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1. INTRODUCTION

Knowledge of the impact of genetics on human health starts with the
identification of associations between genetic variants and specific
diseases through epidemiological studies (1,2). The derivation of causal
relations on the basis of these studies is usually difficult since most
diseases are multifactorial and there are also interactions among various

genes and between genes and environmental factors.

The study of a genetic variant in the context of clinical practice is not
considered (or should not be considered) until the causal relation between
that variant and a specific health problem is sufficiently established. In other
words, the basis for the development and use of genetic tests lies in the

results of genetic epidemiology studies.

Once the assessment of a new genetic test is considered for its
possible incorporation and wuse in clinical practice, the
fundamental question to answer — as in any other intervention
or health technology — is whether it produces any health
benefit over the best existing alternative for the clinical
conditions where it is to be applied (indication), and whether

this benefit outweighs all possible risks.

At the same time, and following the trend of evidence-based
medicine and outcome research, the comparison should be performed by
means of well-designed studies and on the basis of relevant and final

outcomes (as opposed to interim outcomes).
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1.1. CONTEXT AND JUSTIFICATION OF THE REPORT

The field of human genetics is currently undergoing enormous
development and will continue to do so in the future. The intensity of
research into molecular genetics is leading to very rapid development of
new genetic tests. In a survey conducted in 2002, it was found that in Spain
tests based on molecular DNA analysis were available for 214 genetic
diseases (3). In the United States, there are currently more than a thousand
tests, approximately 760 of which are available in clinical practice and a
further 325 are currently under investigation (GeneTests:
http://www.geneclinic.orgl). In Europe, the number of genetic tests is
expected to multiply over the next few years. And all this is taking place in
the absence of a regulatory framework to ensure the quality of the genetic

diagnosis (4).

This context of constantly emerging new genetic tests is also
characterised by the high expectations regarding their benefits in particular
and the benefits afforded by genetics in general, both within the healthcare
sector itself and among the general public. This does not exactly facilitate

an objective and unbiased assessment.

These expectations may well be related — among other things — to
certain specific cases of good results from the use of a test for a hereditary
disease, such as phenylketonuria. In this particular health problem, there is
a simple causal model and a high penetrance genotype (in cases with the
genetic characteristic, the disease practically always occurs when a diet
containing phenylalanine is given), an easily identifiable population, a
reliable test used in the framework of a complete screening protocol and a
treatment that is effective if started in time (1). Nevertheless, these
circumstances are very rare, and they do not occur in common diseases,
which are multicausal, associated with both environmental factors and
various genetic factors. In these cases, the presence of a genetic variant
can have a much lower predictive value. In fact, there is an inverse relation
between the frequency of a genetic variation in the population and its

penetrance (5).


http://www.geneclinic.org/
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Moreover, as in other technologies, genetic tests are products for
which there is an enormous potential market, not only for this industry but
also for other health product industries (as in the case of drugs where use
would increase if genetic testing became more widespread). As a result,
healthcare authorities, managers and professionals, as well as citizens are
going to find themselves subjected to constant offers of new tests from
industry in the near future, and this trend will increase as technology
becomes more simplified, as is already occurring with multigene arrays

(biochips).

The marketing plans of the health product industry are ever more
ambitious and cover the entire possible spectrum of decision makers and
pressure groups. In addition to the classical strategies of approaching
medical professionals and their scientific societies, it is becoming
increasingly more frequent to include a presentation of the product for
those responsible for defining the services portfolio of the health services
and patient associations. This is reason for concern in those cases in which
the test to be introduced is supported by few studies that do not meet the
appropriate criteria of methodological quality and have only evaluated the

interim outcomes.

In the United States, marketing campaigns targeted directly at the
population are emerging, like the one that was conducted by the supplier of
the BRCA1/2 tests for breast and ovary cancer at the end of 2002 in some
US cities, in spite of the fact that the data available on the clinical validity
and utility of these tests in the general population is very limited. These
campaigns achieved an increase in the use of genetic tests and the number
of requests for referral to oncology and genetic services made by users to
their doctors (6).

Unfortunately, experience now shows that in developed countries
many genetic tests for common diseases are being offered for use in
clinical practice before any studies have been conducted on the benefits
and risks of interventions in subjects with genetic susceptibility (1) and even

in cases where there is no effective treatment available (7).

In light of the above, the incorporation of genetic advances into

health services warrants careful consideration and the establishment of

! Consulted on 14 December 2004.
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frameworks and methods to assess new genetic tests, with the aim of
incorporating into the services portfolio those that afford benefit to the
health of the citizens and that do so in a cost-effective way. This framework
will contain aspects in common with other frameworks for assessment of
new technologies developed previously by the Andalusian Agency for
Health Technology Assessment (AETSA, Agencia de Evaluacion de
Tecnologias Sanitarias de Andalucia) (8,9), along with specific aspects that

take into account the particular nature of genetic testing.

The concern to advance in a planned manner in the field of genetics
has been reflected in the Il Andalusian Health Scheme, one of whose
objectives is “To establish the intervention strategy in genetics, both
in the field of research and in the provision of services”. This Health
Scheme defines the assessment criteria for this objective as the
development of the Assessment Framework for defining the services
portfolio within the scope of medical genetics, a task assigned to the

Andalusian Agency for Health Technology Assessment (10).

The aim of the present report is to provide a response to the mission
assigned to the Andalusian Agency for Health Technology
Assessment for the development of an Assessment Framework for
the incorporation of new genetic tests into the services portfolio of the

Andalusian Public Health System.

Therefore, the primary objective of this Assessment Framework is to
propose the main dimensions and criteria that must be taken into account
when deciding the incorporation of new genetic tests into the services
portfolio of the Andalusian Public Health System. This proposal of criteria
will subsequently serve as a basis for developing a decision-making tool or

guideline. Moreover, the criteria that are put forward must be useful for
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determining which genetic tests are in the research phase based on the

scientific evidence available at a given point in time.

