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Summary
The concept of evidence-based toxicology (EBT) was proposed in 2006, but progress since that time  
has been impeded by differing definitions and goals. This paper describes the parallels and discontinuities 
between the approach and methods of evidence-based medicine and health care and those proposed 
for toxicology. The critical element of an evidence-based approach for either discipline is the adoption 
of unbiased, transparent methodologies during the collection, appraisal, and pooling of evidence. This 
approach, implemented during the conduct of a systematic review, allows evaluation of the breadth  
and quality of available evidence. At present, systematic reviews are rarely done in toxicology by regulatory 
agencies, international organizations, or academic scientists. Adopting an EBT approach will necessitate 
significant changes in practice as well as attention to distinctive characteristics of toxicological studies, 
notably their emphasis on identifying harms and their reliance on experimental animal studies. An 
evidence-based approach does not obviate the role of judgment and values in decision making; its goal is to 
ensure provision of all available information in a transparent and unbiased manner. 
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EBT has been impeded by differing definitions (Guzelian et al., 
2005; Griesinger et al., 2009), both of which advocate the use 
of methods developed for assessing and using evidence from 
randomized controlled trials for EBM, an approach that is not 
feasible for the study of agents suspected of toxicity, as we will 
discuss below. Efforts also were impeded by a relatively lim-
ited focus on the application of evidence-based approaches to 
the validation and acceptance of alternative methods in applied 
toxicology (Hartung, 2010). 

Evidence-based decision making can be defined as the trans-
lation of information into accepted practice using methods that 
reduce bias and increase confidence (Grimshaw et al., 2006). 
As in the law, evidence-based methods involve the evaluation 
of information for its admission into consideration in decision 
making through the process of applying specified norms and 
methods. In order to avoid bias, these norms and methods must 
stand apart from the information under consideration, and their 
application must be undertaken with complete transparency. 

These characteristics differentiate evidence-based approach-
es from current approaches used in the translation of toxicolog-
ical studies into decision making by agencies concerned with 

1  Introduction

The concept of evidence-based toxicology (EBT) has been 
under discussion for several years (Hoffmann and Hartung, 
2006). EBT is about assembling the evidence related to hazards 
and risks of exposure, or to the evaluation of methodologies for 
assessing toxicology for the purpose of using this systemati-
cally collected evidence during decision making. In this way it 
is similar to Evidence-based Medicine and Health Care (EBM/
HC), which uses evidence derived from randomized control-
led trials on which to base healthcare decisions. EBM/HC is 
defined as the application of systematically acquired evidence 
within the experience and expertise of the clinician, as well as 
patient values (Sackett et al., 1996). The essential premise is 
that decisions should be based on the evidence. It is important 
that the evidence be obtained in a transparent and systematic 
manner that is clearly described, enabling other investiga-
tors to obtain the same evidence. Like EBM, the impetus for 
EBT clearly is related to the increasingly important role of the 
discipline of toxicology in decision making related to public 
health as well as clinical and preclinical sciences. Progress in 
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occupational and environmental health and consumer protec-
tion, as we will demonstrate in this paper. In present practice, 
the identification of relevant primary studies and the norms by 
which these studies are evaluated in toxicology are largely im-
plicit (the so-called Delphi method). As a result, the process 
clearly is not transparent and, because of this, it is difficult to 
avoid or reduce controversies over policy decisions incorpo-
rating toxicology. A previous paper commented on the opacity 
of the Delphi method often used in risk assessment (Silbergeld, 
2009), in terms similar to critiques of medical decision making 
using these methods (Flower et al., 2007). 

There is an understandable skepticism on the part of practi-
tioners and experts in a field to the suggestion that the adoption 
of major changes in practice may be advantageous. This skepti-
cism was expressed in the early days of EBM (Feinstein, 1995; 
Williams and Garner, 2002; Chalmers, 2005). We acknowledge 
and respect this natural skepticism in toxicology. This paper 
makes the case that adoption of evidence-based methods in toxi-
cology may benefit from awareness of the history of evidence-
based approaches in medicine and health care (EBM/HC). The 
goal of this paper is to introduce a consistent vocabulary for 
EBT and to examine the extent to which our experience in  
EBM /HC can inform the development of EBT.

