancer.106, 107 One study found that 50% of excess mortality observed
in African-Americans was due to late-stage diagnosis.108 A prominent barrier to adequate
screening is lack of health insurance. Providers may not make recommendations for screening
or diagnostic tests due to patients’ inability to pay for the test or follow-up treatment or
providers may focus “triage” to the patients’ most pressing health need at the moment.105 Lowincome populations also may be challenged by lack of health literacy, language barriers,
negative perceptions about certain diseases, and practical considerations (e.g., job demands).
Multiple reasons are offered regarding why clinicians are not adequately promoting the benefits
of well-established screening and preventive services consistent with clinical practice
guidelines. Box 11 lists some of the main reasons cited in the literature.
Box 11
Provider Barriers to Preventive Care
 Insufficient time during the clinical encounter
 Organizational barriers (e.g., offering only those preventive services associated with performance
measures, administrative costs)
 Provider attitude toward patients (e.g., anticipated lack of patient cooperation with recommended
test, inattentiveness to language barriers)
 Provider beliefs and lack of knowledge concerning the evidence supporting the guidelines (e.g., that
evidence is inconclusive, insufficient, or conflicting; high number of false negatives)
 Lack of financial incentives encouraging prevention (e.g., capitation, low payment, lack of shortterm savings).21, 105, 109-112

2. Insufficient Patient Knowledge of High Value Tests
Patients often expect to receive a laboratory test during physician office visits.113 They may
even see such tests as evidence of sound medical treatment or acknowledgement that their
concerns have been heard. Generally, patient expectations are tied to routine screening tests,
including blood counts, urine tests, blood chemistries, Pap smears for women, and prostate
specific antigen (PSA) tests for men.114, 115 Patient satisfaction does not seem to be linked to
whether expectations were met or not for tests or specialist referrals, although less satisfaction
has been reported when new medications are expected but not received.116
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There are reported marked differences in patient knowledge and requests of certain widely
used screening and diagnostic tests, such as FOBT or fecal immunochemical tests (FIT) for
colorectal cancer, C-reactive protein for heart disease, and serologic tests for sexually
transmitted diseases. For example, a study published in 2005 assessed barriers to screening (via
FOBT, FIT, or colorectal endoscopy) in adults 50 years or older who had never been tested or
were not current for recommended screening for colon cancer. Patient-related lack of
knowledge, awareness, and motivation was cited as the main barrier for about 77% of these
individuals and lack of access or provider recommendation were cited as the main barrier for
about 22%. Only 10% of adults not current with testing and who had a doctor visit in the past
year reported receiving a screening recommendation.117 Even when patients are aware of
screening recommendations, they may not follow through due to other barriers, such as lack of
health insurance. Underserved populations tend to be most vulnerable in this regard.118
Many providers believe that meeting patient expectations, when medically warranted, is
important to satisfaction with care and contributes to health outcomes by improving
compliance with treatment and follow-up.119 However, the actual effect of patient expectations
on satisfaction with care is mixed.113 In some instances, patients may want information rather
than specific actions (e.g., test ordering). Patient expectation for testing may vary by the
prospects of unfavorable test results or out-of-pocket costs associated with diagnostic tests.120
Pursuant to patient-centered care, providers must manage patient demands and expectations
for laboratory tests and counsel them as to those that would best serve their health needs.121

3. Lag Times and Varying Evidence Expectations
Two factors that introduce uncertainty and inconsistency to incorporation of evidence into
practice are lag times and varying evidence expectations among organizations that generate
clinical practice recommendations. Lag time from appearance of relevant new evidence
pertaining to a laboratory test through updating recommendations about use of the test remains
a significant challenge to clinicians, patients, payers, and other stakeholders. This applies to
any organizations engaged in appraising evidence, including the USPSTF, EGAPP, health
professional expert panels, HTA vendors, and others. To the extent that such recommendations
are used to inform practice guidelines and coverage policies, this time lag can slow access to
beneficial laboratory tests and other interventions. Given its important role in generating
evidence-based recommendations pertaining to laboratory testing and other services used in
prevention, it is helpful to consider the USPSTF with regard to these factors.
The USPSTF tends to have among the more rigorous evidence requirements of the expert
advisory groups that generate recommendations or guidelines for clinical preventive services.
Also, the USPSTF is among the organizations that places explicit emphasis on direct evidence of
the impact of preventive interventions on patient outcomes, not just intermediate or surrogate
outcomes. As such, this can result in “I” statements (insufficient evidence to recommend for or
against using a service) rather than “A” or “B” recommendations (to offer or provide a service)
in some instances where other organizations recommend offering or providing the service.
Like other public and private sector efforts that generate evidence-based recommendations for
clinical practice, the USPSTF is subject to delays from the publication of new evidence on a topic
to the time at which this evidence can be incorporated into a new or revised recommendation.
Given resource constraints and the backlog of topics, there are time lags between updates of any
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topic. As such, relevant evidence may come into the public domain and be incorporated by
some expert advisory groups’ processes before others.
The USPSTF 2008 update of its 2003 recommendation about screening for prediabetes and
diabetes provides a useful example about varying evidence requirements and time lags. In the
2008 update, and drawing on clinical trial evidence generated since the 2003 recommendation, the
USPSTF narrowed its grade B recommendation for screening for type 2 diabetes in asymptomatic
adults by retaining screening for those with sustained high blood pressure but dropping the
recommendation to screen those with hyperlipidemia. Even so, the USPSTF stated that clinicians
should assess overall cardiovascular disease risk in patients, and that if the patient’s risk is near a
threshold for treatment with lipid-lowering drugs, they should screen for diabetes to assess the
patient’s cardiovascular disease risk. The USPSTF found that there is still insufficient evidence to
establish the impact of routine screening for type 2 diabetes on patient outcomes for
asymptomatic individuals with normal blood pressure.122 In 2009, the American Academy of
Family Physicians modified its recommendation in a manner that aligned with the USPSTF. In
contrast, in its 2009 statement, the American Diabetes Association recommends screening for
diabetes and prediabetes beginning at age 45. The Canadian Task Force on Preventive Health
Services guideline, last updated in 2005, recommends screening for patients with hypertension or
hyperlipidemia. (See accompanying case study on screening for type 2 diabetes and prediabetes.)
In its most recent review of the topic in 2003, the USPSTF concluded that the evidence was
insufficient to (1) recommend for or against the routine use of new technologies (i.e., HPV testing,
liquid-based cytology, computerized rescreening, and algorithm based screening) as a primary
screening tool, or (2) determine whether new technologies are more effective than conventional
Pap smear screening, in reducing incidence of or mortality from invasive cervical cancer.123
Currently, the USPSTF is revisiting the topic of cervical cancer screening and, as such, is expected
to consider new evidence from several RCTs published since 2002 confirming the value of adding
HPV testing to cervical cytology. (See accompanying case study on HPV screening.)
In screening for hepatitis C virus (HCV), the CDC recommends screening of a broad range of
high-risk individuals.124 In contrast, in its 2004 statement, the USPSTF found insufficient
evidence to recommend for or against routine screening for HCV infection in adults at high risk
for infection. In particular, USPSTF found no evidence that screening for HCV infection in
high-risk adults leads to improved long-term health outcomes, although there is good evidence
that antiviral therapy improves intermediate outcomes, such as viral loads of HCV.125

IV. Effect of Value Assessments on Reimbursement Policy
A considerable set of challenges to the laboratory medicine sector involves payer
reimbursement policies that govern coverage decisions, payment rates, and coding of new
tests.8 Public and private sector insurers use independent processes to conduct HTAs and other
evidence appraisals that inform their respective reimbursement decisions. The policies of the
Centers for Medicare and Medicaid (CMS), the nation’s largest health care purchaser, have an
especially strong influence on the reimbursement policies of other federal, state, and private
sector payers, particularly with regard to payment rates.11, 126
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Specific challenges involving payers include the following.



Coverage of certain laboratory tests based on medical necessity criteria is variable
across payer groups, particularly for certain screening tests and for genetic and other
newly developed molecular tests.



Among public and private sector insurers, the multitude of different payment
schedules for inpatient and ambulatory care services used through local payer entities
can be burdensome to manage and difficult to assess for periodic fee increases, and can
result in payment shortfalls and inconsistencies across carriers.



The standardized coding systems used to list a test on a fee schedule and process
claims, as well as the mechanism for updating codes, are inadequate, which leaves
providers to use existing codes and underdeveloped code modifiers that lack
specificity for newer and emerging tests.

Many of these challenges have been brought to the attention of policy makers in other reports;8
however, progress in resolving them remains slow.

A. Coverage Decisions
Medicare Coverage. Medicare’s authorizing legislation in 1965 established broad categories of
coverage for hospital, physician, and laboratory services, but limited payment to expenses
deemed reasonable and necessary for the “diagnosis or treatment of illness or injury or to
improve the functioning of a malformed body member” (emphasis added).127 This means that
the original Medicare statute effectively restricts payment for preventive and screening
interventions in patients without signs, symptoms, complaints or personal history of disease or
injury, unless otherwise specified by Congress.
In general, policymakers understand the importance of screening and preventive services in
improving patient health and reducing expenditures. In 2003 and 2005, Congress expanded
Medicare coverage to include certain screening tests, such as those for cardiovascular disease and
diabetes.128 More recently, under the Medicare Improvement for Patients and Providers Act of
2008, CMS gained authority to consider adding preventive services that “that identify medical
conditions or risk factors” that the Secretary of Health and Human Services deems “reasonable
and necessary for the prevention or early detection of an illness or disability,” and those
recommended by the USPSTF.129 As such, the advantages and disadvantages of the USPSTF’s
approach to developing recommendations for clinical preventive services may be reflected in
Medicare coverage policies.
As is so for other payers, Medicare coverage decisions are subject to time lags, reflecting processes
to review and revise coverage decisions and the time lag of peer-review publications. Such time
lags may delay coverage determinations concerning some innovative technologies and testing
methods. Coverage decisions are also affected by the quality of relevant available evidence and
some requests for further evidence. The CMS Medicare Evidence Development and Coverage
Advisory Committee (MEDCAC) examines available evidence, including in the form of HTAs
prepared by EPCs at the request of CMS, in advising CMS regarding pending national coverage
determinations (NCDs) for Medicare. For 85% of the various technologies evaluated from 1999 to
2007, including some diagnostic tests and procedures, CMS considered the evidence fair or poor.
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Positive NCDs were made in 60% of cases, although almost always with conditions placed on the
population or setting to which coverage applies. The conditions for coverage vary, although they
increasingly involve restrictions tied to disease severity and treatment regimens as well as
requirements for clinical trials, registries, or other data collection.130
Consistent with the Medicare statute, most genetic tests are not covered by Medicare unless they
are performed on symptomatic individuals or are used to identify treatment-responsive
populations.8, 131 In 2009, CMSi is reviewing scientific evidence on genetic tests and assess their
value for coverage decisions, including innovative oncology tests and pharmacogenomic tests.
Private Payer Coverage. Private payers maintain their own processes for making coverage
decisions and may choose to adjust policies following the introduction of new technologies to the
market. In addition to matters of clinical benefit for their beneficiaries, these policies may be
affected by a variety of sources, such as state mandates, consumer preference, or financial
considerations. Payers often negotiate specific coverage policies with the groups or employers
purchasing the health plan.133 Private payers increasingly draw on HTAs prepared by HTA
vendors and other HTA programs and agencies to inform their coverage decisions. Generally, there
is consistency in coverage among private sector payers in routine laboratory screening and
diagnostic testing associated with standard of care, although some variations remain.14
Due in part to how recently these tests have become available and their innovative nature, private
payers vary widely in their coverage of pharmacogenomic and other genetic and molecular-based
tests, making their own decisions on a case-by-case basis. Consistent with higher and more
explicit evidence requirements, payers seek evidence on clinical utility as well as analytical
validity and clinical validity for these tests. Private plans generally cover a pharmacogenomic
test when it is recommended on a drug label, such as the HER-2/neu test to determine whether
Herceptin treatment should be recommended for patients with breast cancer.134 Coverage
decisions may vary significantly across individual payers in instances where there evidence is
limited on clinical utility and costs associated with a test.14, 133-135

B. Payment Systems
Methods of paying for laboratory tests are complex and vary by provider site (e.g., inpatient,
outpatient, ambulatory care) and type of test (e.g., clinical or anatomic pathology).8 In most
instances, the Medicare prospective payment systems for inpatientj and ambulatory care serve
as the basis for federal and private sector payment, although other payers may assign their own
payment rates. The ambulatory care payment schemes have proved to be the most challenging
for the diagnostics industry.

Aside from a few CMS Medicaid-mandated newborn genetic screening tests, coverage decisions are the
responsibility of the state Medicaid programs and can vary substantially from state to state.132
j For inpatient care, technical fees for laboratory services are bundled into diagnosis-related groups (DRGs) based on the
patient’s diagnosis; ambulatory patient classifications (APC) are used for payment of hospital outpatient surgery.
i
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Laboratory tests for ambulatory care are paid according to predetermined, fixed-fee schedules,
negotiated contracts, or competitive bidding contracts.k The main CMS fee schedules are the:



Medicare physician fee schedule (MPFS), which covers clinician services, including
pathologist interpretive services for certain anatomic pathology or molecular tests



Medicare Clinical Laboratory Fee Schedule (CLFS) for payment of clinical laboratory
tests

Private payers often use the MPFS and CLFS for setting their own payment rates as a multiple
or percentage of Medicare rates, although private payers typically negotiate contracts with
providers and suppliers, including clinical laboratories.
Policies related to the CLFS have proven to be the greatest challenge to laboratories for several
reasons. The CLFS was established in 1984 and is based on prevailing charges from 1983. The
CLFS contains payment ceilings, or national limitation amounts (NLA). While Congress
originally intended to adjust the CLFS annually for inflation, this has rarely occurred.14 Over
the past 25 years, the NLAs have been reduced seven times; also, there were only two pricing
updates, 1.1% (2003) and 4.5% (2009), during the period 1997-2009.11, 136 Because the CLFS
historically has been managed at the local level by 56 local carriers, there have been essentially
56 different fee schedules until recently. Now that CMS has consolidated these carriers into 15
Medicare Administrative Contractor (MAC) jurisdictions, some consolidation of these fee
schedules is occurring. According to a recent report by the Office of the Inspector General
(OIG) at HHS, 83% of carrier rates were at the NLAs and 89% of claims are paid at the NLAs.137
However, 97% of lab tests had at least one carrier rate that varied from the NLA. For some of
the most frequently used tests, OIG found wide variations in payment levels, including
variations of up to 40% for complete blood count, 30% for a urinalysis, 28% for glycosylated
hemoglobin, 27% for lipid panel, 19% for prothrombin time, and 11% for basic metabolic
panel.137 As noted in our earlier report and elsewhere, the CMS processes for developing CLFS
payment rates for new test HCPCS codes pose significant uncertainties and other challenges for
laboratories and manufacturers that hinder incentives to innovate in this area.8, 94

V. Key Findings and Conclusions
Overarching conclusion:
Innovation, demonstrated clinical benefit, and appropriate use of laboratory screening and diagnostic
tests are essential to achieving goals of health system reform. Clinical laboratory testing is integral to
evidence-based improvements in health care quality, patient outcomes, efficiency, and accountability.
1. Screening and diagnostic tests contribute to health care value across the spectrum of
care. Information from clinically appropriate testing contributes to early detection,
diagnosis, patient and clinician decision-making, choice of treatment, therapeutic
monitoring, reducing adverse events, improved health outcomes and quality of life, and
more cost-effective care.

k

Refer to the CDC-sponsored report, Laboratory Medicine: A National Status Report, for a full review of reimbursement
policy and payment calculation methodology at http://www.futurelabmedicine.org
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2. Laboratory testing, including existing, new, and emerging testing technologies, aligns
with and will have an integral role in meeting major goals of national health reform.
These aspects include wider access to testing; early detection and treatment; support of
personalized medicine and other tailored services for priority populations and others;
more appropriate, efficient and cost-effective care for chronic conditions; slower disease
progression; and faster recovery and less disability.
3. A growing body of evidence demonstrates the value of laboratory screening tests in
primary prevention—that is, in early detection at a time when it is possible to prevent
the onset of disease, not just treat disease after it has occurred. Primary prevention
offers opportunities for cost-effective care and net savings in some instances. Advances
in genetic and molecular testing are enhancing the potential of primary prevention
through identification of individuals with pre-dispositions for disease.
4. Key HTA and clinical practice guideline groups are setting high evidence bars,
emphasizing explicitly the need for demonstrating the clinical utility of tests used in
screening and diagnosis. In addition to analytic validity (test accuracy, precision,
robustness), which is typically established by regulatory processes, and clinical validity
(detect and predict probability of having a disorder based on a test result), there is
greater demand for evidence of clinical utility (impact on clinical outcomes and
usefulness to patient and clinician decision-making) by the USPSTF, EGAPP, various
HTA agencies, private payers, and others.


RCTs that provide direct evidence of impact of testing on patient outcomes remain
preferred to other study designs and indirect evidence of such impact. This remains a
challenge to, and can be impractical for, demonstrating value of testing, particularly
given the confounding effects of intervening decisions, interventions, and
environmental factors between testing and ultimate outcomes, and the costs and time
(which can be years or decades) needed to assess impact on outcomes using RCTs.



Evidence hierarchies and grading systems, such as recently revised ones by the
USPSTF and those of EGAPP and GRADE, should continue to be adapted for
screening and diagnostic testing, accounting for emerging, practical study designs
for validating tests and accompanying evidence appraisal methods.



The explicitness of evidence expectations by regulators, guideline groups, and other
gatekeepers provides opportunities for test manufacturers and clinical laboratories
to build evidence requirements into innovation, development, validation, and
marketing of laboratory tests.