1.2. DEFINITION OF GENETIC TESTING

There is no broad agreement on the definition of a genetic test (11).
In fact, the recommendations put forward in a recent European
Commission document include the need for an overalll consensus on this
issue (12). The National Institutes of Health have considered genetic tests
to be the analysis of DNA, RNA, chromosomes, proteins or certain
metabolites, with the aim of detecting alterations related to a hereditary

problem (http://www.genetests.org)2. This can be done by means of (2):

- Molecular analysis of DNA or RNA related to a gene (direct
test).

- Analysis of co-inherited markers with a gene causing a

disease (linkage test).

- Analysis of proteins or other metabolites (biochemical or

immunochemical test).
- Analysis of chromosomes (cytogenetic test).

These methods can be used alone or in combination. Sometimes, a
screening strategy for a genetic disease may involve several tests, which
are performed in series (i.e. only if one test is positive is the next one
performed). For example, in some screening programmes for cystic fibrosis
in the newborn, the first test performed is the determination of immuno-
reactive trypsinogen in a drop of blood. Only when this test shows high

values is DNA analysis subsequently performed (13).

Genetic tests share common aspects with other laboratory tests,
although they also have specific characteristics of their own.

(http://www.genetests.org) 3.

- Results are generally applicable not only to the patient but

also to other members of the family and to the children the

2 Consulted on 29 July 2004.
® Consulted on 16 July 2004.
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patient might have in the future.

Given that the majority of genetic problems are rare, genetic
tests are generally performed only by specialised

laboratories.

They are usually performed within the context of a genetic
outpatient clinic, which should include all aspects of genetic
counselling, from information prior to the test and informed
consent, to interpretation of the test and medical and

psychological follow-up services when these are indicated
(7).

For a genetic test to be able to provide results with any
clinical significance, several different methods may be
required and other family members may have to be tested as

well.

10
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2. TYPES OF GENETIC TESTS ACCORDING TO THE
PURPOSE FOR WHICH THEY ARE USED

In order to define an assessment framework, it is first of all
necessary to place genetic testing within the different types of health
technologies. These are technologies for a diagnostic purpose, which may
be for confirmation of previous diagnoses, or intended for screening or

estimating the predisposition to a particular health problem.

The majority of the genetic tests available for clinical use are
intended to assist in the diagnosis of rare diseases. Only around 5% are
applicable to common diseases with onset occurring in adulthood; in these
cases the tests are generally used to identify variants of a gene associated
with susceptibility to a disease in a family at high risk (for example: BRCA1
for breast cancer) (14). However, as genetic epidemiology advances, there
is a tendency towards an increasing use of tests for the prevention and
treatment of frequent health problems that present in adulthood (7). The
impact of a test of this kind (for a common disease) can be enormous,

given the high use implied in its application for the population as a whole.

Genetic tests can be classified according to purposes, i.e.

confirmation of diagnosis, screening and predictive (2, 15).

2.1. TESTS TO CONFIRM DIAGNOSIS

Here the aim would be to confirm or rule out the diagnosis of a
disease, prior to (prenatal test) or after birth. They are usually performed in
diseases that have a clear genetic basis (cystic fibrosis, Down’s syndrome,
thalassaemia, etc.). Such testing may be considered following a positive
screening test (prenatal or otherwise) or in persons who present symptoms

consistent with the disease.

2.2. TESTS FOR SCREENING PURPOSES

These are in turn divided into various types:

11
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- Prenatal screening: this is usually done in almost all
European countries for the main chromosome aberrations
and neural tube defects. It is based on serum tests combined
with ultrasound imaging. In cases where the screening test is
positive, diagnosis is confirmed by means of chromosomal

analysis.

- Neonatal screening: this is performed for diseases where
there is an effective treatment available, such as
phenylketonuria and hypothyroidism. Generally, biochemical
tests on a drop of blood are used as part of a screening
strategy covering the whole newborn population. In positive
cases, diagnostic confirmation is usually performed by

means of a molecular test.

- ldentification of carriers: in adults the identification of carriers
can be of value, particularly for the purpose of reproductive

counselling.

2.3. TESTS FOR PREDICTIVE PURPOSES

These tests cover a broad spectrum of diseases and acquired
health problems, and their objective is to predict their onset in the future.

They, in turn, include two types of test:

- Pre-symptom tests: these are tests that are conducted in
problems where the penetrance of the gene is almost 100%.
Some examples are Huntington’s chorea, carcinoma of the
colon in hereditary polyposis, some rare forms of Alzheimer’s
disease and some forms of hereditary carcinoma of the

thyroid gland.

- Genetic predisposition tests: these are tests in which a
certain genotype is associated with an increased risk of
developing the disease. Some examples are hereditary
cancer of the breast/ovary and hereditary cancer of the colon

not associated with polyposis.

Other types of genetic predisposition tests are those used for
frequent and multifactorial diseases, such as diabetes, cardiovascular

disease, rheumatoid arthritis, etc. Falling into this category are some

12
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commercial diagnostic kits available in the market, although few are

clinically useful.

Predictive tests of the response to a drug: although currently
the number of tests available for this type of use in clinical
practice is limited, pharmacogenomics can be expected to
become one of the fields with the greatest future
development and impact in terms of use and costs for the
health system (16). An example is the detection of the
HER2/neu oncogenes in breast cancer, where over-
expression is associated with the response to treatment with
trastuzumab (16). The purpose of this type of test is to
predict the response to a treatment, and thereby provide
drugs to those who are most likely to benefit from them and

run a lesser risk of suffering adverse effects (2)

13
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3. FRAMEWORK FOR THE ASSESSMENT OF GENETIC
TESTING WITH THE AIM OF DECIDING THEIR
INTRODUCTION INTO CLINICAL PRACTICE

SCOPE OF APPLICATION OF THE ASSESSMENT FRAMEWORK
FOR GENETIC TESTING:

Although the assessment framework proposed in this document could
be applicable to a large extent to any kind of genetic test (direct,
linkage, cytogenetic, biochemical, etc.), it has fundamentally been
developed in order to evaluate the inclusion of genetic tests
requiring DNA or RNA analysis into the services portfolio of the
Andalusian Public Health System .

The framework refers to the assessment of genetic tests for
evaluating their incorporation into the services portfolio and not
to the assessment of genetic counselling services. Genetic
counselling is essential when genetic testing is performed (and this is
stated in this assessment framework), although it is not necessarily

linked to the performing of such tests.

