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Purpose: To present the rapid-ACCE model and report our early experience of using the ACCE structure to guide

systematic reviews for the rapid evaluation of emerging genetic tests. Methods: A rapid-ACCE review uses the

same 44 questions that were developed for the full-ACCE model to guide the conduct of systematic review. We

combined published literature with unpublished data to estimate test performance and input from experts to help

clarify qualitative issues. As questions were answered, gaps in knowledge were identified and articulated. The draft

review was then sent to outside reviewers whose comments were incorporated into the final document. Results:

We conducted two reviews, both of which were completed in 6 months or less (averaging about 100 hours of

primary analyst time), within modest budgets. In addition to defining the current state of knowledge about the tests,

the identified gaps are expected to help define the research agendas. Both collaborating experts and study

sponsors valued both the process and outcomes from the reviews. Conclusions: Based on our early experiences,

it is possible to conduct rapid systematic reviews within the ACCE structure of some emerging genetic tests to

produce summaries of available evidence and identification of gaps. Genet Med 2007:9(7):473–478.
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Gene-based tests are rapidly emerging from the efforts of the
Human Genome Project. As of January 2007, GeneTests listed
610 laboratories testing for 1343 genetic diseases, of which
1,046 are offered clinically.1 This reflects an annual rate of in-
crease of about 25% between 1997 and 2006. As these tests
enter the medical marketplace, clinicians, policymakers and
payers must make decisions about provision or coverage of the
tests and do so in a timely and affordable manner.

In the United States, evaluation of such testing falls generally
into two categories: comprehensive and ad hoc. Comprehen-
sive evaluations (e.g., U.S. Preventive Services Task Force
[USPSTF], Cochrane Collaboration) are highly resource in-
tensive and may take many months to years to complete. At
present, most are done or commissioned by government enti-
ties. None of these models were developed specifically for the
evaluation of screening and diagnostic tests, much less genetic
tests. Moreover, the Cochrane Collaboration, in recognition of
the lack of standardization of methodologies for evaluating
and reporting diagnostics (as well as acknowledging the diffi-

culties inherent to the task), formed the Standards for Report-
ing of Diagnostic Accuracy (STARD) Initiative in 1999.2 This
work continues. Additionally, various private organizations
(e.g., ECRI, Hayes Inc.) also conduct and sell technology as-
sessment reports and occasionally address genetic tests via
their standard formats. Some large payers (e.g., Blue Cross/
Blue Shield, Cigna) have the resources to maintain a dedicated
group to perform comprehensive technology assessments and
may have proprietary methods for evaluating genetic tests.
Smaller payers may apply a variety of methods, within their
time and resource constraints. For our purposes, we consider
all these noncomprehensive methods of evaluating genetic
tests as ad hoc.

There remains a need for a standardized, rigorous format
developed specifically for evaluating genetic screening and di-
agnostic tests that can be flexibly applied in a rapid fashion for
use by different stakeholders in different test scenarios. In re-
sponse to these known inadequacies, the Centers for Disease
Control and Prevention (CDC) sponsored the development of
the ACCE model for the evaluation of genetic tests.3,4 This
model is composed of a standard set of 44 questions (see Ap-
pendix; supplemental online-only material) and builds on pre-
viously published methodologies and terminology introduced
by the Secretary’s Advisory Committee on Genetic Testing.5

The ACCE acronym derives from the four main domains eval-
uated: Analytic validity (the ability of a test to measure the
genotype of interest both accurately and reliably); Clinical va-
lidity (the ability of a test to detect or predict the disorder/
phenotype of interest); Clinical utility (the risks and benefits
associated with the introduction of a test into practice); and
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Ethical, legal, and social implications (including both general
issues as well as those specific to genetic tests).