5. Varying evidence standards and time lags for assessing evidence and updating
recommendations and guidelines introduce inconsistency and uncertainty to
incorporating evidence about some laboratory tests into practice. Lag time from
appearance of relevant new evidence through updating and disseminating
recommendations can affect health care quality and access. Different evidence
requirements, including the generally more rigorous ones of USPSTF compared to others,
along with varying review cycles of these groups, can result in divergent findings in such
areas as screening for diabetes, human papillomavirus, and hepatitis C virus. These
factors also pose risk and uncertainty to laboratories and test manufacturers.
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6. New methods and analytical tools are emerging for assessing and demonstrating the
clinical and economic impact of laboratory tests. While RCTs remain the preferred
study design for establishing causal effects of interventions on patient outcomes,
strengthening and emergence of other study designs are helping to supplement and, in
some instances, may substitute for traditional RCTs. Included are variations in
traditional clinical trial designs; “data mining” of claims data, patient registries, and
electronic medical records; retrospective studies of specimen remnants; and analyses of
linked data sets of laboratory data and patient outcomes.
7. Laboratory testing has prominent roles in the national agenda for comparative
effectiveness research that provide opportunities for broad demonstration of value in
“real-world” health care. Two main roles for laboratory testing in CER are: (1) for
patient selection and tracking intermediate and long-term health outcomes in CER of
other interventions, and (2) as the index interventions for CER, e.g., in head-to-head
comparisons of alternative laboratory tests or comparisons of laboratory tests to other
tests for particular health care conditions. Included among the Institute of Medicine’s
recommended top national CER priorities are screening for methicillin resistant S. aureus
(MRSA) and genetic and biomarker testing for multiple types of cancer.
8. Greater investment is needed in the small but growing body of evidence on the economic
impact of laboratory testing. As is so for many other types of health care technology,
wider demand by clinicians, provider institutions, payers and policy makers, including
in national deliberations on health reform, calls for evidence pertaining to the distinct
analyses of cost-savings, cost-effectiveness, and cost-utility of laboratory testing.
Findings about laboratory tests that are truly cost-saving or highly cost-effective, such as
colorectal cancer screening in adults aged 50-75 and screening young women for
chlamydial infection, should be broadly recognized and used as models for further
work. Key considerations are that economic impact of specific tests can vary
significantly depending on the population targeted (with testing of high-risk
populations more likely to be cost-effective) and tradeoffs between the cost of greater
testing frequency and yield of cases detected.
9. Laboratory testing has a central role in personalized medicine, whose extraordinary
potential is recently emerging into practice. Recent scientific and technological
advances have led to molecular-level and genetic testing, including pharmacogenomics,
that enable tailoring therapies to subgroups and individuals, i.e., to ensure ‘the right
treatment for the right patient at right time.’ In parallel, EGAPP and other groups are
developing evidence frameworks to guide assessments of such genetic and genomic
testing technologies.
10. Payment policies that govern coverage decisions, payment rates, and coding of new
tests remain major challenges to the laboratory medicine sector. Coverage of certain
laboratory tests, particularly certain screening tests and for genetic and other newly
developed molecular tests, is variable across payers. The multitude of payment schedules
for inpatient and ambulatory care services used through local payer entities can be
burdensome to manage and difficult to assess for periodic fee increases, and can result in
payment shortfalls. The coding systems used to list tests on fee schedules and process
claims, and the mechanisms to update them, are inadequate, often leaving providers to
use existing codes and underdeveloped code modifiers that are not specific to newer and
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emerging tests. Medicare’s processes for developing CLFS payment rates for new test
HCPCS codes pose significant uncertainties and other challenges for laboratories and
manufacturers that hinder the incentive to innovate in this area. Progress in resolving
these longstanding problems remains slow.
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Case Study I:
Rapid Testing for Methicillin-Resistant Staphylococcus Aureus (MRSA)
Magnitude and Importance of MRSA
Health care-acquired infections (HAIs) are caused by bacteria and other microorganisms that
may be resistant to one or more classes of antimicrobial agents. HAIs are a major cause of
medical complications and death, and account for increased treatment costs around the world.1
According to the Centers for Disease Control and Prevention (CDC), nearly 2 million patients
suffer from an HAI in U.S. hospitals each year, resulting in 99,000 deaths and $20 to $45 billion
in additional health care costs.2, 3
The majority of HAIs occur in hospitals, particularly intensive care units, and long-term care
facilities, but are transmissible in any health care setting. Bacterial pathogens can be
transmitted to patients from contaminated health care workers’ hands, clothing, or other
devices; contaminated medical equipment (e.g., surgical equipment); catheter insertion and
maintenance; and patient-to-patient contact. Opportunities for transmission increase
dramatically as patients transfer between health care settings. In many instances, individuals
are colonized (i.e., carriers) but do not have signs and symptoms.
Multidrug resistant organisms (MDRO) refer to HAI-related pathogens that are not susceptible to
certain antibiotics. The most common MDROa is methicillin-resistant Staphylococcus aureusb
(MRSA)—pathogens resistant to penicillins and cephalosporins. In the early 1990s, MRSA
accounted for 20-25% of all Staphylococcus aureus (S. aureus; which includes methicillin-susceptible
S. aureus [MSSA]) isolatesc identified in hospitalized patients. However, by 2007, that proportion
increased to 50% based on data reported to the CDC’s National Healthcare Safety Network.5, 6
Other reports indicate that MRSA causes about 30% of surgical site, 24% of ventilator-related
pneumonia, 10% of central line, and 2% urinary catheter-associated bloodstream infections.
Across all ICUs (e.g., cardiac, pediatric, surgical), 70% of HAIs are MRSA-related.6
Evidence is accumulating to justify expanded MRSA screening practices in health care.
According to a national survey conducted from 2001 to 2004 (the most recent data available),
the prevalence distribution of S. aureus colonization is changing. While the overall prevalence
of S. aureus in patients decreased from 32.4% (2001-2002) to 28.6% (2003-2004), the percentage of
those with methicillin-resistant S. aureus increased from 0.8% to 1.5% during that same time
span.7 This means that roughly 89 million Americans over age 1 year are undetected carriers of
S. aureus, of which 1.3 million are MRSA carriers. This subpopulation serves as a reservoir for
person-to-person transmission in health care settings. Screening tests for MRSA identify
carriers so that appropriate and timely control measures can be implemented to minimize the
spread of MRSA to patients who are in weakened, compromised conditions and more likely to
acquire a hospital induced infection.
Other MDRO pathogens include vancomycin-resistant Enterococcus species (VRE), multi-drug resistant gramnegative bacilli, and vancomycin-resistant Staphylococcus aureus.
b MRSA was first identified in England in 1961, two years after the introduction of methicillin, and first reported in
the U.S. in 1968.4
c An isolate is a pure microbial or viral sample that has been obtained from an infected individual.
a

A-3
PCDocs #: 491209

Case Study I: MRSA

New strains of MRSA are evolving rapidly. Community-associated MRSAd (CA-MRSA) poses a
great public health concern, as certain strains have genetic qualities that allow them to mutate
quickly and transmit readily over wide geographic areas, resulting in more severe and atypical
manifestations of the disease.4 As a result, individuals increasingly present to emergency rooms
with CA-MRSA (about 60% of emergency room visits for skin and soft tissue infections). Changing
resistance patterns and strains of MRSA in ICUs reflect the growing threat of CA-MRSA. Some
experts contend that CA-MRSA may overtake health care-acquired MRSA in coming years.8
Thus, an active surveillance program to screen patients as they enter the health care system and
monitor them regularly during extended stays is the most effective method for detecting
underlying pathogens and antibiotic resistance in a growing proportion of the population.9, 10

High Economic Burden
The economic burden of HAIs is substantial. The major contributors to direct hospital costs
associated with MRSA infections include increased hospital length of stay, ICU length of stay,
use of single rooms for isolation, use of more expensive antibiotics to treat MRSA, and use of
laboratory tests for monitoring of infections.11-13
Adjusted to 2007 dollars using the consumer price index (CPI) for inpatient hospital services,
CDC estimates that the direct cost per case for all HAIs ranges from $20,549 to $25,903, for a
total of roughly $36 to 45 billion in annual costs.3 Costs per case of bacteremia also tend to be
higher for MRSA than for MSSA. Patients with bacteremia due to MRSA have nearly double
the mortality rate, 30% longer hospital stays, and 36% to 40% higher hospital costs than patients
with MSSA.14 This economic burden is accentuated by the indirect costs to patients and society
resulting from lost income and productivity.
Data from CDC’s National Healthcare Safety Network reported that the most common source
of bacteremia was central line catheters, with infection rates of 38% among patients with these
catheters.6 Table 1 provides a summary of the per-patient hospital and total annual hospital
costs for all HAIs and selected sites of infection as estimated by CDC.
Table 1. Estimated per patient and total costs for the most frequently occurring deviceand procedure-related sites of infection based on 2007 CPI for inpatient hospital services
No. of infections

Estimated
per patient costs

Estimated
total annual costs

1,737,125

$20,549 - $25,903

$35.7 - 45 billion

SSI

290,485

$11,874 - $34,670

$3.5 - 10 billion

CLABSI

92,011

$7,288 - $29,156

$0.67 - 2.7 billion

VAP

52,543

$19,633 - $28,508

$1 - 1.5 billion

CAUTI

449,334

$862 - $1,007

$1.2 - 1.6 billion

All HAIs

+SSI—surgical site infections; CLABSI—central venous line-associated bloodstream infection; VAP—
ventilator-associated pneumonia; CAUTI—catheter-associated urinary tract infections.
Source: Scott RD. The direct medical costs of healthcare-associated infections in U.S. hospitals and
benefits of prevention. Centers for Disease Control and Prevention, March 2009.
d

Population groups often at greater risk for CA-MRSA include soldiers, athletic teams, prisoners, farmers, homeless,
homosexual communities, population-dense households, nursing homes, and those in long-term rehabilitation.
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Rapid Tests for MRSA
Microbiology laboratory tests provide clinicians with critical information to guide antimicrobial
drug selection; implement control measures to prevent, isolate, or limit the spread of the
infection; and monitor the effectiveness of treatment and control efforts.15 Detecting MRSAcolonized patients is important for overall prevention of MRSA infections as well as control of
MRSA transmission in health care settings. Newly colonized individuals have an estimated
30% risk of infection in the year following hospital discharge.16
Tests used for screening asymptomatic individuals typically use specimens from nasal swabs,
whereas tests used for diagnosis use a blood or wound specimen. MRSA can be detected using
newer culture methods such as broth-based enrichment, solid agar (salt-based) media, and
chromogenic agar media, or molecular methods, including real-time polymerase chain reaction
(PCR). The literature varies widely in the definition of rapid testing techniques—some
researchers limit the term rapid testing to PCR-based methods, while others use a broader
definition to include the newer culture-based methods. For purposes of this case study, the
term “rapid tests” refers to those that detect MRSA in 24 hours or less; this applies to the newer
culture-based methods and PCR-based methods. This does not include additional testing (or
time) to identify the MRSA strain via culture-based methods.
Culture-based methods are highly accurate but may take multiple steps and more time to
process. In general, there are two parts to culture-based MRSA testing: (1) confirmation of the
presence or absence of MRSA; and (2) if the results are positive, susceptibility testing to identify
the strain of MRSA present in the specimen. For example, for one type of culture test,
specimens are obtained from patientse and set in a nutrient-rich liquid that facilitates growth of
MRSA; the enrichment broth is sub-cultured to a solid selective medium that identifies the
presence of MRSA. This first step takes at least 24 hours (laboratory time). The second step,
antibiotic susceptibility testing, determines the antibiotics to which the micro-organisms are
resistant and susceptible, and requires another 24 hours.17 Total test turnaround time, counting
laboratory, transport, and other time-related factors, can extend 48-72 hours.
More recently, innovative PCR-based molecular techniques have reduced detection time for
certain pathogens, including MRSA, to a few (e.g., two) hours of laboratory time. However,
susceptibility testing is still required to identify resistance and susceptibility to antibiotics using
the techniques described above.18 Molecular methods test for certain genetic componentsf of
MRSA and consolidate certain aspects of testing. Some rapid MRSA tests are designed as
diagnostic tests to identify MRSA only from sterile specimens (e.g., blood) whereas other tests
were developed as screening tests that can detect MRSA from nonsterile nasal and other
swabs.19, 20 The high negative predictive value of these assays and their shortened turnaround
time provide a valuable tool for infection control. Several studies have found increased use of
PCR-based testing as the standard of care when compared to direct routine culture.21-23

Clinical Value of MRSA Testing
Specimens obtained from individuals may be either nonsterile, e.g., swabs from such anatomical sites as nostrils or
throat, or sterile, e.g., blood, cerebrospinal fluid, other body fluids.
f Most commercially available molecular methods detect the junction between the S. aureus chromosome and the
SccMec cassette that carries the mecA gene.
e
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The clinical analytic framework for MRSA testing depicts high clinical and economic value, as
shown in Figure 1 (next page). Rapid MRSA testing yields clinical value in several different
ways, including:


Enhanced capacity for active surveillance to detect MRSA in asymptomatic individuals
and minimize patient-to-patient transmission



Improved diagnostic accuracy and predictive value in tests to identify individuals with
true positive colonizations and infections and rule out true negatives



Improved therapeutic decision-making for antibiotic selection and implementation of
control precautions



Avoidance of unnecessary patient isolation and the adverse psychosocial effects of
isolation (i.e., depression and anxiety)



Potential for improved patient outcomes, e.g., decreased mortality and morbidity and
increased quality of life (e.g., less discomfort, faster recovery)



Decreased costs of care as a result of decreased length of hospital stay and cost of
treatments and management
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Figure 1. Clinical Analytic Framework for Rapid MRSA Testing

Symptomatic
patients
•Skin or soft tissue
infections
•Systemic infection
(bacteremia)

Initial or early
detection of
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•Targeted antibiotics
•Timely control measures

$
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- Morbidity (e.g.,
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- Quality of life

Intermediate
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•Prevalence of infection
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-Quality of care
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Rapid
MRSA
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$

Asymptomatic
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• Colonized but undtected
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At risk:
- Severe disease
- Indwelling devices
- Recent surgery
- Hospitalization within 1 year
- Antibiotic use within 6 months

Harms of testing

Adverse effects
of treatment

$

Improved Quality of Life

Improved Health Outcomes
Universal surveillance with rapid MRSA tests can:
•Eliminate infection or colonization when used with an infection control program
•Decrease transmission rates by 75% in ICUs,
•40% in non-ICU areas, and 67% hospital-wide1
•Identify newly acquired MRSA2
Rapid MRSA testing can:
•Reduce inappropriate use of antibiotics3
•Reduce likelihood of persistent carriage due to antibiotic failure
Decreased prevalence of MRSA from rapid testing, detection, and treatment can:
•Reduce incidence of depression and anxiety associated with isolation
•Decrease likelihood of adverse patient safety events associated with treatment
(e.g., pressure ulcers, falls, electrolyte imbalances, fewer examinations of
isolated patients)4

$

•Psychosocial effects
•Adverse patient safety events
•Persistent carriage if treatment
fails
•Progression to worsening infection if
treatment fails

•Delays in test turnaround time
•False negativesno treatment
given when needed
•False positives unnecessary
treatment

Decreased prevalence of MRSA from rapid testing, detection, and treatment can
•Quicken recovery, decreasing hospital and ICU length of stay
•Prevent unnecessary isolation due to unknown status5-7

$

Improved Cost Savings and Effectiveness
• Culture tests yield savings of $793 per hospital patient day; over 5 yrs,
estimated costs are $34 million with 5,900 infections prevented and
42,000 patient days saved8
•PCR tests yield savings of $1,175 per hospital patient day; over 5 yrs,
estimated costs are $40 million with 5,068 infections prevented and
33,90 patient days saved8

Sources:
1. Huang SS, Yokoe DS, Hinrichsen VL, et al. Impact of routine intensive care unit surveillance cultures and resultant barrier precautions on hospital-wide methicillin-resistant
Staphylococcus aureus bacteremia. Clin Infect Dis 2006;43:971-8.
2. Harbarth S, Fankhauser C, Schrenzel J, et al. Universal screening for methicillin-resistant Staphylococcus aureus at hospital admission and nosocomial infection in surgical
patients. JAMA 2008;299(10):1149-57.
3. Shales DM, Gerding DN, John JF, et al. Society for Healthcare Epidemiology of America and Infectious Diseases Society of America Joint Committee on the prevention of
antimicrobial resistance: guidelines for the prevention of antimicrobial resistance in hospitals. Infect Control Hosp Epidemiol 1997;18:275-91.
4. Stelfox HT, Bates DW, Redelmeier DA. Safety of patients isolated for infection control. JAMA 2003;290(14):1899-905.
5. Shorr AF. Epidemiology and economic impact of methicillin-resistant Staphylococcus aureus: review and analysis of the literature. Pharmacoeconomics 2007;25:751-68.
6. Engemann JJ, Carmeli Y, Cosgrove SE, et al. Adverse clinical and economic outcomes attributable to methicillin resistance among patients with Staphylococcus aureus
surgical site infection. Clin Infect Dis 2003;36:592-8.
7. Gould IM. Costs of hospital-acquired methicillin-resistant Staphylococcus aureus (MRSA) and its control. Int J Antimicrob Agents 2006;28:379-84.
8. Consultation report on health technology. Clinical and cost effectiveness of screening for MRSA. Scotland: National Health Service, 2006.
http://www.nhshealthquality.org/nhsqis/files/Consultation%20Final%20to%20Print.pdf.
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Detection
Rapid MRSA tests have strong analytic validity.g A recent literature review by the Clinical and
Laboratory Standards Institute reported that, for culture-based techniques, 95-96% of positive
test results are correctly identified (sensitivity) and 96.6-98% of negative test results are correctly
identified (specificity).17 Culture methods also have high negative predictive value (NPV) at
99.2-100% and low false-positive rate at 1.8%; positive predictive value (PPV) is 76.8%.17 For
molecular-based methods, reported specificity of 95-96.4% and NPV of 98.2% are comparable to
culture-based methods; sensitivity is 86.3-93.5% and PPV is 85.4%.17, 24 Although the falsepositive rate is slightly more (3.8%), the high sensitivity and NPV ensure very low risk of falsenegative results.
This analytic validity confers significant value in detecting prevalence and new strains of MRSA
in asymptomatic individuals via active surveillance. For example, one study conducted at an
academic medical center during 1998-2002 sought to determine the proportion of patients who
were colonized with MRSA at hospital admission (active surveillance) that were actually
identified by microbiology cultures during hospitalization (routineh surveillance). The
investigators found that testing only those patients with suspected infection underestimated
hospital-wide prevalence of MRSA by 85%.25 Rapid MRSA testing for active surveillance can
also discern those individuals that entered the facility with MRSA from those that acquired
MRSA during clinical care. Accordingly, CDC’s clinical guidelines include recommendations
for active surveillance26 as do the recommendations recently released by a consortiumi of health
system stakeholders.10

