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a b s t r a c t

Reproducibility and transparency in scientific reporting is paramount to advancing science and providing
the foundation required for sound regulation. Recent examples demonstrate that pivotal scientific
findings cannot be replicated, due to poor documentation or methodological bias, sparking debate across
scientific and regulatory communities. However, there is general agreement that improvements in
communicating and documenting research and risk assessment methods are needed. In the case of
formaldehyde, the peer-review conducted by a National Academy of Sciences (NAS) Committee ques-
tioned the approaches used by the Integrated Risk Information System (IRIS) in developing draft unit risk
values. Using the original data from the key study (Beane Freeman et al., 2009) and documentation
provided in the draft IRIS profile, we attempted to duplicate the reported inhalation unit risk values and
address the NAS Committee's questions regarding application of the appropriate dose-response model.
Overall, documentation of the methods lacked sufficient detail to allow for replication of the unit risk
estimates, specifically for Hodgkin lymphoma and leukemias, the key systemic endpoints selected by
IRIS. The lack of apparent exposure-response relationships for selected endpoints raises the question
whether quantitative analyses are appropriate for these endpoints, and if so, how results are to be
interpreted.

© 2016 Published by Elsevier Inc.

1. Introduction

Reproducibility and transparency in scientific research and
reporting, both in the published literature and in documentation of
decisions related to public health reached by authoritative bodies,
have received significant discussion and debate (Bustin and Nolan,
2015; Campbell, 2014; Igbal et al., 2016; Jilka, 2016). The National
Institutes of Health (NIH) are exploring ways to provide greater
transparency of the data that are the basis for published manu-
scripts (Collins and Tabak, 2014) and have noted that the greater
scientific community must take steps to correct this issue. In
addition, recent commentaries and surveys highlight the growing
lack of reproducibility in scientific research (Anonymous, 2016).
One of the most immediate and impactful consequences for a lack

of transparency or reproducibility is in the direct reliance on pub-
lished but un-replicated scientific findings for human health risk
assessment, including the derivation of cancer unit risk estimates.

In 2011, the National Research Council (NRC) of the National
Academy of Sciences (NAS) convened a Committee to Review
USEPA's Draft of the Toxicological Review of Formaldehyde e Inha-
lation Assessment in support of the Integrated Risk Information
System (IRIS) (NRC, 2011). The Committee noted:

“Problems with clarity and transparency of the methods appear to
be a repeating theme over the years, even though the documents
appear to have grown considerably in length”

A further review of the IRIS process in 2014 (NRC, 2014) noted
progress in meeting the NRC (2011) recommendations, but further
noted:
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“However, NRC committees have conducted several reviews of
some of the more complex and challenging IRIS assessments in the
last decade and have identified methodologic problems and
pointed out deficiencies in EPA's approaches.”

Formaldehyde provides one such complex database that in-
troduces significant challenges for consideration in a standard IRIS
assessment. It is an endogenously generated compound and, for
selected endpoints, multiple studies provide inconsistent results, a
few of which have suggested associations with formaldehyde
exposure. Some have interpreted these findings (generally at face
value and apart from the larger body of results) as reflecting causal
associations. As an example, there has been much scientific debate
regarding whether there is a causal association between formal-
dehyde exposure and selected lymphohematopoietic (LHP) end-
points, especially acute myeloid leukemia. Multiple authoritative
bodies (IARC, 2012; NTP, 2014) have made hazard classification
decisions (sufficient evidence in humans, known to be a human
carcinogen) based on conclusions that the available evidence is
sufficient to conclude that there is a causal association. For the LHP
cancers, these conclusions have been based on the grouping of
different types of cancers from a limited number of epidemiological
studies (Zhang et al., 2009; Beane Freeman et al., 2009), with little
or no consideration of findings reported in many other studies or
the animal or mechanistic information, much of which lends no
support for or even contradicts these conclusions. It is important to
note that in reviewing the same critical studies for formaldehyde as
IARC (2012) and NTP (2014), the European Chemicals Agency
(ECHA, 2011) concluded that

“Altogether, in absence of convincing evidence for a biologically
plausible mechanism and considering the discrepancy of results in
epidemiological studies, a causal relationship between formalde-
hyde exposure and induction of myeloid leukaemia cannot be
concluded.”

