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Deborah L. Swackhamer, Ph.D.

Chair, Science Advisory Board

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Washington, D.C. 20460

Dear Dr. Swackhamer:

Thank you for sending your report on the U.S. Environmental Protection Agency draft
document £PA Radiogenic Cancer Risk Models and Projections for the U.S. Population
(December 2008). The Agency appreciates the Radiation Advisory Committee’s efforts in
conducting a comprehensive technical peer review of this draft, which lays out EPA’s proposed
updated methodology for quantitatively estimating radiogenic cancer risks.

We are pleased that the Science Advisory Board Committee found “...the EPA’s draft
revised Blue Book [to be] impressively researched, based on carefully considered concepts and
well written.” We also appreciate the finding that .. .the draft revised Blue Book has
commendable accuracy and balance.”

The SAB Committee’s recommendations to the Agency’s three specific charge questions
are extremely useful in advancing the state of the science. In particular, we will add material
related to the appropriateness of models not taken directly from the 2006 National Research
Council Biological Effects of lonizing Radiation Report, will include additional analyses related
to the adequacy and reasonableness of our uncertainty analysis and will expand the text
regarding the presentation of overall information and the application of BEIR VII. Enclosed is a
detailed response to your principal recommendations.

Thank you again for the thoughtful comments and recommendations that the SAB has
provided.

Sincerely,

Lisa P. Jackson

Enclosure

Internet Address (URL) @ http:/fwww.epa.gov )
Recycled/Recyclable ® Printed with Vegetable Oil Based Inks on 100% Postconsumer, Process Chiorine Free Recycled Paper



Enclosure

This document provides responses to recommendations contained in the Executive
Summary of the Radiation Advisory Committee (RAC) of the Science Advisory Board (SAB)
review of the draft “EPA Radiogenic Cancer Risk Models and Projections for the U.S.
Population” (December 2008). The SAB Committee recommendations are highlighted in italics;
page numbers are indicated when additional comments or recommendations from the report itself
have been cited.

la. For low-energy beta particles (notably tritium) and low-energy photons, on the other
hand, the RAC finds that while the EPA review of information is sufficient to conclude that the
RBE exceeds 1, it is insufficient for selecting appropriate RBE values. The RAC recommends
that EPA staff publish, for review by the scientific community, a compilation and evaluation
of pertinent studies in a peer-reviewed journal and then select an RBE value based on this
document and professional responses to it. This effort should not delay publication of the Blue
Book, but its results should be available before the EPA issues the revised FGR 13.

EPA has reviewed the literature on RBE for low energy photons and electrons, including
several reports by expert panels. Based on that review, it appears that the relative biological
effectiveness (RBE) of tritium beta particles is 2-3, relative to ®°Co gamma rays, and that the
biological effectiveness of 100-250 kV,, X-rays are also significantly higher than that of Mg
gamma rays but lower than that for tritium beta particles. It is understood that the higher RBEs
stem from the higher density of ionizations produced, especially at the ends of electron tracks.

The draft Blue Book outlined an approach for assigning RBEs for low energy photons
and electrons based on the calculated fraction (F) of the total energy deposited at the ends of
electron tracks (i.e., by electrons below some cut-off energy between 1 and 5 keV). For
illustrative purposes, RBEs were estimated for tritium beta particles and 200 kV,, X-rays using
approximate curves generated by Nikjoo and Goodhead. EPA is working to obtain estimates of
F, as a function of photon or electron energy, using more accurate Monte Carlo methods. These
results can then be translated into estimated values of RBE for all beta particles and photons of
interest. It is anticipated that a paper based on this work will be submitted to a peer-reviewed
journal this year, which will describe the methodology and results and include a discussion of
references pertinent to determination of these RBEs. An outline of the approach will also be
contained in the revised Blue Book with at least some preliminary results. Based on the outcome
of this effort, EPA intends to incorporate energy-dependent RBEs for low energy beta/photon
emitters into the calculation of risk coefficients for the revised FGR-13 Report.

Ib. The RAC recommends — in contrast to BEIR VII — use of an arithmetic mean for
each pair of excess absolute risk (EAR) value and excess relative risk (ERR) value in
transferring lifetime attributable risk (LAR) to the U.S. population from the Japanese life span
study (LSS) population.

