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ABSTRACT  



A critical need exists for reliable risk management policies and practices that can effectively 
mitigate asbestos-related health threats and such policies and practices need to be based on 
sound science that adequately distinguishes hazardous situations from those that are not.   
Toward that end, the disparate means by which study quality has been addressed in recent 
meta analyses used to establish potency factors (KL and KM values) for asbestos cancer risks 
were compared by conducting additional sensitivity analyses.   



Results suggest that, other than placing undue emphasis on the influence of the KL and KM 
values reported from a single study, there appears to be little to no evidence of a systematic 
effect of study quality on KL or KM values; none of the findings warrant excluding studies from 
current or future meta-analyses.  Thus, we argue that it is better to include as much of the 
available data as possible in these analyses while formally addressing uncertainty as part of the 
analysis itself, rather than sequentially excluding studies based on one type of limitation or 
another.  Throwing out data without clearly proving some type of bias is never a good idea 
because it will limit both the power to test various hypotheses and the confidence that can be 
placed in any findings that are derived from the resulting, truncated data set.  We also believe 
that it is better to identify the factors that contribute to variation between studies included in a 
meta analysis and, by adjusting for such factors as part of a model, showing that the disparate 
values from individual studies can be reconciled. If such factors are biologically reasonable 
(based on other evidence) and, if such a model can be shown to fit the data from all studies in 
the meta analysis, the model is likely to be predictive of the parameters being evaluated and 
can then be applied to new (unstudied) environments.   



Key Words: asbestos, exposure assessment, toxicity assessment, risk assessment, 
epidemiology, meta analysis, potency, guidelines, study quality, amphibole, chrysotile 
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THE NEED FOR SOUND SCIENCE WHEN EVALUATING ASBESTOS-RELATED RISK 



Health risks  posed by asbestos remain a major concern due to the potential for exposure 
associated with both (1) the substantial quantities of commercial asbestos products that remain 
in commerce, public buildings, and debris at uncontrolled sites (HEI-AR 1991) and (2) natural 
occurrences of asbestos and other elongated mineral particles that are found in soils and rock 
outcrops over as much as 30% of the U.S. including areas where they can be disturbed by 
commercial or residential activities (van Gosen 2007).  Consequently, a critical need exists for 
reliable risk management policies and practices that can effectively mitigate asbestos-related 
health threats.  In turn, because so many lives and livelihoods are potentially affected one way 
or another, such policies and practices need to be based on sound science that adequately 
distinguishes hazardous situations (i.e., those substantially contributing to asbestos-related risk) 
from those that are not.   



While the hazardous nature of asbestos is well known, questions concerning the effects of fiber 
size, type, and crystalline form and (consequently) a definition for the appropriate metric with 
which to determine biologically-relevant asbestos concentrations remain controversial (reviewed 
in Berman and Crump 2003, 2008a,b).  Correspondingly, a quantitative exposure-response 
model for each disease end point that adequately predicts asbestos risks across environments 
of interest remains elusive (e.g., Ogden 2009).  



STUDY QUALITY AND META-ANALYSES EXPLORING ASBESTOS EXPOSURE-
RESPONSE 



A series of meta-analyses have been reported (Gezondheidsraad 2010; Lenters et al. 2011; 
Berman and Crump 2003, 2008b; Hodgson and Darnton 2000; Lash et al. 1997; Nicholson 
1986) that explore the exposure-response relationships for asbestos-related cancers (lung 
cancer and/or mesothelioma) and the four most recent of these address study quality explicitly.  
However, the approach used to consider study quality by Gezondheidsraad and Lenters et al. 
differs radically from that employed by Berman and Crump.  Gezondheidsraad and Lenters et 
al. selectively exclude epidemiological studies not satisfying their pre-defined quality criteria and 
then apply a meta analysis to the resulting, truncated data set.  In contrast, Berman and Crump 
use quality criteria to adjust uncertainty bounds so that (all else being equal) higher quality 
studies exert correspondingly greater influence on the pooled outcome of the meta analysis 
(which is applied to all studies combined).  