Treatment
With rapid MRSA and susceptibility testing, antibiotic treatment can be targeted to the
microorganism’s susceptibility based on drug selection, dosing, and duration of treatment. This
can prevent or minimize overuse of inappropriate antibiotics that can contribute to antibiotic
resistance.27 Targeted treatments enhance effective and efficient antibiotic management,
allowing providers to monitor any changes in the relationship of resistance to specific drugorganism pairs and implement appropriate controls in antibiotic selection.
Colonized patients can begin immediate decolonization with topical antibiotic or antiseptic and
systemic antibiotics to eliminate the pathogen or suppress transmission. One study reported a
52% reduction in incidence of MRSA cases among adult ICU patients after introducing an active
surveillance program and decolonization regimen.28 Contact precautions, including placing
patients in private rooms and wearing of gloves, gown, and mask on entry into patients’ rooms,
can be applied immediately to reduce patient-to-patient transmission. Monitoring and
Diagnostic accuracy is based on sensitivity and specificity. Sensitivity refers to how well a test identifies people with
disease only among those who truly have the disease―most useful for ruling out disease when the test result is
negative. Specificity refers to how well a test identifies people without disease only among those who truly do not
have the disease―most useful for ruling in disease when a person tests positive. Positive and negative predictive
value (PPV, NPV) estimate the probability of disease based on the prevalence of disease in the population.
h Routine (passive) surveillance refers to surveillance only of the specimens sent to the laboratory for testing.
i The consortium consists of: Society for Healthcare Epidemiology of America (SHEA), Infectious Diseases Society of
America (IDSA), American Hospital Association (AHA), Association for Professionals in Infection Control and
Epidemiology, Inc. (APIC), and The Joint Commission. Twenty-nine patient advocacy and professional
organizations have endorsed the recommendations.
g
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surveillance via patient retesting at regular intervals provide objective, scientific data for
clearance to discontinue contact precautions.26, 29

Outcomes
Evidence is particularly strong for universal screening of high-risk or high-prevalence
populations, such as those admitted to ICUs and those with previous infections.30, 31 A nineyear study at Brigham and Women’s Hospital (Boston), reported in 2006, found that routine
surveillance cultures and subsequent contact precautions decreased incidence of bacteremia by
75% in ICUs, 40% in non-ICU areas, and 67% hospital-wide.32 After issuing a mandate for
MRSA testing in all high-risk units, the VA reported in 2007 that its Palo Alto site had reduced
infection rates in ICUs by 79%.33 A recently published study also provides evidence of the
impact of universal screening of all hospital patients upon admission. A two-year study (20052007) of expanded surveillance of hospital patients found that MRSA prevalence decreased 70%
with universal screening and 36% with ICU-only patient screening.34
In contrast, another two-year study (2004-2006) involving screening of all surgical patients
(more than 10,000) admitted to a Swiss teaching hospital for more than 24 hours did not reduce
MRSA infection rates (compared to the control group (also more than 10,000 surgical patients),
although 337 previously unknown MRSA carriers were identified.35 Another study of universal
MRSA screening conducted in a London teaching hospital (1,200 beds) compared the effect of
rapid PCR-based testing and culture-based testing on MRSA acquisition.36 Study results
indicated that rapid MRSA testing reduced reporting time and unnecessary, pre-emptive
isolation days, but did not significantly reduce MRSA acquisition (3.2% vs. 2.8% for control
group). While the impact of screening on MRSA reduction rates often can be difficult to
quantify, the value to detection in asymptomatic individuals and quality of care are substantial.
Larger trials are necessary to accurately determine the true magnitude of the reduction.
To date, few studies have examined the direct effect of rapid MRSA testing (targeted or
universal) on mortality via shorter turnaround in obtaining culture reports and more prompt
treatment. A study reported in 2000 conducted at the VA Maryland Health System found that
up to 55% of patients received ineffective antibiotics in the first 48 hours while waiting for test
results, indicative of wasted resources and poor quality and safety of care, although there was
no effect on mortality.37 Another study reported in 2003 that was conducted at a trauma center
found that, for patients testing positive, a delay in treatment was an independent predictor of
mortality in 33% of patients compared to 19% of patients who received earlier treatment (no
delay).38 The nine-year study at a teaching hospital in Boston (mentioned above) assessed
MRSA prevalence among the 43,000 patients admitted annually (using culture-based methods)
and found no difference in mortality rates between patients with MRSA and those with MSSA.32
However, differences in study definitions, methodology, and small sample sizes contributed to
variation in results.
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Economic Value of Rapid MRSA Testing
Culture-based MRSA testing has demonstrated significant economic value, however, less is known
about the economic value of rapid MRSA testing. Because rapid MRSA testing facilitates earlier and
more accurate detection, it has the potential to yield economic value, in terms of:


Decreased treatment expenditures per case



Reduced overall hospital and health system costs



Improved cost-effectiveness per patient hospital day

Quantifying the health and economic impact of MRSA is essential to plan and justify resource
allocation to counteract antibiotic resistance and prevent the spread of resistant organisms in
the health care environment.14 However, currently, there are few studies that document direct
cost savings from use of rapid MRSA tests. Often, savings are inferred based on costs
associated with HAIs more broadly and the decreased prevalence of MRSA and associated
treatment costs.
A 2007 study at the Evanston Northwestern Healthcare (a three-hospital organization near
Chicago) assessed the impact of a MRSA infection reduction program, including financial impact.
The net cost (i.e., in addition to existing costs) of the universal MRSA screening program was
$600,000 per year, with principle costs attributed to laboratory supplies and personnel. Contact
isolation in those testing positive was considered part of the usual costs of the infection control
practice and not the part of the screening and surveillance program. The overall number of
patients testing positive for MRSA increased 20%, which translated to an annual expense of
$44,000 or $15-16 per admission. Additional calculations of cost reductions were based on data
from patients who remained in the hospital for at least 8 days, the median time to patient
development of a MRSA infection. In this comparison, patients with MRSA infection had an
excess medical expense of $23,783. Eliminating 50 reported infections during the first year
resulted in a reduction of nearly $1.2 million in medical expenditures; after subtracting the $600K
investment, this leaves the expanded screening program cost neutral. Along with this positive
financial impact, the expanded screening program resulted in an 80% reduction in incidence of
MRSA bloodstream infections at the end of the first year of the program.39
In 2006, the U.K. National Health Service conducted an extensive cost-effectiveness analysis of
different MRSA testing methods (e.g., swab-based broth enrichment culture, real-time PCR) in
hospital patients based on an estimated colonization rate of 7%.40 Converting to U.S. inflationadjusted dollars (2008), use of the culture-based method was associated with the lowest cost per
patient (bed) day saved at $793, rendering it the more cost-effective method. Over five years,
the culture-based method was estimated to cost a total of $34 million, prevent over 5,900
infections, save more than 42,000 bed days, and reduce MRSA prevalence to 1.4% of all HAIs.
The PCR-based method had a higher cost per bed day saved at $1,175. Over five years, the PCR
strategy was estimated to cost $40 million, prevent 5,068 infections, save 33,900 bed days, and
result in a MRSA prevalence rate of 1.7% of all HAIs, indicating slightly less cost effectiveness
than conventional cultures. For either method, swabbing only high-risk patients had a
comparable cost per bed day saved of $793, but only reduced MRSA prevalence to 5.3%.
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However, the economic model described above was not predictive and the outcome values
should not be interpreted as absolute. In addition, there were several limitations in the
parameters used in the modeling study—namely, uncertainty about the duration of MRSA
carriage within the community; uncertainty about the transmission behavior of hospitalacquired MRSA strains within the community; uncertainty regarding hospital re-admission
patterns in the population; uncertainty concerning the effectiveness of MRSA decolonization
treatment; the unknown prevalence of MRSA colonization within the population; and the
impact of other infectious diseases competing for isolation facilities. Furthermore, the
simplicity of the model may not fully capture the benefits of PCR-based testing.
The findings of a study presented in 2008 were based on a computerized simulation that
assessed the clinical and economic impact of five surveillance strategies for MRSA control in
ICUs.41 An individual-based mathematical model was developed to simulate transmission of
MRSA in a 10-bed ICU over a one-year period in one-hour increments. The five surveillance
strategies simulated included: (1) passive surveillance (isolation of only those patients with a
history of MRSA colonization or infection), (2) active surveillance using anterior nares cultures,
with isolation when cultures return positive in a mean of 48 hours, (3) active surveillance using
a PCR-based test with a 24-hour return time, (4) active surveillance using a PCR-based test with
an 8-hour return time and (5) active surveillance using a rapid PCR-based test with a 2-hour
return time. All simulations assumed patients would be isolated only when tests returned
positive. Base-case analysesj assumed median length of stay of 2 days (mean 4.6 days), 12.3%
MRSA colonized on admission, and 90% compliance with obtaining cultures.41 Costs of testsk
and isolation/control measures (gown/glove/time) were included in calculations.
Table 2 summarizes study results/predictions based on 100 model runs with 776 average yearly
admissions. From the hospital perspective, all active surveillance strategies were cost-effective.
As the speed of detection improves from 48 hours to 2 hours, the number of cases prevented
increases. MRSA acquisition rates were lowest with the 2-hr PCR-based test at 5.9% compared
to the other strategies at 6.2-9.0%. PCR-based tests also showed a significant improvement in
test turnaround time, providing test results prior to discharge for 99% of patients with the 2-hr
PCR test and 95% of patients with the 8-hr PCR test compared to 71% with the 24-hr PCR test
and only 50% with the culture-based test. While cost effectiveness is evident in all but the
passive surveillance strategy, the culture-based test and 24-hr PCR test demonstrated the
highest potential savings per MRSA acquisition and bacteremia prevented. This difference is
most likely attributable to the lower cost per test of cultures and the 24-hr PCR test as compared
to the 8-hr and 2-hr PCR tests. The investigators concluded that, if the attributable hospital cost
burden of a preventable MRSA bacteremia is greater than $17,000, then each strategy would be
cost-saving from the hospital perspective.41

Parameter estimates were derived from the literature and an active surveillance database from a 3-year cohort of
patients admitted to a medical ICU of a tertiary-care hospital.
k Using 2006 data, standard cultures cost $11.73 if positive and $7.73 if negative, while PCR-based tests cost $37.01 for
8-hour and 24-hour return and $43.66 for rapid-PCR with 2-hour return.
j
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Table 2. Clinical and economic benefit of five surveillance strategies for MRSA control in ICUs

Passive
surveillance

Active
surveillance Culture
(48 hr return)

Active
surveillance
PCR
(24-hr return)

Active
surveillance
PCR
(8-hr return)

Active
surveillance
PCR
(2-hr return)

MRSA acquisition rate

9%

7.2%

6.7%

6.2%

5.9%

Total annual patient
days in isolation (all
patients)

230

449

510

529

552

Test results returned
prior to patient
discharge from ICU

n/a

50%

71%

92%

99%

Costs per new MRSA
colonization
prevented

n/a

$738

$1,612

$1,391

$1,300

Costs per MRSA
bacteremia
prevented

n/a

$10,083

$16,968

$14,603

$14,825

Clinical benefit

Cost-effectiveness

In general, it is difficult to draw overarching conclusions about cost effectiveness and cost
savings of conventional and rapid MRSA testing because of the current paucity of high-quality
economic evaluations designed to produce direct evidence.40 In real-world clinical practice,
there is a trade-off between the increased timeliness of PCR-based MRSA testing which
supports faster implementation of infection control procedures and the higher cost of the test
and slightly lower test sensitivity compared to culture-based methods. In the near term, it is
unlikely that PCR assays will fully replace culture-based methods, especially for blanket
screening; yet, certain studies do support a role for rapid PCR-based MRSA testing on specific
hospital wards where risk of colonization or infection is high and preadmission testing is not
possible. Current clinical evidence suggests the potential for significant cost savings with rapid
MRSA testing due to decreases in hospital length of stay, morbidity, and other costs.

Conclusions
The health and economic burden of HAIs is substantial and new strains resistant to antibiotics
are evolving rapidly. Advances in testing techniques have led to substantial improvements in
test sensitivity and specificity as well as decreases in detection time to 24 hours for culturebased methods and a few hours for PCR-based methods.
Public and private sector stakeholders recognize the significance of the public health threat of
HAIs, including MRSA and other highly resistant strains, and are increasingly requiring health
care institutions to implement proactive screening strategies that can reduce prevalence and
transmission. Screening strategies examined in the literature include both targeted screening of
specific patient subpopulations and universal screening of all individuals upon hospital
admission. Evidence as to the best strategy is mixed. Evidence is particularly strong
supporting screening of high-risk or high-prevalence populations, such as those admitted to
ICUs and those with previous infections. When expanded to universal screening of all
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individuals admitted to the hospital, evidence varies. Some studies report 70-80% decreases in
prevalence of MRSA whereas other studies report little or no change in prevalence of MRSA.
Nevertheless, all studies confirmed that there was substantial value in identifying undetected
carriers of MRSA to provide appropriate treatment and potential for transmission. Additional
large-scale studies are needed to determine statistically significant effects of universal screening
on prevalence and mortality.
The few studies on the economic impact of MRSA testing that have been conducted indicate the
potential for significant savings, particularly when considering direct medical costs of up to $45
billion per year for all HAIs, including for costs associated with increased hospital/ICU length
of stay, use of single rooms, and use of more expensive antibiotics. Although the investment in
implementing an expanded screening program can be somewhat high, the potential savings
and return on investment may be substantial given the expected decreases in direct medical
costs. However, studies that specifically calculate reductions in direct medical costs as a result
of rapid MRSA testing are needed to support these expectations. Because of the importance of
HAIs and MRSA to patient safety, quality of care, and public health, it is essential that
stakeholders ensure that the appropriate policies are in place to support broad implementation
of active screening and surveillance programs to detect antibiotic resistance in a growing
proportion of the population.9, 10
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Case Study II:
Screening for Type 2 Diabetes and Prediabetes with HbA1c
Magnitude and Importance of Diabetes and Prediabetes
Diabetes includes a group of chronic diseases marked by abnormally high levels of blood
glucose resulting from defects in insulin production, insulin action, or both. The American
Diabetes Association (ADA) estimates that close to 24 million American children and adults,
7.8% of the population, have diabetes.1 Of these, about 17.9 million are diagnosed and 5.7
million are undiagnosed. Ninety percent of all diabetes is type 2,a an acquired form of the
disease with adult onset.1, 2 In 2007, 1.6 million new cases of diabetes were diagnosed in adults
age 20 years and older.1
The complications of diabetes have a substantial impact on mortality and morbidity, as well as
costs.2 According to the CDC, diabetics have a two-to four-fold increase in heart disease-related
mortality and risk of stroke relative to nondiabetics. Diabetes is the leading cause of new cases
of blindness, kidney failure, and non-traumatic lower-limb amputations. About 60-70% of
diabetics have mild-to-severe nervous system damage and 70% have hypertension. Other
complications include dental disease, risks to pregnancy, acute life-threatening biochemical
imbalances and increased susceptibility to other illnesses.2
The total annual cost of diabetes in the U.S. was an estimated $174 billion in 2007, including
$116 billion in direct health care costs, $58 billion of which was for chronic diabetes-related
complications. About $58 billion of total costs of diabetes were attributable to indirect costs
(lost productivity), including increased absenteeism, reduced performance at work,
unemployment disability, and premature death.3 Diabetes is among the most costly health
conditions for employers in terms of direct and indirect costs.4
In addition to those diagnosed with diabetes, an estimated 57 million individuals are
prediabetic for type 2.1, 2 Prediabetes is an asymptomatic state characterized by insulin
resistance, impaired glucose tolerance (IGT) or fasting glucose (IFG), or other endocrine and
metabolic conditions. Individuals with prediabetes have glucose levels higher than normal but
slightly lower than those classified as diabetic. Because type 2 diabetes typically progresses
slowly over an extended time of 10-12 years, prediabetic individuals are at increased risk of
developing microvascular and macrovascular complications prior to diagnosis.5 Often, these
complications already are present at the time of clinical diagnosis when signs and symptoms of
diabetes are present.
The single greatest contributing factor to the onset of type 2 diabetes is obesity attributed to
poor diet and sedentary lifestyle, which can be corrected with appropriate screening, patient
education, and behavioral interventions.1, 2 Other risk factors include older age (≥65 years),

a

Type 2 diabetes usually begins as insulin resistance, a disorder in which body cells do not respond appropriately when
insulin is present. As the need for insulin arises, the pancreas gradually loses its ability to produce it. Type 2 is
managed with a combination of dietary treatment, exercise, medications and, if necessary, insulin supplementation.
Type 1 diabetes is a genetic-based, insulin-dependent disorder affecting 5-10% of all those diagnosed.
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family history, and race/ethnicity (e.g., higher prevalence among African Americans, Latino
Americans, Native Americans, and Asian-Pacific Islanders).1, 2 Family and primary care
physicians have opportunities to identify those at high risk for developing diabetes and
instituting primary prevention strategies. Analyses documenting increased use of primary care
services and prescriptions for various health conditions in the five-year period leading up to
diagnosis of diabetes suggest that there are numerous opportunities for diabetes screening and
earlier intervention.6
Given the individual and population impact of diabetes and prediabetes, there is substantial
opportunity to identify these conditions early and accurately prediabetic individuals and
initiate appropriate preventive and therapeutic interventions. In recent years, certain welldesigned randomized-controlled clinical trials (RCTs) and a growing body of observational
evidence have demonstrated the benefits of early lifestyle and/or therapeutic interventions in
delaying or preventing the onset of diabetes and related complications.7-10 However, no RCTs
have been done to establish whether routine screening for diabetes and prediabetes in
asymptomatic individuals improves health outcomes compared to clinical diagnosis of
symptomatic individuals.11, 12 Several observational studies (discussed below) suggest clinical
value of routine screening of asymptomatic individuals.
In its 2008 update, the U.S. Preventive Services Task Force (USPSTF) concluded that there is still
insufficient clinical trial datab to recommend for or against routine screening of asymptomatic
individuals with blood pressure of 135/80 mm Hg or lower for type 2 diabetes, IGT, or IFG,
effectively leaving decision making to clinicians.11 USPSTF maintained its earlier
recommendation for screening of type 2 diabetes in asymptomatic individuals with sustained
blood pressure (either treated or untreated) greater than 135/80 mm Hg.

Laboratory Tests for Diabetes and Prediabetes
Conventional laboratory tests that are used to identify diabetic or prediabetic individuals
measure the impaired glucose tolerance (IGT) or impaired fasting glucose (IFG) that are
characteristic of these conditions. Cutoff points in test results that have been determined by the
ADA for the diagnoses of diabetes and prediabetes are the following:


Prediabetes: IGT (2-hour postprandial [after a meal] glucose) of 140-199mg/ml or
IFG (fasting glucose) of 100-125mg/ml, or both.



Diabetes: IGT (2-hour postprandial glucose) of ≥ 200mg/ml or IFG (fasting glucose)
≥ 126mg/ml, or both.