As indicated earlier, the development of a genetic test is considered
after an association between a certain genetic variant and a health problem
has been identified in epidemiological studies. Once the test has been
developed, a process of evaluational research should be launched in order
to assess its utility and implications when used routinely in clinical practice.
In this process, different phases with distinct objectives can be
distinguished (1):

Phase of research into the performance of the genetic test

The objective should be to determine how the test runs compared

with a gold standard in the laboratory and, subsequently, in certain groups

14
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of people who might, theoretically, benefit from the information provided by

the test (analytical and clinical validity of the test).
Phase of clinical research into the results of the genetic test

Once the analytical and clinical validity of a test has been proven,
the next objective would be to determine its clinical utility, in other words,
what health benefits it will provide and what adverse effects are entailed in
performing the test (clinical utility, including effectiveness and safety

aspects).

Phase of research into the impact on health services and on

the population resulting from the routine use of the genetic test

In practice, this phase may partly overlap with the previous one. The
objective would be to estimate the possible organisational, economic,
ethical and social implications of using the genetic test in routine clinical

practice.

The decision to incorporate new genetic tests into clinical practice
should be based on an assessment of the evidence concerning how it
runs and the health outcomes resulting from the interventions /
decisions taken on the basis of the information provided by the test, in
addition to an estimate of the social, ethical, organisational and

economic implications of its inclusion in the services portfolio.

The methodology for these research phases will be addressed in
greater detail later, but first of all it is necessary to examine the process of

decision-making on the use of new genetic tests in clinical practice.

3.1. WHAT LEVEL AND KIND OF EVIDENCE ARE
REQUIRED TO MOVE FROM RESEARCH TO USE?

When deciding to include a new genetic test in the services

portfolio, a key issue is to determine when one can move from the

15
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evaluative research process of the test to its use in practice. In other words,

what kind of knowledge is required to take this step.

It could be taken for granted from the outset that a new genetic test
must have complied with all the phases of research before being
incorporated into clinical practice. The studies conducted must have proven
that the test works well as a diagnostic tool, that it has a positive impact on
health and there is a favourable assessment of the economic,

organisational, social and ethical implications of its use.

The advantages of a model of this type are evident, since it would
avoid the implementation of tests that are either of little use, have adverse
effects or entail unnecessary costs. Nevertheless, an excessively rigid
approach is not free from limitations. It must be taken into account that a
large part of genetic tests are used for the purpose of predicting the future
risk of disease and it is presumed that individuals at high risk will benefit
from a series of preventive measures. The relevant outcomes in these
cases can only be assessed in the very long term4. An assessment model
that requires experimental studies covering the entire causal chain (from
the genetic test to the health outcomes following intervention in test-positive
cases) before any test can be used could curb benefits as a result of the
delay in incorporating useful technologies (17). This could also lead to
major tension within a system that is constantly pushing for the
incorporation of innovations, running the risk of ending up using the test

routinely, but disguised as research.

For this reason, in some cases it might be reasonable to introduce
more flexible approaches, as in the case when a very effective, safe and
acceptable treatment is already available for the disease which the new
genetic test diagnoses, and when its use as a diagnostic test is clearly
superior to the existing alternative. Nevertheless, this type of approach
based on linking the pieces together (validity of the test on the one hand
and effectiveness of the treatment on the other) also has major limitations.
In fact, there are several examples in medicine where this strategy has led

to erroneous conclusions, especially in the field of screening. In the case of

*For example, in a genetic test that assesses the risk for developing a certain type of cancer
in individuals with a family history of this type of cancer, where it is assumed that effective
follow-up enabling early diagnosis is available and that early treatment reduces mortality,
the study required would take years since the key outcome would be the number of deaths
from cancer that are prevented.

16
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genetic tests (above all predictive tests), these errors could be made, and it
is therefore necessary in each case to determine the need for a full study
(from the diagnostic test to the outcome of treatment) or to accept the
strategy of performing separate studies for the validity of the diagnostic test
and the efficacy of treatment. Section 3.2.3 (Assessment of the existing
scientific evidence on the clinical utility of the test) provides more

information on this subject.

3.2. ASSESSMENT CRITERIA FOR THE
INTRODUCTION OF GENETIC TESTS INTO THE
SERVICES PORTFOLIO

The decisions to incorporate any technology into the services
portfolio must be based on the criteria of efficacy, effectiveness
(acceptability of the technology, accessibility, facility for adequate use, etc.)
and efficiency, along with a forecast of the economic impact and its impact
on the organisation of services, together with the ethical and social aspects.
These criteria are entirely applicable to genetic testing, although here
certain areas require special emphasis and particular, specific issues

should also be taken into account.

When addressing the issue of decision-making in the incorporation

of a new genetic test into the services portfolio, it is necessary (1):

1. To assess the existing scientific evidence on the
performance of the test, in other words, how it works as a

diagnostic test (analytical validity and clinical validity).

2. To assess the existing scientific evidence on the results of

the test (clinical utility and safety).

3. To conduct an assessment of the social impact and ethical

implications of the routine use of the test in clinical practice.

4. To make an estimate of its impact on the health services, at

both the organisational and economic level.

The first two points will be based, above all, on the studies
conducted, both published and unpublished. In general, not much scientific
evidence will be found for points three and four, and even where available,
will have to be adapted to the local context. Therefore these points will

generally involve estimations and considerations in each specific case.

17
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The first step is to make a proper definition of the clinical condition
(indication) where the genetic test is intended for use, along with the
expected benefits (1).

A key aspect is to make a proper definition of the clinical condition
(indication) where the use of the test is intended. This should be the
first step in the process of assessing the incorporation of a new
genetic test.

It has to be made clear at all times that the conclusions drawn from
the assessment process and the final decision that is taken on the
incorporation of the test into the services portfolio are only applicable
to the indications that have been assessed and not to others.

Most of the genetic tests currently available are for rare diseases,
although more and more tests are being developed for assessing the
inherited risk of frequent health problems, such as breast cancer, cancer of
the colon, thromboembolism, Alzheimer’'s disease, coronary heart disease,
etc. (1).