We accept the RAC recommendation to use weighted arithmetic means for each pair of
EAR and ERR values. As the RAC pointed out in its report (page 10), there is no theoretical



basis for using either the arithmetic or geometric mean. However, the arithmetic mean will yield
larger values than the geometric mean, and when weights are equal, the arithmetic mean has the
desirable property of “equally balanc[ing] the low and high risk estimates.” In a related matter,
we intend to use the same weights (for EAR and ERR) as in BEIR VII for almost all cancer sites.
This is consistent with the RAC recommendation that “weighting should emphasize ERR models
more than EAR models except for outcomes with enough relevant data outside the LSS
population (e.g., breast cancer) to indicate that EAR models transfer risk more accurately” (page
10). Further, we also plan to include a brief discussion “concerning the greater weight given to
ERR-based” projections as the RAC recommended (page 10).

To resolve remaining discrepancies, the RAC suggests that EPA make the prior
distributions of weight parameters for the ERR and EAR models used in the uncertainty
analysis more compatible with the provided point estimate.

To do this, we will consider distributions for which the expected value for the weight
assigned to the ERR model is approximately equal to the nominal weight value used for the point
estimate, i.e. 0.7 for most cancer sites. Examples of distributions which have this property are
mixtures of the triangular distribution T(0,1,1), and the Binomial distribution withn=1 and p =
0.7. The expected value of such distributions would be between 2/3 and 0.7.

The RAC agrees with the EPA decision to use a stationary population rather than a
census-based population in LAR computations. The reasons for this change were cogently
described in the EPA staff presentation to the RAC. The RAC recommends that this discussion
(including presentation of gender-specific population pyramids or age-adjusted rates for
selected cancers) be included in the Blue Book to show the effect on solid cancer risk estimates
of the switch from a census based population to a stationary population.

We agree and greatly appreciate these RAC recommendations and comments. We will
expand the discussion of the rationale for use of the stationary population. It will include the
presentation of population pyramids.

lIc. The RAC recommends for bone cancer that the EPA reconsider utilizing the
radium data for the dial painter cohort (as asserted in the Blue Book, page 64, but not done),
and most importantly, apply recently published analyses of the data.

The RAC suggests that radium dial painter data would serve as a better basis for
estimating risk from internally deposited Ra-226 than data obtained from studies of patients
injected with Ra-224. EPA proposed to employ a linear, no-threshold model derived from the
Ra-224 patients as a basis for estimating the risk of bone cancer, as outlined in the draft Blue
Book.

The RAC cites recent analyses of the radium dial painters (Carnes et al. 1997, Hoel and
Carnes 2004), which suggest a threshold for bone cancer induction at about 10 Gy. In particular,
Hoel and Carnes find that a linear threshold model, with a threshold at 9 Gy, fits the data
significantly better than linear, linear-quadratic, or quadratic non-threshold models, even if a



cell-killing term were included. However, although the preferred model of Hoel and Carnes fits
the data relatively well and is mathematically simple, it is lacking a plausible biological basis. It
is a particular example of a 2-component linear spline function, one in which the slope is zero
over the dose interval 0 to 9 Gy. Alternative 2-component linear splines would also be consistent
with the data, including one with a low-dose slope similar to that derived from a linear, non-
threshold fit to the Ra-224 patient data. Further, the lack of observed cases among the dial
painters for doses below 10 Gy is not inconsistent with EPA’s risk coefficient for alpha-particle
induced bone cancer.

The final version of the Blue Book will elaborate on these points, including additional
references associated with the biological mechanism for bone cancer. In addition, the radium dial
painter data and other evidence for a threshold or nonlinear dose-response will be considered in
setting an uncertainty distribution for radiation-induced bone cancer risk.

1d. The RAC compliments the EPA on developing an improved model that considers
the survival rate of breast cancer patients. It suggests that the EPA consider in the future
applying this approach to derive risk estimates as sufficient data become available for other
cancers (e.g., colon cancer) for which current survival rates are higher than previously
observed.

EPA appreciates and concurs with this finding.

le. The RAC agrees with the EPA approach for separating from its overall risk
estimates the nonfatal skin cancer risk estimates because of the dominance of spontaneous
(nonradiogenic) nonmelanoma skin cancers and the associated experience that most respond
to treatment and are not fatal. Their inclusion with cancers that result in a much higher
mortality rate would greatly distort the overall cancer morbidity and mortality risk estimates.