With the completion of the ACCE model structure in 2004,
it was adopted as the core of the UK model for evaluating
genetic tests and subsequently applied to 30� genetic tests by
the fall of 2005,6 but none were published or put into the public
domain. Spain has also adopted most elements of the ACCE
model.7 Other countries evaluate genetic tests guided by their
respective technology assessment formats. Sanderson et al.,6 in
their review of their experiences with the ACCE model, have
offered a number of suggestions to improve the ACCE format
and have encouraged the development of “streamlined” for-
mats, even offering a core set of issues/questions that might be
addressed with every review. These suggestions may not be
applicable for all stakeholders (e.g., U.S. insurers). There are
continued efforts both in the United States and Europe to im-
prove models for the evaluation of genetic tests. Despite all the
activity related to developing a best model for evaluating ge-
netic tests, the ACCE model remains the only structure that
was developed specifically for this purpose, is standardized,
public, and gaining acceptance and experience.

The purpose of this report is to summarize our experience
using the ACCE model in a rapid fashion by combining the
expertise of those who developed and used the original ACCE
model (G.E.P., M.R.M.) with those with extensive experience
in the use of ad hoc methods for technology assessment of
emerging tests from the payer perspective (J.M.G., M.S.W.).
Our combined experience provided expertise in clinical epide-
miology, statistics, technology assessment, and clinical genet-
ics. The two rapid-ACCE reviews that were performed are (1)
bone morphogenetic protein receptor type II (BMPR2) muta-
tion testing in individuals with a diagnosis of familial or idio-
pathic pulmonary arterial hypertension and (2) cytochrome
P-450 (CYP2C9) and vitamin K epoxide reductase complex 1
(VKORC1) testing before warfarin dosing to prevent serious
bleeding events.

MATERIALS AND METHODS

Both of the genetic tests/disorders reviewed by our rapid-
ACCE method were emerging; thus, the evidence bases could
be systematically reviewed relatively rapidly, yet still address all
44 questions. Additionally, access to gray or unpublished data
from experts was made available. The core analytic team for
each of the two rapid-ACCE reviews consisted of four to five
investigators, with M.R.M. as the primary analyst. There were
no substantive differences in the two reviews we conducted, so
discussion of details to illustrate methods and results is based
on only one test (BMPR2 mutation analysis).

The team began the process by drafting a one-page docu-
ment containing a description of the disorder, the genetic
test(s), and clinical setting. This was provided to a panel of
experts with clinical and research experience in the diagnosis of
and testing for the disorder before a scheduled conference call.
The aim of the initial teleconference was to establish agreement
from the panel on the definition of the disorder and terminol-

ogy, the details of the clinical setting, and application of the
proposed genetic test. A preliminary conceptual flow diagram
of how the test was to be used was also constructed (Fig. 1). The
analyst then performed an initial review of the published liter-
ature using standard search strategies.8 Available literature was
reviewed, and quantitative summaries (i.e., meta-analyses) of
available data were conducted.9 In some instances, an iterative
process was required to collect data. For example, a literature
search might reveal that all affected individuals had the gene of
interest sequenced. However, now that the major mutations
have been identified, other methodologies are being employed
for clinical testing. This would require the gathering of gray
data from the clinical laboratories or other sources. The next
step was a series of teleconferences with the panel members
and other identified experts to review these summaries, to con-

Fig. 1. Flowchart of BMPR2 testing for idiopathic pulmonary artery hypertension. This
flowchart, simplified for publication, summarizes the use of BMPR2 testing, at the time of
the review, in the evaluation of idiopathic pulmonary artery hypertension.
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firm any identified gaps in knowledge, and to clarify the inter-
pretation of results. Qualitative ACCE questions were also ad-
dressed by a combination of expert opinion and review of the
published and unpublished literature. Responses to all 44
questions were drafted by the analyst and reviewed by the an-
alytic team and collaborating experts. When areas of disagree-
ment were recognized, consensus was sought through addi-
tional discussions and data extraction (where possible), or gaps
in knowledge were identified and articulated. The final draft
report was then sent to outside reviewers who were knowledge-
able in genetic testing, but not specifically knowledgeable
about the specific disorders/tests. Their comments were ad-
dressed and included in the final report.