3.2.1. ASSESSMENT OF THE EXISTING SCIENTIFIC EVIDENCE
ON THE ANALYTICAL VALIDITY OF THE TEST

Analytical validity is the accuracy with which a laboratory test is
capable of identifying a certain genetic variant (1, 14). It should be tested
before its use both in the clinical context and for research purposes. It

includes two types of parameters:

- Reliability of the test (reproducibility) in the context of clinical
laboratories. This refers to the capacity to obtain similar
results when the test is repeated by different observers or
centres, or by the same observer, but under different
conditions (18, 19).

- Sensitivity, specificity and predictive values in relation to the

18
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genotype®. This concerns research at the laboratory level,
comparing the genetic test with a reference standard in
samples that include individuals with and without the genetic
variant under study (14). The criteria used for defining these
genotypes should be clearly established (reference

standard).

Compared to other diagnostic tests, genetic tests are very complex
as regards the assessment of analytical validity. On the one hand, it should
be taken into account that the majority of genetic variants can be studied by
different techniques (e.g., DNA sequencing, multigenetic arrays, functional
tests) which may involve varying difficulties in their interpretation. The study
of genetic variants may also be based on quantitative data that can then be
categorised. Consequently, the different tests for identifying the same
genetic variant may not have the same sensitivity and specificity; and the
intra-and inter-observer reproducibility becomes an important assessment
criterion. On the other hand, since many of the tests have been developed
in each laboratory, the demostration of their validity from the analytical

perspective becomes extremely important.

3.2.2. ASSESSMENT OF AVAILABLE SCIENTIFIC EVIDENCE ON
THE CLINICAL VALIDITY OF THE TEST

Clinical validity is the accuracy with which a test predicts a certain

clinical outcome.

This is presented as sensitivity, specificity and predictive values® in
relation to a specific phenotype. Clinical validity is ascertained by means of
epidemiological studies, fundamentally in cohorts and case-control studies,
with the aim of determining the capacity of the test to diagnose or predict

risks in a certain population (14).

® Sensitivity is the proportion of individuals with the genotype under study (according to
the reference standard) that are test-positive. Specificity is the proportion of individuals
without the genotype that are test-negative. The positive predictive value is the probability
that a test-positive individual has the genotype according to the reference standard. The
negative predictive value is the probability that a test-negative individual really does not
have the genotype according to the reference standard.

® The positive predictive value of a test is the probability that a person who is test-positive
has the disease. The negative predictive value is the probability that a person who is test-
negative really does not have the disease. These values depend not only on sensitivity and
specificity, but also on the prevalence of the disease in the population where the test is
performed.

19
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The result to which clinical validity refers will be the presence of
current disease in the case of genetic tests used for diagnostic purposes,
and the onset of the disease in the future in the case of tests used for

measuring genetic susceptibility.

As mentioned above, a pivotal issue is the definition of the
population where these studies are performed, since predictive values can
change according to the prevalence of the particular health problem (18)
and the distribution of the mutation. In fact, a very relevant criterion in the
assessment of genetic tests is that there should be a reliable and valid
mechanism for identifying the population on which the genetic test would be
performed (29). For a given sensitivity and specificity, the predictive value
of a test is proportional to the prevalence: the lower it is, the lower the ratio
between true and false positives will be (5). In fact, many mutations that are
associated with genetic susceptibility are initially defined in high-risk
families (various members affected, onset of the disease at ages below the
norm, etc.) and are then used in clinical practice in populations with a lower

risk. This would cause a change in the predictive values.

Something similar occurs when there are interactions between
genes or with environmental factors. When changing from one population
to another with a different distribution of these other factors, the predictive
capacity of the test will also change.

There is a major limitation that needs to be underscored and which
occurs in many genetic tests regarding the estimation of the predictive
value of a positive result, above all in the case of rare diseases. The
problem is that many of these tests have a false positive rate that is close
to zero, thereby complicating the calculation of the predictive value since it
is very sensitive to small changes in the rate of false positives’ (21). How
does one interpret a positive result in a person if no false positives have
been found in previous studies, or just a very small number have been
found in a very large population? In such cases, some authors suggest
estimates by means of Bayesian methods starting from an a priori

probability distribution of false positives and then calculating — on the basis

" An example would be the following: a test that is conducted in the newborn to detect a
disease with a prevalence of 1 in 250,000, where it can be assumed that the sensitivity is
100%. If the specificity were 100%, there would be no false positives and the positive
predictive value would be 100%. But if there were just a minute rate of false positives (for
example, 0.0077%), the positive predictive value would fall to 4.9%.
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of that distribution plus the experience gathered from different studies —
another probability distribution (a posteriori). The positive predictive values
can then be estimated with these final distributions (21). These would be
estimates that reflect the uncertainty of the false positive rates of the test

(22), thereby providing useful information for patients.

In order to make an adequate assessment of studies on the clinical
validity of genetic tests, the following key aspects should be taken into

account (1).

- External validity: related to the definition of the study

population (inclusion/exclusion criteria).

- Internal validity: related to the design used and the possibility
of bias due to design and analysis: prospectivity /
retrospectivity, case definition, selection of the comparison
group, blinding when measuring the outcomes, verification of
negative results and analysis taking into account possible

modifying factors of the effect.

- Clinical relevance: related to the type of outcome measured
(sometimes a single genetic variant can be associated with
different outcomes, with different predictive values for each of
them).

In a way, when defining the study population for determining clinical
validity, a possible screening strategy is being anticipated. For example, it
would not be the same case to consider screening a population for a
polymorphism that is very frequent but with low penetrance as it would to
consider screening family members of patients with a mutation that has

high penetrance but is very rare in the general population.

3.2.3. ASSESSMENT OF AVAILABLE SCIENTIFIC EVIDENCE ON
THE CLINICAL UTILITY OF THE TEST

Clinical utility is the probability that performing a test will have an
effect in terms of health, considering both the effects of positive and
negative results. It includes an assessment of the balance between benefits
(effectiveness) and risks (safety). In order to achieve a health benefit, the

following criteria have to be met:
- There must be a test with analytical and clinical validity.
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- There must be an effective intervention in individuals in which
the test is positive and/or a positive effect of the information
in positive and/or negative cases (1, 13-14). Some authors
draw attention to the fact of assuming a priori that genetic
counselling is effective and that it entails an improvement in
lifestyle. Nevertheless, this does not always occur and
patients may sometimes even adopt fatalistic attitudes that

lead to lesser motivation to change to healthier lifestyles (23).