The RAC also agrees with the EPA that it is appropriate to use the same model to
estimate radiogenic cancer risk in adults whether the exposure occurs in utero or in
childhood. Differences in risk estimates between the two groups were not statistically
significant,

EPA appreciates and concurs with these findings.

2a. The RAC recommends greater specificity, clarity, and transparency in identifying
and quantifying each source of uncertainty. One effective technique is to discuss each
contributing uncertainty to the LAR in the text and to summarize it in a table (in greater detail
than is now in the Blue Book) with emphasis on the major sources of uncertainty and how each is
quantified.

The final version of the Blue Book will reflect the RAC recommendations for greater
specificity, clarity, and transparency in identifying and quantifying each source of uncertainty.



We plan to discuss the non-negligible sources of uncertainty to the LAR and summarize the
major sources using a more detailed table than the one in the current draft. In addition we agree
to clearly describe the likelihood function and affirm the multiplying of likelihoods for the
different cancer outcomes. This will include discussion on the use of Poisson distribution for
describing likelihoods for competing-risk data. We also agree with the RAC recommendation to
indicate sources of uncertainty, e.g. specific parameters, which are most influential with regard
to the uncertainty intervals for LARs, and to quantify — to the extent practicable — the relative
influence of sources of uncertainty using simple measures such as squared correlation.

In addition, EPA will likely incorporate into the discussion a categorization of sources of
uncertainty into two or three types as was done for the RAC review. We are also considering —
for purposes of greater clarity — including a comparison of our approach to that used for the
Interactive RadioEpidemiological Program.

Among the specific points raised by the RAC is the recommendation that we “clarify how
[information about baseline incidence rates from recent Surveillance, Epidemiology and End
Results (SEER) data] is reflected in the distributions for sources of uncertainty in Table 4-2”
(page 19). We will clarify that the data used for the baseline rates had little or no influence on the
choice of (prior) distributions in Table 4-2. We will also explain why uncertainties associated
with baseline rates must be treated differently than the sources of uncertainties in Table 4-2. In
part, this is because there is relatively little uncertainty as to what the baseline rates are “now”,
but deciding on what rates are appropriate for radiation protection involves a different set of
issues. We will also discuss with greater clarity than in the draft Blue Book the somewhat related
issue of the sensitivity of the LAR to the decision to use the more recent SEER incidence data (as
compared to the mortality data used for baseline rates in FGR 13).

2a (cont.). The RAC recommends that the Blue Book make the Bayesian uncertainty
analysis as consistent as possible with the point estimates of risk. The EPA should justify use of
these two separate approaches to obtain best estimate values and confidence intervals.

As described above, EPA will follow the RAC recommendation to make the prior
distributions of weight parameters for the ERR and EAR models used in the uncertainty analysis
more compatible with the provided point estimates™ (page 11).

The RAC indicated that (p. 17) it is sympathetic to EPA’s use of the two separate
approaches for calculating point estimates and uncertainty intervals. The Bayesian approach is
particularly well suited for deriving uncertainty intervals, and has the advantage over many
frequentist methods, such as the methods used in BEIR VII, in that consistency of results is
guaranteed. However, the RAC outlined several reasons why the Bayesian approach might not
be preferred for calculating point estimates. We believe that among these, the most compelling is
that results would be sensitive to the choice of prior distributions for Type II parameters. All this
will be included in an expanded discussion justifying why separate approaches are to be used for
point estimates versus uncertainty intervals.

2a (cont.). The RAC recommends that the EPA verify the uncertainty analysis by
obtaining uncertainty intervals with a perturbation approach. The EPA should vary the value



of each major contributor to uncertainty over a reasonable range to recalculate the
corresponding range of the point estimate and demonstrate the validity of the recommended
uncertainty.

We will use the perturbation approach suggested in the RAC review. The perturbation approach
should provide a “reality check™ on uncertainty intervals derived from the more complicated
Markov Chain Monte Carlo (MCMC) approach.