Source: Zhang P, Engelgau MM, Valdez R, et al. Efficient cutoff points for three screening tests for
detecting undiagnosed diabetes and prediabetes. Diabetes Care 2005;28(6):1321-5.

b

In 2008, the Evidence-based Practice Center of the Oregon Health & Science University and Portland Veterans
Administration Medical Center (Oregon EPC) completed a systematic review of evidence on screening adults for type 2
diabetes and prediabetes in primary care settings, focusing on literature published since 2003.12 This review was
conducted in support of a 2008 update by the USPSTF of its 2003 recommendations on diabetes screening.11
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The gold standard test for diagnosing diabetes is the oral glucose tolerance test (OGTT) (2hour), which requires an 8-hour fast and administration of oral glucose to determine how
quickly it is cleared from the blood. Blood is drawn at designated intervals, including the 2hour draw, which is the most important for diagnosing diabetes. Although the OGTT is more
accurate than other tests for diagnosis, it also is more cumbersome, time consuming, and costly.
The most widely used screening test for diabetes is the fasting plasma glucose test (FPG).
Because FPG requires an 8-hour fast and only one blood draw, it is a faster test, more acceptable
to patients, and less expensive than OGTT. FPG results are more reproducible than the OGTT
but less sensitive in detecting true positives, so a second, confirmatory test (either FPG or
OGTT) is needed to verify positive results. Providers may order a random plasma glucose test
(RPG) given with minimal (few hours) or no fasting; however, only individuals with severely
high glucose levels can be identified in this manner for further testing as diet, medications, and
other factors influence RPG test results.
The hemoglobin A1c testc (HbA1c) reflects average glycemia (blood glucose levels) during the
preceding 2-3 months with a single blood draw; no fast is required. HbA1c is the standard test
for monitoring glycemic levels once diagnosis of diabetes is established with OGTT or FPG
tests. There is significant interest in using HbA1c as a screening tool because it is easier to
obtain than FPG, requiring just one blood sample without fasting or capillary blood glucose
(CBG) sample for a point of care device.d HbA1c is considered to be an effective ‘hybrid’ of
OGTT and FPG.14 Because HbA1c and FPG do not involve a glucose challenge, both tests
require a confirmation test. IGT can only be confirmed with OGTT.
Since 1993, clinical laboratories have worked to standardize HbA1c values among the different
test systems. Recently, an international consortium was created to establish world-wide
standardization and harmonization of HbA1c measurement, in order to facilitate use of HbA1c
as a diagnostic tool for diabetes. In its 2008 update on recommendations pertaining to diabetes
screening, the USPSTF noted that the utility of HbA1c testing was limited in the past by its
relatively poor reproducibility and lack of standardization across laboratories, but that
widespread adoption of standardized hemoglobin A1c measurements has occurred recently
and that the current techniques are generally highly reproducible.11
In early 2010, ADA is expected to issue guidelines confirming use of HbA1c as a valid
diagnostic test for diabetes. Currently, diagnostic cutoff points are being redefined from
previous values: HbA1c of 4.0-6.4% as nondiabetic and 6.5% as diabetic. In June 2009, members
of an International Expert Committee who were appointed by the ADA, the European
Association for the Study of Diabetes, and the International Diabetes Federation recommended
that an HbA1c of 6.5% be the threshold for diagnosing diabetes.15, 16 The committee also
recommended that patients with HbA1c levels between 6.0% and 6.5% be cautioned that they
are in the highest risk group for developing type 2 diabetes.

c
d

HbA1c tests include central laboratory tests and point of care test systems.
Random capillary blood glucose (CBG) testing relies on a glucose meter that patients can use to self-monitor
glucose levels or that providers can use at the point of care. Fasting is not required, and a superficial skin prick
provides a drop of blood for the test. Because CBG test results can differ by as much as 10-15% from reference
laboratory values, CBG testing is not considered valid for diagnosing diabetes.13

A-19
PCDocs #: 491716

Case Study II: Diabetes

Clinical Value of Diabetes and Prediabetes Screening with HbA1c
The clinical and economic value of screening asymptomatic individuals for diabetes and
prediabetes is summarized in the clinical analytic framework depicted in Figure 1. Use of
HbA1c for screening of asymptomatic individuals and diagnosis of symptomatic individuals
supports early detection and accurate diagnosis. In turn, this informs clinical decision-making
regarding lifestyle and therapeutic interventions. Testing and treatment, including ongoing
monitoring, can yield improvements in patient outcomes, including:


Improves capacity to identify asymptomatic individuals with sustained elevated glucose levels



Aligns detection of the development of cardiovascular disease and microvascular
complications (retinopathy, nephropathy, neuropathy)



Has comparable diagnostic accuracy and predictive values to certain other tests currently used



Improves testing efficiency since values are not affected by short-term lifestyle changes
(diet) and fasting is not required



Improves convenience and comfort of testing for the patient



Improves clinical decision-making for early lifestyle and therapeutic interventions



Improves patient outcomes, including decreased mortality and morbidity and increased
quality of life



Decreased costs of care as a result of diabetes prevention, delay of onset, and/or reduction
in and severity of complications

Evidence supporting the impact of screening on health outcomes and costs or cost effectiveness
is largely indirect, i.e., not based on prospective clinical trials tracking populations from
screening through outcomes, but rather on a chain of evidence from separate studies leading
from screening to outcomes.

A-20
PCDocs #: 491716

Case Study II: Diabetes

Figure 1. Clinical Analytic Framework for Screening and Diagnosis of Prediabetes & Diabetes using HbA1c
Symptomatic
population
Initial or early
detection of
diabetes or
prediabetes

• Hyperglycemia
• Metabolic
abnormalities
• Frequent thirst
• Polyuria
• Weight loss

Treatment
• Lifestyle interventions
• Therapeutic interventions

$

Asymptomatic
individuals
• Unidentified with IGT or IFG
• Those at risk:
- Obese
- Sedentary
- Low high-density lipoprotein
- Older age
- Family history of diabetes
- Certain racial/ethnic groups*

Intermediate
outcomes
•
•
•
•

HbA1c level
Blood pressure
Cholesterol level
Body weight

Provider outcomes
• Quality of care
• Decreased costs

$

HbA1c
+
OGTT
or FPG

Patient outcomes
• Mortality
• Morbidity
(e.g., reduced retinopathy,
nephropathy, hospital
admission, CV risk*)
• Quality of life

$
Harms of testing

Adverse effects
of treatment

$

• Delays in test turnaround time
• False negativesno
treatment given when needed
• False positives unnecessary
treatment

Improved Health Outcomes
• HbA1c improves capacity to identify asymptomatic individuals; values of
5.6-6.0% predict incidence of future diabetes and are cost-effective1-3
• HbA1c has a strong correlation with CV risk and mortality in those 45-79
yrs; ↑HbA1c of 1% associated with increased risk of death of 1.24% in men
and 1.28% in women4-6
• HbA1c maintained at <7.0% after diagnosis can prevent progression of
microvascular complications over 6-9 yrs7, 8

$

• Hypoglycemia/hyperglycemia due
to poor glycemic control
• Adverse drug events due to
medications

Improved Quality of Life
• HbA1c improves testing efficiency since values are not affected by
short-term lifestyle changes (diet) and fasting is not required 9
• Improved convenience and comfort of testing for the patient

$

Improved Cost Savings and Effectivenes
• Prediabetes screening and preventive lifestyle interventions decrease
subsequent development of diabetes from 76.4% to 58.6% compared to no
screening, and subsequent costs from complications10
• Costs are higher for HbA1c tests but it is still cost effective given patient
nonadherence at 75% for FPG and 50% got OCTT11

*CV is cardiovascular risk

Sources:
1. Edelman D, Olsen MK, Dudley TK, et al. Utility of hemoglobin A1c in predicting diabetes risk. J Gen Intern Med 2004;19(12):1175-80.
2. Norberg M, Eriksson JW, Lindahl B, et al. A combination of HbA1c, fasting glucose and BMI is effective in screening for individuals at risk of future type 2 diabetes. J Intern
Med 2006;260(3):263-71.
3. Norris SL, Kansagara D, Bougatsos C, Fu R. Screening adults for type 2 diabetes: a review of the evidence for the U.S. Preventive Services Task Force. Ann Intern Med
2008;148:855-68.
4. Khaw KT, Wareham N, Bingham S, et al. Association of hemoglobin A1c with cardiovascular disease and mortality in adults: the European Prospective Investigation into Cancer
in Norfolk. Ann Intern Med 2004;141:413-20.
5. Gerstein HC. Glycosylated hemoglobin: finally ready for prime time as a cardiovascular risk factor. Ann Intern Med 2004;141:475-6.
6. Selvin E, Marinopoulos S, Berkenblit G, et al. Meta-analysis: glycosylated hemoglobin and cardiovascular disease in diabetes mellitus. Ann Intern Med 2004;141:421-31.
7. Ohkubo Y, Kishikawa H, Araki E, et al. Intensive insulin therapy prevents the progression of diabetic microvascular complications in Japanese patients with non-insulindependent diabetes mellitus: a randomized prospective 6-year study. American College of Physicians Journal Club 1996;123(3):68.
8. Tanaka Y, Atsumi Y, Matsuoka K, et al. Role of glycemic control and blood pressure in the development and progression of nephropathy in elderly Japanese NIDDM patients.
Diabetes Care 1998;21(1):116-20.
9. Tahara Y, Shima K. The response of GHb to stepwise plasma glucose change over time in diabetic patients. Diabetes Care 1993;16(9):1313-4.
10. Hoerger TJ, Hicks KA, Sorensen SW, et al. Cost-effectiveness of screening for prediabetes among overweight and obese U.S. adults. Diabetes Care 2007;30(11):2874-9.
11. Zhang P, Engelgau MM, Valdez R. Costs of screening for prediabetes among U.S. adults: a comparison of different screening strategies. Diabetes Care 2003;26(9):2536-42.
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Detection
A recent systematic review compared the diagnostic accuracy of HbA1c and FPG in detecting
diabetes and prediabetes as confirmed by reference standard OGTT results according to World
Health Organization criteria.17 According to the review, HbA1c and FPG are equally effective
for detection of type 2 diabetes, with the recommended cutoff point for HbA1c at >6.1%.
Certain studies also have demonstrated that HbA1c has less intra-individual variation and is a
better predictor of micro- and macrovascular complications, whereas other studies indicate that
HbA1c, OGTT, and FPG are equivalent predictors of the development of retinopathy and
nephropathy.18-20 Differences in study findings are partly attributed to the assessment of
different cutoff points for each test. For example, HbA1c cutoff points can be set to optimize
sensitivity or specificity to prediabetes or undiagnosed diabetes.



For HbA1c, using a cutoff point of 5.9% to identify types 2 diabetes sensitivity (to
determine true positives) is reported to be in the range of 76-95% and specificity (to
determine true negatives) is 67-86%.21, 22 When aligning optimum cutoff values with the
Diabetes Control and Complications Trial (DCCT) at 6.1-6.2%, corresponding sensitivity
is 43%-81% and specificity is 79%-99%.20, 22-24



For FPG, using a cutoff at 5.6% to identify type 2 diabetes, sensitivity is reported to be in
the range of 80-88% and specificity is 79.2-85.8%.22, 25 A cutoff ≥ 6.1% is reported to yield
sensitivity of 48-64% and specificity is 94-98%.20, 24

According to some good-quality studies cited in the evidence review by the Oregon EPC,
HbA1c values in the range of 5.6-6.0% appear to predict a higher incidence of future diabetes in
prediabetic patients and seem to be the most cost-effective for diagnosing type 2 diabetes.12, 26, 27
However, the relationship between cut-off values and cost effectiveness can vary depending on
whether the goal is to determine individual or population health status. For example, a costeffectiveness analysis found that a lower cutoff point of HbA1c at 5.0% would be most efficient
for diagnosing both prediabetes and diabetes in a population, and that using 5.7% was most
cost-effective for undiagnosed diabetes alone.28
The Oregon EPC systematic review found no serious adverse effects of diabetes screening.12
The USPSTF found that the short-term harms of screening for diabetes, such as anxiety, are
small, but that the longer-term effects of labeling a large proportion of the adult U.S. population
as abnormal are unknown.11

Intervention and Outcomes
Strong observational studies have found associations between HbA1c levels and cardiovascular
risk and mortality.29-31 For example, a large-scale study of men and women 45-79 years of age in
the U.K. found that an increase in HbA1c of 1% was associated with a relative risk of death from
any cause of 1.24% in men and of 1.28% in women.29 These relative risks were independent of
age, body mass index, waist-to-hip ratio, systolic blood pressure, serum cholesterol
concentration, cigarette smoking, and history of cardiovascular disease. Risks for
cardiovascular disease and mortality increased continuously with HbA1c concentrations
through the study sample distribution. For an increasing number of stakeholders, the
recognition of HbA1c as an important biomarker for cardiovascular risk strengthens the interest
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and potential for use of HbA1c as a screening test for diabetics, particularly since diabetics are
at higher risk for coronary heart disease and stroke.29-31 32 However, prospective clinical trials,
especially RCTs, would be needed to establish direct, causal links between HbA1c screening
and reductions in incidence of cardiovascular disease as well as diabetes.
HbA1c also provides value as an effective initial screening test for identifying individuals in
whom further investigation would be useful. Rather than using fasting tests to screen all
patients, HbA1c can be used for ruling in patients with prediabetic and diabetic values that
require a fasting test (FPG or OGTT) to confirm a diagnosis, while ruling out patients with
normal values, sparing them the discomfort of a fasting test.33, 34 The findings of one study
suggested that, with HbA1c as the initial screening test, a measurement of 5.8% could serve as
the value that leads to the second fasting glucose test (FPG or OGTT).34 A confirmed diagnosis
would prompt appropriate lifestyle or therapeutic interventions for reducing incidence of type
2 diabetes and complications. As an additional benefit, HbA1c testing can also improve the
efficiency of screening since test results are not affected by short-term lifestyle and dietary
changes as is the case with FPG and OGTT, but accurately reflect longer-term glycemia.35
In fact, there is significant evidence on the positive effect of lifestyle interventions on incidence
of type 2 diabetes among individuals with prediabetes.12 At a 3-year follow up in the Diabetes
Prevention Trial (DPT), incidence of diabetes was reduced by 58% with an intensive lifestyle
intervention and reduced by 31% with therapeutic intervention (i.e., metformin) in individuals
determined to have IGT or IFG.8 The STOP-NIDDM (Study to Prevent Non-Insulin Dependent
Diabetes Mellitus) trial of patients with IGT showed an absolute cardiovascular risk reduction
of 2.5% (although the attrition rate was 24%).36 These studies show that that, in people known
to have diabetes, certain treatment can improve health outcomes, supporting the chain of
indirect evidence linking HbA1c to improved health outcomes. In contrast, the DREAM
(Diabetes Reduction Assessment with Ramipril and Rosiglitazone Medication) trial, reported no
significant difference in cardiovascular events between treatment and placebo groups.37
Additional studies of prediabetes screening followed by lifestyle interventions demonstrated
effectiveness in decreasing risk and incidence of diabetes. The Finnish Diabetes Prevention
study evaluated overweight adults (mean age 55 years) with IGT who were at risk for
developing diabetes.7 They were randomized to an intervention group that received
individualized counseling on weight loss and related lifestyle interventions and a control group
that did not. An annual OGTT test was used to identify those who progressed to diabetes--the
primary endpoint. The study found that, in people with known IGT, weight loss intervention
helped to reduce incidence of type 2 diabetes by 58%. Although the study did not investigate
the direct impact of screening on outcomes per se, the results of this trial add further to the
chain of evidence supporting clinical benefits downstream of screening. An earlier Chinese
study of lifestyle interventions in people with impaired glucose tolerance also reported
significant decrease (31-46%) in incidence of type 2 diabetes at a 6-year follow up.38
Modeling studies add to the evidence base for the value of screening for diabetes and
prediabetes. For instance, a 2007 systematic review conducted in the UK evaluated screening
for type 2 diabetes and IGT. Despite variable quality, structure, and assumptions of the models,
the literature provided a strong case for screening for undiagnosed diabetes, including that it
appears to be cost-effective for ages 40-70, especially for the older ages in this group and for
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those who are hypertensive or obese. The evidence showed that detection of lesser degrees of
glucose intolerance such as IGT is worthwhile because the risk of cardiovascular disease can be
reduced by newer treatments to lower cholesterol levels and blood pressure and because
progression to diabetes can be prevented in some of these patients. The investigators also
concluded that HbA1c testing offers a good compromise between the accurate, yet more
expensive and inconvenient OGTT and the FPG that can miss people with IGT. The review
noted the absence of high-quality RCTs showing that screening for diabetes or IGT can reduce
mortality or morbidity, but that such an RCT is underway (as described below).14
The findings of the first large, multicenter, international 5-year study, the Anglo-Danish-Dutch
study of intensive treatment in people with type 2 diabetes detected by screening (ADDITION
study) are to be published in 2010. It is anticipated that the results will provide important data
on a spectrum of outcomes including CVD risk profiles, psychological status, metabolic status,
and costs.39
There are certain practical and ethical limitations to conducting RCTs on screening and
diagnostic tests. As noted by the Oregon EPC, “It is unlikely that good-quality trial evidence of
the final health benefits of early glycemic control in a screening-detected population will ever be
available because withholding treatment from persons with known diabetes is unethical and the
length of follow-up required might be prohibitive.”11
Several authoritative groups have issued recommendations on screening for diabetes as highlighted
in Table 1.
Table 1. Screening recommendations for type 2 diabetes
Organization

American Diabetes
Association40

Screening Recommendations
 Recommends consideration of screening to detect prediabetes (IFG or IGT) or
diabetes in persons 45 years of age and older, particularly in those with a body
mass index of 25 kg/m2 or greater
 Testing also should be considered in people <45 years of age and overweight if they
have another risk factore for diabetes
 It is expected that ADA will recommend use of HbA1c as a value for diabetes and
prediabetes screening in 2010

American Academy of
Family Physicians41
American College of
Obstetricians and
Gynecology42

e

 Recommends screening for type 2 diabetes in asymptomatic adults with sustained
hypertension (treated or untreated) greater than 135/80 mm Hg
 Concludes that the current evidence is insufficient to assess the balance of benefits
and harms of screening for type 2 diabetes in asymptomatic adults with blood
pressure of 135/80 mm Hg or lower
 Recommends fasting glucose testing for women beginning at age 45 years, with an
interval of 3 years

Additional risk factors for diabetes include inactivity, family history of type 2 diabetes mellitus, membership in a high-risk
ethnic group, gestational diabetes, hypertension, dyslipidemia, IGT or IFG, or a history of vascular disease.
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Organization

Screening Recommendations
 Recommends screening for type 2 diabetes in asymptomatic adults with sustained
blood pressure (either treated or untreated) greater than 135/80 mm Hg (grade Bf
recommendation)
 Found current evidence insufficient to recommend screening for type 2 diabetes in
asymptomatic adults with blood pressure 135/80 mm Hg or lower

USPSTF11

 Change in the 2008 recommendation from the 2003 recommendation is that routine
screening for type 2 diabetes in adults with hyperlipidemia is no longer part of the
grade B recommendationg
Canadian Task Force
on Preventive Health
Care43

 Recommends screening adults with hypertension and/or hyperlipidemia for type 2
diabetes mellitus to prevent cardiovascular events and death (a grade B
recommendation).