Gezondheidsraad, a commentary on that study (Burdorf and Heederik 2011), and Lenters et al. 
also discuss evaluation of the effects of study quality on asbestos potency estimates (KL for lung 
cancer and KM for mesothelioma).  KL and KM are coefficients representing the magnitude of 
change in risk (or mortality) for each unit change in a function of exposure that is respectively 
appropriate for lung cancer or mesothelioma (see, e.g., Berman and Crump 2008b).  These 
researchers suggest that lower quality studies introduce a negative bias (toward the null) on KL 
and KM values.  However, as the evidence of bias presented by these authors does not appear 
to be statistically significant in these studies, additional sensitivity analyses seem warranted 
before concluding that study quality affects KL or KM values.  For example, if it is true that 
studies of lower quality exhibit lower mean potency estimates than those of higher quality, the 
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effect should be reasonably robust to removal of single studies from the analysis.  Also, the 
effect would likely be apparent for both lung cancer and mesothelioma and for all asbestos 
mineral types examined. Results of additional sensitivity analyses conducted on the 
Gezondheidsraad (2010) and Lenters et al. (2011) findings are therefore presented below.   



 Revisiting the Effects of Study Quality on Lung Cancer (KL) Potency Estimates 



Lenters et al. (2011) address the question of whether study quality affects KL estimates by 
conducting a series of meta analyses on a database of 19 epidemiological studies.  The study-
specific KL values from these 19 studies vary by more than a factor of 500.  However, the "meta-
derived" KL value (with all 19 studies included ) and that with only the two (author-defined) 
highest quality studies included vary by only a factor of four.  Moreover, based on the reported 
confidence intervals for these values, this difference is not significant.  Thus, it appears that the 
primary justification for the authors' conclusion about the relationship between study quality and 
KL values is the increasing trend observed in meta-KL values as one sequentially excludes 
studies of lower or intermediate quality until only the highest quality studies remain.  To evaluate 
the nature of this trend, results of additional (simplified) sensitivity analyses are reported here.   



Although the detailed calculations from Lenters et al. are not reproduced here, it was possible to 
use the weighting information provided in Figure 1 of their paper and the KL's from Table 3 of 
their Supplemental Material to conduct several sensitivity analyses.  To derive weighting 
estimates, the width of each square in Figure 1 was measured and the measured value was 
squared to derive the relative weight for each study.  Table 1 (presented below) provides 
estimates of the weighted average of KL values for the studies included in each of several 
indicated categories.  As can be seen by comparing the averaged KL values reported in the third 
column of the table below to the meta-derived values reported for the corresponding sets of 
studies by Lenters et al. (Table 4 in their paper), the weighted averages provide good estimates 
of the corresponding  "meta-derived" KL values.  Corresponding values vary by less than 12% 
and these differences are probably due primarily to limits in the ability to accurately measure the 
sizes of the squares in Figure 1.  To evaluate the trends observed in KL values as studies are 
sequentially excluded, rank correlations (Lowry 2011) were also conducted on the sequence of 
observed values.  Results of such trend analyses are presented in Table 2 below.   



As can be seen in Table 1 (below), results of these simplified sensitivity analyses suggest that 
removing the South Carolina cohort (Hein et al. 2007) from the entire analysis reduces the ratio 
of estimated meta-KL values for the highest quality studies vs. that for all studies combined to a 
factor of two (Column 5), which is clearly not significant.  Moreover, as can be seen in Table 2 
(below), with South Carolina removed, the significance of the trend in meta-KL values as a 
function of study quality drops from "strong" to "marginal."  Based on the other results reported 
in Table 2, it is also clear that the significance of the trend in meta-KL values is strongly 
dependent on both the order with which studies are sequentially excluded (which is arbitrary) 
and the specific set of individual KL values used to derive the meta values.   