Moreover, the benefit in terms of health will be closely linked to the
severity of the disease that is diagnosed or predicted by the test, given that
the outcome that is avoided will have a greater clinical significance if there

is an effective treatment or method of prevention available.

When the genetic test is for diagnostic purposes, making the
diagnosis by this method must afford some advantage over other methods.
For example, genetic testing would be useful in cases where the definitive
diagnosis by means of other types of tests requires more time and where
such a delay is associated with a lower probability of benefiting from an
effective treatment or a greater probability of having descendents with the
disease.

When the genetic test is used for a predictive purpose
(predisposition to a disease), there must be evidence of a benefit from
monitoring (i.e. regular follow-up to diagnose a disease in its early stages).
For this purpose, an effective monitoring strategy for early diagnosis must
be available, as there should be a treatment which, when started early,
could improve survival, quality of life or other health outcomes (compared

to late treatment).

In fact, the effectiveness of a screening test is questionable if
asymptomatic subjects in whom the disease is detected early have the
same outcome in health terms as those who seek medical care once they

have developed symptoms (18, 20).
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KEY POINTS ON CLINICAL UTILITY

In cases where a diagnostic or screening alternative was
already available prior to the genetic test, the genetic test has
to provide major advantages over that alternative from the

clinical point of view.

A test may have excellent analytical and clinical validity and yet
may not provide any significant advantage in either accuracy
or predictive power when compared with the conventional
diagnostic or screening method (for example: a biochemical
parameter). If, in addition, the intervention or available
treatment is only moderately effective, then the overall clinical
utility of the genetic test would be minimal in comparison to

conventional diagnosis or screening.

As in other screening tests, other possible results should be taken

into account:

- Benefits derived from a negative test that rules out a serious
disease.
Label of iliness, above all if there is no effective treatment for

the disease.

- Consequences of false positives (performing unnecessary
interventions  or  treatments, psychological effects,
unnecessary costs) and false negatives (delays in diagnosis

and treatment, false sense of security).

Framework for the assessment of genetic testing

Mention has already been made of the importance of defining the

level of evidence that is to be required to move from research into genetic

tests to their use in clinical practice. It is important to seek decision models

that are not so rigid that they curb innovation, nor so flexible that they

enable what has already happened with many emerging technologies to

occur with genetic tests, i.e. their use on the basis of clinical grounds
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without any adequate assessment of the balance between benefits and
risks (1).

In order to assess the evidence for the clinical utility of a genetic test,
the ideal type of study is a clinical trial, which evaluates the complete
intervention strategy (diagnostic tests and subsequent intervention),
with a sufficiently long follow-up period to enable assessment of the

final outcome.

In this trial, the subjects meeting the established inclusion criteria
would be randomly assigned to the genetic test under study or to the
alternative diagnostic or screening test. What is more frequently considered
is the comparison of a strategy that includes the screening test plus the
genetic test compared to the screening test alone. No matter what
comparison is used, the same preventive or therapeutic intervention would
be carried out in the positive cases of both arms of the clinical trial and the

most relevant outcomes from the clinical point of view would be assessed.

Subjects with inclusion criteria

Genetic test, alone or with
the usual diagnostic or
screening test

Usual diagnostic or screening
test

Long-term final outcomes, following the

preventive intervention or treatment in the
test-positive

cases of both arms of the trial

When available, the aspects to be assessed in this type of clinical

trials are:

- External validity: Definition of the population where the

strategy has been tested (inclusion and exclusion criteria). It
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Framework for the assessment of genetic testing

is important to bear in mind that the same genetic variant can
sometimes be associated with a range of health problems,
and may be clinically useful for one and not for the others (for
example, depending on whether or not there is an effective

preventive intervention).

Clear definition of the diagnostic and intervention

alternatives.

Internal validity: possibility of bias due to trial design and
analysis (concealment, blinding when measuring results,
verification of negative results, analysis of patients lost to

follow-up, etc.).

Relevance of the outcomes: measurement of all the
important outcomes from a clinical point of view and
magnitude of the difference in results between the two arms
of the trial. The parameter used for assessing the magnitude
of the difference is the number needed to screen (NNS) in
order to avoid a certain event (whether this is the onset of the

disease, its complications or death).

The NNS is affected by various components:

Effectiveness of the intervention (NNT: number needed to

treat in order to avoid an event).

Follow-up time until the appearance of the outcome that is of

interest.
Frequency of the genetic variation in the study population.
Penetrance of the genetic variant.

Validity of the genetic test.
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A randomised clinical trial and the evaluation of the complete
strategy is feasible in cases where a large sample size is not
required (e.g., the genetic variant has high penetrance and also
the inclusion criteria select a population with a high prevalence
of that variant) nor is a very long follow-up in order to obtain
relevant results (e.g., assessment of a prediction test for the
effects of a drug).

Nevertheless, in many cases these conditions are not met and
other options could be assessed with regard to deciding on the
incorporation of a new genetic test into clinical practice. In this
case, the decision would be taken on the basis of different
studies which separately measure different parts of the causal
chain (a chain which starts with conducting a genetic test and
ends with a major health outcome). Nevertheless, this approach
has major limitations and must therefore be considered with

caution.

In general, the NNS is going to give reasonable figures when
dealing with high penetrance mutations in high-risk families, but not for
such mutations in the general population or for low penetrance
polymorphisms (5). All this, assuming there is a valid test and an effective

intervention.

In these cases, the decision to incorporate the genetic test into
clinical practice would be considered on the basis of the availability of two

types of separate study:

- Assessment studies of the analytical and clinical validity of
the test.

- Studies on the effectiveness of preventive or therapeutic

intervention.

The aspects already commented above for studies on the analytical
and clinical validity of the test, and the key aspects of the assessment of
clinical trials on preventive or therapeutic intervention (internal validity,

external validity, measurement of all the relevant health outcomes — both
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benefits and risks — and the magnitude of the effects) should all be

evaluated.