Economic Value of Prediabetes Screening
Although the unit cost of HbA1c testing is currently greater than that of FPG testing, the
additional benefits of HbA1c in predicting costly clinical complications support its costeffectiveness.17 Economic value of HbA1c testing can be realized through:


Reduced costs due to early detection and intervention



Reduced costs for treatment and management of type 2 diabetes

There have been no cost-effectiveness analyses of screening for diabetes and prediabetes with
HbA1c in the context of prospective clinical trials. There is a small body of literature on costeffectiveness analyses of screening for diabetes and prediabetes, including a few involving
HbA1c testing, that use economic modeling and draw data from available clinical trials,
observational studies, and various data sets.
An important earlier study (1998) evaluated the health economic impact of changes in glycemic
control and quality of life on costs associated with work loss and absenteeism, functional status
restrictions in daily activities, and use of health care services. A double-blind, placebo-controlled
RCT assessed 569 adults with type 2 diabetes over a 15-week period. By week 15, improved
glycemic control for patient in the active therapy group compared to the placebo group resulted in
higher employee retention (97% vs. 85%) and retained greater productivity capacity (99% vs. 87%).
There were also statistically significant differences between the groups in the changes in
absenteeism, bed-days, and days of restricted activity. Absenteeism rose 8.1% for the placebo group
and decreased 0.8% for the active therapy group. Reported bed days (half day or more) increased
4.4% in the placebo group and decreased 0.4% in the active therapy group. Rates of restricted
activity (half day or more) also were more favorable for active therapy group. These differences
demonstrated the beneficial impact of glycemic control on employee productivity.44

For grade B recommendations, USPSTF recommends the service. USPSTF concludes that there is high certainty
that the net benefit is moderate or there is moderate certainty that the net benefit in moderate or substantial.
g USPSTF does note that clinicians should assess overall CVD risk in patients, and that if the patient’s risk is near a
threshold for treatment with lipid-lowering drugs, they should screen for diabetes to assess the patient’s CVD risk.
f
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A recent (2008) cost-effectiveness analysis compared four potential screening strategies with
subsequent interventions for the prevention and treatment of type 2 diabetes in a hypothetical
above-average risk population age 45 at the time of screening in the UK. The four strategies were:
(1) screening for type 2 diabetes to enable early detection and treatment, (2) screening for type 2
diabetes and IGT, intervening with lifestyle modification in those with a diagnosis of IGT to delay
or prevent diabetes, and (3) same as (2) but with pharmacological interventions, and (4) no
screening. The model accounted for a 50-year follow-up of the patient population and used a
3.5% annual discount rate for costs and benefits. Screening costs included the costs of an initial
FPG and a confirmatory OGTT in those who tested positive, as well as the cost of nurse time of 5
minutes for the FPG and 25 minutes for the OGTT. The investigators used sensitivity analyses to
identify which model inputs had most impact on the results. Compared to no screening, the costeffectiveness ratios of each strategy were: screening for type 2 diabetes: £14,150 ($27,860) per
quality-adjusted life-year (QALY); screening for diabetes and IGT followed by lifestyle
interventions: £6,242 ($12,290) per QALY; and screening for diabetes and IGT followed by
pharmacological interventions: £7,023 ($13,830) per QALY. Based on the sensitivity analyses, a
decision-maker who is willing to pay £20,000 ($39,400) per QALY toward each intervention, the
probability of the intervention being cost effective was 49%, 93%, and 85% for each of the active
screening strategies, respectively. The authors concluded that screening for type 2 diabetes and
IGT in an above-average risk population age 45, with appropriate intervention for those with IGT,
appears to be cost-effective, while the cost-effectiveness of a policy of screening for diabetes with
no intervention to those with IGT, is still uncertain.45
A cost analysis published by the CDC in 2003 evaluated alternative strategies to identify
individuals age 45-74 years with prediabetes (i.e., either IGT or IFG). It used data from the
National Health and Nutrition Examination Survey (NHANES), 2000 census, Medicare files,
and other sources. The analysis compared the effectiveness (proportion of cases identified),
total costs, and efficiency (cost per case identified) of five detection strategies: OGTT, FPG,
HbA1c, CBG, and a risk assessment questionnaire. For the first strategy, all individuals
received an OGTT. For the other four strategies, only those with a positive screening test
received an OGTT. The proportion of prediabetes and undiagnosed diabetes cases identified by
each test ranged from 69% to 100%. The cost per case identified ranged from $176 to $236 from
a single-payer perspective and from $247 to $332 from a societal perspective. Screening among
overweight and obese individuals had a lower cost per case due to the higher prevalence of
prediabetes and diabetes in those groups. Testing all with OGTT was the most effective
strategy, but the CBG test and risk assessment questionnaire were the most efficient. Under an
assumption that people are substantially less willing to take an OGTT than a FPG test, the FPG
testing strategy was found to be the most effective strategy. The analysis quantified the
tradeoffs between effectiveness and efficiency of the alternative strategies, i.e., whether the goal
of the screening program is to identify more cases or to pursue the lowest cost per case. While
analysis indicated higher costs for HbA1c testing (including the costs of OGTT for individuals
who tested positive), the investigators noted the tradeoffs of the higher cost of HbA1c testing
with that of patient nonadherence to fasting requirements for OGTT and FPG tests. CDC
estimated patient nonadherence at 50% for OGTT and 75% for FPG.46
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Another modeling study conducted in 2007 estimated the cost-effectiveness of two prediabetes
screening and treatment strategies compared to no screening for overweight and obese adults
age 45-74 years: (1) screening subjects and giving them the lifestyle intervention included in the
Diabetes Prevention Program if they were diagnosed with both IGT and IFG and (2) screening
followed by lifestyle intervention for subjects diagnosed with either IGT or IFG or both. The
model assumed one-time opportunistic screening tests occurring during a scheduled physician
office visit using random CPG. Positive CPGs were followed by a diagnostic OGTT or FPG; if
the first diagnostic test was positive, a second was performed as confirmation. For individuals
with both IGT and IFG, prediabetes screening and preventive lifestyle interventions decreased
subsequent development of diabetes from 76.4% to 58.6% compared to no screening, yielding a
cost-effectiveness ratio of $8,181 per QALY. Similarly, for individuals with either IGT or IFG,
screening and intervention decreased subsequent development of diabetes from 57.4% to 45.2%,
with a cost-effectiveness ratio of $9,511 per QALY. Sensitivity analyses showed that test
attributes, including the type of screening test, its cost, sensitivity, and specificity, have small
effects on the strategies’ cost-effectiveness compared to the impact of the costs of lifestyle
interventions. The investigators concluded that screening for prediabetes in the overweight and
obese U.S. population followed by the Diabetes Prevention Program lifestyle intervention has a
relatively attractive cost-effectiveness ratio.47
Two European modeling analyses examined the cost-effectiveness of screening using HbA1c;
one in the U.K. and one in Germany. The U.K. National Health Service published a literature
review and economic modeling study in 2007 of screening for type 2 diabetes using HbA1c
compared to no screening or treatment until clinical detection. The economic model assessed
the cost-effectiveness of a single screening round of a population with an age of 40–70 years in
order to identify and treat diabetes before clinical diagnosis would occur. In addition to the 4070 year group, the model assessed age subgroups and risk factor subgroups. The model had a
40-year time horizon. Because the literature review found that initial screening with HbA1c
followed by OGTT identified more true cases than other methods (FPG or CBG), the economic
model used a single HbA1c measurement as the screening test, followed by a single OGTT
when the HbA1c results were > 5.7%. The model found that screening was cost-effective across
the overall population age 40-70 years, at £2,266 per QALY and the subgroup populations,
including 40-49 years at £10,216 per QALY, 50-59 years at £2,324 per QALY, 60-69 years at
£1,152 per QALY, hypertensive patients at £1,505 per QALY, and obese patients at £1,046 per
QALY, all of which are favorable cost-effectiveness ratios. The investigators noted that the costs
of screening are offset in many groups by lower future treatment costs and that the costeffectiveness of screening is determined as much by, if not more than, assumptions about the
degree of control of blood glucose and future treatment protocols than by assumptions about
the screening programs. They also noted that the low cost of generic statins makes an
important contribution to the cost-effectiveness of diabetes screening.14
A German study published in 2004 compared the cost-effectiveness of four screening strategies
using population-based data for those age 55-74 years. The model, which had a one-year time
horizon, examined these screening strategies: FPG only, FPG + OGTT, OGTT only, and OGTT
if HbA1c >5.6% (HbA1c + OGTT). OGTTs for that population yielded the lowest total costs
from the payer perspective while FPG + OGTT yielded lowest costs from the societal
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perspective. HbA1c + OGTT was the most expensive strategy but also the most effective in
detecting new cases (54%) compared to FPG (20.7%), FPG + OGTT (25.8%), and OGTT (30%).
The effectiveness of HbA1c testing was attributed largely to the assumption of complete
participation of all subjects in HbA1c testing, which can be performed as part of another
scheduled physician office visit. The investigators concluded that the decision regarding which
is the most favorable strategy depends on whether the goal is to identify a high number of cases
or to incur lower costs at reasonable effectiveness.48
As a group, the available cost-effectiveness modeling studies suggest that screening for diabetes
and prediabetes with follow-up treatment as appropriate can yield cost-effectiveness ratios in
acceptable ranges, particularly for persons who are hypertensive or obese. However, the
absence of long-term follow-up data on the cost impact of diabetes screening and treatment,
limits the usefulness of current cost-effectiveness estimates. The Oregon EPC systematic review
noted that the cost-effectiveness of diabetes screening programs is largely subject to the longterm health benefits of these interventions rather than the shorter-term cost of detection and
treatment of diabetes, and that research on such long-term outcomes is lacking.

Conclusions
The evidence presented in this case study supports the considerable value of HbA1c testing in
screening and diagnosis for diabetes and prediabetes. The high association between HbA1c
levels and cardiovascular risk and mortality makes it an important biomarker for diabetic and
other high-risk individuals. HbA1c has comparable diagnostic accuracy and predictive value to
other tests currently used as the standard of care, and improves consistency in testing as its test
results are not affected by short-term glycemic fluctuations (due to current effects of diet,
medications, and other factors) that affect other tests. Many studies have confirmed the
effectiveness of HbA1c testing in screening for identifying prediabetic individuals who will
benefit from early interventions, contributing to substantial decreases in incidence of type 2
diabetes. Use of HbA1c increases patient-centeredness of care given the improved convenience
and comfort of testing for the patient. Findings from cost-effectiveness modeling of various
testing modalities for diabetes and prediabetes indicates that screening can be cost-effective,
especially for particular at-risk groups. Although HbA1c testing (typically used in combination
with confirmatory OGTT) tends to be more costly than alternative types of testing, it is able to
detect more cases of diabetes in a screened population and yields cost-effectiveness ratios in
favorable ranges. Still, the cost-effectiveness of screening programs for diabetes and
prediabetes awaits further data from longer-term follow-up studies.
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Case Study III:
Diagnostic Testing for KRAS Genetic Mutation
in those with Metastatic Colorectal Cancer
Magnitude and Importance of Colorectal Cancer
Colorectal cancer includes cancers of the colon, rectum, and appendix. In 2009, there will be an
estimated 148,000 newly diagnosed cases and close to 50,000 deaths from colorectal cancer. For
men and women, colorectal cancer ranks third in incidence and third in cause of cancer death.
Incidence of colorectal cancer has decreased during the last two decades, from 66.3 cases per
100,000 in 1985 to 46.4 in 2005. Increased screening contributed partly to these improvements,
as screening tests can lead to detection and removal of polyps before they progress to cancer,
thereby decreasing mortality, morbidity, and costs of care.1
According to the American Cancer Society (ACS), the 1-, 5-, and 10-year relative survival rates
for persons diagnosed with colorectal cancer are 83%, 64%, and 58%, respectively, although
survival may differ by stage of disease. For those patients in whom colorectal cancers are
detected at an early, localized stage, the 5-year survival is 90%; however, only 40% of colorectal
cancers are diagnosed at this stage. About 25% of patients with colorectal cancer present with
overt symptoms of metastatic disease and 40-50% of those who are newly diagnosed develop
metastatic disease.2 Once the cancer has spreads regionally to involve adjacent organs or lymph
nodes in these patients, the 5-year survival drops to 68%. For persons with distant metastases,
5-year survival is only 11%.1
There are no current, rigorous estimates of the total economic burden of colorectal cancer.3 Such
an estimate would include costs associated with screening, surveillance, diagnosis,
hospitalization, surgery, radiotherapy, anticancer agents, supportive care, physician charges,
clinic visits, laboratory fees, and medications.4 The highest costs of treatment are incurred during
the early stage of the disease (i.e., surgery, surveillance, monitoring) and during the terminal stage
(i.e., hospitalization, chemo-and immunotherapy, and supportive care). Based on older data, a
2003 publication projected that the combined inpatient and outpatient costs of colorectal cancer in
the US were in the range of $5.5-6.5 billion.5 Extrapolated to 2009, this would amount to
approximately $7.5-9.5 billion; however, this very rough estimate does not reflect changes in costs
associated with colorectal cancer incidence, detection, or management in recent years.

New Treatments for Colorectal Cancer
The main types of treatment for colorectal cancer are surgery, radiation, chemotherapy, and, for
certain cancers, monoclonal antibody (MAb) therapies and vaccines. Treatment choice depends
on the stage of cancer and other factors, and patients often receive combinations of these
treatments. Surgery is the most common treatment for colorectal cancer and can be curative for
non-metastatic cancers. Radiation also may be given depending on the type of tumor.
Chemotherapy is typically given to those with more advanced cancers.
Three MAb therapies that were recently approved by FDA target specific sites on cancer cells.
Bevacizumab (Avastin) blocks the growth of blood vessels to the tumor. Cetuximab (Eribitux)
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and panitumumab (Vectibix) block the effect of hormone-like factors that promote cancer cell
growth.1, 5, 6 The targets of cetuximab and panitumumab are epidermal growth factor receptors
(EGFRs), which are signaling proteins on cells that normally control cell division. EGFR
inhibitors such as cetuximab and panitumumab bind to EGFRs, thereby interfering with EGFRmediated cell proliferation.
The effectiveness of MAb therapies in colorectal cancer can vary depending on the genetic
makeup of the tumor. In some patients, the tumor cells have a mutation in a gene known as
KRAS (v-Ki-ras2 Kirsten rat sarcoma viral oncogene) and may cause a tumor to be non-responsive
to cetuximab and panitumumab.a As such, KRAS status is an important predictor of nonresponse to targeted therapy in patients with metastatic colorectal cancer. The normal or nonmutant form of KRAS is also knows as the wild-type KRAS. Since the use of EGFR inhibitors
frequently results in skin rashes and other adverse side effects, determination of KRAS status
can help to avoid ineffective treatment and unnecessary exposure to any accompanying adverse
effects, and redirect treatment decisions to alternative therapies.

Laboratory Tests for Treatment of Colorectal Cancer
Molecular diagnostic tests are increasingly important tools for understanding individual
variation in response to drug therapies, including their benefits and adverse effects. As in the
case of EGFR inhibitors, patient response to these therapies can be influenced by genetic
variability in drug targets (e.g., receptors on cancer cells) or drug disposition (e.g., drug uptake,
transport, and metabolism).7, 8 The use of individual genetic or genomic information to select
the most effective treatment or to avoid those with severe adverse effects for that individual is
known as “pharmacogenomics.”
Diagnostic colonoscopies provide visual confirmation of colorectal cancer and enable removal
of polyps and other tissue samples for pathology testing to determine the stage of disease and
any tumor characteristics that might inform treatment decisions. During surgical resections,
tumor samples are sent to the laboratory for molecular testing to identify molecular-level
alterations in the tumor cells that inactivate tumor-suppressor genes or activate oncogenes.9
Gene mutations that can trigger development and progression of metastatic colorectal cancer
include those in the genes KRAS, tumor protein p53, and adenomatous polyposis coli (APC).
Mutation of the KRAS gene is the most common oncogene and a significant prognostic factor
for treatment effectiveness.
Polymerase chain reaction (PCR) is one molecular-based technique used in KRAS mutation
testing to distinguish patients whose tumors have the KRAS mutation from patients whose
tumors have the (normal) wild-type KRAS. As described below, only those patients with wildtype tumors have the potential to respond to anti-EGFR antibody therapy.

a

The KRAS gene encodes the protein KRAS, which acts as an on/off switch, transmitting growth signals from EGFRs
on cell membranes. Mutated KRAS genes are potent oncogenes that play a role in many cancers, including
leukemias and lung, pancreatic, and colorectal cancer.

