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Disclaimer
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Worker Health (ABRWH) to maintain all possible openness in its deliberations. However, the ABRWH and its
contractor, SC&A, caution the reader that at the time of its release, this report is pre-decisional and has not been
reviewed by the Board for factual accuracy or applicability within the requirements of 42 CFR 82. This implies that
once reviewed by the ABRWH, the Board’s position may differ from the report’s conclusions. Thus, the reader
should be cautioned that this report is for information only and that premature interpretations regarding its
conclusions are unwarranted.
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1.0 RELEVANT BACKGROUND INFORMATION

Among adults, chronic lymphocytic leukemia (CLL) is the most frequent form of leukemia in
western countries, accounting for 30% of all leukemias. For the current year 2014, the American
Cancer Society estimates 15,720 new cases of CLL among the 52,380 new cases of all leukemias
(ACS 2014). Of the 15,720 new cases, 9,100 cases are expected to be males with a median age
of 65 years at time of diagnosis. Given these incidence rates, it is reasonable to assume that a
substantial number of Energy Employees (EEs) have been/will be diagnosed with CLL. NIOSH
estimated that approximately 363 CLL cases may have been diagnosed that either filed claims
that were rejected or were never filed due to knowledge that CLL was previously not considered
a radiogenic cancer.

On March 21, 2011, the U.S. Department of Health and Human Services (DHHS) announced its
intention in the Federal Register to treat CLL as a radiogenic cancer under the Energy
Employees Occupational Iliness Compensation Act of 2000 (EEOICPA) (FR 15268); and on
February 6, 2012, the final rule was published that now regards CLL as being potentially caused
by radiation.

As a result of this change and in compliance with Subpart D 881.10 of 42 CFR 81, a model was
developed to derive estimates of radiation dose to a specific lymphocytic cell line that, after
transformation and clonal expansion, gives rise to CLL. Details of this dosimetric CLL model
were developed under contract by SENES Oak Ridge, Inc., and described in a 64-page report
authored by A.J. Apostoaei and J.R. Trabalka. The report entitled, Review, Synthesis, and
Application of Information on the Human Lymphocytic System to Radiation Dosimetry for
Chronic Lymphocytic Leukemia, was issued in March 2012.

Based on technical information presented by Apostoaei and Trabalka (2012), NIOSH issued
ORAUT-OTIB-0082, Dose Reconstruction Method for Chronic Lymphocytic Leukemia on
December 20, 2012 (ORAUT 2012).

NOTICE: This report has been reviewed for Privacy Act information and has been cleared for distribution.
However, this report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
Health for factual accuracy or applicability within the requirements of 42 CFR 82.
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2.0 STATEMENT OF PURPOSE

Under the EEOICPA and Title 42, Part 82, Methods for Radiation Dose Reconstruction Under
the Energy Employees Occupational Iliness Compensation Program Act of 2000, of the Code of
Federal Regulations (42 CFR Part 82), the Advisory Board on Radiation and Worker Health
(Advisory Board or Board) is mandated to conduct an independent review of the methods and
procedures used by the National Institute for Occupational Safety and Health (NIOSH) and its
contractors for dose reconstruction.

As contractor to the Advisory Board, S. Cohen & Associates (SC&A) has been charged to
support the Advisory Board in this effort by conducting critical reviews of ORAUT-OTIBs.

SC&A’s review method is described in our report entitled, A Protocol for the Review of
Procedures and Methods Employed by NIOSH for Dose Reconstruction, which was approved by
the Advisory Board in November 2009 (SC&A 2009). In brief, SC&A identified the following
objectives in its protocol to the Advisory Board, which have formed the basis for conducting past
reviews:

Objective 1: Determine the degree to which procedures support a process that is expeditious
and timely for dose reconstruction.

Objective 2:  Determine whether procedures provide adequate guidance to be efficient in select
instances where a more detailed approach to dose reconstruction would not affect
the outcome.

Objective 3:  Assess the extent to which procedures account for all potential exposures, and
ensure that resultant doses are complete and based on adequate data.

Objective 4:  Assess procedures for providing a consistent approach to dose reconstruction
regardless of claimants’ exposures by time and employment locations.