At the outset, we recognize that it is reasonable to ask if 
adopting EBT will increase efficiency and quality of deci-
sion making. The history of EBM/HC demonstrates that the 
evidence-based approach has accomplished these goals in 
medicine and many health care-related fields (Dickersin and 
Manheimer, 1998). Moreover, this history shows that a com-
mitment to an evidence-based approach in these fields has 
stimulated expansion and improvement in the field, specifi-
cally through the development of systematic reviews as the in-
strument for translating information into evidence. Systematic 
reviews often are considered the highest source of evidence in 
that primary studies are systematically identified and appraised 
and the totality of evidence is synthesized. This did not occur 
without considerable effort. When systematic reviews were 
initially conducted in medicine in the early ‘80s, many authors 
noted that methods associated with conducting systematic re-
views were wanting in several areas, including reporting the 
primary studies, methods for identification and appraisal of 
the data, and methods for statistical pooling of the data (Mul-
row, 1987; Oxman and Guyatt, 1988). The need to develop 
these approaches was not accepted readily by all practitioners 
(Chalmers, 2005). Nevertheless, over time, standards were de-
veloped through consensus for reporting primary studies (e.g., 
the CONSORT statement and its extensions1), for reproduc-
ibly searching for these studies (Dickersin et al., 1994), and 
standardized methods to identify and account for biases in the 
primary studies (Moher et al., 1996). Also over time, further 
statistical methods and inferential models were put forward to 
synthesize similar research efforts. This focus on methods used 
during the conduct of a systematic review process, in turn, has 

led both to greater transparency in reporting primary studies 
and to an increased focus on the quality of the studies compris-
ing the evidence. 

Also of interest to the field of toxicology, the focus on study 
quality in EBM/HC, in turn, has influenced researchers in rel-
evant fields to improve the quality of their research designs and 
the rigor of their statistical analyses in order to meet the cri-
teria for inclusion in systematic reviews as well as to support 
evidence-based strategies. From the perspective of the devel-
opment of toxicological sciences, this may be one of the most 
important benefits to consider in adopting EBT.

There is concern that an evidence-based approach intro-
duces rigidity into decision making (Gatchel and McGeary, 
2002) and through this may exclude valuable information 
through the use of scoring systems and meta-analysis. In an-
swer to these concerns, it should be noted that in EBM/HC the 
evidence provided by transparent systematic reviews provides 
only one stage of the evidence-based process of application 
of the evidence. This is not dissimilar to the role of toxicol-
ogy in decision making as part of the overall process of risk 
management (NRC, 1994.) Any decisions made in EBM/HC 
or toxicology must include consideration of other factors, such 
as cost, feasibility, and the bounds of accepted practice. Thus, 
in medicine, application of systematically acquired evidence is 
done taking into account the needs and values of the individual 
seeking health care (Sackett et al., 1996). Moreover, there is 
no requirement for evidence-based decision making to employ 
formal meta-analysis or to use forest plots to express integrat-
ed findings.2 The use of systematic tools, when appropriate, 
is an important means of ensuring reproducibility of analysis, 
as well as the quality of the review, by ensuring comparability 
in design and conduct across the individual data sources, and, 
above all, enhanced transparency of conclusions reached in the 
systematic review. 

We argue that toxicologists should consider key lessons 
learned over the evolution of EBM/HC. First, such transitions 
are best managed by the community of researchers and practi-
tioners, rather than by imposition from outsiders (such as regu-
lators and other consumers of toxicological evidence). Second, 
as demonstrated in current practice in EBM/HC, evidence-
based methods do not reduce or replace the importance of ex-
pert and experienced judgment. Rather, they simply provide the 
totality of evidence upon which to base those decisions. Third, 
the process in itself does not generate decisions. Simply put, 
an evidence-based approach assists the community by provid-
ing systematically collected information using clearly described 
methods that reliably represent the state of relevant knowledge. 
Thus, this approach assists decision makers in increasing the 
acceptability of their decisions by ensuring transparency dur-
ing evidence collection. Fourth, a systematic and transparent 
approach to collecting and appraising the available evidence in 
EBM/HC has had a positive influence on researchers in terms of 
study design and data analysis.