The 2010 draft IRIS Toxicological Review of Formaldehyde e

Inhalation Assessment provided the first quantitative estimates of a
dose-response relationship between two lymphohematopoietic
endpoints, Hodgkin lymphoma (HL) and all leukemias (combined
category), and exposure to formaldehyde based on the results from
a single epidemiological study (Beane Freeman et al., 2009). The
use of these two endpoints by USEPA (2010) for the estimation of
unit risk factors was based on the conclusion that the weight of the
epidemiologic evidence supported a link between formaldehyde
exposure and LHP cancers, particularly myeloid leukemias. In
addition to HL largely being considered unrelated to environmental
exposures, no other key epidemiological study demonstrates such
an association, raising questions as to the validity of the finding in
Beane Freeman et al. (2009). As for the combination of all leuke-
mias, little scientific basis is provided for aggregating what
increasingly are understood to be diverse diseases with different
etiologies, prognoses and treatments.

In 2011, the NRC Committee review noted many uncertainties in
the approach used by USEPA (2010) to estimate risk values. The
Committee recognized that USEPA (2010) had relied upon selected
associations reported between formaldehyde and various LHP
cancers from a single study (Beane Freeman et al., 2009). The NRC
(2011) Committee further recommended that USEPA conduct an
independent analysis of the dose-response models to confirm the
degree to which the models fit the data appropriately, as well as
consider the use of alternative extrapolationmodels for the analysis
of the cancer data. The NRC (2011) Committee concluded that this is
especially important, given the use of a single study, the

inconsistencies in the exposure measures, and the uncertainties
associated with the selected cancers. In addition to the impact of
these assumptions, the NRC (2011) Committee noted that while the
National Cancer Institute (NCI) cohort studies, including Beane
Freeman et al. (2009), may be the only studies with sufficient
exposure and dose-response data needed for risk estimation, they
are not without weaknesses and these need to be considered. This
recommendation from the NRC (2011) Committee raised several
challenges. While there is some guidance provided for the use of
animal data for dose-response modelling (USEPA, 2012), the use of
epidemiological data in the estimation of inhalation unit risk (IUR)
estimates does not have guidance that provides a “road map” for
conducting these types of assessments. When using epidemiolog-
ical data for the estimation of unit risk values, more extensive
documentation in the IRIS profile is needed to be able to clearly
understand the data relied upon and the methods applied.

In a separate study (Checkoway et al., 2015), the raw data from
the NCI cohort study (Beane Freeman et al., 2009) were obtained
through a Technology Transfer Agreement (TTA) with the objective
of replicating the findings reported by Beane Freeman et al. (2009),
as well as conducting additional analyses not reported by Beane
Freeman, specifically, acute myeloid leukemia (AML). The avail-
ability of these data provided an opportunity to attempt to replicate
the unit risk estimates derived by USEPA (2010), as well as address
some of the questions raised by NRC (2011). In addition, it offered
the opportunity to conduct alternate independent analyses to
evaluate specific leukemias, rather than all leukemias combined,
and the impact of alternate dose-response models on the estimates
of inhalation unit risk. The methods and results of the attempt to
duplicate the USEPA (2010) unit risk values, as well as conduct
alternate and independent analyses to address the questions raised
by NRC (2011) are reported here.

2. Methods

2.1. Duplication of USEPA (2010) reported unit risks

Our goal was to follow the same process and methods used by
USEPA (2010) in the estimation of unit risk factors for the two LHP
cancers (Hodgkin Lymphoma and all leukemias (combined cate-
gory)). However, as noted by NRC (2011), the documentation pro-
vided in USEPA (2010) related to the assumptions and processes
used in the estimation of the unit risk values was limited. NRC
(2011) has outlined five steps that it appears USEPA (2010) used
in the estimation of formaldehyde unit risks:

1. Evaluate the association between formaldehyde exposure and
LHP endpoints;

2. Convert the relative risk estimates into lifetime risk for the
exposed population;

3. Compute lifetime risks for Hodgkin Lymphoma and/or all leu-
kemia for the unexposed population;

4. Determine the maximum likelihood and lower bound estimates
of the point of departure; and

5. Estimate inhalation unit risks.

Using these five steps, we attempted to duplicate the USEPA
(2010) reported unit risks for Hodgkin lymphoma and “all leuke-
mias” using the raw data from the Beane Freeman et al. (2009)
study. In order to conduct this estimate, the followingwere needed:

▪ An estimate of cumulative dose for each individual in the cohort.
This information was not provided in either USEPA (2010) or
Beane Freeman et al. (2009) and must be determined from the
raw data.

C. Van Landingham et al. / Regulatory Toxicology and Pharmacology 81 (2016) 512e521 513



Download English Version:

https://daneshyari.com/en/article/5855830

Download Persian Version:

https://daneshyari.com/article/5855830

Daneshyari.com

https://daneshyari.com/en/article/5855830
https://daneshyari.com/article/5855830
https://daneshyari.com