Objective 5:  Evaluate procedures with regard to fairness and the extent to which the claimant
is given the benefit of doubt when there are unknowns and uncertainties
concerning radiation exposures.

Objective 6: Evaluate procedures for their approach to quantifying the uncertainty distribution
of annual dose estimates that is consistent with and supports a U.S. Department of
Labor probability of causation (POC) estimate at the upper 99% confidence level.

Obijective 7:  Assess the scientific and technical quality of methods and guidance contained in
procedures to ensure that they reflect the proper balance between current/
consensus scientific methods and dose reconstruction efficiency.

For each of the above-cited seven general objectives, the review protocol was structured on a
series of relevant questions contained in a checklist, which the SC&A reviewer used for rating a

NOTICE: This report has been reviewed for Privacy Act information and has been cleared for distribution.
However, this report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
Health for factual accuracy or applicability within the requirements of 42 CFR 82.
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given procedure. A rating system of 1 through 5 corresponded to the following answers: 1 = No
(or Never), 2 = Infrequently, 3 = Sometimes, 4 = Frequently, 5 = Yes (or Always).

SC&A'’s assessment of ORAUT-OTIB-0082, however, will not adhere to the above-cited
standard review protocol, which includes a critical evaluation of technical supporting documents
and associated references, for the following reason:

In a written communique received on May 8, 2014, SC&A was given the following instruction
regarding SC&A’s review of ORAUT-OTIB-0082:

... please note this tasking does not include a review of the CLL risk model [as
presented by A. Julian Apostoaei and John R. Trabalka, 2012] which was
extensively peer-reviewed already.

Correspondingly, SC&A’s review of ORAUT-OTIB-0082 will not include the technical basis of
the CLL risk model, but will be limited to the guidance/protocol for its implementation in dose
reconstruction.

NOTICE: This report has been reviewed for Privacy Act information and has been cleared for distribution.
However, this report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
Health for factual accuracy or applicability within the requirements of 42 CFR 82.
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3.0 OVERVIEW OF OTIB-0082, REV. 00 PC-1

Of all cancers assessed under EEOICPA, estimating radiation dose(s) to cells suspected of giving
rise to CLL is by far the most complex and challenging, as explained in the following statements
cited in ORAUT-OTIB-0082:

CLL originates in the B lymphocytes rather than in a well-defined organ as with
other cancers. These lymphocytes are distributed throughout the lymph system
and, as noted in Review, Synthesis, and Application of Information on the Human
Lymphatic System to Radiation Dosimetry for Chronic Lymphocytic Leukemia
(Apostoaei and Trabalka 2012), they can travel throughout the body and their
inventories in various compartments of the body can change significantly with
age, gender, health status and other factors. Estimation of dose to the cancer
site for CLL cases requires the calculation of the radiation dose to this
population of CLL precursor cells. This is more complex than dose assessment
to other cancer sites because CLL precursor cells can be present in different
compartments of the lymphatic system throughout the body, and these
compartments can receive substantially different doses. Because the B
lymphocyte population in a given organ is not constant, probability distributions
are used in the assessment.

Current information indicates that CLL is produced by transformation of mature,
antigen-experienced B lymphocytes, possibly memory cells, potentially anywhere
in the body (i.e., including but not restricted to the bone marrow). This situation
complicates an assessment of the risk of developing CLL of radiogenic origin
because definition of an appropriate target organ or tissue is problematic
because radiation doses from internally deposited radionuclides and from some
types of external exposures can be very different at different locations within the
body. B cells at different sites can thus receive markedly different doses.

In the development of the CLL dosimetric model, information was analyzed to
derive compartment-specific weights based on relative sizes of B-lymphocyte
(more properly a B-cell precursor for CLL) pools to be used in estimating a
weighted average radiation dose. Because of the variability and uncertainty in
the distribution of these cells, probability distribution functions were assigned to
the number of lymphocytes and to the fraction that represent B cells for each
organ of interest. The final model consists of an average dose (and its
uncertainty) obtained using weights based on the fractional distribution of B-
lymphocyte precursors across 30 compartments for CLL. [Emphasis added.]