In any case, given the existing limitations when all that is available is
the separate evidence on the validity of the diagnostic test and of the

effectiveness of the treatment, the following points are worthy of mention.

First of all, in order to take the decision to introduce a genetic test
into practice under these conditions, the level of requirements regarding
existing studies has to be very high. In other words, the studies must have
a high internal validity, with relevant outcomes (good predictive values, high
magnitude of the beneficial effects of the treatment, safety of treatment)

that could be generalised to the context where the test is to be used.

Secondly, in some cases it may be convenient for some tests to go
through a period of conditional introduction subject to post-introduction
information and surveillance systems. This type of strategy would enable
clinical practice to be monitored by means of observational studies (cohort
and case-control studies) which would enable information to be drawn from
a lengthy follow-up and outcomes with greater clinical relevance. Some
authors have suggested that this type of option would allow an analysis to
be conducted that would bring together information from various studies by
means of a systematic review and — if appropriate — meta-analysis (1, 14).
In any event, this topic is under continual debate and for some authors, in
the case of screening tests, trials with randomisation provide the only
method that rules out certain types of bias (those related with lead time and
length biases) (24).

All comments regarding the assessment of the utility of a genetic test
refer to the context of decision-making for the test's incorporation into

the services portfolio.

However, very often the balance between benefits and risks is
assessed in a different way by each individual. For this reason, once
a test is available for use in clinical practice, the affected person must
always have the opportunity to assess the pros and cons of being
subjected to the test, in line with his or her preferences, once the

appropriate information has been duly provided.
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3.2.4. ASSESSMENT OF THE SOCIAL REPERCUSSIONS AND
ETHICAL IMPLICATIONS OF THE USE OF GENETIC TESTING IN
CLINICAL PRACTICE

The evaluation of genetic tests cannot be limited to clinical results
since there may be major social and ethical implications, some shared with
other medical technologies and others that are more specific (2). These
issues should be assessed, in spite of the difficulties involved in measuring

some of them (1).

In a recent systematic review of the literature, a search was made
for studies on the social, ethical and legal dimensions of technologies for
assessing the risk of inherited cancer (genetic predisposition tests) (25). Of
the 247 primary studies found, only 77 were of acceptable quality, which
offers an idea of the scant experience available in conducting research that
addresses these issues. The authors of this review highlight the number of
key topics on which there is little or no information available. They also
pinpoint the understanding of the psychological impact of the information
that is provided when offering a genetic predisposition test to high-risk
subjects (due to family background) as one of the major gaps in evidence.
Once informed, such individuals may decide not to undergo the test. There
have been very few studies focusing on these populations who reject

genetic tests (25).

Some of the most outstanding ethical and social aspects that must
be borne in mind when assessing a new genetic test are mentioned and

illustrated below.

One of the main concerns in society regarding the use of genetic
testing is the use of the information to discriminate against individuals,
whether this be in relation to employment or to medical insurance (1, 2, 26).
Nevertheless, this kind of inequality resulting from genetic information is

one of the most difficult effects to study.

Another area of increasing concern and debate is the possibility of
eugenics, based above all on the “risk” of the future development of a

genetic disease (25).

A key topic is access to genetic tests and to treatments or
interventions following a positive result. The risk of inequalities may grow in

the light of the availability of new tests and treatments that are very costly
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but have a major impact on health. Such a situation encourages those with
a higher socio-economic level to seek such services in the private sector
that the public health system cannot provide. The incorporation of genetic
testing into practice has to take into account the feasibility, from the
economic point of view, of equitable access both to the tests and to the
ensuing treatments. This can be especially important in the case of

pharmacogomics (16).

Two key ethical issues should be highlighted. The first concerns the
balance between the benefits and risks of genetic testing and who should
strike that balance. To the extent that people have different values and
preferences, it is important that they be the ones to take the decision to
undergo genetic testing (12). Nevertheless, this contrasts with reality where
medicine is still set within a paternalistic model and where a broad sector of
society sometimes prefers this type of health care model. As stated recently
in a European Commission report, counselling must be provided in a “non-
directive” way (2) and this involves respecting the right of not wanting to
receive information on the risk linked to genetic characteristics. At the same
time, informed consent is complicated by the complexity of the information
that is required and by the relevance of the results of genetic testing, not
only for the individual who undergoes the test but also his/her family. This is
directly related to the second important ethical aspect. First of all, a key
question is whether the information resulting from a genetic test can be
given to a family member without the approval of the person who
underwent the test (27). Similarly, when the person accepts that information
be provided and the family is informed, then the ethical dilemma may arise
of whether or not information on future risks should be provided to those

who have not requested such information.

Currently, most of the legislation in Europe requires the consent of
the individual before providing the information to family members. Only
under very exceptional circumstances can action of any other kind be

considered (2).

Another important issue is that of conducting genetic tests in
children. In most health centres, tests performed in children are strictly
confined to those cases in which the diagnosis is essential for the
management of the disease or its treatment (2, 28). In this way, the right of
the individuals to decide is protected in the event they do not wish to
receive certain information in the future.
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3.2.5. ESTIMATE OF THE ECONOMIC AND ORGANISATIONAL
IMPACT

Before deciding to incorporate new genetic tests into clinical
practice, an estimate of the requirements and costs to organise and

maintain all the related services should be made. These would include:
- The genetic tests per se.

- Genetic counselling services, which have a role both before
and after the tests (1), and which include both the index case

and family members.
- Care and treatment circuits for subjects with a positive result.

The economic impact of introducing genetic tests is difficult to
estimate. The costs derived from conducting the tests are usually small
compared to those entailed in monitoring, prevention and treatment (29).
For example, in the case of certain tumours, detection tests have been
developed for mutations that predict the response to treatment with
cytostatic drugs; and although the tests are not expensive, the costs of the

resulting treatment are fairly high (16).

In any case, the fundamental parameter for decision-making is the
cost-effectiveness of the diagnosis or screening strategy with the new

genetic test compared with other alternatives.
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4. FINAL CONSIDERATIONS

4.1. A DOCUMENT FOR UPDATING IN THE FUTURE
AND AS A BASIS FOR DEBATE

The European Commission has recommended that all key players
should pool their efforts to optimise future advances in healthcare that
could stem from genetic studies, whether in relation to the prevention or the
treatment of diseases (2). Moreover, most of the assessment frameworks
for genetic tests in use are under constant review, while even the
framework of the European Union is still in the development phase. In this
context, this document should be revised and updated in the future, in line
with any future developments. Moreover, this document should serve as a
basis for discussion with public healthcare system managers and
professionals, since both their opinions and viewpoints and those of

citizens should be built into any future review.