Lenters et al. report that they observe a similar trend, even if the KL values reported by Berman 
and Crump (2008b) - reproduced in Column nine of Table 3 in their supplemental material - are 
employed in their analysis instead of the KL values that they derived (Column five of the same 
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table).  With a few exceptions, these two sets of KL values are similar.  Where large differences 
occur for specific studies, however, the KL values estimated by Lenters et al. are nearly always 
smaller.  This is because they did not restrict the intercepts """ in their regressions to values no 
greater than two, as recommended in Berman and Crump (2008b) due both to limits on the 
differential effects of smoking rates between cohort members and background populations 
(Bang and Kim 2001) and the effects of exposure mischaracterization (Carroll et al. 2006). Note 
that " was limited to an even smaller value (one) in the Gezondheidsraad study.   



The sets of meta-KL values from these two data sets that are reported by Lenters et al. are 
respectively presented in Columns two and eight of Table 4 in their supplemental material.  That 
the value (0.06) for "all studies" in Column eight (using the Berman and Crump data) is smaller 
than the value in Column two (0.13) seems unlikely given: (1) that larger individual KL values are 
generally reported by Berman and Crump overall (see previous paragraph) and (2) the 
corresponding meta-derived value (0.34) reported by Berman and Crump (2008a, Table 4) is 
substantially greater; broadly overlapping meta analyses should not produce such disparate 
results.  Values in the next few rows of the same Column in the Lenters et al. table may also be 
similarly low.  Thus, it is likely that the alternate values presented in Column seven of Table 1 
(below) are closer to being correct and we suggest that Lenters and coworkers recheck these 
values.   



As can be seen in Table 1 (below) use of Berman and Crump derived KL values reduces the 
ratio of meta-KL averages from 4.4 to 2.8 (with all studies included) and from 2.0 to 1.2 (with the 
South Carolina cohort removed from the analyses).  None of these ratios appear to be 
significant.  More importantly, results shown in Table 2 (below) demonstrate that the 
significance of trends in estimated meta-KL values between data sets of increasing study quality 
are strongly mediated by (1) the sequence with which study quality criteria are considered 
(choice of sequence is an arbitrary decision); (2) by the source of the underlying KL data set 
evaluated; and, especially, (3) by whether the South Carolina cohort is included or removed 
from the analysis.  Furthermore, as seen in Table 4 of Lenters et al., heterogeneity (indicated by 
the I2 statistic) actually increases as lower quality studies are eliminated, indicating that study 
quality is not the main cause of the differences observed across study-specific KL values in any 
case.   



Importantly, Lenters et al. (or others) may want to confirm the above results by more rigorously 
conducting these sensitivity analyses.  However, it is unlikely that such an analysis would 
provide results drastically different from those reported here.  Assuming the current results are 
generally correct, it is apparent that the simple choice of the sequence with which study quality 
criteria are considered may determine whether a significant trend in decreasing meta-KL values 
is observed.  Moreover, that evidence of a trend virtually disappears when the South Carolina 
cohort is removed indicates that, when these trends are significant, they likely reflect decreasing 
"dilution" of the single KL from the South Carolina study, rather than an indication that KL values 
are affected by study quality.    
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 Revisiting the Effects of Study Quality on Mesothelioma (KM) Potency Estimates 



Although Gezondheidsraad (2010) applies the same strategy (excluding studies of lower quality) 
to derive meta-KM estimates as they do for meta-KL estimates, they do not describe an 
evaluation of the relationship between study quality and KM.  However, Burdorf and Heederik 
(2011) suggest that meta-KM estimates derived from that study are "roughly 5 [to] 10 times 
higher than those published in well cited meta analyses of Hodgson and Darnton (2000) and 
Berman and Crump (2008a,b)" as evidence that excluding studies of lower quality results in 
higher meta-KM estimates than otherwise.  However, this statement is inaccurate.  Moreover, as 
shown below, there is no evidence that study quality affects KM values.   