2b.The RAC recommends that the EPA expand the text to clarify the reasoning behind
the selection of distributions chosen for the various sources of uncertainty. The discussion of
subjective priors listed partially in Table 4-1 of the draft Blue Book should justify the assigned
distributions so that the reader can trace the basis of each decision concerning central value,
uncertainty, and distribution, and have confidence in these characteristics.

We will follow the RAC advice, and expand the text to further clarify the reasoning
behind the selection of distributions chosen for sources of uncertainty. In doing so, we will
incorporate material presented to the RAC in March, 2009. The discussion will include, for each
source of uncertainty, salient characteristics of the assigned distribution(s) such as central value,
range (when appropriate), and standard deviation.

Among its specific comments, the RAC correctly pointed out that the use of lognormal
multiplicative factors (with mean values other than 1) in the derivation of uncertainty intervals
for the LAR might introduce bias. It is also true that the use of multiplicative factors with mean
values equal to 1 for some sources of uncertainty would also introduce bias. For example, for
selection bias in the LSS, the distribution should nof have a mean value equal to 1. The final
version of the Blue Book will discuss the issue of bias in more detail. We will distinguish
between the features of distributions for sources of uncertainty whose effect would be to shift the
distribution for LAR (relates to both central value and bias) versus those that widen the LAR
distributions.

3a. The RAC recognizes the scientific defensibility and appropriateness of the Blue Book.
However, the RAC recommends that EPA enhance Blue Book contents by reporting further
information on radiogenic cancer [and noncancer health effects] at low radiation doses from
(1) studies of noncancer mortality; (2) brain cancer studies; (3) recent ICRP and UNSCEAR
reviews; and (4) NCRP Report #159 on the risk of radiation-induced thyroid cancer (NCRP
2009).

(1) EPA will add a section discussing potential noncancer effects from low dose ionizing
radiation, including hereditary effects and cardiovascular disease.

(2) EPA agrees with the RAC report that “data from multiple cohorts ... [demonstrate]
that ionizing radiation is an established risk factor for brain tumor development” (page 22).
However, radiogenic risk for brain tumors depends on a variety of factors, and the 2006
UNSCEAR report concluded that “additional data are needed to better characterize the dose



response for central nervous system tumors of various histological types ...” EPA will
investigate the feasibility and practicality of deriving a separate risk model for the brain and
other central nervous system (CNS) tumors. In particular, EPA would need to consider whether

there is an appropriate method for combining results from the several studies on radiogenic brain
tumor risks.

(3) EPA’s risk projections on BEIR VII will be compared against those most recently
published by the ICRP and UNSCEAR.

(4) As suggested in the main body of the RAC report (page 22), EPA intends to base its
final risk model for thyroid on the NCRP Report #159, which was not publicly available at the
time the draft Blue Book was prepared. In particular, the EPA model will reflect a declining
radiogenic risk with time since exposure.

3b. The RAC recommends that the EPA clarify the purpose and application of the Blue
Book by presenting in detail, in its first Section, the contributions by Blue Book contents in
preparing Federal Guidance Report (FGR) 13 and, in its last Section, FGR 13 values of
radionuclide risk coefficients. This information should be sufficient to permit the reader to
attribute any significant changes in FGR 13 values to changes proposed in this Blue Book, or to
changes in the physiological models with which they will be combined...

The RAC recommends that the EPA include ...specific information concerning the
anticipated radionuclide risk coefficient values in the revised FGR 13, based on currently
available dosimetric models. Tables A4a and A4b in the 1994 Blue Book can be taken as models.

EPA will include a discussion of how the Blue Book contents will be applied to develop
radionuclide risk coefficients in FGR 13. EPA also will discuss how changes in the risk models
will impact the numerical risk coefficients in FGR 13, but we have not yet decided whether to
include detailed tabulations. As no FGR 13 Report was available or even anticipated when the
original Blue Book was published, the 1994 tables served an important purpose in providing
EPA recommended radionuclide-specific risk coefficients. Publishing risk coefficients based on
updated risk models but soon-to-be-superseded dose and usage factors in the revised Blue Book
would, in our view, be less useful and potentially confusing.

3c. The RAC recommends that the EPA enhance the level of detail by expanding its
discussion of the following risk estimates: (1) those based on studies of cohorts exposed to low-
dose protracted radiation, and (2) those distinguishable types of cancer within a given organ.