1 http://www.consort-statement.org/
2 http://www.cochrane.org/resources/handbook/index.htm
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ing studies or their selection for review. No information was 
provided on the search strategy or on screening criteria in terms 
of study quality. Without this information, it is not possible to 
ascertain the completeness of the review. There is no disclosure 
of which studies were discarded or why they were discarded. 
Further, there is no information on why certain studies were 
emphasized in the discussion. In the case of experimental stud-
ies, a similar lack of transparency informed the identification 
and selection of studies. A recent comment on the failure of 
IARC monographs to utilize systematic approaches or to cite 
systematic reviews echoed these same concerns with additional 
examples (Straif et al., 2012).

In these two examples, the review of epidemiological stud-
ies combined cross-sectional, longitudinal, cohort, or second-
ary analyses without acknowledgement or discussion of het-
erogeneity, even though it was unlikely that their results could 
be combined in any meaningful manner. Similarly, the in vitro 
studies were discussed without consideration of study design, 
dose or in vitro concentration, animal strain or cell line. Other 
sources of heterogeneity were obvious as well. Sometimes stud-
ies actually reported on different endpoints. These problems are 
increased when multiple experimental tests are used to define 
an endpoint, such as multiple in vitro systems and different ani-
mal strains (for example, in current US EPA guidelines for de-
velopmental neurotoxicity (Crofton et al., 2004) and endocrine 
disruption (Daston et al., 2003)). When the methods of such 
studies are so diverse, it may not be appropriate to combine 
results except in the most general way. Similarly, in EBM/HC 
studies are not combined if they show either clinical or statisti-
cal heterogeneity. 

In place of a formal integration of results using clearly de-
scribed methods (e.g., formal meta-analyses or focused narra-
tive syntheses of the data), these reviews included only tables 
that summarize selected findings. The only qualified judgments 
relate to carcinogenicity using EPA or IARC criteria. Even 
more disturbing than these examples is the practice in some 
health assessments to base conclusions on only a few or even 
one study, judged to be the most appropriate or reliable (on 
nontransparent criteria). Facing two alternative conclusions, 
one must “choose” which one, if either, to believe. In contrast, 
a systematic approach uses all the accepted evidence on which 
to provide a basis for decision making. The concept of a “key 
study” is contrary to the notion of a systematic review because 
of its deliberate exclusion of the body of relevant information. 
This selective practice was followed in a recent NRC review 
of mercury, in which a nontransparent decision was made to 
reject one of two large prospective epidemiological studies on 
early exposures to methyl mercury and neurodevelopmental 
outcomes (NRC, 2001). Another approach on this same topic 
utilized a self-described Bayesian “integrative” approach to ex-
amine several studies, but no reason was provided for why only 
some pertinent studies were included (Axelrad et al., 2007). 
The recent NTP review of lead (2011) moves closer to the prac-
tice of systematic reviews as practiced using an evidence-based 
approach, but it is still a mixture of transparent and nontrans-
parent methods. There are clear statements related to framing 

2  Toxicology is not medicine or health care 

Despite the relevance of understanding the history and experi-
ence in EBM/HC, there are characteristics of toxicology and 
its applications in public health that require more than simple 
adoption of EBM/HC methodologies. Some of these are related 
to differences in fundamental objectives. EBM/HC focuses pri-
marily on developing evidence of the efficacy of therapy, to-
gether with an emerging focus on the accuracy of diagnostic 
tests, as well as some focus on etiology, prognosis, and screen-
ing. In contrast, the main focus of toxicology is on developing 
evidence for harms (hazard) and the magnitude or likelihood 
of harms (risk). Although questions of harm have occasion-
ally been the subject of EBM systematic reviews, as discussed 
below, many study designs utilized in generating evidence in 
EBM are not specifically intended to detect or characterize 
harms. Second, EBM/HC draws almost exclusively upon stud-
ies conducted in humans and human populations; toxicology 
draws primarily upon studies conducted in nonhuman animals 
and nonanimal models in order to achieve its societal goals of 
preventing disease and disability. Thus it is important to recog-
nize that adoption of evidence-based approaches for toxicology 
will require considerable work by the community, as discussed 
below. 

