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Abstract
Background: Cancer epidemiology has been criticized for producing false-positive associations. The present
analysis investigates the frequency of and factors contributing to false-positive findings in cancer
epidemiology.
Methods: The International Agency for Research on Cancer (IARC) Monographs Group 3 agents were
examined to identify potential false-positive findings. Frequency estimates for their occurrence were calculated. Comments of the Working Groups on study quality were recorded for studies with potential falsepositives. These were used to determine how many of such studies were criticized for each of the study quality
factors that are suspected to contribute to false-positive results.
Results: Of 509 agents in group 3, 37 agents were found to have potential false-positive associations in the
studies reviewed in their respective IARC monograph(s). The overall frequency of potential false-positives
among these agents was between 0.03 and 0.10. The individual frequencies ranged from 0.01 to 0.40. The
potential false-positive findings were produced by 162 studies. The most common factors contributing to
potential false-positive findings were confounding and exposure misclassification.
Conclusions: The frequency estimates we have obtained do not suggest that epidemiology is grossly flooded
by false-positive findings. The factors for which studies with potential false-positives were most often criticized
were factors that are sometimes difficult to address in cancer epidemiologic research and can bias an effect
estimate toward or away from the null.
Impact: The low frequency of false-positives in cancer epidemiology restores faith in epidemiologic
procedures, making epidemiologic findings a useful guide for public health care measures. Cancer Epidemiol
Biomarkers Prev; 21(8); 1272–81. Ó2012 AACR.