The revised Blue Book will contain more detailed information and discussion on these
points. In particular, as suggested in the body of the report (page 24), the Agency will comment
on risk estimates for specific leukemia subtypes.
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Chair, Radiation Advisory Committee
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Washington, D.C. 20460

Dear Dr. Kahn:

Thank you for sending your report on the U.S. Environmental Protection Agency draft
document EPA Radiogenic Cancer Risk Models and Projections for the U.S. Population
(December 2008). The Agency appreciates the Radiation Advisory Committee’s efforts in
conducting a comprehensive technical peer review of this draft, which lays out EPA’s proposed
updated methodology for quantitatively estimating radiogenic cancer risks.

We are pleased that the Science Advisory Board Committee found “...the EPA’s draft
revised Blue Book [to be] impressively researched, based on carefully considered concepts and
well written.” We also appreciate the finding that “...the draft revised Blue Book has
commendable accuracy and balance.”

The SAB Committee’s recommendations to the Agency’s three specific charge questions
are extremely useful in advancing the state of the science. In particular, we will add material
related to the appropriateness of models not taken directly from the 2006 National Research
Council Biological Effects of Ionizing Radiation Report, will include additional analyses related
to the adequacy and reasonableness of our uncertainty analysis and will expand the text
regarding the presentation of overall information and the application of BEIR VII. Enclosed is a
detailed response to your principal recommendations.

Thank you again for the thoughtful comments and recommendations that the SAB has
provided.

Sincerely,
il ¥,

o

Tisa P. Jackson
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Enclosure

This document provides responses to recommendations contained in the Executive
Summary of the Radiation Advisory Committee (RAC) of the Science Advisory Board (SAB)
review of the draft “EPA Radiogenic Cancer Risk Models and Projections for the U.S.
Population” (December 2008). The SAB Committee recommendations are highlighted in italics;
page numbers are indicated when additional comments or recommendations from the report itself
have been cited.

la. For low-energy beta particles (notably tritium) and low-energy photons, on the other
hand, the RAC finds that while the EPA review of information is sufficient to conclude that the
RBE exceeds 1, it is insufficient for selecting appropriate RBE values. The RAC recommends
that EPA staff publish, for review by the scientific community, a compilation and evaluation
of pertinent studies in a peer-reviewed journal and then select an RBE value based on this
document and professional responses to it. This effort should not delay publication of the Blue
Book, but its results should be available before the EPA issues the revised FGR 13.

EPA has reviewed the literature on RBE for low energy photons and electrons, including
several reports by expert panels. Based on that review, it appears that the relative biological
effectiveness (RBE) of tritium beta particles is 2-3, relative to *°Co gamma rays, and that the
biological effectiveness of 100-250 kV,, X-rays are also significantly higher than that of ®°Co
gamma rays but lower than that for tritium beta particles. It is understood that the higher RBEs
stem from the higher density of ionizations produced, especially at the ends of electron tracks.

The draft Blue Book outlined an approach for assigning RBEs for low energy photons
and electrons based on the calculated fraction (F) of the total energy deposited at the ends of
electron tracks (i.e., by electrons below some cut-off energy between 1 and 5 keV). For
illustrative purposes, RBEs were estimated for tritium beta particles and 200 kV, X-rays using
approximate curves generated by Nikjoo and Goodhead. EPA is working to obtain estimates of
F, as a function of photon or electron energy, using more accurate Monte Carlo methods. These
results can then be translated into estimated values of RBE for all beta particles and photons of
interest. It is anticipated that a paper based on this work will be submitted to a peer-reviewed
journal this year, which will describe the methodology and results and include a discussion of
references pertinent to determination of these RBEs. An outline of the approach will also be
contained in the revised Blue Book with at least some preliminary results. Based on the outcome
of this effort, EPA intends to incorporate energy-dependent RBEs for low energy beta/photon
emitters into the calculation of risk coefficients for the revised FGR-13 Report.

1b. The RAC recommends — in contrast to BEIR VII — use of an arithmetic mean for
each pair of excess absolute risk (EAR) value and excess relative risk (ERR) value in
transferring lifetime attributable risk (LAR) to the U.S. popu[atwn Sfrom the Japanese life span
study (LSS) population.

