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IARC is an international agency of WHO with a monograph 
program to develop “critical reviews and evaluations of evidence 
on the carcinogenicity of a wide range of human exposures” [1,2]. 
Interdisciplinary working groups (WGs) of expert scientists meet for 8 
days and evaluate the weight of evidence of an agent and classify it into 
one of 5 categories of carcinogenicity. The Monograph program began 
in 1965 and has evaluated >900 agents. About 10% have been classified 
as carcinogenic (Group 1) and >33% as probably carcinogenic or 
possibly carcinogenic (Groups 2A, 2B). This approximately one-week 
meeting approach was chosen when the amount of data for any specific 
agent was much less than today (some of the monographs in the early 
volumes are fewer than 10 pages long). It was never reformed despite 
an enormous increase in the available literature and the broadening 
to include complex mixtures, occupational exposures, physical and 
biological agents and lifestyle factors. 

The WGs review considers four areas of evidence: 1) Sources of 
exposure, which is especially important for a changing technology such 
as diesel engine exhaust (DEE); 2) Animal Evidence; 3) Epidemiology 
Evidence, which is most important in Monograph 105; and 4) 
Mechanistic Evidence that plays an increasingly important role in 
evaluating biological plausibility in the weight of evidence.

Invited expert scientists are divided into working groups to evaluate 
all published literature and make preliminary conclusions that are 
finalized in plenary sessions of all participants. Non-voting participants 
include a) invited specialists who have critical knowledge but may have 
a conflict of interest, b) representatives of health agencies, c) observers 
or other interested parties with relevant scientific credentials, and d) 
members of the IARC Secretariat who have relevant experience; only 
this last subgroup may participate in discussions, draft text, and prepare 
tables and analyses. All potential participants are assessed to determine 
financial, employment, and research support for potential conflicts of 
interest before they are invited to participate. Monographs provide an 
evaluation of cancer hazards and an assessment of the “strength of the 
available evidence that an agent could alter the incidence of cancer in 
humans”. This evaluation is considered an authoritative and expert-
based classification with international significance. Increased interest 
in environmental epidemiology has resulted in publication in the 
scientific literature of an ever increasing number of cohort and case-
control studies seeking to establish an association between exposure 
to an agent and an adverse effect. These studies are commonly not in 
complete agreement. Oftentimes inconsistencies can be traced to biases 
or confounding in the experimental design or errors in the analysis of 
the data. As stated in the Preamble the purpose of the WG is to identify 
these problems (IARC 2006): “When an important aspect of a study that 
directly impinges on its interpretation should be brought to the attention 
of the reader, a Working Group comment is given in square brackets”. 
Unless adequate biostatistical and epidemiological expertise is brought 
to bear on a specific topic, mistakes and misinterpretations can result. 
Sometimes IARC conclusions that are based on epidemiology have 
been controversial, if not mistaken or misinterpreted. Formaldehyde 
[3] and silica [4] are two examples. The recent IARC conclusion on
diesel engine exhaust [1,2] is likely to be controversial as it is based

on potentially incorrect interpretations of major epidemiology studies 
because of limitations in the scientific assessment.

There have been wide-ranging discussions in the literature 
concerning potential conflicts-of-interest in participants, the make-up 
of the WGs, and whether the IARC selection process may be contributing 
to an increase in false-positive determinations in epidemiology [5-13]. 
In essence, the IARC review procedure for reviewing evidence has 
become a closed process that does not encourage open scientific debate 
or alternative viewpoints. This editorial relates to that discussion and 
examines serious flaws in the IARC process that have their roots in 
IARC’s policy of discouraging differing scientific viewpoints by non-
voting participants. A review of the source of these flaws with regard to 
epidemiology is the first purpose of this editorial. The second purpose 
is to suggest modifications in the IARC review process to make it more 
scientifically robust and to improve their assessment of the weight of 
the evidence. My experiences as an observer in several epidemiology 
WGs confirm the need for increased scrutiny of individual studies and 
assessment of the weight of evidence used in the monograph process. 

Examples of Potentially “False-Positive” Interpretations 
of Three Diesel Studies

Two recent DEE studies of miners and truckers were considered 
to be the most informative studies and were used to support the WG 
conclusion of sufficient evidence that DEE is carcinogenic. Important 
aspects of these studies provide examples where the current IARC 
review process may have failed to accurately interpret results. It is 
troubling that despite 30+ years of research into diesels and cancer, 
two of the most influential papers were very recent and reviewers did 
not have time for adequate review (including replication of results by 
independent groups). 