Introduction
Public health care relies heavily on the findings of
epidemiologic research. Epidemiology seeks to answer
public health’s relevant questions with the goal of informing policy on primary and secondary prevention, as well
as evaluating outcomes.
Epidemiology and more specifically cancer epidemiology, however, has been criticized for not practicing epistemological modesty (1, 2). Epidemiologists are accused of
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overemphasizing and overinterpreting newly discovered
positive associations, with little consideration for the
limitations of their research or for the limits of epidemiology in general. The result is allegedly overemphasizing
new associations that fail to be corroborated by subsequent research. These results are considered "false positive" findings.
We believe that the issue of "false positives" is partially
misleading. Epidemiologic research, like all scientific
research, is a continuous process rather than being characterized by decisions based on dichotomies (positive/
negative). The publication of findings stimulates both a
critical assessment of the overall published evidence
[typically, in International Agency for Research on Cancer
(IARC) Monographs Working Groups] and the conduction of new studies to corroborate or undermine previous
observations. Only limited understanding of how epidemiology works leads to emphasize the issue of falsepositives.
To exemplify that the question on false-positives is
misleading, we have examined the associations between
chemical exposures and cancer for chemicals (or circumstances of exposure) classified as "inadequate" in the IARC
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monographs, and we have reconstructed the history of
such associations by looking at the whole history of
relevant publications. As a by-product of this exercise,
we have also estimated the prevalence of "potential false
positives" (PFP).
Factors hypothesized to contribute to "false positive"
results in epidemiologic studies include study quality
concerns such as multiple comparisons and subgroup
analyses, information and recall bias, selection bias, confounding, small study sizes and issues with design, definitions, outcomes, and methods of analysis (1, 3–5). Ioannidis argues that most published research findings are
false and states that the positive predictive value of a
finding-–its post-study probability of being true-–
depends on the above as well as other factors, not necessarily relevant to study quality. These additional factors
include a finding’s small probability of being true before
the study, small effect sizes, large number of independent
studies, financial influences and prejudices, and a hot
scientific field (3). Hernberg also addresses false-positive
findings in his book and states that the most common
reasons for their occurrence are information bias and
confounding (6). Finally, most researchers agree that
publication bias, the increased likelihood of positive
results to be published, may increase the occurrence of
false-positives in the literature (1, 5, 7, 8). All the factors
above are common and sometimes inevitable in the field
of cancer epidemiology. Thus, one might expect the frequency of false-positives in this field to be high.
On the other hand, there are many factors that counteract a high frequency of false-positive results. To begin
with, study quality limitations, such as information bias,
selection bias, and confounding, can also bias an association toward the null. The result would be attenuation in
the frequency of false-positive results and even an
increased frequency of false-negative results. Furthermore, in occupational epidemiology, publication bias may
be reversed. For example, some suggest that there are
incentives for industry-funded epidemiologists to keep
positive studies unpublished (9). If the argument is true,
then it is difficult to conclude whether, in occupational
cancer epidemiology in particular, the presence of publication bias would increase the frequency of false-positive
results. Given these forces, acting to increase the number
of false-negative results, one cannot predict with certainty
the actual frequency of false-positive results in cancer
epidemiology.
In addition to the factors mentioned above, the frequency of false-positives in epidemiology will also depend on
the technical definition of "false-positives" used (10). With
the exception of the unambiguous associations, "unfortunately, there is no 100% certainty or gold standard telling
us which result is a false-positive and which a true
positive" (8). Therefore, the answer concerning the frequency of occurrence of false-positive results depends on
the definition applied.
Despite the concerns and debate, there have been few
attempts to estimate the frequency of false-positives in
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nonexperimental epidemiologic research (1). Also, empirical data are lacking to support the hypotheses on which
factors contribute to the generation of false-positives
results (8). However, understanding the frequency and
causes of false-positives is important to understand more
about the caveats of and improve the epidemiologic
research process.
Since 1971, the IARC monographs, the most comprehensive and respected collection of systematically evaluated agents in the field of cancer epidemiology, have
evaluated (and reevaluated) more than 900 different
agents (chemicals and mixtures, biologic and physical
agents, occupational and environmental exposure, and
circumstances and personal habits). Agents are selected
on the basis of documented human exposure and some
data suggesting a carcinogenic hazard. This provides a
large database for the evaluation of the frequency of and
the factors contributing to false-positive findings.
IARC, through its Monographs Programme, seeks to
identify the causes of cancer in humans. A large number of
agents to which humans are exposed and which have been
suspected to be carcinogenic are reviewed by Working
Groups to assess their causal relationship to cancer. For
each agent, published epidemiologic studies, cancer
bioassays in animals and other relevant data pertaining
to the carcinogenicity are reviewed and the Working
Group uses criteria such as those proposed by Hill (11)
to determine whether a causal association between exposure and cancer exists. On the basis of the review of the
available epidemiologic studies, the evidence on cancer in
humans is finally categorized as "sufficient," "limited,"
"inadequate," or "evidence suggesting lack of carcinogenicity" (12).
Because of the strength of the evaluation procedures
followed by IARC, the monographs have a very strong
positive reputation and the consensus reached by Working Groups is regarded as authoritative. The present
analysis was designed to investigate the frequency of
and the factors contributing to PFP findings in cancer
epidemiology, using the evaluations in the IARC
monographs.