The KM values used in the Gezondheidsraad study are the  values reported from 14 separate 
studies in Berman and Crump (2008b, Table 4).  The Gezondheidsraad then excludes all but 
two of these values (based on study-quality arguments) and report meta-KM estimates for pure 
chrysotile and mixed (chrysotile + amphibole) environments of 0.15 x10-8 and 1.3 x10-8, 
respectively.  They also report a value of 7.95 x10-8 for pure amphibole (but indicate that this 
required averaging of values from two "lower quality" studies).   Comparing these values to the 
meta-KM values reported by Berman and Crump (2008a, Table 4) for the corresponding metric, 
it is only for the chrysotile value that the Gezondheidsraad estimate is substantially larger (0.009 
vs. 0.15).  The values reported by Berman and Crump are actually slightly larger for pure 
amphibole and mixed exposures: 8.5 x10-8 vs. 7.95 x10-8 and 1.7 x10-8 vs. 1.3 x10-8.  Note that 
the value for mixed exposures from Berman and Crump (1.7 x 10-8) is derived simply as the 
weighted sum of values for pure amphibole (x 0.2) and pure chrysotile (x 0.8) from their study.   



To search for study quality effects more generally, 13 or the 14 KM values reported in Berman 
and Crump (2008b) are reproduced in Table 3 (below); the McDonald et al. (1983a) study was 
eliminated from consideration to be consistent with the Gezondheidsraad evaluation.  The two 
shaded studies in the table represent the set of highest quality studies identified by the 
Gezondheidsraad.  Also in the table, various ranks have been assigned to the KM values from 
the different studies (considering all studies together, considering chrysotile separately, and 
considering mixed and amphibole studies separately).  These groupings were selected for 
ranking because it is generally agreed that chrysotile and amphibole asbestos exhibit 
substantially different mesothelioma potencies (e.g., Hodgson and Darnton 2000; Berman and 
Crump 2008b; Burdorf and Heederik 2011; Gezondheidsraad 2010).   



Examining the ranks of the study-specific KM values reported in Table 3, considering all studies 
combined, it can be seen that one of the two highest quality studies in the table (the South 
Carolina textile study) has a KM value that is ranked slightly less than the middle rank (5 of 13) 
and the other (the Rochdale, England mixed textile study) is ranked slightly higher than the 
middle rank (9.5 of 13).  The middle rank of a set of 13 values is 7.  This suggests no evidence 
that higher quality studies exhibit larger KM values.  However, because fiber type strongly 
influences mesothelioma potency, ranks of KM values were also limited to studies of similar fiber 
type.  Considering only mixed exposure studies, the single, highest-quality study in this group 
has a rank precisely in the middle of the range (3.5 of 6).  Furthermore,  if the pure amphibole 
studies are combined with the mixed studies (which is justified by the fact that chrysotile 
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contributes relatively little to mesothelioma risk), then the rank of this same study is now less 
than the middle rank for the extended range (3.5 of 8).  Thus, remembering that the greater the 
value of the rank, the larger the KM, again there is no evidence that increased study quality 
increases KM-value estimates.  



Regarding predominantly chrysotile studies, as can be seen in Table 3, the KM value for the one 
highest-quality study in this group (the South Carolina study) has the second greatest rank of 
the five studies (4 of 5).  However, the KM value for the single higher ranking chrysotile study 
(the New Orleans cement factory cohort) is based on  observation of only one mesothelioma 
case, and it is among individuals not formally included in the cohort (Berman and Crump 
2008b).  Therefore, if this study is eliminated from consideration, the South Carolina study 
would be the highest of the four remaining studies and this offers some suggestion that study 
quality has an effect.  However, the total number of studies in this set is simply too small to 
support a test for the significance of this observation so that the effect cannot be concluded to 
have been demonstrated.  This contrasts with the situation with amphiboles and mixed 
exposures, in which the rank of the highest quality study falls at or below the middle of the ranks 
of other studies, so that there is not even a suggestion of an effect of study quality.   



Coupled with lack of observation of an effect for lung cancer, it would be surprising if study 
quality uniquely affected chrysotile mesothelioma potency.  Moreover, other explanations for the 
elevated KM (and KL) reported for the South Carolina cohort, such as effects associated with 
fiber size or type (Berman 2011, Case et al. 2000 - as reinterpreted in Berman 2010, Green et 
al. 1997, Sébastien et al. 1989) may be more plausible. 



IMPLICATIONS 



Given the findings reported above, other than placing undue emphasis on the influence of the 
KL and KM values reported from a single study, there appears to be little to no evidence from the 
indicated analyses to suggest a systematic effect of study quality on KL or KM values.  Certainly, 
none of the findings warrant excluding studies from current or future meta-analyses.   