3  Assessing current practice in toxicology
 

To date, there have been relatively few explorations of the ap-
plication of evidence-based practices to resolving issues of im-
portance in toxicology. Toxicology has matured in the context 
of increased demands for its information through the growth of 
public concerns and regulation in environmental and occupa-
tional health. The structure of information needs for decision 
making in these domains of public health is relatively well de-
fined to include understanding the elements of relevant toxico-
logical studies and the major decision rules into which these 
elements are to be incorporated. For the purposes of this pa-
per, we focus on those toxicological studies related to defining 
hazard and quantifying risk; exposure assessment, which is the 
other element of risk-based decision making, involves other dis-
ciplines and methodologies. Hazard and risk are common to the 
practice of risk assessment and to application of the precaution-
ary principle, which has been advanced as a partial alternative 
to risk assessment based methods related primarily to reducing 
the burden of information required for undertaking assessments 
(Silbergeld et al., 2004). 

Current evaluations of toxicological information (from hu-
man and nonhuman subjects), almost without exception, have 
failed to utilize systematic or transparent methods. These limi-
tations are exemplified by a review on lead and cancer by one 
author of this paper (Silbergeld, 2003) and a review of the car-
cinogenicity of lead compounds by the International Agency 
for Research on Cancer (IARC, 2006). Both of these examples 
are distinguished by lack of transparency such that it is not 
possible to determine or to replicate the process of identify-
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5  Initial steps towards systematic reviews  
in toxicology

We have carried out some of the more detailed studies using 
principles of EBM/HC to evaluate the evidence for associations 
between environmental toxicants and human health risks, and 
this experience provides some perspective on the challenges in 
adopting and adapting these methods to EBT (Navas-Acien et 
al., 2005, 2006, 2007; Maull et al., 2012). These reviews follow 
the norms of transparency and methods that have been devel-
oped for systematic reviews of diagnostics and interventions in 
medicine and health care. They incorporate the following steps: 
development and explicit framing of research questions that 
can be answered by a systematic review plus explicit statement 
of a publically available protocol for conducting the systematic 
review. This protocol includes a defined and annotated strat-
egy for locating sources of evidence; a priori conditions for 
exclusion and inclusion; defined analytic procedures to evalu-
ate study designs and statistical methods; criteria for evaluating 
selected studies; methods for integrating study results. These 
rules are based on the assumption that all studies are well in-
tentioned but no study is perfect. The goal is to identify all rel-
evant sources of information in an unbiased manner and then to 
screen this body of information by identifying aspects of each 
study that can increase bias or uncertainty and to consider the 
impact of these aspects on analytic confidence.

Our attempts to integrate toxicological studies into our re-
views were limited in terms of availability of studies, due in 
most cases to the variability in study design or in the endpoints 
selected, as well as to differences or lack of precise informa-
tion on dosing and dose duration, and uncertainty as to the rel-
evance of measured outcomes to the inference of human health 
risk. Some of these issues relate to toxicology, in which a range 
of endpoints often are utilized as relevant indicators of human 
disease risk; this is related to the lack of accepted phenotypic 
animal (or in vitro) models for many human health endpoints 
and uncertainty as to mechanisms involved in human disease. 
Lacking a coherent nosology, toxicological studies are likely to 
be more varied in design and endpoint than epidemiological or 
clinical studies. Integration of different endpoints may be pos-
sible using a systems biology approach to group endpoints in 
terms of common pathways, but this has not been tested in prac-
tice. These concerns also were cited by Maull et al. (2012).

A similar experience is presented in an excellent recent system-
atic review of formaldehyde and reproductive and development 
endpoints (Duong et al., 2011). The review of epidemiological 
studies is a model in transparency and rigor. In contrast (and 
similar to our reviews on lead and arsenic mentioned above), 
the review of experimental animal studies was less transparent. 
No clear information is presented on search terms and criteria 
for inclusion or exclusion of studies. Large differences were 
noted among studies in terms of species, routes of exposure and 
dose, as well as endpoints, which probably impeded any attempt 
at integration such that only a summary of “key findings” was 
presented. A thorough narrative discussion of mechanisms and 
modes of action also was included.

specific questions and to some extent explicating the initial cri-
teria for searching the literature for relevant primary studies, 
but it fails to present an explicit means by which these studies 
were identified or evaluated. In addition, as stated in the report, 
NTP explicitly relied upon other “authoritative sources” (from 
US government agencies) to identify citations for review, sup-
plemented by some searches of the literature and consultation 
of experts rather than systematically reviewing all relevant cita-
tions. Thus, it is difficult overall to define the methods by which 
the primary studies were identified or selected, and it is likely to 
be difficult to replicate the process in an independent exercise. 
Most importantly, the document does not describe how these 
study results were integrated to support qualitative judgments 
based on IARC criteria. Tables in the document are rated as 
either “supporting” or “not supporting” these qualitative judg-
ments without defining or describing the criteria used to classi-
fy a study as supporting or not. Furthermore, the authors appear 
to have selected which studies are cited in these tables rather 
than showing all data. Evaluation also involved nontransparent 
processes such as expert consultation and review by a selected 
panel. The conclusions were further influenced by the commit-
tee review, as well as by the conclusions of the “authoritative 
sources,” which, as noted above, did not adopt or implement 
transparency. 