Materials and Methods
The IARC monographs evaluate the strength of evidence on cancer in humans about chemical, physical, and
biologic exposures, mixtures, personal habits, and other
exposure scenarios, collectively referred to as agents. The
analysis consisted of a quantitative and a qualitative
component. The quantitative component identified PFP
findings in the IARC Monographs of Group 3 agents and
estimated their frequency of occurrence. The qualitative
component examined the factors contributing to the
generation of PFP findings and investigated whether
these are consistent with the factors suggested in the
literature.
To identify PFPs, agents that have been evaluated as
"probably not carcinogenic to humans (group 4)" had to
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be investigated. However, as classification in this group
requires evidence suggesting lack of carcinogenicity
in humans and in animals, only one agent is included
in group, 4 and there was no relevant data on human
cancer. Therefore, group 3 agents were reviewed
instead.
Group 3 agents are agents that are not classifiable with
regard to their carcinogenicity and for which typically
data on cancer in experimental animals were less than
"sufficient" and data on cancer in humans were not available to the Working Group or were evaluated as "inadequate", that is, the reviewed studies lacked consistency or
statistical power to permit a conclusion about their carcinogenicity (12). Because the consensus of the Working
Group on the totality of the evidence did not support an
association, statistically significant positive findings within studies reviewed in the IARC Monographs of Group 3
agents will be regarded as PFP in this analysis, with the
caveats reported below.
Quantitative component: operational definition of
"false positive"
The most up-to-date list of agents classified as group 3
by IARC up to and including monograph volume 103 was
used. Volume 100 was excluded as this was focused on
group 1 carcinogens.
For agents evaluated in more than one volume of the
monographs, the most recent summary of evaluations and
the sum of the studies included in all monographs were
considered.
With the limitations described above about the concept
of "false positive" (that does not consider evidence as a
cumulative process), we have established an operational
definition. For the purposes of this analysis, we have used
the P value to dichotomize "positive" from "negative" in
the first choice of the exposures to be analyzed. The level
of statistical significance required to classify a finding as
positive was therefore the conventional P value of less
than 0.05 or a 95% confidence interval that excluded the
null (13). When P values or confidence intervals were not
reported, the study was not regarded as positive with
statistical significance, unless the IARC Working Group
had stated that the effect measure of the association was
statistically significant. Therefore, in this screening, a
maximum sensitivity criterion was applied to identify
positive findings.
Once agents for which there has been at least one
statistically significant positive study in the corresponding monograph were identified, all the relevant studies in
that monograph were considered in detail to identify and
quantify PFP findings.
Different sites and types of cancer were considered as a
separate outcome and each exposure–outcome combination was considered independently. Therefore, for each
exposure, findings were analyzed by cancer site to identify any PFPs. For a finding to be considered as a PFP and
be included in the numerator of the frequency estimate,
the following criteria had to be fulfiled: (i) one study
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(index study) must have produced a statistically significant positive finding between the agent under study and
the specific cancer site and (ii) there must have been at
least one other study that found a measure of association
whose 95% confidence interval included 1.0, or a statistically significant negative effect estimate [relative
risk (RR) lower than 1]. This study must have assessed
the same exposure and the same specific cancer site as
the index study. The denominator for the frequency
estimate was the sum of the study results for all cancer
sites, explicitly mentioned by the Working Group in the
monograph of each agent. Therefore, the frequency
estimate for each agent was calculated by summing up
over all cancer sites the number of associations which
were labeled as PFP in the studies reviewed in that
agent’s monograph(s), divided by the total number of
associations explicitly recorded in that agent’s monograph(s) by the Working Group. It is important to note
that those agents without at least one statistically significant positive finding were not included in the
analysis.
Where associations between exposure and cancer site
were analyzed by a third variable, such as category of
exposure or subset of the study population, each association was considered as a separate unit of observation.
Even if only a mid-level exposure category was statistically significantly positive, it was qualified as a PFP. In
addition, where both adjusted and unadjusted estimates
were presented for the same association, only the adjusted
estimates were used.
Qualitative component
To identify the possible causes of false-positive findings, an analysis was carried out by study. This is because
under the IARC procedures, the Working Groups
recorded those aspects of each reviewed study which
compromised its quality, and these criticisms concerned
the study’s methodology in general and not necessarily
individual associations in each study.
For each agent, the studies in its monograph that produced at least one PFP exposure–outcome association, as
identified in the quantification stage, were selected.
For each of these studies, the criticisms expressed by the
Working Group, in square brackets, on the study’s quality
were recorded as the possible causes for the PFP results.
This information was reviewed to determine how many of
these studies were criticized for each of the study quality
factors that are mentioned in the literature as contributing
to the generation of false-positive results (1, 3, 5). More
specifically, the study quality factors investigated were
multiple comparisons, subgroup analyses, information
and recall bias, selection bias, confounding, small study
size, and questions in design, definitions, outcomes, and
analytic modes.
The frequency of each of these criticisms among studies
with PFP results was calculated to determine which ones
are more common and whether these criticisms are consistent with the concerns in the literature.
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Results
Quantitative component
The list of group 3 agents, which was obtained from the
official IARC website, was composed of 509 chemical,
physical, and biologic agents, mixtures, and exposure
circumstances. Only for 127 of these agents was data on
carcinogenicity to humans available to the Working
Groups. Sixty-eight of the group 3 agents had at least one
statistically significant positive association reported in the
corresponding monograph, satisfying our first criterion.
After examination of the 68 relevant monographs, only for
37 agents was there a second study, thus satisfying our
second criterion for PFP findings (Table 1).
Table 2 also lists the 37 agents (14–66) with at least
one PFP finding and shows (i) the number of studies
that reported PFP findings for each agent and (ii) the
number of PFP associations for each agent. It is important to note that these are the associations which were
labeled as PFP according to the criteria and definition
used in this analysis, and they are independent of the
evaluation of carcinogenicity proposed by the IARC
Working Groups. The number of identified PFP associations for each agent varied from one association to
22 associations per agent.
Table 2 lists the overall and agent-specific frequency
estimates for PFP findings. The overall frequency of
occurrence of PFP findings among the 37 agents was
calculated to be 0.10. The numerator for this frequency
estimate was the total number of findings that were
labeled as PFPs, based on the criteria used in this project.
The conservative denominator used for Table 2 was the
total number of associations explicitly reported in all the
studies reviewed in the respective IARC monographs for
the 37 agents with at least one PFP finding. On the basis of
this estimate, about 1 of 10 associations examined by the
Working Groups for these 37 monographs were PFP,
according to the definition and criteria used in this analysis. The frequency of PFP findings varied for individual
agents and ranged from 0.01 for spironolactone to 0.40 for
leather goods manufacture. In other words, for the former,
only 1 in a 100 associations reported in the literature was
deemed to be a PFP, whereas for the latter, the frequency
was 4 of 10.
Using an alternative definition for the denominator
considerably reduced the overall PFP frequency. As stated, 127 agents had data on cancer in humans, 68 agents