Discussion and consensus are particularly important on certain
issues that some authors have termed “the grey areas” of technology

assessment, and which have already been indicated in this report:

a. There are no clear standards on what the scale of the
benefits should be (in terms of effectiveness, efficiency
and other assessment criteria) for a new technology to
deserve to be included in the coverage provided by the

public health system.

b. Many technologies are introduced into practice based on
information that is incomplete, ambiguous or may even

have been lost.

c. Once it has been decided that a new technology will be
provided within the public health system, within a short
period of time the technology itself and the context often
may change, meaning that the aims, effects and costs

also change.
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4.2. PREPARATION OF A GUIDELINE FOR DECISIONS
ON THE INTRODUCTION OF GENETIC TESTS INTO
THE SERVICES PORTFOLIO

A guideline for decision-making would be useful so as to facilitate
the assessment process for genetic testing to be included in the services

portfolio. Proposed below are some suggestions for this guideline:

- The preparation of the guideline should focus on specifying
and simplifying the main assessment criteria that comprise

the conceptual framework proposed in this document.

- The support system for decision-making proposed in the
guideline  should  distinguish  between  compulsory
assessment criteria (minimum criteria) and the desirable or
optimum assessment criteria. All the possible decisions that
can be taken following the assessment of a genetic test
based on the guideline should also be specified.

- The working group preparing the guideline should include
professionals involved in the services portfolio decision-
making process as well as in the health care of the patients

in whom genetic tests can be considered.

- Once the guideline has been developed, a provisional
implementation of certain genetic tests would be advisable in
order to determine whether changes should be made to

facilitate their use in clinical practice.

In order to define the criteria of the assessment framework in the
guideline, a list of specific questions to be answered could be used. An
initial list is proposed, based on the ACCE® model (13), which was in turn
drawn up on the basis of the recommendations issued by the Advisory
Committee on Genetic Testing of the United States Department of Health

and Human Services®. This list is shown in Annexe |.

8 ACCE: Analytic validity / Clinical validity / Clinical utility / Ethical, legal & social
implications.

° Enhancing the oversight of genetic tests: Recommendations of the SACGT (Secretary’s
Advisory Committee on Genetic Testing).
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4.3. THE NEED TO ADDRESS OTHER KEY ISSUES NOT
INCLUDED IN THIS REPORT

As emphasised from the beginning of the report, the main objective
of this assessment framework is to assist in the decision-making process
for the incorporation of new genetic testing into the services portfolio. Other
key issues in the use of these tests in clinical practice have not been
included in the report, although it must be stressed that these should be

addressed.

It would be of little use to take the decision to incorporate a new
genetic test following full assessment and confirmation of its validity and
clinical utility without ensuring optimal conditions for performing such a test

in clinical practice, as follows:

- Laboratories with appropriate quality controls, preferably with
accreditation to perform genetic analysis. An important
initiative in this field is to take part in quality control networks

for the genetic diagnosis of different diseases.

- Accessible and properly organised genetic counselling

services.

- Well-established treatment and follow-up circuits for patients

and family members.

- Procedures that guarantee access to all of the above (tests,
genetic counselling, treatment and follow-up), regardless of
the place of residence within the territorial boundaries of

Andalusia.

http://www4.0d.nih.gov/oba/sacgt/gtdocuments.html.
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6. ANNEX I:

LIST OF QUESTIONS BASED ON THE ACCE MODEL"
(13)

Health problems and context

1. What is the health problem that is to be studied?

It should be a relevant problem and should be defined on the basis
of clinical characteristics, not on laboratory results (example:
hypercholesterolaemia would not be considered as a health problem,

instead the problem would be cardiovascular disease).
2. What genetic tests are associated with the health problem?

There can sometimes be more than one relevant test (for example,
in deep vein thrombosis, DNA analysis for Leiden factor V and for

prothrombin genes can be performed).

3. Is it known whether there are polymorphisms or mutations in

other genes that offset the effect of the mutation under study?

There can sometimes be mutations in other genes which influence
the correlation of the mutation under study and the phenotype, as they

have effects which offset that of the mutation of interest.
4. In what clinical context is the genetic test going to be conducted?

It has to be defined whether the test is going to be conducted to
confirm a diagnosis, to identify the susceptibility to a disease, for screening
purposes or in order to determine the probability of a certain response to a

treatment.
5. What is the initial selection strategy for the screening population?

It must be made clear whether this concerns screening of family
members of a index case, of patients with symptoms, the newborn with a

family history, prenatal test, etc.

6. What other questions or tests are to be used in the strategy for

selecting the candidate population for the genetic test?
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These may concern criteria that are used simultaneously or in series
(for example, only if one criterion is positive should one move on the

following one).

Analytical validity

7. Are there commercially available kits or are the tests prepared in

each laboratory?
8. Is the genetic test quantitative or qualitative?

In general, the results of DNA tests are qualitative (mutation present
or absent), although they are sometimes quantitative (example: number of
repetitions of base pair sequences in the fragile X chromosome syndrome).
Although in practice quantitative results are usually reclassified, they should

be considered as continuous variables in the study of analytical validity.
9. What is the sensitivity of the test in relation to the genotype?

Proportion of positive results when the mutation is present.
Sensitivity should be presented with its confidence interval. External
assessments, published studies on validation and comparison of methods
can all stand as sources of information on sensitivity. Only samples with a

known genotype can be used to calculate sensitivity directly.
10. What is the specificity of the test in relation to the genotype?

Proportion of negative results when the mutation is not present. For
DNA tests this has to be close to 100%. The problem is to obtain accurate
estimates since the confidence intervals using binomial distribution are
broad and very large samples would be needed in order to narrow them

down.

11. If necessary: how was confirmation performed to tackle the

problem of false positives?