4  Why EBT and why now

The need for EBT is arguably driven by several forces: the in-
creased demand for transparency and a stronger scientific basis 
for decision making in both public and private sectors, as well 
as longstanding dissatisfaction with the pace and contentious 
nature of current modes of decision making in public health 
(EEA, 2001). Examples such as the divergent risk assessments 
for methyl mercury and bisphenol A in public health policy in 
the US and the EU (Beronius et al., 2010) do not encourage con-
fidence. Stakeholders with an interest in efficient government 
and public health should be greatly concerned by the fact that 
EPA’s evaluation of the human health effects of dioxins took 18 
years. How the data used to make these decisions was obtained 
is neither clear nor replicable. EBT mandates the provision of 
methods used to develop a set of primary studies which are then 
used as the evidence for decision making. Clearly, the use of 
EBT can promote reduction of controversies, as all can obtain 
exactly the same data on which to base decisions; the meth-
ods used to obtain, assess, and integrate the data are described 
clearly enough to allow replication. In addition, through in-
creasing the efficiency of decision making, EBT can respond 
to societal pressure to decrease the resources of time, money, 
and vertebrate animals utilized in reaching decisions related to 
hazard and risk (Rovida and Hartung, 2009). These pressures 
have increased interest in developing alternative methods that 
reduce the time required to obtain relevant information (NRC, 
2007). For this reason, the need to validate these alternative 
methods adds further impetus to EBT.
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and on appropriate statistical methods to integrate study results 
from the range of experimental designs. This challenge will not 
be met by selecting information only from standard toxicol-
ogy test guidelines or Good Laboratory Practice requirements 
as the definition of acceptability for evidence-based decisions. 
Many of these designs are extremely limited and, while they 
may produce data of use in standard risk assessment methods, 
they are underpowered and not robust (Reuter et al., 2003). As 
has been noted in endocrine disruptor research, these types of 
studies may be less informative than research studies that are 
more specifically designed to investigate defined hypotheses 
rather than to generate minimal information on hazard (Myers 
et al., 2009). Rather, all relevant studies should be sought and 
then evaluated using methods for appraising sources of biases 
identified through a consensus process in order to determine the 
strength of the evidence provided by each. Achieving this goal 
will foster a closer relationship between environmental epide-
miology and experimental research, going beyond the invoca-
tion of experimental research merely to satisfy one of Bradford 
Hill’s recommendations.

Achieving the goals of evidence-based and systematic analy-
sis, as argued by practitioners in EBM/HC, has involved two 
strategies implemented at the beginning: involvement of a 
broadly based community for achieving consensus in methods 
and evaluations and a commitment to complete transparency. 
These commitments are exemplified within the Cochrane Col-
laboration. At its inception, the Collaboration included only a 
few dedicated investigators with a shared vision to help people 
make good health care decisions. This goal drove the devel-
opment of systematic reviews and the dissemination of these 
reviews, which now cover a broad range of topics related to 
health care interventions. Key principles of transparency and 
continuous improvement in methods based on empirical evi-
dence underlie the growth of the Cochrane Collaboration and its 
influence in the field of EBM/HC.3 This paper argues that these 
strategies, as well as a commitment to continuous growth and 
improvement in methods, are equally critical for the successful 
development and adoption of EBT.

The decision for EBT involves a commitment by the field 
of toxicology, not only to science but to community. As not-
ed above, practitioners in EBM/HC stress that its success has 
involved the engagement of a broadly based community for 
consensus evaluations and a commitment to complete transpar-
ency. These steps cannot be rushed by establishing structural 
frameworks and empty institutions but must be grown from an 
organic discussion among the community of stakeholders, in-
cluding scientists, technicians, governments, private sector, and 
the public (Chalmers, 2005). 