RESULTS

This methodology was applied to two emerging genetic
tests: (1) bone morphogenetic protein receptor type II
(BMPR2) mutation testing in individuals with a diagnosis of
familial or idiopathic pulmonary arterial hypertension and (2)
cytochrome P-450 (CYP2C9) and vitamin K epoxide reductase
complex 1 (VKORC1) testing before warfarin dosing to pre-
vent serious bleeding events. The first review was completed in
6 months at a cost of $12,000, the second was completed in
about 4 months for $23,000. The second review was actually
more expensive because the funding group incurred additional
expense to identify content experts and to convene a meeting
to review the draft report, provide comments, and discuss the
most recent research findings. Actual time spent directly work-
ing on the reviews was at least 100 hours; however, time was
not recorded. Both reviews resulted in a final document, with
an executive summary; the BMPR2 review was 27 pages and the
CYP2C9 and VKORC1 review was 67 pages. Both reviews pro-
vided adequate information about the value and limitations of
the testing and, importantly, identified gaps in evidence.

Following are results from the BMPR2 review specific to the
four ACCE domains that may affect decisions about this test
and are likely to be found for most emerging tests. (The results
from the other review will be published in conjunction with a
forthcoming ACMG clinical review). Figure 2 displays a time
frame for this project. A significant portion of the six-month
time period was needed to arrange mutually agreeable times
for the conference calls and in discussions with the expert panel
members clarifying and reaching consensus on details of clin-
ical setting, concepts and definitions central to the reviews. The
experts who contributed to this review included three pulmo-
nologists, a pediatric cardiologist, an internist, and several
laboratorians.

Analytic validity

There were no published data on the analytic validity for any
of the laboratory methodologies that might be used to detect
BMPR2 mutations. Estimates relied on unpublished data that
were provided by experts. Moreover, no external proficiency
programs were in place for mutation testing in these three
genes. This lack of proficiency testing is not unique to the dis-
orders in these reviews and represents a challenge for all rare
disease tests.10 No data were found that address pre- or post-
analytic error.

Clinical validity

Estimates of clinical sensitivity (proportion of patients with
the disorder having a detectable mutation) varied among the
BMPR2 mutation testing methodologies, with broad confi-
dence intervals. Additionally, there was a lack of information
about the prevalence of the mutations in the general popula-
tion and their penetrance. In these instances, it was necessary
to rely on expert opinion.

Clinical utility

There were no data showing that BMPR2 mutation test re-
sults affected patient care. The expert panel agreed that, at the
present time, results from this testing would not influence
medical care for affected individuals or unaffected family
members. There are no known preventive therapies for unaf-
fected gene carriers. Patient educational materials were evalu-
ated and found to require a literacy level greater than that of the
average adult reading level in the United States.

ELSI

Many of the issues that pertain to ELSI have been identified
and discussed in other ACCE reviews.3 As pointed out by Sand-
erson et al.,6 this is a difficult issue to adequately address and
most work has been done in the context of general principals
and population screening.

DISCUSSION

These early applications of the rapid-ACCE model were
deemed successful in terms of resources expended, time to
deliver the final reports, and the comprehensive nature of the
reviews. Furthermore, we expect that as we accumulate expe-
rience with this model, time required to complete rapid re-
views will continue to decrease, with the caveat that this ap-
proach may not be applicable to certain testing scenarios.

Fig. 2. Time frame of the project to evaluate pulmonary arterial hypertension and BMPR2 mutation testing.
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Strengths

The clear strength of the rapid-ACCE approach is that evi-
dence-based reviews guided by a rigorous, genetic test–specific
format can be completed in a time frame that meets the deci-
sion needs and budgets of stakeholders. This is particularly
important given the rapid development and dissemination of
genetic tests because many of these tests will be offered commer-
cially with limited published data, giving potential stakeholders
little time to respond to requests for use and/or coverage.