Confirmatory analyses are only usually performed for positive
results and are important above all when a certain assay is known to
produce this type of result occasionally. Confirmation can be achieved
through a second analysis of the same sample or by using a different

technology.

10 ACCE: Analytic validity / Clinical validity / Clinical utility / Ethical, legal & social
implications.
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12. Has an internal quality control programme been defined and has

it been monitored externally?

Quality control programmes refer to laboratory procedures designed
so that the tests run correctly (quality reagents, well-calibrated equipment,
etc.). These may follow recommendations of professional organisations and
be accredited externally. A key aspect of these programmes is quality
control performed on control samples (samples with known genotype,
negative and positive, which are used as controls in the assays). The

failure rate in the analysis of these samples is a key indicator of quality.
13. Has the intra-laboratory variability been measured?

This question applies to quantitative tests, making repeated

measurements on a single sample.
14. What is the reproducibility between laboratories?

Evidence must be presented of the reproducibility of the results in

different laboratories using either the same or a different technology.

Analytical validity

15. What is the sensitivity of the test in relation to the phenotype?

Proportion of positive results when the disease is present (or will be
in the future). When the test is negative in an individual with the disease
(false negative) it is not usually due to an error of the test, but because

there are other causal agents distinct from the mutation under study.
16. What is the specificity of the test in relation to the phenotype?

Proportion of negative results when the disease is not present (or
will not be in the future). Positive results in individuals without the disease
(false positive) can occur due to error in the test, although it is more

frequently due to the lack of penetrance of the gene.

17. Are there methods for resolving false positives within a

reasonable length of time?

Clinical false positives are relatively rare when penetrance is high
and frequent when penetrance is low. The problem here is that individuals

who really do not have or will not develop the disease would be treated. As
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a result, when the genetic test gives a positive result, there may be other

diagnostic tests that can rule out the disease when it is not present.
18. What is the prevalence of the disease in the defined context?

Prevalence is important for estimating positive and negative
predictive values. It is also important to bear in mind that prevalence may
vary depending on certain population characteristics (for example, among
racial groups), which means that predictive values have to be assessed for

each population group.
19. What are the positive and negative predictive values?

These values are calculated taking into account the test’'s sensitivity

and specificity, clinical sensitivity and specificity and prevalence.
20. What is the relationship between genotype and phenotype?

There are two important aspects in this relation. One is the concept
of penetrance, which really corresponds to the positive predictive value.
The other is that different mutations of a single gene can give rise to

different forms of the disease.

21. What is known about other genetic or environmental factors that

can modify the effect of the genotype under study?

The information on interactions between genes or between gene

and environmental factors may be important in predicting individual risk.

Clinical utility
22. What is the natural history of the disease?

This can help to determine whether or not it is important to
incorporate the genetic test into clinical practice, and also to define the

ideal age for performing the test.

23. Is there any effective and acceptable intervention or other kind

of benefit derived from performing the genetic test?

This issue is crucial. If the health problem cannot be avoided or has
no effective treatment, then it is difficult to justify its detection in clinical
practice. Nevertheless, one possible benefit in unavoidable cases where no
treatment is available may that uncertainty is dispelled (e.g., family

members of individuals with Huntington’s chorea).
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24. Is there any information on the degree of participation that can
be expected (of all those to whom the test is offered, what percentage of

individuals would accept to undergo the test)?

This type of information can provide an idea of the acceptability of
the test.

25. Is it possible to have good accessibility to the intervention?

It is important to explore this aspect of introducing a new genetic
test into practice, including accessibility to genetic counselling, apart from
any therapeutic or preventive intervention. The lack of accessibility could
considerably reduce the effectiveness of the intervention in the susceptible

population.

26. What are the health risks that may result from performing the

test and the intervention?

The possible adverse effects that should be taken into account are
the morbidity and mortality associated with the use of other diagnostic or
therapeutic procedures following a positive result in the genetic test. It is
also important to determine if information is available on other risks such as

anxiety and the effect of “label of illness” in those cases with a positive test.

Implications for the health services

27. What are the services required for using a new genetic test in

clinical practice?

In other words, what services will have to be organised to provide
for the care needs of patients both before and after the genetic test (genetic
counselling service, prevention programmes, provision of new diagnostic
tests, delivery of treatments, etc.). This would also include quality control

programmes for the clinical laboratories involved.
28. What is the foreseeable impact on the use of services?

This refers to estimating the use of health resources following a
positive test, both by patients and by family members, including all possible

services (from genetic counselling to the delivery of treatments).

29. What human, material and economic resources are required for

the provision of the necessary services?
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This is a question of making the necessary calculations to estimate
the resources required to cope with the demand expected from each of the
components of the genetic services. For this purpose, the starting point
should be the resources that are already available followed by assessment
of whether they are sufficient or whether additional resources are required.
Here, it is useful to consult with experts and analyse resources on other

similar programmes.

30. What are the possible economic benefits associated with

conducting a genetic test?

The analysis of benefits is generally limited to financial benefits in
terms of reducing care costs. Nevertheless, the ideal analysis should
guantify other types of benefits such as the increase in life expectancy and

quality of life.

31. Are there any results from pilot studies on the implementation of

the genetic test?

Pilot studies assessing the transition of tests from the research
phase to routine application in health care practice may be available. These
studies can provide some indication concerning the response of individuals
to the genetic tests (acceptance, decision-making process), as well as

economic information.

32. Are there any educational materials available that are effective

in making the information readily understandable?

It may sometimes be necessary to translate or adapt materials from
other contexts and to validate them so that the information can be readily
understood by those with a lower level of education. These materials

would assist in the process of informed consent.

Ethical and social implications

Pilot studies can provide information on the possible social impact
and ethical issues, although actually the overall experience obtained from
using genetic tests can be useful for making an assessment. With this
experience, recommendations can be drawn up and strategies planned to

avoid a negative impact.
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33. What information is available on the impact of the test in terms

of stigmatisation, discrimination and inequality in health?

34. What procedures are useful in making informed consent

effective?

35. What are the key aspects for achieving confidentiality and

privacy?

36. What are the implications of performing a genetic test on the

family of the individual who undergoes the test?

37. Are there any legal issues concerning the ownership of the data

and samples, the patent of the test or other related issues?
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