Our success may transform the field of toxicology, as well 
as the practice of decision making in regulation. EBT can con-
tribute to the efficient adoption of alternative methods through 
consensus agreement on identifying the evidence and on criteria 
for evaluation, drawing on experience from diagnostic evalu-
ations in EBM/HC. However, there must be a commitment to 

6  Challenges for EBT

The results of our analyses, along with more recent experience 
from an expert working group convened by the National Insti-
tute of Environmental Health Sciences (NIEHS) to evaluate 
associations between environmental chemicals and diabetes, 
indicate that toxicologists have considerable work to do to im-
plement an evidence-based approach (Silbergeld, 2009). Inno-
vations and modifications are especially needed to develop ev-
idence-based methods tailored for toxicology and experimental 
nonhuman studies. Some of the major limitations noted in our 
reviews are discussed here for human studies and experimental 
studies. First, the amount of primary information available from 
independently conducted epidemiological studies in the pub-
lished literature is relatively sparse for many exposures of inter-
est. Second, many of the available epidemiological studies have 
significant problems in terms of study design or data reporting 
such that it is difficult to identify biases in them. For example, 
in many studies of arsenic, there are limited or no data on in-
dividual exposures and many studies failed to collect or report 
information on important covariates and confounders or infor-
mation sufficient to determine heterogeneity. Many studies are 
relatively small and likely underpowered; many of the studies of 
larger cohorts (such as NHANES) are not actually independent 
of each other, and none are longitudinal, and so causality cannot 
be inferred in terms of exposure preceding outcome. In addi-
tion, there are broad differences in definition and measurement 
of outcomes of interest. This is understandable for toxicologi-
cal studies, but is also characteristic of many epidemiological 
studies on, for example, lead and arsenic. For the toxicological 
studies, there is enormous heterogeneity in all aspects of study 
design and interpretation, as discussed above and in Duong et 
al. (2011). These criticisms were similar to the evaluations of 
the medical literature in the early ‘80s when systematic reviews 
in EBM/HC were first widely applied and just beginning to be 
appreciated (Dickersin and Manheimer, 1998).

Nevertheless, our reviews demonstrated that important el-
ements of the methodology of systematic reviews can be 
adopted by EBT with little change, notably an allegiance to 
transparency in methods for searching the available literature 
for potential evidence, in selecting studies for review, and ap-
plication of a priori criteria for assessing each selected study. 
Toxicologists can examine existing criteria for systematic re-
views of observational epidemiology (Blair et al., 1995; AMS, 
2007; Longnecker et al., 1988). When appropriate, some of 
the methods for integrating results across studies also may be 
adopted. From our analyses, we also observed that the greatest 
challenges for developing EBT are related to handling infor-
mation from experimental nonhuman studies, where there is 
no consensus on analytic procedures and where even the con-
struction of research questions may be more complex owing 
to the many test systems and endpoints used in studies on the 
same topic. In addition, there is no consensus on methods for 
screening primary studies, for evaluating the selected studies, 

3 http://www.cochrane.org/resources/handbook/index.htm
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munity of toxicologists can enhance the development of sci-
ence and better serve the social goals of health protection and 
safety assurance. 
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empirically testing the methodology for systematic reviews of 
toxicological data; without such methodological studies, the 
field cannot move forward. This will not be a simple task. Since 
toxicology is fundamentally a science of prevention (Silbergeld 
et al., 2004), its aim is to detect likely harms prior to human 
exposure. For this purpose, experimental studies are the only 
source of truly preventive information, and thus the focus of 
EBT should be on experimental toxicology and test methods in 
the broadest sense.

Adoption of an evidence-based approach does not mean the 
adoption of the clinical trial design as the “highest” or only 
form of reliable information (Silbergeld, 2009). Evidence may 
come from any type of study, and although many reviews focus 
on randomized clinical trials, the type of evidence (i.e., study 
design) required depends on the type of research question (e.g., 
the use of randomized controlled clinical trials to answer ques-
tions of efficacy and cohort or case-control studies to answer 
questions related to etiology). This has facilitated the develop-
ment of both “rules of practice” and the post hoc evaluation 
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HC also provides a rich source of valuable guidance to EBT in 
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may draw usefully upon methods used in evaluating diagnos-
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harms, primarily due to study designs focused on identifying 
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2005). 
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IARC). This is less and less satisfactory to the public and other 
stakeholders; it is also highly resource-intensive in terms of 
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