It is important to explicitly address study quality when comparing and contrasting potency 
estimates across studies (as part of a meta analysis).  However, it is generally better to include 
as much of the available data as possible in the analysis while formally addressing uncertainty 
as part of the analysis itself (as we believe), rather than to sequentially exclude studies based 
on one type of limitation or another.  Throwing out data without clearly proving some type of bias 
is never a good idea because it will limit both the power to test various hypotheses and the 
confidence that can be placed in any findings that are derived from the resulting, truncated data 
set.   



In our opinion, it is better to identify the factors that contribute to variation between studies 
included in a meta analysis and, by adjusting for such factors as part of a model, showing that 
the disparate values from individual studies can be reconciled.  If such factors are biologically 
reasonable (based on other evidence) and, if such a model can be shown to fit the data from all 
studies in the meta analysis, the model is likely to be predictive of the parameters being 
evaluated and can then be applied to new (unstudied) environments.  This is the approach that 
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Berman and Crump have been pursuing in their investigations of asbestos carcinogenicity 
(Berman and Crump 2003, 2008a,b, Berman 2010, Berman 2011).   



Finally, it seems clear from reviewing the Lenters et al. and Gezondheidsraad studies that the 
effects associated with study quality, fiber type, and fiber size may be somewhat confounded.  
Therefore, to properly distinguish the relative utility of the different meta-analytical approaches 
described above, it would be good to consider the effects of both approaches in a common 
analysis.  This is not something that has been attempted heretofore.   
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Exclusion



No. of 



studies



Estimated 



Meta‐KL×100



No. of 



studies



Estimated 



Meta‐KL×100



No. of 



studies



Estimated 



Meta‐KL×100



No. of 



studies



Estimated 



Meta‐KL×100



All studies 19 0.13 18 0.11 17 0.23 16 0.21



‐ studies with insufficient documentation 11 0.16 10 0.14 9 0.19 8 0.16



‐ studies with external conversion factors 9 0.17 8 0.14 7 0.22 6 0.17



‐ studies with insufficient job histories 5 0.37 4 0.25 4 0.44 3 0.32



‐ studies with CE ratio ≤ 50 3 0.58 2 0.24 2 0.63 1 0.26



‐ studies with coverage ≤ 30% 2 0.57 1 0.23 2 0.63 1 0.26



Ratio of Best to All e : 4.4 2.0 2.8 1.2



Notes:
a



b Source of KL values: Lenters et al. (2011), Figure 1.
c



d



e



TABLE 1: SENSITIVITY ANALYSIS RESULTS USING SIMPLIFIED ESTIMATES FOR META‐DERIVED KL VALUES
a



All studies included No SC Studyd



Estimates derived as weighted averages of the KL values across the individual studies included in each indicated data set with 



weights derived by measurement of the squares representing study‐weights presented in Figure 1 of Lenters et al. (2011).



Source of KL values: Lenters et al. (2011): Table 3 of Supplemental Materials, which in turn is derived from Table 3 of Berman 



and Crump (2008b).



Meta‐KL values presented in these columns were derived after excluding the South Carolina Textile cohort from all study sets.



This is the ratio of the estimted "meta‐derived" KL from the data set including only the highest quality studies to the set 



including all studies combined in each column.



Using Lenters et al. KL Values
b



All studies included No SC Studyd



Using Berman and Crump KL Values
c
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Source of KL Values:



Description of Study Exclusion Sequence



Sequence of Study 



Exclusion Setse
All 



studies 
No SC 



Studyf
All 



studies 
No SC 



Studyf
All 



studies 



No SC 



Studyf



Order evaluated in Lenters et al. (2011) 0,1,2,3,4,5, Strongg Marginalh Marginali Nonej Weak None



Deficiency exhibited by most studies first 0,5,4,1,2,3 Strong None Strong None None None



Deficiency exhibited by fewest studies first 0,3,2,1,4,5 Strong None Strong Marginal Weak None



Deficiency showing greatest effect first 0,5,3,4,1,2 Strong None Weak None Strong None