For internal dose calculation, the B lymphocytes compartments correspond to . . .
a total of 28 organs must be assessed . . . Table 3-1 lists the corresponding organs
to be assessed for each compartment of the CLL model [in behalf of occupational
internal, external, and medical dose].

NOTICE: This report has been reviewed for Privacy Act information and has been cleared for distribution.
However, this report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
Health for factual accuracy or applicability within the requirements of 42 CFR 82.
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However, this can be a complicated process and at a minimum is very lengthy, so
specific issues associated with this calculation are addressed here. Although the
CLL tool is mentioned, details of its use are not included here; these are
addressed in the tool user guide. [Emphasis added.]

As a convenience to the reader, Table 3-1 of ORAUT-OTIB-0082 is reproduced herein as
Exhibit #1. In addition to the large number of organs that the model must consider, the
complexity of the CLL model is further compounded by secondary variables that include the
need to select (1) the type of medical x-ray examination administered and whether the beam was
poorly or properly collimated, (2) the chemical form and solubility class for internalized
radionuclides, (3) use of a special/blended dose conversion factor (DCF) (described in DCAS-
RPT-004) representing the weighted fractions of DCF values for the 15 organs cited in Table 3-1
(Exhibit #1) for measured (or missed) external exposures to photons and neutrons, and (4) the
potential assignment of geometry correction factors to glovebox work/uranium facilities and
dose assignment to the skin (a compartment of the CLL model) from both penetrating and non-
penetrating radiation. Guidance for the selection and use of these and other input parameters are
provided in Section 4.0 of ORAUT-OTIB-0082.

EXHIBIT #1: Table 3-1. Correspondence of CLL model to ICRP-modeled organs.

Comp_artment of CLL X-ray dose organ® Internal dose organ External dose organ
dosimetry model
Lymph nodes
Extrathoracic Thyroid LN(ET) Thyroid
Thoracic Lung LN(TH) Lung
Remainder Ovaries HNMP Stomach®
Spleen Spleen (lung or ovaries) Spleen Stomach®
Peyer's Patches Colon (ovaries) Sl Stomach®
Thymus Thymus (lung) Thymus Thymus
Red bone marrow Bone marrow RBM RBM
Tonsils Esophagus (lung) LN(ET) Esophagus
Blood Remainder HNMP Stomach®
Intestinal mucosa
Small intestinal wall Ovary Sl Stomach®
Upper intestinal wall Colon (ovaries) ULI Colon®
Lower large intestinal wall Colon (ovaries) LLI Colon®
Respiratory mucosa
Extrathoracic airways Esophagus (lung) ET2 Esophagus
Lung Lung Lung Lung
Skin Skin Skin Skin
Liver Liver (lung or ovary) Liver Liver®
Vermiform appendix Colon (Ovaries) ULI Colon®
Residual soft tissue
Muscle Remainder Muscle Remainder
Breast Breast Breast Breast
Kidneys Remainder Kidney Liver®
ST wall Stomach (lung or ovaries) Stomach Stomach®
Pancreas Pancreas (lung or ovaries) Pancreas Stomach®
Uterus Uterus Uterus Uterus®
Urinary bladder wall Urinary bladder (ovaries) Bladder Bladder®
Esophagus Esophagus (lung) Esophagus Esophagus
Testes Testes Testes Testes’
Thyroid Thyroid Thyroid Thyroid
Prostate Prostate (ovaries) HNMP Bladder®
Adrenals Remainder Adrenals Remainder
Ovaries Ovaries Ovaries Ovaries®

Source: ORAUT-OTIB-0082

NOTICE: This report has been reviewed for Privacy Act information and has been cleared for distribution.
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3.1 REVIEW OF GUIDANCE FOR ESTIMATING INTERNAL CLL DOSE

Due to the fact that the CLL risk model identified 28 separate anatomical compartments with
representation of CLL precursor cells, an assessment of the CLL internal dose in effect
corresponds to a weighted dose assessment in behalf of 28 different organs/tissues cited in
Column #3 of Exhibit #1.