A-34
PCDocs #: 490598

Case Study III: KRAS

Clinical Value of KRAS Mutation Screening
The clinical analytic framework presented in Figure 1 depicts the clinical and economic value of
KRAS mutation testing to patients with metastatic colorectal cancer. KRAS mutation testing can
improve clinical value in several different ways, including:



Improves capacity to identify individuals with KRAS gene mutations that will not
respond to EGFR inhibitors



Provides an evidence-based way to select treatment that is more likely to be effective



Decreases patient exposure to adverse effects that would have accompanied an
ineffective treatment



Leads to improved patient outcomes, including improved decreased morbidity,
improved survival, and improved quality of life

Detection
KRAS testing is regulated under the Clinical Laboratory Improvement Amendments (CLIA)
and are available from several major laboratories. Premarket approval from FDA is not
required when the testing is performed in a laboratory that is licensed by CLIA for highcomplexity testing.16 The current methods of KRAS testing have not been standardized, with
perhaps 20 different methods of KRAS genotyping. Many of these methods were developed inhouse by laboratories, i.e., laboratory-developed tests or for research purposes only. As a result,
there can be some variation in the degree of analytic validation among the different methods,
and no rigorous, well-designed studies have been done to compare the diagnostic accuracy of
different techniques.
To assess the sensitivity and specificity of KRAS mutation testing, investigators recently
conducted a meta-analysis of eight available studies that met certain methodological inclusion
criteria. As a group, the eight studies accounted for a total of 817 patients, of which 306 patients
have mutated KRAS. The eight studies included some involving EGFRs alone and some in
combination with chemotherapy. In this instance, sensitivity referred to the ability of the KRAS
mutation test to identify patients with KRAS mutations showing no response to EGFR
inhibitors. Specificity referred to the ability of the KRAS mutation test to identify patients with
wild-type KRAS showing a response to EGFR inhibitors.10
The investigators found that the pooled (combined across studies) specificity of KRAS mutation
testing was high (pooled estimate of 93%, 95% confidence interval [CI] 93-97%). This suggests
that a response to EGFR inhibitors is highly unlikely in the presence of a KRAS mutation,
supporting the use of KRAS mutation testing to rule out treatment with EGFR inhibitors for
those patients who are found to have the KRAS mutation. However, the investigators found
that the pooled sensitivity of KRAS mutation testing (pooled estimate of 47%, 95% CI 43-52%)
was relatively low. This suggests that a positive test for KRAS mutation fails to identify a large
proportion of non-responders, i.e., that non-response to EGFR inhibitors is not confined to
patients with KRAS mutations, but also occurs in a substantial number of patients with wild-type
KRAS. The investigators concluded that KRAS mutations are highly specific negative predictors
of response to EGFR-inhibitors alone or in combination with chemotherapy in patients with
metastatic colorectal cancer.
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Figure 1. Analytic Framework for KRAS Mutation Testing
Identification of
tumor KRAS status
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Mutation
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to EGFR inhibitors
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other treatment as
appropriate
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$
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Improved Quality of Life
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$

$

Analyses of RCT data demonstrate that EGFR inhibitor therapy for patients
with wild-type KRAS patients result in:
• Improved tumor response1-3,5
• Improved progression-free survival1,3,5
• Improved overall survival3

Patient outcomes
Intermediate
outcomes

Cost Savings and Cost Effectiveness

$

• No published direct evidence of cost savings; one unpublished analysis
estimates hundreds of millions of dollars per year saved by ruling out nonbeneficial EGFR inhibitor treatment for patients with KRAS mutations.6
• Manufacturer’s modeling estimates that, in patients identified with wildtype KRAS, ICERs under best-case scenarios are £28,024-34,646/QALY for
adding cetuximab to FOLFIRI and £29,327-40,529/QALY for adding cetuximab
to FOLFOX (submitted to UK NICE; other scenarios had higher ICERs).7

Analysis of RCT data demonstrate that EGFR inhibitor therapy for patients
with wild-type KRAS patients result in:
• Less physical function deterioration at 8 weeks, improved global health
status at 8 weeks, preserved global health status at 16 weeks. 8

*EGFR inhibitors– epidermal growth factor receptor inhibitors: e.g., cetuximab, panitumumab

Sources:
1. Amado RG, Wolf M, Peeters M, et al. Wild-type KRAS is required for panitumumab efficacy in patients with metastatic colorectal cancer. J Clin Oncol 2008;26:1626-34.
2. Van Cutsem E, Kohne CH, Hitre R, et al. Cetuximab and chemotherapy as initial treatment for metastatic colorectal cancer. N Engl J Med 2009;360(14):-1408.
3. Karapetis CS, Khambata-Ford S, Jonker DJ, et al. K-ras mutations benefit from cetuximab in advance colorectal cancer. N Engl J Med 2008;359:1757-65.
4. Punt CJ, Tol J, Rodenburg CJ, et al. Randomized phase III study of capecitabine, oxaliplatin, and bevacizumab with or without cetuximab in advanced colorectal cancer
(ACC), the CAIRO2 study of the Dutch Colorectal Cancer Group (DCCG). Journal of Clinical Oncology 2008;26(Supplement):abstr LBA4011.
5. Bokemeyer I, Bondarenko JT, Hartmann FG, et al. KRAS status and efficacy of first-line treatment of patients with metastatic colorectal cancer (mCRC) with FOLFOX with or
without cetuximab: the OPUS experience. J Clin Oncol 2008;26(Supplement):4000.
6. Van Cutsem E, Lang I, D'haens G, et al. KRAS status and efficacy in the first-line treatment of patients with metastatic colorectal cancer (mCRC) treated with FOLFIRI with or
without cetuximab: the CRYSTAL experience. J Clin Oncol 2008;26(Supplement):2.
7. Jonker DJ, Karapetis CS, Moore M, et al. Randomized phase III trial of cetuximab monotherapy plus best supportive care (BSC) versus BSC alone in patients with pretreated
metastatic epidermal growth factor receptor-positive colorectal carcinoma: a trial of the National Cancer Institute of Canada Clinical Trials Group and the Australasian
Gastrointestinals Trials Group. American Association for Cancer Research Annual Meeting, 2007.
8. NICE single technology appraisal of cetuximab for the first line treatment of metastatic colorectal cancer. U.K. National Institute for Health and Clinical Excellence, 2009.
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Further research is needed to improve identification of patients who are unlikely to respond to
EGFR inhibitors. The relatively low sensitivity of testing for KRAS mutations for determining
non-responsiveness strongly suggest that there are additional mechanisms of resistance to
EGFR inhibitors.10 Indeed, KRAS gene mutations appear to account for only about 35-45% of
patients who are non-responders to EGFR inhibitors. Some investigators suggest that a higher
percentage of non-responsive patients can be identified when other molecular alterations in the
EGFR signaling pathway are analyzed, including involving such genes known as PIK3CA,
BRAF, and PTEN, although these remain to be validated for this purpose.11
The high predictive value of KRAS testing to identify lack of response to EGFR inhibitors in
patients with metastatic colorectal cancer tumors also suggests that KRAS mutation status may
be predictive of response in certain other cancers with high prevalence of KRAS mutations.12, 13
However, further research is needed to identify and validate potential roles for KRAS testing.

Intervention and Outcome
A recent set of retrospective analyses of RCT data demonstrate that the response of patients with
metastatic colorectal cancer to cetuximab or panitumumab is strongly influenced by their KRAS
status. As such, the value of KRAS testing is based on its ability to distinguish between those
patients who are highly unlikely to respond to EGFR inhibitors, and therefore can be directed to
potentially beneficial alternative therapy, and those who are more likely to respond to EGFR
inhibitors. These analyses have been compiled in reviews conducted by the Blue Cross Blue Shield
Association Technology Evaluation Center (BCBS TEC),16 American Society of Clinical Oncology
(ASCO), and FDA.31 The FDA review, which is the most recent, includes analyses of seven RCTs,
two of which do not appear to have been published to date; both of the others include analyses of
the other five RCTs. (BCBS TEC and ASCO also evaluated five single-arm studies for tumor
response according to KRAS status.) Although these RCTs did not prospectively assign patients to
treatment according to their KRAS gene status, these analyses retrospectively compared how well
patients with KRAS mutations and wild-type KRAS responded to the EGFR inhibitor therapies. The
outcomes assessed in these analyses included two or more of overall response rate (tumor
response),b progression-free survival,c overall survival,d and quality of life.14-18
In these RCTs, patients received standard of care (i.e., basic supportive care or standard
chemotherapy) and were randomized to receive an EGFR inhibitor (cetuximab or
panitumumab) or no additional therapy. The percentage of the original RCT populations for
which KRAS status was assessed ranged from 23% to 92%. Among patients whose tumors had
KRAS mutations, those who received an EGFR inhibitor did no better or worse in nearly all
patient outcomes than the control groups that did not receive an EGFR inhibitor. For example,
of the eight primary outcomes measured across the seven studies (progression-free survival in
four studies, tumor response in two studies, and overall survival in two studies), patients
whose tumors had KRAS mutations receiving an EGFR inhibitor did worse than the control
group in five and no better than the control group in three. As confirmed by BCBS TEC, ASCO,

Overall response rate is an intermediate outcome that refers to the percentage of patients whose tumors were
reduced in size as a result of treatment.
c Progression-free survival is the length of time during and after treatment when a patient's disease does not worsen.
Progression-free survival does not refer to longer patient survival.
d Overall survival is the total amount of time that a patient survives following treatment, regardless of the cause of death.
b
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and FDA, these analyses strongly suggest that EGFR inhibitors are not effective for treatment of
patients with metastatic colorectal cancer containing KRAS mutations.
Among the patients in these five RCTs who received EGFR inhibitor and were found subsequently
to have wild-type KRAS, progression-free survival was significantly better in three of the five trials in
which it was reported whereas overall survival was significantly improved in only one of the three
trials in which it was reported. In the latter trial which overall survival was improved, the benefit of
being in the cetuximab group was modest, i.e., 9.5 months for the cetuximab group vs. 4.8 months
for the best supportive group. There is limited evidence concerning impact on health-related
quality of life. In an analysis of the data from one of the RCTs, patients with wild-type KRAS who
received cetuximab experienced less physical function deterioration at 8 weeks, improved global
health status at 8 weeks, and preserved global health status at 16 weeks.19
As noted above, although the available research demonstrates that wild-type KRAS status in
patients with metastatic colorectal cancer is strongly associated with favorable response to
cetuximab, including objective response and progression-free survival, available evidence also
indicates that about half of wild-type KRAS patients may be non-responders.20
Another benefit to KRAS testing is the potential for avoidance of adverse effects. Among patients
with advanced colorectal cancer treated with cetuximab monotherapy, the more frequently
reported adverse effects include: acneform rash/desquamation (89%); fatigue (89%); abdominal
pain (59%); dyspnea (48%); gastrointestinal (35-39%), infection (35%), fever (30%), stomatitis
(25%), and adverse infusion reactions (20%).1 Certainly, many of these side effects occur with
other chemotherapies and MAb; however, additional incidence of adverse effects from cetuximab
can be considerable. For example, in one of the analyses of RCT data noted above, incidence of
treatment-related serious adverse events was 26% for the cetuximab+FOLFIRI group versus
19.3% for the FOLFIRI group. The following more severe reactions were significantly more
frequent with cetuximab+FOLFIRI than with FOLFIRI alone: skin reactions (19.7% vs. 0.2%),
infusion-related reactions (2.5% vs. 0%), and diarrhea (15.7% vs. 10.5%).21 (These were grade 3 or
4 adverse events, based on the National Cancer Institute Common Toxicity Criteria, a four-point
scale [0-4], with 4 indicating most severe reaction.22) Avoiding or minimizing these adverse
effects to the extent possible through testing of KRAS mutation status in patients with metastatic
colorectal cancer addresses the goals of patient-centered, safe, effective, quality of care supported
through pharmacogenomics.23

Incorporation into Practice Guidelines
Given the available evidence regarding the role of KRAS status in predicting response to EGFR
inhibitor therapies, the National Comprehensive Cancer Network (NCCN) has updated its
clinical guidelines for colorectal cancer in 2008 to include the recommendation that
“determining KRAS gene status of either the primary tumor or a site of metastasis should be
part of the pre-treatment work-up for all patients with metastatic colorectal cancer.” Further,
the EGFR inhibitors, cetuximab and panitumumab, “either as single agents, or, in the case of
cetuximab, in combination with other agents, are now recommended only for patients with
tumors characterized by the wild-type KRAS gene,” according to NCCN.24
In 2009, ASCO issued a provisional clinical opinion stating that “all patients with metastatic
colorectal carcinoma who are candidates for anti-EGFR antibody therapy should have their

A-38
PCDocs #: 490598

Case Study III: KRAS

tumor tested for KRAS mutations in a CLIA-accredited laboratory. If KRAS mutation in codon
12 or 13 is detected, then patients with metastatic colorectal carcinoma should not receive antiEGFR antibody therapy as part of their treatment.”25
In July 2009, FDA announced revisions to the prescribing information for EGFR inhibitors and
colorectal cancer, requiring inclusion of information on variations in the KRAS gene that may
affect patient response to those therapies. The agency also updated the clinical studies section
of the label to include results from retrospective analyses based on data from seven RCTs with
drugs in this class.26
In assessing KRAS testing for informing decisions about EGFR inhibitor therapy for metastatic
colorectal cancer, BCBS TEC found that KRAS testing met all five of its evaluation criteria. With
regard to the clinical utility of KRAS gene testing, BCBS TEC stated that: “Based on clinical
validity of KRAS mutation testing to predict non-response to EGFR inhibitors, the clinical utility
can be inferred to guide treatment decisions in patients with metastatic colorectal cancer.”16

Economic Value of KRAS Mutation Screening
To date, there are no published peer-reviewed cost analyses of KRAS mutation testing.3, 27 The
potential economic value of KRAS testing resides in costs savings and improved cost
effectiveness of appropriately targeted EGFR inhibitors for patients with advanced, metastatic
colorectal cancer. These include:



Cost savings realized from avoiding ineffective treatment



Cost savings from avoiding management of adverse effects of EGFR inhibitor therapy in
patients who would not benefit from that therapy



Improved cost effectiveness resulting from better use of EGFR inhibitor therapy

A few unpublished studies address the cost effectiveness of alternative therapies involving
EGFR inhibitors for metastatic colorectal cancer. However, these analyses do not address the
particular contribution to cost effectiveness of using KRAS testing to inform treatment choices.
As part of its recent appraisals of MAb therapies for first-line treatment of metastatic colorectal
cancer, the UK National Institute for Clinical Excellence (NICE) reported on cost-effectiveness
analyses submitted by manufacturers. Consistent with the licensed indication for cetuximab,
these cost-effectiveness analyses assumed that all patients had been tested for KRAS mutations
and that only those with wild-type KRAS were treated with regimens involving cetuximab. The
results of these varied according to the assumptions about treatment approaches used, e.g.,
rules about when to stop treatment based on patient response after a certain number of weeks,
time horizon (e.g., 10 years vs. lifetime), rates for liver resections (how often required and their
success rates) that would be required as part of treatment, and use of a manufacturer rebate
program. For example, a manufacturer’s model estimated that, under base case scenarios, the
incremental cost-effectiveness ratio (ICER) of treating with cetuximab+FOLFIRIe vs. FOLFIRI

e

FOLFIRI is a standard chemotherapy regimen for treatment of colorectal cancer, that includes the drugs FOL –
folinic acid (leucovorin), F – fluorouracil (5-FU), and IRI – irinotecan.

A-39
PCDocs #: 490598

Case Study III: KRAS

alone was in the range of £30,546-69,287/QALY, and that the ICER for cetuximab+FOLFOXf vs.
FOLFOX alone was in the range of £37,571-63,245/QALY. Under certain best case scenarios, the
ICER of treating with cetuximab+FOLFIRI vs. FOLFIRI alone was in the range of £28,02434,646/QALY, and that the ICER for cetuximab+FOLFOX vs. FOLFOX alone was in the range of
£29,327-40,529/QALY.28, 29 As such, these analyses submitted by manufacturers indicate that
these treatments involving cetuximab are borderline cost effective. (NICE cites £30,000/QALY
as an approximate threshold above which it would not consider an intervention to be cost
effective.)
The National Cancer Institute of Canada Clinical Trials Group CO.17 study, as reported in 2009,
demonstrated higher cost-effectiveness ratios for cetuximab given in addition to best supportive
care for metastatic colorectal cancer.30 Analyses included direct medical costs: medications,
physician visits, toxicity management, blood products, emergency department visits, and
hospitalizations. Mean survival times were calculated for the entire population and for the
subset of patients with wild-type KRAS tumors over an 18-19-month period. Study results are
presented in Table 1.
Table 1. Clinical and economic benefit of cetuximab compared to best supportive care
Entire population

Patients with wild-type KRAS

Clinical benefit
Quality-adjusted survival

0.12 years

0.28 years

Quality-adjusted life years

0.08 QALYs

0.18 QALYs,

$23,969

$33,617

Cost effectiveness ratio

$199,742 per life-year gained
(95% CI = $125 973 to $652 492
per life-year gained)

$120,061 per life-year gained
(95% CI = $88 679 to $207 075
per life-year gained)

Cost utility ratio

$299,613 per QALY gained
(95% CI = $187 440 to $898 201
per QALY gained)

$186,761 per QALY gained
(95% CI = $130 326 to $334 940
per QALY gained)

Cost effectiveness
Incremental cost

The study demonstrated modest improvement in overall and quality-adjusted survival (QAS)
and QALYs for patients with wild-type KRAS who received cetuximab compared to the entire
patient population.30 As shown in Table 1, for those with wild-type KRAS, mean gains were QAS
of 0.28 years and 0.18 QALYs versus the entire population with QAS of 0.12 years and 0.08
QALYs. The incremental cost for use of cetuximab compared with best supportive care was
lower for the full patient population compared to patients with wild-type KRAS. However,
limiting the analysis to patients with wild-type KRAS demonstrated lower overall costs per lifeyear gained for wild-type-KRAS versus the entire population, though both ratios were high.
Similarly, the cost per QALY ratio for wild-type KRAS was lower than for the entire population,
though both ratios were high. In a sensitivity analysis, cetuximab cost and patient survival were
the only variables that influenced cost effectiveness. The investigators concluded that ICERs of

f

FOLFOX is a standard chemotherapy regimen for treatment of colorectal cancer that includes the drugs FOL– folinic
acid (leucovorin), F – fluorouracil (5-FU), and OX – oxaliplatin.
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cetuximab over best supportive care alone in unselected advanced colorectal cancer patients are
high and sensitive to drug cost.
Another recently unpublished analysis projected considerable cost savings of using KRAS
testing to inform treatment decisions. Using 2008 ACS data, the annual incidence of metastatic
colorectal cancer was estimated to be 29,762 new cases per year.31 Upfront KRAS testing for all
of these new cases would cost $13 million ($452 per patient). The cost of cetuximab treatment
was estimated to be $71,120 per patient. Assuming that the 36% of patients found to have KRAS
mutations would not receive cetuximab, drug cost savings were estimated at $753 million.
Considering the cost of KRAS testing, net savings in ineffective treatment with cetuximab
would be $740 million. (This estimate may be high for several reasons. It assumes that, in the
absence of KRAS testing, all new patients would have received 24 weekly doses of cetuximab. It
also assumes that, in the new scenario, all patients would receive upfront KRAS testing, and all
patients with KRAS mutations would be identified and that none of these patients would
receive cetuximab. Also, the analysis does not appear to account for the costs of alternative
treatment that would substitute for cetuximab in the patients with KRAS mutations.) The
investigators noted that, although cetuximab is used as a second- or third-line therapy, KRASbased treatment selection is likely to produce cost savings across all lines of therapy since
validated predictive molecular markers may not only spare patients ineffective and toxic
therapies, but may also greatly reduce futile costs.31