had at least one statistically significant association in the
corresponding monograph, and 37 of these agents had
some PFP associations. Thus, 90 agents (127
37) had
associations reported in their monographs, but none of
these associations was labeled as PFP according to the
criteria used. If all the associations in all the 127 monographs with data on cancer in humans were counted, the
overall denominator would approximately increase by a
factor of 127/37, that is, 3.4, the numerator would remain
the same, and therefore the average frequency estimate of
PFP findings among group 3 agents would be reduced to
0.03. If the denominator included all associations with the
exception of associations in those 31 monographs, which
reported at least one statistically significant association
without satisfying the second criterion, the frequency
estimate would be 0.04 after applying a correction factor
of (127 31)/37 to the denominator.
Qualitative component
The identified PFP findings were produced by 162
studies, and 102 of these studies received formal criticisms
by the Working Groups.
Confounding and exposure misclassification were the 2
most common criticisms about studies with PFP results,
with 47 and 23 studies criticized for each, respectively
(Table 3). Selection bias was mentioned as a criticism in 11
studies and questions in design, definitions, outcomes,
and analytic modes were mentioned as main criticisms in
13 studies. Multiple comparisons and small study size
criticisms were stated for 10 studies each. Finally, outcome
misclassification, loss to follow-up, and recall bias were
rarely mentioned by the Working Group. No comment
on interviewer bias and subgroup analyses was made
(Table 3).

Discussion
It is our view that the debate on "false positives" does
not take into account the way science works, that is, by
trial-and-error and a continuous revision and reassessment of the evidence. The IARC monographs are a powerful tool to observe "science in action," because they show
the assessment of carcinogenicity in a historical way,
including reassessments according to well-established
rules that are consistent and coherent over time. Therefore, we have used the IARC monographs to establish
whether epidemiology stands out for an abnormal

Table 1. Breakdown of group 3 agents reviewed for the quantitative component
*

*

*

*

509
127
68
37

*

*

*

*

Chemical agents, exposure mixtures, and circumstances in group 3
Agents for which data on human cancer were available to the Working Group
Agents with at least one statistically signiﬁcant positive association in their monograph (criterion 1)
Agents with at least one PFP association in their monograph (criteria 1 and 2)

NOTE: Total number of agents reviewed, number of agents with data on human cancer, and number of agents with at least one PFP
association (according to our criteria) are presented.
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Table 2. Agents and studies with PFP associations and PFP frequency estimates