We accept the RAC recommendation to use weighted arithmetic means for each pair of
EAR and ERR values. As the RAC pointed out in its report (page 10), there is no theoretical



basis for using either the arithmetic or geometric mean. However, the arithmetic mean will yield
larger values than the geometric mean, and when weights are equal, the arithmetic mean has the
desirable property of “equally balanc[ing] the low and high risk estimates.” In a related matter,
we intend to use the same weights (for EAR and ERR) as in BEIR VII for almost all cancer sites.
This is consistent with the RAC recommendation that “weighting should emphasize ERR models
more than EAR models except for outcomes with enough relevant data outside the LSS
population (e.g., breast cancer) to indicate that EAR models transfer risk more accurately” (page
10). Further, we also plan to include a brief discussion “concerning the greater weight given to
ERR-based” projections as the RAC recommended (page 10).

To resolve remaining discrepancies, the RAC suggests that EPA make the prior
distributions of weight parameters for the ERR and EAR models used in the uncertainty
analysis more compatible with the provided point estimate.

To do this, we will consider distributions for which the expected value for the weight
assigned to the ERR model is approximately equal to the nominal weight value used for the point
estimate, i.e. 0.7 for most cancer sites. Examples of distributions which have this property are
mixtures of the triangular distribution T(0,1,1), and the Binomial distribution with n =1 and p =
0.7. The expected value of such distributions would be between 2/3 and 0.7.

The RAC agrees with the EPA decision to use a stationary population rather than a
census-based population in LAR computations. The reasons for this change were cogently
described in the EPA staff presentation to the RAC. The RAC recommends that this discussion
(including presentation of gender-specific population pyramids or age-adjusted rates for
selected cancers) be included in the Blue Book to show the effect on solid cancer risk estimates
of the switch from a census based population to a stationary population.

We agree and greatly appreciate these RAC recommendations and comments. We will
expand the discussion of the rationale for use of the stationary population. It will include the
presentation of population pyramids.

lc. The RAC recommends for bone cancer that the EPA reconsider utilizing the
radium data for the dial painter cohort (as asserted in the Blue Book, page 64, but not done),
and most importantly, apply recently published analyses of the data.

The RAC suggests that radium dial painter data would serve as a better basis for
estimating risk from internally deposited Ra-226 than data obtained from studies of patients
injected with Ra-224. EPA proposed to employ a linear, no-threshold model derived from the
Ra-224 patients as a basis for estimating the risk of bone cancer, as outlined in the draft Blue
Book.

The RAC cites recent analyses of the radium dial painters (Carnes et al. 1997, Hoel and
Carnes 2004), which suggest a threshold for bone cancer induction at about 10 Gy. In particular,
Hoel and Carnes find that a linear threshold model, with a threshold at 9 Gy, fits the data
significantly better than linear, linear-quadratic, or quadratic non-threshold models, even if a



cell-killing term were included. However, although the preferred model of Hoel and Carnes fits
the data relatively well and is mathematically simple, it is lacking a plausible biological basis. It
is a particular example of a 2-component linear spline function, one in which the slope is zero
over the dose interval 0 to 9 Gy. Alternative 2-component linear splines would also be consistent
with the data, including one with a low-dose slope similar to that derived from a linear, non-
threshold fit to the Ra-224 patient data. Further; the lack of observed cases among the dial
painters for doses below 10 Gy is not inconsistent with EPA’s risk coefficient for alpha-particle
induced-bone cancer. '

The final version of the Blue Book will elaborate on these points, including additional
references associated with the biological mechanism for bone cancer. In addition, the radium dial
painter data and other evidence for a threshold or nonlinear dose-response will be considered in
setting an uncertainty distribution for radiation-induced bone cancer risk.

1d. The RAC compliments the EPA on developing an improved model that considers
the survival rate of breast cancer patients. It suggests that the EPA consider in the future
applying this approach to derive risk estimates as sufficient data become available for other
cancers (e.g., colon cancer) for which current survival rates are higher than previously
observed.

EPA appreciates and concurs with this finding.

le. The RAC agrees with the EPA approach for separating from its overall risk
estimates the nonfatal skin cancer risk estimates because of the dominance of spontaneous
(nonradiogenic) nonmelanoma skin cancers and the associated experience that most respond
to treatment and are not fatal. Their inclusion with cancers that result in a much higher
mortality rate would greatly distort the overall cancer morbidity and mortality risk estimates.