Conclusions
KRAS testing is a current example of advances in molecular and genetic testing that are
becoming important diagnostic tools for understanding individual response to treatments. The
results of these tests are having a direct influence on clinical decision making, patient outcomes,
and costs. Identifying patients with KRAS-mutated tumors is helping to avoid prescription of
ineffective drugs, unnecessary exposure to adverse effects from those drugs, and more prompt
treatment with alternative drug regimens.
Based on retrospective subgroup analyses of data from multiple RCTs and other clinical studies,
the response of patients with metastatic colorectal cancer to cetuximab or panitumumab as
monotherapies or in combination with other drugs differs considerably based on their KRAS
gene status. Patients with KRAS mutations show virtually no response to these drug regimens.
The benefits in tumor response, progression-free survival, and overall survival found in varying
extents across available studies have been limited only to those patients with wild-type KRAS.
These findings demonstrate that KRAS gene status should be a key factor in treatment decisions
for patients with metastatic colorectal cancer that may involve use of EGFR inhibitors. The role
of KRAS testing is reflected in recently modified FDA prescribing information in product labels
for EGFR inhibitors, and in clinical practice guidelines of NCCN, ASCO, and other authoritative
sources calling for pretreatment work-up for all patients with metastatic colorectal cancer.
Information about the sensitivity and specificity of KRAS mutation testing is limited and variable.
Performed as CLIA-regulated laboratory-developed tests, KRAS mutation testing is not
standardized across laboratories, which may result in inconsistencies in results across laboratories.
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Although KRAS testing to inform treatment decisions for these patients is strongly indicated
based on available evidence, the actual impact of the testing on clinical decisions or on patient
outcomes has not yet been quantified in prospective studies. This would include demonstrating
that the test performs as well in upfront testing of new patients in clinical practice as it has in
retrospective subgroup analyses of RCT data and that, in practice, patients who are not
indicated for EGFR inhibitors (those with KRAS mutations) do not receive EGFR inhibitors but
are given potentially beneficial alternative treatments, and patients who are indicated for EGFR
inhibitor treatment (i.e., those without KRAS mutations) are treated appropriately.28
Although there is some limited evidence on the cost effectiveness of EGFR inhibitors, there are
no published cost-effectiveness analyses of the impact of KRAS testing. A recent unpublished
analysis indicates that pre-treatment KRAS mutation testing for all new cases of metastatic
colorectal cancer would result in theoretical savings of hundreds of millions of dollars annually
in the avoidance of ineffective treatment with cetuximab for patients with KRAS mutations.
Further analyses based on empirical data may provide better estimates of cost savings and cost
effectiveness of KRAS testing.
As some wild-type KRAS patients do not respond to EGFR inhibitors, further research is needed
to improve identification of those patients (perhaps using a combination of genetic tests
influencing the EGFR signaling pathway), in order to better direct their treatment selection.
Also, KRAS mutation testing to date is generally limited to patients with metastatic colorectal
cancer. There is growing interest in its use to inform treatments in patients with early stage
disease, similar to the expansion of HER-2/neu testing for patients with breast cancer. Further
research in expanded use of KRAS testing will be important in realizing potential further gains
in quality of care, patient outcomes, and cost savings in the treatment of colorectal cancer.
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Case Study IV:
Screening for Cervical Cancer with HPV Genetic Test
Magnitude and Importance of Cervical Cancer
Cervical cancer is the second most commonly diagnosed and third leading cause of cancer
mortality among women worldwide.1 More than 555,000 new cases of cervical cancer are
diagnosed annually across the globe, with more than 80% of cases occurring in developing
countries.2 The highest incidence rates are in Central and South America, the Caribbean, SubSahara Africa, and Southern Asia. The disproportionate burden of cervical cancer in
developing countries and elsewhere in medically underserved populations is mainly due to
lack of access1 to effective screening programs.2, 4
In the United States, about 10,800 cases of HPV-associated cervical cancer are diagnosed each
year, of which approximately 3,700 cases result in death, according to the CDC, based on
incidence data for 1998-2003.5 The American Cancer Society (ACS) projects that approximately
11,270 new cases of invasive cervical cancer will be diagnosed and that there will be 4,070
deaths from the disease in 2009.6 Incidence and mortality rates have steadily declined over the
past several decades, from 3.7 deaths per 100,000 in 1986 to 2.4 deaths per 100,000 in 2005, as a
result of emphasis on prevention and early detection through increased screening.7, 8 The
decline is largely attributable to the widespread acceptance use of cervical cytology screening
tests, including conventional Papanicolaou (“Pap”) tests and newer forms of cervical cytology.2
Cervical cytology tests served as the gold standard and primary means of screening for cervical
cancer since the 1940s.
Scientific advances in the 1980s and 1990s led to recognition that human papillomaviruses
(HPVs) are the primary cause of cervical cancer and to two innovations: HPV assays for
screening and the HPV vaccine.9-11 Together, prevention using the HPV vaccine and detection
using cervical cytology provide opportunities for greater and more efficient reductions in the
incidence of cervical cancer and associated costs of care.
More than 150 different types of HPV-related viruses have been identified, of which about 30
are associated with cervical carcinomas.12, 13 Low-risk types associated with other types of HPV
infection generally clear spontaneously without intervention. Epidemiological studies on the
global prevalence of HPV types indicate that about 70% of cervical cancer cases are related to
infections with two high-risk HPV types3: HPV 16 and HPV 18.14, 15 About 15% of cervical
cancers are related to high-risk HPV types 31, 33, 35, 45, 52, and 58, and another 15% are less

Factors that contribute to insufficient screening programs in developing countries include over-reliance on maternal
and child health services for screening, as their target population is generally too young, opportunistic rather than
organized screening, and low coverage of the target group.3
2 The decline is most notable in squamous (epithelial) cell carcinomas, which can be detected with Pap tests; however,
the tests are less effective in detecting adenocarcinomas (cancer originating in glandular tissue).
3 HPV vaccines are designed to prevent infections caused by the two high-risk types, HPV 16 and HPV 18, as well as
other common types that cause genital warts, HPV 6 and HPV 11.
1
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common types with some variation among geographical regions.14, 15 HPV-related cervical
carcinomas develop as the result of long-term, persistent infection with high-risk types.16
Significant racial and ethnic disparities persist with regard to incidence and mortality rates of
cervical cancer.5 According to CDC analyses of data for 1998-2003, the cumulative incidence
rate for all types of cervical cancers was higher in African American women (12.6%) compared
to white women (8.4%) and Asian/Pacific Island (API) women (8.3%). Hispanic women also
had increased incidence (14.2%) compared to non-Hispanics (8.4%). African American women
tended to be diagnosed at an older median age (49 years vs. 47 years for white women) whereas
Hispanic women tended to be diagnosed at a younger age (45 years vs. 48 years for nonHispanics). For each race/ethnic group, most localized cervical carcinomas occurred in women
under 50 years, particularly those ages 40-49 years. After 50 years, cervical cancers of all stages
decreased for white women, but remained high for African Americans; for Hispanic and API
women over 50 years, rates of localized cancer declined but regional and advanced stage
cancers increased. These higher incidence rates for African Americans and Hispanics have been
attributed to less screening or follow-up after abnormal test results.17-19 these differences in
screening rates may reflect differences in access to health care services more broadly due to
distance to health care facility, language or other cultural barriers, and lack of health insurance.5

Laboratory Tests for Diagnosing and Treating Cervical Cancer
Currently, there are several types of laboratory tests for screening and diagnosis of cervical
cancer, including cervical cytology and innovative molecular HPV DNA tests. These tests aim
to detect potentially pre-cancerous changes, known as cervical intraepithelial neoplasia4 (CIN)
or cervical dysplasia, usually caused by sexually transmitted HPVs. The HPV test also can
indicate whether atypical squamous cells of undetermined significance (ASCUS) collected for
cytology testing have the potential to progress to cancer. CIN and ASCUS are important
indicators of molecular-level changes in cervical cells that, if left untreated, can lead to cancer.
Traditional methods of cervical cytology testing first established in the 1940s involve the collection
of cells from the cervix, affixing the specimen to a glass slide (via fixative spray) for microscopic
evaluation to determine the presence of abnormalities. In the 1990s, innovations in cytology testing
techniques led to the development of liquid-based thin-layer slide preparation testing method
whereby the specimen is mixed into a vial of liquid preservative and then made into slide samples.20
Thin-layer methods provide for cleaner and more uniform analysis, improving testing accuracy and
efficiency over traditional methods.21 In 2007, 99% of laboratories used thin-layer cervical cytology
test methods for cervical cancer screenings.20, 22 These tests remain an effective and widely used
means of detecting certain cervical precancers and cancers.
Further innovations have been realized with the discovery of cervical cancer biomarkers and
corresponding development of molecular testing techniques to screen for HPV DNA. Two

4

Cervical intraepithelial neoplasia (CIN) refers to a method of classifying the spectrum of abnormality (dysplasia) in
cervical lesions to help standardize treatment. CIN1 is mild dysplasia, CIN2 is moderate dysplasia, and CIN3 is
severe dysplasia. The most recent classification is the Bethesda System, divides all cervical epithelial presursor
lesions into 2 groups: Low-grade Squamous Intraepithelial Lesion (LSIL) and High-grade Squamous
Intraepithelial Lesion (HSIL). LSIL corresponds to CIN1, and HSIL includes CIN2 and CIN3. More recently, CIN2
and CIN3 have been combined into CIN2/3.
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predominant types of molecular tests are available to screen for high-risk HPV DNA: the
hybrid capture II assay (HC2) (i.e., direct hybridization) and PCR-based method (i.e.,
amplification). HC2 can distinguish between groups of high-risk and low-risk genotypes, but it
does not permit identification of individual genotypes.23, 24 PCR methods amplify parts of the
HPV DNA genome to support type-specific identification (including high-risk HPV 16 and 18),
but may underestimate the prevalence of multiple genotypes when used for broad spectrum
testing (high-risk vs. low-risk).25
While both testing methods were developed in-house by laboratories (laboratory developed
tests), one HC2 test also has received FDA approval.26 In March 2009, FDA approved an
innovative isothermal signal amplification technology.27 Other emerging molecular-based
technologies include the Luminex xMap to detect an expanded range of HPV; ThirdWave
genotype assay and DNA chip probes for type-specific detection; viral load/real-time PCR to
distinguish relevant infection; a rapid, simple assay to detect HPV16; and ProExC to identify
markers of aberrant S-phase induction.24

Clinical Value of HPV Screening
This case study focuses on the clinical and economic value of HPV testing in cervical cancer
screening programs as presented in the clinical analytic framework (Figure 1). HPV DNA
testing can yield significant clinical value in several ways, including the following:


Improved diagnostic accuracy and predictive value in identifying individuals
with precancer ASCUS as well as cervical intraepithelial neoplasia (CIN)



More effective triage of patients after cytology, decreasing effect of cytology
false-negative test results



Improved potential to prevent cervical cancer by identifying precancerous states



Improved early detection and prediction of therapeutic outcome



Decreased need for surgical procedures



Improved patient outcomes, including decreased mortality and morbidity
(e.g., surgical procedures, chemotherapy), and increased quality of life



Decreased costs of cancer as a result of early intervention and cancer prevention
cancer, and/or reduction in and severity of illness and complications
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Figure 1. Clinical Analytic Framework for HPV Testing
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Improved Health Outcomes
• HPV DNA tests have higher sensitivity (90-100%) compared to cervical
cytology (60%) but cytology is more specific (95.4%) than HPV tests (6167%).1
This leads to:
• Increased detection precancerous cells and cervical cancer of all grades 2,3
• Lower incidence of CIN 2/3 in subsequent screenings
• Incidence of CIN2 decreased11% over 4 years4
• Incidence of CIN3 decreased 25% over 6.5 years5
• Longer disease free intervals3
• Decreased mortality rate per 100,000 at 12.7% for HPV, 21.5% for cytology,
20.9% for visual inspection, and 25.8% for standard of care2

Improved Quality of Life
• Better triage to avoid unnecessary procedures and surgeries6
• Decreased risk of progression to advanced cancers3,7
• More personalized screening intervals assigned according to patient risk8

$

Improved Cost Effectiveness
• HPV screening every 3 years up to age 75 years yields a cost per QALY
saved of $38,699; screening every 2 years up to age 100 years yields a
cost per QALY saved of $76,183; for latter group, decreasing the cost of
HPV testing to <$5 yields CE of $50,100 per QALY saved.9
• ICER for HPV triage was <$13,000 per life-year saved
• ICER for cytology-HPV screening was $9,800-75,000 depending on
interval10
• Combination screening decreases lifetime risk of cervical cancer by 6278% compared to 41-65% for triage and 48-58% for status quo10

Sources:
1. Dillner J, Rebolj M, Birembaut P, et al. Long term predictive values of cytology and human papillomavirus testing in cervical cancer screening: joint European cohort study. Br
Med J 2008;337:1-8.
2. Mayrand MH, Duarte-Franco E, Rodrigues I, et al. Human papillomavirus DNA versus Papanicolaou screening tests for cervical cancer. N Engl J Med 2007;357(16):1579-88.
3. Cuzick J, Arbyn M, Sankaranarayanan R, et al. Overview of human papillomavirus-based and other novel options for cervical cancer screening in developed and developing
countries. Vaccine 2008;26S:K29-K41.
4. Naucler P, Ryd W, Tomberg S, et al. Human papillomavirus and Papanicolaou tests to screen for cervical cancer. N Engl J Med 2007;357:1589-97.
5. Bulkmans NW, Berkhof J, Rozendaal L, et al. Human papillomavirus DNA testing for the detection of cervical intraepithelial neoplasia grade 3 and cancer: 5-year follow-up of
a randomized controlled implementation trial. Lancet 2007;370:1764-72.
6. Gravitt P, Coutlee F, Iftner T, et al. New technologies in cervical cancer screening. Vaccine 2008;26((Supplement 10)):K42-K52.
7. Dehn D, Torkko KC, Shroyer KR. Human papillomavirus testing and molecular markers of cervical dysplasia and carcinoma. Cancer (Cancer Cytopathology) 2007;111(1):1-14.
8. Petry KU, Menton S, Menton M, et al. Inclusion of HPV testing in routine cervical cancer screening for women above 29 years in Germany: results for 8,466 patients. Br J
Cancer 2003;88:1570-7.
9. Mandelblatt JS, Lawrence WF, Womack SM, et al. Benefits and costs of using HPV testing to screen for cervical cancer. JAMA 2002;287(18):2372-81.
10. Kim JJ, Wright TC, Goldie SJ. Cost-effectiveness of human papillomavirus DNA testing in the United Kingdom, the Netherlands, France, and Italy. J Natl Cancer Inst
2005;97(12):888-95.
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Detection
There is substantial evidence demonstrating that the sensitivity (ability to detect true positives)
of HPV testing (both HC2 and PCR) is very high, but the specificity (ability to detect true
negatives) is lower compared to cytology. Pooled cumulative estimates of the diagnostic
accuracy are presented in Table 1. Diagnostic accuracy for all cervical cancer screening tests can
vary slightly according to cancer stage. The high specificity of cytology demonstrates
advantages for confirming negative results while the high sensitivity of HPV tests demonstrates
advantages in identifying individuals with ASCUS as well as cervical intraepithelial neoplasia
(CIN) grades 2/3 or higher.24, 28
Some studies have reported increased sensitivity from the liquid-based Pap tests compared to
conventional Pap tests, while others found no statistically significant differences.29-32 In
addition, use of liquid-based Pap tests does not change ASCUS detection rates for follow-up
reflex HPV testing.33
Table 1. Sensitivities, specificities, and positive/negative predictive values (PPV, NPV)
reported in the literature for cervical cancer screening/diagnostic tests.
Test
Cytology
HC2

PCR
amplification

Sensitivity

Specificity

 59.9%

 95.4%

 61-66% (thin-layer)

 82-91% (thin-layer)

 ≥96%

NPV

PPV

 99%

 21.1%

 61%

 99%

 23% for CIN2+

 93.6% for CIN3 or
cancer

 41.2% for CIN3 or
cancer

 98.2% for CIN3 or
cancer

 16.1-17.2% for CIN3
or cancer

 70% for cervical
lesions

 56% for cervical
lesions

 95% for cervical
lesions

 19% for cervical
lesions

 92% for CIN2+ using
Gp5+/6+

 66.7% for CIN2+ using
Gp5+/6+

 85.7% for CIN2+
using Gp5+/6+

 81.3% for CIN2+
using Gp5+/6+

 89.9-100% for CIN2+
and 89.3% for CIN3
using Amplicor

 35.7-49.2% for CIN2+
and 48.5% for CIN3
using Amplicor

 96.7% for CIN2+
and 97.4% for
CIN3 using
Amplicor

 33.7% for CIN2+ and
17.3% for CIN3
using Amplicor

Sources:
Coste J, Cochand-Priollet B, de Cremoux P, et al. Cross sectional study of conventional cervical smear,
monolayer cytology, and human papillomavirus DNA testing for cervical cancer screening. BMJ 2003;326
(7392):733.
Dehn D, Torkko KC, Shroyer KR. Human papillomavirus testing and molecular markers of cervical dysplasia and
carcinoma. Cancer 2007;111(1):1-14.
Dillner J, Rebolj M, Birembaut P, et al. Long term predictive values of cytology and human papillomavirus
testing in cervical cancer screening: joint European cohort study. Br Med J 2008;337:1-8.
Kulasingam SL, Hughes JP, Kiviat NB, et al. Evaluation of human papillomavirus testing in primary screening for
cervical abnormalities: comparison of sensitivity, specificity, and frequency of referral. JAMA 2002;288 (14):
1749-57.