Agent-–sorted by PFP frequency
Talc, non-asbestiform (inhaled; refs. 14–16)
Spironolactone (17)
Surgical implants and other foreign bodies (18)
Orthopedic implants of complex composition
Silicone implants
Fluorides (in drinking water; refs. 19, 20)
Fluorescent lights (21)
Paracetamol (22)
Dimethylformamide (23, 24)
Saccharin (25)
Xylenes (26, 27)
Tea (28)
Diazepam (29)
Doxylamine succinate (30)
Vitamin K substances (31)
Rock (stone) wool (32, 33)
Phenol (34, 35)
Toluene (36, 37)
Hair coloring products (personal use; refs. 38, 39)
Electric ﬁelds (static and Extremely Low Frequency; ref. 40)
Hydrochloric acid (41)
Paint manufacture (occupational exposure; ref. 42)
Insulation glass wool (32, 33)
Mercury and inorganic mercury compounds (43)
Reserpine (44, 45)
Coal dust (46)
Sulfur dioxide (47)
Lumber and sawmill industries (58, 49)
Madder root (50)
Methyl methacrylate (51)
Polychlorinated dibenzofurans (52)
Paper and pulp manufacture (53, 54)
Mineral oils (highly reﬁned; refs. 55, 56)
Leather tanning and processing (57, 58)
Cholesterol (blood; refs. 59, 60)
Isonicotinic acid hydrazine (61, 62)
Crude oil (63)
Chlorinated drinking water (ref. 64;
excluding studies on chlorination by-products)
Leather goods manufacture (65, 66)
Total

No. of studies
w/PFP
associations

No. of PFP
associations

Total no. of
associations
mentioned
in monograph (s)

PFP frequency
estimate

1
1

1
1

100
72

0.01
0.01

4
1
1
1
3
1
5
1
10
2
1
2
7
2
4
22
9
1
1
4
7
4
9
6
6
2
2
1
3
12
7
11
1
2
3

4
1
1
1
3
1
5
1
11
3
1
3
7
3
4
32
11
2
2
5
8
4
21
7
8
3
3
1
3
14
8
12
3
3
10

230
35
36
25
70
22
102
16
148
38
13
37
72
27
38
272
87
15
16
36
53
26
135
44
48
18
18
6
18
67
37
50
11
10
28

0.02
0.03
0.03
0.04
0.04
0.05
0.05
0.06
0.07
0.08
0.08
0.08
0.10
0.11
0.11
0.12
0.13
0.13
0.13
0.14
0.15
0.15
0.16
0.16
0.17
0.17
0.17
0.17
0.17
0.21
0.22
0.24
0.27
0.30
0.36

2
162

2
213

5
2,081

0.40
0.10

NOTE: PFP frequency estimates were calculated by dividing the number of PFP associations in the monograph(s) by the total number of
associations explicitly mentioned in the respective monograph(s).

production of false-positive results. The frequency estimate of PFPs among studies reviewed by IARC Working
Groups for agents with at least one PFP finding in group 3,
was between 0.03 and 0.10, depending on different
assumptions for the denominator. With the most conservative denominator, frequencies for each agent varied
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between 0.01 and 0.40. The frequency is related to the
total amount of research carried out for each exposure,
with few (positive) publications often giving rise to high
PFP frequencies, with 3 of the 4 agents with high PFP
frequencies also being among 3 of the 4 agents with the
lowest number of total associations.
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Table 3. Study quality factors suspected to
contribute to the generation of PFP ﬁndings and
the number of studies criticized for each factor
based on criticism by IARC Working Groups

Study quality factors
Confounding
Information and recall bias
Exposure misclassiﬁcation
(excluding recall bias)
Outcome misclassiﬁcation
(excluding loss to follow-up)
Interviewer bias
Loss to follow-up
Recall bias
Selection bias
Questions in design,
deﬁnitions, outcomes, and
analytic methods
Multiple comparisons
Subgroup analyses
Small study size