The RAC also agrees with the EPA that it is appropriate to use the same model to
estimate radiogenic cancer risk in adults whether the exposure occurs in utero or in
childhood. Differences in risk estimates between the two groups were not statistically
significant.

EPA appreciates and concurs with these findings.

2a. The RAC recommends greater specificity, clarity, and transparency in identifying
and quantifying each source of uncertainty. One effective technique is to discuss each
contributing uncertainty to the LAR in the text and to summarize it in a table (in greater detail
than is now in the Blue Book) with emphasis on the major sources of uncertainty and how each is
quantified.

The final version of the Blue Book will reflect the RAC recommendations for greater
specificity, clarity, and transparency in identifying and quantifying each source of uncertainty.



We plan to discuss the non-negligible sources of uncertainty to the LAR and summarize the
major sources using a more detailed table than the one in the current draft. In addition we agree
to clearly describe the likelihood function and affirm the multiplying of likelihoods for the
different cancer outcomes. This will include discussion on the use of Poisson distribution for
describing likelihoods for competing-risk data. We also agree with the RAC recommendation to
indicate sources of uncertainty, e.g. specific parameters, which are most influential with regard
to the uncertainty intervals for LARs, and to quantify — to the extent practicable — the relative
influence of sources of uncertainty using simple measures such as squared correlation.

In addition, EPA will likely incorporate into the discussion a categorization of sources of
uncertainty into two or three types as was done for the RAC review. We are also considering —
for purposes of greater clarity — including a comparison of our approach to that used for the
Interactive RadioEpidemiological Program.

Among the specific points raised by the RAC is the recommendation that we “clarify how
[information about baseline incidlenée rates from recent Surveillance, Epidemiology and End
Results (SEER) data] is reflected in the distributions for sources of uncertainty in Table 4-2”
(page 19). We will clarify that the data used for the baseline rates had little or no influence on the
choice of (prior) distributions in Table 4-2. We will also explain why uncertainties associated
with baseline rates must be treated differently than the sources of uncertainties in Table 4-2. In
part, this is because there is relatively little uncertainty as to what the baseline rates are “now”,
but deciding on what rates are appropriate for radiation protection involves a different set of
issues. We will also discuss with greater clarity than in the draft Blue Book the somewhat related
issue of the sensitivity of the LAR to the decision to use the more recent SEER incidence data (as
compared to the mortality data used for baseline rates in FGR 13).

2a (cont.). The RAC recommends that the Blue Book make the Bayesian uncertainty
analysis as consistent as possible with the point estimates of risk. The EPA should justify use of
these two separate approaches to obtain best estimate values and confidence intervals.

As described above, EPA will follow the RAC recommendation to make the prior
distributions of weight parameters for the ERR and EAR models used in the uncertainty analysis
more compatible with the provided point estimates” (page 11).

The RAC indicated that (p. 17) it is sympathetic to EPA’s use of the two separate
approaches for calculating point estimates and uncertainty intervals. The Bayesian approach is
particularly well suited for deriving uncertainty intervals, and has the advantage over many
frequentist methods, such as the methods used in BEIR VII, in that consistency of results is
guaranteed. However, the RAC outlined several reasons why the Bayesian approach might not
be preferred for calculating point estimates. We believe that among these, the most compelling is
that results would be sensitive to the choice of prior distributions for Type II parameters. All this
will be included in an expanded discussion justifying why separate approaches are to be used for
point estimates versus uncertainty intervals.

2a (cont.). The RAC recommends that the EPA verify the uncertainty analysis by
obtaining uncertainty intervals with a perturbation approach. The EPA should vary the value



of each major contributor to uncertainty over a reasonable range to recalculate the

corresponding range of the point estimate and demonstrate the validity of the recommended
uncertainty.

We will use the perturbation approach suggested in the RAC review. The perturbation approach
should provide a “reality check” on uncertainty intervals derived from the more complicated
Markov Chain Monte Carlo (MCMC) approach.

2b.The RAC recommends that the EPA expand the text to clarify the reasoning behind
the selection of distributions chosen for the various sources of uncertainty. The discussion of
subjective priors listed partially in Table 4-1 of the draft Blue Book should justify the assigned
distributions so that the reader can trace the basis of each decision concerning central value,
uncertainty, and distribution, and have confidence in these characteristics.