In an observational study of HPV testing in 167 women, both types of HPV tests (HC2 and PCR)
yielded comparable results with a good degree of concordance (83.3%), indicating that both are
suitable for routine use.34 Within the 17% of discordant results, there are some modest
differences among the tests. One study found that, for PCR+/HC2- results, the higher
sensitivity of the PCR method identified 12% more positive results; of these, PCR correctly
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identified HPV in 65%, but incorrectly identified the other 35% as positive (i.e., false-positive
results).34 Conversely, for HC2+/PCR- results, the PCR method will correctly verified that no
HPV was present. Another important measure is the rate of false-negative results. PCR
correctly identified all patients with CIN3, but HC2 failed to detect it in two of seven patients
Several randomized controlled trials (RCTs) compared HPV- and cytology-based methods as
primary cervical cancer screening tests.35 Data from the trials confirm that HPV-based
screening results in detection of more high-grade CIN lesions but reduced specificity compared
to cytology-based screening. These trials also found that the increased sensitivity for CIN3+ (of
the HPV tests) corresponded correctly to a lower incidence of CIN3+ in future screening.36, 37
Thus, all three types of cervical cancer screening tests have implications for clinical practice. At
present, HPV testing is generally used in combination with cervical cytology to screen for HPV
infection as well as triage borderline Pap test results. HPV tests in combination with Pap tests
are 96% to 100% sensitive for detection of CIN 2/3 and cancer.38 Because of its lower falsepositive rate, HC2 is often used with cytology for routine screening. However, the higher
specificity of PCR for detecting CIN3 can provide a better triage for borderline results.34, 39, 40

Clinical Outcomes
Along with improved detection, HPV testing for cervical cancer yields several other benefits that
improve clinical care. These benefits include a better means of triaging patients prior to referral for
colposcopy or biopsy, longer disease-free intervals and other improved long-term health outcomes,
and avoidance of invasive cancers and decreased cervical cancer mortality. The following section
summarizes key findings in the literature related to these important outcomes.

Triage and referral for additional procedures
Screening for ASCUS via Pap testing involves a significant degree of uncertainty and can vary
significantly among laboratories. The sensitivity of HPV DNA molecular testing provides an
objective means to triage patients to confirm positive or negative results.41 For example, triage
is important for women who are referred for colposcopy because of abnormal cytology tests but
who do not have any visible lesion or for whom a biopsy yields negative histology. For these
women, a negative HPV test at or near the time of colposcopy provides additional reassurance
that there is unlikely to be any undetectable disease. A positive HPV result, especially for highrisk types 16 and 18, provides assurances of continued risk and need for short-term repeat
testing and closer patient follow-up.42 The value of HPV DNA testing in triage is based in part
on avoiding unnecessary procedures that would have occurred in the absence of this test. For
example, if all women would otherwise have been referred for colposcopy following abnormal
Pap tests, then HPV testing can help to reduce rates of unnecessary biopsy referrals.43

Longer disease-free survival and improved long-term outcomes
Several studies have shown that negative HPV results alone or in combination with negative
cytology signifies predicts longer disease-free interval against CIN2+ than negative cytology
results alone.43 In particular, long-term follow-up of two recent large RCTs in Sweden and the
Netherlands demonstrated that the higher detection rate for CIN2+ with HPV, used as part of
screening, led to lower rates of CIN3+ at subsequent screening and indicated that HPV DNA
tests are highly sensitive to prevalent cases. In the Swedish study of 12,527 women ages 32-38,
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the addition of HPV testing at the initial screen increased detection rate for CIN2+ by 51%
compared to Pap test only and, in subsequent screenings over a 4-year (mean) follow-up period,
the proportion of women found to have grade 2 or 3 lesions was 42% less and the proportion of
grade 3 lesions or cancer was 47% less.37 Similar results were found in the Dutch study of 8,575
women, where the addition of HPV testing increased initial detection rate of CIN3+ by 70%
compared to Pap test only, and the number of grade 3 lesions was 55% lower over the 6.5 year
(mean) follow-up period.36 The investigators concluded that HPV testing leads to earlier
detection of CIN3+ lesions, effectively lowering incidence CIN3+ at 6.5 years and permitting an
extension of the screening interval.
Many observational studies have demonstrated that HPV DNA testing is a good predictor of
risk. Protection over an extended period also was demonstrated in an earlier 2003 German
study, the first large-scale evaluation of HPV testing as an adjunct to routine cytology
screening.44 Combination screening enabled population risk stratification and development of
risk-adapted screening programs with increased intervals for those at lower risk. Study results
demonstrated that HPV+/Pap+ test results identified the highest proportion of high-grade
cervical neoplasia (19/54). Similarly, women with HPV-/Pap- test results are at significantly
reduced risk of developing high-grade CIN or cancer, suggesting that they should be protected
for an extended period of time between screenings.
A recent (2008) multinational study pooled data on 24,295 women to determine the effects of
HPV testing compared to cytology at a six-year follow up.35 Analyses determined that the PPV
for future CIN3+ was highest at 34% among women with abnormal cytology and positive HPV
test at baseline. Women with normal cytology but positive HPV had continuously increasing
cumulative incidence rate of CIN3+, eventually reaching 10% after six years, whereas women
with abnormal cytology and negative HPV had an incidence rate of 2.7%. At six-year followup, the rate of CIN3+ was significantly lower among women negative for HPV (0.12-0.45%)
than women negative for cytology results (0.53-1.34%). Results were similar for incidence of
CIN grade 2 or worse.35
In addition, HPV testing is a sound tool for lowering risk of cervical cancer. Another
comparative observational study of 2,982 women found that the proportion of women with
CIN2+ within 1, 5, and 9 years after negative HPV test (0.19%, 0.42% and 1.88% respectively)
was half as high as that for women with negative cytology (0.33%, 0.83% and 2.20%).45 HPV
testing offered excellent protection from CIN2+ for at least 6 years after a negative test, whereas
the protection from cytology began to wane after about 3 years.
These data on decreased incidence of advanced-stage cancers, along with data from numerous
other clinical trials and observational studies noted earlier, have implications for the ability of
HPV testing to contribute to decreased mortality. The potential for greater impact on mortality
was demonstrated in a recent computer-based simulation. According to this simulation, adding
HPV testing to Pap screening produces other substantial clinical benefits, such as avoidance of
225 invasive cancers per 100,000 women and decreases cervical cancer mortality by 59%.46 (See
further discussion below on economic value.)
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Efficient primary screening test
HPV DNA testing is increasingly recognized for its potential as a primary screening test for cervical
cancer alone and as the initial test followed by cytology for triage. In early 2009, the results of a
nine-year RCT conducted in rural India reported on the effect of a single round of screening by HPV
DNA, cytology testing, or visual inspection of the cervix with ascetic acid (VIA) on the incidence of
cervical cancer and mortality compared to standard care.4 The RCT evaluated 131,746 women ages
30-59 years who were randomly assigned to a screening group or the control group (which received
the standard of care). Women who had positive results were referred for colposcopy and directed
biopsies and those with precancerous lesions were given appropriate treatment. Study results
demonstrated that incidence of CIN2+ cancer per 100,000 populations and death were significantly
lower in the HPV testing group compared to cytology and VIA testing. Investigators concluded that
a single round of HPV testing was associated with a significant reduction in the number of CIN2+
cancers and cervical cancer-related deaths.
More specifically, the incidence of CIN2+ cancer at the eight-year follow up was 14.5% for HPV,
23.3% for cytology, 32.2% for VIA, and 33.1% for the control group.4 Mortality rate per 100,000
followed a similar pattern at 12.7% for HPV testing, 21.5% for cytology, 20.9% for VIA, and
25.8% for the control group. Throughout the eight-year follow up period, the gap between
incidence of advanced cancer and mortality for HPV testing and that for the control group
widened significantly. Investigators concluded that a single round of HPV testing was
associated with a significant decline in the rate of advanced cervical cancers and associated
deaths, as compared to the unscreened group. The mortality rate did not change for the
cytology or VIA groups. The investigators also found that HPV testing was the most objective
and reproducible of all cervical cancer screening tests and was less demanding in terms of staff
training and quality assurance. Given the results of the study, the investigators stated that, in
developing countries, HPV screening could begin at 30 years and be performed once every 10
years. However, the extensive interval would not be accepted in developed countries where
routine screenings are performed annually or at 2-3 year intervals, especially since the HPV test
may indicate a reduced risk, not zero risk.46, 47 Several studies (including those cited above)
have examined the influence of screening intervals, suggesting that longer intervals are
associated with similar or increased detection of high-grade lesions.48, 49
Available evidence suggests that the use of HPV testing as the sole primary screening modality
provides certain benefits:
(1) HPV DNA detection assays provide an automated, objective, and very sensitive test
allowing for better quality control and reduces the basis for medical legal claims;
(2) Cytology can be reserved for the 5-15% of women who are HPV positive, improving the
quality and efficiency of cytology screening;
(3) HPV screening avoids unnecessary triage of HPV-negative ASCUS/LSIL; and
(4) If validated with well-designed clinical trials, longer screening intervals may be safe,
which would improve the cost and convenience of screening.36, 37, 50
However, because non-cancerous HPV infections are common, especially in young women,
which will clear spontaneously, a drawback of HPV DNA testing as the primary means of
screening for cervical cancer may be over-response to the detection of HPV in the form of

A-54
PCDocs #: 490607

Case Study IV: HPV

unnecessary colposcopies, psychological distress, and unnecessary treatment.43 In addition, for
low resource areas, there is concern about the costs associated with screening regimens involving
combination screening versus Pap or HPV testing alone. The Indian study mentioned above cited
the cost of the HPV test as a drawback, particularly for low resource settings. The HPV test is
more expensive ($20-30 per test) and time consuming than other screening methods, and requires
a sophisticated laboratory infrastructure. To address this need, in part, researchers are
developing simple, affordable, and accurate HPV tests that provide results within three hours.
A Randomized Trial in Screening to Improve Cytology (ARTISTIC) Trial evaluated the effectiveness
of HPV testing in more than 25,000 women undergoing routine cervical cancer screening. The trial
included a cross-sectional study of HPV testing at the recruitment phase. The study found that
HPV prevalence increased with level of cytological abnormality, more so at older ages. About 87%
of women under 30 years with mild cytologic abnormalities were HPV positive; this proportion fell
to 58% in women 30-49 years, and 28% for those 50-64 years. However, for those aged 20-29 years,
the number who were high-risk HPV positive was 52% greater than the number with abnormal
cytology, suggesting a need for a second test prior to colposcopy to avoid unnecessary procedures.
Because of the high prevalence of HPV infection in women under 30 years, the investigators
questioned the utility HPV as a primary screening tool for this age group.
Despite the available body of evidence of international trials and reviews that affirm certain
aspects of the value of HPV testing, it has received only limited approval as an adjunct to Pap
cytologic screening, i.e., only by certain authoritative groups in the US. Refer to CDC’s
complete summary of the cervical cancer screening guidelines endorsed by these groups which
can be found at http://www.cdc.gov/std/hpv/ScreeningTables.pdf. Generally, most groups
recommend beginning HPV screening as an adjunct to cervical cytology after onset of sexual
activity or age 21. ACS and the American College of Obstetricians and Gynecologists (ACOG)
recommend HPV testing every 2-3 years for women ≥ 30 years with 3 negative cytology tests
whereas U.S. Preventive Services Task Force (USPSTF) recommends HPV testing every 3 years
without conditions. Cessation of screening varies from >65 years (USPSTF) to ≥ 70 years with 3
consecutive negative tests (ACS).51, 52
In 2006, the American Society for Colposcopy and Cervical Pathology (ASCCP) together with
other professional medical societies developed guidelines for managing women with ASCUS,
CIM, and adenocarcinoma. The consensus guideline states that HPV DNA testing for high-risk
types, repeat cervical cytology testing, or colposcopy are all acceptable methods for managing
women with ASCUS.53 Use of HPV DNA tests for reflex testing of ASCUS Pap test
interpretations in women ≥ 30 years is a cost-effective method of confirming results and
eliminates the need for patients to return to the physician’s office. However, stratifying by HPV
genotype (beyond detection) was not considered clinical beneficial by ASCCP since only 50% of
CIN2+ lesions are associated with HPV 16 or 18 and the risk of CIN2+ among women with
nononcogenic HPV 16/18 remained high enough to warrant colposcopy.54
At the time of its last (2003) review of cervical cancer screening, including HPV DNA testing,
USPSTF concluded that the evidence was insufficient to recommend for or against the routine
use of new technologies as a primary screening tool (i.e., HPV testing, liquid-based cytology,
computerized rescreening, and algorithm based screening) or to determine whether new
technologies are more effective than conventional Pap smear screening in reducing incidence of
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or mortality from invasive cervical cancer.51 Currently, USPSTF is revisiting the topic of cervical
cancer screening and, as such, is expected to consider new evidence from several RCTs
published since 2002 confirming the value of adding HPV testing to cervical cytology.55

Economic Value of HPV Screening
Few analyses have been conducted on the cost effectiveness of HPV testing. Most of these have
been simulations of alternative screening strategies. An extensive simulation published in 2002
examined 18 cervical cancer screening strategies of Pap testing plus HPV testing, Pap testing
alone, or HPV testing alone every two or three years among hypothetical cohorts of women
beginning at age 20 and continuing until 65 years, 75 years, or death. Among the progression of
most efficient scenarios (excluding those that were less cost effective or were both more costly
and saved fewer lives than an alternative scenario, i.e., the “efficiency frontier”), the maximal
savings in life years was achieved by using combined Pap-HPV screening versus Pap testing
alone every two years without an upper age limit (up to age 100), for an incremental costeffectiveness ratio (ICER) of $76,183 per QALY. Discontinuing screening with HPV plus Pap
testing at age 75 still captured 97.8% of the benefits and lowered the ratio to $70,347 per QALY.
Further along the efficiency frontier were Pap testing only every two years to 100 years ($56,440
per QALY), Pap testing only every two years to 75 years ($29,781 per QALY), and Pap only
every three years to 75 years ($11,830 per QALY). Among the three-year testing scenarios, the
Pap plus HPV screening up to age 75 years yielded a ratio of $38,699 per QALY. HPV screening
alone was equally effective as Pap testing alone at any given screening interval or age of
screening cessation but was more costly in each instance. According to sensitivity analyses, if
the cost of HPV testing would drop to $5 per test, it would be more cost effective than Pap
testing. The investigators noted that a combination of low HPV test cost, targeting to highprevalence groups, and/or improved sensitivity would favor HPV as a primary screening
strategy. They concluded that screening with HPV plus Pap testing every two years appears to
save additional years of life at reasonable costs compared with Pap testing alone.46
One comparative analysis examined the cost effectiveness of incorporating HPV testing into
existing cervical cancer screening programs in four European countries: UK, Netherlands,
France, Italy.56 The study involved a computer-based model5 of country-specific data on agespecific cervical cancer risk and a comparison of each country’s current screening policy6 with
two new strategies: (1) cytology throughout a woman’s lifetime with use of HPV testing as a
triage strategy for equivocal cytology results; and (2) cytology until age 30 years and HPV
testing in combination7 with cytology in women more than 30 years. Outcomes included
reduction in lifetime cervical cancer risk, increase in life expectancy, lifetime costs, and ICER,
expressed as cost per life year saved. Cost data were estimated from published literature and
included direct medical costs (e.g., cost of screening test, treatment, staff time, and office visits)
and patient time costs.

The model input parameters for the natural history for cervical carcinogenesis were based on population studies
primarily in the United States.
6 Each country’s status quo policy assumed conventional cytology at screening ages, intervals, and coverage rates per
the respective country’s national health insurance program.
7 Outcomes were calculated using three- and five-year HPV screening intervals.
5
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Results demonstrated that both HPV testing strategies were more cost effective than each
country’s status quo strategy.56 Adjusted to 2008 dollars, the ICERs for HPV triage were less
than $13,000 per life year saved and that for the combination strategy ranged from $9,800 to
$75,000 per life year saved, depending on the screening interval. HPV testing also contributed
to significant reductions in lifetime risk of cancer given typical conditions and rates for repeat
testing, referral for colposcopy, and biopsy. Specifically, cancer risk was reduced by 62-78%
with combination screening compared to 41-65% for triage screening and 48-58% for the status
quo. The most cost-effective strategy across all four countries was combination screening with
HPV testing at three-year intervals. The investigators concluded that expansion of current
cervical cancer screening programs with the addition of HPV testing at regular intervals has the
potential to improve patient health at reasonable cost.
Another modeling study was conducted in 2005 on the cost effectiveness of cervical cancer
screening in five developing countries—India, Kenya, Peru, South Africa, and Thailand.57
Synthesis of data from the literature simulated the natural history of HPV-induced cervical
cancer. Investigators calculated ICERs to assess alternative screening strategies that were
differentiated according to targeted age groups, number of clinical visits, frequency of
screening, and type of screening test, i.e., visual inspection of the cervix, conventional cytology
test (Pap test), HPV test, and combination visual inspection and HPV testing. Cost data
included direct medical costs, patient time costs, transportation costs, and program costs.
Country-specific reduction in lifetime risk of cancer ranged 25-31% with a single screening at 35
years (1- and 2-visit visual inspection); 30-36% reduction with 1- and 2-visit HPV testing; and
18-22% with 2- and 3-visit cytology screening. Overall, two screenings (at 35 and 40 years)
reduced lifetime risk by an additional 40%; the addition of a third screening at 45 years yielded
further reductions by 55%.57 Lifetime costs and cost-effectiveness ratios associated with
different screening strategies varied among countries, owing to differences in costs of labor,
tradable goods, time, and transportation.

Conclusions
Recognition that about 30 types HPVs are the primary cause of cervical cancer has led to
important innovations through the development of HPV assays for screening and the HPV
vaccine prevention. These innovations have brought new opportunities to improve screening and
prevention of cervical cancer. Diagnostic accuracy for all cervical cancer screening tests, including
cervical cytology, can vary slightly according to cancer stage. The high specificity of cytology
demonstrates advantages for confirming negative results while the high sensitivity of HPV DNA
tests demonstrates advantages in identifying individuals with ASCUS as well as cervical
intraepithelial neoplasia (CIN) grades 2/3 or higher. Substantial evidence, based particularly on
the Dillner (2008), Nauclear (2007), Bulkmans (2007), and Sankaranarayanan (2009) RCTs,
demonstrates that, in combination, Pap and HPV testing provide opportunities for greater and
more efficient reductions in the incidence of cervical cancer and associated costs of care.
HPV DNA testing yields several benefits to clinical care, including a better means of triaging
patients prior to referral for colposcopy or biopsy and predicting longer disease-free intervals,
as well as improved long-term health outcomes such as avoidance of invasive cancers and
decreased cervical cancer mortality. Some studies also have illustrated the value of using HPV
testing as a primary cervical cancer screening tool for women <30 years in terms of decreased
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incidence of invasive cancer and mortality. In addition, studies of HPV testing in several
countries have demonstrated high levels of cost effectiveness. The most cost-effective strategy
is HPV-Pap combination screening at three-year intervals up to age 75 years.
Significant strides have been made in establishing a solid evidence base on the benefits of
adding HPV DNA testing to cervical cancer screening programs. Yet, further study is needed to
more clearly establish a direct link between HPV DNA testing and decreased incidence of
cervical cancer and mortality. To support the recent scientific and forthcoming clinical advance
in prevention, detection, and treatment of cervical cancer, policymakers should ensure the
appropriate level of health system support for patient access to these important tests.
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