Whereas a comprehensive review would generally not be
used on tests with small evidence bases, we were able to apply
the comprehensive, genetic test–specific ACCE structure to the
small published evidence bases, allowing standard statistical
methods to yield useful and timely summaries of current evi-
dence. In addition, we added gray data and consensus opinions
from experts where helpful and were able to identify gaps in
evidence.

Although we have not yet done so, we also suggest that the
same genetic test–specific ACCE structure and statistical meth-
ods could be applied to larger evidence/data sets in a focused
way to yield sound evidence-based reviews of a limited set of
ACCE questions that a stakeholder can define as key to their
decisions. For example, a physician or payer could choose to
initiate the review of the evidence of clinical utility. In the case
of the first test that we reviewed, the lack of evidence of utility
would rapidly indicate that the test is not ready for routine
clinical use and review of the other categories would be unnec-
essary. Although ad hoc assessment methods can also use this
shortcut, they are not based on a standardized public model
that was developed specifically for evaluating genetic tests. The
comprehensive list of 44 questions may also stimulate review-
ers to seek information about aspects of a test that would oth-
erwise not be considered.

The ACCE structure also groups questions in a way that
identifies appropriate stakeholders and data sources. Test de-
velopers and laboratory personnel are more focused on ana-
lytic validity. Clinicians are interested about clinical validity
and utility. Regulators and payers tend to focus on the clinical
utility questions that pull all aspects of testing together in the
form of decision or economic analyses. Another strength is the
identification of gaps in knowledge that could be used to define
research agendas. Last, the rapid- (and full-) ACCE model
provides a common language upon which both reviewers and
decision makers can agree, which will improve information
sharing.

Limitations

The most significant limitation of the rapid-ACCE model
can also be considered a strength when compared with existing
methodologies. When data are limited, the rapid-ACCE ap-
proach allows the use of gray data. Gray data are considered to
be a difficult area of undertaking for most evidence-based pro-
grams because such programs tend to focus solely on published
literature. However, analysts must be cautious when using un-
published data due to the bias that can be introduced by data

submitted by experts with a financial or intellectual investment
in the use of the test.11 If experts are the only source of infor-
mation, a gap in knowledge should be acknowledged. The use
of multiple experts to discuss completeness and interpretations
before release and then outside reviewers after preliminary re-
lease is likely to improve the reliability and reduce the risk of
bias.

It can be argued that the rapid-ACCE structure has not been
formally validated. This criticism applies to all evaluation
methodologies in that validation implies that a gold standard
exists for comparison. As noted, the ACCE model has been in
use in a number of settings.

Some challenges to evidence-based reviews are not depen-
dent on the structure or model used to organize the review.
Tests with a high level of analytic and/or conceptual complex-
ity (e.g., multiplex testing platforms, testing for complex dis-
orders); emerging tests where evidence and experience are
changing extremely rapidly; rare disorders where there will al-
ways be limited analytic and clinical data; technologies where
there is no gold standard for comparison or validation (e.g.,
array-comparative genomic hybridization); and predictive
testing where the phenotype of interest may not appear for
many years may pose unique challenges for reviewers.

Last, both of the ACCE methodologies could benefit by ap-
plying a formal method of grading evidence. This element has
been incorporated into our most recent review.

Lessons learned

Central to any good systematic review, even an abbreviated
one, is a complete understanding of the clinical setting. Thus,
we strongly encourage taking the time to thoroughly under-
stand the nature and characteristics of the new test, its alterna-
tives (other tests, no tests), and the clinical setting in which it is
to be applied. It may be helpful to sketch out a flowchart to
illustrate this. Disagreement about such details between ex-
perts can itself identify preliminary evidence gaps, as well as
uncovering areas where gray data might provide benefit for the
review.