Given the complexity of deriving weighted organ/tissue doses, NIOSH developed the CLL
Simulator Tool, which allows the Integrated Modules for Bioassay Analysis (IMBA) and
Chronic Annual Dose (CAD) Workbook files to be imported for calculating internal doses to all
CLL organs simultaneously. In addition, the CAD Workbook was modified in order to create a
separate file for each of the 28 organs/tissues, which can be used in the CLL Simulator Tool.
OTIB-0082 also provides brief instructions for saving files in IMBA that can be imported into
the CLL Tool.

Other tools that were modified or CLL-specific guidance added to address the complexity of the
CLL risk model include (1) ORAUT-OTIB-0018 (Internal Dose Overestimates for Facilities
with Air Sampling Programs), (2) ORAUT-OTIB-0054 (Fission and Activation Product
Assignment for Internal Dose-Related Gross Beta and Gross Gamma Analysis), (3) ORAUT-
OTIB-0049 (Estimating Doses for Plutonium Strongly Retained in the Lung), (4) ORAUT-
OTIB-0011 (Technical Information Bulletin: Tritium Calculated and Missed Dose Estimates),
(5) site-specific radionuclide chooser tools, and (6) site-specific internal environmental tools.

SC&A Comments Pertaining to Internal Dose Guidance for CLL Cases

SC&A was provided training on running the CLL Simulator Tool. Subsequently, we generated
both IMBA and CAD files for a CLL claim, imported these files into the CLL Simulator Tool,
and evaluated the internal doses generated by the tool.

In addition, SC&A assessed the modifications made to tools or changes to the dose
reconstruction guidance for performing internal doses as specified in OTIB-0018 (ORAUT
2005), OTIB-0049 (ORAUT 2010), OTIB-0054 (ORAUT 2007), OTIB-0011 (ORAUT 2004),
site-specific radionuclide chooser tools, and site-specific environmental tools. We were able to
confirm that appropriate changes have been incorporated into these tools and the tools generated
internal doses that included the weighted organs/tissues specified in OTIB-0082. In addition, we
verified that guidance for using generic and site-specific tools had been appropriately updated to
include changes required for performing best-estimates for CLL claims.

SC&A’s evaluation of internal dose tools and technical guidance revealed no findings, but
identified the following minor observation.

Observation #1. Section 4.2 of OTIB-0082 states the following: ... Although the CLL tool
[for CLL internal dose] is mentioned, details of its use are not included here; these are addressed
in the tool user guide.” [Emphasis added.] Currently, however, a tool user guide does not exist;
and unless a tool user guide is developed, this sentence should be removed from OTIB-0082.

NOTICE: This report has been reviewed for Privacy Act information and has been cleared for distribution.
However, this report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
Health for factual accuracy or applicability within the requirements of 42 CFR 82.
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3.2 REVIEW OF DCAS-RPT-004: CHRONIC LYMPHOCYTIC LEUKEMIA (CLL)
DOSE CONVERSION FACTORS FOR DERIVING EXTERNAL DOSE

As shown in Exhibit #1, for external CLL dose calculation, there are 15 CLL compartments for
which doses must be derived from dosimeter measurements and properly weighted to reflect
fractional distribution of CLL precursor cells. The protocol for these blended CLL dose
conversion factors (CLL-DCFs) is described in DCAS-RPT-004 (DCAS 2013) and is based on
the following equation:

CLL'DCFmended = Zorgan B-CE” FraCtion X DCForgan

Important to note is that the DCFgan is defined by (1) radiation type (photons, neutrons,
electrons), (2) energy, (3) exposure geometry, and (4) the recording of the external dose
measurement [Roentgen, Hp(10), or H'(10)]. Moreover, since both the DCForgan Value and
B-cell fraction represent probability distributions, their multiplicative product represents a
sample value from each distribution. For each CLL-DCF, NIOSH employed a total of 50,000
interactions, which in turn were fitted to five standard probability distributions that included
normal, lognormal-3 parameter,* lognormal-2 parameter, Weibull-3 parameter, and Weibull-2
parameter. To determine the best fit of the data among the five distributions, NIOSH employed
the Akaike Information Criterion (AIC) and selected the fit(s) with the lowest AIC score (5), as
provided in Appendix B of DCAS-RPT-004, and summarized in Table 4 of DCAS-RPT-004. As
a convenience to the reader, Table 4 is reproduced herein as Table 1. Additionally, Table 2
provides the key for each parameter value of the five distribution types.