Deficiency showing the smallest effect first 0,2,1,4,5,3 Strong None None None None None



Notes:
a



b Source of KL values used in analysis: Lenters et al. (2011), Figure 1.
c



d



e



f The South Carolina textile cohort was excluded from the analyses presented in these columns.
g Test of trend in estimated meta‐KL values indicated in Column 3 of Table 1.
h Test of trend in estimated meta‐KL values indicated in Column 5 of Table 1.
i Test of trend in estimated meta‐KL values indicated in Column 7 of Table 1.
j Test of trend in estimated meta‐KL values indicated in Column 9 of Table 1.



Key for quality criteria used to define "exclusion" sets: 0 ‐ all studies, 1 ‐ exclude studies with insufficient documentation; 2 ‐ 



exclude studies using external conversion factors; 3 ‐ exclude studies with insufficient job histories; 4 ‐ exclude studies with CE 



ratios ≤ 50; 5 ‐ exclude studies with coverage ≤ 30%.  Note that the meaning of these quality criteria is the same as indicated in 



Table 2 of Lenters et al. (2011).  



Rank Correlation Test Resultsa



TABLE 2: RESULTS OF TESTS FOR EVIDENCE OF TRENDS IN INCREASING META‐KL ESTIMATES WITH 



INCREASING EXCLUSION OF LOWER QUALITY STUDIES



Source of KL values: Lenters et al. (2011): Table 3 of Supplemental Materials, which in turn is derived from Table 3 of Berman 



and Crump (2008b).



Key for test results:  "strong" means p‐value < 0.01, "weak" means p‐value between 0.01 and 0.03, "marginal" means p‐value 



between 0.03  and 0.05, "none" means p‐value > 0.05 (indicating that the trend is not significant).



Lenters et al.b
Berman and Crump 



Supplementedd
Berman and 



Crumpc



KL values for the North Carolina cohort study and the Stockholm case‐control study from Lenters et al. (2011) are incorporated 



in these analyses so that the complete set of studies evaluated by Lenters et al. are included in these analyses.
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Environment



Fiber 



Type



Netherlands 



KMa



Netherlands 



Rankb
Type 



Rankc
Amph + 



Mixedd References



Asbestos Quebec Mine and Mills Chry 0.012 2 2 Liddell et al. 1997 1 a



Thetford Mine and Mill Chry 0.021 3 3 Liddell et al. 1997 1 b



New Orleans Cement Factory  Chry 0.2 6 5 Hughes et al. 1987 4



Connecticut Friction Products Chry 0 1 1 McDonald et al. 1984 3



South Carolina Textile Plant Chry 0.15 5 4 Hein et al. 2007 5



Wittenoom Mines and Mills Croc 12 12 7 Berry et al. 2004 7



Paterson, NJ Insulation Factory Amos 3.9 11 6 Seidman et al. 1986 8



Asbestos Factory Mix 0.095 4 1 1 Liddell et al. 1997 1 c



Ontario Cement Factory Mix 18 13 6 8 Finkelstein 1984 13



New Orleans Cement Factory Mix 0.3 7 2 2 Hughes et al. 1987 14



US and Canadian Insulation Workers Mix 1.3 9.5 3.5 3.5 Selikoff and Seidman 1991 18



Pennsylvania Textile Plant Mix 1.4 10 5 5 Mcdonald est al. 1983 19 b



Rochdale, England Textile Plant Mix 1.3 9.5 3.5 3.5 Peto et al. 1985 20



Notes:
a



b Ranks assume no effect of fiber type
c



d studies ranked separately for chrysotile and amphibole combined with mixed exposures.



TABLE 3: COMPARISON BETWEEN STUDY QUALITY AND MESOTHELIOMA POTENCY 



Netherlands 



Study No.



Source: Gezondheidsraad 2010 (Table 13).  Note that the values reported are derived from (and identical with) those reported by 



Berman and Crump 2008a (Table 4).



Studies ranked separately for chrysotile and mixed exposures.  Because only two pure amphibole studies are reported, amphibole 



studies were not ranked.