Related to the above issue is the need to critically examine
the genotype-phenotype association as these relationships lie
at the core of the proposed utility of the testing. This begins
with definition of the phenotype of interest, which may not be
straightforward. Although the phenotype and genotype-phe-
notype relationship are frequently assumed to be self-evident,
at least with regard to mendelian disorders, there is a growing
body of evidence that calls this assumption into question.12–14

This will be especially true when assessing genetic tests for
complex disorders, which may include some disorders for-
merly considered simple or mendelian. This view is supported
by a 2006 guideline from Spain on the assessment of genetic
testing that states that the “study of a genetic variant in the
context of clinical practice is not considered (or should not be
considered) until the causal relationship between that variant
and a specific health problem is sufficiently established.”7 The
challenges in establishing genotype-phenotype relationships in
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complex diseases is discussed at length in a recent series of
editorials in the International Journal of Epidemiology.15

Another important concern is application of this approach
to evaluating genetic tests that are already in clinical practice
that often have large evidence bases (and indeterminate deci-
sion-making time frames). Many of these tests have never been
systematically reviewed. Stakeholders have to decide two
things: whether it is reasonable to consider removing the test
from established medical practice and what will be the nature
of the review (e.g., ad hoc, targeted, or comprehensive). Eddy16

has suggested that it may be a waste of resources to consider
removing tests from established medical practice because
“eliminating medical interventions that are already imbedded
in practice is disruptive, demoralizing and difficult.” Further-
more, even good systematic reviews may be ignored, especially
if reported after the test has been incorporated into practice.
For example, testing for factor V Leiden and other prothrom-
botic mutations/factors has been available for years and con-
tinues to be used and reimbursed, despite several formal re-
views suggesting the utility in most patient groups is poor and
not cost-effective.3,17–19

Summary

There are a variety of stakeholders in the health care arena
who must make decisions about the use of genetic tests. The
principal issues for most will be the reliability of the review, the
time to completion, and the resources required. Although re-
liability may be considered most important, the other issues
can no longer be ignored. We suggest that systematic review of
available evidence applied through the formal, structured and
“public” ACCE model can be performed when either the evi-
dence base is relatively small or when the stakeholders require
a thorough review of only a limited set of ACCE questions
(“targeted review”); to yield a reliable, evidence-based sum-
mary to inform timely decisions in an affordable manner.
There may be some tests/disorders where the ACCE model,
regardless of its “completeness”, may be insufficient to ade-
quately address all key decision needs. Only further work will
define whether and where the rapid-ACCE approach plays a
role in future genetic test assessment.

We recognize the ongoing efforts to improve on the ACCE
model, both in the United States (i.e., Evaluation of Genomic
Applications in Practice and Prevention {EGAPP]) and abroad
to address some of these issues. The EGAPP model will perhaps
provide both structure and methods for evaluating genetic
tests. Across the pond, we acknowledge the substantial efforts
in the United Kingdom and Europe, under the guidance of
such groups as the Genetic Testing Network Group (UK), Pub-
lic Health Genomics European Network, and EuroGentest, all
of which have based their work on the ACCE core principals.
We eagerly await reporting of all these efforts to help with the
challenge of evaluating genetic/genomic tests in a rigorous,
rapid, and affordable fashion.

SUMMARY RECOMMENDATIONS FOR RAPID-ACCE
REVIEWS

● Clearly define and limit the nature of review, including
matching the scope of the review to the key decisions and
needs of the stakeholders.

● Use of clinical experts (and their data) should be balanced
by a thorough review of the published literature whenever
possible.

● Ask the experts to help develop a conceptual flow diagram
of the testing process to ensure a detailed consensual un-
derstanding of how the testing is applied in clinical set-
tings.

● The following key issues should be determined before
starting the review:
● What is the disorder of interest?
● What is the test of interest?
● What is the clinical scenario in which the test will be

applied, including the measures commonly used by cli-
nicians to answer the primary clinical question(s) of
interest?

● A multipurpose test should be evaluated with respect to
each of its proposed purposes.

● Enlist an experienced epidemiologist or biostatistician,
preferably one with experience in clinical diagnostics.

● Convey gaps in evidence to interested stakeholders.
● Read references 4, 6, and 7, at minimum, before embark-

ing on your first rapid-ACCE review.
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