The WG indicated the miner case-control study [14] provided 
“some of the strongest evidence of an association”, with controls for 
smoking, low potential confounding exposures in the mines, and 
“well-documented” high diesel exposures. What should also have been 
included in square brackets were considerations that could potentially 
change interpretation of this study. The smoking x location interaction 
terms used to adjust for smoking may be statistically incorrect because 
of the absence of categorical variables for each of smoking and location. 
Since the standard procedure of including main effects was not followed, 
re-analyses of the data are required to sort this out. Smoking was said to 
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have been a “negative confounder” among underground (UG) workers 
but smoking was not associated with DEE exposure for the combined 
group of both UG and surface workers and so substantive confounding 
from smoking is unlikely [15,16]. Smoking adjustments produced the 
positive association, making these study results unreliable. Further, an 
independent analysis was unable to completely replicate results [17]. 
Based on the uncertainties in the published results, a valid interpretation 
of this study requires replication and verification by independent 
groups. This reanalysis should also look for evidence of compromised 
follow-up that produced spurious positive exposure-response trends 
that were noted in the original railroad worker cohort [18] and an NCI 
study of formaldehyde workers [3,19-22]. 

A cohort of US truckers [23] showed positive exposure-response 
trends that “were markedly more pronounced when adjustment for 
duration of work was included in the models”. This type of adjustment 
for duration can lead to model instability because of the co-linearity 
associated with having duration twice in the model (duration is 
already included in the cumulative exposure metric). The difficulties 
encountered in orally discussing limitations in this study prompted a 
letter to the editor that was accepted for publication. This peer review 
suggested that the multiple adjustments for duration of employment 
may have distorted the Cox model because of misspecification and that 
the straightforward interpretations that were accepted by IARC are not 
feasible and are likely to be incorrect [24]. 

Criticisms of the first study were in the published literature 
but were not adequately evaluated or debated in the WG or plenary 
sessions. The validity of the statistical analysis in the 2nd study could 
not be questioned in the literature as the paper only became available 
at the beginning of the DEE discussions in Lyon and so did not meet 
the IARC posted requirement for new scientific evidence. Nevertheless, 
industry observers orally commented on these limitations, but they 
were not seriously entertained or discussed. 

A third study was interpreted as significant supportive evidence for 
the WG conclusion. 

The European-Canadian pooled case-control study [25] showed 
a positive association in a smoking-adjusted analysis that as noted by 
the WG is unlikely to [“be explained by bias or confounding”].  An 
observer pointed out the contrary lack of an association among non-
smokers, possibly the least confounded group of cases. The lack of 
confounding comment in the square brackets is contradicted by 
evidence of positive confounding from a non-representative referent 
group as well as inadequate adjustment for occupational confounding 
and SES [26-29]. Adequacy of responses to some of these criticisms  
[30] is unresolved. Discussion of these issues was prematurely ended. 
There was significant conflict of interest as three co-authors were 
participating in WG discussions. In general, the practice of investigators 
reviewing their own work, or work of close collaborators, appears to be 
less closely watched by IARC than the close monitoring of non-voting 
representatives for bias and comments on scientific issues in individual 
studies being considered by the WG. 

Suggested Modifications in IARC Process 
These abbreviated examples suggest a need to modify IARC 

procedures to eliminate the deficiencies in WG critiques of individual 
studies. The practices suggested below are consistent with IARC current 
guidelines but allow for increased diversity of expertise and time for 
rigorous peer-review. The suggestions are based on practical, proven 

principles developed and practiced by Toxicology Excellence for Risk 
Assessment (TERA) [31] for agencies such as IARC. 

TERA has put forth four essential key principles that are necessary 
for production of a scientific-based group conclusion regarding toxicity 
of an agent. The following discusses each principle; the limitations of 
the IARC process, and suggest modifications to the process. 

Independence 

There must be freedom from bias and conflicts of interests. 

IARC screens for financial conflicts of interest that may produce 
industry bias. Potential issue bias and vested interests are recognized 
in the IARC preamble where “Care is taken to ensure that each study 
summary is written or reviewed by someone not associated with the 
study being considered”. This requirement doesn’t always work in 
practice and in itself does not insure an independent result. In the 
diesel monograph an author was the dominant voice regarding the 
just-published trucker study [23] and argued against and effectively 
prevented interpretative comments from being included in the square 
brackets that would have noted for the reader the destabilizing double 
use of the duration variable. 

Suggestions

All persons have both recognized and un-recognized biases 
and vested interests. Potential conflicts of interest should be readily 
accessible for all to see, but opinions should be judged on factual 
accuracy and logic rather than source. Variable degrees of scientific 
honesty and independence are found in all affiliations and it cannot be 
assumed that they are only found in government, academia and NGOs.  

Inclusion of Appropriate Expertise 
Scientific opinion from a broad range of backgrounds and 

affiliations (e.g., government, academia, industry, environmental or 
public interest groups, consulting) are required to provide diverse 
scientific perspectives. 

Working group participants are well-represented by government, 
academia and IARC staff, but industry and consultants are allowed 
only a limited role in the process, and then usually only at the end 
of a discussion after opinions have been largely formed. Expertise 
and preparation of working group members is, in practice, largely 
restricted to the chairman and the group member who wrote the initial 
summaries and who subsequently present their review to the WG. 
In the DEE epidemiology WG there was no apparent biostatistician 
expertise among the WG voting members adequate for accurately 
evaluating the questionable statistical analyses of the miner and trucker 
studies. My experience indicates that for specific studies, and indeed for 
the overall topic, the more knowledgeable and prepared individual(s) 
in the room include industry observers who were restricted to minimal 
participation in scientific discussions. These IARC restrictions have 
excluded appropriate expertise and have at times resulted in incorrect, 
if not biased, comments in the square brackets and excluded comments 
that are important for interpreting study results. 