We will follow the RAC advice, and expand the text to further clarify the reasoning
behind the selection of distributions chosen for sources of uncertainty. In doing so, we will
incorporate material presented to the RAC in March, 2009. The discussion will include, for each
source of uncertainty, salient characteristics of the assigned distribution(s) such as central value,
range (when appropriate), and standard deviation.

Among its specific comments, the RAC correctly pointed out that the use of lognormal
multiplicative factors (with mean values other than 1) in the derivation of uncertainty intervals
for the LAR might introduce bias. It is also true that the use of multiplicative factors with mean
values equal to 1 for some sources of uncertainty would also introduce bias. For example, for
selection bias in the LSS, the distribution should not have a mean value equal to 1. The final
version of the Blue Book will discuss the issue of bias in more detail. We will distinguish
between the features of distributions for sources of uncertainty whose effect would be to shift the
distribution for LAR (relates to both central value and bias) versus those that widen the LAR
distributions. :

3a. The RAC recognizes the scientific defensibility and appropriateness of the Blue Book.
However, the RAC recommends that EPA enhance Blue Book contents by reporting further
information on radiogenic cancer [and noncancer health effects] at low radiation doses from
(1) studies of noncancer mortality; (2) brain cancer studies; (3) recent ICRP and UNSCEAR
reviews; and (4) NCRP Report #159 on the risk of radiation-induced thyroid cancer (NCRP
2009).

(1) EPA will add a section discussing potential noncancer effects from low dose ionizing
radiation, including hereditary effects and cardiovascular disease.

(2) EPA agrees with the RAC report that “data from multiple cohorts ... [demonstrate]
that ionizing radiation is an established risk factor for brain tumor development” (page 22).
However, radiogenic risk for brain tumors depends on a variety of factors, and the 2006
UNSCEAR report concluded that “additional data are needed to better characterize the dose



response for central nervous system tumors of various histological types ...” EPA will
investigate the feasibility and practicality of deriving a separate risk model for the brain and
other central nervous system (CNS) tumors. In particular, EPA would need to consider whether

there is an appropriate method for combining results from the several studies on radiogenic brain
tumor risks.

(3) EPA’s risk projections on BEIR VII will be compared against those most recently
published by the ICRP and UNSCEAR.

(4) As suggested in the main body of the RAC report (page 22), EPA intends to base its
final risk model for thyroid on the NCRP Report #159, which was not publicly available at the
time the draft Blue Book was prepared. In particular, the EPA model will reflect a declining
radiogenic risk with time since exposure.

3b. The RAC recommends that the EPA clarify the purpose and application of the Blue
Book by presenting in detail, in its first Section, the contributions by Blue Book contents in
preparing Federal Guidance Report (FGR) 13 and, in its last Section, FGR 13 values of
radionuclide risk coefficients. This information should be sufficient to permit the reader to
attribute any significant changes in FGR 13 values to changes proposed in this Blue Book, or to
changes in the physiological models with which they will be combined...

The RAC recommends that the EPA include...specific information concerning the
anticipated radionuclide risk coefficient values in the revised FGR 13, based on currently
available dosimetric models. Tables A4a and A4b in the 1994 Blue Book can be taken as models.

EPA will include a discussion of how the Blue Book contents will be applied to develop
radionuclide risk coefficients in FGR 13. EPA also will discuss how changes in the risk models
will impact the numerical risk coefficients in FGR 13, but we have not yet decided whether to
include detailed tabulations. As no FGR 13 Report was available or even anticipated when the
original Blue Book was published, the 1994 tables served an important purpose in providing
EPA recommended radionuclide-specific risk coefficients. Publishing risk coefficients based on
updated risk models but soon-to-be-superseded dose and usage factors in the revised Blue Book
would, in our view, be less useful and potentially confusing.

3c. The RAC recommends that the EPA enhance the level of detail by expanding its
discussion of the following risk estimates: (1) those based on studies of cohorts exposed to low-
dose protracted radiation, and (2) those distinguishable types of cancer within a given organ.

The revised Blue Book will contain more detailed information and discussion on these
points. In particular, as suggested in the body of the report (page 24), the Agency will comment
on risk estimates for specific leukemia subtypes.
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