Number of studies
criticized (Working
Group comments)
47
32
23
2
0
4
3
11
13

10
0
10

It is important to note that the calculated frequency
estimates for PFP results are only based on the evidence
available for consideration at the time of each IARC
Working Group meeting. As scientific research progresses and the consensus on what is "truth" about a
research question changes, the estimates may increase
or decrease, and some group 3 agents may turn out to be
carcinogenic in the future. Therefore, the frequency of
PFPs as defined here is probably an overestimate of
false-positives.
Even though false-positive findings are shown to
occur in cancer epidemiologic research, the frequency
estimates obtained are in line with a dynamic science in
which there is a continuous process of evaluation and
reassessment of the evidence. Taking the overall estimate of PFPs, if only 1 in 10 findings published is a falsepositive then, given that more research is carried out in
a certain field, the direction of the totality of the evidence will tend toward the "truth." In terms of public
health care decisions, given that the production of
evidence is historical, public health care professionals
are not expected to react immediately to a single positive association. Instead, they are likely to wait for
further support or enough evidence to reach a consensus, and if a hypothesis is repeatedly tested, then any
initial false-positive results will be quickly undermined.
The estimates above become even more in line with
the normal procedures of science when one considers
the likely inflation of these estimates due to the criteria
and methodology used in this analysis. First, all statis-
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tically significant positive associations also satisfying
our second criterion were considered. The requirement
of at least a second study that was not statistically
significant or was statistically significant but with a
negative effect estimate (RR lower than 1.0), means that
we used a prudential approach, to minimize the risk of
mistaking emerging hazards with PFPs. Second, even
statistically significant associations for intermediate
exposure categories were qualified as PFPs, although
these would probably rarely be interpreted as positive
studies. Also, for the denominator of the frequency
estimate, only those associations explicitly mentioned
in the monographs were counted. Finally, as the Working Groups only regarded published reports and studies, the publication bias may have affected the analysis
for both the quantitative and the qualitative components as nonpositive studies are less likely to be published, therefore leading to underestimation of the
denominator.
Moreover, several of the PFP studies have reported on
cancer among occupational groups where exposures are
not easily defined. For example, at the time when
lumber and sawmill industries as well as paper and
pulp manufacturers were classified as group 3, furniture and cabinet making was classified as group 1 (54),
and later this led to the identification of wood dust as
a group 1 carcinogen (67). Therefore, exposure to wood
dust could explain the positive studies in the other
wood-working industries. Similarly, when leather tanning and processing as well as leather goods manufacturing were classified as group 3, boot and shoe
manufacturing and repair was classified as group 1
(58); later this led to the identification of leather dust
as a group 1 carcinogen (68). Therefore, exposure to
leather dust could be the reason for positive studies in
the other leather industries.