Suggestions

Appropriate expertise includes observers from industry and other 
interested parties who often have extensive work experience and 
knowledge of the agents under consideration. This expertise should be 
utilized by allowing increased participation by all knowledgeable parties 
in oral and written discussions of relevant scientific issues. Qualified 
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chairmen should be able to control oral discussion so important 
scientific issues are raised and discussed at the meeting. Opportunities 
for written comments, which become part of the session record, should 
also be allowed when and where appropriate. 

Transparency 
Activities and results should be organized and conducted so that 

those within and external to the process can judge for themselves the 
adequacy and credibility of the results.

Transparency of results is provided for each study in square 
brackets and in the general summary of the evidence that produced 
the conclusion. Square brackets are supposed to include any 
supplementary analyses, or more commonly, “important aspect[s] of 
a study that directly impinge on its interpretation” and that “should 
be brought to the attention of the reader”.  Currently, contents of the 
square brackets can be non-informative or patently incorrect, especially 
when there are time limitations on the amount of debate that can take 
place. Comments from observers and national representatives in the 
WG meetings regarding study limitations were not acted on, or were 
curtailed for lack of “time.” Comments in square brackets were at times 
arbitrarily selected so as to include strengths only, without comments 
on study limitations. The examples discussed previously are particularly 
egregious instances of missing, incorrect or misleading comments in 
the square brackets.  

Suggestions 

The comments included in square brackets should include 
both strengths and weaknesses and a clear indication of the WG 
interpretation of each study based on credible input from all invited 
participants, whether voters or not-voters. 

Robust Scientific Process 
Such a process is dependent on sufficient numbers of appropriate 

experts with appropriate access to the subject matter and adequate time 
to review and critique the relevant studies. 

The current IARC process begins on the first day of the monograph 
meeting when initial drafts are handed out. Scientific discussion is 
largely confined to the first few meeting days of the WGs when individual 
studies are reviewed. WG reviews are approved and summaries then 
written and approved for plenary sessions where occasional editorial 
changes but minimal discussion of scientific issues is the predominant 
activity. Inadequate time is provided for participants to review accuracy 
and completeness of the draft reviews and summaries on which the 
classification is based. A robust scientific process requires sufficient 
time for critical evaluations and discussion of strengths and limitations 
of each study for insertion in the square brackets, and for reviewing the 
weight of evidence. 

 Much of this discourse could, and should, be completed prior to 
the Monograph meeting in Lyon. This would allow time to focus on the 
most important scientific issues in older studies and for more extended 
discussion of very recent studies published too late for the initial 
review. The current process is so limited in time that only a few minutes 
of reading are available before oral summary, and the subsequent 
discussion is limited mostly to editorial changes. The current IARC 
process is conducted largely by the WG chairman, a ghost writer of the 
summary, and the IARC Secretariat before the Monograph meeting. 
There is inadequate time allowed for participants and observers to 
review and discuss scientific issues, particularly for 2 studies accepted 

for publication just before or during the meeting [23,32]. Out of my 
24 or so days of IARC monograph meeting time, perhaps 3 hours was 
actually spent on robust scientific discourse.  

Suggestions  

First drafts for each WG should be distributed at least one 
month in advance to all invited participants and observers for a 
written peer-review. These peer-reviews would be returned to IARC 
for editing and distributed to all participants at least a week before the 
scheduled monograph meeting in Lyon. This will allow time for robust 
scientific discussions of the issues and wording in the square brackets at 
the Lyon meeting. Robust discussions of scientific issues for each study 
are needed to provide an appropriate basis for evaluating the weight of 
evidence. This proposed process of a priori peer-review may ameliorate 
the frenetic pace and curtailed debate that tends to occur with the 
current process. Another possible change would be to allow a period for 
everybody to submit comments to the final draft monographs. These 
comments could be included in the printed monograph in an appendix.

  Another possible change is to allow a period for everybody to 
submit comments to the final draft monographs. These comments will 
be included in the printed monograph (e.g., in an appendix).

There is a need for scientific summaries and recommendations/
classifications of agents that may be associated with cancer in humans. 
IARC has taken on that responsibility. However, the IARC system is 
in need of a readjustment to make their reviews and conclusions 
more independent, transparent, unbiased and scientifically robust. 
To accomplish this result requires that provisions be made to provide 
all participants with working drafts that have already been reviewed 
prior to the Lyon meeting. This would allow adequate time for oral 
discussion of scientific issues which is particularly needed for newly 
published studies where the normal scientific review process is 
impossible because of the limited time. For these newly published 
studies the WG itself must of necessity conduct the peer-review so the 
results can be incorporated into the Monograph. Such studies require 
more careful scrutiny than studies published 6 months or more prior 
to the Lyon meeting. Recent results suggest the critical assessment by 
IARC of individual study limitations and the weight of evidence appear 
inadequate; if so, the IARC conclusions are unreliable. 
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