In order to properly apply the blended DCF values in dose reconstruction, NIOSH added a “CLL
DCF” tab/spreadsheet with these CLL DCFs to all site-specific external dose calculation
workbooks.

SC&A Comments Pertaining to DCAS-RPT-004 and External Dose Guidance for CLL Cases

SC&A critically reviewed the statistical approach described in DCAS-RPT-004, which correlates
external dosimeter measurements to radiation doses received by B-lymphocytes (representing 15
anatomically separated compartments) by means of blended CLL DCFs. Blended DCFs were
based on previously assessed DCF values cited in External Dose Reconstruction Implementation
Guide (OCAS 2007) for select radiation types, energies, and exposure geometries using Monte
Carlo techniques.

In addition, SC&A verified that the site-specific external dose calculation workbooks had been
updated with the “CLL DCF” tab, and that the data entered into the spreadsheet associated with
this tab were consistent with data provided in DCAS-RPT-004.

SC&A concurs with the methodology used to derive blended CLL DCF values, and there are no
findings.

! Note: Due to software limitations, the lognormal-3 parameter distribution is not available for use.

NOTICE: This report has been reviewed for Privacy Act information and has been cleared for distribution.
However, this report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
Health for factual accuracy or applicability within the requirements of 42 CFR 82.
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Table 1: CLL Dose Conversion Factors (DCFs)
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Table 1: CLL Dose Conversion Factors (DCFs) (continued)

Photons — Glovebox Program| AIC DiSt.Ir_iyprétion Parameter 1 | Parameter 2 | Parameter 3
OL AP, Exposre iy | oo | 2t | bk | e | oes | o
oL AP, Exposre, <oy | Cote | TS | wetuls | 2juseen | 03055 | 01
e e ——
oL ¢, o sk | 5ot | 12T oret | St |0 s
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e e
o s 10100 ke | o | e |2 o |0 i
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@Risk | -412382 Weibull-3 1.4000 0.0071 0.0002

Source: DCAS-RPT-004, Table 4

Table 2: Parameter Key for the Various Distribution Types

Distribution Type Parameter 1 Parameter 2 Parameter 3
Lognormal-3 n(GM=e¢) 5 (GSD=¢) Shift Factor (y)
Lognormal-2 n(GM=e¢) 6 (GSD =¢)

Weibull-3 k (Shape) A (Scale) Shift Factor (0)
Weibull-2 k (Shape) A (Scale)
Normal U o

Source: DCAS-RPT-004, Table 5
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3.3 REVIEW OF GUIDANCE FOR ESTIMATING MEDICAL X-RAY DOSE TO
COMPARTMENTS COMPRISING THE CLL MODEL

Section 4.1 of OTIB-0082 explains the basis for estimating doses to each of the compartments
containing CLL precursor cells that may be exposed to occupational medical radiation associated
with either a chest or lumbar spine x-ray examination. Dose estimates to each compartment are
defined by the product of the incident air kerma and the compartment-specific DCFs assigned to
organs shown in the second Column of Exhibit #1.

For the CLL compartment involving the skin, an entrance and exit skin dose is defined as well as
the fraction of exposed skin, which varies from 0.19 for a properly collimated beam to 0.38 for a
poorly collimated beam.

The effective organ to CLL precursor cells from occupational medical exposure is the sum of the
weighted organ doses that takes into consideration uncertainties associated with each organ-
specific DCF value and the weighted fraction of CLL cells.

For estimates of CLL medical x-ray doses, NIOSH developed CLL x-ray doses that were
facility-specific, view-specific (e.g., PA or LAT), and facility-specific to given time periods.
Variables among time periods included assigned organ doses and whether beams were properly
or poorly collimated. A lookup table containing these values has been incorporated into each
site-specific external dose calculation workbook as a single tab (“CLL X-ray Data”).

SC&A Comments Pertaining to Occupational Medical Doses for CLL Cases

Our review of NIOSH’s methodology and guidance pertaining to the assignment of medical
x-ray dose to compartments indicate that they are consistent with existing models and, when
properly adjusted to account for the distribution of CLL precursor cells among compartments,
comply with the CLL risk model. In addition, SC&A reviewed all site-specific external dose
calculation workbooks to ensure that the ‘CLL X-ray Data” tab had been added and the data
were consistent with TBD guidance.