Signiﬁcant ﬁndings
*

*

*

*

*

*

The frequency of PFP ﬁndings among studies
reviewed by IARC Working Groups for agents with at
least one PFP ﬁnding in group 3 was 10%
Frequencies for each individual agent varied
between 1% and 40%
The identiﬁed PFP ﬁndings were produced by 162
studies
102 of these studies received formal criticisms by the
Working Groups
Confounding and exposure misclassiﬁcation were
the 2 most common criticisms about studies with
PFP results
Given the relatively low frequency of PFPs in
epidemiology, further research is required to look
into the frequency of false-negative results and the
factors that contribute to their generation
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Another group of PFP studies has reported on cancer
after exposure to variable mixtures. For instance, coal
dust typically contains quartz and during mining and
processing of coal dusts, adjacent rock strata may
increase the quartz component of the airborne dust to
about 10%, and crystalline silica dust, in the form of
quartz or crystobalite, has been evaluated as group 1
(69). Similarly, when fluorescent lighting was evaluated,
the Working Group noted that exposures may include
UVA and UVB (21), and annual doses of UVR may be as
high as median annual exposure received from sunlamps and sunbeds, which have now been classified as
group 1 (70). If these variable mixtures were removed
from the analysis, the frequency of PFPs would be
considerably reduced.
Less inflated false-positive estimates would be
obtained by looking at agents classified in group 4,
probably not carcinogenic to humans. However, only one
agent has been classified in group 4, and no cancer
epidemiologic studies have been reported for this agent.
Therefore, we had to use group 3 agents, not classifiable
as to their carcinogenicity to humans, as the gold standard.
More recent IARC evaluations have identified agents
which may be categorized as carcinogenic to humans,
but for some specific cancer sites, the evidence is suggesting lack of carcinogenicity (ESL). For example, alcohol drinking is classified as carcinogenic to humans, but
the evidence is suggesting lack of carcinogenicity for
kidney cancers and non–Hodgkin lymphoma. Therefore, another approach to identifying frequency and
reasons for false-positive studies could be based on the
monographs’ database using cancer site–specific evaluations of "evidence suggesting lack of carcinogenicity"
as the gold standard.
From the qualitative component of our review, inadequate adjustment for potential confounders and information bias were the 2 most common comments by the
Working Groups. Similar to the frequency estimates, the
results on the factors contributing to the generation of PFP
findings should also be interpreted with caution. The
present analysis concentrated on studies in the monographs of group 3 agents. Therefore, there were no true
positives to compare with false-positives to determine
which study quality factors are associated with the generation of PFP results.
Our results are in agreement with Hernberg who
argued that the most common reasons for false positive
findings in occupational epidemiology are information
bias and confounding (6). Swaen and colleagues (7, 8)
used the IARC monographs in an attempt to investigate
design characteristics associated with a false-positive
study outcome in occupational cancer epidemiology studies. They reviewed 20 occupational carcinogens from
IARC group 1, and the target organs in which the carcinogenic effect of these agents was observed. Studies
reporting carcinogenic effects in other organs were
regarded as false-positive. The authors concluded that
having a specific a priori hypothesis and adjusting for
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smoking were some of the factors that decreased the odds
of producing a false-positive result. In our review, about
30% of the studies with PFP findings were criticized by the
Working Group for inadequately adjusting for potential
confounders, especially for smoking habits.
In the present analysis, studies reporting results on
multiple exposures or between one exposure and several
cancer sites as well as multiple subgroup analyses may be
considered as not having a specific a priori hypothesis. For
10 studies, the working groups noted that multiple comparisons were carried out. In total, 35 of the 162 studies
with PFP results carried out more than 5 comparisons.
Subgroup analyses, however, were not raised as criticism
by the Working Groups.
It is important to note that the 2 most common comments by the Working Groups on studies with PFP findings are study quality factors that can bias away from or
toward the null. Exposure misclassification and particularly differential exposure misclassification can be a problem in retrospective studies and the most common example is recall bias. Differential exposure misclassification
can underestimate or exaggerate an effect, and contribute
to false-positive results, whereas nondifferential exposure
misclassification usually biases toward the null (71). Similarly, inadequate adjustment for confounders can lead to
under- or overestimation of an effect or can even change
the apparent direction of an effect. Therefore, uncontrolled confounding can also bias either away or toward
the null.
Given the nature of cancer epidemiologic research, the
methodologic issues that can lead to false-positive results
cannot always be avoided. Only rarely one single study
can establish causality, generally the whole body of relevant data needs to be considered when evaluating the
evidence. Therefore, researchers have an obligation to
publish their results, even when the findings are inconclusive, or turn out false-negative or false-positive as
science progresses. When a positive association arises,
the motivation to weaken or support the initial finding
leads to more studies, which can contribute to a more
robust data set (72). Therefore, false-positive findings may
be unavoidable, but they help to advance knowledge.
Despite the limitations already discussed, our analysis
had several advantages. It relied on the IARC monographs, the most comprehensive list of evaluated agents
available in cancer epidemiology, with evaluation procedures largely consistent and coherent over time. Therefore, the analysis could use all evaluations without having
to regard dissimilarities in the evaluation process. Moreover, the qualitative component relied on consensus comments by the IARC Working Groups. The consensus
reached by the Working Group for each agent rests on
all relevant published evidence, making it an "expression
of the best knowledge in the scientific community" (73).
Given the relatively low frequency of PFPs in epidemiology, further research is required to look into the frequency of false-negative results and the factors that contribute to their generation. Reasons for criticisms that are
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most common in studies with false-positive findings can
also underestimate an association and in terms of public
health care, false-negative results may be a more important problem than false-positives.
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