There are no findings pertaining to estimates of medical x-ray doses applicable to the CLL risk
model.

3.4  VALIDATION OF GUIDANCE PROVIDED IN ORAUT-OTIB-0082 IN DOSE
RECONSTRUCTION

In an effort to assess the functionality of guidance provided in ORAUT-OTIB-0082, SC&A
conducted a preliminary review of a CLL case assigned as part of our audit of the 19" set of dose
reconstructions. A summary of the case specifics is provided below:

Case Overview

The Energy Employee (EE) worked at ORNL (X-10) as an e during the period
[EREWER]]. Diagnosed with CLL in [[EeEWEl]] ([[geklEle]] years exposure, [[feklatTe]]
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years latent period). NIOSH performed a partial dose reconstruction in May 2013, since
this was sufficient to produce a POC of >50%.

External Dose

Recorded Photon/Neutron Doses — The EE was monitored for most of the 10-year
employment period and external doses were calculated based on guidance in the X-10
TBD data and OTIB-0082. The most current version of the X-10 Calculation Workbook
was used, which includes the CLL DCFs that were applied in this case.

Occupational Medical Doses — The EE was also assigned doses from occupational x-ray
exams in accordance with OTIB-0082 and X-10 TBD guidance. The X-10 Calculation
Workbook was used, and appropriate values from the CLL X-ray Data sheet were
applied.

Internal Dose

Bioassays — The EE was bioassayed for numerous radionuclides by urinalyses and whole
body counts, with all results below the minimum detectable activity (MDA) levels.
NIOSH used the urinalysis data to estimate internal dose in this case. Missed Pu-239
dose was based on %2 MDA = 0.5 x 0.06 dpm/d = 0.03 dpm/d.

IMBA — The missed intake value of 0.03 dpm/d (last bioassay on March 16, 1969) was
used as the bioassay input into the IMBA program to provide a projected chronic intake
of 3.57 dpm/d Type M, and 56.36 dpm/d Type S Pu-239 for the period 1960-1970.
Type S was used in this case.

IMBA Report - An IMBA Report was created that included all the individual CLL
organ/compartment annual doses for use in the CLL Simulator.

Type SS Pu — The organ doses in the IMBA Report for Type S Pu are then adjusted using
the recommendations of OTIB-0049, Table 4-5, page 12, and page 14. For this case, this
included the lungs, thoracic lymph nodes, extra-thoracic, gastro-intestinal (GI) tract, and
systemic organs as per the Urinalysis column.

Multiple IMBA Reports — In general, an IMBA Report (that includes all the CLL organs)
is generated for each radionuclide, and for each solubility type. For this case, a
comparison is made between Pu-239 Type M, Type S, and Type SS, with Type SS
resulting in the highest dose.

CLL Simulator — The IMBA Report for Pu-239 Type SS was then imported into the CLL
Simulator 1.3.0, and the CLL calculation was performed. This created a CLL Report,
which was compared to the IREP Input Table for use in the POC calculations.
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ORAUT-OTIB-0082 Validation Summary Conclusions

From this preliminary evaluation and a spot check of calculations, doses, etc., it appears that, for
this case, the dose reconstructor used the proper procedures and assigned the correct doses. The
detailed calculations in the IMBA Report, CLL Simulator, POC calculations, etc., were not

evaluated.
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4.0 SUMMARY CONCLUSIONS

SC&A’s assessment of ORAUT-OTIB-0082 was limited to the methodology and guidance
needed to perform a dose reconstruction in behalf of a CLL claim. In recognition of the
complexity of the CLL risk model, an extraordinary effort was required for the development of a
new CLL internal dose tool, as well as the modification of numerous internal and external tools,
in order to reduce the potentially time-consuming effort that would otherwise be required to
perform a dose reconstruction. SC&A was able to verify that guidance and tools are adequate
for deriving external and internal dose for CLL clams in accordance with ORAUT-OTIB-0082.

There were no findings associated with our review of ORAUT-OTIB-0082.
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